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Abstract

Customer reviews play a vital role in the online purchasing decisions we make. The reviews

express user opinions that are useful for setting realistic expectations and uncovering important

details about products. However, some products receive hundreds or even thousands of

reviews, making them time-consuming to read. Moreover, many reviews contain uninform-

ative content, such as irrelevant personal experiences. Automatic summarization offers an

alternative – short text summaries capturing the essential information expressed in reviews.

Automatically produced summaries can reflect overall or particular opinions and be tailored to

user preferences. Besides being presented on major e-commerce platforms, home assistants

can also vocalize them. This approach can improve user satisfaction by assisting in making

faster and better decisions.

Modern summarization approaches are based on neural networks, often requiring thousands of

annotated samples for training. However, human-written summaries for products are expensive

to produce because annotators need to read many reviews. This has led to annotated data

scarcity where only a few datasets are available. Data scarcity is the central theme of our

works, and we propose a number of approaches to alleviate the problem. The thesis consists

of two parts where we discuss low- and high-resource data settings.

In the first part, we propose self-supervised learning methods applied to customer reviews

and few-shot methods for learning from small annotated datasets. Customer reviews without

summaries are available in large quantities, contain a breadth of in-domain specifics, and

provide a powerful training signal. We show that reviews can be used for learning summarizers

via a self-supervised objective. Further, we address two main challenges associated with

learning from small annotated datasets. First, large models rapidly overfit on small datasets

leading to poor generalization. Second, it is not possible to learn a wide range of in-domain

specifics (e.g., product aspects and usage) from a handful of gold samples. This leads to

subtle semantic mistakes in generated summaries, such as ‘great dead on arrival battery.’ We

address the first challenge by explicitly modeling summary properties (e.g., content coverage

and sentiment alignment). Furthermore, we leverage small modules – adapters – that are

more robust to overfitting. As we show, despite their size, these modules can be used to

store in-domain knowledge to reduce semantic mistakes. Lastly, we propose a simple method

for learning personalized summarizers based on aspects, such as ‘price,’ ‘battery life,’ and

‘resolution.’ This task is harder to learn, and we present a few-shot method for training a

query-based summarizer on small annotated datasets.
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In the second part, we focus on the high-resource setting and present a large dataset with

summaries collected from various online resources. The dataset has more than 33,000 human-

written summaries, where each is linked up to thousands of reviews. This, however, makes it

challenging to apply an ‘expensive’ deep encoder due to memory and computational costs. To

address this problem, we propose selecting small subsets of informative reviews. Only these

subsets are encoded by the deep encoder and subsequently summarized. We show that the

selector and summarizer can be trained end-to-end via amortized inference and policy gradient

methods.
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Chapter 1

Introduction

Online reviews play an important role in purchasing decisions we make. They inform us about

customer experiences – what aspects users like and dislike – and, ultimately, whether a product1

or service is worth purchasing. While most e-commerce platforms make customer reviews

publicly accessible, their direct utilization for decision making has a number of challenges. We

can categorize these challenges as volume, the absence of structure, and uninformative

content.

First, products and services often have hundreds or even thousands of reviews. And while

platforms like Amazon present reviews ranked by helpfulness,2 it is rarely enough to read the

top ones to get a sufficient understanding of overall opinions.

Second, reviews are often written without an explicit structure. For instance, a user might be

interested in the sound quality of a speaker. However, there is no simple way to retrieve all

reviews discussing this particular aspect.

Third and finally, in reviews, informative and uninformative content is often mixed. For example,

informative content could be facts and opinions about aspects, while uninformative content

could be rare personal experiences. Consequently, a user spends time reading irrelevant parts

of the review. This is further exacerbated when looking for information about a particular aspect

(e.g., operation speed).

In this light, automatic summarization can be helpful. It acts as an intermediator between a

volume of unstructured reviews and the user. A summarizer inputs a large number of reviews

and produces a short text summary, as shown in Fig. 1.1.

1. For simplicity, we often refer to both products (e.g., iPhone X) and businesses (e.g., a specific Starbucks branch)
as products.
2. Helpfulness is a score that is calculated based on user votes.
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Summarizer

Figure 1.1: The summarization process of customer reviews.

Opinion summarization has been historically approached using extractive methods due to

limited modelling capacity and the absence of large annotated datasets; we will discuss

this further in Sec. 3.2. These methods select a small subset of sentences from customer

reviews to form a summary. However, such summaries often have incoherent sentences

and do not provide a good overview of opinion variations. Unlike extractive summarizers,

abstractive summarizers paraphrase, abstract, and deal with conflicting opinions. We will focus

on abstractive models in the thesis.

1.1 Applications

From the practical perspective, opinion summarization is particularly useful for e-commerce

platforms. Automatically produced summaries can help users make faster and better purchasing

decisions and thus improve their satisfaction. Generally, e-commerce platforms have become

an integral part of our daily lives. Moreover, their popularity has increased significantly due to

the global pandemic in recent years. However, such platforms rarely provide the digests of

customer reviews or ways to navigate over actionable information. Meanwhile, the demand

for opinion summaries is evident from the existence of various independent websites, such as

www.cnet.com and www.bestreviews.com. These websites offer professional product

reviews along with summaries, see an example in Fig. 1.2.

Summaries on such websites are written by professional critics who read customer opinions on

major e-commerce platforms, test products themselves, and consult consumers. However, this

process is time-consuming and inefficient for covering the ‘long tail’ of less popular products.

Machine learning can automate the process of summary writing and cover a large volume

of products. Automatically generated summaries could be presented on major e-commerce

platforms and independent websites.

www.cnet.com
www.bestreviews.com


1.1. Applications 3

Figure 1.2: Pros and cons about a mattress on www.cnet.com.

More recently, home assistants, such as ALEXA and GOOGLE ASSISTANT, have gained

significance popularity. Users vocally interact with these systems by requesting information.

When a user asks for an opinion about a product, an assistant could vocalize a short summary.

The summary could be personalized, context-dependent, and tailored to the request.

1.2 Challenges

Abstractive summarization of customer reviews is a recently emerging task. Due to its recency,

it comes with a number of open problems. These open problems are exciting avenues both

from scientific and industrial perspectives.

1.2.1 Modelling Multiple Reviews

Each product and business can have thousands of reviews to summarize. This is especially

true for popular electronic products. For example, in 2022, iPhone X has 17,420 customer

reviews on www.amazon.com. Even if we had human-written summaries for such products,

we would face a modelling issue of how to represent so many reviews. In order to learn

powerful features representing input reviews, one needs to utilize a deep encoder, such as

a Transformer (Vaswani et al., 2017). However, for a Transformer-based encoder with the

self-attention module, the computational and memory requirements grow quadratically with

sequence length (Beltagy, Peters, & Cohan, 2020). This makes it infeasible (or very expensive)

to perform multi-review summarization in realistic settings. Previous work on abstractive opinion

www.cnet.com
www.amazon.com
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summarization – MEANSUM (Chu & Liu, 2019) – side-steps this problem by considering only

eight reviews as input and condensing each one to a dense feature vector. However, a single

dense vector is not optimal for representing information about the entire review (Bahdanau,

Cho, & Bengio, 2015).

1.2.2 Annotated Data

Supervised models often rely on large collections of annotated data for training. In related

domains, such as news summarization, datasets with thousands of human-written summaries

are available (Fabbri, Li, She, Li, & Radev, 2019; Hermann et al., 2015; Narayan, Cohen, &

Lapata, 2018). In opinion summarization, however, annotated datasets where summaries are

paired with reviews are scarce. Such datasets are exclusively created via human efforts.3 In

turn, human efforts are expensive because annotators need to read many reviews to write a

summary. Unsurprisingly perhaps, datasets that are available, such as the ones introduced

in Angelidis and Lapata (2018); Chu and Liu (2019), contain only a few hundred summaries.

Moreover, these summaries are based on a maximum of ten reviews, while real products

can have thousands, see Sec. 1.2.1. Fortunately, customer reviews without summaries are

available in large quantities. For example, in 2022, Amazon has approximately 250 millions of

reviews. This makes it possible to train summarizers without annotated data.

1.2.3 Input Faithfulness

For practical applications, summarizers should produce output texts with contents accurately

reflecting information in input texts. However, modern summarizers are prone to hallucina-

tions (Maynez, Narayan, Bohnet, & McDonald, 2020), i.e., generation of content unfaithful to

input. For example, a summarizer might mistakenly generate the word ‘iPhone’ while it is never

mentioned in the reviews of iPad. This, in turn, can lead to user aversion and the loss of trust.

1.2.4 Summary Evaluation

In order to develop and compare models, one needs a reliable metric indicating the quality of

generated outputs. The most common metric in summarization is ROUGE (Lin, 2004). It is

based on n-gram overlap between generated and human-written summaries. We will discuss it

in detail in Sec. 3.3. While this metric is very convenient and easy to apply, it has a number

of limitations. First of all, the metric operates on the lexical level and often poorly captures

semantics. This is particularly problematic for highly abstractive summaries. For example,

consider the gold summary: ‘The gelato was delicious, would highly recommend it.’, and two

generated summaries below.

1) This place has the best ice-cream.

3. To the best of our knowledge, our work in Chapter 7 is the only exception.
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Figure 1.3: Illustration of personalized summarization. Here, the user submits a query that
is passed along with reviews to the summarizer. The summarizer generates a query-based
summary.

2) The coffee was tasteless, would not recommend it.

While it is obvious that the first summary would be preferred by humans, their ROUGE-L scores

contradict this intuition and are 13.33 and 62.50 points. This simple example is supported by a

number of studies indicating that ROUGE can be insensitive to flipped sentiment (Tay, Joshi,

Zhang, Karimi, & Wan, 2019) and fluency (Paulus, Xiong, & Socher, 2017). Moreover, we

naturally expect generated summaries to only contain information supported by input reviews.

However, this is an open problem, as we discussed in Sec. 1.2.3. Furthermore, neither ROUGE

nor alternative automatic metrics highly correlate with input faithfulness (Fabbri et al., 2021).

This makes automatic evaluation results less reliable and hinders model development.

This problem is often alleviated by performing human evaluation studies. Here, hired workers are

instructed to evaluate summaries based on various criteria, such as fluency, informativeness,

and input fidelity. If such a study is designed well, it provides reliable indicators for output quality.

However, it is expensive and requires an extra effort for training and instructing workers. This

can make it impractical to use in development cycles and is often performed at the very end.

1.2.5 Personalization

Online users often have particular criteria for choosing products. For example, if a user is

looking for a wireless headset, the criteria might be ‘sound quality’ and ‘price.’ Therefore, a

generic summary, condensing opinions on a wide range of aspects, will unlikely satisfy the

request. We can model this scenario as follows. A user submits a text query with multiple aspect

keywords, such as ‘price’ and ‘resolution.’ In turn, a summarizer takes as input a reviews-query

pair and summarizes only opinions about these aspects. We illustrate the process in Fig. 1.3.
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Summary personalization via aspect queries is useful in practice yet is more challenging for

learning as a task than generic summarization. First, the model needs to rely on the query and

generate summaries only about particular aspects. Second, user queries can be very diverse,

containing both fine-grained and coarse-grained aspects. Consequently, a model would need

large annotated resources to yield high quality summaries. However, such datasets are not

readily available and are even more expensive to produce than generic ones. This, in turn,

calls for creative methods to learn personalized summarizers.

1.3 Thesis Statement

In this thesis, we investigate a series of hypotheses related to abstractive summarization of

customer reviews. We test these hypotheses through extensive evaluation and analysis of our

methods.

Hypothesis I: Customer reviews without human-written summaries provide a
sufficiently strong signal to train an abstractive opinion summarizer that generates
fluent, coherent, and input faithful summaries.

As human-written summaries are scarce and customer reviews are vast, learning summarizers

from the latter is a significant step towards the real-world applications of opinion summarization

technology. We explored this direction and demonstrated the effectiveness of the unsupervised

approach.

Hypothesis II: A handful of human-written summaries is sufficient to learn key
summary characteristics and subsequently improve writing style and informative-
ness of generated summaries.

The ability to improve an unsupervised opinion summarizer with a handful of summaries opens

exciting avenues for low-budget business applications. We demonstrated that substantial

improvements can be achieved even in extremely low-resource settings.

Hypothesis III: In-domain knowledge can be efficiently stored in small neural
modules and subsequently leveraged to generate summaries with accurate
product specifics.

Large language models, pre-trained on generic texts, are rarely accustomed to product specifics.

After a naive few-shot fine-tuning, this results in subtle semantic mistakes in generated

summaries. For example, This hair dryer is great for water cooling.’ We show that in-domain

knowledge can be effectively stored in small neural modules inserted into the language model.

This approach combines powerful language generation and understanding abilities acquired on

generic texts with in-domain knowledge indispensable for generating summaries with accurate

product specifics.
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Hypothesis IV: High-quality and large scale abstractive summarization dataset
can be created from online resources.

Large annotated resources are vital for progress in the field. While the manual summarization

of reviews can be very expensive, we demonstrated that a dataset with summaries could be

collected from online resources. The dataset is many times larger than the existing ones and

resembles the real-world setting where a product can have thousands of reviews.

Hypothesis V: Summarization can be done efficiently by learning to select the
subsets of informative reviews and summarizing only the content in these reviews.

The created dataset calls for computationally- and memory-efficient methods to summarize

thousands of reviews. We achieved this by training a review selector jointly with a summarizer.

The selector learns to select informative review subsets from large review collections that the

model subsequently summarizes.

1.4 Thesis Overview

In this section, we provide a broad overview of the two thesis parts. Namely, low-resource

and high-resource opinion summarization. In the former, we discuss unsupervised and few-

shot learning. Here, an unsupervised model is trained solely on customer reviews, which are

available in large quantities. In turn, few-shot models are pre-trained on customer reviews to

learn in-domain specifics and then fine-tuned on a handful of human-written summaries (less

than 100). Also, we focus on a simplified scenario where we summarize a small number of

reviews (8). This makes it feasible to produce human-written summaries and perform modelling

(see Sec. 1.2.1 and Sec. 1.2.2). However, in reality, a product can have hundreds or thousands

of reviews. So, in the second part, we present a large dataset where summaries have up to a

couple of thousands of associated reviews. As we explained in Sec. 1.2.1, summarizing so

many reviews is challenging. Therefore, we propose to select informative review subsets with a

trainable selector. Subsequently, only these small review subsets are summarized.

1.4.1 Unsupervised Opinion Summarization

In Chapter 4, we validate the first hypothesis and focus on unsupervised learning, where no

annotated datasets are available for training. Here, we introduce the leave-one-out unsuper-

vised objective to train a summarizer. Also, we will revisit this objective in Chapters 5 and 6 to

pre-train models before few-shot fine-tuning. Under this objective, a model learns to predict one

review when the other reviews of a product are passed as input. In this way, the model learns

to generate product-related texts by leveraging correlations between reviews. For instance, if

the nine reviews mention the price being too high, it provides a strong signal for predicting that

the tenth review will also express a negative sentiment toward the price.
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Review 1 Review 2

When I first got diabetes I got this. It has
a lot of what we need. But later I have
switched to another brand.

These capsules are natural alternative
to other over-the-counter medications.
They are easy to swallow and have
a great taste. Overall, great value for
money.

Table 1.1: Two example reviews where the first one is a more typical review while the second
one has more summary-like text characteristics.

Our first model, called COPYCAT, where both individual review and product representations

are continuous latent variables. The product representations can store, for example, overall

sentiment, common topics, and opinions expressed about the product. In turn, the latent

representations of reviews depend on the product representations and capture the content

of individual reviews. In this chapter, we show how these representation variables can be

used to generate consensus summaries expressing common opinions. We show that our

model generates more input faithful summaries than state-of-the-art MEANSUM. In addition, it

outperforms MEANSUM by 1.75 ROUGE-L points on the Amazon test set.

1.4.2 Few-shot Opinion Summarization

As COPYCAT is trained in the unsupervised regime on customer reviews solely, it sometimes

generates text patterns that are review-like. We provide an example below where such patterns

are in bold.

These are the best tights I’ve ever worn. They fit well and are comfortable to wear. I wish

they were a little bit thicker, but I’m sure they will last a long time.

The highlighted fragments are written in the informal writing style and are not informative.

Such fragments are not appropriate in summaries. To address these issues, in Chapter 5,

we introduce a few-shot model – FEWSUM. The central idea is to model differences between

summaries and customer reviews. In contrast to summaries, we observe that customer reviews

are often written in the informal writing style and contain information not present in other

reviews (e.g., personal experiences). We provide two example reviews in Table 1.1 that vary in

terms of their characteristics.

We refer to these characteristics as properties (Ficler & Goldberg, 2017), which are computed

automatically, without requiring human annotation.4 These properties are passed as continuous

vectors to a model and indicate how summary-like the target sequence is. Further, we train a

model in two steps – unsupervised pre-training on customer reviews and few-shot fine-tuning

on a handful of summaries. Specifically, we pre-train the model via the leave-one-out objective

and thus expose it to a large variety of property values. Some of the property values correspond

4. A convenient way of thinking about properties is random variables that have particular assignments/values.
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to more summary-like reviews and some to less. Further, we fine-tune a tiny plug-in network

on a handful of summaries to find what property values lead to summaries. Finally, we use the

plug-in network in test time to generate summaries. This approach validates Hypothesis II in

Sec. 1.3. We show in extensive human evaluation studies that FEWSUM-generated summaries

are significantly more informative and generally preferred by humans. Additionally, we improve

the ROUGE-L score by 2.63 points over COPYCAT on the Amazon test set.

1.4.3 Efficient Few-shot Opinion Summarization

In Chapter 6, we focus on pre-trained language models (PLMs) and their efficient utilization

for opinion summarization. PLMs were shown to be useful in a large number of NLP domains.

However, when billions of parameters are optimized on a handful of summaries, it leads to

rapid overfitting and consequently to poor summaries. To alleviate this issue, we only optimize

small neural modules (0.6-5% of LM’s parameters) injected into Transformer layers, called

adapters (Houlsby et al., 2019). We refer to this summarizer as ADASUM, and it validates

Hypothesis III.

PLMs are pre-trained on generic corpora that rarely matches in-domain data, such as customer

reviews. This makes them less accustomed to a large variety of product specifics. On the

one hand, after the naive fine-tuning on gold samples, they can generate summaries with

subtle semantic mistakes. On the other hand, further training of the entire PLM on in-domain

data is storage and memory inefficient (Mahabadi, Henderson, & Ruder, 2021), also leading

to catastrophic forgetting. Instead, we propose to pre-train adapters to store in-domain and

task-oriented knowledge using the leave-one-out objective.

Well-organized content in summaries is important for the user as it is easier to follow. However,

the lack of annotated data makes it challenging to learn the desired content structure. To

address this issue, we leverage text planning (Hua & Wang, 2019; Moryossef, Goldberg,

& Dagan, 2019a). Specifically, we introduce ADAQSUM, that inputs intermediate summary

representation in the form of a text query consisting of aspect keywords. As we show, this

results in more coherent text patterns with fewer redundancies. Moreover, it can be useful for

personalized summaries, better reflecting user interests.

All in all, our adapter-based summarizers outperform all few-shot alternatives by a large margin

in ROUGE scores. For instance, ADAQSUM achieves an impressive 4.57 ROUGE-L points

improvement over FEWSUM on Amazon.
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Ent Rev/Ent Summs
AMASUM (Chapter 7) 31,483 326 33,324
SPACE (Angelidis, Amplayo, Suhara, Wang, & Lapata, 2020) 50 100 1,050
COPYCAT (Chapter 4) 60 8 180
FEWSUM (Chapter 5) 60 8 180
MEANSUM (Chu & Liu, 2019) 200 8 200
OPOSUM (Angelidis & Lapata, 2018) 60 10 180

Table 1.2: Statistics comparing our dataset to alternatives. For AMASUM, we show the average
number of reviews and references per entity.

1.4.4 Informative Review Selection and Summarization

In Chapters 4, 5, and 6, we operate in a simplified scenario where eight reviews are

summarized. In practice, however, a product might have hundreds or even thousands of reviews.

In Chapter 7, we introduce AMASUM – the largest opinion summarization dataset with more

than 33,000 human-written summaries. Each summary is accompanied by up to 2,300 reviews.

These summaries were extracted from popular platforms, such as www.bestreviews.com.

And they were written by professional product reviewers that utilize Amazon customer reviews

as their main source of information. The proposed dataset validates Hypothesis IV and opens

new avenues for research and is substantially larger than the available alternatives, see

Table 1.2.

Summaries in the dataset are often linked to a large number of reviews. In turn, it is com-

putationally challenging to encode and attend a large number of reviews using the standard

Transformer encoder-decoder model. Also, random review subsets might not cover well the

content of summaries. As we show, this naive approach to reducing the number of reviews

is sub-optimal and results in hallucinations in test time. In this light, we propose to train a

review selector along with the summarizer. Essentially, the selector is learning to select reviews

that allow the summarizer to accurately predict summaries. By design, the selector relies on

simple features, thus scaling the system to large collections of reviews. This system, which is

called SELSUM, is trained end-to-end by leveraging amortized variational inference (Kingma

& Welling, 2013) and policy gradient methods. This approach, combining the selector and

summarizer, validates Hypothesis V. We demonstrate that SELSUM improves ROUGE scores

over alternatives and results in more input faithful summaries.

1.4.5 Human Evaluation

As we mentioned in Sec. 1.2.4, hallucinations in generated summaries impair practical

applications. To assess how input faithful generated summaries are, we propose a human

evaluation study. Here, we leverage the Amazon Mechanical Turk crowd-sourcing platform

to hire workers to conduct the evaluation. In the evaluation, workers are asked to assess

the input faithfulness of each generated sentence with respect to input reviews. Since the

workers are well-qualified and pass qualification tests, they help us to get an accurate picture to

www.bestreviews.com
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compare different abstractive models. We also perform another human study type, called Best-

Worst Scaling (Kiritchenko & Mohammad, 2016b; Louviere, Flynn, & Marley, 2015; Louviere &

Woodworth, 1991). Here we hire workers and ask them to select the best and worst summary

for each criterion, such as fluency, coherence, and sentiment alignment. This evaluation allows

us to capture the human preference for summaries produced by different systems. These

evaluation methods are first introduced in Chapter 4 but are used in Chapters 5, 6, and 7.

1.5 Published Works

Chapter 4 is based on Bražinskas, Lapata, and Titov (2020b), published at ACL. Chapter 5 is

based on Bražinskas, Lapata, and Titov (2020a), published at EMNLP. Chapter 6 is based on

Bražinskas, Nallapati, Bansal, and Dreyer (2022), published at NAACL. Chapter 7 is based on

Brazinskas, Lapata, and Titov (2021), published at EMNLP.



Chapter 2

Background: Machine Learning

In this chapter we will discuss essential theories and methods for a better understanding of

the works. In the beginning, we focus on probabilistic models, inference, and their estimation.

Further, we discuss representation learning via auto-encoders and variational auto-encoders.

While we provide present these methods in detail, we assume a familiarity with machine

learning as expressed in Bishop (2006) and I. Goodfellow, Bengio, and Courville (2016).

2.1 Probabilistic Models

In the thesis, we use probabilistic models. These models have solid roots in probability and

information theory, and allow us to capture a model’s uncertainty. The uncertainty can be

associated with the model’s output and latent structures realized as outputs. Each entity in a

problem is represented as a random variable that have a particular range of assignments –

support. For instance, in a clinical setting, we might have access to the symptoms of various

patents. Further, we might be interested in knowing the disease responsible for these symptoms.

To simplify the problem, let’s assume that a decease z causes three symptoms: x1, x2, and

x3. The important distinction between these two types of variables is that we can observe the

former ones in data while we cannot observe the latter one. Further, our interest is to infer the

distribution over possible deceases z when we observe the symptoms x1, x2, and x3. We will

discuss inference in detail in Sec. 2.2.

A convenient way to represent our random variables and their dependencies is using the graph-

ical notation (Koller & Friedman, 2009). This visualization provides an easy-to-follow overview

to the reader. In the thesis, we exclusively represent our models as directed acyclic graphs –

Bayesian networks. We visualize our previously described model in Fig. 2.1. Conventionally,

shaded and unshaded circles indicate observed and unobserved (latent) variables, respectively.

And the directed edges connecting z and x1, x2, and x3 indicate dependencies. Often, these

edges are perceived to indicate causal relationships, which is not necessarily true.1Further,

we can factorize the joint distribution as shown in Eq. B.1.

1. For more details, please refer to Pearl and Mackenzie (2018).

12
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Figure 2.1: A graphical representation of a disease (z) responsible for three symptoms: x1, x2,
x3. The shaded and unshaded circles indicate observed and unobserved variables, respectively.

