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Abstract

The transition from printed newspapers to online news portals has made a huge
amount of news articles instantly available to users. This necessitates news rec-
ommender systems to guide users through the ocean of news articles. News rec-
ommender systems have become more personalized to achieve higher performance
by using more data which can be perceived as intrusive to the user’s privacy.

In this thesis, we examine the use of the user’s position in the modelling of user
profiles. Furthermore, we investigate how to mitigate the usage of their positions
by modelling the user profile to include their interest in specific locations based
on the news articles alone. The work is performed with the hypothesis that pro-
filing the user’s location interests can mitigate the usage of user position without
significant performance loss and therefore increase users’ privacy.

In this thesis, we have implemented and extended a state of the art news recom-
mender with a spatial encoder. The spatial encoder generates a spatial profile of
the user, either by location interests or by user position. We test the extended
model and show that the model does not depend on user position. On the con-
trary, our experimental results show that the user position significantly lowers the
performance of the state of the art news recommender. Overall, we conclude that
using user position as part of user profile modelling has a privacy cost without any
performance benefit.
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Sammendrag

Overgangen fra papiraviser til nyhetsportaler på nett har gjort en enorm mengde
nyheter tilgjengelig for brukerne til enhver tid. Dette nødvendiggjør gode nyhet-
sanbefalingssystemer som kan geleige brukeren gjennom havet av nyhetartikler. I
et forsøk på å gi bedre anbefalinger har anbefalingssystemene blitt mer og mer
personaliserte. Dette medfører bruk av data som kan oppfattes som påtrengende
på brukerens personvern.

I denne masteroppgaven undersøker vi brukerens posisjon sin rolle i modellering av
brukerprofiler for nyhetsanbefalingssystem. Dermed undersøker vi hvordan man
kan unngå bruken av brukerens posisjon ved å anvende tekstuelt innhold i model-
lering av brukerprofilen til å inkludere brukerens lokasjonsinteresser.

Vi implementerte en state-of-the-art nyhetsanbefalingsmodell, og utvidet den med
en område-enkoder. Område enkoderen genererer en område-profil for brukeren
basert på dens nyhetslokasjonsinteresser eller dens posisjon. Vitester den utvidede
modellen og viser med signifikans at bruken av brukerens posisjon påvirker den
utvidede modellens ytelse negativt.

Våre resultater viser at bruker posisjonen ikke øker kvaliteten av anbefalingene
til den implementerte modellen. Vi konkluderer dermed at bruken av brukerens
posisjon påfører en kostnad for personvernet uten en økning i ytelsen av anbefal-
ingssystemet.
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Chapter 1

Introduction

In this chapter, we will introduce the thesis. In Section 1.1 we will discuss the
background and motivation of the thesis. Section 1.2 will outline the main goal
of our thesis and the research questions which need to be answered to achieve
the goal. Section 1.3 presents the contributions made to the field of study by the
findings in this thesis. Finally, in Section 1.4, we will outline the structure of the
thesis.

1.1 Background & Motivation
Online news has become a staple of the internet and has surpassed traditional
newspapers as the way people consume news [34]. The ever-growing database of
articles has resulted in a need for recommender systems that are able to present
relevant articles to each user. Over the years, the recommenders have evolved
from systems that present the newest or most popular articles to everyone, to sys-
tems that try to model the interests of every individual user and specialize the news
feed to suit the individual’s preferences. These systems collect more and more spe-
cialized information, beyond the user behaviour, to model the user’s preferences
with the aim at providing ever-more accurate and personalized recommendations.
However, there has recently been an increased focus on user privacy. In 2016,
the EU introduced General Data Protection Regulation (GDPR) which aimed to
strengthen privacy by regulating the storage of user data. This was followed by
the launch of Apple’s App Tracking Transparency (ATT) in 2021, which required
companies to get explicit permission from the users to track them across applica-
tions. This focus on privacy, combined with the need for high performance in news
recommendation, are somewhat opposing forces showing a need for privacy gain
without substantial performance loss. There is already much research and many

1



1.1. BACKGROUND & MOTIVATION 2

applications of this type of technology. For example, Figure 1.1 shows an ad for
Kobler, a company specializing in ad placement for companies that do not wish to
use personal information. The company states that they reach a larger audience
by connecting ads to the context of their placement (e.g., an ad for a gym in news
articles relating to fitness). Furthermore, the company states that the audience of
the ads thinks more favorably about the advertiser when the advertiser relies on
context rather than user data. The market size for such privacy-preserving, yet
performance-enhancing system is aligned with its importance in our constant shift
into a more and more digital society.

Figure 1.1: An ad for a company specializing in ad placements based on contextual
factors without the use of personal data. The ad reads "If you sell insurance, you
do not need personal data to reach your target audience.". The ad was taken from
the news portal Dagbladet.no

The motivation of this thesis is based on several factors. Due to the online shift in
news and the inherent scalability of the internet, the newspaper and media compa-
nies have seen an extensive consolidation in the past decades, to the point where
only three large news media companies remain in Norway [25]. This consolidation
of newspapers naturally leads to data sharing within the company and a consol-
idated tracking of users across all news portals in the company. Therefore, the
area of news recommenders is interesting as it has a large impact on companies to
increase their focus on user privacy.

News recommenders have gained infamy over the last couple of years on the ba-
sis of echo chambers and filter bubbles [47]. This was particularly evident in the
years surrounding the 2016 United States presidential election, as the polariza-
tion in both the population and the media grew rapidly. Although this thesis
does not concern filter bubbles in particular, the possibility of developing news
recommenders towards more ethical grounds is enticing.
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News recommenders have a particular benefit over other recommenders in reducing
the amount of user data collection. Almost all item information is inherently
available in the item itself. The body of a news article contains all the information
of the article. Therefore, the road to a recommender using less user data appears
shorter in news recommendation than in other recommender system application
areas.

One of the most intrusive features used in news recommendation today is the
constant tracking of the user’s position. Some usages of the position may not
be a serious privacy concern, such as the STPM model [43] which does not use
it to model the user, but rather to distinguish between your search history at
home and at work. However, on the other side of the spectrum is Mobifeed [66],
which tracks the user’s position to estimate a trajectory and speed of the user’s
movement, to queue news relating to the position it predicts you to arrive at in the
future. This large range of use patterns motivates the riddance of it altogether.
Furthermore, the usage is often motivated by recommending news to the user
based on the assumption that spatially close news are also relevant news. One
may, however, hypothesize that the user divulges a spatial interest through other
and less obtrusive means, e.g., by examining previous news items the user has
been interested in. Therefore, we are motivated to investigate the degree to which
a news recommender is able to provide personalization without tracking the user’s
position.

Note that throughout this thesis, we will consistently use the term "user position"
to refer to the geographical position of the user, as in where the user is geograph-
ically, whereas the term "news location" will be used to refer to the geographical
location of the events referred to in the news article, which may include several
locations per article. Although position and location are synonyms, the distinc-
tion in this thesis is made for clarity. However, this does not include the terms
"Location-Aware" and "Location-Based", as these refer to the user position, since
they are important research topics within recommender systems.

1.2 Problem specification
In this chapter, we present the main goal of this thesis and the research questions
we aim to answer.

Goal Investigate to which degree one can create a news recommender system which
uses textual content to build a user profile containing enough information on
the user’s location interests to mitigate the need to track the user’s position
without a large loss in performance.
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The goal of this thesis is to investigate to what extent the user’s news browsing
history and the user’s interest in news regarding specific locations can alleviate
the need for collecting the user position. The hypothesis of this thesis is that the
information on the user’s position is mostly subsumed by the location interests, and
that given a high performance news recommender that incorporates the location of
news, the user position will not provide much additional lift to the performance.
Although a general assumption in recommenders using locations is that a user
prefers to read articles which concern their location [69, 54, 6, 66], it is reasonable
to assume that a user would rather read news articles regarding locations the
users has previously been interested in, than an article about a location nearby.
This hypothesis is further based on the multifaceted nature of location interests.
Users are often interested in several locations, such as where they are from, where
they live, and where their family lives. These three locations of interest can be
reflected in a location-interests oriented approach, but cannot be fully reflected by
a user-location oriented approach. With this in mind, this thesis tries to answer
the following main research question:

RQ How can a news recommender use the inferred location interests of users to
mitigate the need of using users’ position?

This main research question can be divided into the following more specific sub-
questions:

RQ 1: What is the current state of the art in location-aware news recommenda-
tion?

RQ 2: How can user position and news location be modelled for news recommen-
dation?

RQ 3: Is the user’s position a necessary component for achieving high perfor-
mance news recommendation?

Answering the research questions will enable the achievement of the goal of the
thesis. RQ1 will examine the state of the art and provide knowledge for further
research into the field. Answering RQ2 will provide the knowledge for implement-
ing or extending a method for assessing the effectiveness of news recommendation
based on user position data and the user’s location interests. RQ3 will be answered
by the implementation of a news recommender that uses the user’s position and
location interests in recommendation, and assessing the validity of the hypothesis
through an ablation study.
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1.3 Contributions
In this thesis we provide several contributions to the field.

To answer RQ1, we present a comprehensive review of the state of the art in news
recommenders, specifically within personalized new recommenders, location-based
news recommenders and location-aware recommenders. The thesis further con-
tributes with a spatial extension of the NAML model, which enables the use of
spatial data in the recommendation. Furthermore, the extension is independent
of the underlying model and can be applied to any other news recommender that
predicts a click probability. This contribution answers RQ2 by showing how spatial
information can be modelled for news recommendation. Finally, to answer the last
research question, RQ3, this work demonstrates that it is possible to develop a per-
sonalized news recommender system without violating the user’s privacy, especially
with regard to collecting their position information. To show this, we performed
extensive experiments and deep analysis of the results, including ablation studies
and comparative analysis with a statistical significance test.

Further contributions that do not directly relate to the research questions include
a preprocessing approach for the Adressa Dataset to prepare it for research like
ours. Datasets such as this one are generally messy. Thus, making the dataset
suitable for the development of news recommendation is in itself a contribution.
Furthermore, several custom TensorFlow layers are designed and built for this
thesis which have general value. Masked Mean Pooling layer is proposed, which
provides a general pooling layer with the option of masking inputs. An Attention
Layer used in the original implementation of NAML [60] is ported to TensorFlow
2.0, which lowers the implementation difficulty of several state of the art neural
news recommender methods which use this module, such as NRMS [62], NAML [60]
and LSTUR [5]. The Slicer layer is a custom layer that slices out a defined section
of a Tensor. The layer is a substitute for implementing the logic manually in
Lambda layers, which reduces the implementational difficulty of several models.

The full extent of the contributions to the field provided by this thesis will be
presented and detailed in Section 6.2 and Section 6.3.

1.4 Thesis Structure
The remainder of the thesis is structured as follows:

Chapter 2: Background Theory will introduce the core concepts and the nec-
essary background information to understand the methodology and contributions
of the thesis.
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Chapter 3: Related Work will introduce and examine the state of the art
in news recommenders with a focus on news recommender employing the users’
position. This chapter will address RQ1.

Chapter 4: Technical Approach describes the design and implementation of
the method we will use to answer RQ2 and RQ3.

Chapter 5: Experimental Evaluation describes the experiments used to
evaluate the method, and presents the results.

Chapter 6: Discussion discusses the solution, the validity of the results, and
the relevant future work.



Chapter 2

Background Theory

In this chapter we give the required background for the work performed in this
thesis. The background description will cover recommender systems, with a special
focus on news recommenders. We will also delve into some details regarding ma-
chine learning techniques that are particularly relevant in this area. The elements
covered in this chapter suffice for appreciating the subsequent chapters, including
the discussion of the state of the art in news recommendation that is discussed in
Chapter 3, but in order to make the background as concise as possible, we do not
discuss the broader topics in machine learning that are not directly related to the
developments in this thesis. Rather, we refer the interested reader to Jordan and
Mitchell [30], Russell and Norvig [51], Goodfellow et al. [20], Aggarwal [3], and
Raza and Ding [47]. Furthermore, as the discussion here is meant to cover the
important topics at a high level, instead of detailed results, we will give references
to materials in which more information about certain results or definitions can be
found instead of citing the specific works where a definition or result was initially
published. This will help the interested reader to complete the picture, if required.

2.1 Recommender Systems
The purpose of a recommendation system is to retrieve and recommend items to
users that the user will find relevant. This is formalized by Borges and Lorena
[10] as given a set of users U , a set of items I, let s be a utility function which
evaluates the item in regards to the user, so that

s : U × I → V. (2.1)

7
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where V is the completely ordered set of evaluations. The recommender system
should then recommend the item i′ which maximizes the utility function s for the
user u ∈ U :

i′ = argmax
i∈I

s(u, i) (2.2)

The central problem of recommender systems is that the function s is not observed
over the entire U × I space, and therefore must be extrapolated from the observed
user-item ratings. The utility can be defined by an arbitrary function which can be
dependent on the application, the users, and the items [2]. The extrapolation of the
utility function is typically based on specified heuristics or by approximating the
function by optimizing some performance metric. An example of a heuristic-based
extrapolation is recommending the most popular items based on the heuristic that
the most popular items by prior users are most likely to be popular by the current
user. The extrapolation of the utility function may be obtained by using heuristic
formulas such as similarity measures, or Machine Learning (ML) methods such as
Support Vector Machines (SVM), Neural Networks (NN) and clustering [10, 21, 2].
Recommender systems are typically divided into three main paradigms: content-
based filtering, collaborative filtering and hybrid recommender systems. In the
next sections, these paradigms will be presented and discussed.

2.1.1 Content-Based Filtering

Content-based filtering methods use information about the items to recommend
items to users which are similar to the items which the user has preferred in the
past. The similarity is a key component of the methods and is defined differently
between methods and applications, but typically assesses the similarity between
the features of each item by some mathematical operation. Similarity functions
typically operate in a feature space, where the items are represented by a vector
in a space with the features as axes. For a movie recommender this vector space
could perceivable have axes such as "Comedy" and "Thriller". Then a film will be
represented in this space as a vector indicating the degree to which the movie is
comedic or thrilling. Similar to the movie, the recommender attempts to also view
the user as a vector in the feature space as well, based on the items previously
liked. The recommender will then recommend the movies which are closest in the
feature space to the user, which is determined by the similarity of the vectors. The
values for each item-feature must be set at some point, either manually by critics
or users, or by some automated process that analyzes reviews or even the movie
itself.
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The same case is applicable to news recommender systems. A news article would
be represented as a vector in some feature space with axes based on the generated
features of the article. Although the movie may have structured data from which
to generate features, the news recommenders have most of the information about
a news article within the article itself. Therefore, content based filtering is very
popular in news recommender, where Karimi et al. [31] showed that 59 of 112
analyzed papers used content based filtering, while only 19 used collaborative
filtering, with the rest using a hybrid approach. However, text is unstructured
data and requires features to be generated before it can be mapped to a feature
space. This is usually done by embedders which map words to representations over
some abstract undefined features, but keeps the meaning of the word embedded.
This will be further discussed in Section 2.3.3. To compute some relevance score
between the user and the item, the recommender uses a similarity function sim to
compute a relevance score between the user and item representations,

relu,i = sim(u, i) (2.3)

2.1.2 Collaborative Filtering (CF)

Collaborative filtering is a recommender approach based on the utilization of the
ratings of all users. The systems draw inferences from the matrix of ratings to
predict the ratings of a user on an item. If there are two users who are similar
in ratings of other items, and one of these users particularly likes or dislikes an
item that the other has not rated, the recommender system will predict that their
ratings of that item will continue to be similar.

In a large database of users and items, most users will not have rated most items.
This leads to a sparse rating-matrix, which is one of the challenges of CF systems.
It is difficult for the CF systems to compute the neighborhood when the amount of
items that users have in common might be small, which can lead to lower accuracy
in predicted ratings.

In contrast to content based filtering, collaborative filtering systems do not consider
the content data of the items. Therefore, this is an approach used in cases where
there is little item information, but many users. Movie recommenders is a typical
application of CF methods, as it contains little information about the contents of
the movie, and users watch many movies.

CF systems are typically divided into two main approaches: memory-based and
model-based systems.

Memory-based collaborative filtering systems use the entire rating-matrix to
find the subset of users who are most similar to the target user. This is often called
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the "neighborhood" of the target user. The neighborhood’s ratings of the item in
question are aggregated to predict the rating of the target user. This method can
also be used on the basis of items, where the system finds the neighborhood of the
most similar item to the target item. The user’s ratings of the neighborhood items
are aggregated to predict the rating of the target user.

Memory based methods are simple and explainable, but when the user-item rating-
matrix is sparse, it may be challenging to find similar users which have rated
certain items. Furthermore, the memory based methods need to keep the entire
rating-matrix in memory, which can be computationally expensive.

Model-based collaborative filtering systems attempt to create models of the
data which can be used for predicting the ratings, without the need for iterating
over the rating-matrix. These systems employ machine learning to tackle the
recommendation task as a matrix completion task, where the matrix is the user-
item rating-matrix.

2.1.3 Hybrid

Hybrid recommender systems are recommenders that unify content-based filtering
and collaborative filtering into a combined approach. This is typically done to
mitigate the weaknesses of one approach by including the predictions from another.
The approach is also taken when several inputs are available, such as if both
the user-item rating-matrix and the content data are informative, then both a
collaborative approach and a content-based approach can be taken.

2.1.4 Feedback

Recommender systems are inherently dependent on feedback from the users to
determine the relevancy of items, and therefore to learn which items to recommend
to which users. Feedback can come in many forms, but are typically categorized
into two categories: explicit feedback and implicit feedback [29]. Table 2.1 shows
some examples of explicit and implicit feedback.

Explicit

Explicit feedback is the feedback provided intentionally by the user when they
give their subjective opinion on an item [11]. In the field of recommender systems,
explicit feedback typically consists of a user rating an item or leaving a review [11].
As the feedback is intentionally given and a reflection of their own opinion, it is
considered highly accurate and reliable [29, 4]. Due to its accurate reflection of
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the user’s preferences, explicit feedback is the most convenient type of feedback
for the recommender system [58]. Explicit feedback is often harder to attain, as
users are reluctant to provide explicit feedback on items, most likely because of
the cognitive effort it requires [29]. Furthermore, the recommender systems are
reluctant to inquire the user on their opinion as it may disrupt the experience of
the user. An example of this is that a news recommender system would likely
not ask the user to rate every article they read, as this would disrupt the reading
experience of the user.

Implicit

Implicit feedback is feedback implicitly derived by the system based on user activ-
ity [27]. This feedback is typically not intentionally given, and the user may not
be aware it gives it, but the system can track it in abundance without the risk of
interrupting the user.

Hu et al. [27] lists 4 prime characteristics of implicit feedback. The (1) first char-
acteristic is that there exists no negative implicit feedback. The system can only
infer the relevance of an item, but not the non-relevance of an item. The case of
news recommender systems is a clear example, as the click on a news article is typ-
ically interpreted by the news recommender system as a sign that the news item
is relevant to the user. However, low feedback can be used as a negative indicator
in certain domains where the implicit feedback is abundant and repeated [46]. TV
shows are an example of this, as users who only watch the pilot, but not any more,
could be assumed to find the show non-relevant. The (2) second characteristic
of implicit feedback is its inherent noise. The interaction with an item, without
explicit information on why the interaction happens, is not necessarily based on
the item’s relevance [27]. A user may not like an item they purchased, but the
purchase is the only feedback collected, and therefore introduces noise. The (3)
third characteristic describes that while explicit feedback gives the preference of
the user, implicit feedback gives an indication of the confidence the system has
in the user’s preference. This is due to the fact that explicit feedback is freely
given by the user, and we can have total confidence in the user’s reported prefer-
ence. However, implicit feedback is only indicated by their actions, which means
that the system must assess its confidence in the preference of the user. This
is demonstrated by the following example: a user purchasing an item once may
be an indicator of the user’s preference of the item, but the confidence is low as
this is not repeated. However, if the user purchases an item every week, then the
confidence in the user’s preference of the item is high. This is connected to the
first two points. The confidence must be used as the user cannot indicate non
relevance, and the data is inherently noisy, so the system cannot be fully confident
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Explicit Implicit
Like/dislike Time Spent
Ratings Purchases
Review Clicks
Like/dislike Bookmarking/Saving

Table 2.1: Examples of implicit and explicit feedback.

in the user’s preference unless the first two characteristics are addressed. The (4)
final characteristic is that the use of implicit feedback requires special evaluation
metrics. The models have no simple way of accounting for the circumstances of
the feedback, such as the availability of the item or repeated feedback. If the item
is never available to the user, or the user interacts with the item several times,
traditional measures are incompatible.

In news recommendation, the feedback is generally implicit and comes in the form
of either clicks on news articles or the time spent reading an article [21, 65]. In
news recommendation, we can not make the assumption that low feedback can
be interpreted as negative feedback [46], as very few users revisit articles after
the first read. However, in state of the art news recommendation, a common
assumption is that an article that is shown to the user, but not clicked, is considered
given negative feedback. This will be further discussed in Section 3.5. News
recommendation is, as described by Hu et al. [27], inherently noisy as a user may
click the article and still find the article non-relevant. This may be due to the
way news is presented to the user, by title and thumbnail. A user may view the
article title as interesting and then click the item and find the article was not
as interesting as first thought. This may be exacerbated by the rise in clickbait
news reporting, where the title tries to inflate the importance of the article but
leave out as many details as possible, to persuade the user to click the article.
This introduces noise as the click itself does not indicate the relevance of the
article, but rather the degree to which the article can persuade the user to click it.
Additionally, many other noise sources exist in the news recommendation space.
Nevertheless, the assumption that a click on an article is an indicator of positive
preference is common in news recommendation. As the maximum normal amount
of clicks on an article is 1, the confidence in such a preference is usually assumed
to the 100%. This is due to that there is largely no implicit feedback to fit the
confidence on a scale from 0 to 100%, so the assumption is made that we have
equal confidence in all preferences. Finally, as we assume equal confidence in the
preferences, we can utilize standard evaluation metrics of recommender systems.
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2.2 News Recommender Systems
The definition of the recommender system shown in Section 2.1 can be adapted to
news recommender systems as follows: given a set of users U , a set of news articles
A, let s be a utility function which evaluates the item in regards to the user, so
that

s : U × A → V (2.4)

where V is the completely ordered set of evaluations. The recommender system
should then recommend the news article a′ which maximizes the utility function s
for the user u ∈ U :

a′ = argmax
a∈A

s(u, a) (2.5)

2.2.1 Characteristics of News Recommendation

News recommendation can be characterized as more difficult than regular recom-
mendation tasks due to several domain characteristics. The following section gives
an overview of the most important characteristics which define the news recom-
mendation domain.