<latexit sha1_base64="VSMh3hJ2NU/cQEcpd6MGMw8x0jQ=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0EyyCq5IURDdiwY3LFuwF2lAm05N27GQSZiZCDX0CNy4UcasP4Xu4Ed/G6WWhrT8MfPz/Ocw5J0g4U9p1v62l5ZXVtfXchr25tb2zm9/br6s4lRRrNOaxbAZEIWcCa5ppjs1EIokCjo1gcDXOG3coFYvFjR4m6EekJ1jIKNHGqt538gW36E7kLII3g8Llh32RvH/ZlU7+s92NaRqh0JQTpVqem2g/I1IzynFkt1OFCaED0sOWQUEiVH42GXTkHBun64SxNE9oZ+L+7shIpNQwCkxlRHRfzWdj87+slerw3M+YSFKNgk4/ClPu6NgZb+10mUSq+dAAoZKZWR3aJ5JQbW5jmyN48ysvQr1U9E6LbtUrlEswVQ4O4QhOwIMzKMM1VKAGFBAe4AmerVvr0XqxXqelS9as5wD+yHr7AS/5kCA=</latexit>z<latexit sha1_base64="VSMh3hJ2NU/cQEcpd6MGMw8x0jQ=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0EyyCq5IURDdiwY3LFuwF2lAm05N27GQSZiZCDX0CNy4UcasP4Xu4Ed/G6WWhrT8MfPz/Ocw5J0g4U9p1v62l5ZXVtfXchr25tb2zm9/br6s4lRRrNOaxbAZEIWcCa5ppjs1EIokCjo1gcDXOG3coFYvFjR4m6EekJ1jIKNHGqt538gW36E7kLII3g8Llh32RvH/ZlU7+s92NaRqh0JQTpVqem2g/I1IzynFkt1OFCaED0sOWQUEiVH42GXTkHBun64SxNE9oZ+L+7shIpNQwCkxlRHRfzWdj87+slerw3M+YSFKNgk4/ClPu6NgZb+10mUSq+dAAoZKZWR3aJ5JQbW5jmyN48ysvQr1U9E6LbtUrlEswVQ4O4QhOwIMzKMM1VKAGFBAe4AmerVvr0XqxXqelS9as5wD+yHr7AS/5kCA=</latexit>z
<latexit sha1_base64="t4KDj2wHdjJEKBfEX53gVVHfC9k=">AAAB6nicbZDLSgMxFIbPVK213qou3QSL4KrMFESXBTcuW7QXaIeSSTNtaJIZkoxYhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyeztr6R3cxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4dU0b95RpVkkb80opr7AfclCRrCx1s19t9wtFN2SOxNaBW8BxUq29v0xeXyvdgufnV5EEkGlIRxr3fbc2PgpVoYRTsf5TqJpjMkQ92nbosSCaj+djTpGp9bpoTBS9kmDZu7vjhQLrUcisJUCm4Fezqbmf1k7MeGlnzIZJ4ZKMv8oTDgyEZrujXpMUWL4yAImitlZERlghYmx18nbI3jLK69Co1zyzktuzStWyjBXDo7hBM7AgwuowDVUoQ4E+vAAE3h2uPPkvDiv89KMs+g5gj9y3n4AdWORnA==</latexit>x2
<latexit sha1_base64="t4KDj2wHdjJEKBfEX53gVVHfC9k=">AAAB6nicbZDLSgMxFIbPVK213qou3QSL4KrMFESXBTcuW7QXaIeSSTNtaJIZkoxYhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyeztr6R3cxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4dU0b95RpVkkb80opr7AfclCRrCx1s19t9wtFN2SOxNaBW8BxUq29v0xeXyvdgufnV5EEkGlIRxr3fbc2PgpVoYRTsf5TqJpjMkQ92nbosSCaj+djTpGp9bpoTBS9kmDZu7vjhQLrUcisJUCm4Fezqbmf1k7MeGlnzIZJ4ZKMv8oTDgyEZrujXpMUWL4yAImitlZERlghYmx18nbI3jLK69Co1zyzktuzStWyjBXDo7hBM7AgwuowDVUoQ4E+vAAE3h2uPPkvDiv89KMs+g5gj9y3n4AdWORnA==</latexit>x2

<latexit sha1_base64="Z97rlzwlDX1QphR1mwlA+IRaMzg=">AAAB6nicbZDLSgMxFIbPVK213qou3QSL4KrMFESXBTcuW7QXaIeSSTNtaCYZkoxYhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyeztr6R3cxt5bd3dvf2CweHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDXNm3dUaSbFrRnF1I9wX7CQEWysdXPf9bqFoltyZ0Kr4C2gWMnWvj8mj+/VbuGz05MkiagwhGOt254bGz/FyjDC6TjfSTSNMRniPm1bFDii2k9no47RqXV6KJTKPmHQzP3dkeJI61EU2MoIm4Fezqbmf1k7MeGlnzIRJ4YKMv8oTDgyEk33Rj2mKDF8ZAETxeysiAywwsTY6+TtEbzllVehUS555yW35hUrZZgrB8dwAmfgwQVU4BqqUAcCfXiACTw73HlyXpzXeWnGWfQcwR85bz9z35Gb</latexit>x1
<latexit sha1_base64="Z97rlzwlDX1QphR1mwlA+IRaMzg=">AAAB6nicbZDLSgMxFIbPVK213qou3QSL4KrMFESXBTcuW7QXaIeSSTNtaCYZkoxYhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyeztr6R3cxt5bd3dvf2CweHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDXNm3dUaSbFrRnF1I9wX7CQEWysdXPf9bqFoltyZ0Kr4C2gWMnWvj8mj+/VbuGz05MkiagwhGOt254bGz/FyjDC6TjfSTSNMRniPm1bFDii2k9no47RqXV6KJTKPmHQzP3dkeJI61EU2MoIm4Fezqbmf1k7MeGlnzIRJ4YKMv8oTDgyEk33Rj2mKDF8ZAETxeysiAywwsTY6+TtEbzllVehUS555yW35hUrZZgrB8dwAmfgwQVU4BqqUAcCfXiACTw73HlyXpzXeWnGWfQcwR85bz9z35Gb</latexit>x1

<latexit sha1_base64="wUEPqdJxAsWF/C0sxKw8NulWVH8=">AAAB6nicbZDLSgMxFIbPeKm13qou3QSL4KrMVESXBTcuW7QXaIeSSTNtaJIZkoxYhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdL2dldW09s5HdzG1t7+zu5fcP6jpKFKE1EvFINQOsKWeS1gwznDZjRbEIOG0Eg6tJ3rijSrNI3pphTH2Be5KFjGBjrZv7zlknX3CL7lRoGbw5FMqZ6vfH+PG90sl/trsRSQSVhnCsdctzY+OnWBlGOB3l2ommMSYD3KMtixILqv10OuoInVini8JI2ScNmrq/O1IstB6KwFYKbPp6MZuY/2WtxISXfspknBgqyeyjMOHIRGiyN+oyRYnhQwuYKGZnRaSPFSbGXidnj+AtrrwM9VLROy+6Va9QLsFMWTiCYzgFDy6gDNdQgRoQ6MEDjOHZ4c6T8+K8zkpXnHnPIfyR8/YDdueRnQ==</latexit>x3
<latexit sha1_base64="wUEPqdJxAsWF/C0sxKw8NulWVH8=">AAAB6nicbZDLSgMxFIbPeKm13qou3QSL4KrMVESXBTcuW7QXaIeSSTNtaJIZkoxYhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdL2dldW09s5HdzG1t7+zu5fcP6jpKFKE1EvFINQOsKWeS1gwznDZjRbEIOG0Eg6tJ3rijSrNI3pphTH2Be5KFjGBjrZv7zlknX3CL7lRoGbw5FMqZ6vfH+PG90sl/trsRSQSVhnCsdctzY+OnWBlGOB3l2ommMSYD3KMtixILqv10OuoInVini8JI2ScNmrq/O1IstB6KwFYKbPp6MZuY/2WtxISXfspknBgqyeyjMOHIRGiyN+oyRYnhQwuYKGZnRaSPFSbGXidnj+AtrrwM9VLROy+6Va9QLsFMWTiCYzgFDy6gDNdQgRoQ6MEDjOHZ4c6T8+K8zkpXnHnPIfyR8/YDdueRnQ==</latexit>x3

Figure 2.2: A graphical representation of a disease (z) responsible for three symptoms: x1, x2,
x3. The dotted lines indicate inference.

p(x1,x2,x3,z) = p(x1,x2,x3|z)p(z) = p(x1|z)p(x2|z)p(x3|z)p(z) (B.1)

Here we apply the chain rule and decompose the joint distribution to the conditional likelihoods

– p(x1|z), p(x2|z), p(x3|z) – and the prior – p(z). Intuitively, these conditional likelihoods

suggest that our knowledge of the disease z affects our belief about symptoms a patent might

experience. The prior p(z) captures our assumptions about how likely various diseases are. The

prior can be set based on previous experiments or assumptions, see Gelman and Hill (2006) for

more details. Another property that stems from this framing is called conditional independence.

Specifically, when we condition on z, each xi becomes independent of each other thus leading to

the factorization in Eq. B.1. In turn, this substantially simplifies computations as our distributions

become simpler. Back in the day, this factorization was at the core of a popular classification

model called Naive Bayes (Bishop, 2006).
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2.2 Inference

In general, inference refers to the reversal of the relationship between random variables. Here,

we are interested in the associated distribution – posterior. If this distribution is available, we

can compute density2 for the latent variable assignments by conditioning on observed variables.

We illustrate the reversal by the dotted lines in Fig. 2.2. Finally, the posterior is computed by

leveraging the Bayes rule, as shown in Eq. B.2.

p(z|x1,x2,x3) =
p(z,x1,x2,x3)

p(x1,x2,x3)
=

p(x1,x2,x3|z)p(z)
p(x1,x2,x3)

=
p(x1,x2,x3|z)p(z)∫
p(x1,x2,x3|z)p(z)dz

(B.2)

Our latent codes z are often continuous and data x are discrete. A popular choice is to assume

that z follows a Gaussian distribution while x Categorical. We will explore this in the COPYCAT

model presented in Chapter 4. Under this assumption, however, the exact computation of this

distribution is not feasible. The reason is that the denominator requires us to integrate over all

the possible assignments to z. In Sec. 2.5, we will discuss how to approximate this distribution.

2.3 Model Estimation

For now, we will focus on a model without latent variables – pθ (x). As is common in NLP,

we will assume that x follows a Categorical distribution. Unlike the example in Sec. 2.1, this

model has free parameters θ ∈ Θ, which we can select from the space Θ to fit a particular

dataset. The problem of searching for parameters θ is known as estimation. And we follow

the maximum likelihood estimation principle under the lenses of information theory (MacKay,

2003). In essence, we assume the existence of true data distribution p(x). In turn, data points in

our dataset are samples from this distribution. Further, we aim to approximate this distribution

using the parametrized model pθ (x). This can be formalized as a search problem over the

parameter space Θ in Eq. B.3.

θ
∗ = argmin

θ∈Θ

DKL [p(x)||pθ (x)] (B.3)

The Kullback-Leibler divergence term (DKL [p(x)||pθ (x)]) measures the distance between

two distributions in nats. And the goal is to find the estimate θ ∗ that minimizes the distance.

We illustrate this search problem in Fig. 2.3. By leveraging the property of logarithms and

expectations, the term can be further decomposed as shown in Eq. B.4.

DKL [p(x)||pθ (x)] = E
x∼p(x)

[
log

p(x)
pθ (x)

]
= E

x∼p(x)
[log p(x)]− E

x∼p(x)
[log pθ (x)] (B.4)

2. Or probability mass if the variable is discrete.
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Figure 2.3: The parameter θ search illustration. Every point in the shaded space corresponds
to a different model pθ (x). The search objective is the minimization of the Kullback-Leibler
divergence between the model pθ (x) and the true data distribution p(x).

The first term – negative entropy – has no parameters, and thus will not affect the search for θ :

DKL [p(x)||pθ (x)] ∝ − E
x∼p(x)

[log pθ (x)] =− ∑
x∈V T

p(x) log pθ (x). (B.5)

Calculation of the remaining term, however, is not feasible – we cannot access the distribution

p(x). Fortunately, we can approximate the term using an unbiased Monte Carlo estimate in a

computationally feasible manner:

E
x∼p(x)

[log pθ (x)]≈
1
K

K

∑
k=1

log pθ (xk). (B.6)

Here samples xk are assumed to come from the true model p(x) and to be independent

from each other – independent and identically distributed (i.i.d.). In essence, a dataset of

such samples D = {xk}K
k=1 can be utilized to estimate the model pθ (x). This simplifies the

parameter search problem as shown in Eq. B.7.

θ
∗ = argmax

θ∈Θ

K

∑
k=1

log pθ (xk) (B.7)

Essentially, we search for θ ∗ that makes our dataset maximally likely under pθ (x), and it is

known as the maximum likelihood estimation principle. Other alternatives to estimate pθ (x)

also exist, and we refer an interested reader to Huszár (2015) for more information.
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Figure 2.4: Concave search space.
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✓
<latexit sha1_base64="BiC2D136aHX07898BnnsF5i/ln4=">AAAB7XicbZC7SgNBFIZn4y3GW7x0NoNBsAq7gmhnwELLCOYCSQizk7PJmNmdZeasEJe8g42FIrZ2Vj6JnaVv4uRSaOIPAx//fw5zzvFjKQy67peTWVhcWl7JrubW1jc2t/LbO1WjEs2hwpVUuu4zA1JEUEGBEuqxBhb6Emp+/2KU1+5AG6GiGxzE0ApZNxKB4AytVW1iD5C18wW36I5F58GbQuH84/778n0vLbfzn82O4kkIEXLJjGl4boytlGkUXMIw10wMxIz3WRcaFiMWgmml42mH9NA6HRoobV+EdOz+7khZaMwg9G1lyLBnZrOR+V/WSDA4a6UiihOEiE8+ChJJUdHR6rQjNHCUAwuMa2FnpbzHNONoD5SzR/BmV56H6nHROym6116h5JKJsmSfHJAj4pFTUiJXpEwqhJNb8kCeyLOjnEfnxXmdlGacac8u+SPn7QfEEJLp</latexit>

✓

<latexit sha1_base64="euRBrovwatt5bHbrV9b8vP0m+nY=">AAAB9HicbVBLSgNBEK3xG+Nv1J1uGoMQN2FGEF0G3LhwkYD5QDKEnk4nadLzsbsmGIacwAO4caGIWy/hDdx5C49g57PQxAcFj/eqqKrnx1JodJwva2l5ZXVtPbOR3dza3tm19/arOkoU4xUWyUjVfaq5FCGvoEDJ67HiNPAlr/n9q7FfG3ClRRTe4jDmXkC7oegIRtFIXtxKm9jjSEf5+9OWnXMKzgRkkbgzkiva5e+Pm8OHUsv+bLYjlgQ8RCap1g3XidFLqULBJB9lm4nmMWV92uUNQ0MacO2lk6NH5MQobdKJlKkQyUT9PZHSQOth4JvOgGJPz3tj8T+vkWDn0ktFGCfIQzZd1EkkwYiMEyBtoThDOTSEMiXMrYT1qKIMTU5ZE4I7//IiqZ4V3POCU3ZzRQemyMARHEMeXLiAIlxDCSrA4A4e4RlerIH1ZL1ab9PWJWs2cwB/YL3/AAP0lTI=</latexit>

p✓(x)
<latexit sha1_base64="euRBrovwatt5bHbrV9b8vP0m+nY=">AAAB9HicbVBLSgNBEK3xG+Nv1J1uGoMQN2FGEF0G3LhwkYD5QDKEnk4nadLzsbsmGIacwAO4caGIWy/hDdx5C49g57PQxAcFj/eqqKrnx1JodJwva2l5ZXVtPbOR3dza3tm19/arOkoU4xUWyUjVfaq5FCGvoEDJ67HiNPAlr/n9q7FfG3ClRRTe4jDmXkC7oegIRtFIXtxKm9jjSEf5+9OWnXMKzgRkkbgzkiva5e+Pm8OHUsv+bLYjlgQ8RCap1g3XidFLqULBJB9lm4nmMWV92uUNQ0MacO2lk6NH5MQobdKJlKkQyUT9PZHSQOth4JvOgGJPz3tj8T+vkWDn0ktFGCfIQzZd1EkkwYiMEyBtoThDOTSEMiXMrYT1qKIMTU5ZE4I7//IiqZ4V3POCU3ZzRQemyMARHEMeXLiAIlxDCSrA4A4e4RlerIH1ZL1ab9PWJWs2cwB/YL3/AAP0lTI=</latexit>

p✓(x)

<latexit sha1_base64="6c8wJVx+yOWXK3KlWx1rI23m3eo=">AAAB73icbZC7SgNBFIZn4y3GW7x0NotBEIuwK4h2Biy0jGAukKxhdnI2GTI7u86cFeKSl7CxUMTWxsonsbP0TZxcCk38YeDj/89hzjl+LLhGx/myMnPzC4tL2eXcyura+kZ+c6uqo0QxqLBIRKruUw2CS6ggRwH1WAENfQE1v3c+zGt3oDSP5DX2Y/BC2pE84IyisepN7ALSm8NWvuAUnZHsWXAnUDj7uP++eN9Jy638Z7MdsSQEiUxQrRuuE6OXUoWcCRjkmomGmLIe7UDDoKQhaC8dzTuw943TtoNImSfRHrm/O1Iaat0PfVMZUuzq6Wxo/pc1EgxOvZTLOEGQbPxRkAgbI3u4vN3mChiKvgHKFDez2qxLFWVoTpQzR3CnV56F6lHRPS46V26h5JCxsmSX7JED4pITUiKXpEwqhBFBHsgTebZurUfrxXodl2asSc82+SPr7QfhX5OF</latexit>

✓⇤
<latexit sha1_base64="6c8wJVx+yOWXK3KlWx1rI23m3eo=">AAAB73icbZC7SgNBFIZn4y3GW7x0NotBEIuwK4h2Biy0jGAukKxhdnI2GTI7u86cFeKSl7CxUMTWxsonsbP0TZxcCk38YeDj/89hzjl+LLhGx/myMnPzC4tL2eXcyura+kZ+c6uqo0QxqLBIRKruUw2CS6ggRwH1WAENfQE1v3c+zGt3oDSP5DX2Y/BC2pE84IyisepN7ALSm8NWvuAUnZHsWXAnUDj7uP++eN9Jy638Z7MdsSQEiUxQrRuuE6OXUoWcCRjkmomGmLIe7UDDoKQhaC8dzTuw943TtoNImSfRHrm/O1Iaat0PfVMZUuzq6Wxo/pc1EgxOvZTLOEGQbPxRkAgbI3u4vN3mChiKvgHKFDez2qxLFWVoTpQzR3CnV56F6lHRPS46V26h5JCxsmSX7JED4pITUiKXpEwqhBFBHsgTebZurUfrxXodl2asSc82+SPr7QfhX5OF</latexit>

✓⇤
x

Figure 2.5: Non-concave search space.

The search over the space Θ, however, presents its own challenges. First, the search space

is non-concave and thus has many locally optimal points. We provide the illustrations of

concave and non-concave spaces in Fig. 2.4 and Fig. 2.5, respectively. This implies we have

no guarantees of finding the globally optimal θ . The common approach is to search using

a batch version of stochastic gradient ascent where ADAM (Kingma & Ba, 2014) is used to

improve convergence.

2.4 Auto-encoding

In this section, we describe a standard method for learning the semantic representations of

data – auto-encoding. This method is fundamental for understanding variational auto-encoding

described in Sec. 2.5. In its simplest form, we would like to represent our data as a continuous

vector of features. These features contain compressed information about the actual data point,

such as sentiment, style of writing, and content. In practice, the continuous representations are

useful for controllable data generation, analysis, and as prior knowledge for downstream tasks.

In the auto-encoder framework, one starts by explicitly defining a feature-extracting function in

a specific parameterized closed form. This function, denoted as eθ , we call an encoder and

will allow the straightforward and efficient computation of a latent code vector z = eθ (x) from

an input data point x.

Another function, responsible for the reconstruction of the original datum x from z is called a

decoder. And it is defined as x̂ = dθ (z). It can be seen as a mapping function from the latent

space Z to the data space X . We train such an encoder-decoder model by optimizing the

parameters θ via the reconstruction loss for a dataset D = {x}N
i=1, as defined in Eq. B.8.

L (D;θ) =
N

∑
i=1

l(xi,dθ (eθ (xi))) (B.8)
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<latexit sha1_base64="P3gEyVMUIsk3t1bWWlGNoRlXxPQ=">AAAB6nicbZC7SgNBFIbPeo3xFi+dzWAQrMJsQLQzYKFlRHOBZA2zk9lkyOzsMjMrxiWPYGOhiK21lU9iZ+mbOLkUmvjDwMf/n8Occ/xYcG0w/nLm5hcWl5YzK9nVtfWNzdzWdlVHiaKsQiMRqbpPNBNcsorhRrB6rBgJfcFqfu9smNdumdI8ktemHzMvJB3JA06JsdbV3U2xlcvjAh4JzYI7gfzpx/33+ftuWm7lPpvtiCYhk4YKonXDxbHxUqIMp4INss1Es5jQHumwhkVJQqa9dDTqAB1Yp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6WXsEd3rlWagWC+5RAV+6+RKGsTKwB/twCC4cQwkuoAwVoNCBB3iCZ0c4j86L8zounXMmPTvwR87bDyvIkWE=</latexit>

x2
<latexit sha1_base64="P3gEyVMUIsk3t1bWWlGNoRlXxPQ=">AAAB6nicbZC7SgNBFIbPeo3xFi+dzWAQrMJsQLQzYKFlRHOBZA2zk9lkyOzsMjMrxiWPYGOhiK21lU9iZ+mbOLkUmvjDwMf/n8Occ/xYcG0w/nLm5hcWl5YzK9nVtfWNzdzWdlVHiaKsQiMRqbpPNBNcsorhRrB6rBgJfcFqfu9smNdumdI8ktemHzMvJB3JA06JsdbV3U2xlcvjAh4JzYI7gfzpx/33+ftuWm7lPpvtiCYhk4YKonXDxbHxUqIMp4INss1Es5jQHumwhkVJQqa9dDTqAB1Yp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6WXsEd3rlWagWC+5RAV+6+RKGsTKwB/twCC4cQwkuoAwVoNCBB3iCZ0c4j86L8zounXMmPTvwR87bDyvIkWE=</latexit>

x2

<latexit sha1_base64="YjbojEe01VXvFOJRGatU1tK84aE=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmBdHOgIWWEc0FkjXMTmaTIbOzy8ysGJc8go2FIrbWVj6JnaVv4uRSaOIPAx//fw5zzvFjwbXB+MvJzM0vLC5ll3Mrq2vrG/nNraqOEkVZhUYiUnWfaCa4ZBXDjWD1WDES+oLV/N7ZMK/dMqV5JK9NP2ZeSDqSB5wSY62ruxu3lS/gIh4JzYI7gcLpx/33+ftOWm7lP5vtiCYhk4YKonXDxbHxUqIMp4INcs1Es5jQHumwhkVJQqa9dDTqAO1bp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6OXsEd3rlWageFt2jIr50CyUMY2VhF/bgAFw4hhJcQBkqQKEDD/AEz45wHp0X53VcmnEmPdvwR87bDypEkWA=</latexit>

x1
<latexit sha1_base64="YjbojEe01VXvFOJRGatU1tK84aE=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmBdHOgIWWEc0FkjXMTmaTIbOzy8ysGJc8go2FIrbWVj6JnaVv4uRSaOIPAx//fw5zzvFjwbXB+MvJzM0vLC5ll3Mrq2vrG/nNraqOEkVZhUYiUnWfaCa4ZBXDjWD1WDES+oLV/N7ZMK/dMqV5JK9NP2ZeSDqSB5wSY62ruxu3lS/gIh4JzYI7gcLpx/33+ftOWm7lP5vtiCYhk4YKonXDxbHxUqIMp4INcs1Es5jQHumwhkVJQqa9dDTqAO1bp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6OXsEd3rlWageFt2jIr50CyUMY2VhF/bgAFw4hhJcQBkqQKEDD/AEz45wHp0X53VcmnEmPdvwR87bDypEkWA=</latexit>

x1

<latexit sha1_base64="wJImpUirB/raMe6c+qBR1sqqBtA=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBV2BdHOgIWWCZgLJEuYnZxNxszOLjOzYlzyBDYWitj6AFY+iZ2lb+LkUmjiDwMf/38Oc87xY86UdpwvK7OwuLS8kl3Nra1vbG7lt3dqKkokxSqNeCQbPlHImcCqZppjI5ZIQp9j3e9fjPL6LUrFInGtBzF6IekKFjBKtLEqd+18wSk6Y9nz4E6hcP5x/335vpeW2/nPVieiSYhCU06UarpOrL2USM0ox2GulSiMCe2TLjYNChKi8tLxoEP70DgdO4ikeULbY/d3R0pCpQahbypDontqNhuZ/2XNRAdnXspEnGgUdPJRkHBbR/Zoa7vDJFLNBwYIlczMatMekYRqc5ucOYI7u/I81I6L7knRqbiFkgMTZWEfDuAIXDiFElxBGapAAeEBnuDZurEerRfrdVKasaY9u/BH1tsPBmGQvQ==</latexit>x<latexit sha1_base64="wJImpUirB/raMe6c+qBR1sqqBtA=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBV2BdHOgIWWCZgLJEuYnZxNxszOLjOzYlzyBDYWitj6AFY+iZ2lb+LkUmjiDwMf/38Oc87xY86UdpwvK7OwuLS8kl3Nra1vbG7lt3dqKkokxSqNeCQbPlHImcCqZppjI5ZIQp9j3e9fjPL6LUrFInGtBzF6IekKFjBKtLEqd+18wSk6Y9nz4E6hcP5x/335vpeW2/nPVieiSYhCU06UarpOrL2USM0ox2GulSiMCe2TLjYNChKi8tLxoEP70DgdO4ikeULbY/d3R0pCpQahbypDontqNhuZ/2XNRAdnXspEnGgUdPJRkHBbR/Zoa7vDJFLNBwYIlczMatMekYRqc5ucOYI7u/I81I6L7knRqbiFkgMTZWEfDuAIXDiFElxBGapAAeEBnuDZurEerRfrdVKasaY9u/BH1tsPBmGQvQ==</latexit>x
<latexit sha1_base64="HYd4RnHZ54gKqQ8HJC6NxOgnx5A=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEcwFkhBmJ7PJmNmdZeasGJe8g42FIrZ2Vj6JnaVv4uRSaPSHgY//P4c55/ixFAZd99PJzM0vLC5ll3Mrq2vrG/nNrapRiWa8wpRUuu5Tw6WIeAUFSl6PNaehL3nN75+N8toN10ao6AoHMW+FtBuJQDCK1qo2exTJbTtfcIvuWOQveFMonL7ffZ2/7aTldv6j2VEsCXmETFJjGp4bYyulGgWTfJhrJobHlPVplzcsRjTkppWOpx2Sfet0SKC0fRGSsfuzI6WhMYPQt5UhxZ6ZzUbmf1kjweCklYooTpBHbPJRkEiCioxWJx2hOUM5sECZFnZWwnpUU4b2QDl7BG925b9QPSx6R0X30iuUXJgoC7uwBwfgwTGU4ALKUAEG13APj/DkKOfBeXZeJqUZZ9qzDb/kvH4DYRGSqA==</latexit>

x̂
<latexit sha1_base64="HYd4RnHZ54gKqQ8HJC6NxOgnx5A=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEcwFkhBmJ7PJmNmdZeasGJe8g42FIrZ2Vj6JnaVv4uRSaPSHgY//P4c55/ixFAZd99PJzM0vLC5ll3Mrq2vrG/nNrapRiWa8wpRUuu5Tw6WIeAUFSl6PNaehL3nN75+N8toN10ao6AoHMW+FtBuJQDCK1qo2exTJbTtfcIvuWOQveFMonL7ffZ2/7aTldv6j2VEsCXmETFJjGp4bYyulGgWTfJhrJobHlPVplzcsRjTkppWOpx2Sfet0SKC0fRGSsfuzI6WhMYPQt5UhxZ6ZzUbmf1kjweCklYooTpBHbPJRkEiCioxWJx2hOUM5sECZFnZWwnpUU4b2QDl7BG925b9QPSx6R0X30iuUXJgoC7uwBwfgwTGU4ALKUAEG13APj/DkKOfBeXZeJqUZZ9qzDb/kvH4DYRGSqA==</latexit>

x̂

<latexit sha1_base64="+gNuVk8lhVKD4qkYZMKPxxiF1qU=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEc0FkjXMTmaTIbMzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnBPEnGnjul9OZmFxaXklu5pbW9/Y3Mpv71S1TBShFSK5VPUAa8qZoBXDDKf1WFEcBZzWgt7FKK/dU6WZFLemH1M/wh3BQkawsdbN4M5r5Qtu0R0LzYM3hcL5x+D78n0vLbfyn822JElEhSEca93w3Nj4KVaGEU6HuWaiaYxJD3dow6LAEdV+Oh51iA6t00ahVPYJg8bu744UR1r3o8BWRth09Ww2Mv/LGokJz/yUiTgxVJDJR2HCkZFotDdqM0WJ4X0LmChmZ0WkixUmxl4nZ4/gza48D9XjondSdK+9QsmFibKwDwdwBB6cQgmuoAwVINCBB3iCZ4c7j86L8zopzTjTnl34I+ftBy1QkWI=</latexit>

z1
<latexit sha1_base64="+gNuVk8lhVKD4qkYZMKPxxiF1qU=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEc0FkjXMTmaTIbMzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnBPEnGnjul9OZmFxaXklu5pbW9/Y3Mpv71S1TBShFSK5VPUAa8qZoBXDDKf1WFEcBZzWgt7FKK/dU6WZFLemH1M/wh3BQkawsdbN4M5r5Qtu0R0LzYM3hcL5x+D78n0vLbfyn822JElEhSEca93w3Nj4KVaGEU6HuWaiaYxJD3dow6LAEdV+Oh51iA6t00ahVPYJg8bu744UR1r3o8BWRth09Ww2Mv/LGokJz/yUiTgxVJDJR2HCkZFotDdqM0WJ4X0LmChmZ0WkixUmxl4nZ4/gza48D9XjondSdK+9QsmFibKwDwdwBB6cQgmuoAwVINCBB3iCZ4c7j86L8zopzTjTnl34I+ftBy1QkWI=</latexit>

z1

<latexit sha1_base64="vwvgx8qlyWI0M01CWg4NLJIExO0=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmA6KdAQstI5oLxDXMTmaTIbOzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnOPHgmuD8ZeTWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyaqGG8EasWIk9AWr+73zUV6/Z0rzSN6Yfsy8kHQkDzglxlrXg7tSK1/ARTwWmgd3CoWzj8H3xfteWmnlP2/bEU1CJg0VROumi2PjpUQZTgUb5m4TzWJCe6TDmhYlCZn20vGoQ3RonTYKImWfNGjs/u5ISah1P/RtZUhMV89mI/O/rJmY4NRLuYwTwySdfBQkApkIjfZGba4YNaJvgVDF7ayIdoki1Njr5OwR3NmV56FWKrrHRXzlFsoYJsrCPhzAEbhwAmW4hApUgUIHHuAJnh3hPDovzuukNONMe3bhj5y3Hy7UkWM=</latexit>

z2
<latexit sha1_base64="vwvgx8qlyWI0M01CWg4NLJIExO0=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmA6KdAQstI5oLxDXMTmaTIbOzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnOPHgmuD8ZeTWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyaqGG8EasWIk9AWr+73zUV6/Z0rzSN6Yfsy8kHQkDzglxlrXg7tSK1/ARTwWmgd3CoWzj8H3xfteWmnlP2/bEU1CJg0VROumi2PjpUQZTgUb5m4TzWJCe6TDmhYlCZn20vGoQ3RonTYKImWfNGjs/u5ISah1P/RtZUhMV89mI/O/rJmY4NRLuYwTwySdfBQkApkIjfZGba4YNaJvgVDF7ayIdoki1Njr5OwR3NmV56FWKrrHRXzlFsoYJsrCPhzAEbhwAmW4hApUgUIHHuAJnh3hPDovzuukNONMe3bhj5y3Hy7UkWM=</latexit>

z2

<latexit sha1_base64="VQvfYUrkxSAZTFkmV2/iXX1UlRA=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozgujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa8+gCefxJtH38TOctDEHxo+/r+KriovFlxp2/6yMkvLK6tr2fXcxubW9k5+d6+mokQyrLJIRLLhUYWCh1jVXAtsxBJp4Amse/2rcV6/R6l4FN7qQYxuQLsh9zmj2liVYTtfsIv2RGQRnBkULj+G39fvB2m5nf9sdSKWBBhqJqhSTceOtZtSqTkTOMq1EoUxZX3axabBkAao3HQy6IgcG6dD/EiaF2oycX93pDRQahB4pjKguqfms7H5X9ZMtH/hpjyME40hm37kJ4LoiIy3Jh0ukWkxMECZ5GZWwnpUUqbNbXLmCM78yotQOy06Z0W74hRKNkyVhUM4ghNw4BxKcANlqAIDhAd4gmfrznq0XqzXaWnGmvXswx9Zbz8JaZC/</latexit>z<latexit sha1_base64="VQvfYUrkxSAZTFkmV2/iXX1UlRA=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozgujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa8+gCefxJtH38TOctDEHxo+/r+KriovFlxp2/6yMkvLK6tr2fXcxubW9k5+d6+mokQyrLJIRLLhUYWCh1jVXAtsxBJp4Amse/2rcV6/R6l4FN7qQYxuQLsh9zmj2liVYTtfsIv2RGQRnBkULj+G39fvB2m5nf9sdSKWBBhqJqhSTceOtZtSqTkTOMq1EoUxZX3axabBkAao3HQy6IgcG6dD/EiaF2oycX93pDRQahB4pjKguqfms7H5X9ZMtH/hpjyME40hm37kJ4LoiIy3Jh0ukWkxMECZ5GZWwnpUUqbNbXLmCM78yotQOy06Z0W74hRKNkyVhUM4ghNw4BxKcANlqAIDhAd4gmfrznq0XqzXaWnGmvXswx9Zbz8JaZC/</latexit>z

<latexit sha1_base64="P3gEyVMUIsk3t1bWWlGNoRlXxPQ=">AAAB6nicbZC7SgNBFIbPeo3xFi+dzWAQrMJsQLQzYKFlRHOBZA2zk9lkyOzsMjMrxiWPYGOhiK21lU9iZ+mbOLkUmvjDwMf/n8Occ/xYcG0w/nLm5hcWl5YzK9nVtfWNzdzWdlVHiaKsQiMRqbpPNBNcsorhRrB6rBgJfcFqfu9smNdumdI8ktemHzMvJB3JA06JsdbV3U2xlcvjAh4JzYI7gfzpx/33+ftuWm7lPpvtiCYhk4YKonXDxbHxUqIMp4INss1Es5jQHumwhkVJQqa9dDTqAB1Yp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6WXsEd3rlWagWC+5RAV+6+RKGsTKwB/twCC4cQwkuoAwVoNCBB3iCZ0c4j86L8zounXMmPTvwR87bDyvIkWE=</latexit>

x2
<latexit sha1_base64="P3gEyVMUIsk3t1bWWlGNoRlXxPQ=">AAAB6nicbZC7SgNBFIbPeo3xFi+dzWAQrMJsQLQzYKFlRHOBZA2zk9lkyOzsMjMrxiWPYGOhiK21lU9iZ+mbOLkUmvjDwMf/n8Occ/xYcG0w/nLm5hcWl5YzK9nVtfWNzdzWdlVHiaKsQiMRqbpPNBNcsorhRrB6rBgJfcFqfu9smNdumdI8ktemHzMvJB3JA06JsdbV3U2xlcvjAh4JzYI7gfzpx/33+ftuWm7lPpvtiCYhk4YKonXDxbHxUqIMp4INss1Es5jQHumwhkVJQqa9dDTqAB1Yp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6WXsEd3rlWagWC+5RAV+6+RKGsTKwB/twCC4cQwkuoAwVoNCBB3iCZ0c4j86L8zounXMmPTvwR87bDyvIkWE=</latexit>

x2

<latexit sha1_base64="YjbojEe01VXvFOJRGatU1tK84aE=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmBdHOgIWWEc0FkjXMTmaTIbOzy8ysGJc8go2FIrbWVj6JnaVv4uRSaOIPAx//fw5zzvFjwbXB+MvJzM0vLC5ll3Mrq2vrG/nNraqOEkVZhUYiUnWfaCa4ZBXDjWD1WDES+oLV/N7ZMK/dMqV5JK9NP2ZeSDqSB5wSY62ruxu3lS/gIh4JzYI7gcLpx/33+ftOWm7lP5vtiCYhk4YKonXDxbHxUqIMp4INcs1Es5jQHumwhkVJQqa9dDTqAO1bp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6OXsEd3rlWageFt2jIr50CyUMY2VhF/bgAFw4hhJcQBkqQKEDD/AEz45wHp0X53VcmnEmPdvwR87bDypEkWA=</latexit>

x1
<latexit sha1_base64="YjbojEe01VXvFOJRGatU1tK84aE=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmBdHOgIWWEc0FkjXMTmaTIbOzy8ysGJc8go2FIrbWVj6JnaVv4uRSaOIPAx//fw5zzvFjwbXB+MvJzM0vLC5ll3Mrq2vrG/nNraqOEkVZhUYiUnWfaCa4ZBXDjWD1WDES+oLV/N7ZMK/dMqV5JK9NP2ZeSDqSB5wSY62ruxu3lS/gIh4JzYI7gcLpx/33+ftOWm7lP5vtiCYhk4YKonXDxbHxUqIMp4INcs1Es5jQHumwhkVJQqa9dDTqAO1bp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6OXsEd3rlWageFt2jIr50CyUMY2VhF/bgAFw4hhJcQBkqQKEDD/AEz45wHp0X53VcmnEmPdvwR87bDypEkWA=</latexit>

x1

<latexit sha1_base64="wJImpUirB/raMe6c+qBR1sqqBtA=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBV2BdHOgIWWCZgLJEuYnZxNxszOLjOzYlzyBDYWitj6AFY+iZ2lb+LkUmjiDwMf/38Oc87xY86UdpwvK7OwuLS8kl3Nra1vbG7lt3dqKkokxSqNeCQbPlHImcCqZppjI5ZIQp9j3e9fjPL6LUrFInGtBzF6IekKFjBKtLEqd+18wSk6Y9nz4E6hcP5x/335vpeW2/nPVieiSYhCU06UarpOrL2USM0ox2GulSiMCe2TLjYNChKi8tLxoEP70DgdO4ikeULbY/d3R0pCpQahbypDontqNhuZ/2XNRAdnXspEnGgUdPJRkHBbR/Zoa7vDJFLNBwYIlczMatMekYRqc5ucOYI7u/I81I6L7knRqbiFkgMTZWEfDuAIXDiFElxBGapAAeEBnuDZurEerRfrdVKasaY9u/BH1tsPBmGQvQ==</latexit>x<latexit sha1_base64="wJImpUirB/raMe6c+qBR1sqqBtA=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBV2BdHOgIWWCZgLJEuYnZxNxszOLjOzYlzyBDYWitj6AFY+iZ2lb+LkUmjiDwMf/38Oc87xY86UdpwvK7OwuLS8kl3Nra1vbG7lt3dqKkokxSqNeCQbPlHImcCqZppjI5ZIQp9j3e9fjPL6LUrFInGtBzF6IekKFjBKtLEqd+18wSk6Y9nz4E6hcP5x/335vpeW2/nPVieiSYhCU06UarpOrL2USM0ox2GulSiMCe2TLjYNChKi8tLxoEP70DgdO4ikeULbY/d3R0pCpQahbypDontqNhuZ/2XNRAdnXspEnGgUdPJRkHBbR/Zoa7vDJFLNBwYIlczMatMekYRqc5ucOYI7u/I81I6L7knRqbiFkgMTZWEfDuAIXDiFElxBGapAAeEBnuDZurEerRfrdVKasaY9u/BH1tsPBmGQvQ==</latexit>x

Figure 2.6: Unconstrained latent space illustration. Here a datum x is mapped to the latent
code z and then (imperfectly) reconstructed to x̂.

Intuitively, l(·) measures how well the encoder is able to produce a good representation z for x

and how well this representation is mapped back to the original data-point x. Common choices

for l(·) are the Euclidean distance and negative log-likelihood.

It is important to notice that the variable z is not assumed to follow a predefined distribution.

This can result in complex density manifolds that are learned (Bengio, Courville, & Vincent,

2013). We provide an illustration in Fig. 2.6.

In the absence of any restrictions, however, many surrounding regions in the manifold can never

be explored in training. In turn, this can result in poor generalization to unseen data-points

(e.g., in a test set). A common way to address this problem is by assigning a distribution over

the latent space, such as a Gaussian. We will explore this option next in Sec. 2.5.

2.5 Variational Auto-encoding

One of the limitations of the auto-encoding approach is that the learned latent space often

has disconnected regions of high density. There are no trivial ways to navigate these density

regions and one might not be able to realize a valid data point from a latent code. Consider a

scenario where we linearly interpolate between two latent codes z1 and z2, as in Eq. B.9, by

choosing θ ∈ [0,1].

z3 = θz1 +(1−θ)z2 (B.9)

This can result in z3 not covered in training, and thus to an implausible data point x̂ realized by

the decoder, see Fig. 2.7.

A regularization of the latent space can alleviate this problem. Specifically, it can be achieved

by adding a prior distribution p(z) over latent codes z. This technique can make the latent

space more compact in terms of density. Consequently, it becomes better suited for generation

of novel data (Bowman et al., 2016) as only a particular dense region of the latent space is
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<latexit sha1_base64="n4tha/74l76U9RfhO6KL1vufatw=">AAAB6nicbZC7SgNBFIbPJl5ivEXFymYwCFZhVxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTyWSXlldWc2v59Y3Nre3Czm5NR4liWGWRiFTDpxoFl1g13AhsxApp6Aus+4OLcV6/RaV5JG/MMMZ2SHuSB5xRY63ru47XKRTdkjsRWQRvBsVy9uP7bf8LK53Ce6sbsSREaZigWjc9NzbtlCrDmcBRvpVojCkb0B42LUoaom6nk1FH5Mg6XRJEyj5pyMT93ZHSUOth6NvKkJq+ns/G5n9ZMzHBeTvlMk4MSjb9KEgEMREZ7026XCEzYmiBMsXtrIT1qaLM2Ovk7RG8+ZUXoXZS8k5L7pVXLLswVQ4O4BCOwYMzKMMlVKAKDHpwD4/w5AjnwXl2XqalGWfWswd/5Lz+AK3hkcM=</latexit>z1
<latexit sha1_base64="n4tha/74l76U9RfhO6KL1vufatw=">AAAB6nicbZC7SgNBFIbPJl5ivEXFymYwCFZhVxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTyWSXlldWc2v59Y3Nre3Czm5NR4liWGWRiFTDpxoFl1g13AhsxApp6Aus+4OLcV6/RaV5JG/MMMZ2SHuSB5xRY63ru47XKRTdkjsRWQRvBsVy9uP7bf8LK53Ce6sbsSREaZigWjc9NzbtlCrDmcBRvpVojCkb0B42LUoaom6nk1FH5Mg6XRJEyj5pyMT93ZHSUOth6NvKkJq+ns/G5n9ZMzHBeTvlMk4MSjb9KEgEMREZ7026XCEzYmiBMsXtrIT1qaLM2Ovk7RG8+ZUXoXZS8k5L7pVXLLswVQ4O4BCOwYMzKMMlVKAKDHpwD4/w5AjnwXl2XqalGWfWswd/5Lz+AK3hkcM=</latexit>z1

<latexit sha1_base64="yRnXI5tFsvf161LHHOdadK7nnBA=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwGxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTWcosr6yuZddzG5tb2zv53b2ajhLFsMoiEamGTzUKLrFquBHYiBXS0BdY9wcX47x+i0rzSN6YYYztkPYkDzijxlrXd51SJ19wi+5EZBG8GRTKmY/vt4MvrHTy761uxJIQpWGCat303Ni0U6oMZwJHuVaiMaZsQHvYtChpiLqdTkYdkWPrdEkQKfukIRP3d0dKQ62HoW8rQ2r6ej4bm/9lzcQE5+2UyzgxKNn0oyARxERkvDfpcoXMiKEFyhS3sxLWp4oyY6+Ts0fw5ldehFqp6J0W3SuvUHZhqiwcwhGcgAdnUIZLqEAVGPTgHh7hyRHOg/PsvExLl5xZzz78kfP6A69lkcQ=</latexit>z2
<latexit sha1_base64="yRnXI5tFsvf161LHHOdadK7nnBA=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwGxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTWcosr6yuZddzG5tb2zv53b2ajhLFsMoiEamGTzUKLrFquBHYiBXS0BdY9wcX47x+i0rzSN6YYYztkPYkDzijxlrXd51SJ19wi+5EZBG8GRTKmY/vt4MvrHTy761uxJIQpWGCat303Ni0U6oMZwJHuVaiMaZsQHvYtChpiLqdTkYdkWPrdEkQKfukIRP3d0dKQ62HoW8rQ2r6ej4bm/9lzcQE5+2UyzgxKNn0oyARxERkvDfpcoXMiKEFyhS3sxLWp4oyY6+Ts0fw5ldehFqp6J0W3SuvUHZhqiwcwhGcgAdnUIZLqEAVGPTgHh7hyRHOg/PsvExLl5xZzz78kfP6A69lkcQ=</latexit>z2

<latexit sha1_base64="7QkA0d6+4C+/I7CPvIiiJfyLM6w=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwq4iWARvLiOYCSQizk7PJkNnZZWZWiEsewcZCEVtfxFewEKx8FJ1cCk38YeDj/89hzjl+LLg2rvvpLGQWl5ZXsqu5tfWNza389k5VR4liWGGRiFTdpxoFl1gx3Aisxwpp6Aus+f2LUV67RaV5JG/MIMZWSLuSB5xRY63ru/ZJO19wi+5YZB68KRRKmY/vt70vLLfz781OxJIQpWGCat3w3Ni0UqoMZwKHuWaiMaasT7vYsChpiLqVjkcdkkPrdEgQKfukIWP3d0dKQ60HoW8rQ2p6ejYbmf9ljcQE562UyzgxKNnkoyARxERktDfpcIXMiIEFyhS3sxLWo4oyY6+Ts0fwZleeh+px0TstuldeoeTCRFnYhwM4Ag/OoASXUIYKMOjCPTzCkyOcB+fZeZmULjjTnl34I+f1B7DpkcU=</latexit>z3
<latexit sha1_base64="7QkA0d6+4C+/I7CPvIiiJfyLM6w=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwq4iWARvLiOYCSQizk7PJkNnZZWZWiEsewcZCEVtfxFewEKx8FJ1cCk38YeDj/89hzjl+LLg2rvvpLGQWl5ZXsqu5tfWNza389k5VR4liWGGRiFTdpxoFl1gx3Aisxwpp6Aus+f2LUV67RaV5JG/MIMZWSLuSB5xRY63ru/ZJO19wi+5YZB68KRRKmY/vt70vLLfz781OxJIQpWGCat3w3Ni0UqoMZwKHuWaiMaasT7vYsChpiLqVjkcdkkPrdEgQKfukIWP3d0dKQ60HoW8rQ2p6ejYbmf9ljcQE562UyzgxKNnkoyARxERktDfpcIXMiIEFyhS3sxLWo4oyY6+Ts0fwZleeh+px0TstuldeoeTCRFnYhwM4Ag/OoASXUIYKMOjCPTzCkyOcB+fZeZmULjjTnl34I+f1B7DpkcU=</latexit>z3.

.

.