On most news portals, users are able to remain pseudo-anonymous while browsing
news articles by not logging in, which disables cross-session tracking. This results
in a lack of long-term behavioural data of the users as they are considered new
users for each new session. This is a repeating cold start problem where the system
never stores enough data on the user to produce an efficient model.

News recommenders have recently come under scrutiny for their involvement in
filter bubbles. Recalling the approaches discussed in Section 2.1, the collaborative
methods attempt to show the user the preferred items of other users who are
similar in preferences, and the content based methods attempt to show the user
items which are similar to the created user profile. The commonality is that the
system is incentivized to recommend more items of the kind previously consumed.
In the domain of news recommendation, these goals may result in showing articles
that reinforce the beliefs and biases held by the user. Therefore, an additional goal
of the news recommendation system is to have diversity in its recommendations,
in order to broaden the news landscape of the user.

The number of views of news articles on a news site shows long-tail behaviour,
meaning that the bulk of interactions is concentrated among a few very popular
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articles, while the rest of the articles receive much fewer views. A news recom-
mender could therefore take into account the popularity of an article, to either
counter the bias to learn to recommend articles regardless of popularity, or lean
into the popularity and use it to recommend popular articles in the belief that
popular articles are relevant to everyone.

News articles have a very short life span from the first view to the last. This is
due to the relevance of a news story may be very short, due to contextual factors.
Therefore, a large portion of the articles available to recommend are not relevant,
regardless of user preference. Furthermore, the continued input of new articles
makes the cold-start-item problem especially pronounced for news recommenders.

The majority of the data in a news article is in the body and title. The text is
unstructured and cannot be used directly without some form of feature extraction.
Therefore, a key part of any news recommender is the processing of the textual
data.

2.2.2 Personalization of news recommender systems

A non-personalized news recommender system is a recommender that does not
attempt to use the user’s preference in their recommendation of a news item. Ex-
amples of these are Top-10 recommendations or a tab showing the most popular
news. Although these systems exist and are effective in certain use cases, little
research is made on their development. This thesis will concern personalized rec-
ommender systems, and when we address recommender systems, it is implied that
they are personalized.

2.2.3 Architecture of a news recommender system

Figure 2.1 shows a typical architecture of a personalized news recommendation
model [64, 63]. The system consists of news profiling and user profiling. News
profiling is used to take in the candidate news, which is the news that is to be
considered for recommendation, and encode it to a news profile. The news profile
will be a structured representation of the contents and context of the news article.
The user encoder takes in the user context, which is the information on the user
and the situation. This is usually any available demographic information on the
user, such as age, gender, location or income, as well as session information such
as the current time.

The items in the user history are profiled in the same manner as the candidate
news, and combines with the user context in the user encoder to form the user
profile. The user history is often used to indicate an interest in the respective
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Figure 2.1: Typical personalized news recommender architecture

articles.

The user profile is compared with the candidate news profile by a similarity mea-
sure to get a click prediction, which is a number indicating the likelihood that a
user will find the article interesting or willing to click on the article. The broader
usage is in a larger context of several candidate news, with the task becoming a
ranking problem.

2.2.4 News Profiling

News profiling techniques and models aim to convert rich news articles into an
encoding of their contents. This encoding should accurately represent the contents
of the news article and its topics. The encoding is referred to as a news profile.
News profiling techniques are mainly feature-based or deep learning-based [63].

Feature-based profiling typically requires manually generated features to represent
the articles, such as keywords, categories or entities [63]. In addition to these,
several methods incorporate various contextual factors into the news profiling,
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such as article popularity and recency, to help the system avoid old news and
promote popular articles. Further features commonly used in news profiling are
shown in Table 2.2.

Manual feature engineering is accurate, but requires a large amount of domain
knowledge and manual tagging. Deep learning methods can learn to automatically
extract features from the news articles as a part of the recommendation model.
Because of this, deep learning methods have become very popular in news profilers
to extract features from the large amounts of data that is stored in the unstructured
text of the article. The deep learning methods employed for this task are typically
Natural Language Processing (NLP) methods which generate representations of
words and texts. These are called word embedders and will be briefly discussed in
Section 2.3.3.

A hybrid combination of deep learning and features has become prevalent in the
state of the art due to the availability of human-labeled features combined with
the article text in large news recommendation datasets.

2.2.5 User Profiling

User profiling is the process of generating a representation which is representative
of the user’s preferences. The representation is typically based on the representa-
tions of the news the user has previously read. As shown in Figure 2.1, the user
history is first encoded to the news profile, and then used in the user encoder to
generate the user profile. This structure means that the user profile is based on the
news profiles, and the user profile will be a function of its user history. Therefore,
if a candidate news is similar to the previously read articles, the news profile of
the candidate will be similar to the user profile, giving it a high click prediction.

2.2.6 Click Prediction

When the user and news profiles are generated, the click prediction module esti-
mates the relevance of the candidate news to the user, and based on this recom-
mends a suitable article to the user. Formally, the utility function R of a candidate
news c for a user u, is given by some similarity function:

R(u, i) = sim(⃗ru, r⃗c) (2.6)

Where r⃗u and r⃗c are the user profile and candidate news profile, respectively.

Prediction of relevance based on a traditional similarity function, such as cosine
similarity, between the news profile and the user profile is widely employed in the
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Content Features
Semantic Topic Model
Entity Keyword
Emotion Multimodal

(a) Extracted from news content
Property Features

Category Cluster
Location Publisher
Publish Time

(b) Instrinsic or static property

Context Features
Popularity CTR
Recency Novelty
Dwell Time Bias

(c) Dynamic property

CF Features
News ID
User ID
User/News Graph

(d) Collaborative Filtering Signal

Table 2.2: Overview of news features, adapted from Wu et al. [63]
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state of the art, despite its simplicity. Deep learning has also been employed to
implement the similarity function, however the state of the are overwhelmingly
uses inner products (dot product and cosine similarity).

2.3 Machine Learning for Recommender Systems
Machine Learning (ML) is a broad branch of artificial intelligence consisting of
several categories, each spanning several methods and applications. Mitchell [42]
provided the following definition of learning:

"A computer program is said to learn from experience E with respect to some
class of tasks T and performance measure P, if its performance at tasks in
T, as measured by P, improves with experience E."

This was later simplified by Jordan and Mitchell [30], who described machine learn-
ing as the discipline which "[...] addresses the question of how to build computers
that improve automatically through experience".

This section will serve as a brief introduction to the main approaches and themes
of machine learning and the machine learning methods relevant to the application
of news recommendation.

2.3.1 Machine Learning Approaches

Machine Learning approaches are traditionally categorized into three main cate-
gories: supervised learning, unsupervised learning and reinforcement learning. The
three categories will be briefly introduced and described, before focusing on the
aspect relevant to the thesis.

Supervised Learning is the branch of ML which learns a function which maps
the input to an output based on give input-output pairs [51]. We select a method
and train the function f on the given labelled data D = {(xi, yi)}Ni=1 by minimizing
some loss function L. Formally, we wish to find a function f̂ in some predefined
set of functions F , which minimizes the loss L between the predicted target f̂(xi)
and the target yi. This is shown in equation Equation 2.3.1.

f̂ = argmin
f∈F

N∑

i=1

L(f(xi), yi) (2.7)
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Unsupervised Learning is the branch of ML which is based on the lack of tar-
gets in the dataset. The branch spans a multitude of approaches, whose tasks are
varied. A common approach in unsupervised learning is clustering, where given a
set of inputs {x1, x2, ..., xn}, the objective is to group the inputs into a number of
clusters with the aim of maximizing the similarity within each cluster and dissimi-
larity between clusters. Despite the lack of targets, the model can learn the clusters
of similar users, which can further be used in a large amount of applications such
as recommender systems. In recommender systems, unsupervised learning is used
in memory-based collaborative filtering, where the rating prediction of a user is
given by the aggregation of the ratings of a group of the most similar users to the
user in question.

Reinforcement Learning (RL) is a very different approach from the other
two branches. Reinforcement learning is based on the model interacting with
the environment it is placed in and receiving rewards and punishment from the
actions of the model. Reinforcement learning in news recommendation is focused
on the sequential nature of the task, where a user asks for recommendations and
selects and article from the recommendations or rejects all. This repeats until
the session is over. This form of news recommendation problem could be suitable
to a reinforcement learning system as it can continuously adapt in accordance to
the rewards, and that it does not need to continuously store the user ratings, but
rather update its internal model. However, to the extent of our research, few state
of the art RL models exist in the domain of news recommendation.

2.3.2 Machine Learning Task

In supervised news recommendation there are two main tasks which the model can
be assessed by. Classification is a popular and simple task for recommendation. In
news recommendation it calculates the loss of the model on the basis of the distance
between the predicted click probability and the binary target indicating whether
the user clicked the article. However, the model is often assessed on its ability to
rank the candidates. This makes the predicted scores only matter relative to the
other candidates, as the order of the candidates is the way in which the model
is assessed. Typically, the classification task is applied when the candidates are
presented to the model individually, for the model to calculate a relevance score.
Ranking tasks are more often used in Top-n news recommendation, where a large
amount of candidates are presented to the model simultaneously, but only the top-
n most relevant are to be presented to the user. Several more tasks exist, however
these are not commonly applied to news recommender systems.
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2.3.3 Neural Methods

In this section we will present and describe the neural methods employed in the
state of the art presented in Chapter 3, and in the technical approach presented
in Chapter 4.

Recurrent Neural Networks (RNN)

The recurrent neural network is a type of Artificial Neural Network (ANN) which
supports processing sequential data by keeping an internal state and using the
outputs from the last time step to calculate the output of the next time step. This
allows the information from the earlier inputs to flow through the hidden state and
propagate through the time steps to the later parts of the sequence. This allows
the ANN to keep a "memory" of what has happened, and let it affect the later
events.

Figure 2.2 shows a RNN. On the left is the basic RNN, while on the right is the
RNN unfolded across the timesteps. On the left the input is a sequence, while on
the right, the sequence is distributed over the inputs. A RNN can take a arbitrary
amount of inputs, as it can unfold however long is required.

Figure 2.2: A basic RNN in its folded and unfolded position [28]

RNN’s have several applications, mostly within tasks which are dependent on the
specific order of the inputs. In news recommendation, this could be used capturing
the order of the user history, or the order of read news articles in a session.

Convolutional Neural Networks (CNN)

Convolutional Neural Networks (CNN) is a type of ANN which uses convolutional
layers and pooling layers to extract features from the inputs and classify based on
the extracted features. Due to its ability to extract features over successive layers,
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Figure 2.3: An example of the function of a 1D convolution over a sentence [19]
.

means that the combination of the layer and pooling combination successively in
a network can extract higher-level features. Figure 2.3 shows the main function
of the convolutional network in a text embedding task. The inputs are words
which are separately embedded. The convolution of size 2, combines two and
two embeddings together, using the convolution operation over their embeddings
to receive a representation for the combined two words. As we see in the last
convolution, the words "very" and "good" have been combined to "very good".
This is a demonstration of how context is added by convolutions over text. If
we were to use a convolution of size 3, we would have "not very good" as the
last convolution. This is a single layer of convolution, and a convolutional neural
network is typically several such layers which extract larger features than the
combination of 2 and 3 words. This utilized in news recommender systems to
find context and features in text, to represent the textual information in the news
articles.

Attention

The attention mechanism in artificial neural networks is a technique which at-
tempts to mimic the attention in humans. When humans read a sentence, different
attention is payed to each word. Furthermore, the attention given to a word is
related to the attention given to all other words. This cognitive process is repro-
duced in the attention mechanism. The attention mechanism takes in a sequence
of inputs and calculates the amount of attention it should afford each input. The
attention layer proceeds to calculate the weighted sum of the inputs. The calcu-
lation of attention varies with each type of attention layer. Further details and
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specifics will be described in Chapter 3 and subsection 4.3.1.

Embedder

An embedder is a NLP technique which represents words as real-value vectors in
a vector space, and are representative of the meaning of the words. The embedder
generates similar vectors for words which appear closely together in the input
texts, as to retain the meaning of the words. Furthermore, if the meanings are
retained, one can do mathematical operations on the vectors to view the validity
of the embeddings. Given that V⃗word is the vector for a word, then embedding
typically respects rules like

V⃗prince − V⃗man ≈ V⃗princess − V⃗woman. (2.8)

The equation states that the difference between the embeddings of the word
"prince" and "man", should be roughly equal to the difference between the em-
beddings of "princess" and "woman". This should hold to show that embeddings
are representational of the words which it embeds.

Word embedding is a very important technique in news recommendation, as it
respresents the textual words in the news articles by a real-valued vector. This
enables the models to use the words in a dense representation that carries semantivc
meaning.

2.3.4 Topic Modelling

The field of topic modelling is based on the idea that a document can be described
as a mixture of several topics, where each topic is a probability distribution over
specific words [9]. A topic model is generative, meaning that it describes how to
generate new documents by specifying a distribution over topics, and then sample
words from the topics based on both the probability distribution over words for
each topic and over the given probability distribution of topics [53]. This, in
itself, is not very applicable for encoding of a news article. However, by using
statistical techniques, the process can be reversed, so that for each document,the
topic distribution of the document can be generated, and thereby the document can
be represented by a set of learned topics. This is the core of topic modelling, where
through statistical methods, documents can be represented by a distribution over a
set of topics [50]. Typically, the topics are individually interpretable by examining
the words allocated to it, which carries the benefit of having a representation
based on interpretable topics. This can be compared to traditional vector space
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models, where the representation is given by a vector over unspecified and arbitrary
axes [50].



Chapter 3

Related Work

The goals of this thesis are not methodology focused, but rather methodology-
enabled, meaning we do not aim to provide a new state of the art method, but
rather aim to provide research that requires the use of such methods as a vessel.
Therefore, related work and methods will be examined and detailed in terms of
their usability for the research. The related work will be examined in order of
progressive specialization towards a user-position and news-location aware recom-
mender. The state of the art in personalized recommenders is presented and exam-
ined first, then the location-based recommenders, and finally the location-aware
recommenders. When these specializations have been established, a conclusion will
be made on whether an appropriate method is found. Furthermore, the datasets
available for the project are subsequently described before a decision is made on
which dataset to use in the experiments.

3.1 Personalized News Recommenders
The state of the art in personalized news recommenders has shifted over the last
decade from traditional recommender methods such as content-based, collabora-
tive, and hybrid methods, to incorporating deep learning techniques [72]. Several
of these methods of the traditional approaches heavily rely on manual feature engi-
neering to build representations of users and news articles, which requires massive
domain knowledge [5]. Furthermore, the lifetime of an item in the news recom-
mender space is extremely short, where 84.5% of articles in the MIND dataset have
less than two days between the first and last interaction containing the article [65].
The constant influx of new news articles also leads to a perpetual cold item start
problem. In addition, several news portals do not track users across sessions, which
incurs a perpetual user cold-start problem. These problems have led to a focus on

24
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non-traditional methods to recommend news, and with the development in neural
NLP methods to learn deep representations of news, neural-based methods have
been at the forefront of the state of the art in news recommendation. The goal
of the task requires a medium to examine the effects of news location and user
positions, and to avoid manual feature engineering; we will consider the neural
methods.

3.1.1 Gated Recurrent Unit-based Model (GRU)

Okura et al. [44] proposed to learn representations of news bodies using autoen-
coders. The autoencoder is a neural network that learns efficient and accurate
representations of unlabeled data, such as news bodies [20]. Okura et al. [44] train
the autoencoders by taking a random base article, an article from the same cate-
gory as the base article, and one article from a different category. The aim of the
autoencoder is to represent the two articles of the same category more similarly
than the base article and the article from a different category. The underlying
assumption is that articles from the same category are more similar than articles
of different articles. The autoencoder is penalized by the loss function LT defined
as:

LT (h0, h1, h2) = log(1 + exp(sim(h0, h1)− sim(h0, h2))), (3.1)

where h0 is the encoded representation of the base article, h1 is the encoded repre-
sentation of the article of the same category, and h2 is the encoded representation
of the article of a different category. Thereby the autoencoder is penalized as a
function of the difference in similarity. This penalty clearly encourages the au-
toencoder to represent topically similar articles similarly.

Okura et al. [44] further proposes a news recommender method based on the au-
toencoder embeddings. The news article bodies are embedded by the autoencoders,
which are used by a GRU [13] network to learn a user representation. The system
subsequently takes the inner product similarity operation on the representations
of the user and news articles, to get a prediction on the probability of the user
clicking the article. An et al. [5] argue that it is very difficult for RNN networks
such as GRU to capture all information in a very long news browsing history. Fur-
thermore, Wu et al. [62] state that such a method is inefficient and cannot capture
the context of words.

3.1.2 Deep Knowledge-Aware Network (DKN)

Wang et al. [56] make the observation that the news articles are full of knowl-
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edge entities, but that the then-current state of the art did not incorporate it into
news recommendation. Knowledge entities are entities in the text which contain
specific knowledge, suitable for knowledge graphs. The authors pose the exam-
ple of the article "Boris Johnson Has Warned Donald Trump To Stick To The
Iran Nuclear Deal" should indicate a strong possibility of interest in the article
"North Korean EMP Attack Would Cause Mass U.S. Starvation". Although the
articles themselves contain no specific correlation on words, the articles contain
several related knowledge entities, in "Donald Trump", "Boris Johnson", "Iran"
and "Nuclear Deal", should all map to "North Korea" "Congressional", "EMP"
and "US". Wang et al. [56] propose that a knowledge-aware system would solve
these problems, as the system would embed the entities based on their relation to
other entities, causing such words which are related closely in knowledge graphs
to be embedded closely as vectors in a low-dimensional space. Furthermore, DKN
uses the embeddings of the entities in a convolutional neural network to create a
news embedding. To generate the user profile, the news embeddings of the user
history are applied to an attention net, where the attention weights are generated
by a neural network applied to the respective user history items, and the candi-
date news. Finally, a second neural network is applied to the concatenation of
the embedded candidate and embedded user profile, to receive the predicted click
probability.

The main difference between DKN and the rest of the state of the art is the usage of
a knowledge graph to embed the entities in the news title. The desired outcome of
the embedding is similar to that of the GRU method. However, the GRU method
must learn these embeddings based on the words in articles based on categories,
while DKN uses external pre-defined knowledge to learn the embedding.

3.1.3 Long- and Short-Term User Representations (LSTUR)

An et al. [5] note that the interests of online users are diverse and varying in
durability, as was previously shown by Li et al. [36, 37]. An et al. [5] propose that
although both long-term and short-term interests are important for personalized
news recommendation, distinguishing between them may help to provide more
accurate user representations. To incorporate the presence of both long-term and
short term-interests, LSTUR models short-term interests from recently clicked
news, and the long-term interests from the whole click history. The short-term user
profile is learned from a GRU network which captures the sequential news reading
patterns of the short-term history. The long-term user history is implemented as a
user ID embedder, where the representation for the long-term profile of each user
is learned during training, as a mapping from the user id to a user profile. The
process of generating the long-term user representation is formalized as follows:
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ul = Wu[u], (3.2)

where ul is the long-term user representation, Wu is the look-up table of the
embedder, and u is the user ID.

An et al. [5] propose two methods of unifying the long-term user representation
and the short-term user representation. The first method uses the long-term rep-
resentation to initialize the hidden state of the GRU network. The final user
representation is the output of the last GRU-cell in the GRU network. The second
method uses a random initial hidden state for the GRU network, and then con-
catenates the GRU network output with the long-term user representation to form
the final user representation. To get a score of a candidate news, the model takes
the inner product of the final user representation and the news encoded candidate.

3.1.4 Neural News Recommendation with Personalized At-
tention (NPA)

Wu et al. [61] observe that informativeness of both words and news vary highly.
The news read by a user do not all reflect the user’s interests to the same degree.
Similarly, not all words in a news article inform of the contents of the news article
to the same degree. In addition to this, the same word in a news article may be
of varying relevance to different users (e.g. the title "celebrity wins the lottery"
may cause an entertainment enthusiast to click because of the word "celebrity".
However, someone else may click the article because they are interested in the
lottery). Therefore, Wu et al. [61] examine the utility of modelling word and
news informativeness for revealing preferences of users in news recommendation,
by proposing a neural approach with personalized attention. The personalized
attention is based on the user ID, which is embedded into a representative vector.
This vector is used as the input to two separate dense layers, which creates the
word-level attention query, and the news-level attention query. The word-level
personalized attention uses the user-specific query to weight the embedded words.
The aim here is that the user-specific query will weight heavily the words which
the user will find informative, and therefore create a better, personalized news rep-
resentation. The news-level query is used similarly in the user encoder, but is used
to apply the personalized attention on news representations. The resulting vector
from the news-level personalized attention is the user representation. To score the
candidate news, the dot function is applied between the user representation and
the representation of the candidate news. The dataset used for the experiment
of NPA is highly imbalanced in favor of negative candidates, as most people are
presented with more news than they read. Therefore, Wu et al. [61] propose to
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formulate the task of news recommendation as a K + 1-way classification task,
where K is the ratio ⌊#negative

#positive
⌋, meaning the model is given several candidates,

of which one is positive, and the model predicts the click probability using the
softmax function, which is defined as follows:

pi =
exp(yi)∑K
j=0 exp(yj)

, (3.3)

where pi is the score of candidate news i, and y are the non-normalized scores from
the inner product between the user representation and the news representation.