<latexit sha1_base64="HYd4RnHZ54gKqQ8HJC6NxOgnx5A=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEcwFkhBmJ7PJmNmdZeasGJe8g42FIrZ2Vj6JnaVv4uRSaPSHgY//P4c55/ixFAZd99PJzM0vLC5ll3Mrq2vrG/nNrapRiWa8wpRUuu5Tw6WIeAUFSl6PNaehL3nN75+N8toN10ao6AoHMW+FtBuJQDCK1qo2exTJbTtfcIvuWOQveFMonL7ffZ2/7aTldv6j2VEsCXmETFJjGp4bYyulGgWTfJhrJobHlPVplzcsRjTkppWOpx2Sfet0SKC0fRGSsfuzI6WhMYPQt5UhxZ6ZzUbmf1kjweCklYooTpBHbPJRkEiCioxWJx2hOUM5sECZFnZWwnpUU4b2QDl7BG925b9QPSx6R0X30iuUXJgoC7uwBwfgwTGU4ALKUAEG13APj/DkKOfBeXZeJqUZZ9qzDb/kvH4DYRGSqA==</latexit>

x̂
<latexit sha1_base64="HYd4RnHZ54gKqQ8HJC6NxOgnx5A=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEcwFkhBmJ7PJmNmdZeasGJe8g42FIrZ2Vj6JnaVv4uRSaPSHgY//P4c55/ixFAZd99PJzM0vLC5ll3Mrq2vrG/nNrapRiWa8wpRUuu5Tw6WIeAUFSl6PNaehL3nN75+N8toN10ao6AoHMW+FtBuJQDCK1qo2exTJbTtfcIvuWOQveFMonL7ffZ2/7aTldv6j2VEsCXmETFJjGp4bYyulGgWTfJhrJobHlPVplzcsRjTkppWOpx2Sfet0SKC0fRGSsfuzI6WhMYPQt5UhxZ6ZzUbmf1kjweCklYooTpBHbPJRkEiCioxWJx2hOUM5sECZFnZWwnpUU4b2QDl7BG925b9QPSx6R0X30iuUXJgoC7uwBwfgwTGU4ALKUAEG13APj/DkKOfBeXZeJqUZZ9qzDb/kvH4DYRGSqA==</latexit>

x̂

<latexit sha1_base64="vwvgx8qlyWI0M01CWg4NLJIExO0=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmA6KdAQstI5oLxDXMTmaTIbOzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnOPHgmuD8ZeTWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyaqGG8EasWIk9AWr+73zUV6/Z0rzSN6Yfsy8kHQkDzglxlrXg7tSK1/ARTwWmgd3CoWzj8H3xfteWmnlP2/bEU1CJg0VROumi2PjpUQZTgUb5m4TzWJCe6TDmhYlCZn20vGoQ3RonTYKImWfNGjs/u5ISah1P/RtZUhMV89mI/O/rJmY4NRLuYwTwySdfBQkApkIjfZGba4YNaJvgVDF7ayIdoki1Njr5OwR3NmV56FWKrrHRXzlFsoYJsrCPhzAEbhwAmW4hApUgUIHHuAJnh3hPDovzuukNONMe3bhj5y3Hy7UkWM=</latexit>

z2
<latexit sha1_base64="vwvgx8qlyWI0M01CWg4NLJIExO0=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmA6KdAQstI5oLxDXMTmaTIbOzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnOPHgmuD8ZeTWVhcWl7JrubW1jc2t/LbOzUdJYqyKo1EpBo+0UxwyaqGG8EasWIk9AWr+73zUV6/Z0rzSN6Yfsy8kHQkDzglxlrXg7tSK1/ARTwWmgd3CoWzj8H3xfteWmnlP2/bEU1CJg0VROumi2PjpUQZTgUb5m4TzWJCe6TDmhYlCZn20vGoQ3RonTYKImWfNGjs/u5ISah1P/RtZUhMV89mI/O/rJmY4NRLuYwTwySdfBQkApkIjfZGba4YNaJvgVDF7ayIdoki1Njr5OwR3NmV56FWKrrHRXzlFsoYJsrCPhzAEbhwAmW4hApUgUIHHuAJnh3hPDovzuukNONMe3bhj5y3Hy7UkWM=</latexit>

z2

<latexit sha1_base64="+gNuVk8lhVKD4qkYZMKPxxiF1qU=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEc0FkjXMTmaTIbMzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnBPEnGnjul9OZmFxaXklu5pbW9/Y3Mpv71S1TBShFSK5VPUAa8qZoBXDDKf1WFEcBZzWgt7FKK/dU6WZFLemH1M/wh3BQkawsdbN4M5r5Qtu0R0LzYM3hcL5x+D78n0vLbfyn822JElEhSEca93w3Nj4KVaGEU6HuWaiaYxJD3dow6LAEdV+Oh51iA6t00ahVPYJg8bu744UR1r3o8BWRth09Ww2Mv/LGokJz/yUiTgxVJDJR2HCkZFotDdqM0WJ4X0LmChmZ0WkixUmxl4nZ4/gza48D9XjondSdK+9QsmFibKwDwdwBB6cQgmuoAwVINCBB3iCZ4c7j86L8zopzTjTnl34I+ftBy1QkWI=</latexit>

z1
<latexit sha1_base64="+gNuVk8lhVKD4qkYZMKPxxiF1qU=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEc0FkjXMTmaTIbMzy8yskCx5BBsLRWytrXwSO0vfxMml0MQfBj7+/xzmnBPEnGnjul9OZmFxaXklu5pbW9/Y3Mpv71S1TBShFSK5VPUAa8qZoBXDDKf1WFEcBZzWgt7FKK/dU6WZFLemH1M/wh3BQkawsdbN4M5r5Qtu0R0LzYM3hcL5x+D78n0vLbfyn822JElEhSEca93w3Nj4KVaGEU6HuWaiaYxJD3dow6LAEdV+Oh51iA6t00ahVPYJg8bu744UR1r3o8BWRth09Ww2Mv/LGokJz/yUiTgxVJDJR2HCkZFotDdqM0WJ4X0LmChmZ0WkixUmxl4nZ4/gza48D9XjondSdK+9QsmFibKwDwdwBB6cQgmuoAwVINCBB3iCZ4c7j86L8zopzTjTnl34I+ftBy1QkWI=</latexit>

z1

<latexit sha1_base64="P3gEyVMUIsk3t1bWWlGNoRlXxPQ=">AAAB6nicbZC7SgNBFIbPeo3xFi+dzWAQrMJsQLQzYKFlRHOBZA2zk9lkyOzsMjMrxiWPYGOhiK21lU9iZ+mbOLkUmvjDwMf/n8Occ/xYcG0w/nLm5hcWl5YzK9nVtfWNzdzWdlVHiaKsQiMRqbpPNBNcsorhRrB6rBgJfcFqfu9smNdumdI8ktemHzMvJB3JA06JsdbV3U2xlcvjAh4JzYI7gfzpx/33+ftuWm7lPpvtiCYhk4YKonXDxbHxUqIMp4INss1Es5jQHumwhkVJQqa9dDTqAB1Yp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6WXsEd3rlWagWC+5RAV+6+RKGsTKwB/twCC4cQwkuoAwVoNCBB3iCZ0c4j86L8zounXMmPTvwR87bDyvIkWE=</latexit>

x2
<latexit sha1_base64="P3gEyVMUIsk3t1bWWlGNoRlXxPQ=">AAAB6nicbZC7SgNBFIbPeo3xFi+dzWAQrMJsQLQzYKFlRHOBZA2zk9lkyOzsMjMrxiWPYGOhiK21lU9iZ+mbOLkUmvjDwMf/n8Occ/xYcG0w/nLm5hcWl5YzK9nVtfWNzdzWdlVHiaKsQiMRqbpPNBNcsorhRrB6rBgJfcFqfu9smNdumdI8ktemHzMvJB3JA06JsdbV3U2xlcvjAh4JzYI7gfzpx/33+ftuWm7lPpvtiCYhk4YKonXDxbHxUqIMp4INss1Es5jQHumwhkVJQqa9dDTqAB1Yp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6WXsEd3rlWagWC+5RAV+6+RKGsTKwB/twCC4cQwkuoAwVoNCBB3iCZ0c4j86L8zounXMmPTvwR87bDyvIkWE=</latexit>

x2

<latexit sha1_base64="YjbojEe01VXvFOJRGatU1tK84aE=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmBdHOgIWWEc0FkjXMTmaTIbOzy8ysGJc8go2FIrbWVj6JnaVv4uRSaOIPAx//fw5zzvFjwbXB+MvJzM0vLC5ll3Mrq2vrG/nNraqOEkVZhUYiUnWfaCa4ZBXDjWD1WDES+oLV/N7ZMK/dMqV5JK9NP2ZeSDqSB5wSY62ruxu3lS/gIh4JzYI7gcLpx/33+ftOWm7lP5vtiCYhk4YKonXDxbHxUqIMp4INcs1Es5jQHumwhkVJQqa9dDTqAO1bp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6OXsEd3rlWageFt2jIr50CyUMY2VhF/bgAFw4hhJcQBkqQKEDD/AEz45wHp0X53VcmnEmPdvwR87bDypEkWA=</latexit>

x1
<latexit sha1_base64="YjbojEe01VXvFOJRGatU1tK84aE=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAaDYBVmBdHOgIWWEc0FkjXMTmaTIbOzy8ysGJc8go2FIrbWVj6JnaVv4uRSaOIPAx//fw5zzvFjwbXB+MvJzM0vLC5ll3Mrq2vrG/nNraqOEkVZhUYiUnWfaCa4ZBXDjWD1WDES+oLV/N7ZMK/dMqV5JK9NP2ZeSDqSB5wSY62ruxu3lS/gIh4JzYI7gcLpx/33+ftOWm7lP5vtiCYhk4YKonXDxbHxUqIMp4INcs1Es5jQHumwhkVJQqa9dDTqAO1bp42CSNknDRq5vztSEmrdD31bGRLT1dPZ0PwvayQmOPFSLuPEMEnHHwWJQCZCw71RmytGjehbIFRxOyuiXaIINfY6OXsEd3rlWageFt2jIr50CyUMY2VhF/bgAFw4hhJcQBkqQKEDD/AEz45wHp0X53VcmnEmPdvwR87bDypEkWA=</latexit>

x1

Figure 2.7: Linear interpolation between two latent codes z1 and z2. Here z3 is realized to an
implausible data point x̂ in the data space.

<latexit sha1_base64="VSMh3hJ2NU/cQEcpd6MGMw8x0jQ=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0EyyCq5IURDdiwY3LFuwF2lAm05N27GQSZiZCDX0CNy4UcasP4Xu4Ed/G6WWhrT8MfPz/Ocw5J0g4U9p1v62l5ZXVtfXchr25tb2zm9/br6s4lRRrNOaxbAZEIWcCa5ppjs1EIokCjo1gcDXOG3coFYvFjR4m6EekJ1jIKNHGqt538gW36E7kLII3g8Llh32RvH/ZlU7+s92NaRqh0JQTpVqem2g/I1IzynFkt1OFCaED0sOWQUEiVH42GXTkHBun64SxNE9oZ+L+7shIpNQwCkxlRHRfzWdj87+slerw3M+YSFKNgk4/ClPu6NgZb+10mUSq+dAAoZKZWR3aJ5JQbW5jmyN48ysvQr1U9E6LbtUrlEswVQ4O4QhOwIMzKMM1VKAGFBAe4AmerVvr0XqxXqelS9as5wD+yHr7AS/5kCA=</latexit>z<latexit sha1_base64="VSMh3hJ2NU/cQEcpd6MGMw8x0jQ=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0EyyCq5IURDdiwY3LFuwF2lAm05N27GQSZiZCDX0CNy4UcasP4Xu4Ed/G6WWhrT8MfPz/Ocw5J0g4U9p1v62l5ZXVtfXchr25tb2zm9/br6s4lRRrNOaxbAZEIWcCa5ppjs1EIokCjo1gcDXOG3coFYvFjR4m6EekJ1jIKNHGqt538gW36E7kLII3g8Llh32RvH/ZlU7+s92NaRqh0JQTpVqem2g/I1IzynFkt1OFCaED0sOWQUEiVH42GXTkHBun64SxNE9oZ+L+7shIpNQwCkxlRHRfzWdj87+slerw3M+YSFKNgk4/ClPu6NgZb+10mUSq+dAAoZKZWR3aJ5JQbW5jmyN48ysvQr1U9E6LbtUrlEswVQ4O4QhOwIMzKMM1VKAGFBAe4AmerVvr0XqxXqelS9as5wD+yHr7AS/5kCA=</latexit>z <latexit sha1_base64="zOYYUbGEcVzo5ng9ibfMkhCRsck=">AAAB6HicbZDJSgNBEIZrXOO4RT16aQyCpzATEL2IAS8eEzALJEPo6dQkbXoWunvEMOQJvHhQxKs+hO/hRXwbO8tBE39o+Pj/Krqq/ERwpR3n21paXlldW89t2Jtb2zu7+b39uopTybDGYhHLpk8VCh5hTXMtsJlIpKEvsOEPrsZ54w6l4nF0o4cJeiHtRTzgjGpjVe87+YJTdCYii+DOoHD5YV8k7192pZP/bHdjloYYaSaoUi3XSbSXUak5Eziy26nChLIB7WHLYERDVF42GXREjo3TJUEszYs0mbi/OzIaKjUMfVMZUt1X89nY/C9rpTo49zIeJanGiE0/ClJBdEzGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1EtF97ToVN1CuQRT5eAQjuAEXDiDMlxDBWrAAOEBnuDZurUerRfrdVq6ZM16DuCPrLcfLPGQHg==</latexit>x<latexit sha1_base64="zOYYUbGEcVzo5ng9ibfMkhCRsck=">AAAB6HicbZDJSgNBEIZrXOO4RT16aQyCpzATEL2IAS8eEzALJEPo6dQkbXoWunvEMOQJvHhQxKs+hO/hRXwbO8tBE39o+Pj/Krqq/ERwpR3n21paXlldW89t2Jtb2zu7+b39uopTybDGYhHLpk8VCh5hTXMtsJlIpKEvsOEPrsZ54w6l4nF0o4cJeiHtRTzgjGpjVe87+YJTdCYii+DOoHD5YV8k7192pZP/bHdjloYYaSaoUi3XSbSXUak5Eziy26nChLIB7WHLYERDVF42GXREjo3TJUEszYs0mbi/OzIaKjUMfVMZUt1X89nY/C9rpTo49zIeJanGiE0/ClJBdEzGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1EtF97ToVN1CuQRT5eAQjuAEXDiDMlxDBWrAAOEBnuDZurUerRfrdVq6ZM16DuCPrLcfLPGQHg==</latexit>x

Figure 2.8: A graphical illustration of an observed variable x that depends on a latent variable
z. The shaded and unshaded circles indicate observed and unobserved variables, respectively.

leveraged in training. Also, it often results in better empirical performance on end tasks. From

the technical perspective, we assume that latent codes z are not directly observable unlike data

points x. This latent model can be graphically represented in Fig. 2.8 with the log-likelihood

shown in Eq. B.10.

log pθ (x) = log
∫

pθ (x|z)p(z)dz (B.10)

Here, pθ (x|z) is known as conditional likelihood and we implement it as a decoder that predicts

x when z is passed as input. And we often implement p(z) as the multivariate standard Normal.

However, to compute the log-likelihood, we need to marginalize over all the possible values

of z, which is not tractable. Furthermore, optimization is also intractable for gradient-based

methods, see Eq. B.11.

∇θ log pθ (x) =
∇θ pθ (x)

pθ (x)
(B.11)

Instead of maximizing the exact log-likelihood, we can perform a number of re-formulations

in order to arrive to a lower bound that we subsequently maximize. First, we introduce the

approximate posterior distribution qφ (z|x), as shown in Eq. B.12.

log pθ (x) = log
∫

pθ (x|z)qφ (z|x)
p(z)

qφ (z|x)
dz = logEz∼qφ (z|x)

[
pθ (x|z)

p(z)
qφ (z|x)

]
(B.12)



2.5. Variational Auto-encoding 19

<latexit sha1_base64="TcCJIxz/JHfmqPIZyE4GRY+B1Xo=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwGxAtAzaWEc0FkhBmJ2eTIbOzy8ysGJY8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTWcosr6yuZddzG5tb2zv53b2ajhLFsMoiEamGTzUKLrFquBHYiBXS0BdY9wcX47x+i0rzSN6YYYztkPYkDzijxlrXd51SJ19wi+5EZBG8GRTKmY/vt4MvrHTy761uxJIQpWGCat303Ni0U6oMZwJHuVaiMaZsQHvYtChpiLqdTkYdkWPrdEkQKfukIRP3d0dKQ62HoW8rQ2r6ej4bm/9lzcQE5+2UyzgxKNn0oyARxERkvDfpcoXMiKEFyhS3sxLWp4oyY6+Ts0fw5ldehFqp6J0W3SuvUHZhqiwcwhGcgAdnUIZLqEAVGPTgHh7hyRHOg/PsvExLl5xZzz78kfP6A6xZkcI=</latexit>x2
<latexit sha1_base64="TcCJIxz/JHfmqPIZyE4GRY+B1Xo=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwGxAtAzaWEc0FkhBmJ2eTIbOzy8ysGJY8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTWcosr6yuZddzG5tb2zv53b2ajhLFsMoiEamGTzUKLrFquBHYiBXS0BdY9wcX47x+i0rzSN6YYYztkPYkDzijxlrXd51SJ19wi+5EZBG8GRTKmY/vt4MvrHTy761uxJIQpWGCat303Ni0U6oMZwJHuVaiMaZsQHvYtChpiLqdTkYdkWPrdEkQKfukIRP3d0dKQ62HoW8rQ2r6ej4bm/9lzcQE5+2UyzgxKNn0oyARxERkvDfpcoXMiKEFyhS3sxLWp4oyY6+Ts0fw5ldehFqp6J0W3SuvUHZhqiwcwhGcgAdnUIZLqEAVGPTgHh7hyRHOg/PsvExLl5xZzz78kfP6A6xZkcI=</latexit>x2

<latexit sha1_base64="Fi5Sdd7ZaHMHmer8P2KRwxLXAJI=">AAAB6nicbZC7SgNBFIbPJl5ivEXFymYwCFZhVxAtAzaWEc0FkhBmJ2eTIbOzy8ysGJY8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTyWSXlldWc2v59Y3Nre3Czm5NR4liWGWRiFTDpxoFl1g13AhsxApp6Aus+4OLcV6/RaV5JG/MMMZ2SHuSB5xRY63ru47XKRTdkjsRWQRvBsVy9uP7bf8LK53Ce6sbsSREaZigWjc9NzbtlCrDmcBRvpVojCkb0B42LUoaom6nk1FH5Mg6XRJEyj5pyMT93ZHSUOth6NvKkJq+ns/G5n9ZMzHBeTvlMk4MSjb9KEgEMREZ7026XCEzYmiBMsXtrIT1qaLM2Ovk7RG8+ZUXoXZS8k5L7pVXLLswVQ4O4BCOwYMzKMMlVKAKDHpwD4/w5AjnwXl2XqalGWfWswd/5Lz+AKrVkcE=</latexit>x1
<latexit sha1_base64="Fi5Sdd7ZaHMHmer8P2KRwxLXAJI=">AAAB6nicbZC7SgNBFIbPJl5ivEXFymYwCFZhVxAtAzaWEc0FkhBmJ2eTIbOzy8ysGJY8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTyWSXlldWc2v59Y3Nre3Czm5NR4liWGWRiFTDpxoFl1g13AhsxApp6Aus+4OLcV6/RaV5JG/MMMZ2SHuSB5xRY63ru47XKRTdkjsRWQRvBsVy9uP7bf8LK53Ce6sbsSREaZigWjc9NzbtlCrDmcBRvpVojCkb0B42LUoaom6nk1FH5Mg6XRJEyj5pyMT93ZHSUOth6NvKkJq+ns/G5n9ZMzHBeTvlMk4MSjb9KEgEMREZ7026XCEzYmiBMsXtrIT1qaLM2Ovk7RG8+ZUXoXZS8k5L7pVXLLswVQ4O4BCOwYMzKMMlVKAKDHpwD4/w5AjnwXl2XqalGWfWswd/5Lz+AKrVkcE=</latexit>x1

<latexit sha1_base64="wJImpUirB/raMe6c+qBR1sqqBtA=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBV2BdHOgIWWCZgLJEuYnZxNxszOLjOzYlzyBDYWitj6AFY+iZ2lb+LkUmjiDwMf/38Oc87xY86UdpwvK7OwuLS8kl3Nra1vbG7lt3dqKkokxSqNeCQbPlHImcCqZppjI5ZIQp9j3e9fjPL6LUrFInGtBzF6IekKFjBKtLEqd+18wSk6Y9nz4E6hcP5x/335vpeW2/nPVieiSYhCU06UarpOrL2USM0ox2GulSiMCe2TLjYNChKi8tLxoEP70DgdO4ikeULbY/d3R0pCpQahbypDontqNhuZ/2XNRAdnXspEnGgUdPJRkHBbR/Zoa7vDJFLNBwYIlczMatMekYRqc5ucOYI7u/I81I6L7knRqbiFkgMTZWEfDuAIXDiFElxBGapAAeEBnuDZurEerRfrdVKasaY9u/BH1tsPBmGQvQ==</latexit>x<latexit sha1_base64="wJImpUirB/raMe6c+qBR1sqqBtA=">AAAB6HicbZC7SgNBFIbPxluMt3jpbBaDYBV2BdHOgIWWCZgLJEuYnZxNxszOLjOzYlzyBDYWitj6AFY+iZ2lb+LkUmjiDwMf/38Oc87xY86UdpwvK7OwuLS8kl3Nra1vbG7lt3dqKkokxSqNeCQbPlHImcCqZppjI5ZIQp9j3e9fjPL6LUrFInGtBzF6IekKFjBKtLEqd+18wSk6Y9nz4E6hcP5x/335vpeW2/nPVieiSYhCU06UarpOrL2USM0ox2GulSiMCe2TLjYNChKi8tLxoEP70DgdO4ikeULbY/d3R0pCpQahbypDontqNhuZ/2XNRAdnXspEnGgUdPJRkHBbR/Zoa7vDJFLNBwYIlczMatMekYRqc5ucOYI7u/I81I6L7knRqbiFkgMTZWEfDuAIXDiFElxBGapAAeEBnuDZurEerRfrdVKasaY9u/BH1tsPBmGQvQ==</latexit>x
<latexit sha1_base64="HYd4RnHZ54gKqQ8HJC6NxOgnx5A=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEcwFkhBmJ7PJmNmdZeasGJe8g42FIrZ2Vj6JnaVv4uRSaPSHgY//P4c55/ixFAZd99PJzM0vLC5ll3Mrq2vrG/nNrapRiWa8wpRUuu5Tw6WIeAUFSl6PNaehL3nN75+N8toN10ao6AoHMW+FtBuJQDCK1qo2exTJbTtfcIvuWOQveFMonL7ffZ2/7aTldv6j2VEsCXmETFJjGp4bYyulGgWTfJhrJobHlPVplzcsRjTkppWOpx2Sfet0SKC0fRGSsfuzI6WhMYPQt5UhxZ6ZzUbmf1kjweCklYooTpBHbPJRkEiCioxWJx2hOUM5sECZFnZWwnpUU4b2QDl7BG925b9QPSx6R0X30iuUXJgoC7uwBwfgwTGU4ALKUAEG13APj/DkKOfBeXZeJqUZZ9qzDb/kvH4DYRGSqA==</latexit>

x̂
<latexit sha1_base64="HYd4RnHZ54gKqQ8HJC6NxOgnx5A=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2BdHOgIWWEcwFkhBmJ7PJmNmdZeasGJe8g42FIrZ2Vj6JnaVv4uRSaPSHgY//P4c55/ixFAZd99PJzM0vLC5ll3Mrq2vrG/nNrapRiWa8wpRUuu5Tw6WIeAUFSl6PNaehL3nN75+N8toN10ao6AoHMW+FtBuJQDCK1qo2exTJbTtfcIvuWOQveFMonL7ffZ2/7aTldv6j2VEsCXmETFJjGp4bYyulGgWTfJhrJobHlPVplzcsRjTkppWOpx2Sfet0SKC0fRGSsfuzI6WhMYPQt5UhxZ6ZzUbmf1kjweCklYooTpBHbPJRkEiCioxWJx2hOUM5sECZFnZWwnpUU4b2QDl7BG925b9QPSx6R0X30iuUXJgoC7uwBwfgwTGU4ALKUAEG13APj/DkKOfBeXZeJqUZZ9qzDb/kvH4DYRGSqA==</latexit>

x̂

<latexit sha1_base64="n4tha/74l76U9RfhO6KL1vufatw=">AAAB6nicbZC7SgNBFIbPJl5ivEXFymYwCFZhVxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTyWSXlldWc2v59Y3Nre3Czm5NR4liWGWRiFTDpxoFl1g13AhsxApp6Aus+4OLcV6/RaV5JG/MMMZ2SHuSB5xRY63ru47XKRTdkjsRWQRvBsVy9uP7bf8LK53Ce6sbsSREaZigWjc9NzbtlCrDmcBRvpVojCkb0B42LUoaom6nk1FH5Mg6XRJEyj5pyMT93ZHSUOth6NvKkJq+ns/G5n9ZMzHBeTvlMk4MSjb9KEgEMREZ7026XCEzYmiBMsXtrIT1qaLM2Ovk7RG8+ZUXoXZS8k5L7pVXLLswVQ4O4BCOwYMzKMMlVKAKDHpwD4/w5AjnwXl2XqalGWfWswd/5Lz+AK3hkcM=</latexit>z1
<latexit sha1_base64="n4tha/74l76U9RfhO6KL1vufatw=">AAAB6nicbZC7SgNBFIbPJl5ivEXFymYwCFZhVxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTyWSXlldWc2v59Y3Nre3Czm5NR4liWGWRiFTDpxoFl1g13AhsxApp6Aus+4OLcV6/RaV5JG/MMMZ2SHuSB5xRY63ru47XKRTdkjsRWQRvBsVy9uP7bf8LK53Ce6sbsSREaZigWjc9NzbtlCrDmcBRvpVojCkb0B42LUoaom6nk1FH5Mg6XRJEyj5pyMT93ZHSUOth6NvKkJq+ns/G5n9ZMzHBeTvlMk4MSjb9KEgEMREZ7026XCEzYmiBMsXtrIT1qaLM2Ovk7RG8+ZUXoXZS8k5L7pVXLLswVQ4O4BCOwYMzKMMlVKAKDHpwD4/w5AjnwXl2XqalGWfWswd/5Lz+AK3hkcM=</latexit>z1

<latexit sha1_base64="yRnXI5tFsvf161LHHOdadK7nnBA=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwGxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTWcosr6yuZddzG5tb2zv53b2ajhLFsMoiEamGTzUKLrFquBHYiBXS0BdY9wcX47x+i0rzSN6YYYztkPYkDzijxlrXd51SJ19wi+5EZBG8GRTKmY/vt4MvrHTy761uxJIQpWGCat303Ni0U6oMZwJHuVaiMaZsQHvYtChpiLqdTkYdkWPrdEkQKfukIRP3d0dKQ62HoW8rQ2r6ej4bm/9lzcQE5+2UyzgxKNn0oyARxERkvDfpcoXMiKEFyhS3sxLWp4oyY6+Ts0fw5ldehFqp6J0W3SuvUHZhqiwcwhGcgAdnUIZLqEAVGPTgHh7hyRHOg/PsvExLl5xZzz78kfP6A69lkcQ=</latexit>z2
<latexit sha1_base64="yRnXI5tFsvf161LHHOdadK7nnBA=">AAAB6nicbZC7SgNBFIbPGi8x3qJiZTMYBKuwGxAtAzaWEc0FkhBmJ2eTIbOzy8ysEJc8go2FIra+iK9gIVj5KDq5FJr4w8DH/5/DnHP8WHBtXPfTWcosr6yuZddzG5tb2zv53b2ajhLFsMoiEamGTzUKLrFquBHYiBXS0BdY9wcX47x+i0rzSN6YYYztkPYkDzijxlrXd51SJ19wi+5EZBG8GRTKmY/vt4MvrHTy761uxJIQpWGCat303Ni0U6oMZwJHuVaiMaZsQHvYtChpiLqdTkYdkWPrdEkQKfukIRP3d0dKQ62HoW8rQ2r6ej4bm/9lzcQE5+2UyzgxKNn0oyARxERkvDfpcoXMiKEFyhS3sxLWp4oyY6+Ts0fw5ldehFqp6J0W3SuvUHZhqiwcwhGcgAdnUIZLqEAVGPTgHh7hyRHOg/PsvExLl5xZzz78kfP6A69lkcQ=</latexit>z2

<latexit sha1_base64="VQvfYUrkxSAZTFkmV2/iXX1UlRA=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozgujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa8+gCefxJtH38TOctDEHxo+/r+KriovFlxp2/6yMkvLK6tr2fXcxubW9k5+d6+mokQyrLJIRLLhUYWCh1jVXAtsxBJp4Amse/2rcV6/R6l4FN7qQYxuQLsh9zmj2liVYTtfsIv2RGQRnBkULj+G39fvB2m5nf9sdSKWBBhqJqhSTceOtZtSqTkTOMq1EoUxZX3axabBkAao3HQy6IgcG6dD/EiaF2oycX93pDRQahB4pjKguqfms7H5X9ZMtH/hpjyME40hm37kJ4LoiIy3Jh0ukWkxMECZ5GZWwnpUUqbNbXLmCM78yotQOy06Z0W74hRKNkyVhUM4ghNw4BxKcANlqAIDhAd4gmfrznq0XqzXaWnGmvXswx9Zbz8JaZC/</latexit>z<latexit sha1_base64="VQvfYUrkxSAZTFkmV2/iXX1UlRA=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozgujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa8+gCefxJtH38TOctDEHxo+/r+KriovFlxp2/6yMkvLK6tr2fXcxubW9k5+d6+mokQyrLJIRLLhUYWCh1jVXAtsxBJp4Amse/2rcV6/R6l4FN7qQYxuQLsh9zmj2liVYTtfsIv2RGQRnBkULj+G39fvB2m5nf9sdSKWBBhqJqhSTceOtZtSqTkTOMq1EoUxZX3axabBkAao3HQy6IgcG6dD/EiaF2oycX93pDRQahB4pjKguqfms7H5X9ZMtH/hpjyME40hm37kJ4LoiIy3Jh0ukWkxMECZ5GZWwnpUUqbNbXLmCM78yotQOy06Z0W74hRKNkyVhUM4ghNw4BxKcANlqAIDhAd4gmfrznq0XqzXaWnGmvXswx9Zbz8JaZC/</latexit>z
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Figure 2.9: Constrained latent space illustration. Here the data point x is mapped to the latent
code z and then (imperfectly) reconstructed to x̂.