3.1.5 Neural News Recommendation with Multi-Head Self-
Attention (NRMS)

Wu et al. [62] note three observations as motivation for their work. (1) The inter-
actions between words are important, especially for context. The words "Rockets"
and "Bulls" change meaning when they are considered in relation to each other,
when the meaning transforms from spaceships and bovines to professional basket-
ball teams. Wu et al. [62] argue that the use of CNNs in DKN [56] does not allow
the model to make these relations across the whole article, as CNNs are local in
nature, whilst attention can be global. (2) Furthermore, the observation on inter-
actions is also valid for news articles, as several news articles relate to each other
thematically. (3) The last observation of Wu et al. [62] is similar to the one made
by Wu et al. [61], that the informativeness of words in a news article varies. To
address these problems, Wu et al. [62] propose a neural news recommender based
on multi-head self-attention. As has been the case for most of the state of the art
of personalized news recommenders, the recommender is based on a news encoder
that takes in news and outputs news representations, a user encoder that takes
in news representations and generates a user representation, and the click predic-
tor which compares a candidate news representation with a user representation
and predicts the click probability of the user on the candidate news. The news
encoder uses a word embedding layer to embed the sequence of words into a se-
quence of representative vectors. The encoder then uses multi-head self-attention
to learn the contextual representations of words by capturing the interactions be-
tween them. Self-attention is a variant of the attention layer, where the inputs
are additionally used as the queries for the attention model [55]. This means that
the model computes an attention weight based on its interaction with other words
in the news, which is an effective way of capturing the interactions between the
words [59]. Furthermore, the self-attention is multi-headed, meaning it is done
several times with a trainable weighting of each head to the output, allowing for
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the model to capture significant interactions between a word and multiple others,
whereas single-headed self-attention is limited to one head to model interactions,
which means two significant interaction with a word, deemphasizes each other [59].
The combination of these two effects aims to incorporate contextual information
to address the first observation. A separate additive attention network with a
trainable query is used to unify the output vectors of the self-attention. Wu et al.
[61] found that using additive attention to unify several word representations to
a single news representation was effective in incorporating the aspects of Obser-
vation (3), and is therefore reused by Wu et al. [62]. The resulting vector is used
as the news representation. The News encoder is equal in structure to the news
encoder, but uses the contextual news representation generated by the news en-
coder as inputs and outputs of the user representation. In the same way that the
user encoder addresses Observation (1), the news encoder addresses Observation
(2). The final step in the model is the click predictor which uses the dot product
of the candidate news representation and the user representation to generate the
predicted click probability of the user on the candidate news. The experiment of
NRMS uses the same dataset as NPA [61] and follows in formulating the recom-
mendation task as a K + 1-way classification task to utilize the large amounts of
negative samples in the dataset.

3.1.6 Neural News Recommendation with Attentive Multi-
View Learning (NAML)

Wu et al. [60] view the then-current state of the art to be limited to a single type of
information on the news articles. Several models only utilize the title [62, 61, 5, 56]
or body [44]. Furthermore, the different types of news article information are very
different in structure and meaning, and should therefore be treated differently.
Moreover, Wu et al. [60] makes the same observation of different informativeness
for each word, as Wu et al. [61, 62]. To address the first observation, NAML
takes the input types: the title, the body and the news categories. Wu et al. [60]
designed the model with a multi-view structure, where each input type is regarded
as a different view of the news item. This also carries an individual encoding
structure for each type, which are unified by an attention mechanism to a single
news representation. This flexibility allows for future extension into other input
types, simply by adding another view. The user encoder is a news-level additive
attention network with a trainable query. The attention networks address the third
observation, as seen in NPA [61] and NRMS [62]. The experiment of NAML uses
the same dataset as NPA [61] and shares the observations made on the imbalance
dataset. Therefore, Wu et al. [60] has defined the recommendation task in NAML
as a K + 1 classification task to utilize the large amounts of negative samples in
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the dataset.

A more detailed explanation of the implementation of the underlying structures
will be given in Section 4.1.

3.2 Location-Aware News Recommenders
In this section we will examine the state of the art in location-aware personalized
news recommenders, focusing on the spatial aspects of the recommenders, both
the user position and the news location. The focus on these aspects is based on
the thesis goal.

3.2.1 Spatial Topical Preference Model (STPM)

Noh et al. [43] describe the setting of someone who works in a finance company
and reads business news relating to their job when they are at work, but reads
entertainment news at home. Therefore, they posit that position is one of the most
important determinants of user preferences. However, most state of the art in news
recommendation at the time, such as [35, 36, 45], focused on topic modelling of
user preference and disregarded the position of the readers. Therefore, Noh et al.
[43] proposed to learn user profiles for each of the corresponding locations (e.g.,
home, gym, office, bar). This would solve the split-personality nature of news
preferences, by treating each position as a separate topic interest area. However,
as STPM learns directly from the user’s history in the specific position, it suffers
from the cold-start problem each time the user visits a new position, as it has no
previous history there [12].

3.2.2 CHAMELEON

CHAMELEON is a deep learning meta-architecture for news recommender sys-
tems [14], which achieved state of the art results at the time. In the module where
the spatial information is used, the articles and interactions are fed into a feed
forward neural network together with all the contextual factors, such as device,
previous clicks in the session, the article popularity and the article recency. The
output of the FFNN is an individualized article embedding, which is used as a
candidate or as a part of the user history. Although this is a state of the art
method, the complexity of the implementation of the user position makes it hard
to clearly discern the effect of the user position, as well as the overall complexity
of the meta-architecture leading to significant overhead on the work required for
the experiment. Nevertheless, Gabriel de Souza et al. [17] examined the effects of
different input feature configurations on the recommendation quality, and found
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that the addition of user context was beneficial in accuracy metrics and a novelty
metric, however, on the diversity metrics, the addition did not significantly bene-
fit the recommendations, and in some cases lowered the score. The user context
contains user position as one of seven features and shows that further research on
this topic specified towards user position is necessary.

3.2.3 Location-aware Personalized News Recommendation
with Explicit Semantic Analysis and Deep Semantic
Analysis (LP-ESA & LP-DSA

Chen et al. [12] argue that the research effort on location-aware recommender sys-
tems emphasizes recommending news located close to the user, and places little
to no emphasis on the personal preferences of the user. This results in all users in
the same location receiving the same recommendations regardless of the user itself.
Furthermore, although personalized news recommenders existed, these did not uti-
lize spatial information. Therefore, Chen et al. [12] propose two hybrid methods:
location-aware personalized news recommendation with explicit semantic analy-
sis (LP-ESA), and location-aware personalized news recommendation with deep
semantic analysis (LP-DSA). These methods attempt to combine the location-
aware aspect with personalized news recommendation to create a unified accurate
recommender that incorporates user preference and user context.

The methods employ explicit semantic analysis (ESA) to make the recommenda-
tions location-aware. ESA is a method that explicitly represents the meaning of
any text, such as news articles, in terms of Wikipedia-based concepts [18]. LP-
ESA and LP-DSA use these concepts as topics by which to represent both news
articles, users and locations.

When a user u is at a location l, the system generates a general user profile based
on the user’s news history projected onto the Wikipedia topic space. This gives
a distribution over topics indicating the user’s preference. A similar operation
is done to the candidate news, which gives a general news profile based on the
Wikipedia topic space. The location-awareness is introduced by the local topic
distribution. The local topic distribution for location l is generated by collecting a
set of documents that are geotagged with the location l. These are then projected
onto the Wikipedia topic space to get the probability distribution over the topics,
given the location, p(zi|l), where zi is the topic and l is the location. The two
proposed methods now diverge. LP-ESA uses the local topic distribution with the
general user profile to generate the localized user profile, which reflects the user’s
topic preferences at location l. Furthermore, it uses the local topic distribution
to integrate the location topics into the news profile, creating the localized news
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profile. The relevancy score is defined as the cosine similarity of the localized user
profile and the localized news profile. LP-DSA uses deep neural networks to map
the profiles and distribution onto a low-dimensional, abstract and dense feature
space. The abstract representations of the local topic distribution is impressed
onto the abstract user profile and the abstract candidate profile, individually. The
similarity function of the resulting profiles is the relevancy score.

The origin of the user positions and how these are perceived is unclear. The
article states that city names are extracted from the news articles, and these are
considered as geotags for the news article. However, it is stated that for each
sample (u, v, l), where u is the user, v is the news article and l is a location,
if the training set contains another sample related to the same user u and the
same location l, then l is seen as a city that u has visited before. This makes it
unclear whether l is regarded as a news location or a user position, or if the two
are regarded as one and the same. Furthermore, if the preprocessing is done as
described, with interchanging user position and news location, then an assumption
is made that a user u who reads about a location l must physically be in location
l. This assumption is not solid, especially in the current circumstances where
a significant part of news articles concerns the Russian war on Ukraine, despite
none of the readers being physically located anywhere near Kyiv. The authors
were attempted reached regarding the matter, but no response has been obtained.

3.2.4 Dynamic Attention-Integrated Neural Network (DAINN)

A central assumption in several state of the art news recommender systems is
that all events in the user history are equally important. However, as described
by Zhang et al. [69], this does not take into account certain news articles being
more descriptive of user preference than others, such as large breaking news are
less informative of long-term interests, as well as the implications of a real-world
scenario, such as accidental clicks and temporary curiosity. Therefore, the pro-
posed DAINN consists of three modules: session-based public behaviour mining,
user long-term interest modelling, and dynamic spatio-temporal attention. The
session-based public behaviour mining is motivated by the statistic from their
dataset that less than 20% of users are subscribers and therefore have long-term
historical records [22, 69]. Therefore, the sequence of events within a specified time
frame of the user interaction is encoded into a representation of behaviour patterns
of the general user base. The long-term user interest modelling attempts to model
the user’s long-term interests by looking at the user’s historical records and using
topic modelling to generate an embedding of the user’s topic interests. To integrate
spatio-temporal context, DAINN employs an attention scheme, where the time of
day and location are embedded, and used as the query in an attention network.
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This means that the user’s click history is weighted with the spatio-temporal con-
text (e.g., the attention weights soccer news on the weekends and business news
when the user is at work.) Finally, the click predictor, which is implemented as a
layer of Gated Recurrent Units (GRU), generates predictions on top-k items.

3.3 Concluding Remarks
Although the state of the art in location-aware personalized news recommenders
is broad, the implementations of user position and news location is often complex
and abstract from the view of the output, such as DAINN. Although DAINN
employs the user position in the model, and uses a dataset which contains news
locations, the user position is implemented deep in the model, which hinders a
clear display of the user positions effect on the final prediction. Therefore, it is
not a model fit to use as the baseline method for the research of this thesis. The
complexity and abstraction of these methods do not comply with the goals of this
thesis. Achievement of the goals of the thesis, and to test our hypothesis, requires
a news recommender that has a simple and comparable implementation of the
news location and user position, and where the effect of the spatial addition is
clear from the view of the output. To the extent of our research, no location-
aware personalized news recommenders fit our requirements. Therefore, we select
a state of the art personalized news recommender to implement and extend with
user position and news location modules, to examine the effect of the spatial
data clearly. NAML is a state of the art personalized news recommender which
employs a simple multi-view architecture. The method’s flexibility, simplicity and
modularity makes it a strong candidate to use for examining the effects of news
location and user position. Although the model itself does not incorporate a
location aspect, the structure is viable to extend with a custom location encoder
which would allow for controlling the usage of the encoder to keep the comparison
fair. Therefore, we use the NAML model and extend it to align with the goals of
this thesis.

3.4 News Datasets & Sampling

3.4.1 Adressa Dataset

The Adressa Dataset for News Recommendation [22] is a public (available upon re-
quest1) dataset for recommendation of Norwegian news articles. The dataset comes
in two versions: the larger 20M dataset of 10 weeks of traffic on the Adresseav-

1http://reclab.idi.ntnu.no/dataset/

http://reclab.idi.ntnu.no/dataset/
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isen news portal, and the small 2M dataset containing traffic of one week [22].
Gulla et al. [22] note the most prevalent recommendation datasets at the time,
such as Netflix [7], Yahoo! Music [16] and Movielens [23], focus on enabling col-
laborative recommendation techniques, but lack enough textual information for
content-based techniques [22]. Gulla et al. [22] argue that news recommender sys-
tems are time- and location-dependent, make use of implicit feedback, and often
combine content-based and collaborative components. The Adressa Dataset in-
cludes content data in the article information, such as the title, body, categories,
as well as keywords and location generated by an NLP algorithm. Furthermore,
it contains contextual information on both the interaction itself, such as time of
interaction, and the user, such as position and device. The feedback from users
on articles is implicit and is suggested to be implied from click counts and reading
times [22]. The reading times are logged in the interaction, and the click counts
can be generated from the amount of interactions by a certain user u with article
i. The dataset includes interactions by a users on articles, but it does not contain
shown-but-not-clicked articles. This entails that it does not contain any direct
negative samples.

3.4.2 MIND

The MIcrosoft News Dataset (MIND) [65] is the largest open benchmark on news
recommendation with rich textual features [70]. The MIND dataset is collected
from user behaviour logs on Microsoft News 2 of 1, 000, 000 randomly sampled users
over a 6 week period. The dataset contains rich textual features such as title, body
and categories. Similar to the Adressa dataset, MIND also contains named entites
extracted with internal NLP-based tools. The MIND dataset does not keep data
on the reading times. The implicit feedback supplied in the interactions comes
from the click itself and the amounts of clicks.

Although MIND is the largest and most commonly used dataset, it does not contain
information on the user position. Therefore it does not suit the motivation of this
thesis.

3.4.3 Twitter Dataset

Abel et al. [1] presents a dataset generated from the collection of tweets from
1, 619 users resulting in 2, 316, 204 tweets related to 63, 485 news articles. Chen
et al. [12] further extract city names from the news articles, which it uses as geo-
tags. This dataset does not contain any explicit information on the position of
the users, however Chen et al. [12] use the news locations generated from the
dataset entities as the position of the user. In contrast to MIND and Adressa, the
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Twitter dataset contains the action of posting the tweet as the implicit feedback
of interest/relevance.

3.4.4 Private Datasets

Several of the state of the art methods use internal and private datasets. Although
not usable for external parties, these are important to be aware of to provide
context for the data with which the state of the art is developed. A dataset
generated from news traffic on Microsoft News 23 over the span of a month is used
by [62, 60, 61]. Okura et al. [44] sampled 12 million user from Yahoo! JAPAN 4

over two weeks resulting in a dataset of over 2 million articles and over 1 billion
interactions. Wang et al. [56] use a dataset collected from the server logs of Bing
News 5 and contains 1, 025, 192 interactions from 141, 487 users on 535, 145 news
articles.

3.4.5 Choice of Dataset

The hypothesis and research questions of this thesis are related to the performance
of recommenders with user position information and therefore a valid dataset must
have position information on the users. As shown in Table 3.1, MIND is the largest
dataset. It is also the most commonly used open dataset, but it does not contain
information on the user position, as seen in Table 3.2. The Adressa dataset is a
large open dataset which contains user location information. Furthermore, most
state of the art methods employ news article clicks as the target. Therefore,
selecting a dataset that provides this information allows a broader range of methods
for selection to extend, without major modifications of the baseline. Due to these
factors, we use the Adressa dataset for the experiments. Specifically, we use the
smaller Adressa 2M dataset to align with the computational resources available.
The drawback of the Adressa dataset is a lack of negative samples, which requires
that we perform negative sampling. Negative sampling will be covered in the next
section.

3Although collected from the same news portal as MIND dataset, they are collected over
different time periods.

3https://microsoftnews.msn.com
4https://www.yahoo.co.jp
5https://www.bing.com/news

https://microsoftnews.msn.com
https://www.yahoo.co.jp
https://www.bing.com/news
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Dataset # Articles # Interactions # Users Density (%)
Adressa (20M) 48,486 27,223,576 3,083,438 0.0360
Adressa (2M) 11,207 2,286,835 561,733 0.0182
MIND 161,013 24,155,470 1,000,000 0.0150
Twitter 63,485 98,321 1,619 0.0957

Table 3.1: Quantitative comparison of open datasets, density is given by
#Interactions

#Users·#Articles

Dataset Language Content Ratings
Adressa Norwegian Title, Body, Categories, News Loca-

tion, User Position, Entities, Key-
words

clicks, read time

MIND English Title, Abstract, Body, Categories,
News Location, Entities, Keywords

clicks

Twitter English Title, Body, Entities posts

Table 3.2: Qualitative comparison of open datasets

3.5 Negative Sampling
In datasets with a lack of negative labels or a clear indication of non-relevance,
one must generate negative candidates by negative sampling. This is especially
common in implicit feedback datasets, such as news recommendation.

Hu et al. [27] state that one of the unique characteristics of implicit feedback
is that there is no negative feedback. By observing interactions of the users, a
recommender can infer which items a user finds relevant, but the interactions alone
hold no explicit information on the non-relevancy of an item. This is relevant in the
domain of news recommendation, as most large-scale datasets only log implicit user
feedback, most common in the form of user clicks and impressions on the user [65].
However, most state of the art news recommenders, make the assumption that the
news article selected by the user is deemed more relevant than the articles shown
and not selected by the user [60, 61, 62]. Furthermore, some state of the art news
recommenders assumes that the article selected is more relevant to the user than a
randomly selected article [69, 38]. This assumption enables use of the information
in the context of a supervised learning problem, where we have the interaction as
a positive indicator (y = 1), and an impression without interaction as a negative
indicator (y = 0). However, as a user is typically shown many more articles than
which are read, the assumption leads to an imbalanced dataset [61]. Furthermore,
some datasets do not log impressions, but only clicks, which leaves solely positive



3.5. NEGATIVE SAMPLING 37

candidates. Negative sampling techniques are often used in these cases, either
to generate negative samples from the item population [26], or to balance the
dataset in order enable efficient and scalable learning [67]. Typically, there are
three main approaches in negative sampling methods: Random Negative Sampling,
Popularity-biased Negative Sampling and Model-based Negative Sampling.

Random Negative Sampling Random negative sampling is randomly select-
ing items in the item set A\ai, where ai is the correct item of the interaction, and
A is the set of items. This is a computationally cheap approach which samples
each item in the sampling pool with a uniform probability distribution. Zhang
et al. [69] use the method to upsample negative candidates. Wang et al. [56], Zhai
et al. [67] use random negative sampling to downsample a dataset which contains
a large amount of negative candidates for each of the positive candidates, to a
balance 1:1 ratio of negative and positive candidates. Wu et al. [61] argues that
such random downsampling of the negative articles to balance the dataset both
loses the rich information from all the negative samples, as well as leading to a
computationally heavy procedure being added to the data generation during train-
ing. To address this, Wu et al. [61] randomly sample K + 1 negative samples and
jointly calculates a click probability for each sample and approaches the problem
as a pseudo K + 1-way classification problem. This approach is also employed in
several other state of the art news recommender methods [60, 62, 5].

Popularity-biased Negative Sampling Popularity-biased negative sampling
is a sampling method which is based on randomly selecting items in the item set
A\ai, where ai is the correct item of the interaction, with a probability distribution
based on the popularity of the item. This entails that more popular items are
selected as the negative sample more often than unpopular items. This is often
employed with long-tail distribution of popularity, to counteract popularity bias in
the training of the model. The popularity bias is often introduced where a model
is shown certain popular items often as the positive sample in training, and then
learns to recommend the popular items. However, if the model is shown the items
a corresponding amount in the negative samples, this bias is avoided, at the cost
of computational complexity.

Model-based Negative Sampling Traditional negative sampling methods are
static during learning and is agnostic to the recommender model being trained.
Dynamic negative sampling utilizes the models predictions to select the negative
samples which provides the most information for the model [71]. This is done by
examining the predictions of the previous round of training and selecting the items
which the model scored highly, as negative samples. Zhang et al. [71] found that
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dynamic negative sampling both reduces training time, but also lead to signifi-
cant performance gains. A different direction was explored by Wang et al. [57],
where a separate adverserial model was created to generate negative samples. The
generator of the negative samples aims to create negative samples which are dif-
ficult to distinguish from the positive samples. The recommender model aims to
discriminate between the positive samples and the generated samples. This cre-
ates a competition between the two models, which should benefit the performance
of both models. Wang et al. [57] found a significant performance gain over the
baselines.



Chapter 4

Technical Approach

This chapter will introduce the technical approach. Section 4.1 will introduce the
details of the base NAML model. The Location-based extension of the base model
will be described in Section 4.2. The base model and extension depend on certain
custom layers, which will be introduced in Section 4.3. Lastly, the data generation
and dataset sampling are detailed in Section 4.4.

4.1 Base NAML model
The NAML model is a neural news recommendation model which uses a multi-view
structure to learn representation for news and users, and uses the representations
to predict the probability a given user clicks a given news article. The model is
shown in Figure 4.1. This section will be an extension of the description of the
model given in subsection 3.1.6, and will focus on the modules of the method and
their functionality.

4.1.1 Task

As described in subsection 3.1.6, the task of the original model was defined as
a pseudo K + 1 classification task due to the large amount of negative samples
in the dataset, meaning the model attempted to classify the K negative samples
and one positive sample. To adapt the model to the dataset of this experiment,
where there is a lack of native negative samples, K is set to 1, making the task
a binary classification task. Thus, we follow the approach set out by the original
implementation, adjusting the K to reflect the change in the dataset.

39
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<latexit sha1_base64="zn+eOBKppVLLAyr5wm97LhxGbig=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg9/ih75YpbdWcgy8TLSQVy1Hvlr24/pmnEpKECte54bmL8DJXhVLBJqZtqliAd4YB1LJUYMe1ns4sn5MQqfRLGypY0ZKb+nsgw0nocBbYzQjPUi95U/M/rpCa88jMuk9QwSeeLwlQQE5Pp+6TPFaNGjC1Bqri9ldAhKqTGhlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGUJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJKFkN0=</latexit>

↵n
i

<latexit sha1_base64="EMUe7HbBiZ1ViP5CbKynAy+z5Rc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg971H2yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AD01kKU=</latexit>

↵n
1

<latexit sha1_base64="MhERXpfuFF6vDzlqiQAvtay7UAc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kgnlgsobeySQZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0lirI6jUSkWgFqJrhkdcONYK1YMQwDwZrB6HrqN5+Y0jyS92YcMz/EgeR9TtFY6aGDIh5i9/ZRdoslt+zOQJaJl5ESZKh1i1+dXkSTkElDBWrd9tzY+Ckqw6lgk0In0SxGOsIBa1sqMWTaT2cXT8iJVXqkHylb0pCZ+nsixVDrcRjYzhDNUC96U/E/r52Y/qWfchknhkk6X9RPBDERmb5PelwxasTYEqSK21sJHaJCamxIBRuCt/jyMmmclb3zcuWuUqpeZXHk4QiO4RQ8uIAq3EAN6kBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AFpY5DC</latexit>

↵n
N

User Encoder

sim

Click Predictor

<latexit sha1_base64="G5TxQA8wFDdKE4R3OBwanhu43C8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX5kvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBPvY3U</latexit>

rc
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="RQFsvfj3YFb+KS0SUq9CN5w8cfM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0s4m7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WNP9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QNgaI3f</latexit>qn

<latexit sha1_base64="PcPuY6e4MTyitUyo9ttdUNm8f8M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88sm6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3Xq7cVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4ACamNpg==</latexit>

Dc <latexit sha1_base64="UdK+7aH1OHV/85F1pu3c7LxXYjg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx+/V411</latexit>

D1
<latexit sha1_base64="w34IqMXlDhZe8I0nvjdcrdCyC8M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbHe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8URo2t</latexit>

Di
<latexit sha1_base64="7yURDEZELnIyBsC6vtckjUEp4Vg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiSiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnEccz+kAyX6glG00sNN965bLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+qlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJ46zsnZcr95VS9SqLIw9HcAyn4MEFVOEWalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/60uNkg==</latexit>

DN

<latexit sha1_base64="gYstaTRtFMyMybIpzidEC23W9hA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAFeo2j</latexit>r1
<latexit sha1_base64="y3hLXKWKF+J6Xte1YIrJHQXKVRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlB9W765UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz8xbo3A</latexit>rN

Candidate news

<latexit sha1_base64="wQqqt4toiI/vZYuSyEMxdC9fCHI=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuhVqG2FgmaB6QLGF2cpMMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wSx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Vh3fyBbfoTkGWiTcnhdJR9Zu/lz8qnfxnuxuxJERpmKBatzw3Nn5KleFM4DjXTjTGlA1pH1uWShqi9tPpqWNyapUu6UXKljRkqv6eSGmo9SgMbGdIzUAvehPxP6+VmN6Vn3IZJwYlmy3qJYKYiEz+Jl2ukBkxsoQyxe2thA2ooszYdHI2BG/x5WVSPy96F0WvatMowwxZOIYTOAMPLqEEN1CBGjDowwM8wbMjnEfnxXmdtWac+cwh/IHz9gM4DJF1</latexit>ri

<latexit sha1_base64="SJLm8TTW1nxxxSaC5bCBIFBbt1g=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7adduNmF3IoTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuYFiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4duq3n7g2IlYPmCXcj+hQiVAwilZq9UYUSdavVN2aOwNZJl5BqlCg0a989QYxSyOukElqTNdzE/RzqlEwySflXmp4QtmYDnnXUkUjbvx8du2EnFplQMJY21JIZurviZxGxmRRYDsjiiOz6E3F/7xuiuG1nwuVpMgVmy8KU0kwJtPXyUBozlBmllCmhb2VsBHVlKENqGxD8BZfXiat85p3WfPuL6r1myKOEhzDCZyBB1dQhztoQBMYPMIzvMKbEzsvzrvzMW9dcYqZI/gD5/MHRHSO7g==</latexit>

ŷ

<latexit sha1_base64="xHLb23Hw2VAgTm//6ogqBFpVS5o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWY8/hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDsxWOoA==</latexit>

cb
i

<latexit sha1_base64="LJCwSJc8r+0WSixwxVpjtFYFt3I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWc97DHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHXcWOaA==</latexit>

cb
1

<latexit sha1_base64="l6agJnIHAHuHFErXrsIUqOCdkjY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWS99DHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHvb+Opw==</latexit>

cb
p

<latexit sha1_base64="fUniTpBy1/bbajytKZLzXsNSq1U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg97zHolStu1Z2BLBMvJxXIUe+Vv7r9mKYRk4YK1LrjuYnxM1SGU8EmpW6qWYJ0hAPWsVRixLSfzS6ekBOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vk5rwys+4TFLDJJ0vClNBTEym75M+V4waMbYEqeL2VkKHqJAaG1LJhuAtvrxMmmdV76J6fndeqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8ASsFkJk=</latexit>

↵b
1

<latexit sha1_base64="mXw0aIOUA76wTNOyNG21DRJkBfs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg9/hj0yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIBVkNE=</latexit>

↵b
i

<latexit sha1_base64="axp0n1sbTRPiRVCshjUv2TkiUTQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+4FtLJPtpl262Sy7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvlJxp43nfTmFldW19o7hZ2tre2d0r7x80dZIqQhsk4Ylqh6gpZ4I2DDOctqWiGIectsLRzdRvPVGlWSLuzVjSIMaBYBEjaKz00EUuh9iTj2GvXPGq3gzuMvFzUoEc9V75q9tPSBpTYQhHrTu+J02QoTKMcDopdVNNJZIRDmjHUoEx1UE2u3jinlil70aJsiWMO1N/T2QYaz2OQ9sZoxnqRW8q/ud1UhNdBRkTMjVUkPmiKOWuSdzp+26fKUoMH1uCRDF7q0uGqJAYG1LJhuAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEDAM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AYr/kNg=</latexit>

↵b
p

CNN

<latexit sha1_base64="yE6+bHnIP2u86z5drWYNLZpIyEA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysZc+hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDwM+OqQ==</latexit>

eb
p

<latexit sha1_base64="upwnmmz4g7yooT50UPTwG13Ng7A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysec9hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDYNWOag==</latexit>

eb
1

<latexit sha1_base64="/kXKEGsfN0JtEnqK6kk9suZUlPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysccfw1654lbdOcgq8XJSgRyNXvmr209YFqM0TFCtO56bmmBCleFM4LTUzTSmlI3oADuWShqjDibzY6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9F1MOEyzQxKtlgUZYKYhMw+J32ukBkxtoQyxe2thA2poszYfEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBtiWOog==</latexit>

eb
i

Word embedding

<latexit sha1_base64="QPJ7uklVTbM3JFXfSHWFg5ZEcLA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+p6D2G3XHGr7gxkmXg5qUCOerf81eklLIu5QiapMW3PTTEYU42CST4pdTLDU8qGtM/blioacxOMZ8dOyIlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadkQ/AWX14mjbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/AHxljnw=</latexit>

wb
1

<latexit sha1_base64="t+wUyXksPqItyDJWV+FMhf0dIU8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2k3bpZhN2N0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGiv5T13+EHbLFbfqzkCWiZeTCuSod8tfnV7CshilYYJq3fbc1ARjqgxnAielTqYxpWxI+9i2VNIYdTCeHTshJ1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/0bWOtA==</latexit>

wb
i

<latexit sha1_base64="MfvSoMh2q1s90coc/vA8Tmv9Ixs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+qmD2G3XHGr7gxkmXg5qUCOerf81eklLIu5QiapMW3PTTEYU42CST4pdTLDU8qGtM/blioacxOMZ8dOyIlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadkQ/AWX14mjbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANxfjrs=</latexit>

wb
p

<latexit sha1_base64="ClDGQ5qKFE60ti/Oj/Lh/U3s4vs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX4MeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFOOY3T</latexit>

rb

CNN

Word embedding

<latexit sha1_base64="G/uSw5ko5dRMB+wRcmCqAmvCHHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX7EXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6q53fnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBpgY3l</latexit>

rt

<latexit sha1_base64="mJsKWFoYPAuZ2yvkPWNBWwW04wc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf3rArtctV9yqOwNZJl5OKpCj3i1/dXoJy2KukElqTNtzUwzGVKNgkk9KnczwlLIh7fO2pYrG3ATj2bETcmKVHokSbUshmam/J8Y0NmYUh7Yzpjgwi95U/M9rZxhdBWOh0gy5YvNFUSYJJmT6OekJzRnKkSWUaWFvJWxANWVo8ynZELzFl5dJ46zqXVTP784rtes8jiIcwTGcggeXUINbqIMPDAQ8wyu8Ocp5cd6dj3lrwclnDuEPnM8fmDGOjg==</latexit>

wt
1

<latexit sha1_base64="Z/APY1TvZoydw9oSeMezibor8ww=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf3rAruiWK27VnYEsEy8nFchR75a/Or2EZTFXyCQ1pu25KQZjqlEwySelTmZ4StmQ9nnbUkVjboLx7NgJObFKj0SJtqWQzNTfE2MaGzOKQ9sZUxyYRW8q/ue1M4yugrFQaYZcsfmiKJMEEzL9nPSE5gzlyBLKtLC3EjagmjK0+ZRsCN7iy8ukcVb1Lqrnd+eV2nUeRxGO4BhOwYNLqMEt1MEHBgKe4RXeHOW8OO/Ox7y14OQzh/AHzucP7RGOxg==</latexit>

wt
i

<latexit sha1_base64="NqC9QwQAKhHacxIrNDefgZHnJf4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+xJ3rlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4A0YGOtA==</latexit>

et
i

<latexit sha1_base64="o4eUZJJIb5HC/mGzJr3tME5vhWA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+x5/XKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwBfKGOfA==</latexit>

et
1

<latexit sha1_base64="arlCi8FTA1YPfBMBcGQmYWR/3MY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+xF/fKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwB15GOuA==</latexit>

et
m

<latexit sha1_base64="/5XeqSNR9pMacqLRgU2wL1fuV3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6x5/XKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwBeZGOeg==</latexit>

ct
1

<latexit sha1_base64="augz+Rr69RZrnLqjRlOCCqn71Qc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6xJ3rlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4AznGOsg==</latexit>

ct
i

<latexit sha1_base64="hDjbvNyi2CkecpbwkPBkLo/lY7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6xF/fKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwB1IGOtg==</latexit>

ct
m

<latexit sha1_base64="p229P49G+IPq7CF7zEXtoLNBZDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIiPphf1yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AKHBkOc=</latexit>

↵t
m

<latexit sha1_base64="zrudMxpGr5/5ZAyPXsFOYMuqVjo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFjd4zjhfkQHSoSCUbTSQ5fKZEgfsSd65YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzS6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J45WdCJSlyxeaLwlQSjMn0fdIXmjOUY0so08LeStiQasrQhlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGMFDwDK/w5hjnxXl3PuatBSefOYQ/cD5/AJuxkOM=</latexit>

↵t
i

<latexit sha1_base64="89tFf2N2vZTAsMVQB80t8i5Zq1Q=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFjd4zjhfkQHSoSCUbTSQ5fKZEgfsef1yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m108ISdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys+ESlLkis0XhakkGJPp+6QvNGcox5ZQpoW9lbAh1ZShDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AEbRkKs=</latexit>

↵t
1

<latexit sha1_base64="Eh7KEQLOM6VhhJIIWT9Ljwg15+U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+rGD9gtV9yqOwNZJl5OKpCj3i1/dXoJy2KukElqTNtzUwzGVKNgkk9KnczwlLIh7fO2pYrG3ATj2bETcmKVHokSbUshmam/J8Y0NmYUh7Yzpjgwi95U/M9rZxhdBWOh0gy5YvNFUSYJJmT6OekJzRnKkSWUaWFvJWxANWVo8ynZELzFl5dJ46zqXVTP784rtes8jiIcwTGcggeXUINbqIMPDAQ8wyu8Ocp5cd6dj3lrwclnDuEPnM8f8xWOyg==</latexit>

wt
m

Dense

Category embedding

<latexit sha1_base64="gm8vjTCeJnK2JETesjWy3Tv9n8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6x0fWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6q53fnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwA7743H</latexit>

ec
<latexit sha1_base64="77/anBRGPhnWXZnVTq9Qp5rU1kU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis18SHTbNIrV9yqOwNZJl5OKpCj3it/dfuSpRHGhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjaUwj1H42u3ZCTqzSJ6FUtmJDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzHSWowZvNFYSqIkWT6OulzhcyIsSWUKW5vJWxIFWXGBlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGMHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A9X6j1A=</latexit>

esc

Dense

<latexit sha1_base64="r03ytGvS6+qpZ2MoXiSDlNjO0+4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa+iEzZNIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF9Xzu/NK7TqPowhHcAynEMAl1OAW6tAAAo/wDK/w5invxXv3PuatBS+fOYQ/8D5/AOnvj10=</latexit>

rsc<latexit sha1_base64="c3mkAAF9vhFmeLCkEaU046Xoos0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUVI8Zm/bLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mx07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGafkwFXyIyYWEKZ4vZWwkZUUWZsPiUbgrf88ippXVS9y2rtvlap3+RxFOEETuEcPLiCOtxBA5rAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBFIaO4A==</latexit>

rc

<latexit sha1_base64="7pnXFtOvg7CwQX8WnULr+pKZn0k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIR92i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14bWfcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcDlo/3</latexit>↵c
<latexit sha1_base64="dSNyK2G18y4RT2MRR8f/OW+/lP4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS36MyHdF+bti0X625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Bjfc1MMcqpRMMmnlV5meErZmA65b6miMTdBPj95Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP88P8PoJsiFSjPkii0WRZkkmJDZ/2QgNGcoJ5ZQpoW9lbAR1ZShTaliQ/CWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYJDAM7zCm4POi/PufCxaS04xcwx/4Hz+AKO5kYA=</latexit>↵sc

<latexit sha1_base64="shfo83SWN9uzkrwAwzomn6Sr3Cg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCcBwKRRvokDJO4nmEAWSt4Px7cxvP3FtRKwecJJwP4KhEqFggFZ67IFMRtDPcNovV9yqOwddJV5OKiRHo1/+6g1ilkZcIZNgTNdzE/Qz0CiY5NNSLzU8ATaGIe9aqiDixs/mF0/pmVUGNIy1LYV0rv6eyCAyZhIFtjMCHJllbyb+53VTDK/9TKgkRa7YYlGYSooxnb1PB0JzhnJiCTAt7K2UjUADQxtSyYbgLb+8SloXVe+yWruvVeo3eRxFckJOyTnxyBWpkzvSIE3CiCLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/5huRFA==</latexit>↵t
<latexit sha1_base64="jeIx8uw13IPOlQrn2AYu+21xzR0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WTDtlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdV77Jau69V6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AMrBkQI=</latexit>↵b

News Encoder

<latexit sha1_base64="wGzcybWUvYwRmZpY3uZoGThtENs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPdYr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7qlJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jfpc4XMiIkllClubyVsSBVlxqZTsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AFXWo3Z</latexit>vc
<latexit sha1_base64="cEHJ2h+N1AEJuH/bxr7+Jfd3CzE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2Fpol5JNs21sNlmSbKEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewxHtzP/ccy04Uo+2EnCgpgMJI84JdZJrXEvM3TaK1e8qjcHXiV+TiqQo9Erf3X7iqYxk5YKYkzH9xIbZERbTgWblrqpYQmhIzJgHUcliZkJsvm1U3zmlD6OlHYlLZ6rvycyEhsziUPXGRM7NMveTPzP66Q2ug4yLpPUMkkXi6JUYKvw7HXc55pRKyaOEKq5uxXTIdGEWhdQyYXgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlB4gmd4hTek0At6Rx+L1gLKZ47hD9DnD/Gbj2I=</latexit>vsc

<latexit sha1_base64="dNaRbtHUcByh+nWByrC7ShFQ0BQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuqXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4A+M/w==</latexit>r

<latexit sha1_base64="/F1qxQChWaw8yg295iMCEIZI13g=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4xyiOBDZkdemHC7Ow6M0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cxvjlBpHstHM07Qj2hf8pAzaqz08NQddYslt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5mfOiVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCa/9CZdJalCyxaIwFcTEZPY36XGFzIixJZQpbm8lbEAVZcamU7AheMsvr5LGRdm7LFfuK6XqTRZHHk7gFM7Bgyuowh3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AbIiN5w==</latexit>qv

<latexit sha1_base64="3w+TZhnQZKOXQyq6i0HLMvsZZXo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0s4m7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WMPe+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFpgI3l</latexit>qt
<latexit sha1_base64="tsvLg1aNB3BlGqQlh2R1/xTuKn8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0s4m7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WMv6JUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wdOOI3T</latexit>qb

BodyTitleCategories

Figure 4.1: The base NAML model, as proposed by Wu et al. [60].

4.1.2 News Encoder

The news encoder is the module that encodes a news article and its contents to
a vector representing the contents of the article. The structure of the NAML
model is visualized in Figure 4.2. The news encoder is an attentive multi-view
learning framework to learn news representations from the article data, where the
category, title and body are implemented as separate views. The news encoder is
used to encode the candidate news into a candidate representation, and to encode
each news in the user history into a news representation which is used by the user
encoder to generate the user representation. The encoders of the titles, bodies
and categories are incorporated as separate views of the articles, with an attention
network to combine the individual representations of an article’s title, body and
categories. The news categories are encoded by an embedder and a feed-forward
network, annotated as "dense" in Figure 4.2, to generate the representations of
the categories, denoted rc and rsc.

The encoders for the body and title are equal in structure. Each word of text is
encoded by a word-embedding layer and a convolutional layer. The encoding of
each word is subsequently combined by a word-level attention network to allow the
model to learn which words are important and should be emphasized. Although
the structure is equal, the variables of the CNN’s and attention networks are not
shared, enabling the model to learn different representation functions for the title
and body. The same reasoning of using an attention network in the textual views
is applied to the views themselves, where the informativeness of each type of news
information varies for each news article. Therefore, an attention network is applied
to the representations of title (rt), body (rb), category (rc) and subcategory (rsc),
in order to weight the views in the final summation, by their calculated attention
weights αt, αb, αc and αsc, respectively. A detailed description of the attention
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<latexit sha1_base64="xHLb23Hw2VAgTm//6ogqBFpVS5o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWY8/hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDsxWOoA==</latexit>

cb
i

<latexit sha1_base64="LJCwSJc8r+0WSixwxVpjtFYFt3I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWc97DHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHXcWOaA==</latexit>

cb
1

<latexit sha1_base64="l6agJnIHAHuHFErXrsIUqOCdkjY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWS99DHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHvb+Opw==</latexit>

cb
p

<latexit sha1_base64="fUniTpBy1/bbajytKZLzXsNSq1U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg97zHolStu1Z2BLBMvJxXIUe+Vv7r9mKYRk4YK1LrjuYnxM1SGU8EmpW6qWYJ0hAPWsVRixLSfzS6ekBOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vk5rwys+4TFLDJJ0vClNBTEym75M+V4waMbYEqeL2VkKHqJAaG1LJhuAtvrxMmmdV76J6fndeqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8ASsFkJk=</latexit>

↵b
1

<latexit sha1_base64="mXw0aIOUA76wTNOyNG21DRJkBfs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg9/hj0yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIBVkNE=</latexit>

↵b
i

<latexit sha1_base64="axp0n1sbTRPiRVCshjUv2TkiUTQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+4FtLJPtpl262Sy7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvlJxp43nfTmFldW19o7hZ2tre2d0r7x80dZIqQhsk4Ylqh6gpZ4I2DDOctqWiGIectsLRzdRvPVGlWSLuzVjSIMaBYBEjaKz00EUuh9iTj2GvXPGq3gzuMvFzUoEc9V75q9tPSBpTYQhHrTu+J02QoTKMcDopdVNNJZIRDmjHUoEx1UE2u3jinlil70aJsiWMO1N/T2QYaz2OQ9sZoxnqRW8q/ud1UhNdBRkTMjVUkPmiKOWuSdzp+26fKUoMH1uCRDF7q0uGqJAYG1LJhuAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEDAM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AYr/kNg=</latexit>

↵b
p

CNN

<latexit sha1_base64="yE6+bHnIP2u86z5drWYNLZpIyEA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysZc+hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDwM+OqQ==</latexit>

eb
p

<latexit sha1_base64="upwnmmz4g7yooT50UPTwG13Ng7A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysec9hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDYNWOag==</latexit>

eb
1

<latexit sha1_base64="/kXKEGsfN0JtEnqK6kk9suZUlPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysccfw1654lbdOcgq8XJSgRyNXvmr209YFqM0TFCtO56bmmBCleFM4LTUzTSmlI3oADuWShqjDibzY6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9F1MOEyzQxKtlgUZYKYhMw+J32ukBkxtoQyxe2thA2poszYfEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBtiWOog==</latexit>

eb
i

Word embedding

<latexit sha1_base64="QPJ7uklVTbM3JFXfSHWFg5ZEcLA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+p6D2G3XHGr7gxkmXg5qUCOerf81eklLIu5QiapMW3PTTEYU42CST4pdTLDU8qGtM/blioacxOMZ8dOyIlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadkQ/AWX14mjbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/AHxljnw=</latexit>

wb
1

<latexit sha1_base64="t+wUyXksPqItyDJWV+FMhf0dIU8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2k3bpZhN2N0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGiv5T13+EHbLFbfqzkCWiZeTCuSod8tfnV7CshilYYJq3fbc1ARjqgxnAielTqYxpWxI+9i2VNIYdTCeHTshJ1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/0bWOtA==</latexit>

wb
i

<latexit sha1_base64="MfvSoMh2q1s90coc/vA8Tmv9Ixs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+qmD2G3XHGr7gxkmXg5qUCOerf81eklLIu5QiapMW3PTTEYU42CST4pdTLDU8qGtM/blioacxOMZ8dOyIlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadkQ/AWX14mjbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANxfjrs=</latexit>

wb
p

<latexit sha1_base64="ClDGQ5qKFE60ti/Oj/Lh/U3s4vs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX4MeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFOOY3T</latexit>

rb

CNN

Word embedding

<latexit sha1_base64="G/uSw5ko5dRMB+wRcmCqAmvCHHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX7EXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6q53fnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBpgY3l</latexit>

rt

<latexit sha1_base64="mJsKWFoYPAuZ2yvkPWNBWwW04wc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf3rArtctV9yqOwNZJl5OKpCj3i1/dXoJy2KukElqTNtzUwzGVKNgkk9KnczwlLIh7fO2pYrG3ATj2bETcmKVHokSbUshmam/J8Y0NmYUh7Yzpjgwi95U/M9rZxhdBWOh0gy5YvNFUSYJJmT6OekJzRnKkSWUaWFvJWxANWVo8ynZELzFl5dJ46zqXVTP784rtes8jiIcwTGcggeXUINbqIMPDAQ8wyu8Ocp5cd6dj3lrwclnDuEPnM8fmDGOjg==</latexit>

wt
1

<latexit sha1_base64="Z/APY1TvZoydw9oSeMezibor8ww=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf3rAruiWK27VnYEsEy8nFchR75a/Or2EZTFXyCQ1pu25KQZjqlEwySelTmZ4StmQ9nnbUkVjboLx7NgJObFKj0SJtqWQzNTfE2MaGzOKQ9sZUxyYRW8q/ue1M4yugrFQaYZcsfmiKJMEEzL9nPSE5gzlyBLKtLC3EjagmjK0+ZRsCN7iy8ukcVb1Lqrnd+eV2nUeRxGO4BhOwYNLqMEt1MEHBgKe4RXeHOW8OO/Ox7y14OQzh/AHzucP7RGOxg==</latexit>

wt
i

<latexit sha1_base64="NqC9QwQAKhHacxIrNDefgZHnJf4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+xJ3rlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4A0YGOtA==</latexit>

et
i

<latexit sha1_base64="o4eUZJJIb5HC/mGzJr3tME5vhWA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+x5/XKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwBfKGOfA==</latexit>

et
1

<latexit sha1_base64="arlCi8FTA1YPfBMBcGQmYWR/3MY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+xF/fKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwB15GOuA==</latexit>

et
m

<latexit sha1_base64="/5XeqSNR9pMacqLRgU2wL1fuV3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6x5/XKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwBeZGOeg==</latexit>

ct
1

<latexit sha1_base64="augz+Rr69RZrnLqjRlOCCqn71Qc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6xJ3rlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4AznGOsg==</latexit>

ct
i

<latexit sha1_base64="hDjbvNyi2CkecpbwkPBkLo/lY7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6xF/fKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwB1IGOtg==</latexit>

ct
m

<latexit sha1_base64="p229P49G+IPq7CF7zEXtoLNBZDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIiPphf1yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AKHBkOc=</latexit>

↵t
m

<latexit sha1_base64="zrudMxpGr5/5ZAyPXsFOYMuqVjo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFjd4zjhfkQHSoSCUbTSQ5fKZEgfsSd65YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzS6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J45WdCJSlyxeaLwlQSjMn0fdIXmjOUY0so08LeStiQasrQhlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGMFDwDK/w5hjnxXl3PuatBSefOYQ/cD5/AJuxkOM=</latexit>

↵t
i

<latexit sha1_base64="89tFf2N2vZTAsMVQB80t8i5Zq1Q=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFjd4zjhfkQHSoSCUbTSQ5fKZEgfsef1yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m108ISdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys+ESlLkis0XhakkGJPp+6QvNGcox5ZQpoW9lbAh1ZShDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AEbRkKs=</latexit>

↵t
1

<latexit sha1_base64="Eh7KEQLOM6VhhJIIWT9Ljwg15+U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+rGD9gtV9yqOwNZJl5OKpCj3i1/dXoJy2KukElqTNtzUwzGVKNgkk9KnczwlLIh7fO2pYrG3ATj2bETcmKVHokSbUshmam/J8Y0NmYUh7Yzpjgwi95U/M9rZxhdBWOh0gy5YvNFUSYJJmT6OekJzRnKkSWUaWFvJWxANWVo8ynZELzFl5dJ46zqXVTP784rtes8jiIcwTGcggeXUINbqIMPDAQ8wyu8Ocp5cd6dj3lrwclnDuEPnM8f8xWOyg==</latexit>

wt
m

Dense

Category embedding

<latexit sha1_base64="gm8vjTCeJnK2JETesjWy3Tv9n8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6x0fWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6q53fnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwA7743H</latexit>

ec
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Figure 4.2: The news encoder of the base NAML model.

layer is provided in subsection 4.3.1. The output of the attention network, denoted
r in Figure 4.2, is a unified representation of the news article.