After training, the approximate posterior can be used for inference we discussed in Sec. 2.2.

For instance, we could map data points to their corresponding latent codes and use these as

features for downstream tasks.

For convenience, we can frame the posterior as a multivariate Gaussian distribution with the

mean and diagonal covariance computed by neural networks:

qφ (z|x) = N(z; µφ (x),Σφ (x)). (B.13)

Here, we use neural functions µφ (x) and Σφ (x) by yield corresponding statistics – the mean

and diagonal covariance, to parametrize the distribution. Notice that we use a separate set of

parameters – φ – which are known as variational parameters. The actual architecture of the

neural functions depends on the task. For NLP tasks specifically, we often use feed-forward

neural networks that input the features of x, which are extracted by a separate model.

Further, we use the Jensen’s inequality (Boyd & Vandenberghe, 2004) to get the lower bound

shown in Eq. B.15.

logEz∼qφ (z|x)

[
pθ (x|z)

p(z)
qφ (z|x)

]
≥ Ez∼qφ (z|x)

[
log pθ (x|z)

p(z)
qφ (z|x)

]
= (B.14)

Ez∼qφ (z|x) [log pθ (x|z)]−DKL
[
qφ (z|x)||p(z)

]
(B.15)

The first term in Eq. B.15 is known as reconstruction, and the second one as Kullback-Leibler

divergence (KLD). Intuitively, the former measures how well, on average, we predict the data

point x when the latent code z becomes observed. The latter measures the deviation of

the posterior qφ (z|x) from the prior p(z). Essentially, the equation can be seen as a trade-off

between storing information about x to z via qφ (z|x) and z being uninformative. We can visualize

the learning process as shown in Fig. 2.9.
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For Gaussian distributions qφ (z|x) and p(z), the KLD term has the exact and tractable solution.
3However, the reconstruction term does not and integration over all the possible assignments

to z is not computationally feasible. Next, we will discuss efficient ways to compute an estimate

of the reconstruction term. Specifically, we will look into two cases – Gaussian and Categorical

z variables in Sec. 2.5.1 and Sec. 2.5.2, respectively.

2.5.1 Re-parametrization Trick

In this section, we continue the assumption that z is a continuous variable following a Gaussian

distribution. And we would like to compute a Monte Carlo estimate of the reconstruction term,

as in Eq. B.16.

E
z∼qφ (z|x)

[log pθ (x|z)]≈
1
L

L

∑
l=1

log pθ (x|zl) (B.16)

Here samples {zl}L
l=1 obtained from the posterior qφ (z|x). Unfortunately, by default, we cannot

backpropagate through the stochastic sampling process. A workaround this problem is called re-

parametrization. In essence, we decouple trainable parameters from stochastic noise involved

in the realization of an assignment to the variable z:

z = gφ (ε,x) = µφ (x)+Σφ (x)−
1
2 ∗ ε. (B.17)

Recall that µφ (x) and Σφ (x) are neural networks with trainable parameters φ . And ε ∼ N(0;I)
has no trainable parameters. In turn, this makes it possible to backpropagate through the

samples and thus train the system end-to-end.

2.5.2 REINFORCE

While re-parametrization works for certain continuous variables, it does not work for Categorical

variables. Fortunately, we can re-formulate the gradient of the reconstruction term using a policy

gradient method called REINFORCE (Williams & Zipser, 1989). We show the re-formulated

reconstruction term’s gradient in Eq. B.18.

∇φ E
z∼qφ (z|x)

[log pθ (x|z)] = E
z∼qφ (z|x)

[
log pθ (x|z)∇φ logqφ (z|x)

]
(B.18)

The gradient can be estimated via Monte Carlo by drawing samples from the posterior as

shown in Eq. B.19.

E
z∼qφ (z|x)

[
log pθ (x|z)∇φ logqφ (z|x)

]
≈ 1

L

L

∑
l=1

[
log pθ (x|z)∇φ logqφ (z|x)

]
(B.19)

3. https://people.eecs.berkeley.edu/~jordan/courses/260-spring10/other
-readings/chapter13.pdf

https://people.eecs.berkeley.edu/~jordan/courses/260-spring10/other-readings/chapter13.pdf
https://people.eecs.berkeley.edu/~jordan/courses/260-spring10/other-readings/chapter13.pdf


2.5. Variational Auto-encoding 21

In practice, however, this method suffers from high variance which makes it difficult to apply.

To reduce the variance of the estimate, we can introduce a baseline term b(x) (Greensmith,

Bartlett, & Baxter, 2004; Sutton & Barto, 2018), as shown in Eq. B.20.

E
z∼qφ (z|x)

[
(log pθ (x|z)−b(x))∇φ logqφ (z|x)

]
(B.20)

A common choice for the baseline term is an estimate of the expected value:

b(x) = E
z∼pθ (z)

[log p(x|z)] . (B.21)

Other alternatives also exist, and we refer an interested reader to Rennie, Marcheret, Mroueh,

Ross, and Goel (2017).

2.6 Language Models

In this section, we discuss categorical sequential data common in natural language processing

tasks. Concretely, we focus on x = [x1, ...,xT ] which is a sequence of categorical variables.

Each variable xt corresponds to a word4 in a sequence, i.e., xt ∈V , where V is the vocabulary

of words. As we are modelling sequences of words, we will further assume that each variable

xt depends on the prefix x1:t−1. The prefix consists of all the preceding variables until the

time-step t. The prefix is predictive of the current word xt , and a language model can leverage

the prefix to yield more accurate predictions of xt . This follows well the human intuition. For

instance, if asked to complete a partial sentence ‘what a wonderful ’, one would more likely

conclude that the next word is ‘day ’ rather than ‘play ’ based on prior knowledge. Formally, we

can factorize a sequence x under the language model pθ (x) as in Eq. B.22.

pθ (x) =
T

∏
t=1

pθ (xt |x1:t−1) (B.22)

Formally, we can state that xt ∼Cat( fθ (x1:t−1)) for t = 1...T . Here the function fθ (·) yields a

probability distribution over all the possible next words that immediately follow the prefix x1:t−1.

The function is often an auto-regressive neural network, such as Transformer (Vaswani et al.,

2017) or RNN variant, such as GRU (Cho et al., 2014). The network has free parameters θ

that can be optimized to yield more accurate predictions.

4. A common alternative to words are subwords, such as BPE (Sennrich, Haddow, & Birch, 2016).



Chapter 3

Background: Summarization

In this chapter we focus on summarization. We start from news summarization due to its

relevance to opinion summarization in Sec. 3.1. Then we discuss the history of opinion

summarization in Sec. 3.2. Finally, we discuss summary evaluation in Sec. 3.3 and Sec. 3.4.

3.1 News Summarization

Before we discuss opinion summarization in Sec 3.2, we briefly introduce news summarization.

This branch is better established and highly related opinion summarization. Also, we will

contrast their major differences.

First of all, news summarization is pre-dominantly single-document (Bražinskas, Lapata, &

Titov, 2021; Nallapati, Zhou, dos Santos, Guçehre, & Xiang, 2016; Paulus et al., 2017; Rush,

Chopra, & Weston, 2015; See, Liu, & Manning, 2017). This setup is simpler as either input

documents are relatively short or top paragraphs contain the most important information. In

opinion summarization, however, a product can have thousands of reviews. From the modelling

perspective, this calls for creative ways to summarize them. Additionally, users who have

bought the same product might have conflicting opinions. Unlike in news summarization, here

the model needs to perform conflict resolution.

Second, news are factual in terms of their content while reviews are subjective. This affects

both the writing style and content. In terms of the latter, it makes it more challenging to assess

whether an opinion in the summary is supported by the input reviews.

Lastly, news datasets often have hundreds of thousands of article-summary pairs. For example,

CNN/DM (Hermann et al., 2015) has about 300,000 pairs. And modern neural models often

require large datasets for fine-tuning. However, in opinion summarization, datasets are scarce

and most have less than 300 reviews-summary pairs. In turn, this calls for creative ways these

small datasets can be utilized for fine-tuning. We will discuss this in Sec. 1.2.2.

22
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3/5
<latexit sha1_base64="wPwZMrBSL/vr1kUwLevGCc/Cr2E=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGRI8BLx4jmAckS5id9CZDZmfHmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmTTTDJssFanuRNSg4BKblluBHaWRJpHAdjS+nfvtJ9SGp/LBThSGCR1KHnNGrZM6ZsSV4nLYL1f8qr8AWSdBTiqQo9Evf/UGKcsSlJYJakw38JUNp1RbzgTOSr3MoKJsTIfYdVTSBE04Xdw7IxdOGZA41a6kJQv198SUJsZMksh1JtSOzKo3F//zupmNb8IplyqzKNlyUZwJYlMyf54MuEZmxcQRyjR3txI2opoy6yIquRCC1ZfXSatWDa6q/n2tUvfzOIpwBudwCQFcQx3uoAFNYCDgGV7hzXv0Xrx372PZWvDymVP4A+/zB1rbkBw=</latexit>

shipping
<latexit sha1_base64="wPwZMrBSL/vr1kUwLevGCc/Cr2E=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGRI8BLx4jmAckS5id9CZDZmfHmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmTTTDJssFanuRNSg4BKblluBHaWRJpHAdjS+nfvtJ9SGp/LBThSGCR1KHnNGrZM6ZsSV4nLYL1f8qr8AWSdBTiqQo9Evf/UGKcsSlJYJakw38JUNp1RbzgTOSr3MoKJsTIfYdVTSBE04Xdw7IxdOGZA41a6kJQv198SUJsZMksh1JtSOzKo3F//zupmNb8IplyqzKNlyUZwJYlMyf54MuEZmxcQRyjR3txI2opoy6yIquRCC1ZfXSatWDa6q/n2tUvfzOIpwBudwCQFcQx3uoAFNYCDgGV7hzXv0Xrx372PZWvDymVP4A+/zB1rbkBw=</latexit>

shipping

<latexit sha1_base64="fKBxr08SRsKo5OjGsQRitXs8RgY=">AAACGnicbVA9SwNBEN3zM8avqKXNYhAsJNwJomXAxjKCMYEYwtzeXLJkb/fYnQuEkN9h41+xsVDETmz8N17OFH696vHeDPPmhamSjnz/w1tYXFpeWS2tldc3Nre2Kzu7N85kVmBTGGVsOwSHSmpskiSF7dQiJKHCVji8mPmtEVonjb6mcYrdBPpaxlIA5VKvEoToiEcIihvNaYA8ATtEOuZ9YyI+ApUhj40trNRKgb1K1a/5BfhfEsxJlc3R6FXebiMjsgQ1CQXOdQI/pe4ELEmhcFq+zRymIIbQx05ONSToupPitSk/zJWoCBAbTbxQv29MIHFunIT5ZAI0cL+9mfif18koPu9OpE4zQi2+DsWZ4mT4rCceSYuC1DgnIKzMs3IxAAuC8jbLeQnB75f/kpuTWnBa869OqnV/XkeJ7bMDdsQCdsbq7JI1WJMJdsce2BN79u69R+/Fe/0aXfDmO3vsB7z3T+LuoBg=</latexit>

best deal on the market, good value for the price
<latexit sha1_base64="fKBxr08SRsKo5OjGsQRitXs8RgY=">AAACGnicbVA9SwNBEN3zM8avqKXNYhAsJNwJomXAxjKCMYEYwtzeXLJkb/fYnQuEkN9h41+xsVDETmz8N17OFH696vHeDPPmhamSjnz/w1tYXFpeWS2tldc3Nre2Kzu7N85kVmBTGGVsOwSHSmpskiSF7dQiJKHCVji8mPmtEVonjb6mcYrdBPpaxlIA5VKvEoToiEcIihvNaYA8ATtEOuZ9YyI+ApUhj40trNRKgb1K1a/5BfhfEsxJlc3R6FXebiMjsgQ1CQXOdQI/pe4ELEmhcFq+zRymIIbQx05ONSToupPitSk/zJWoCBAbTbxQv29MIHFunIT5ZAI0cL+9mfif18koPu9OpE4zQi2+DsWZ4mT4rCceSYuC1DgnIKzMs3IxAAuC8jbLeQnB75f/kpuTWnBa869OqnV/XkeJ7bMDdsQCdsbq7JI1WJMJdsce2BN79u69R+/Fe/0aXfDmO3vsB7z3T+LuoBg=</latexit>

best deal on the market, good value for the price
<latexit sha1_base64="YweJKr4aMwr72k/WSKUAQE6ecA4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkmx6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uLqs9Utlt+LOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6RRuCt/zyKmlVK16t4t5Xy3U3j6MAp3AGF+DBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwBccY0g</latexit>

4/5
<latexit sha1_base64="YweJKr4aMwr72k/WSKUAQE6ecA4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkmx6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uLqs9Utlt+LOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6RRuCt/zyKmlVK16t4t5Xy3U3j6MAp3AGF+DBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwBccY0g</latexit>

4/5
<latexit sha1_base64="LeE3HvuT3+cOcCOx6ng8Z2CbFjs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kKUo8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkp4ozHFZrbt1dgmwSryA1KNAeVr8Go4RlMUrDBNW677mpCXKqDGcC55VBpjGlbErH2LdU0hh1kC+PnZMrq4xIlChb0pCl+nsip7HWszi0nTE1E73uLcT/vH5motsg5zLNDEq2WhRlgpiELD4nI66QGTGzhDLF7a2ETaiizNh8KjYEb/3lTdJp1L2buvvQqLXcIo4yXMAlXIMHTWjBPbTBBwYcnuEV3hzpvDjvzseqteQUM+fwB87nD+iBjq8=</latexit>

price
<latexit sha1_base64="LeE3HvuT3+cOcCOx6ng8Z2CbFjs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kKUo8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkp4ozHFZrbt1dgmwSryA1KNAeVr8Go4RlMUrDBNW677mpCXKqDGcC55VBpjGlbErH2LdU0hh1kC+PnZMrq4xIlChb0pCl+nsip7HWszi0nTE1E73uLcT/vH5motsg5zLNDEq2WhRlgpiELD4nI66QGTGzhDLF7a2ETaiizNh8KjYEb/3lTdJp1L2buvvQqLXcIo4yXMAlXIMHTWjBPbTBBwYcnuEV3hzpvDjvzseqteQUM+fwB87nD+iBjq8=</latexit>

price

<latexit sha1_base64="IIeoM/Sh+7SbCNgMgCWZ8KpmyaM=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBA8SNgNiB4DXjxGMA9IljA725sMmX0wMysuSz7Ai7/ixYMiXv0Ab/6NnWQPmtgwUFTXVHeXl0ihjW1/Wyura+sbm6Wt8vbO7t5+5eCwreNUcWjxWMaq6zENUkTQMsJI6CYKWOhJ6Hjj62m/cw9Kizi6M1kCbsiGkQgEZwapQaWKTpFPhaaoyiiXwNQ5hQcOUkJkKHprVNk1e1Z0GTgFqJKimoPKV9+PeRqiAZdo0HPsxLg5U0bggEm5n2pIGB+zIfQQRiwE7eazYyb0FBmfBrHChwvM2N8/chZqnYUeKkNmRnqxNyX/6/VSE1y5uYiS1EDE54OCVFIT02ky1BcKuJEZAsaVwF0pHzHFuMH8yhiCs3jyMmjXa85Fzb6tVxt2EUeJHJMTckYcckka5IY0SYtw8kieySt5s56sF+vd+phLV6zizxH5U9bnDzPxmwQ=</latexit>

sound is very clear, excellent bass
<latexit sha1_base64="IIeoM/Sh+7SbCNgMgCWZ8KpmyaM=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBA8SNgNiB4DXjxGMA9IljA725sMmX0wMysuSz7Ai7/ixYMiXv0Ab/6NnWQPmtgwUFTXVHeXl0ihjW1/Wyura+sbm6Wt8vbO7t5+5eCwreNUcWjxWMaq6zENUkTQMsJI6CYKWOhJ6Hjj62m/cw9Kizi6M1kCbsiGkQgEZwapQaWKTpFPhaaoyiiXwNQ5hQcOUkJkKHprVNk1e1Z0GTgFqJKimoPKV9+PeRqiAZdo0HPsxLg5U0bggEm5n2pIGB+zIfQQRiwE7eazYyb0FBmfBrHChwvM2N8/chZqnYUeKkNmRnqxNyX/6/VSE1y5uYiS1EDE54OCVFIT02ky1BcKuJEZAsaVwF0pHzHFuMH8yhiCs3jyMmjXa85Fzb6tVxt2EUeJHJMTckYcckka5IY0SYtw8kieySt5s56sF+vd+phLV6zizxH5U9bnDzPxmwQ=</latexit>

sound is very clear, excellent bass
<latexit sha1_base64="OHNnz+2VTidcw0PYlx2z9TTe6Bc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU00KRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoX5VH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVb161b2vVRpuHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBd940h</latexit>

5/5
<latexit sha1_base64="OHNnz+2VTidcw0PYlx2z9TTe6Bc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU00KRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoX5VH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVb161b2vVRpuHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBd940h</latexit>

5/5
<latexit sha1_base64="D96Ldk3r4dGeDr5IXVHrotadcuc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklB9Fjw4rGCaQttKJvNpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcLj/dmZmdemAmujet+OxubW9s7u5W96v7B4dFx7eS0o9NcMfRZKlLVC6lGwSX6hhuBvUwhTUKB3XByN/e7T6g0T+WjmWYYJHQkecwZNVby7RwZDWt1t+EuQNaJV5I6lGgPa1+DKGV5gtIwQbXue25mgoIqw5nAWXWQa8wom9AR9i2VNEEdFItlZ+TSKhGJU2WfNGSh/u4oaKL1NAltZULNWK96c/E/r5+b+DYouMxyg5ItP4pzQUxK5peTiCtkRkwtoUxxuythY6ooMzafqg3BWz15nXSaDe+64T406y23jKMC53ABV+DBDbTgHtrgAwMOz/AKb450Xpx352NZuuGUPWfwB87nDwoOjsU=</latexit>

sound
<latexit sha1_base64="D96Ldk3r4dGeDr5IXVHrotadcuc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklB9Fjw4rGCaQttKJvNpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcLj/dmZmdemAmujet+OxubW9s7u5W96v7B4dFx7eS0o9NcMfRZKlLVC6lGwSX6hhuBvUwhTUKB3XByN/e7T6g0T+WjmWYYJHQkecwZNVby7RwZDWt1t+EuQNaJV5I6lGgPa1+DKGV5gtIwQbXue25mgoIqw5nAWXWQa8wom9AR9i2VNEEdFItlZ+TSKhGJU2WfNGSh/u4oaKL1NAltZULNWK96c/E/r5+b+DYouMxyg5ItP4pzQUxK5peTiCtkRkwtoUxxuythY6ooMzafqg3BWz15nXSaDe+64T406y23jKMC53ABV+DBDbTgHtrgAwMOz/AKb450Xpx352NZuuGUPWfwB87nDwoOjsU=</latexit>

sound

<latexit sha1_base64="OX5WOluyX8SfLAOyhHkExlu8GVA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQspMQXRZcOOygn1AW0omc6cNzWSG5E6hlP6CG3/FjQtF3Lpz59+YPhbaeiBwOOeeJPcEqRQGPe/byW1sbm3v5HcLe/sHh0fu8UnDJJnmUOeJTHQrYAakUFBHgRJaqQYWBxKawfB25jdHoI1I1AOOU+jGrK9EJDhDK/XcUsQMUjMQaSpU/5LiAGiiQ9CUaS1GENKQ2QiEPbfolb056Drxl6RIlqj13K9OmPAsBoVcMmPavpdid8I0Ci5hWuhkBlLGh/bytqWKxWC6k/lGU3phlZBGibZHIZ2rvxMTFhszjgM7GTMcmFVvJv7ntTOMbroTodIMQfHFQ1EmKSZ0Vg8NhQaOcmwJ41rYv1I+YJpxtCUWbAn+6srrpFEp+1dl775SrHrLOvLkjJyTEvHJNamSO1IjdcLJI3kmr+TNeXJenHfnYzGac5aZU/IHzucPCLCdFA==</latexit>

fast shipping, the order arrived damaged
<latexit sha1_base64="OX5WOluyX8SfLAOyhHkExlu8GVA=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQspMQXRZcOOygn1AW0omc6cNzWSG5E6hlP6CG3/FjQtF3Lpz59+YPhbaeiBwOOeeJPcEqRQGPe/byW1sbm3v5HcLe/sHh0fu8UnDJJnmUOeJTHQrYAakUFBHgRJaqQYWBxKawfB25jdHoI1I1AOOU+jGrK9EJDhDK/XcUsQMUjMQaSpU/5LiAGiiQ9CUaS1GENKQ2QiEPbfolb056Drxl6RIlqj13K9OmPAsBoVcMmPavpdid8I0Ci5hWuhkBlLGh/bytqWKxWC6k/lGU3phlZBGibZHIZ2rvxMTFhszjgM7GTMcmFVvJv7ntTOMbroTodIMQfHFQ1EmKSZ0Vg8NhQaOcmwJ41rYv1I+YJpxtCUWbAn+6srrpFEp+1dl775SrHrLOvLkjJyTEvHJNamSO1IjdcLJI3kmr+TNeXJenHfnYzGac5aZU/IHzucPCLCdFA==</latexit>

fast shipping, the order arrived damaged

<latexit sha1_base64="ojgSXfCvKg0qCdMGKuvf2OEi1TU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSED0WvHisYD+gLWWz3bRLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgkQKg5737RQ2Nre2d4q7pb39g8Oye3TcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB1MbuZ++4FrI2J1j9OE9yM6UiIUjKKVBm65h/wRgzCjJuEMZwO34lW9Bcg68XNSgRyNgfvVG8YsjbhCJqkxXd9LsJ9RjYJJPiv1UsMTyiZ0xLuWKhpx088Wh8/IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dNMbzuZ0IlKXLFlovCVBKMyTwFMhTafiunllCmhb2VsDHVlKHNqmRD8FdfXietWtW/rHp3tUq9lsdRhFM4gwvw4QrqcAsNaAKDFJ7hFd6cJ+fFeXc+lq0FJ585gT9wPn8AgNuTlA==</latexit>

aspect
<latexit sha1_base64="ojgSXfCvKg0qCdMGKuvf2OEi1TU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSED0WvHisYD+gLWWz3bRLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgkQKg5737RQ2Nre2d4q7pb39g8Oye3TcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB1MbuZ++4FrI2J1j9OE9yM6UiIUjKKVBm65h/wRgzCjJuEMZwO34lW9Bcg68XNSgRyNgfvVG8YsjbhCJqkxXd9LsJ9RjYJJPiv1UsMTyiZ0xLuWKhpx088Wh8/IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dNMbzuZ0IlKXLFlovCVBKMyTwFMhTafiunllCmhb2VsDHVlKHNqmRD8FdfXietWtW/rHp3tUq9lsdRhFM4gwvw4QrqcAsNaAKDFJ7hFd6cJ+fFeXc+lq0FJ585gT9wPn8AgNuTlA==</latexit>

aspect
<latexit sha1_base64="JQJT/HmQwsKw+j0y5aDRr2xxzNQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSED0WvHisYD+gLWWz3bRLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgkQKg5737RQ2Nre2d4q7pb39g8Oye3TcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB1MbuZ++4FrI2J1j9OE9yM6UiIUjKKVBm65h/wRgzDTVlCj2cCteFVvAbJO/JxUIEdj4H71hjFLI66QSWpM1/cS7GdUo2CSz0q91PCEsgkd8a6likbc9LPF4TNybpUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+53VTDK/7mVBJilyx5aIwlQRjMk+BDIXmDOXUEsq0sLcSNqaaMrRZlWwI/urL66RVq/qXVe+uVqnX8jiKcApncAE+XEEdbqEBTWCQwjO8wpvz5Lw4787HsrXg5DMn8AfO5w+IoJOZ</latexit>

rating
<latexit sha1_base64="JQJT/HmQwsKw+j0y5aDRr2xxzNQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSED0WvHisYD+gLWWz3bRLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgkQKg5737RQ2Nre2d4q7pb39g8Oye3TcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB1MbuZ++4FrI2J1j9OE9yM6UiIUjKKVBm65h/wRgzDTVlCj2cCteFVvAbJO/JxUIEdj4H71hjFLI66QSWpM1/cS7GdUo2CSz0q91PCEsgkd8a6likbc9LPF4TNybpUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+53VTDK/7mVBJilyx5aIwlQRjMk+BDIXmDOXUEsq0sLcSNqaaMrRZlWwI/urL66RVq/qXVe+uVqnX8jiKcApncAE+XEEdbqEBTWCQwjO8wpvz5Lw4787HsrXg5DMn8AfO5w+IoJOZ</latexit>

rating
<latexit sha1_base64="JRnTgKE24cRni0KJkLccxx1IUyk=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclZmC6LLgxmUF+4C2lEyaaUMzSUjuiGXowo2/4saFIm79CHf+jWk7C209EDiccx+5J9KCWwiCb29tfWNza7uwU9zd2z849I+Om1alhrIGVUKZdkQsE1yyBnAQrK0NI0kkWCsaX8/81j0zlit5BxPNegkZSh5zSsBJfb/UBfYAUZzZVGtlgMsh1iPjJtpp3y8HlWAOvErCnJRRjnrf/+oOFE0TJoEKYm0nDDT0MuLGUsGmxW5qmSZ0TIas46gkCbO9bH7EFJ85ZYBjZdyTgOfq746MJNZOkshVJgRGdtmbif95nRTiq17GpU6BSbpYFKcCg8KzRPCAG0ZBTBwh1HD3V0xHxBAKLreiCyFcPnmVNKuV8KIS3FbLtWoeRwGV0Ck6RyG6RDV0g+qogSh6RM/oFb15T96L9+59LErXvLznBP2B9/kDJKiY/Q==</latexit>

supporting phrases
<latexit sha1_base64="JRnTgKE24cRni0KJkLccxx1IUyk=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclZmC6LLgxmUF+4C2lEyaaUMzSUjuiGXowo2/4saFIm79CHf+jWk7C209EDiccx+5J9KCWwiCb29tfWNza7uwU9zd2z849I+Om1alhrIGVUKZdkQsE1yyBnAQrK0NI0kkWCsaX8/81j0zlit5BxPNegkZSh5zSsBJfb/UBfYAUZzZVGtlgMsh1iPjJtpp3y8HlWAOvErCnJRRjnrf/+oOFE0TJoEKYm0nDDT0MuLGUsGmxW5qmSZ0TIas46gkCbO9bH7EFJ85ZYBjZdyTgOfq746MJNZOkshVJgRGdtmbif95nRTiq17GpU6BSbpYFKcCg8KzRPCAG0ZBTBwh1HD3V0xHxBAKLreiCyFcPnmVNKuV8KIS3FbLtWoeRwGV0Ck6RyG6RDV0g+qogSh6RM/oFb15T96L9+59LErXvLznBP2B9/kDJKiY/Q==</latexit>

supporting phrases

Figure 3.1: An aspect-rating summary for a product with supporting phrases. Aspects are
rated and can be either explicit or implicit.