4.1.3 User Encoder

The user encoder, shown in Figure 4.1, is a simple structure of a single attention
network. The user encoder is applied over the user history, and takes in a represen-
tation of the news articles in the user click history, each individually encoded by
the news encoder, as the inputs. These are denoted rk for the k-th article in click
history. The attention in the user encoder is applied to allow the model to weigh
important and defining news articles heavier in the user representation, than news
which generally indicate less about the user. An example of this is that an article
about a football game would be more indicative of the user’s preference than an
article about a terrorist attack, as the latter is an article most users read, while the
former is an article only users with a football preference would read. The output
of the attention network is the unified representation of the click history, which is
used as the user representation, denoted u in Figure 4.1.
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4.1.4 Click Predictor

The click predictor is the final module of the original NAML framework. This
module utilizes a similarity function, denoted "sim" in Figure 4.1, to estimate
the click probability based on the inputs of the encoded user and the encoded
candidate news, or the relevance of the candidate news to the user. The concept
of using a similarity function is based on the assumption that a user and a news
candidate which are a good fit are encoded similarly, or formally, the relevance R
of a candidate news i for a user u, is given by some similarity function:

R(u, i) = sim(u⃗, r⃗c), (4.1)

where u⃗ and r⃗c is the user profile and candidate news profile, respectively.

Prediction of relevance based on a traditional similarity function between the news
profile and the user profile is widely employed in the state of the art, despite its
apparent simplicity. Similarity functions such as cosine similarity [15, 12, 14] and
inner product [60, 61, 62, 48, 44, 5] are popular for the simplicity and efficiency.

More advanced methods have been used as well. Wang et al. [56] and Gabriel de
Souza et al. [17] use a deep neural network between the user profile and the can-
didate news profile to estimate the probability of the user clicking on the news.
The parameters of the DNN are trainable parameters of the recommender sys-
tem. Zhang et al. [69] use a GRU (Gated Recurrent Unit) Network to generate
top-k items with the highest click probability, based on the user’s session-based
representation, long-term interests embedding and a dynamic attention scheme.

In the original NAML method, Wu et al. [60] explored the usage of a multi-layer
neural network as a click predictor, but found that the simple inner product was
more efficient and provided better performance. To follow the baseline, the click
predictor in the model in this thesis is implemented with an inner product.

4.2 Location-based Extension
To address the goals of this thesis, we design and implement a spatial extension
to NAML, which encodes the news location and the user position, and utilizes
the encodings for the classification. The extended model is shown in Figure 4.3
without the encoder details, and in Figure 4.4 with the encoder details. Recall
from Section 1.1 that we use the term "position" to refer to the user, and the term
"location" to refer to the news. This will be important for the distinctions made in
the approach. The extension has a main focus on the comparison of the outcomes
for using the news location or the user position. Therefore, the design should have
certain key characteristics. Primarily, the extension should be designed as fairly
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<latexit sha1_base64="PcPuY6e4MTyitUyo9ttdUNm8f8M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88sm6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3Xq7cVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4ACamNpg==</latexit>

Dc <latexit sha1_base64="UdK+7aH1OHV/85F1pu3c7LxXYjg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx+/V411</latexit>

D1
<latexit sha1_base64="w34IqMXlDhZe8I0nvjdcrdCyC8M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbHe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8URo2t</latexit>

Di
<latexit sha1_base64="7yURDEZELnIyBsC6vtckjUEp4Vg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiSiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnEccz+kAyX6glG00sNN965bLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+qlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJ46zsnZcr95VS9SqLIw9HcAyn4MEFVOEWalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/60uNkg==</latexit>

DN

<latexit sha1_base64="gYstaTRtFMyMybIpzidEC23W9hA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAFeo2j</latexit>r1
<latexit sha1_base64="y3hLXKWKF+J6Xte1YIrJHQXKVRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlB9W765UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz8xbo3A</latexit>rN

Candidate news

<latexit sha1_base64="wQqqt4toiI/vZYuSyEMxdC9fCHI=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuhVqG2FgmaB6QLGF2cpMMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wSx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Vh3fyBbfoTkGWiTcnhdJR9Zu/lz8qnfxnuxuxJERpmKBatzw3Nn5KleFM4DjXTjTGlA1pH1uWShqi9tPpqWNyapUu6UXKljRkqv6eSGmo9SgMbGdIzUAvehPxP6+VmN6Vn3IZJwYlmy3qJYKYiEz+Jl2ukBkxsoQyxe2thA2ooszYdHI2BG/x5WVSPy96F0WvatMowwxZOIYTOAMPLqEEN1CBGjDowwM8wbMjnEfnxXmdtWac+cwh/IHz9gM4DJF1</latexit>ri

Spatial 
Encoder

sim sim

<latexit sha1_base64="kqBOsqckatFx85Ww7WFIaYIHqQ4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBtIU2ls120i7dbMLuRiihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw2dZIphj5LRKLaIdUouETfcCOwnSqkcSiwFY5up37rCZXmiXww4xSDmA4kjzijxkq+7olH1qtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOyGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRNdBzmWaGZRsvijKBDEJmX5O+lwhM2JsCWWK21sJG1JFmbH5lG0I3uLLy6R5XvMua979RbV+U8RRgmM4gTPw4ArqcAcN8IEBh2d4hTdHOi/Ou/Mxb11xipkj+APn8wfQtY6x</latexit>

sc
l

Spatial 
Encoder

<latexit sha1_base64="t5Njcnq36Hrkiaz+Zj994VzoeI8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU1H3xOOqXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/Nj52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMw+JwOukBkxsYQyxe2thI2ooszYfEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kD2T+OuQ==</latexit>

sh
l

Spatial 
Encoder

<latexit sha1_base64="Y1s6G4oyw7dZjnIGF7QdgEGJyQk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbydS99zHrlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MH8wuOyg==</latexit>
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<latexit sha1_base64="ej5kp0Gnvw74fGQGb42fNe/soKU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lX98uGy1rgt4ijDCZzCOXhwDQ24hya0gMEEnuEV3pzEeXHenY9Fa8kpZo7hD5zPH7Svj9M=</latexit>

ŷ

<latexit sha1_base64="HCjl3N0yTEtlLmrk2VfVOzPqmrU=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDababt0s4m7k0oI/R1ePCji1R/jzX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRDJosEpHq+FSD4BKayFFAJ1ZAQ19A2x/fzvz2BJTmkXzANAYvpEPJB5xRNJLXe+IBjChmaV9O++WKU3XmsFeJm5MKydHol796QcSSECQyQbXuuk6MXkYVciZgWuolGmLKxnQIXUMlDUF72fzoqX1mlMAeRMqURHuu/p7IaKh1GvqmM6Q40sveTPzP6yY4uPYyLuMEQbLFokEibIzsWQJ2wBUwFKkhlClubrXZiCrK0ORUMiG4yy+vktZF1b2s1u5rlfpNHkeRnJBTck5cckXq5I40SJMw8kieySt5sybWi/VufSxaC1Y+c0z+wPr8AWUpkoU=</latexit>

cyn

<latexit sha1_base64="cm2im7Ji8ubzmj94TTuW+Vwe0Bs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idnSRDZh/O9EaWJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lxVJotO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoU400WyUh1PKq5FCFvokDJO7HiNPAkb3vj25nfnnClRRQ+YBpzN6DDUAwEo2gkt/ckfD6imKV9Oe2XK3bVnoOsEicnFcjR6Je/en7EkoCHyCTVuuvYMboZVSiY5NNSL9E8pmxMh7xraEgDrt1sfvSUnBnFJ4NImQqRzNXfExkNtE4Dz3QGFEd62ZuJ/3ndBAfXbibCOEEessWiQSIJRmSWAPGF4gxlaghlSphbCRtRRRmanEomBGf55VXSuqg6l9Xafa1Sv8njKMIJnMI5OHAFdbiDBjSBwSM8wyu8WRPrxXq3PhatBSufOYY/sD5/AGIfkoM=</latexit>byl

<latexit sha1_base64="FNyVO7uQmNPl/zViwrEcupYKa3M=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5id7SRDZh/O9EaWJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lxVJotO1vq7C2vrG5Vdwu7ezu7R+UD49aOkoUhyaPZKQ6HtMgRQhNFCihEytggSeh7Y1vZ357AkqLKHzANAY3YMNQDARnaCS39yR8GDHM0n487ZcrdtWeg64SJycVkqPRL3/1/IgnAYTIJdO669gxuhlTKLiEaamXaIgZH7MhdA0NWQDazeZHT+mZUXw6iJSpEOlc/T2RsUDrNPBMZ8BwpJe9mfif101wcO1mIowThJAvFg0SSTGiswSoLxRwlKkhjCthbqV8xBTjaHIqmRCc5ZdXSeui6lxWa/e1Sv0mj6NITsgpOScOuSJ1ckcapEk4eSTP5JW8WRPrxXq3PhatBSufOSZ/YH3+AGgzkoc=</latexit> byp

Figure 4.3: The full model including the base NAML model and the spatial ex-
tension, excluding the details of the encoders.

as possible in regards to the usage of the user position and the news location, as to
avoid introducing any bias to the experiment. Furthermore, the extension should
include a clear path for the user position encoding and the news location encoding
to the output. This gives the total model the clear possibility of using the spatial
information, and will give a clearer picture of its impact on the predictions.

4.2.1 Spatial Encoder

The spatial encoder, shown in Figure 4.5, is the module which takes in spatial
information and generates a vector representing the combination of these values.
The spatial encoder is used as the encoder for the locations and the positions
equally, to keep the comparison as fair as possible. Implementationally, there is
a small deviation in how the user position and the news location are treated by
the encoder, as the input formats are slightly different, however all significant
operations (transformations and embeddings) are the same.
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<latexit sha1_base64="zn+eOBKppVLLAyr5wm97LhxGbig=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg9/ih75YpbdWcgy8TLSQVy1Hvlr24/pmnEpKECte54bmL8DJXhVLBJqZtqliAd4YB1LJUYMe1ns4sn5MQqfRLGypY0ZKb+nsgw0nocBbYzQjPUi95U/M/rpCa88jMuk9QwSeeLwlQQE5Pp+6TPFaNGjC1Bqri9ldAhKqTGhlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGUJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AJKFkN0=</latexit>

↵n
i

<latexit sha1_base64="EMUe7HbBiZ1ViP5CbKynAy+z5Rc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg971H2yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AD01kKU=</latexit>

↵n
1

<latexit sha1_base64="MhERXpfuFF6vDzlqiQAvtay7UAc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kgnlgsobeySQZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0lirI6jUSkWgFqJrhkdcONYK1YMQwDwZrB6HrqN5+Y0jyS92YcMz/EgeR9TtFY6aGDIh5i9/ZRdoslt+zOQJaJl5ESZKh1i1+dXkSTkElDBWrd9tzY+Ckqw6lgk0In0SxGOsIBa1sqMWTaT2cXT8iJVXqkHylb0pCZ+nsixVDrcRjYzhDNUC96U/E/r52Y/qWfchknhkk6X9RPBDERmb5PelwxasTYEqSK21sJHaJCamxIBRuCt/jyMmmclb3zcuWuUqpeZXHk4QiO4RQ8uIAq3EAN6kBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AFpY5DC</latexit>

↵n
N

User Encoder
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<latexit sha1_base64="G5TxQA8wFDdKE4R3OBwanhu43C8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX5kvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBPvY3U</latexit>

rc
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="RQFsvfj3YFb+KS0SUq9CN5w8cfM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0s4m7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WNP9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QNgaI3f</latexit>qn

<latexit sha1_base64="PcPuY6e4MTyitUyo9ttdUNm8f8M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88sm6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3Xq7cVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4ACamNpg==</latexit>

Dc <latexit sha1_base64="UdK+7aH1OHV/85F1pu3c7LxXYjg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbn9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2L6vn9eaV2ncdRhCM4hlPw4BJqcAd1aACDATzDK7w5wnlx3p2PeWvByWcO4Q+czx+/V411</latexit>

D1
<latexit sha1_base64="w34IqMXlDhZe8I0nvjdcrdCyC8M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bbHe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8URo2t</latexit>

Di
<latexit sha1_base64="7yURDEZELnIyBsC6vtckjUEp4Vg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiSiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnEccz+kAyX6glG00sNN965bLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+qlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJ46zsnZcr95VS9SqLIw9HcAyn4MEFVOEWalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/60uNkg==</latexit>

DN

<latexit sha1_base64="gYstaTRtFMyMybIpzidEC23W9hA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAFeo2j</latexit>r1
<latexit sha1_base64="y3hLXKWKF+J6Xte1YIrJHQXKVRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlB9W765UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz8xbo3A</latexit>rN

Candidate news

<latexit sha1_base64="wQqqt4toiI/vZYuSyEMxdC9fCHI=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuhVqG2FgmaB6QLGF2cpMMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wSx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Vh3fyBbfoTkGWiTcnhdJR9Zu/lz8qnfxnuxuxJERpmKBatzw3Nn5KleFM4DjXTjTGlA1pH1uWShqi9tPpqWNyapUu6UXKljRkqv6eSGmo9SgMbGdIzUAvehPxP6+VmN6Vn3IZJwYlmy3qJYKYiEz+Jl2ukBkxsoQyxe2thA2ooszYdHI2BG/x5WVSPy96F0WvatMowwxZOIYTOAMPLqEEN1CBGjDowwM8wbMjnEfnxXmdtWac+cwh/IHz9gM4DJF1</latexit>ri

<latexit sha1_base64="xHLb23Hw2VAgTm//6ogqBFpVS5o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWY8/hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDsxWOoA==</latexit>

cb
i

<latexit sha1_base64="LJCwSJc8r+0WSixwxVpjtFYFt3I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWc97DHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHXcWOaA==</latexit>

cb
1

<latexit sha1_base64="l6agJnIHAHuHFErXrsIUqOCdkjY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyWS99DHvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMj52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7nPS5QmbE2BLKFLe3EjakijJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHvb+Opw==</latexit>

cb
p

<latexit sha1_base64="fUniTpBy1/bbajytKZLzXsNSq1U=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg97zHolStu1Z2BLBMvJxXIUe+Vv7r9mKYRk4YK1LrjuYnxM1SGU8EmpW6qWYJ0hAPWsVRixLSfzS6ekBOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vk5rwys+4TFLDJJ0vClNBTEym75M+V4waMbYEqeL2VkKHqJAaG1LJhuAtvrxMmmdV76J6fndeqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8ASsFkJk=</latexit>

↵b
1

<latexit sha1_base64="mXw0aIOUA76wTNOyNG21DRJkBfs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIg9/hj0yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIBVkNE=</latexit>

↵b
i

<latexit sha1_base64="axp0n1sbTRPiRVCshjUv2TkiUTQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+4FtLJPtpl262Sy7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvlJxp43nfTmFldW19o7hZ2tre2d0r7x80dZIqQhsk4Ylqh6gpZ4I2DDOctqWiGIectsLRzdRvPVGlWSLuzVjSIMaBYBEjaKz00EUuh9iTj2GvXPGq3gzuMvFzUoEc9V75q9tPSBpTYQhHrTu+J02QoTKMcDopdVNNJZIRDmjHUoEx1UE2u3jinlil70aJsiWMO1N/T2QYaz2OQ9sZoxnqRW8q/ud1UhNdBRkTMjVUkPmiKOWuSdzp+26fKUoMH1uCRDF7q0uGqJAYG1LJhuAvvrxMmmdV/6J6fndeqV3ncRThCI7hFHy4hBrcQh0aQEDAM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AYr/kNg=</latexit>

↵b
p

CNN

<latexit sha1_base64="yE6+bHnIP2u86z5drWYNLZpIyEA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysZc+hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDwM+OqQ==</latexit>

eb
p

<latexit sha1_base64="upwnmmz4g7yooT50UPTwG13Ng7A=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysec9hr1yxa26c5BV4uWkAjkavfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmx07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqLrYMJlmhmUbLEoygQxCZl9TvpcITNibAllittbCRtSRZmx+ZRsCN7yy6ukeVH1Lqu1+1qlfpPHUYQTOIVz8OAK6nAHDfCBAYdneIU3RzovzrvzsWgtOPnMMfyB8/kDYNWOag==</latexit>

eb
1

<latexit sha1_base64="/kXKEGsfN0JtEnqK6kk9suZUlPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbysccfw1654lbdOcgq8XJSgRyNXvmr209YFqM0TFCtO56bmmBCleFM4LTUzTSmlI3oADuWShqjDibzY6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9F1MOEyzQxKtlgUZYKYhMw+J32ukBkxtoQyxe2thA2poszYfEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBtiWOog==</latexit>

eb
i

Word embedding

<latexit sha1_base64="QPJ7uklVTbM3JFXfSHWFg5ZEcLA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+p6D2G3XHGr7gxkmXg5qUCOerf81eklLIu5QiapMW3PTTEYU42CST4pdTLDU8qGtM/blioacxOMZ8dOyIlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadkQ/AWX14mjbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/AHxljnw=</latexit>

wb
1

<latexit sha1_base64="t+wUyXksPqItyDJWV+FMhf0dIU8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2k3bpZhN2N0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGiv5T13+EHbLFbfqzkCWiZeTCuSod8tfnV7CshilYYJq3fbc1ARjqgxnAielTqYxpWxI+9i2VNIYdTCeHTshJ1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lOyIXiLLy+TxlnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/0bWOtA==</latexit>

wb
i

<latexit sha1_base64="MfvSoMh2q1s90coc/vA8Tmv9Ixs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+qmD2G3XHGr7gxkmXg5qUCOerf81eklLIu5QiapMW3PTTEYU42CST4pdTLDU8qGtM/blioacxOMZ8dOyIlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadkQ/AWX14mjbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4+MBDwDK/w5ijnxXl3PuatBSefOYQ/cD5/ANxfjrs=</latexit>

wb
p

<latexit sha1_base64="ClDGQ5qKFE60ti/Oj/Lh/U3s4vs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX4MeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AFOOY3T</latexit>

rb

CNN

Word embedding

<latexit sha1_base64="G/uSw5ko5dRMB+wRcmCqAmvCHHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSvX7EXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6q53fnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBpgY3l</latexit>

rt

<latexit sha1_base64="mJsKWFoYPAuZ2yvkPWNBWwW04wc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf3rArtctV9yqOwNZJl5OKpCj3i1/dXoJy2KukElqTNtzUwzGVKNgkk9KnczwlLIh7fO2pYrG3ATj2bETcmKVHokSbUshmam/J8Y0NmYUh7Yzpjgwi95U/M9rZxhdBWOh0gy5YvNFUSYJJmT6OekJzRnKkSWUaWFvJWxANWVo8ynZELzFl5dJ46zqXVTP784rtes8jiIcwTGcggeXUINbqIMPDAQ8wyu8Ocp5cd6dj3lrwclnDuEPnM8fmDGOjg==</latexit>

wt
1

<latexit sha1_base64="Z/APY1TvZoydw9oSeMezibor8ww=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf3rAruiWK27VnYEsEy8nFchR75a/Or2EZTFXyCQ1pu25KQZjqlEwySelTmZ4StmQ9nnbUkVjboLx7NgJObFKj0SJtqWQzNTfE2MaGzOKQ9sZUxyYRW8q/ue1M4yugrFQaYZcsfmiKJMEEzL9nPSE5gzlyBLKtLC3EjagmjK0+ZRsCN7iy8ukcVb1Lqrnd+eV2nUeRxGO4BhOwYNLqMEt1MEHBgKe4RXeHOW8OO/Ox7y14OQzh/AHzucP7RGOxg==</latexit>

wt
i

<latexit sha1_base64="NqC9QwQAKhHacxIrNDefgZHnJf4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+xJ3rlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4A0YGOtA==</latexit>

et
i

<latexit sha1_base64="o4eUZJJIb5HC/mGzJr3tME5vhWA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+x5/XKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwBfKGOfA==</latexit>

et
1

<latexit sha1_base64="arlCi8FTA1YPfBMBcGQmYWR/3MY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx+xF/fKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwB15GOuA==</latexit>

et
m

<latexit sha1_base64="/5XeqSNR9pMacqLRgU2wL1fuV3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6x5/XKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwBeZGOeg==</latexit>

ct
1

<latexit sha1_base64="augz+Rr69RZrnLqjRlOCCqn71Qc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6xJ3rlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ippXlS9y2rtvlap3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4AznGOsg==</latexit>

ct
i

<latexit sha1_base64="hDjbvNyi2CkecpbwkPBkLo/lY7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSSzx6xF/fKFbfqzkFWiZeTCuRo9Mpf3X7CspgrZJIa0/HcFIMJ1SiY5NNSNzM8pWxEB7xjqaIxN8FkfuyUnFmlT6JE21JI5urviQmNjRnHoe2MKQ7NsjcT//M6GUbXwUSoNEOu2GJRlEmCCZl9TvpCc4ZybAllWthbCRtSTRnafEo2BG/55VXSvKh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBvjAQMAzvMKbo5wX5935WLQWnHzmGP7A+fwB1IGOtg==</latexit>

ct
m

<latexit sha1_base64="p229P49G+IPq7CF7zEXtoLNBZDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGN1O/9cSU5rG8N+OE+REOJA85RWOlhy6KZIiPphf1yhW36s5AlomXkwrkqPfKX91+TNOISUMFat3x3MT4GSrDqWCTUjfVLEE6wgHrWCoxYtrPZhdPyIlV+iSMlS1pyEz9PZFhpPU4CmxnhGaoF72p+J/XSU145WdcJqlhks4XhakgJibT90mfK0aNGFuCVHF7K6FDVEiNDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AKHBkOc=</latexit>