3.2 History of Opinion Summarization

Opinion summarization has a long history due to its practical usefulness and challenging

research problems. In early 2000, e-commerce was becoming more and more popular and the

number of customer reviews for products and services was growing rapidly. This was making

it difficult for a user to read them all. This challenge called for methods that can compress

opinions to a more compact form to assist the user in making purchasing decisions. The

first steps in this direction can be traced back to review sentiment identification (Pang & Lee,

2004; Pang, Lee, & Vaithyanathan, 2002). The task was to accurately determine/classify the

user sentiment towards a particular product, often as a rating between 1 and 5. The product

summary then can be computed as the average rating. However, it only allowed to identify

the sentiment on the document level. In Sec. 3.2.1 we discuss a more fine-grained format –

aspect-rating summaries – as in Fig. 3.1. These summaries consist of aspects, their associated

ratings, and supporting fragments. In Sec. 3.2.2 we will focus on summaries consisting entirely

of text snippets. These are either composed of review sentences or generated by a model.

3.2.1 Aspect-rating Summaries

Aspect-rating summaries were constructed in a number of steps using pipeline approaches. In

general, they had the following schema. First, aspects were identified using an aspect extractor.

Second, their ratings were determined using a classifier. Finally, supporting phrases were

extracted from reviews to form a summary like in Fig. 3.1. In this section, we will focus on the

first step – aspect extraction – and present two salient works. The first one uses heuristics

to extract explicit aspect mentions. The second one, leverages topic models that can extract

both explicit and implicit aspect mentions.
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<latexit sha1_base64="lV5N4Oz7MAApudO8R2wKtJwRReg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4s2K/YI0lM12ky7d7IbdjVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXppxp47rfztr6xubWdmmnvLu3f3BYOTruaJkpQttEcql6IdaUM0HbhhlOe6miOAk57Ybj25nffaJKMylaZpLSIMGxYBEj2FjJb94/ohaOYybiQaXq1tw50CrxClKFAs1B5as/lCRLqDCEY619z01NkGNlGOF0Wu5nmqaYjHFMfUsFTqgO8vnJU3RulSGKpLIlDJqrvydynGg9SULbmWAz0sveTPzP8zMT3QQ5E2lmqCCLRVHGkZFo9j8aMkWJ4RNLMFHM3orICCtMjE2pbEPwll9eJZ16zbuquQ/1auOyiKMEp3AGF+DBNTTgDprQBgISnuEV3hzjvDjvzseidc0pZk7gD5zPH3uZkK8=</latexit>

POS Tagging
<latexit sha1_base64="lV5N4Oz7MAApudO8R2wKtJwRReg=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4s2K/YI0lM12ky7d7IbdjVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXppxp47rfztr6xubWdmmnvLu3f3BYOTruaJkpQttEcql6IdaUM0HbhhlOe6miOAk57Ybj25nffaJKMylaZpLSIMGxYBEj2FjJb94/ohaOYybiQaXq1tw50CrxClKFAs1B5as/lCRLqDCEY619z01NkGNlGOF0Wu5nmqaYjHFMfUsFTqgO8vnJU3RulSGKpLIlDJqrvydynGg9SULbmWAz0sveTPzP8zMT3QQ5E2lmqCCLRVHGkZFo9j8aMkWJ4RNLMFHM3orICCtMjE2pbEPwll9eJZ16zbuquQ/1auOyiKMEp3AGF+DBNTTgDprQBgISnuEV3hzjvDjvzseidc0pZk7gD5zPH3uZkK8=</latexit>

POS Tagging

<latexit sha1_base64="IAfMrphc+5s5RfC3jN0t04yGSo8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Ae0oWy2k3bpZhN2N5US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03Qj+hQ8pAzaqzUVjjh+KT75YpbdRcg68TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBZqZdqTCgb0yF2LZU0Qu1ni3Nn5MIqAxLGypY0ZKH+nshopPU0CmxnRM1Ir3pz8T+vm5rw1s+4TFKDki0XhakgJibz38mAK2RGTC2hTHF7K2EjqigzNqGSDcFbfXmdtGpV77rqPtQq9as8jiKcwTlcggc3UId7aEATGIzhGV7hzUmcF+fd+Vi2Fpx85hT+wPn8Aacjj7k=</latexit>

reviews
<latexit sha1_base64="IAfMrphc+5s5RfC3jN0t04yGSo8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Ae0oWy2k3bpZhN2N5US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03Qj+hQ8pAzaqzUVjjh+KT75YpbdRcg68TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBZqZdqTCgb0yF2LZU0Qu1ni3Nn5MIqAxLGypY0ZKH+nshopPU0CmxnRM1Ir3pz8T+vm5rw1s+4TFKDki0XhakgJibz38mAK2RGTC2hTHF7K2EjqigzNqGSDcFbfXmdtGpV77rqPtQq9as8jiKcwTlcggc3UId7aEATGIzhGV7hzUmcF+fd+Vi2Fpx85hT+wPn8Aacjj7k=</latexit>

reviews

…

<latexit sha1_base64="1oekA5hTdGK9n62rACrMZ8/C408=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRY8BLx4jmAckS5idzCZD5rHMzArLko/w4kERr36PN//GSbIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6N/e7T1QbpuSjzRIaCjyWLGYEWyd1TSoE1tmwWvPr/gJonQQFqUGB1rD6NRgpkgoqLeHYmH7gJzbMsbaMcDqrDFJDE0ymeEz7jkosqAnzxbkzdOGUEYqVdiUtWqi/J3IsjMlE5DoFthOz6s3F/7x+auPbMGcySS2VZLkoTjmyCs1/RyOmKbE8cwQTzdytiEywxsS6hCouhGD15XXSadSD67r/0Kg1r4o4ynAG53AJAdxAE+6hBW0gMIVneIU3L/FevHfvY9la8oqZU/gD7/MHtPiPwg==</latexit>summary<latexit sha1_base64="1oekA5hTdGK9n62rACrMZ8/C408=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRY8BLx4jmAckS5idzCZD5rHMzArLko/w4kERr36PN//GSbIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6N/e7T1QbpuSjzRIaCjyWLGYEWyd1TSoE1tmwWvPr/gJonQQFqUGB1rD6NRgpkgoqLeHYmH7gJzbMsbaMcDqrDFJDE0ymeEz7jkosqAnzxbkzdOGUEYqVdiUtWqi/J3IsjMlE5DoFthOz6s3F/7x+auPbMGcySS2VZLkoTjmyCs1/RyOmKbE8cwQTzdytiEywxsS6hCouhGD15XXSadSD67r/0Kg1r4o4ynAG53AJAdxAE+6hBW0gMIVneIU3L/FevHfvY9la8oqZU/gD7/MHtPiPwg==</latexit>summary

<latexit sha1_base64="WEidqOMsfUWGap0SkvC5QuHrHOE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fip01CplFwO++WKW3UXIOvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAWamXakwoG9Mhdi2VNELtZ4t7Z+TCKgMSxsqWNGSh/p7IaKT1NApsZ0TNSK96c/E/r5ua8NbPuExSg5ItF4WpICYm8+fJgCtkRkwtoUxxeythI6ooMzaikg3BW315nbRqVe+66j7UKvWrPI4inME5XIIHN1CHe2hAExgIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBBwJAP</latexit>

Prunning
<latexit sha1_base64="WEidqOMsfUWGap0SkvC5QuHrHOE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fip01CplFwO++WKW3UXIOvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAWamXakwoG9Mhdi2VNELtZ4t7Z+TCKgMSxsqWNGSh/p7IaKT1NApsZ0TNSK96c/E/r5ua8NbPuExSg5ItF4WpICYm8+fJgCtkRkwtoUxxeythI6ooMzaikg3BW315nbRqVe+66j7UKvWrPI4inME5XIIHN1CHe2hAExgIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBBwJAP</latexit>

Prunning

<latexit sha1_base64="u/2nBdTVk1SX2kfiJxQ3WcMkzCg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFWSouiyoAt3VrAXaEOZTCft0MkkzEzEEvoqblwo4tYXcefbOEmz0NYfBj7+cw5zzu/HnCntON9WaW19Y3OrvF3Z2d3bP7APqx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+tPrrN59pFKxSDzoWUy9EI8FCxjB2lhDu3oXM2EI3TBJSeahoV1z6k4utApuATUo1BraX4NRRJKQCk04VqrvOrH2Uiw1I5zOK4NE0RiTKR7TvkGBQ6q8NN99jk6NM0JBJM0TGuXu74kUh0rNQt90hlhP1HItM/+r9RMdXHkpE3GiqSCLj4KEIx2hLAg0yg/mMwOYSGZ2RWSCJSbaxFUxIbjLJ69Cp1F3L+rOfaPWPC/iKMMxnMAZuHAJTbiFFrSBwBM8wyu8WXPrxXq3PhatJauYOYI/sj5/AIqtlBA=</latexit>

Opinion Direction
<latexit sha1_base64="u/2nBdTVk1SX2kfiJxQ3WcMkzCg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFWSouiyoAt3VrAXaEOZTCft0MkkzEzEEvoqblwo4tYXcefbOEmz0NYfBj7+cw5zzu/HnCntON9WaW19Y3OrvF3Z2d3bP7APqx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+tPrrN59pFKxSDzoWUy9EI8FCxjB2lhDu3oXM2EI3TBJSeahoV1z6k4utApuATUo1BraX4NRRJKQCk04VqrvOrH2Uiw1I5zOK4NE0RiTKR7TvkGBQ6q8NN99jk6NM0JBJM0TGuXu74kUh0rNQt90hlhP1HItM/+r9RMdXHkpE3GiqSCLj4KEIx2hLAg0yg/mMwOYSGZ2RWSCJSbaxFUxIbjLJ69Cp1F3L+rOfaPWPC/iKMMxnMAZuHAJTbiFFrSBwBM8wyu8WXPrxXq3PhatJauYOYI/sj5/AIqtlBA=</latexit>

Opinion Direction
<latexit sha1_base64="+wnoSRZ8yhdSeImC1Gu/4eA0xkQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuCG91VsA9ox5LJZNrQTGZIMkoZ+h9uXCji1n9x59+YtoNo64HAyTn33twcPxFcG8f5QoWV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSq4xPNBJesabgRrJMoRiJfsLY/upr67QemNI/lnRknzIvIQPKQU2KsdH8TMGl+rv1yxak6M+Bl4uakAjka/fJnL4hpGtkhVBCtu66TGC8jynAq2KTUSzVLCB2RAetaKknEtJfNtp7gE6sEOIyVPdLgmfq7IyOR1uPIt5URMUO96E3F/7xuasJLL+MySQ2TdP5QmApsYjyNAAdcMWrE2BJCFbe7YjokilBjgyrZENzFLy+TVq3qnled21qlfpbHUYQjOIZTcOEC6nANDWgCBQVP8AKv6BE9ozf0Pi8toLznEP4AfXwDxveSpA==</latexit>

Identification
<latexit sha1_base64="+wnoSRZ8yhdSeImC1Gu/4eA0xkQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWaKosuCG91VsA9ox5LJZNrQTGZIMkoZ+h9uXCji1n9x59+YtoNo64HAyTn33twcPxFcG8f5QoWV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSq4xPNBJesabgRrJMoRiJfsLY/upr67QemNI/lnRknzIvIQPKQU2KsdH8TMGl+rv1yxak6M+Bl4uakAjka/fJnL4hpGtkhVBCtu66TGC8jynAq2KTUSzVLCB2RAetaKknEtJfNtp7gE6sEOIyVPdLgmfq7IyOR1uPIt5URMUO96E3F/7xuasJLL+MySQ2TdP5QmApsYjyNAAdcMWrE2BJCFbe7YjokilBjgyrZENzFLy+TVq3qnled21qlfpbHUYQjOIZTcOEC6nANDWgCBQVP8AKv6BE9ozf0Pi8toLznEP4AfXwDxveSpA==</latexit>

Identification

<latexit sha1_base64="UAN5mhPQI4opoGoAK1+JoH0IPXY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZcFN+6sYB/QDiWTybShmWSaZApl6He4caGIWz/GnX9j2s5CWw9c7uGce8nNCRLOtHHdb6ewsbm1vVPcLe3tHxwelY9PWlqmitAmkVyqToA15UzQpmGG006iKI4DTtvB6G7utydUaSbFk5km1I/xQLCIEWys5D8kTNiO2lKFqF+uuFV3AbROvJxUIEejX/7qhZKkMRWGcKx113MT42dYGUY4nZV6qaYJJiM8oF1LBY6p9rPF0TN0YZUQRVLZEgYt1N8bGY61nsaBnYyxGepVby7+53VTE936GRNJaqggy4eilCMj0TwBFDJFieFTSzBRzN6KyBArTIzNqWRD8Fa/vE5atap3XXUfa5X6VR5HEc7gHC7Bgxuowz00oAkExvAMr/DmTJwX5935WI4WnHznFP7A+fwBLWKRqA==</latexit>

Opinion Word
<latexit sha1_base64="UAN5mhPQI4opoGoAK1+JoH0IPXY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZcFN+6sYB/QDiWTybShmWSaZApl6He4caGIWz/GnX9j2s5CWw9c7uGce8nNCRLOtHHdb6ewsbm1vVPcLe3tHxwelY9PWlqmitAmkVyqToA15UzQpmGG006iKI4DTtvB6G7utydUaSbFk5km1I/xQLCIEWys5D8kTNiO2lKFqF+uuFV3AbROvJxUIEejX/7qhZKkMRWGcKx113MT42dYGUY4nZV6qaYJJiM8oF1LBY6p9rPF0TN0YZUQRVLZEgYt1N8bGY61nsaBnYyxGepVby7+53VTE936GRNJaqggy4eilCMj0TwBFDJFieFTSzBRzN6KyBArTIzNqWRD8Fa/vE5atap3XXUfa5X6VR5HEc7gHC7Bgxuowz00oAkExvAMr/DmTJwX5935WI4WnHznFP7A+fwBLWKRqA==</latexit>

Opinion Word
<latexit sha1_base64="yJAfaPy3uPlvHemojNFZe0/Y3a8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSFD0WRPBYwX5gG8pmu2mXbjZhdyKW0n/hxYMiXv033vw3btoctPWFhYd3ZtiZN0ikMOi6387K6tr6xmZhq7i9s7u3Xzo4bJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdZvfXItRGxusdxwv2IDpQIBaNorYebJ9SUZdgrld2KOxNZBi+HMuSq90pf3X7M0ogrZJIa0/HcBP0J1SiY5NNiNzU8oWxEB7xjUdGIG38y23hKTq3TJ2Gs7VNIZu7viQmNjBlHge2MKA7NYi0z/6t1Ugyv/IlQSYpcsflHYSoJxiQ7n/SF5gzl2AJlWthdCRvSLAMbUtGG4C2evAzNasW7qLh31XLtPI+jAMdwAmfgwSXU4Bbq0AAGCp7hFd4c47w4787HvHXFyWeO4I+czx/NoZDz</latexit>

Extraction
<latexit sha1_base64="yJAfaPy3uPlvHemojNFZe0/Y3a8=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEInkpSFD0WRPBYwX5gG8pmu2mXbjZhdyKW0n/hxYMiXv033vw3btoctPWFhYd3ZtiZN0ikMOi6387K6tr6xmZhq7i9s7u3Xzo4bJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdZvfXItRGxusdxwv2IDpQIBaNorYebJ9SUZdgrld2KOxNZBi+HMuSq90pf3X7M0ogrZJIa0/HcBP0J1SiY5NNiNzU8oWxEB7xjUdGIG38y23hKTq3TJ2Gs7VNIZu7viQmNjBlHge2MKA7NYi0z/6t1Ugyv/IlQSYpcsflHYSoJxiQ7n/SF5gzl2AJlWthdCRvSLAMbUtGG4C2evAzNasW7qLh31XLtPI+jAMdwAmfgwSXU4Bbq0AAGCp7hFd4c47w4787HvHXFyWeO4I+czx/NoZDz</latexit>

Extraction
<latexit sha1_base64="/+pfnSs7usUK7mzpD6N1fU/uGvQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpii4LbnRXwT6gDWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jNA2irQcuHM65d+be4yecKe04X1ZpbX1jc6u8XdnZ3duv2geHHRWnktA2iXksez5WlDNB25ppTnuJpDjyOe36k+u5332gUrFY3OtpQr0IjwQLGcHaSEO7ehtQoX8ENLRrTt3JgVaJW5AaFGgN7c9BEJM0Mq8QjpXqu06ivQxLzQins8ogVTTBZIJHtG+owBFVXpYvPkOnRglQGEtTQqNc/T2R4UipaeSbzgjrsVr25uJ/Xj/V4ZWXMZGkmgqy+ChMOdIxmqeAAiYp0XxqCCaSmV0RGWOJiTZZVUwI7vLJq6TTqLsXdeeuUWueF3GU4RhO4AxcuIQm3EAL2kAghSd4gVfr0Xq23qz3RWvJKmaO4A+sj2+Z45L/</latexit>

Identification
<latexit sha1_base64="/+pfnSs7usUK7mzpD6N1fU/uGvQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpii4LbnRXwT6gDWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jNA2irQcuHM65d+be4yecKe04X1ZpbX1jc6u8XdnZ3duv2geHHRWnktA2iXksez5WlDNB25ppTnuJpDjyOe36k+u5332gUrFY3OtpQr0IjwQLGcHaSEO7ehtQoX8ENLRrTt3JgVaJW5AaFGgN7c9BEJM0Mq8QjpXqu06ivQxLzQins8ogVTTBZIJHtG+owBFVXpYvPkOnRglQGEtTQqNc/T2R4UipaeSbzgjrsVr25uJ/Xj/V4ZWXMZGkmgqy+ChMOdIxmqeAAiYp0XxqCCaSmV0RGWOJiTZZVUwI7vLJq6TTqLsXdeeuUWueF3GU4RhO4AxcuIQm3EAL2kAghSd4gVfr0Xq23qz3RWvJKmaO4A+sj2+Z45L/</latexit>

Identification

<latexit sha1_base64="JF1veq/ywpJWh3QEF4byTP00XyI=">AAAB+HicbVDJSgNBFHzjGuOSUY9eBoPgKcwERY8RQTxGMAskQ+jpvEma9Cz2IsQhX+LFgyJe/RRv/o2dZA6aWNBQ1Fu6XgUpZ1K57re1srq2vrFZ2Cpu7+zulez9g6ZMtKDYoAlPRDsgEjmLsaGY4thOBZIo4NgKRtfTeusRhWRJfK/GKfoRGcQsZJQoI/Xs0o3AB42xcq5kilT17LJbcWdwlomXkzLkqPfsr24/oToyKygnUnY8N1V+RoRilOOk2NUSU0JHZIAdQ2MSofSzmfGJc2KUvhMmwjxjYab+nshIJOU4CkxnRNRQLtam4n+1jlbhpZ+xONUKYzr/KNTcUYkzTcHpM2GO5WNDCBXMeHXokAhClcmqaELwFk9eJs1qxTuvuHfVcu0sj6MAR3AMp+DBBdTgFurQAAoanuEV3qwn68V6tz7mrStWPnMIf2B9/gCYw5L/</latexit>

Frequent Aspect
<latexit sha1_base64="JF1veq/ywpJWh3QEF4byTP00XyI=">AAAB+HicbVDJSgNBFHzjGuOSUY9eBoPgKcwERY8RQTxGMAskQ+jpvEma9Cz2IsQhX+LFgyJe/RRv/o2dZA6aWNBQ1Fu6XgUpZ1K57re1srq2vrFZ2Cpu7+zulez9g6ZMtKDYoAlPRDsgEjmLsaGY4thOBZIo4NgKRtfTeusRhWRJfK/GKfoRGcQsZJQoI/Xs0o3AB42xcq5kilT17LJbcWdwlomXkzLkqPfsr24/oToyKygnUnY8N1V+RoRilOOk2NUSU0JHZIAdQ2MSofSzmfGJc2KUvhMmwjxjYab+nshIJOU4CkxnRNRQLtam4n+1jlbhpZ+xONUKYzr/KNTcUYkzTcHpM2GO5WNDCBXMeHXokAhClcmqaELwFk9eJs1qxTuvuHfVcu0sj6MAR3AMp+DBBdTgFurQAAoanuEV3qwn68V6tz7mrStWPnMIf2B9/gCYw5L/</latexit>

Frequent Aspect
<latexit sha1_base64="Cc25n7qIXzs7BopCJF+AD9n+UmM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZcFNy4r2oe0Q8mkd9rQZGZIMkIZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4Zua3n1BpHkcPZpKgL+kw4iFn1Fjp8R4Fshnrlytu1Z2DrBIvJxXI0eiXv3qDmKUSI8ME1brruYnxM6oMZwKnpV6qMaFsTIfYtTSiErWfzQ+ekjOrDEgYK/siQ+bq742MSq0nMrCTkpqRXvZm4n9eNzXhtZ/xKEkNRmzxUZgKYmIyS08GXNm8YmIJZYrbWwkbUUWZsR2VbAnecuRV0qpVvcuqe1er1C/yOopwAqdwDh5cQR1uoQFNYCDhGV7hzVHOi/PufCxGC06+cwx/4Hz+AOokkG4=</latexit>

Selection
<latexit sha1_base64="Cc25n7qIXzs7BopCJF+AD9n+UmM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswURZcFNy4r2oe0Q8mkd9rQZGZIMkIZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4Zua3n1BpHkcPZpKgL+kw4iFn1Fjp8R4Fshnrlytu1Z2DrBIvJxXI0eiXv3qDmKUSI8ME1brruYnxM6oMZwKnpV6qMaFsTIfYtTSiErWfzQ+ekjOrDEgYK/siQ+bq742MSq0nMrCTkpqRXvZm4n9eNzXhtZ/xKEkNRmzxUZgKYmIyS08GXNm8YmIJZYrbWwkbUUWZsR2VbAnecuRV0qpVvcuqe1er1C/yOopwAqdwDh5cQR1uoQFNYCDhGV7hzVHOi/PufCxGC06+cwx/4Hz+AOokkG4=</latexit>