↵t
m

<latexit sha1_base64="zrudMxpGr5/5ZAyPXsFOYMuqVjo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFjd4zjhfkQHSoSCUbTSQ5fKZEgfsSd65YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzS6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J45WdCJSlyxeaLwlQSjMn0fdIXmjOUY0so08LeStiQasrQhlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGMFDwDK/w5hjnxXl3PuatBSefOYQ/cD5/AJuxkOM=</latexit>

↵t
i

<latexit sha1_base64="89tFf2N2vZTAsMVQB80t8i5Zq1Q=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbWDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFjd4zjhfkQHSoSCUbTSQ5fKZEgfsef1yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m108ISdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys+ESlLkis0XhakkGJPp+6QvNGcox5ZQpoW9lbAh1ZShDalkQ/AWX14mzbOqd1E9vzuv1K7zOIpwBMdwCh5cQg1uoQ4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AEbRkKs=</latexit>

↵t
1

<latexit sha1_base64="Eh7KEQLOM6VhhJIIWT9Ljwg15+U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3bpZhN2J0op/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncLK6tr6RnGztLW9s7tX3j9omCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzdRvPnJtRKLucZTyIKZ9JSLBKFrJf+rGD9gtV9yqOwNZJl5OKpCj3i1/dXoJy2KukElqTNtzUwzGVKNgkk9KnczwlLIh7fO2pYrG3ATj2bETcmKVHokSbUshmam/J8Y0NmYUh7Yzpjgwi95U/M9rZxhdBWOh0gy5YvNFUSYJJmT6OekJzRnKkSWUaWFvJWxANWVo8ynZELzFl5dJ46zqXVTP784rtes8jiIcwTGcggeXUINbqIMPDAQ8wyu8Ocp5cd6dj3lrwclnDuEPnM8f8xWOyg==</latexit>

wt
m

Dense

Category embedding

<latexit sha1_base64="gm8vjTCeJnK2JETesjWy3Tv9n8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6x0fWK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6q53fnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwA7743H</latexit>

ec
<latexit sha1_base64="77/anBRGPhnWXZnVTq9Qp5rU1kU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis18SHTbNIrV9yqOwNZJl5OKpCj3it/dfuSpRHGhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjaUwj1H42u3ZCTqzSJ6FUtmJDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzHSWowZvNFYSqIkWT6OulzhcyIsSWUKW5vJWxIFWXGBlSyIXiLLy+T5lnVu6ie351Xatd5HEU4gmM4BQ8uoQa3UIcGMHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A9X6j1A=</latexit>

esc

Dense

<latexit sha1_base64="r03ytGvS6+qpZ2MoXiSDlNjO0+4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa+iEzZNIrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF9Xzu/NK7TqPowhHcAynEMAl1OAW6tAAAo/wDK/w5invxXv3PuatBS+fOYQ/8D5/AOnvj10=</latexit>

rsc<latexit sha1_base64="c3mkAAF9vhFmeLCkEaU046Xoos0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUVI8Zm/bLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mx07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGafkwFXyIyYWEKZ4vZWwkZUUWZsPiUbgrf88ippXVS9y2rtvlap3+RxFOEETuEcPLiCOtxBA5rAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBFIaO4A==</latexit>

rc

<latexit sha1_base64="7pnXFtOvg7CwQX8WnULr+pKZn0k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIR92i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14bWfcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcDlo/3</latexit>↵c
<latexit sha1_base64="dSNyK2G18y4RT2MRR8f/OW+/lP4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS36MyHdF+bti0X625dXcOskq8gtSgQLNf/eoNEpbFXCGT1Bjfc1MMcqpRMMmnlV5meErZmA65b6miMTdBPj95Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP88P8PoJsiFSjPkii0WRZkkmJDZ/2QgNGcoJ5ZQpoW9lbAR1ZShTaliQ/CWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYJDAM7zCm4POi/PufCxaS04xcwx/4Hz+AKO5kYA=</latexit>↵sc

<latexit sha1_base64="shfo83SWN9uzkrwAwzomn6Sr3Cg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCcBwKRRvokDJO4nmEAWSt4Px7cxvP3FtRKwecJJwP4KhEqFggFZ67IFMRtDPcNovV9yqOwddJV5OKiRHo1/+6g1ilkZcIZNgTNdzE/Qz0CiY5NNSLzU8ATaGIe9aqiDixs/mF0/pmVUGNIy1LYV0rv6eyCAyZhIFtjMCHJllbyb+53VTDK/9TKgkRa7YYlGYSooxnb1PB0JzhnJiCTAt7K2UjUADQxtSyYbgLb+8SloXVe+yWruvVeo3eRxFckJOyTnxyBWpkzvSIE3CiCLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/5huRFA==</latexit>↵t
<latexit sha1_base64="jeIx8uw13IPOlQrn2AYu+21xzR0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WTDtlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdV77Jau69V6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AMrBkQI=</latexit>↵b

News Encoder

<latexit sha1_base64="wGzcybWUvYwRmZpY3uZoGThtENs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPdYr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7qlJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jfpc4XMiIkllClubyVsSBVlxqZTsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AFXWo3Z</latexit>vc
<latexit sha1_base64="cEHJ2h+N1AEJuH/bxr7+Jfd3CzE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2Fpol5JNs21sNlmSbKEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewxHtzP/ccy04Uo+2EnCgpgMJI84JdZJrXEvM3TaK1e8qjcHXiV+TiqQo9Erf3X7iqYxk5YKYkzH9xIbZERbTgWblrqpYQmhIzJgHUcliZkJsvm1U3zmlD6OlHYlLZ6rvycyEhsziUPXGRM7NMveTPzP66Q2ug4yLpPUMkkXi6JUYKvw7HXc55pRKyaOEKq5uxXTIdGEWhdQyYXgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlB4gmd4hTek0At6Rx+L1gLKZ47hD9DnD/Gbj2I=</latexit>vsc
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Figure 4.4: The full model including the encoders.

The spatial encoder takes in the textual representation of the spatial information,
ws

i , as input and uses the shared word embedder to embed each of the locations
separately to create the spatial embeddings esi . The embeddings are then averaged
by the custom Masked Mean Pooling layer (see subsection 4.3.2) to receive a single
representative embedding s which is the final representation output of the encoder.

The design of the encoder is chosen to use an embedder to limit the need of external
knowledge. Many sota methods use external information to model locations [12,
56]. However, as we wish to view the specific impact of locations and positions,
we do not involve external knowledge bases, and the system is simply using an
embedder. The embedder functions similarly to a knowledge base, but without
the explicit categories of information. It rather learns a vector-representation for
the locations [12], by use of the large corpus of text available from the base of the
news article. As the word embedding trained through the news articles contains
information on the locations mentioned in the article in the same way as any other
word, the embedder used in the news encoder is reused in the location extension.
This allows the location encoder to employ the vast amount of information in the
news articles to gain a meaningful representation of the locations.

The location encoder uses an averaging operation to reduce the embeddings of
potentially many locations of a news article to a single unified representation. The
max operation was considered as well, but the averaging operation was deemed
more suitable for the task. The essence of the task of news recommendation is
to understand the preferences of the user. A significant problem with the max
operation over an axis of a sequence is that it does not consider repeated elements
different than singular elements, which means that repeated interest in a location
is not distinguished from a single occurrence. A user history of ten news articles
where one is about Trondheim and nine are about Stavanger, is given the same
encoding as a user history of ten news articles where nine are about Trondheim
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Figure 4.5: The spatial encoder used in the full model to encode the user position
and the news location.
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and one is about Stavanger. This is especially important in the task of news
recommendation where repeated interests should be weighted highly compared to
a single interaction, as in real-world scenarios, a user is prone to mistakes and
short-term curiosity [69].

The location encoders are consistent, which means that if enc(L) → VL for a given
L at one point in the model, then enc(L) → VL always holds. This means that if
the user has previously read about the locations L, and a candidate news which
is about the locations L, then the location encoder of the candidate news and the
location encoder of the user history will encode the same representation.

Furthermore, the spatial encoder is order-agnostic which means that if L1 is a se-
quence of locations and L2 is any permutation of L1, then enc(L) = enc(L2). This
is done to allow all parts of the historical locations or positions to be represented
in the encoding, ensuring that if a location signal exists, it is not weighted out of
the final encoding. This is based on the goal of the thesis, to examine the effect
of user position and news location, rather than to build the highest performing
news recommender. Furthermore, the attention layers in the base NAML model
are order-agnostic, and seeing as the locations are not necessarily more order-
dependent than the browsing history, the order-agnosticity of the overall model is
kept.

4.2.2 Location Click Predictor

The click predictor in the location extension of the model is implemented equal to
the implementation of the base method, i.e., using an inner product. The same
assumptions and goals as the base method holds for the location extension, where
the encoding of a historical interest in news about certain locations should have
high similarity to the encoding of the location in the news. This is grounded in
the encoding method of the locations, where the news-location embedder on the
candidate side is equal to that of the location-interest-based user profiling module.
It follows that a historical interest in a location will have high similarity with the
location of a candidate news about the same location.

4.2.3 Score Combiner

The score combiner is the module which combines the click probabilities from the
separate categories into a single unified click prediction, which takes into account
the news contents, the news-location interests and the user position. Specifically,
the model takes in the click prediction based on news preferences, ŷn, the click
prediction based on location interests, ŷl, and the click prediction based on user
position, ŷl, see Figure 4.3. The model then combines the score by using the
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combination function, which is implemented as a neural network. The selection
of a neural network as the score combiner function is based on a hyperparameter
optimization, further described in subsection 5.2.4.

Flexibility of score combiner

The score combiner adds flexibility to the model for the test, as it allows several
inputs, but can also operate using only a single score. In addition to this, the
score combiner is implemented as a module. The combination of these makes the
score combiner more autonomous, as its only parameter is the operation type. The
model takes a variable input, and combines them using the given operation to a
single output score. This modularity and flexibility removes the need for intricate
instructions for the ablation study, where pieces of the model prior to the score
combiner is deactivated, altering the amount of inputs to the score combiner.

4.2.4 Embedder

A central part of the model is the word embedder. In the model, the word embedder
is responsible for 777 000 of the 803 075 trainable parameters when implemented
with the basic keras embedder. In addition to this, a large amount of textual data is
readily available in the dataset from the titles and bodies. Therefore, the available
data was utilized to create a trained embedder with the aim to reduce the amount
of trainable parameters, and ease the training task of the model. The embedder was
implemented as a Word2Vec model, using the gensim framework [49]. Word2Vec
is a technique for learning vector representations of words from large amounts of
text by using a neural network [41]. The option of embedder, trained Word2Vec
or trainable keras embedder, was passed to the hyperparameter optimization. It
turned out so that the hyperparameter optimization achieved lower validation loss
with the standard keras embedder than with the Word2Vec embedder.

The embedder in the spatial encoder is trained on linguistic semantics, as it uses
the same embedder as the news encoder. However, this could have been done in
several other ways, which also would be a valid proposition as the embedder in the
spatial encoder, as to provide a more domain-specific embedding. Embedding the
locations based on spatial features was considered, especially using 3D coordinates
to map distance between the locations and position.

4.3 Custom Layers
The model was implemented with the keras functional API. However, certain in-
tricacies of the model requires functionality not natively supported by keras or
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TensorFlow. Therefore, these modules are implemented as custom layers.

4.3.1 Attention layer

The attention mechanism implemented in the base model is to the extent of the
research not available for the newest versions of the utilized frameworks and pack-
ages. Therefore, these were reimplemented as custom layers. The attention layer
is used in several parts of the model. In the title encoder and the body encoder the
attention layer is used to provide attention over each of the words in the text. In
the news encoder, the attention layer provides attention over the different views of
the encoder, combining the title, body, category and subcategory. The attention
layer is also used in the user encoder over the news in the user history. These three
application areas have different types of inputs and produce outputs of different
meanings, such as the attention layer in the body encoder takes word encodings
as inputs and gives a representation of the body as output, whilst the attention
over the user history takes in the different news in the user history and provides
a representation of the user history as output. Although these inputs, outputs
and purpose differ, the underlying mechanism is equal. The attention mechanism
takes in the input x of size N and computes the attention weight, αi of each part
of the input xi by the equations:

ai = qT
i tanh (W × xi + b) (4.2)

αi =
exp(ai)∑N
j exp(aj)

, (4.3)

where W and b are the projection parameters, and q is the query vector. These
are trainable parameters individual for each attention layer. Equation 4.3 is the
softmax function over all input ai in 4.3. The final calculation of the output is
simply the average of all inputs weighted by the attention weight:

r =
N∑

i

xiαi (4.4)

Furthermore, to allow variable input size, such as a user with a short history or
a news article with a short title, the layer is made compatible with zero masking.
The zero mask of the inputs, described in subsection 4.2.1, is considered in the
attention mechanism and removes the attention of the masked inputs. This results
in the masked inputs receiving no attention, and therefore not affecting the softmax
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calculation or the weighted average. This removes the influence of the padding
applied to the inputs, so the maximum body size can be set high without the risk
of the padding influencing representation.

4.3.2 Masked Mean Pooling

In the spatial encoder, a mean pooling function is used to average the embeddings
over the inputs in order to obtain a representation of the same shape as the indi-
vidual embeddings, with the encoding of all the embeddings. However, the dataset
contains a variable amount of news locations, and a variable amount of historical
user positions, but tensors must be of a fixed shape in all dimensions. Therefore,
the inputs are appended pad tokens to fit the set size. Pad tokens are a special
token which holds no meaning, but is used to fill the tensors to a fixed shape.
This will skew the average of the embeddings to the arbitrary embedding of the
pad tokens. To achieve a flexible model which allows a varying input size while
mitigating the influence of the padding tokens, the spatial encoder uses a masking
strategy. The encoder checks the inputs to the embedder for the padding token,
and generates a mask, which is essentially a matrix of binary values indicating
the presence of padding tokens. This mask is kept in the encoder to use in the
Masked Mean Pooling layer. When the locations have been embedded, the em-
beddings themselves hold no trace of the originating word. Therefore, the spatial
encoder uses the aforementioned mask to distinguish which embeddings to disre-
gard during the operation. The result is the average of the embeddings of only
valid locations. Thus, the spatial encoder can be flexible, despite the rigidity of
tensors. The necessity of this implementation is clear in the example of a user
with a single previous position, but where the maximum history size is large. The
resulting encoding without the masking will not reflect the single position, but
rather reflect the embedding of the padding token.

The spatial encoder uses averaging to reduce several spatial representations to a
single unifying representation. This pooling could also use a max function, which
would emphasize the large values in the embeddings, meaning stronger emphasis on
the outliers. This could be a valid option, and would most likely push the model
to focus on the extreme locations. The word embedding used in the location
encoder attempts to build a reasonable representation of each word, including
locations, which defines the word on unspecified parameters, where each of the
definitive parameters would be a scalar in the embedding. One can imagine a
embedding which through news embeds the locations to the topics of the news,
such as Oslo and Trondheim would be embedded highly in the parameter of "Big
City", and Trysil and Åre would receive high values in the parameter of "Skiing",
however London would score very low. Considering this, in a location interests
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history of [London, London, Trondheim, London, Trysil] with average function,
the parameter of skiing would score low, despite the presence of Trysil, as the
averaging function would lower it due to the presence of London thrice. If the
model notices that the a certain topic, such as skiing, is important, then the
model and specifically the embedder can learn to amplify the value of that topic,
and then force the signal through, regardless of the average function. However, a
max function does not consider repeated presences, and in the case of representing
the user browsing history, the case of reading multiple articles about a location,
should not be disregarded, as this may be one of the clearest implicit signals of
relevance in news recommendation.

4.3.3 Slice

The input to the model is the interaction data and the article data for the candidate
and the history. As the model is based on several submodels, and each submodel
only needs a specific part of the data, the first layer of the model must deliver
the correct data to the correct modules. This layer is the Slice layer. The Slice
layer selects slices of the user data across the batch, and serves the data to the
correct encoders. The layer is initially built for a one-dimensional input, such as
the candidate news, but is combined with a TimeDistributed layer to function over
the user history and the batch, in two dimensions.

4.4 Data Generator & Sampling
The data generator is the part of the model which creates and continuously serves
the dataset to the model from the pre-processed data. The dataset of inputs and
targets (x, y) is generated from iterating over the interaction log in chronological
order. For each interaction in the log, the data generator retrieves the relevant
article data for the interaction, as well as the data for the interaction history of
the corresponding user up to the point of the interaction in question. This is used
as a positive sample of user interest.

The data available is based on an interaction log and, therefore, does not contain
explicit negative samples. To avoid an unbalanced dataset, the data generator in-
fers negative samples by sampling a random article from the article base weighted
by popularity. Popularity-biased negative sampling is further described in Sec-
tion 3.5. The negative sampled article is swapped in for the positive article, with
the same interaction information (user, time, user position). This allows for a
equal comparison for the model, in which the interaction is proposed with both
the actual article in the interaction as well as the negative sampled article.
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(a) Logarithmic Y-axis (b) Linear Y-axis

Figure 4.6: The popularity distribution of the articles given by the amount of
interactions with (a) logarithmic scale and (b) linear scale, with the articles ranked
by the amount of articles.

4.4.1 Negative Sampling of the dataset

The Adressa dataset, as described in subsection 3.4.1, does not contain negative
samples and requires negative sampling to balance the dataset. Therefore, negative
sampling was utilized to generate negative samples in the dataset, to enable the
system to learn to discern the relevant from the non-relevant. However, as seen
in Figure 4.6 the majority of interactions is distributed among a small part of the
articles. In the first day of the used dataset, the top 9 articles received more views
than the other 4001 articles viewed in the day. On the full dataset, there were
17351 articles which were viewed at least once, however, the centre of mass of the
distribution is at rank number 42.

These figures indicate that a popularity-biased random sampling is required to
keep a fairness in the dataset, and to force the recommenders to learn to recom-
mend news that are relevant rather than to remember which articles are popular.
Therefore we implement popularity biased negative sampling in this work. Al-
though more advanced methods exist , the implementation of such methods fall
outside the scope of this thesis.

The popularity bias was based on the popularity of articles on the day of the
interaction. In the domain of news recommendation, popularity has high peaks,
but fades rapidly, i.e. an article about a significant event in January will not
be a suitable negative sample in March, even though it was the most popular
article in January. This is, though, partially offset already by the model being
chronologically agnostic. The model randomly sampled articles based on the daily



4.4. DATA GENERATOR & SAMPLING 52

popularity, but excluded the articles already read by the user.

4.4.2 Effects of Negative Sampling

The dataset used in the experiments is based on a log of interactions (clicks or
views) of users on articles and does inherently not contain negative samples. How-
ever, the model requires negative samples to train. As discussed in Section 3.5 and
subsection 4.4.1, popularity biased negative sampling was utilized.

Popularity based sampling does not fully remove the popularity bias, as the popu-
larity biased negative sampling was done among the articles excluding the articles
in the history of the user and the positive candidate. This incurs a slight popu-
larity bias in the dataset, as the most popular samples will appear more often in
the positive candidate and history, and therefore be in these cases ineligible for
negative sampling. The incurred popularity bias is, however, less than during the
random sampling.

Furthermore, the act of sampling the negative candidates from the article set
induces an assumption that the article read by the user is more relevant to the
user than any other article in the item set. This is a problematic assumption as
the user is not presented the entire article set to make a selection from. However,
the dataset does not log which articles are presented to the user.

The assumption is made more plausible by reducing the item space form which
negative sampling is performed to consist of only articles read by any user within
the same period. This removes mostly old articles and items which are most likely
not presented to the user. The usage of popularity biased negative sampling prefers
negative sampling of articles which are most likely to be shown to the user, as these
articles must have been presented to other users for them to become popular.

In addition to this, the assumption does not need to hold for all cases for the
model to learn efficiently. Every positive candidate may not be more relevant than
every other article for the given user, but rather most positive candidates should
be more relevant than the corresponding negative sampled article. Furthermore,
a user does not always select the most relevant article each time, which incurs
similar noise.



Chapter 5

Experimental Evaluation

5.1 Introduction
This chapter will detail the experiments carried out in this thesis. Section 5.2 will
present the experimental setup and all the specifics of the experiments required to
repeat the experiments and reproduce the results. The results will be presented
and discussed in Section 5.3.

5.1.1 Ablation Study

An ablation study is the study of a machine learning model where components of
the model are successively removed to view the impact of each component [40].
The experiment is performed as an ablation study. The model will be tested with
and without three aspects of the model: the news location interests of the user, the
current user position, and the historical user position. The base model of NAML
will be present in all 23 = 8 variations of the model. The ablation study will enable
the examination of the effects of the different aspects of the model. This is in line
with the aims of the thesis, and will answer RQ3.

5.1.2 Evaluation

To evaluate the performance of the models and, therefore, the validity of the
hypothesis, the models will be measured on metrics based on their predictions on
a test set. Recommender systems are typically evaluated on either their ability in
information retrieval with such metrics as Precision, Recall and F-score, or their
ability in ranking, with NDCG and MRR [3]. However, NAML is designed as a
classification system where the model attempts to learn which out of a set of news

53
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items is relevant to the user, and Wu et al. [60] use AUC as their main metric.
This is further discussed in subsection 3.1.6. For reasons of fairness to the NAML
architecture and the concepts, the extended model will primarily be evaluated
on classification metric AUC, with supplementary information provided by mAP.
The performance metrics will serve as a basis with which to draw conclusions on
RQ3. The next chapter will describe how the evaluation is performed and how
the experiments are set up, including the dataset and metrics.

5.2 Experimental Setup
This section describes and discusses the aspects of the experiments required for
reproduction. subsection 5.2.1 presents the steps of preprocessing of the data to
form the dataset, which is described in subsection 5.2.2. The use of evaluation
metrics is outlined in subsection 5.2.3. subsection 5.2.4 presents the hyperparam-
eter optimization and the resulting parameters, with additional hyperparameters
included in subsection 5.2.5.

5.2.1 Preprocessing of the data

The Adressa dataset requires heavy preprocessing and conversion. The data con-
sists of two directories of files, the content and the interactions, which are pre-
processed individually. The attributes of the preprocessed content and interaction
data is shown in Table 5.1 and Table 5.2, respectively.

Attribute Type Description
Article ID string The document Id
Title string The title of the article.
Body string The body of the article
Locations list The locations of the news article.
Category string The main category of the article.
Subcategory string The subcategory of the article.

Table 5.1: The attributes of the preprocessed content data.

Content Preprocessing

The preprocessing of the content is inspired by the approach taken by Gabriel de
Souza et al. [17]. The content is stored in JSON files and must be extracted before
preprocessing. The data is converted into the respective data types, from the
values in the JSON files, where all the data is formatted as strings. Furthermore,
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Attribute Type Description
Event Id int The event id.
Time integer The time of the interaction.
User Id string The id of the specific user in the interaction.
User position string The most specific user position recognizable by the embedder.
Article ID string The document id of the article visited in the interaction.

Table 5.2: The attributes of the preprocessed interaction data.

several values are empty strings, which are converted to the appropriate empty
values for each type (e.g., an empty news location is set to an empty list, so as
to be able to be accepted by the model). Furthermore, some news articles lack
a publishing time, but contain a creation time. In such cases, we set the publish
time to the creation time, assuming the times are relatively close temporally. The
textual content are in some cases null values, which are handled by setting these to
the empty string. The categorical data is encoded from the textual categories to
IDs representing the categories. The textual data is tokenized using the Natural
Language Toolkit (NLTK) package [39]. Furthermore, the body of the articles
often start with the text "Saken oppdateres.", which is often used in articles that
are being updated in live situations or on breaking news, and is removed from the
article later. It seems the content data logs the first version of the article, as 8952
of the 73309 articles (12.2%) have this text in the first sentence of the body. This
is removed from the text during preprocessing. In addition, several articles have
the publishing time included in the body as text, but where all characters in the
word "publisert" and the publishing time are separated by whitespace. These are
removed during preprocessing.

Interaction Preprocessing

The preprocessing of the interaction data is mainly focused on the two larger
issues of the available data: (1) the connection between the content data and the
interaction data, and (2) the encoding of the user position.

The interaction data contains a property for the article’s id in the interaction, but
this is not consistent and has several missing values. Nevertheless, the canonical
URL of the visited article is always present. Therefore, to connect the interaction
data to the content data, a mapping between the canonical URL of the article and
its article id is constructed and applied to the interaction data, to allow efficient
lookup in the content data by the primary key of the content data, the article
id. This also filters out the interactions with the home page, as the home page
has no content data. This is done as the home page does not provide any rele-
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vant information in the scope of this thesis. Furthermore, articles of the category
"Abonnement" and articles from the site "kundeservice.adressa.no" are excluded
from the dataset. These items are advertisements, service announcements from
the newspaper, and information about the premium service. These items are not
news items and do not fit in with the recommendation task, and are therefore not
included in the dataset.

The position of the user is given by the city, region and country. The model is
given the most specific position recognized by the embedder, meaning it must be
mentioned a minimum of 25 times in the corpus of all articles (|A| = 73309). This
results in a user positioned in Malvik is recognized as in Malvik. However, a user
who is in the town of Tjøme will be assigned the region of the user’s location,
Færder, as Tjøme does not appear enough in the corpus. Finally, a user in Quito
will be assigned to the country of Ecuador. This is to be as specific as possible,
while also recognizing the geographical limitations of a dataset from a local news
portal. The country of the user position is denoted in the interaction data by
a modified alpha-2 country code. This requires a custom manual mapping from
the modified alpha-2 encoding to an encoding understandable to the model. In
this case, the encoding was converted to the country’s name, to enable it to be
recognized by the embedder, as it relates to the locations in the news articles.

5.2.2 Final Dataset

The final dataset consists of three collections: the candidate news, the user histories
and the targets.

The news candidates are vectors of length 73 containing the interaction and
article data of the corresponding candidate. The input of size 73 is ten words
from the title, fifty words from the body, the category, the subcategory, ten news
locations, and the user position. The mentioned sizes are the maximums, and if
there are fewer, padding is applied to fit to the set size of 73. In the case of the
title and body containing more words than the maximum, the first ten and fifty
are selected, respectively. The maximum title size was set based on the cumulative
distribution shown in Figure 5.1a. The Figures 5.1a and 5.1b show the distribution
of length in number of words for the article titles and bodies, respectively. The red
lines show the maximum size set for the respective type. The maximum size of the
titles and bodies were set based on these distributions. However, the maximum
body size was primarily based on the hardware limitations, as the body data
is responsible for 68.5% of the total data, and an increase in the size would be
reflected in the computational cost in training. Notice, however, that although
only 20.2% of articles contain 50 or fewer words, the dataset still retains 35.9% of
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(a) Title (b) Body

Figure 5.1: The histogram of cumulative distribution of the amount of words in
the article (a) title and (b) body. The maximum (a) article and (b) body size
shown as red line in (a) as x = 10 and (b) as x = 50.

the total words.

The user histories are 10 × 73 matrices with interaction and content data of
the corresponding interactions in the user history. The data in the user histories
are on the same form as the candidate news, making the user history essentially
a collection of up to ten previously read news articles. The user histories are kept
in the same order as the candidate, meaning the i-th candidate news corresponds
to the i-th user history.

The targets are the binary labels of whether the candidates are the suitable
match to the corresponding user history (y = 1) or a negative sample for the user
history (y = 0).

The combination of the news candidates, the user histories and the targets
make up the dataset. The news candidates and the user histories combine to make
the inputs in X = [x1, x2], where x1 is the news candidates, and x2 is the user
histories. X is then the input to the model.

Splitting the dataset

The final dataset of 7 days was split as the first five days (1. jan 2017 - 5. jan
2017) to training data, and the last two days (6. jan 2017 and 7. jan 2017) as
the test data. The first two days of the training set were used in hyperparameter
optimization, with the first day as training and the second day as validation, before
the full five days of the training set were utilized in training. The split gives a
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Figure 5.2: The time of day of interactions to show general viewing pattern across
all days. The rolling average is shown in orange.

final training set of 1 425 331 samples, and a test set of 539 397 samples. The test
set interactions are distributed almost equally, 268 794 and 270 603, over the two
days, Friday and Saturday, respectively. The inclusion of two days rather than one
in the test-set is to mitigate the influence of the inherently cyclical nature of the
data, due to the 7-day week, as the first day of the dataset is a Sunday, meaning
day six and day seven are Friday and Saturday. Therefore, we include both days
to show the effect on a day during the work week and a day during the weekend.

The usage of defined days as points of splitting is based on the simplicity of imple-
mentation due to the file structure of the dataset, where each day has its own file
containing all interactions. This is backed up by the graph of interactions per time
during the day, shown in Figure 5.2. The Figure shows a deep dip in interactions
between midnight and 03:00, making the valley a good point to split the days.
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5.2.3 Evaluation

As described in subsection 5.1.2, the models are to be evaluated on the ability to
classify due to the models being implemented as a pseudo-classification task [60].
Therefore, AUC is used as the main metric, as it reflects the overall ranking per-
formance of a classifier [24]. In addition to AUC, the mAP@k metric will provide
further information on the models from the secondary perspective of information
retrieval. Nevertheless, AUC will be of primary concern. The mAP is calculated
at 10, 20, 50, 100, 500, 1000, and 10000. mAP is primarily interesting at lower
values as it represents the ability of the recommender to provide accurate recom-
mendations within the first k recommendations. Therefore, the mAP@1000 and
mAP@10000 are largely irrelevant to the underlying meaning. However, they are
included to provide perspective on the value to which the mAP score converges.

5.2.4 Hyperparameter optimization

To ensure optimized performance, hyperparameter optimization was performed.
The optimization was done using a Bayesian hyperparameter search. The opti-
mization is performed by a Gaussian process which learns a function of the hy-
perparameters to the validation loss [52]. The process estimates an expected val-
idation loss and its standard deviation for each permutation of hyperparameters.
The process then selects the permutation with the lowest value for E(val loss) −
std(val loss), and builds a model based on the hyperparameters and tests the
model [8]. The process then updates its learned function with the validation loss
incurred for the hyperparameters and generates new predictions based on its new
information. This is performed iteratively until stopped. The optimization is per-
formed on the fully extended model without ablation. The full dataset is too large
for the hardware available to perform efficient optimization. Therefore, the inter-
actions from day one were used as training data, and interactions from the second
day as validation data. The optimization of the model ran for a total of seven
days of runtime, distributed among seven cooperating hyperparameter optimiza-
tion processes. The optimization was set to a maximum of 50 epochs as this was
the maximum amount of epochs in training of the full model, while keeping the
training time within a reasonable time limit (60 hours).

The score combiner was implemented with several different operations, shown in
Table 5.3, and was tested during hyperparameter optimization. The base method
was tested with all the operations, and found that the neural network had the best
performance, although incurring a minor time cost. The inner product operation
had notably poor performance. Although the dot product performs best in the
similarity operation of the click predictor [44, 60], the score combiner is an opera-
tion on scores that do not necessarily have high similarity. A candidate news may
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Operation Description
Inner Product The simple product of the scores: s1 · s2 · s3
Sum The sum of the scores: s1 + s2 + s3
Max The maximum of the scores: max(s1, s2, s3)
Average The average of the scores: s1+s2+s3

3

Neural A neural network with one hidden layer with 2 · count(scores) nodes.

Table 5.3: The implemented operations of the score combiner, and descriptions of
the operations.

be in a location of interest for the user, but with content that does not match the
user’s interests. The sum and average operations are also dependent on a high
score in all probabilities and showed good performance on the highest predicted
values, but struggled with the less, but still relevant, articles. The max operation
has the opposite problem, where it overemphasizes the score of the most impacted
and disregards the information from the other sections of the model. The neural
network is able to learn a non-linear representation and can consider the impact
of a single high score and several medium scores. Due to the outperformance of
the neural method, the method was implemented with the neural score combiner.
The hyperparameters and the resulting optimized values are shown in Table 5.4.

5.2.5 Further Experimental Settings

The batch size was increased by a factor of 16 from the batch size used during
hyperparameter optimization to utilize the hardware available and thereby reduce
the training time. This was necessary to adapt to the dataset size increasing
by a factor of 38. Therefore the training batch size was increased from 4 096 to
65 536. Following [33], when the batch size is increased by a factor k, the initial
learning rate should be increased by

√
k. The optimizer Adam [32] was used as

the optimization algorithm, following the original implementation [60].

5.3 Experimental Results
This section presents the evaluations of the models on the test set. The test set, as
described in Section 5.2.2, consists of the two last days of the dataset. The section
will briefly present the different configurations of the model, before the results are
presented. The results and their implications will be discussed in subsection 5.3.2.
As detailed in subsection 5.2.3, the main focus will be on the performance as
measured by the AUC metric.
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Hyperparameter Possible values Optimized value
Learning rate range between [5.5E-4, 1.3E-

6]
2.2E-6

Attention hidden dimensions Integers in [20-100] 88
Category embedding dimen-
sions

Integers in [5-20] 8

Convolution activation func-
tion

selu, relu, sigmoid, tanh selu

Convolution window size Integers in [3,10] 7
Convolution filters Integers in [5-20] 6
Dense Activation Function selu, relu, sigmoid, tanh tanh
Dropout Probability [5%-30%] 15.04%
Word embedder Type Pre-trained or Not pre-

trained.
Not pre-trained

Word Embedding Dimension Integers in [15-300] 259
Score Combiner Average, Sum, Max, Dot

Product, Neural Network
Neural network

Click Predictor Dot Product, Cosine Cosine

Table 5.4: The hyperparameters which are optimized with respect to validation
loss, their descriptions and the optimized values.
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5.3.1 Results

The results of the experiment are shown in Table 5.6. These results are further
broken down into the individual days for analysis, see Table 5.7 and Table 5.8 for
Friday and Saturday, respectively. The models were trained and tested twice, and
the average results are reported.

Models and Ablations

As described in subsection 5.1.1, the evaluation was performed as an ablation
study, where we start from the full model and then remove data and modules
iteratively. The data subject to ablation was the location data of the news in
the click history, the current user position data and the historical user position
data. These are denoted "loc", "pos" and "hist pos", respectively. The results are
presented as additions to the base method, denoted NAML in the following tables.
This is in line with the research goals to examine the effect of the user position
and news location on recommendation quality. Therefore, the models in the results
tables are denoted by the addition it makes to the base model (e.g., the "+ hist
pos + loc" is the base model with the addition of the historical user position and
news location, as well as the modules required to use the data, see Table 5.5 for
a full description). Implementationally, the models are ablations of the extended
model, rather than additions to the base model. It follows that the "NAML + hist
pos + pos + loc" is the unablated model, and "NAML" is the model with all user
position and news location information ablated. All models contain the news data,
while news location data, user position data, and historical user position data can
be added or removed. Furthermore, the ablation levels will consistently be referred
to as models for simplicity. Although they are technically ablation levels and not
standalone models, it is simpler to understand them as individual models that
each uses a different amount of the input data. The models are further described
in Table 5.5.

Performance Evaluation

Table 5.6 show the experiment results on the entire dataset. These results show
that NAML achieves the best result, with the highest AUC score. The model using
user position performs second-best. The third best model is the model which uses
the click history’s news location. The top three achieve similar performance, with
the rest of the model performing substantially worse. The next four performers all
score relatively similar and above the 50% mark, which is the expected score of a
random classifier. It is interesting to observe that the lowest score is achieved by
the full extension with all the data included.
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Model Description
NAML The base NAML model without extension
+ loc The base model with the news location of the click

history
+ pos The base model with the current user position
+ loc + pos The base model with the news location of the click

history and the current user position
+ hist pos The base model with the historical user position
+ hist pos + loc The base model with the historical user position and

the news location of the click history
+ hist pos + pos The base model with the current and historical user

position
+ hist pos + pos + loc The base model with the current and historical user

position and the the news location of the click history

Table 5.5: The description of the models used in the ablation study.

The results for day 6 (Friday), is shown in Table 5.7. Again, the base NAML model
performed the best on all metrics, tied with "+ hist pos + loc" on MAP@10 and
MAP@20. "+ hist pos + loc" performs second best on AUC, and "loc" performs
third best. The results for day 7 (Saturday), are shown in Table 5.8. Although the
base NAML model outperforms on the mAP metrics, the "loc" model performs
the best on the AUC metric. The second best is the base NAML model, with
almost equal performance, and the "+ hist pos + loc" is close behind as the third
best

For each of the three periods (both days separately as well as the days combined),
the results on the AUC metric is generally split into two groupings. The high
performers are "NAML", "+ loc" and "+ hist pos", which represent the base
model, the extension which uses the news locations in the click history, and the
NAML extension which uses the user’s historical positions, respectively.

5.3.2 Discussion of the Results

The performance of the best models is very good, far outperforming a random
guess (AUC = 50%). The results, shown in Figure 5.3, imply a negative effect
on using the current user location (models which use "pos"). The effect of using
either the news locations or the historical user position seem relatively neutral.
However, the models combining several parts of the extension seem to affect the
performance negatively.



5.3. EXPERIMENTAL RESULTS 64

Figure 5.3: The performance of each model for the entire test set.

News and location seem to perform very similarly, which may indicate that the
textual content (news title, body and categories) is processed in a sensible way by
the models, and that the textual content is the primary driver of recommendation.

The negative effect on the models using the current user position may imply that
the user position does not carry very meaningful information for news recommen-
dation, but rather confuse and disrupt the base NAML model. This may be due
to the model learning a way to incorporate the position that is beneficial for the
training set, but not for the test set. Therefore, including the current position may
not be beneficial in such a news recommender system. As shown in Figure 5.4, the
news location seems to benefit recommendation in the case of the recommendation
on Saturday (day 7) compared to Friday (day 6), while the other top performing
models appear to do better on Friday than on Saturday. This motivates a discus-
sion on the effect of the weekend, which will be done in Section 5.3.2.

Although the model which uses the historical user position ("+hist pos") performs
well, the model using the current user position performs poorly, despite the models
being based on the addition of a similar type of data. This can in part be explained
by the averaging function of the spatial encoder: the encoding for historical po-
sitions of the user may become a description of the type of person the user is,
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Figure 5.4: The performance of each model for the test set broken out into the
individual days.

while the single current position becomes a type of contextual feature, and the
context may not be accurately reflected by the position alone for the given data.
Furthermore, the lack of outperformance of the historical position over the base
NAML indicates that the modelling of the user is more effective on the history of
clicked news articles.

As outlined in Section 4.2, the user position score and location interests scores are
included in the score combiner, which is very close to the output node of the model,
to let the effect be clear. However, this could lead to overfitting. The possibility
of overfitting is further supported by the training loss shown in Table 5.9, where
the base model has a higher loss, and the worse performing "+ pos" has a lower
loss. Although several measures were taken in addressing the risk of overfitting,
with regularization and hyperparameter optimization, a valid hypothesis based on
the aforementioned evidence suggests the model has overfitted for the position
data. This begs the question of why the location interests are not affected. This
may be because the location data stems from the article contents and does not
add any novel information to the system, and therefore the model does not lean
into the location interests score as much as it does the positional score. The close
correlation of the user history and the base NAML model may indicate that the
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user location history is not considered very meaningful for news recommendation,
and is thus not weighted heavily. It would support the initial hypothesis that the
user’s historical position does not contribute to a news recommender that already
performs well. The model infers that the historical positions of the user are not
necessary when the user preference is modelled well, and therefore, the cost of the
invasion of the user’s privacy may not be substantiated.

Locality of a local news paper

Adressa is the second-largest regional newspaper in Norway [34]. However, Ta-
ble 5.10 shows that a very large part (32.6 %) of the user base accesses the news
portal from the same city, Trondheim, and several of the top user positions are
geographically close or even overlapping, such as the positions of "Heimdal" and
"Tiller" are only 2.1 km apart. These positions are not different enough to necessi-
tate different treatment of the user in serving news. Although the embedder should
learn from the articles that these positions are very close, it is not reasonable to
assume that the distinction between the positions incurs a large enough increase
in recommendation performance to warrant the invasion of privacy stemming from
such specific tracking of the user position. In addition to this, the locations tagged
in the news articles, shown in Table 5.11, show that among the top news locations,
6 out of 11 refer to locations in the Trøndelag area, where several of the locations
are simply different designations for the same geographic area ("Midt-Norge" and
"Trøndelag"). Furthermore, tags such as Europa (Europe), Norge (Norway), and
Sverige (Sweden), are far too broad to enable the serving of local news to users, as
these locations are not local in nature. A user in Hungary reading a local Norwe-
gian newspaper should not be recommended news about Europe simply because
it is the most local tag to the user.

The case for using the position of a user to recommend local news is based on the
assumption that news that concerns areas close to the user are relevant to that
user. However, the Adressa dataset may be too local for this to be an effective
strategy. It is reasonable to assume that readers of a specific local newspaper do
not aim to read news specifically local to their position, but rather local to the area
of the news portal they are using. Therefore, the assumption that underpins the
use of user position information to recommend relevant news may not be valid for a
local newspaper. Furthermore, a similar argument can also be made for a national
news portal: a user of a national news portal, such as VG1 may not want to see
local news, as if their objective was to see local news, they would consult a local
newspaper, as they would naturally have more to offer on news local to the area it
covers. Therefore, the user may want less, and not more news local to the user’s

1www.vg.no

www.vg.no
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position, which causes the user position to be of little value for recommending news
items. An argument can be made about the position being relevant for filtering
out local news, but this would require further research to examine.

The weekend effect

Focusing on the best performing models, "NAML", "+ loc" and "+ hist pos", we
can see a clearly lower performance on Saturday compared to Friday in Figure 5.5.
This is especially prevalent in the model using the historical user position. The
model which models the location interests of the user is much more robust over
the Friday-Saturday shift than the other two models. Furthermore, as seen in Fig-
ure 5.4, the performance of all models using the news location interests increased
by 5.2% on Saturday relative to the performance on Friday.

Figure 5.5: The performance of the Top-3 models for the test set broken out into
the individual days.