Selection

<latexit sha1_base64="Zjy/X49VASd+9XRWLuzMoqpd81k=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZmi6LIgiO4q2Ae0Q8mkd9rQTGbMQyxDf8WNC0Xc+iPu/BvTdhbaeiBwOOfe5OSEKWdKe963s7K6tr6xWdgqbu/s7u27B6WmSoyk0KAJT2Q7JAo4E9DQTHNopxJIHHJohaOrqd96BKlYIu71OIUgJgPBIkaJtlLPLd2KSMKDAaHxNRBtJPTcslfxZsDLxM9JGeWo99yvbj+hJrZ3UE6U6vheqoOMSM0oh0mxaxSkhI7IADqWChKDCrJZ9gk+sUofR4m0x2aYqb83MhIrNY5DOxkTPVSL3lT8z+sYHV0GGROp0SDo/KHIcKwTPC0C95kEqvnYEkIls1kxHRJJqLZ1FW0J/uKXl0mzWvHPK95dtVw7y+sooCN0jE6Rjy5QDd2gOmogip7QM3pFb87EeXHenY/56IqT7xyiP3A+fwAFLZRg</latexit>

Infrequent Feature
<latexit sha1_base64="Zjy/X49VASd+9XRWLuzMoqpd81k=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZmi6LIgiO4q2Ae0Q8mkd9rQTGbMQyxDf8WNC0Xc+iPu/BvTdhbaeiBwOOfe5OSEKWdKe963s7K6tr6xWdgqbu/s7u27B6WmSoyk0KAJT2Q7JAo4E9DQTHNopxJIHHJohaOrqd96BKlYIu71OIUgJgPBIkaJtlLPLd2KSMKDAaHxNRBtJPTcslfxZsDLxM9JGeWo99yvbj+hJrZ3UE6U6vheqoOMSM0oh0mxaxSkhI7IADqWChKDCrJZ9gk+sUofR4m0x2aYqb83MhIrNY5DOxkTPVSL3lT8z+sYHV0GGROp0SDo/KHIcKwTPC0C95kEqvnYEkIls1kxHRJJqLZ1FW0J/uKXl0mzWvHPK95dtVw7y+sooCN0jE6Rjy5QDd2gOmogip7QM3pFb87EeXHenY/56IqT7xyiP3A+fwAFLZRg</latexit>

Infrequent Feature

<latexit sha1_base64="3esSawDId81bYZFPcCBwC7A+FTw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSED0WvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh6p3OShX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3lXNfe+Xmm4eRxFOINzqIIH19CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gA7A40K</latexit>

(1)
<latexit sha1_base64="3esSawDId81bYZFPcCBwC7A+FTw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSED0WvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh6p3OShX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3lXNfe+Xmm4eRxFOINzqIIH19CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gA7A40K</latexit>

(1)
<latexit sha1_base64="bzHT7ZjjK9ZfHA9D7Ay+AejwEtM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSED0WvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh2r9clCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvOuau59vdJw8ziKcAbnUAUPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AE8iI0L</latexit>

(2)
<latexit sha1_base64="bzHT7ZjjK9ZfHA9D7Ay+AejwEtM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSED0WvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh2r9clCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvOuau59vdJw8ziKcAbnUAUPrqEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AE8iI0L</latexit>

(2)
<latexit sha1_base64="Ku4Eebk0SW2F05R13LPFGBZfauM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSET0WvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7qsX5/1yxa25c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEra9Zp3WXPv6pWGm8dRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8+DY0M</latexit>

(3)
<latexit sha1_base64="Ku4Eebk0SW2F05R13LPFGBZfauM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSET0WvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7qsX5/1yxa25c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEra9Zp3WXPv6pWGm8dRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8+DY0M</latexit>

(3)

<latexit sha1_base64="/HfxT+R3XLjKtRBZKwmwqeMM+lg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpS8ONY8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuq9envfLFbfmzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ipp12veRc29q1cabh5HEU7gFKrgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz9CnI0P</latexit>

(6)
<latexit sha1_base64="/HfxT+R3XLjKtRBZKwmwqeMM+lg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpS8ONY8OKxoq2FNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4GMwvpn5j0+oNI/lg5kk6Ed0KHnIGTVWuq9envfLFbfmzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ipp12veRc29q1cabh5HEU7gFKrgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz9CnI0P</latexit>

(6)
<latexit sha1_base64="/Inh7+WAwYANGV67/OOMkaff9Yk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSKHosePFY0dZCG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTjolTzXibxTLW3YAaLoXibRQoeTfRnEaB5I/B5GbuPz5xbUSsHnCacD+iIyVCwSha6b7auByUK27NXYCsEy8nFcjRGpS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHVGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuG1nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE469ZrXqLl39UrTzeMowhmcQxU8uIIm3EIL2sBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wdBF40O</latexit>

(5)
<latexit sha1_base64="/Inh7+WAwYANGV67/OOMkaff9Yk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSKHosePFY0dZCG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTjolTzXibxTLW3YAaLoXibRQoeTfRnEaB5I/B5GbuPz5xbUSsHnCacD+iIyVCwSha6b7auByUK27NXYCsEy8nFcjRGpS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHVGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuG1nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE469ZrXqLl39UrTzeMowhmcQxU8uIIm3EIL2sBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wdBF40O</latexit>

(5)
<latexit sha1_base64="XPLCdMtCyrpuXdLiIN82vFeQZUE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSFD0WvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7qsX5/1yxa25c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEra9Zp3WXPv6pWGm8dRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8/ko0N</latexit>

(4)
<latexit sha1_base64="XPLCdMtCyrpuXdLiIN82vFeQZUE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSFD0WvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7qsX5/1yxa25c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEra9Zp3WXPv6pWGm8dRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8/ko0N</latexit>

(4)

Figure 3.2: Heuristics-based system for opinion summarization.

Heuristic-based

The first opinion summarization system of this type was proposed in Hu and Liu (2004). From

the high-level, the system works as shown in Fig. 3.2. In the first step, review sentences

are parsed by a part-of-speech tagger (Manning & Schutze, 1999) and only nouns/noun

phrases are retained. In the second step, frequently occurring phrases are determined using

an association rule miner (B. Liu, Hsu, Ma, et al., 1998). In the third step, uninteresting and

redundant phrases are removed (pruned). In the forth step, opinion words, such as ‘horrible’

and ‘incredible’, surrounding aspects are identified. These are adjacent adjectives that modify

the aspect/aspect phrase. In the fifth step, rare but interesting aspects are extracted using

heuristics and POS tags. In the sixth step, opinion words are mapped to WordNet (Miller,

Beckwith, Fellbaum, Gross, & Miller, 1990) to determine the sentiment of surrounding aspects.

Lastly, aspects and their sentiments are aggregated to be presented to the user in the form of

a summary.

The main downside of this approach is that it extracts aspects without any consideration of

implicit mentions. For example, in the phrase: ‘This speaker could be a bit louder and less

noisy,’ it would miss the aspect ‘sound.’ The approach presented next is based on topic models

and can extract implicitly mentioned aspects.

Topic-based

In MG-LDA (Titov & McDonald, 2008), the authors proposed a more elegant approach based

on probabilistic models. Specifically, they proposed to extract aspects from customer reviews

by clustering review sentences/phrases by topics. These topics correspond to ratable aspects

and provide a level of abstraction in contrast to Hu and Liu (2004), that extracts explicitly

mentioned aspects from text.

On the modelling side, the authors proposed to extend the LDA topic model (Blei, Ng, & Jordan,

2003) which was not designed for aspect extraction from customer reviews. The proposed

approach models both review-level (global) and context window (local) topics. The distribution

of global topics is fixed for a review while the distribution of local topics is allowed to vary
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label top words

MG-LDA
local topics

sound quality sound quality headphones volume bass earphones good
features games features clock contacts calendar alarm
controls button play track menu song buttons volume album
battery battery hours life batteries charge aaa rechargeable
accessories usb cable headphones adapter remote plug power

Table 3.1: Top words from MG-LDA for MP3 players reviews.

across the review. A word in a review is sampled either from the mixture of global topics or

from the mixture of local topics specific for the local context of the word. The hypothesis is that

ratable aspects will be captured by local topics and global topics will capture the properties

of reviewed items. See an example with word assignments to local topics in Table 3.1. To

infer topics for each phrase, they used collapsed Gibbs sampling (Griffiths & Steyvers, 2004).

Further, these phrases can be filtered and their sentiment can be determined by a separate

model to construct a summary.1

Summaries created from aspects and their sentiments are conceptually simple yet often lack

details to provide a good overview over associated opinions. One of the limitations is that

supporting phrases (see Fig. 3.1) are not necessarily summarizing as are often selected by

simple heuristics. Moreover, the summary format is not very natural and can be perceived

as not user-friendly (Murray, Hoque, & Carenini, 2017). Next, we will discuss a more natural

format, where a summary is comprised only of texts.

3.2.2 Text Summaries

Broadly, there are two types of text summaries.2 The first ones are called extractive, and the

second ones are abstractive. In the first case, a summary is constructed by concatenating

summarizing input fragments (e.g., sentences or segments). Often, the summarizer here

is responsible for identifying these salient fragments in input reviews and selecting the

summarizing ones to form a summary. However, there are three main downsides of extractive

opinion summaries that we discuss next.

First, customer reviews are intrinsically controversial as users often disagree about various

aspects (e.g., price and photo quality). This makes it challenging to select summarizing

fragments to form a summary. As the degree of controversiality increases, the less effective

extractive summarizers become (Carenini & Cheung, 2008b).

Second, extractive summarizers are unable to abstract and paraphrase information present in

input reviews. For example, consider the following sentences about food:

1. A similar approach was also taken in Lu, Zhai, and Sundaresan (2009), where they used topic models to extract
ratable aspects.
2. Another type that has attracted some recent attention is called compressive. But to the best of our knowledge,
there are no compressive opinion summarizers
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1. The stake was cold.

2. The pasta was too dry.

3. The chocolate cake was completely tasteless.

4. The fudge had a synthetic taste.

Regardless of what sentence an extractive summarizer selects, it would not be summarizing

and only provide a partial perspective about the food. In such a case, an abstractive summary,

such as ‘the main dishes and deserts are bad and not recommended’, is a more complete

summary. Notice that this summary abstracts details about food by using a richer vocabulary

of words (Lebanoff, Song, & Liu, 2018; See et al., 2017).

The third problem comes from the fact that when multiple sentences are extracted, they might

not form a coherent summary. This is especially problematic when fine-grained segments are

extracted, such as EDUs (Angelidis & Lapata, 2018; Mann & Thompson, 1988).

Opinosis

OPINOSIS (Ganesan, Zhai, & Han, 2010) was one of the first text generating opinion summar-

izers. The authors argued that extractive summaries are generally not well suited for this task

due to the subtle variations of redundant opinions in customer reviews. Instead, they proposed a

text generative model that produces short opinion abstracts. From the technical perspective, the

key idea is to construct a textual graph (called OPINOSIS-GRAPH) that represents the text to be

summarized. This casts the problem of summarization as finding appropriate paths in the graph.

Here, nodes represent words with directed edges representing the structure of sentences.

At inference time, it produces a summary by repeatedly searching the OPINOSIS-GRAPH for

appropriate subgraphs that both encode a valid sentence and have high redundancy scores

(thus representative for the major opinions). The sentences encoded by these subgraphs then

form an abstractive summary. This model, however, can produce summaries only containing

words that occur in the text to be summarized. In essence, it can be seen as an extractive

model with elements of fusion (combining extracted portions) and compression (squeezing out

unimportant material from a sentence). Two summaries produced by the system are shown

below:

1. The food was excellent, good and delicious. Very good selection of food.

2. Free wine reception in evening. Free coffee and biscotti and wine.
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Template-based

While OPINOSIS produces short abstractive summaries, it has a number of limitations. First,

the method does not provide a well-formed grammatical abstract and the generated summary

only contains words that occur in the original input texts. Second, generated summaries do not

contain any information about the distribution of opinions. These limitations were addressed in

TEMPLATESUM (Gerani, Mehdad, Carenini, Ng, & Nejat, 2014).

The proposed model utilizes microplanning and sentence realization modules to produce

summaries. The first module selects a template, such as ‘Almost all costumers mentioned the

[X] and they ’ and ‘felt that it was very poor ’. Here, [X] is an aspect that should be filled by the

sentence realization module. The content of the slots is based on aspects and their relations

present in input reviews. Which, in turn, are obtained using discourse tree aggregation and

aspect importance weighting via a graph-based PAGERANK algorithm (Page, Brin, Motwani, &

Winograd, 1999). An example summary produced by the model is shown below with aspects in

bold.

All reviewers (34 people), who commented on the camera, felt that it was really good mainly

because of the picture. Around 26% of the reviewers expressed their opinion about the picture

quality and they really liked it.

While templates can help to abstract information to a certain degree, their number is limited and

their creation requires human effort. Moreover, the model can only rely on input review words

to fill template slots. This strongly restricts the model’s output and the amount of information

that can be conveyed. Next, we will discuss a more flexible model that generates summaries

using a free vocabulary of words, without reliance on templates.

MeanSum

One of the central reasons behind a limited progress in abstractive summarization to this point

was the absence of annotated datasets. Deep neural encoder-decoder models usually require

large amounts of text data for trained. In Chu and Liu (2019), the authors approached this

problem from the unsupervised perspective by introducing MEANSUM. The central idea was

to leverage customer reviews without human-written summaries for training. The customer

reviews were grouped by their associated products and used both as source and prediction

target by the model. The product summary was represented as a sequence of latent categorical

variables. Here, each variable corresponded to a subword that was sampled auto-regressively

from the decoder.

On the modelling side, a pre-initialized LSTM-based encoder-decoder (Sutskever, Vinyals, &

Le, 2014) is trained with two objectives in a multi-task fashion. Under the first objective, the

decoder is reconstructing reviews from their encodings. In essence, this allows for training the

text generator (decoder) and representation module (encoder). Under the second objective,
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Figure 3.3: Illustration of the MEANSUM training procedure.

the model is maximizing the cosine similarity between the summary and review encodings,

and it works as follows. First, reviews are encoded, averaged, and passed to the decoder as

input. Second, a summary is sampled auto-regressively from the decoder. Third, the sampled

summary is encoded and the encoding is compared with input review encodings in terms of

the angle. Essentially, the second objective is regularizing the summary to be semantically

similar to input reviews. The training procedure is schematically illustrated in Fig. 3.3. After

training, one can generate summaries as the one shown below.

Everything is so good I had the chicken souvlaki with a side of rice. Best decision I’ve ever had.

Not a bad place to eat, but they have a large selection of local food which is nice. My wife and

I’ll be back for sure.

While this was the first fully abstractive opinion summarizer, it had a number of limitations. First,

the model produces summaries with review-like text characteristics and contents. Specifically,

the content is often uninformative and written in the informal writing style. For instance,

it often contains fragments like: ‘I’ll be back for sure’. Second, generated summary content

is often not present in input reviews, i.e., the model hallucinates (Maynez et al., 2020). For

example, the summary might be about ‘iPhone’ while reviews are about ‘iPad’. These two

problems make the summarizer not very suitable for practical purposes. In the thesis, we

address these problems in our unsupervised (Chapter 4) and few-shot approaches (Chapters

5 and 6).



3.3. Automatic Evaluation 29

3.3 Automatic Evaluation

The most common automatic evaluation metrics in summarization are ROUGE (Lin, 2004).3

In essence, they measure lexical overlap between reference (r) and hypothesis summaries

(h). ROUGE includes a number of sub-metrics as described next. The first set of metrics are

ROUGE-N, which are based on n-gram overlap between reference and generated summaries.

We compute recall and precision as shown in Eq. C.1 and Eq. C.2, respectively.

ROUGE-Nrec(h,r) =
||n-gram(h)∩n-gram(r)||

||n-gram(r)|| (C.1)

ROUGE-Nprec(h,r) =
||n-gram(h)∩n-gram(r)||

||n-gram(h)|| (C.2)

Here, ||n-gram(h)∩n-gram(r)|| is the size of the overlapping set of n-grams, and ||n-gram(r)||
is the total number of n-grams in r. Further, we compute the F score as shown in Eq. C.3.

ROUGE-N f (h,r) = 2
ROUGE-Nprec(h,r)∗ROUGE-Nrec(h,r)
ROUGE-Nprec(h,r)+ROUGE-Nrec(h,r)

(C.3)

The last metric is called ROUGE-L and it measures longest common subsequence (LCS)

between generated and reference summary in terms of recall and precision in Eq. C.4 and

Eq. C.5, respectively.

ROUGE-Lrec(h,r) =
||LCS(h,r)||

||r|| (C.4)

ROUGE-Lprec(h,r) =
||LCS(h,r)||

||h|| (C.5)

Here, ||LCS(h,r)|| corresponds to the size of the longest common subsequence, and ||r|| and

||h|| to the lengths of reference and generated summaries, respectively. Lastly, we calculate

the F score, analogously to ROUGE-N.

While ROUGE is ubiquitous in the summarization literature, it has a number of problems. First,

it can be insensitive to sentiment (Tay et al., 2019). For instance, reviews might be negative

about a product, yet a summarizer might mistakenly generate a positive summary. While this

can significantly reduce the trustworthiness of the system, such mistakes often only marginally

affect the ROUGE scores. Second, for practical reasons, we want to generate input faithful

summaries which is an open problem in summarization (Maynez et al., 2020). For instance, the

3. Other alternatives to ROUGE exist, such as METEOR(Banerjee & Lavie, 2005), yet it is used less extensively in
summarization literature.
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model might confuse ‘iPhone’ and ‘iPad’ due to their semantic similarity. However, a number

of studies in various summarization domains have shown that ROUGE is not well correlated

with input faithfulness (Fabbri et al., 2021; Falke, Ribeiro, Utama, Dagan, & Gurevych, 2019;

Maynez et al., 2020). Finally, it is hard to measure summary informativeness as all n-grams are

treated equally. To counter all aforementioned issues, we perform human evaluation studies as

we discuss in Sec. 3.4.

3.4 Human Evaluation

In order to assess human preference and evaluate the amount of hallucinations, we conduct

human evaluation studies. Specifically, we utilize a crowd-sourcing platform like Amazon

Mechanical Turk, where we can employ professional workers to perform the evaluation. Such

workers are instructed about the task and trained before performing evaluation. Broadly, there

are two types of studies we perform. The first one is known as Best-Worst Scaling and the

second one as content support. The former measures human preference based on various

criteria and the latter measures input faithfulness.

3.4.1 Best-Worst Scaling

This type of human study assesses human preference based on a number of criteria. The

judgment criteria are presented below, where non-redundancy and coherence were taken from

Dang (2005).

1. Fluency: the summary sentences should be grammatically correct, easy to read and

understand;

2. Coherence: the summary should be well structured and well organized;

3. Non-redundancy : there should be no unnecessary repetition in the summary;

4. Informativeness: how much useful information about the product does the summary

provide?;

5. Sentiment : how well the sentiment of the summary agrees with the overall sentiment of

the original reviews?

The evaluation is performed using Best-Worst Scaling (BWS) methodology (Louviere et

al., 2015; Louviere & Woodworth, 1991). BWS has been shown to produce more reliable

results than ranking scales (Kiritchenko & Mohammad, 2016b). The reviews and a number

of summaries are presented to workers. The workers are asked to select the best and worst

summary for each criterion. For every criterion, a system’s score is computed as the percentage

of times it was selected as best minus the percentage of times it was selected as worst (Orme,

2009). The scores range from -1 (unanimously worst) to +1 (unanimously best).
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3.4.2 Content Support

As we mentioned previously, we assess the input faithfulness of summaries via a content

support study. We split summary sentences and present them to workers along with reviews.

For each summary sentence, we ask to assess how well content of the sentence is reflected in

the reviews. The workers have three available options:

1. Full support : all the content is reflected in the reviews;

2. Partial support : only some content is reflected in the reviews;

3. No support : content is not reflected in the reviews.

Afterwards, we normalize scores to obtain proportions for each category being selected.
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Low-Resource Opinion Summarization
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Chapter 4

Unsupervised Opinion Summarization

as Copycat-Review Generation

In this chapter, we validate the first hypothesis (see Sec. 1.3) that customer reviews provide a

sufficiently strong signal for learning opinion summarizers. We capitalize on redundancies and

common opinions in the reviews of the same product. Intuitively, if we know that nine reviews are

negative about price, it makes it very likely that the tenth review is also negative about it. This

observation is at the core of the leave-one-out unsupervised1 training objective. Specifically,

given a collection of product reviews, a model predicts a held-out review conditioned on the

remaining ones. The held-out review acts as a pseudo summary that a model predicts by

leveraging common information expressed in other reviews. We will also use this objective for

pre-training before few-shot fine-tuning on gold summaries in Chapters 5 and 6.

We also introduce a latent hierarchical model – COPYCAT. Here, we explicitly model individual

review and product semantics with continuous variables. These variables have associated prior

densities acting as bottlenecks on the amount of information about the pseudo summary the

decoder receives. We show that the mean values of these variables result in summarizing texts

generated by the decoder. We train the model end-to-end using amortized inference (Kingma

& Welling, 2013), and show that our approach generates summaries that are fluent, coherent,

and input faithful.

4.1 Introduction

Summarization of user opinions expressed in online resources, such as customer reviews,

has drawn much attention due to its potential for various applications (Angelidis & Lapata,

2018; Hu & Liu, 2004; Medhat, Hassan, & Korashy, 2014). Opinion summaries capture

user experiences and are useful for better purchasing decisions. Furthermore, they can be

automatically produced for large volumes of products and services by trained models. However,

as we discussed in Sec. 1.2.2, one of the central challenges in opinion summarization is the

1. We use terms unsupervised and self-supervised interchangeably.

33
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Summary
This restaurant is a hidden gem in Toronto. The food is delicious,
and the service is impeccable. Highly recommend for anyone who
likes French bistro.

Reviews

We got the steak frites and the chicken frites both of which were
very good ... Great service ... || I really love this place ... Côte de
Boeuf ... A Jewel in the big city ... || French jewel of Spadina and
Adelaide , Jules ... They are super accommodating ... moules and
frites are delicious ... || Food came with tons of greens and fries
along with my main course , thumbs uppp ... || Chef has a very
cool and fun attitude ... || Great little French Bistro spot ... Go if
you want French bistro food classics ... || Great place ... the steak
frites and it was amazing ... Best Steak Frites ... in Downtown
Toronto ... || Favourite french spot in the city ... crème brule for
dessert

Table 4.1: A summary produced by our model; colors encode its alignment to the input reviews.
The reviews are truncated, and delimited with the symbol ‘||’.

scarcity of annotated data required to train summarizers. Annotated data, where customer

reviews are mapped to opinion summaries, is expensive to produce because annotators need

to read many reviews. Moreover, annotation efforts would have to be undertaken for multiple

domains as online reviews are inherently multi-domain (Blitzer, Dredze, & Pereira, 2007) and

summarization systems can be domain-sensitive (Isonuma, Fujino, Mori, Matsuo, & Sakata,

2017). This is in sharp contrast to the summarization of non-subjective documents (P. J. Liu

et al., 2018; Nallapati et al., 2016; Paulus et al., 2017; Rush et al., 2015; See et al., 2017)

where annotated samples are often available in large quantities (hundreds of thousands).

Perhaps unsurprisingly, there is a long history of applying unsupervised and weakly-supervised

methods to opinion summarization (e.g., Angelidis and Lapata 2018; Mei, Ling, Wondra, Su,

and Zhai 2007; Titov and McDonald 2008). However, these approaches have primarily focused

on extractive summarization, i.e., producing summaries by copying parts of the input reviews.

In this chapter, we consider abstractive summarization which involves generating new phrases,

possibly rephrasing or using words that were not in the original text. Abstractive summaries

are often preferable to extractive ones as they can synthesize content across documents

avoiding redundancy (Barzilay, McKeown, & Elhadad, 1999; Carenini & Cheung, 2008a;

Di Fabbrizio, Stent, & Gaizauskas, 2014). In addition, we focus on the unsupervised setting

and do not use any summaries for training. Unlike aspect-based summarization (B. Liu,

2012), which rewards the diversity of opinions, we aim to generate summaries that represent

consensus (i.e., dominant opinons in reviews). We argue that such summaries can be useful

for quick decision making, and to get an overall feel for a product or business (see the example

in Table 4.1).
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More specifically, we assume we are provided with a large collection of reviews for various

products and businesses and define a generative model of this collection. Intuitively, we want

to design such a model that, when generating a review for a product2 relying on a set of other

reviews, we can control the “amount of novelty” going into the new review or, equivalently,

vary the extent to which it deviates from the input. At test time, we can force the novelty to be

minimal, and generate summaries representing consensus opinions.

We capture this intuition by defining a hierarchical variational autoencoder (VAE) model.

Both products and individual reviews are associated with latent representations. Product

representations can store, for example, overall sentiment, common topics, and opinions

expressed about the product. In contrast, latent representations of reviews depend on the

product representations and capture the content of individual reviews. While at training time

the latent representations are random variables, we fix them to their respective means at test

time. As desired for summarization, these ‘average’ (or ‘copycat’) reviews differ in writing style

from a typical review. For example, they do not contain irrelevant details that are common

in customer reviews, such as mentioning the occasion or saying how many family members

accompanied the reviewer. In order to encourage the summaries to include specific details, the

review generator (‘decoder’) has direct access to the text of input reviews through the pointer-

generator mechanism (See et al., 2017). In the example in Table 4.1, the model included

specific information about the restaurant type and its location in the generated summary.