One possible explanation for the poor performance of the historical user position
is that the positions of the user is much more volatile on the weekends. During
the week, most people spend the majority of their time at home or at work, while
during the weekends there is more free time to go on trips to other locations, such
as to a cabin or to events.
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Furthermore, the news reading habits of a user on the weekend may differ from
those of a user during the week. The increased amount of free time could con-
ceivably cause a shift in reading habits and preferences. This may be the weekend
effect that causes the models to underperform on the weekend relative to the week-
days. This effect could be learned by the model over many weeks, but the base
model (NAML) does not incorporate the days or time of the interactions in the
recommendation process, and as such, the model will not be able to simply distin-
guish the periods apart. Therefore, the models have no foundation to know there
is an effect or how to distinguish between the time periods.

As the model is trained, the model learns in the "score combiner" how to weight
the scores from the news, the user position and the news locations, see Figure 4.3.
Therefore, if there is a shift in user behaviour or context which makes one of
the modules uninformative or counterproductive on certain days, the model has
already learned its weights of the scores, and may overweight sources that are
faulty as a cause of the behaviour or context shift.

It is harder to justify that a large shift should occur in the location interests of
a user due to the weekday/weekend shift, as location interests are less dependent
on such a context. This may cause the seemingly more robust performance from
Friday to Saturday than that of the other two high-performing models. Therefore,
the news location interests of a user may be a useful component to add robustness
to a model when the weekend comes or other such shifts in user preference.

Statistical significance test

To investigate the validity of our results, we complete a statistical significance test.
We do this by building a linear additive effects model with Gaussian noise, which
is formulated by the regression model

AUC = β0 + βday · iday + βloc · iloc + βhist pos · ihist pos + βpos · ipos + noise (5.1)

Here, β0 is the effect of the base model on AUC, idata is the binary index represent-
ing whether the specific data is used, βdata is the unknown effect of data on AUC,
and the noise is a Gaussian distribution with zero mean and unknown variance.
The effect of the base model on the AUC is a constant as we have no models which
do not use the base model NAML.

As seen in Equation 5.1, the model assumes additivity of effects, meaning the
AUC can be explained by the addition of the individual effects of the separate
data. While this model, therefore, is quite simplistic, it can still shed some light
on the effects of including each data source.



5.3. EXPERIMENTAL RESULTS 69

Table 5.12 shows the calculated values for β0, βloc, βhistpos and βpos, and their
respective p-value. The selected model ensures that a statistical t-test can be used
to determine significance. Here we tested the hypothesis H0 : βdata ≥ 0 against the
alternative HA : βdata < 0. Although the estimated effects of loc, pos and hist-pos
were all negative, only the effects of pos were statistically significant (p <1E-5).
We can assert with statistical significance that the effect of including the current
user position in the model is negative for the performance on the AUC metric. To
conclude on the other data sources, more iterations of the model must be done.
This is left for further work.
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+
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80.31%
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80.22%
72.44%

+
pos

51.71%
51.91%

49.96%
49.67%

49.14%
48.80%

49.56%
48.72%

+
pos

+
loc

50.72%
55.52%

54.52%
47.36%

43.74%
42.08%

42.41%
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+
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pos
61.06%

66.79%
66.04%

63.28%
62.59%

63.65%
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+
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+
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51.57%
100.00%

99.27%
93.81%
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68.31%
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pos
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83.20%
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+
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+
pos

+
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48.55%
94.75%

93.44%
87.92%
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67.16%

62.13%
51.94%

Table 5.6: Test set results on the metrics AUC and mAP. mAP is measured over
several values of k.
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+
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+
loc

49.99%
74.61%

67.74%
53.42%

46.65%
39.38%

39.08%
45.87%

+
hist

pos
63.01%

74.44%
70.33%

66.57%
66.06%

64.29%
66.30%

72.68%
+

hist
pos

+
loc

49.38%
100.00%

100.00%
99.09%

92.30%
72.71%

67.19%
53.32%

+
hist

pos
+

pos
51.64%

94.78%
92.10%

87.67%
84.55%

76.63%
74.55%

62.56%
+

hist
pos

+
pos

+
loc
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Table 5.7: Results from day 6 (Friday) on the metrics AUC and mAP.
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+
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52.17%
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+
pos

+
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51.46%
36.44%

41.29%
41.31%

40.82%
44.77%
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48.07%

+
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59.10%

59.13%
61.75%

59.98%
59.13%
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66.70%
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+
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53.76%
100.00%

98.53%
88.53%
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63.91%

59.41%
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+
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+
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52.08%

69.69%
74.30%

76.16%
75.99%

69.33%
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57.36%
+
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+
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+
loc

51.92%
98.89%

95.74%
92.55%

88.67%
74.51%

69.26%
56.36%

Table 5.8: Results from day 7 (Saturday) on the metrics AUC and mAP.
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Model Training Loss
NAML 0.7311
+ loc 0.6759
+ pos 0.6759
+ loc + pos 0.6896
+ hist pos 0.6813
+ hist pos + loc 0.6871
+ hist pos + pos 0.6826
+ hist pos + pos + loc 0.6905

Table 5.9: The training loss of the models used in the ablation study.

Position Count Proportion
Trondheim 9249390 32.55%
Oslo 5162199 18.17%
Norge 2157390 7.59%
Akershus 631729 2.22%
Tiller 599759 2.11%
Ranheim 526649 1.85%
Melhus 517980 1.82%
Heimdal 453220 1.60%
Steinkjer 388836 1.37%
Levanger 291119 1.02%

Table 5.10: The most occurring user positions and the proportion of total interac-
tions out of 941 distinct positions in the dataset of 28 413 829 interactions.
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Location Count Proportion
Trondheim 21715.0 12.32%
Norge 13416.0 7.61%
Oslo 7211.0 4.09%
Trøndelag 6781.0 3.85%
Sør-Trøndelag 6658.0 3.78%
Nord-Trøndelag 3015.0 1.71%
Europa 2607.0 1.48%
Sverige 2348.0 1.33%
Midt-Norge 2320.0 1.32%
Bergen 2248.0 1.28%
Stjørdal 1822.0 1.03%

Table 5.11: The most occurring tagged locations (proportion > 1%) and the pro-
portion of the total amount of locations out of 5535 distinct locations tagged in
the dataset of 73 309 articles.

Part Effect p-value
NAML 62.10%
loc -3.12% 6.9E-2
hist pos -2.42% 1.2E-1
pos -8.79% 9.3E-6

Table 5.12: The effect of the data and their p-value.



Chapter 6

Evaluation and Conclusion

This chapter contains the points of discussion about the thesis and its approach,
and the final remarks of our thesis. Section 6.1 will provide a discussion on several
topics on the merits and limitations of our work. The contributions made to the
field are detailed in Section 6.2. In Section 6.4 we present some proposals for future
work related to our thesis. Finally, Section 6.3 draws conclusions on the work.

6.1 Discussion
This section will discuss several aspects of the thesis and the approach. This
section continues on the discussion started in subsection 5.3.2, but will discuss the
approaches of the thesis rather than the results themselves to shed light on some
underlying factors of the results.

6.1.1 News Location Extraction

The news location information in the dataset is automatically extracted with
Named Entity Recognition (NER) methods, which extract entity names into speci-
fied categories. Therefore, the location information does not provide any additional
data on the contents of the news article, but instead provides a highlighting of spe-
cific parts of the news texts. The highlighting provides the additional information
on which words are locations, but as the NER extracts words from the texts, the
locations are not new information. Exceptions to this are locations appearing later
than the text’s max size. The max title size is set to 10, the max body size is set
to 50, and any words beyond the maximum are not included in the dataset. The
locations appearing later than the text’s max size are then additional data to the
model. It is interesting that the models using this data perform comparatively to
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the position models, which have access to additional data. It may be supportive
of the hypothesis of the thesis that the highlighting of specific mostly-known data
is as beneficial to the model as the addition of position data.

Furthermore, the NER method is a source of error in the dataset. As described
in Zhang and Liu [68], the extracted locations may be ambiguous or unrelated to
the location of the news, such as the Norse god of Frøya, and the afterlife concept
of Hell are also the name of a location in Trønderlag. In addition to this, Hell
means Luck in Norwegian. Therefore, the NER method may classify these poorly,
as some locations map to several entities. This is a source of error for the news
locations.

6.1.2 Order agnosticity of location encoder

The location encoder is implemented as order agnostic, meaning that it does not
differentiate between the first and last element of the location set it receives. The
user history is used as an indication of interest, which Gulla et al. [21] assumes
fades over time unless renewed. However, in this thesis, an assumption is made
that news location interests are more robust than topic interests. Furthermore,
the experiment used a history size of 10, which is small enough to assume little
fading between the first and the tenth read article.

6.1.3 The limitations of location interests

Although a strong historical interest in specific locations may indicate a corre-
sponding interest in the same location in the future, the news recommendation
may not understand the underlying factors for the interests, when the recom-
mendations look at the location relevance and topic relevance separately. As an
example of this consider a Norwegian fan of English football. Despite his interest
in their sports, he does not care about their politics. However, as a Norwegian
citizen, he is interested in Norwegian politics. This example shows that contextual
factors are important. The method of the extended NAML model combines the
location score and the news score and does not consider the underlying factors of
the scores. Therefore, the model may infer that as the user reads many articles on
English football and Norwegian politics, an article about English politics will score
high on location and high on news content. Therefore, as the current implementa-
tion calculates the individual scores first, and then combines these scores without
the underlying context, the method cannot reflect the context of the interests. This
is similar to the XOR problem, but in this case, the problem is the computation
of the individual scores before the combination of the scores. This is also the case
for the user position. Noh et al. [43] showed that a user’s news interests were very
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dependent on their position, however, this was based on user positions which were
more specific than what is available in the Adressa dataset, down to the degree of
an office vs the Food court vs at Home. Chen et al. [12] explained that obtaining
user position to such a high granularity is very difficult, sometimes impossible, in a
real-world context. Nevertheless, the interest-position dependency shown by Noh
et al. [43] may still be valid, and the same effects as those observed in the example
of the American Football fan are still present and logical. A combination that can
combine the per-topic relevancy and the per-location/per-position relevancy, such
as a neural network, may prove to solve this limitation. It is left for future work
to examine if the findings hold for a combination over the per-topic relevancy.

6.1.4 The effect of movement

The current user position models will struggle to recommend relevant news articles
to a user at a new location, especially if the movement since the last interactions
is large. Although a user might want to read about the place where they are, the
news portal may not be able to supply it. Adressa will for instance probably not
have any positionally relevant news to offer if a user is on Mallorca.

The historical user position will quickly adapt to the travel as the click history fills,
and will end up in the same position as the current user position models. However,
until that is achieved, the models will recommend news recommendations to where
they were previously, before gradually transitioning. In the experiments of this
thesis, the history size was set to a maximum size of 10 articles. The consequence
of this is that when a user browses ten articles, the user history has been reset.
Therefore, the model will not distinguish between a user who browses ten articles
quickly in a visited position and a user who lives there. An example of this is a user
which works in the city but lives in the countryside, where the user browses news
at his job. They would quickly read enough articles to fill the click history, and the
model will be unable to distinguish the user by its previous positions. Therefore,
the historical user positions with a relatively small history size are essentially the
same as the user position, but with a smoothing effect between positions.

The news location based models attempt to model the user’s location interests.
A user who is set to travel is naturally more interested in the place they are
about to travel to, and this will then be reflected in the news they read to such
a degree as the news portal is able to present news about the area. A location
that the news portal does not cover will not be able to model the real location
interest in these locations, however as the news portal does not cover the location,
the lack of reflection on the location interests does not affect the quality of the
recommendation.
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Although these descriptions seem based on the infrequent case of travel, the un-
derlying assumption of models which use the user position (current or historical)
is that the user will change their position and will want news histories about the
area around them.

6.1.5 Size of history

The size of the history in the experiment was limited to a maximum of 10. This was
mainly due to the hardware limitations and the size of the dataset. The training
set spanning 5 days was 1.6 million interactions. Combined with the encoding of
the articles and context data, the training dataset was of size 1.6·106×(10+1)×73.
Attempts were made with a history size of 15, but this adds another 2GB data
and became a too large slowdown to accept. Furthermore, the history size of 15
is also very small in the context of the news reading history and may only cover
a single browsing session. The effect of this is that the model will have less data
from which to infer preference.

6.1.6 Implementation of baseline method as binary classifi-
cation task

The baseline method, NAML, is originally implemented as a K + 1 classification
task [60]. However, in this thesis, it is implemented as a binary classification
task. This is due to the difference in datasets. The original implementation uses a
dataset that supplied information on which articles are presented to the user, but
not read. These can be used as negative samples outright. Furthermore, in this
case, it is reasonable to implement the task as classification and to use classification
and ranking metrics, as they have several candidates and a single positive. To
stay consistent with the original implementation of NAML, the task is defined as
classification. However, the dataset used in this thesis does not contain information
on the seen-but-not-read articles. Therefore, negative sampling is performed to get
negative candidates. The assumption made in this sampling, that a user is more
interested in the article read than a popularity-biased randomly sampled article,
is more problematic than the assumption made by the original implementation,
that article read by the user is more relevant to the user than an article the user
was shown, but not read. Therefore, the implementation was set to a binary
classification task to not overemphasize a possibly problematic assumption. The
evaluation focused on classification metrics, although if the task was not structured
as a slate-presentation to the user, classical recommender system metrics could be
beneficial.
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6.1.7 Target Values

In this experiment, the target value of relevance is determined by whether the
article was clicked by the user. Although this is a commonly used implicit feed-
back in news recommenders, the Adressa dataset contains information about other
indicators as well, such as the time spent on the article. This implicit feedback
may be a more informative source of information on relevance and confidence of
the relevance, such as a very high read time should indicate a higher relevance
than an interaction over a short time. In addition to this, a very short read time
(e.g., t < 10s) could be a good indicator of a non-relevant article, as the user has
enough time to know the subject of the article and then decide against reading it.
Furthermore, the continuous axis of time can facilitate the possibility of modelling
relevancy as a continuous spectrum, such as relevancy is in the real-world. An
example of this is two articles about football, which are both relevant to the user,
but one is about their favorite team. Thus we have two articles, where one article
is more relevant than the other. To the best of our knowledge, no state of the art
in neural news recommendation employs the read time as a target. Gulla et al.
[21] uses the read time to filter out "insignificant timed act", which are defined in
the article as read times below 4.2s. Although such an implementation could be
beneficial for the performance of a news recommender, this falls outside the scope
of our thesis, and it is left for further studies.

6.1.8 Test result variation

As described in subsection 5.3.1, the results presented is the average of two it-
erations of the models. Some variation in the results between the two iterations
was observed. The execution time of training one ablation of the model ranged
between 36-60 hours each. The long execution time and a lack of available com-
pute hindered the possibility of doing more iterations of the models. Available
resources to allow several iterations of the models would enable the completion
of statistical tests on the significance of our results. Therefore, a point of future
work is to repeat the study over several more iterations to confirm the validity and
significance of the results.

6.2 Contributions
This thesis provides several contributions to the field. The contributions which are
specifically linked to the research questions of this thesis will be presented in the
following chapter. In addition to these, we have made several contributions that
are not tied to the research questions which we will present in this section.
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A contribution to the field is a preprocessing routine for the Adressa Dataset. The
dataset is messy and requires preprocessing. This contribution is beneficial for
research within the same field as this thesis, as Adressa is to date the only news
dataset with user position and news location data. The preprocessing routine
handles the interactions and articles of the dataset, and works for both the larger
20M dataset and the 2M dataset.

The spatial extension to the NAML model is a contribution that enables the use of
spatial data in the recommendation. The extension is a module that enables the
examination we completed in this thesis. Furthermore, the extension is indepen-
dent of the underlying model and can be applied to any other news recommender
which predicts a click probability. Therefore, the module can be reused on several
other models to view the performance effects of user position and news location
data.

Several custom TensorFlow layers are designed and built for this thesis, which
have general value. The Masked Mean Pooling layer has a large use case and
provides functionality that is not natively available through the basic TensorFlow
package. The Attention Layer which is used in the original implementation of
NAML does not function properly with the current version of TensorFlow (2.0).
A contribution is therefore a custom layer that provides the same functionality
as that of the original implementation but ported to TensorFlow 2.0. This lowers
the implementation difficulty of several State of the Art neural news recommender
methods which use this module, such as NRMS [62], NAML [60] and LSTUR [5].
The slicer is a custom layer that takes in a Tensor, slices out a defined section of
the Tensor, and passes it on. In this project, we have used this layer to divide the
input into the defined chunks for each view. However, this has general-purpose
utility.

The results of the thesis demonstrate the validity of a privacy-preserving, but high-
performing news recommender. We have shown that the data on the current user
position lowers the performance of the recommender, and have shown that the
results are significant (p <1E-5) by a statistical test.

6.3 Conclusion
In this thesis we have looked at how the news location interests of a user can be
modelled, and whether it can mitigate the need for tracking the user’s position.
The state of the art in news recommenders has been examined, and a state of
the art method has been extended to enable usage of user position data and news
location data. The extended model has been tested in an experiment structured
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as an ablation study.

For clarity, we restate the goal and research questions of the thesis:

Goal The main goal of this thesis is to investigate to which degree one can create
a news recommender system which uses textual content to build a user profile
containing enough information on the users’ location interests to mitigate the
need to track the users position without a large loss in performance.

Main Question How can a news recommender use the inferred location interests
of users to mitigate the need of using users’ position?

RQ 1: What is the current state of the art in location-aware news recommenda-
tion?

RQ 2: How can user position and news location be modelled for news recommen-
dation?

RQ 3: Is the user’s position a necessary component for achieving high perfor-
mance news recommendation?

RQ1 was answered in Chapter 3. We found that the state of the art in location-
aware news recommendation is broad and varied in its application of the user
position and news location. However, the implementations of user position and
news location is often complex and abstract from the view of the output. Therefore,
we selected a state of the art personalized news recommender to implement and
extend with user position and news location modules, to clearly examine the effect
of the spatial data.

RQ2 was answered in Chapter 3 and Chapter 4 combined. In Chapter 3, we
examined how the user position and news location have been modelled in the state
of the art. In Chapter 4, we detailed the technical approach of extending the state
of the Art personalized news recommender system with a spatial encoder to utilize
user position and news location.

RQ3 was answered by the ablation study and its results. In the parameters of this
thesis, we found that the user position is not a necessary component for achiev-
ing high-performance news recommendation. We found that a State of the Art
recommender on the dataset performs better without the user position extension.

These findings and answers to our research questions combine to answer the Main
Question of the thesis. The answer to our main question is then that the news
recommender can create a user profile through the content of the article which
is accurate enough to mitigate the need of using the user position. Furthermore,
answering the Main Question has ensured that we achieved the goal of this thesis.
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Although the results show the location interests have little improvement of the rec-
ommendation performance over the base state of the art recommender, the results
are affected by the several factors discussed in Chapter 6. We believe that mod-
elling the user’s location interests would benefit the recommender performance,
given a newspaper of larger user reach and news span. Furthermore, the user posi-
tion assumption is that a user is interested in news occurring spatially close to the
user, which requires the path of user position → news location interest → relevant
news. The modelling of user location interests requires the path of click history
→ news location interest → relevant news. In this way, rather than relying on the
user’s positional data, the user can prove their interests through their click history.
Hence, the assumption of "a user is interested in news which is about a location
close to the user" is converted to a much more reasonable assumption of "a user
which has previously been interested in news about a location, is interested in
news about the same location". The last assumption is very similar to the general
assumptions made by most news recommenders: "a user which has previously been
interested in news about a topic, is interested in news about the same topic". In
addition, this would be a non-intrusive approach to modelling the user’s location
interests, and would encapsulate a possible performance enhancement from user
position modelling, without the need to intrude on the user’s privacy. Therefore,
the validity of a hypothesis that the location interests should perform compara-
tively in performance while preserving the privacy of the user, is valid, despite the
lack of outperformance relative to the base news recommender.

In conclusion, the work in this thesis has demonstrated that a news recommender
system that uses textual content can build a user profile containing enough in-
formation on the users’ location interests to mitigate the need to track the users’
position.

6.4 Future Work
To continue this research, we propose a few suggestions for further work. These
suggestions are tied to improvements or alterations of the work done in this thesis.

6.4.1 News Location dataset

As described in subsection 6.1.1, the news locations algorithmically extracted from
the news articles are a source for error. For future work within the impact of news
locations in recommendation, a more robust and precise method for generating
the news locations in the dataset should be developed. This could be done by
the journalists as they create the news article, by outlining the relevant news
location(s) of the article.



6.4. FUTURE WORK 83

Furthermore, as discussed in subsection 5.3.2, the news location dataset of Adressa
may be too local. The Adressa dataset is based on interactions on the Adresseav-
isen News portal1, which is a regional newspaper. Therefore, both the user position
and the news locations are heavily biased toward locations within the Trønderlag
County area. Conducting similar research on a dataset from a less localized news
source could prove informative to the validity of the findings for larger and more
widespread news portals. Therefore, it would be beneficial for future work on the
subject if a dataset was created by a national news portal, or by a larger me-
dia organization, such as Polaris Media, which runs 64 regional media houses, by
combining user location interests across news portals.

6.4.2 Encoding of location interests based on distance mea-
sure

An interesting topic for further research is the implementation of the location
encoder with a basis in the physical distance between locations. This could be
implemented as a sort of topography map where the "height" of a location is the
user’s historical interest in a location, which would allow a sensible smoothing, so
as to reflect that an interest in a particular location may indicate an interest in
neighboring locations. Due to the state of the current open datasets, this would
require an integration with a knowledge base, such as WikiData2, to derive the
physical locations from the textual names of the locations.

6.4.3 Combining the news and location preferences to pro-
vide context

subsection 6.1.3 describes the XOR-problem limitation of the score combiner which
occurs because it receives only the score and not the topics, and can therefore not
reason on the preferences in relation to positions and locations. A point of further
work would be to implement the score combiner to take in the distribution of the
scores over topics and locations, and to combine them in a manner that allows the
model to reason over topics and positions individually. A possible method of this
would be to concatenate the distributions and use a neural net to combine the
inputs and to let the model learn the connections between specific locations and
topics.

1www.adressa.no
2www.wikidata.org

www.adressa.no
www.wikidata.org
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