As we will see in ablation experiments, without this conditioning, model performance drops

substantially, as the summaries become more generic.

We evaluate our approach on two datasets, Amazon product reviews and Yelp reviews of

businesses. The only previous method dealing with unsupervised multi-document opinion

summarization, as far as we are aware of, is MEANSUM (Chu & Liu, 2019). Similarly to

our work, they generate consensus summaries and consider the Yelp benchmark. Whereas

we rely on continuous latent representations, they treat the summary itself as a discrete

latent representation of a product. Although this captures the intuition that a summary should

relay key information about a product, using discrete latent sequences makes optimization

challenging; Chu and Liu (2019); Miao and Blunsom (2016) all have to use an extra training

loss term and biased gradient estimators.

Our contributions can be summarized as follows:

• we introduce a simple end-to-end approach to unsupervised abstractive summarization;

• we demonstrate that the approach substantially outperforms the previous method, both

when measured with automatic metrics and in human evaluation;

2. For simplicity, we refer to both products (e.g., iPhone X) and businesses (e.g., a specific Starbucks branch) as
products.
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• we provide a dataset of abstractive summaries for Amazon products.3

4.2 Related Work

Extractive weakly-supervised opinion summarization has been an active area of research. A

recent example is Angelidis and Lapata (2018). First, they learn to assign sentiment polarity to

review segments in a weakly-supervised fashion. Then, they induce aspect labels for segments

relying on a small sample of gold summaries. Finally, they use a heuristic to construct a

summary of segments. OPINOSIS (Ganesan et al., 2010) does not use any supervision. The

model relies on redundancies in opinionated text and PoS tags in order to generate short

opinions. This approach is not well suited for the generation of coherent long summaries and

although it can recombine fragments of input text, it cannot generate novel words and phrases.

LEXRANK (Erkan & Radev, 2004) is an unsupervised extractive approach which builds a graph

in order to determine the importance of sentences, and then selects the most representative

ones as a summary. Isonuma, Mori, and Sakata (2019) introduce an unsupervised approach

for single review summarization, where they rely on latent discourse trees. Other earlier

approaches (Di Fabbrizio et al., 2014; Gerani et al., 2014) relied on text planners and templates,

while our approach does not require rules and can produce fluent and varied text. Finally,

conceptually related methods were applied to unsupervised single sentence compression

(Miao & Blunsom, 2016). The most related approach to ours is MEANSUM (Chu & Liu, 2019)

which treats a summary as a discrete latent state of an autoencoder. In contrast, we define

a hierarchical model of a review collection and use continuous latent codes. Retrospectively,

the authors of CONSISTSUM (Ke, Gao, Shen, & Cheng, 2022) improved the performance over

our model by using a large pre-trained language model and a more tailored way to produce

synthetic datasets. Specifically, they considered the consistency of aspects and sentiments in

synthetic pairs (reviews and pseudo summaries).

4.3 Model Description

4.3.1 Unsupervised Training Objective

Human-written summaries are not the only source of training signal for models. Because

such summaries are scarce, we use synthetic datasets constructed from customer reviews to

resemble the multi-document summarization task. Unlike human-written summaries, customer

reviews are available in large quantities. For example, Amazon has more 230 millions of reviews.

In the simplest scenario, we construct the dataset as follows. For each set of reviews of a

3. Data and code: https://github.com/abrazinskas/Copycat-abstractive-opinion
-summarizer.

https://github.com/abrazinskas/Copycat-abstractive-opinion-summarizer
https://github.com/abrazinskas/Copycat-abstractive-opinion-summarizer
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Great Italian 
restaurant with 

authentic food and 
great service!
Recommend! 

We ordered pasta, 
and it was very 

tasty. Would 
recommend this 
place to anyone.

We visited this 
place last week. 
The waiters were  
friendly, and the 
food was great!
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<latexit sha1_base64="CR7L54o1YeU9LsNQE40W9Uq2lJ0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWVE8wHJEfY2e8mSvb1jd06IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9ziPXRsTqAacJ9yM6UiIUjKKV7p8GYlCuujV3AbJOvJxUIUdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bk5t8qQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa95lrX7nVRuVPI4inEEFLsCDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBaWo27</latexit>

zi
<latexit sha1_base64="CR7L54o1YeU9LsNQE40W9Uq2lJ0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWVE8wHJEfY2e8mSvb1jd06IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9ziPXRsTqAacJ9yM6UiIUjKKV7p8GYlCuujV3AbJOvJxUIUdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bk5t8qQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa95lrX7nVRuVPI4inEEFLsCDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBaWo27</latexit>

r1
<latexit sha1_base64="FHLuusiRugfXq9yLDHJXeoRyDTw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFIpYBG8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPeihNyxX3Zq7BNkkXk6qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWmVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3TqNe+6Vr/3qs1KHkcRLqACV+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH/k7jXs=</latexit>

r1
<latexit sha1_base64="FHLuusiRugfXq9yLDHJXeoRyDTw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFIpYBG8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPeihNyxX3Zq7BNkkXk6qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWmVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3TqNe+6Vr/3qs1KHkcRLqACV+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH/k7jXs=</latexit>

ri
<latexit sha1_base64="6ejvqfWeTmlkh+xJPTvHFGhmppk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFIpYBG8uI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlBzXkw3LVrblLkE3i5aQKOVrD8tdgFLM0QmmYoFr3PTcxfkaV4UzgvDRINSaUTekY+5ZKGqH2s+Wpc3JplREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109NeONnXCapQclWi8JUEBOTxd9kxBUyI2aWUKa4vZWwCVWUGZtOyYbgrb+8STr1mnddq9971WYlj6MIF1CBK/CgAU24gxa0gcEYnuEV3hzhvDjvzseqteDkM+fwB87nD04qjbM=</latexit>

ri
<latexit sha1_base64="6ejvqfWeTmlkh+xJPTvHFGhmppk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFIpYBG8uI5gOSI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlBzXkw3LVrblLkE3i5aQKOVrD8tdgFLM0QmmYoFr3PTcxfkaV4UzgvDRINSaUTekY+5ZKGqH2s+Wpc3JplREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109NeONnXCapQclWi8JUEBOTxd9kxBUyI2aWUKa4vZWwCVWUGZtOyYbgrb+8STr1mnddq9971WYlj6MIF1CBK/CgAU24gxa0gcEYnuEV3hzhvDjvzseqteDkM+fwB87nD04qjbM=</latexit>

rN
<latexit sha1_base64="+u2ZEi3F18mUZuF5me4Z7PCAJH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjZVENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZn7nSdUmsfy0UwT9CM6kjzkjBorPajB3aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2veZd1ur3XrVRyeMowhlU4AI8uIIG3EITWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wclPo2Y</latexit>

rN
<latexit sha1_base64="+u2ZEi3F18mUZuF5me4Z7PCAJH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjZVENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZn7nSdUmsfy0UwT9CM6kjzkjBorPajB3aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2veZd1ur3XrVRyeMowhlU4AI8uIIG3EITWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wclPo2Y</latexit>

…

…

…

…

(a) Conditional independence of the reviews
given the group representation c.

z1
<latexit sha1_base64="HtnNQ87l4sUB8773B8jRew1tlTM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWVE8wHJEfY2e8mSvb1jd06IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9ziPXRsTqAacJ9yM6UiIUjKKV7p8G3qBcdWvuAmSdeDmpQo7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNybpUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu17zLWv3OqzYqeRxFOIMKXIAHV9CAW2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAFeo2D</latexit>

z1
<latexit sha1_base64="HtnNQ87l4sUB8773B8jRew1tlTM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWVE8wHJEfY2e8mSvb1jd06IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9ziPXRsTqAacJ9yM6UiIUjKKV7p8G3qBcdWvuAmSdeDmpQo7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNybpUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu17zLWv3OqzYqeRxFOIMKXIAHV9CAW2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAFeo2D</latexit>

c
<latexit sha1_base64="rWO4aMm2sRsktQXw3xGEoIXJ3Ew=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWUC5gOSI+xt5pI1e3vH7p4QjvwCGwtFbP1Jdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mdwu/+4RK81g+mFmCfkTHkoecUWOlFhuWq27NXYJsEi8nVcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TS6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sqde861q95VUblTyOIlxABa7AgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AvSOMyA==</latexit>

c
<latexit sha1_base64="rWO4aMm2sRsktQXw3xGEoIXJ3Ew=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWUC5gOSI+xt5pI1e3vH7p4QjvwCGwtFbP1Jdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mdwu/+4RK81g+mFmCfkTHkoecUWOlFhuWq27NXYJsEi8nVcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TS6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sqde861q95VUblTyOIlxABa7AgxtowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AvSOMyA==</latexit>

zN
<latexit sha1_base64="n3BreBzdCgo8Wf+t9NvW0ZOVfFo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNkiBYhbtYaBmwsZKI5gOSI+xt9pIle3vH7pwQj/wEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777aytb2xubRd2irt7+weHpaPjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfD3z249cGxGrB5wk3I/oUIlQMIpWun/q3/ZLFbfqzkFWiZeTCuRo9EtfvUHM0ogrZJIa0/XcBP2MahRM8mmxlxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2hD8JZfXiWtWtW7qNbuvEq9nMdRgFMowzl4cAl1uIEGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx8xbo2g</latexit>

zN
<latexit sha1_base64="n3BreBzdCgo8Wf+t9NvW0ZOVfFo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNkiBYhbtYaBmwsZKI5gOSI+xt9pIle3vH7pwQj/wEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777aytb2xubRd2irt7+weHpaPjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfD3z249cGxGrB5wk3I/oUIlQMIpWun/q3/ZLFbfqzkFWiZeTCuRo9EtfvUHM0ogrZJIa0/XcBP2MahRM8mmxlxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2hD8JZfXiWtWtW7qNbuvEq9nMdRgFMowzl4cAl1uIEGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx8xbo2g</latexit>

Great Italian 
restaurant with 

authentic food and 
great service!
Recommend! 

We ordered pasta, 
and it was very 

tasty. Would 
recommend this 
place to anyone.

We visited this 
place last week. 
The waiters were  
friendly, and the 
food was great!

zi
<latexit sha1_base64="CR7L54o1YeU9LsNQE40W9Uq2lJ0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWVE8wHJEfY2e8mSvb1jd06IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9ziPXRsTqAacJ9yM6UiIUjKKV7p8GYlCuujV3AbJOvJxUIUdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bk5t8qQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa95lrX7nVRuVPI4inEEFLsCDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBaWo27</latexit>

zi
<latexit sha1_base64="CR7L54o1YeU9LsNQE40W9Uq2lJ0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjWVE8wHJEfY2e8mSvb1jd06IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3Mz9ziPXRsTqAacJ9yM6UiIUjKKV7p8GYlCuujV3AbJOvJxUIUdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bk5t8qQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa95lrX7nVRuVPI4inEEFLsCDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBaWo27</latexit>

r1
<latexit sha1_base64="FHLuusiRugfXq9yLDHJXeoRyDTw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFIpYBG8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPeihNyxX3Zq7BNkkXk6qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWmVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3TqNe+6Vr/3qs1KHkcRLqACV+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH/k7jXs=</latexit>

r1
<latexit sha1_base64="FHLuusiRugfXq9yLDHJXeoRyDTw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFIpYBG8uI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvV343SeujYjVI84S7kd0rEQoGEUrPeihNyxX3Zq7BNkkXk6qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWmVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3TqNe+6Vr/3qs1KHkcRLqACV+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH/k7jXs=</latexit>

ri
<latexit sha1_base64="6CgGLJgqbLWVCp8/rI9tiO4P6nI=">AAAB+XicbVC7TsMwFL3hWcorwMhitUJiqpIywFiJhbFI9CG1UeQ4bmvVsSPbqVRF/RMWBhBi5U/Y+BucNgO0HMny0Tn3yscnSjnTxvO+na3tnd29/cpB9fDo+OTUPTvvapkpQjtEcqn6EdaUM0E7hhlO+6miOIk47UXT+8LvzajSTIonM09pkOCxYCNGsLFS6LrDSPJYzxN75Spki9Ctew1vCbRJ/JLUoUQ7dL+GsSRZQoUhHGs98L3UBDlWhhFOF9VhpmmKyRSP6cBSgROqg3yZfIGurBKjkVT2CIOW6u+NHCe6CGcnE2wmet0rxP+8QWZGd0HORJoZKsjqoVHGkZGoqAHFTFFi+NwSTBSzWRGZYIWJsWVVbQn++pc3SbfZ8G8azUe/3qqVdVTgEmpwDT7cQgseoA0dIDCDZ3iFNyd3Xpx352M1uuWUOxfwB87nDz4jk/E=</latexit>

ri
<latexit sha1_base64="6CgGLJgqbLWVCp8/rI9tiO4P6nI=">AAAB+XicbVC7TsMwFL3hWcorwMhitUJiqpIywFiJhbFI9CG1UeQ4bmvVsSPbqVRF/RMWBhBi5U/Y+BucNgO0HMny0Tn3yscnSjnTxvO+na3tnd29/cpB9fDo+OTUPTvvapkpQjtEcqn6EdaUM0E7hhlO+6miOIk47UXT+8LvzajSTIonM09pkOCxYCNGsLFS6LrDSPJYzxN75Spki9Ctew1vCbRJ/JLUoUQ7dL+GsSRZQoUhHGs98L3UBDlWhhFOF9VhpmmKyRSP6cBSgROqg3yZfIGurBKjkVT2CIOW6u+NHCe6CGcnE2wmet0rxP+8QWZGd0HORJoZKsjqoVHGkZGoqAHFTFFi+NwSTBSzWRGZYIWJsWVVbQn++pc3SbfZ8G8azUe/3qqVdVTgEmpwDT7cQgseoA0dIDCDZ3iFNyd3Xpx352M1uuWUOxfwB87nDz4jk/E=</latexit>

rN
<latexit sha1_base64="+u2ZEi3F18mUZuF5me4Z7PCAJH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjZVENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZn7nSdUmsfy0UwT9CM6kjzkjBorPajB3aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2veZd1ur3XrVRyeMowhlU4AI8uIIG3EITWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wclPo2Y</latexit>

rN
<latexit sha1_base64="+u2ZEi3F18mUZuF5me4Z7PCAJH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tlgTBKtzFQsuAjZVENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZn7nSdUmsfy0UwT9CM6kjzkjBorPajB3aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2veZd1ur3XrVRyeMowhlU4AI8uIIG3EITWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wclPo2Y</latexit>

…

…

…

…

(b) The ri’s decoder accesses other reviews of
the group (r1, ..., ri−1, ri+1, ..., rN ).

Figure 4.1: Unfolded graphical representation of the model in terms of random variables and
associated. Here r is review texts, c and z correspond to representations of a product and
review, respectively.

product, we sample a review and use it a summary. In the same vein, we sample N source

reviews to be passed to the model as input. The central observation is that reviews of the same

product are correlated in terms of their content (e.g., aspects and entities) and a model can

learn these correlations to later generate a representative review. Intuitively, if 9 reviews out

of 10 praise meals in a restaurant, it is a strong indicator that the 10th review will praise the

meals too. As we showed in this chapter, these patterns combined with modelling choices

result in learned summarizers that generate fluent and coherent summaries, reflecting common

opinions.

4.3.2 Model Overview

Our text collection consists of groups of reviews, with each group corresponding to a single

product. Our latent summarization model (COPYCAT) captures this hierarchical organization

and can be regarded as an extension of the vanilla text-VAE model Bowman et al. (2016),

which we described in Sec. 2.5.

COPYCAT can be graphically represented as a Bayesian network shown in Fig. 4.1a. At the top,

we associate each review group (equivalently, each product) with a continuous variable c, which

captures the group’s ‘latent semantics’. This variable is latent and is not directly observable in

data. In addition, we associate each individual review (ri) with a continuous variable zi, encoding

the semantics of that review. The information stored in zi is used by the decoder pθ (ri|zi) to

produce review text ri.

The marginal log-likelihood of one group of reviews r1:N = (r1, . . . ,rN) is given by

log pθ (r1:N) = log
∫ [

pθ (c)
N

∏
i=1

[∫
pθ (ri|zi)pθ (zi|c)dzi

]
dc

]
,
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where we marginalize over variables c and z1:N . When generating a new review ri, given the

set of previous reviews r1:i, the information about these reviews has to be conveyed through

the latent representations c and zi. This bottleneck is undesirable, as it will make it hard for the

model to pass fine-grain information. For example, at generation time, the model should be

reusing named entities (e.g., product names or technical characteristics) from other reviews

rather than ‘hallucinating’ or avoiding generating them at all, resulting in generic and non-

informative text. We alleviate this issue by letting the decoder directly access other reviews.

We can formulate this as an auto-regressive model:

pθ (r1:N |c) =
N

∏
i=1

pθ (ri|r1, ...,ri−1,c). (D.1)

As we discuss in Section 4.4, the conditioning is instantiated using the pointer-generator

mechanism See et al. (2017), and, thus, specifically helps in predicting/generating rare words

(e.g., named entities).

The formulation in Eq. D.1, imposes a particular order due to the chain rule. Instead, we want

our summarizer to equally rely on every review, without imposing any order (e.g., temporal)

on the generation process. As shown in Fig. 4.1b, when generating ri, we let the decoder

access all other reviews within a group, r−i = (r1, . . . ,ri−1,ri+1, . . . ,rN). This is closely related

to pseudolikelihood estimation Besag (1975) or Skip-Thought’s objective Kiros et al. (2015).

The final objective that we maximize for each group of reviews r1:N :

log
∫

pθ (c)
N

∏
i=1

[∫
pθ (ri|zi,r_i)pθ (zi|c)dzi

]
dc. (D.2)

We will confirm in ablation experiments (in Sec. 4.8.1) that both hierarchical modeling (i.e., using

c) and the direct conditioning on other reviews are beneficial.
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4.3.3 Model Estimation

To estimate the model we leverage variational inference and VAE specifically (Kingma &

Welling, 2013). For a more detailed presentation of the technique, please refer to Sec. 2.5. We

start with the log-likelihood in Eq. D.3a and introduce two approximate posteriors, also called

inference networks, as in Eq. D.3b.

log
∫

pθ (c)
N

∏
i=1

[∫
pθ (ri|zi,r_i)pθ (zi|c)dzi

]
dc = (D.3a)

log
∫ [

pθ (c)
qφ (c|r1:N)

qφ (c|r1:N)

N

∏
i=1

[∫
pθ (ri,z|c,r_i)

qφ (z|ri,c)
qφ (z|ri,c)

dz
]

dc

]
= (D.3b)

log E
c∼qφ (c|r1:N)

[
pθ (c)

qφ (c|r1:N)

N

∏
i=1

E
z∼qφ (z|ri,c)

[
pθ (ri,z|c,r_i)

qφ (z|ri,c)

]]
(D.3c)

The inference networks – qφ (c|r1:N) and qφ (zi|ri,c) – are neural networks parameterized

with φ and will be discussed in detail in Sec. 4.4. They approximate the corresponding

posterior distributions of the model. Further, we can re-formulate the sums as the expectation

terms shown in Eq. D.3c. At this stage, we can leverage the logarithms concavity (Boyd &

Vandenberghe, 2004) to get the lower bound shown in Eq. D.4.

log E
c∼qφ (c|r1:N)

[
pθ (c)

qφ (c|r1:N)

N

∏
i=1

E
z∼qφ (z|ri,c)

[
pθ (ri,z|c,r_i)

qφ (z|ri,c)

]]
≥

E
c∼qφ (c|r1:N)

[
N

∑
i=1

log E
z∼qφ (z|ri,c)

[
pθ (ri,z|c,r_i)

qφ (z|ri,c)

]]
−DKL

[
qφ (c|r1:N))||pθ (c)

]
≥

E
c∼qφ (c|r1:N)

[
N

∑
i=1

E
z∼qφ (z|ri,c)

[
log

pθ (ri,z|c,r_i)

qφ (z|ri,c)

]]
−DKL

[
qφ (c|r1:N))||pθ (c)

]
=

E
c∼qφ (c|r1:N)

[
N

∑
i=1

E
z∼qφ (z|ri,c)

[log pθ (ri|z,r_i)]−
N

∑
i=1

DKL
[
qφ (z|i)||pθ (z|c)

]]
−DKL

[
qφ (c|r1:N)||pθ (c)

]
(D.4)

As standard with variational inference, instead of maximizing the log-likelihood directly, we

maximize its lower bound. The first term in Eq. D.4 is the reconstruction error : it encourages the

quality reconstruction of the reviews from latent codes. Unfortunately, the exact computation of

the term is intractable. In this light, we leverage the re-parametrization trick (Kingma & Welling,

2013) and Monte Carlo estimation. See Sec. 2.5.1 for more details about the method.
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Figure 4.2: Production of the latent code zN for review rN .

The other two terms in Eq. D.4 are regularizers – Kullback-Leibler divergences (KLDs). They

control the amount of information encoded in the latent representation by penalizing the

deviation of the estimated posteriors from the corresponding priors. Due to the fact that both

the posteriors and priors are Gaussian distributions, the KLD terms are available in the closed

form. Lastly, the bound is maximized with respect to both the generative model’s parameters θ

and inference networks’ parameters φ .

The inference network predicting the posterior for a review-specific variable qφ (zi|ri,c) is

needed only in training and is discarded afterwards. In contrast, we will exploit the inference

network qφ (c|r1:N) when generating summaries, as discussed in Section 4.5.

4.4 Design

4.4.1 Text Representations

A GRU encoder (Cho et al., 2014) embeds review words w to obtain hidden states h. Those

representations are reused across the system, e.g., in the inference networks and the decoder.

The full architecture used to produce the latent codes c and zi is shown in Fig. 4.2. We

make Gaussian assumptions for all distributions (i.e. posteriors and priors). As in Kingma and

Welling (2013), we use separate linear projections (LPs) to compute the means and diagonal

log-covariances.
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4.4.2 Prior p(c) and posterior qφ (c|r1:N)

We set the prior over group latent codes to the standard normal distribution, p(c) = N(c;0, I).

In order to compute the approximate posterior qφ (c|r1:N), we first predict the contribution

(‘importance’) of each word in each review α t
i to the code of the group:

α
t
i =

exp( f α
φ
(mt

i))

∑
N
j=1 ∑

Tj
k exp( f α

φ
(mk

j))
,

where Ti is the length of ri and f α
φ

is a feed-forward neural network (FFNN)4 which takes as

input concatenated word embeddings and hidden states of the GRU encoder, mt
i = [ht

i ◦wt
i],

and returns a scalar. Next, we compute the intermediate representation with the weighted sum:

ĥ = ∑
N
i=1 ∑

Ti
t α t

i mt
i .

Finally, we compute the Gaussian’s parameters using the affine projections:

µφ (r1:N) = Lĥ+bL

logσφ (r1:N) = Gĥ+bG

4.4.3 Prior pθ (zi|c) and posterior qφ (zi|ri,c)

To compute the prior on the review code zi, pθ (zi|c) = N(zi; µθ (c), Iσθ (c)), we linearly project

the product code c. Similarly, to compute the parameters of the approximate posterior qφ (z|ri,c)

= N(z; µφ (ri,c), Iσφ (ri,c)), we concatenate the last encoder’s state hTi
i of the review ri and c,

and perform affine transformations.

4.4.4 Decoder pθ (ri|zi,r_i)

To compute the distribution pθ (ri|zi,r_i), we use an auto-regressive GRU decoder with the

attention mechanism (Bahdanau et al., 2015) and a pointer-generator network.

We compute the context vector ct
i = att(st

i,h_i) by attending to all the encoder’s hidden states

h_i of the other reviews r_i of the group, where the decoder’s hidden state st
i is used as a query.

The hidden state of the decoder is computed using the GRU cell as

st
i = GRUθ (st−1

i , [wt
i ◦ ct−1

i ◦ zi]). (D.5)

The cell inputs the previous hidden state st−1
i , as well as concatenated word embedding wt

i,

context vector ct−1
i , and latent code zi.

4. We use FFNNs with the tanh non-linearity in several model components. Whenever a FFNN is mentioned in the
subsequent discussion, this architecture is assumed.
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Finally, we compute the word distributions using the pointer-generator network:

pθ (ri|zi,r_i) =
T

∏
t=1

gθ (rt
i |st

i,c
t
i,w

t
i,r_i) (D.6)

The pointer-generator network computes two internal word distributions that are hierarchically

aggregated into one distribution (Morin & Bengio, 2005). One distribution assigns probabilities

to words being generated using a fixed vocabulary, and another one probabilities to be copied

directly from the other reviews r_i. In our case, the network helps to preserve details and,

especially, to generate rare tokens.

4.5 Summary Generation

Given reviews r1:N , we generate a summary that reflects common information using trained

components of the model. Formally, we could sample a new review from

pθ (r|r1:N) = E
c∼qφ (c|r1:N)

[
E

z∼pθ (z|c)
[pθ (r|z,r1:N)]

]
.

As we argued in the introduction and will revisit in experiments, a summary or summarizing

review, should be generated relying on the mean of the reviews’ latent code. Consequently,

instead of sampling z from pθ (z|c) = N(z; µθ (c), Iσθ (c)), we set it to µθ (c). We also found

beneficial, in terms of evaluation metrics, not to sample c but instead to rely on the mean

predicted by the inference network qφ (c|r1:N).

4.6 Experimental Setup

4.6.1 Datasets

Our experiments were conducted on business customer reviews from the Yelp Dataset

Challenge and Amazon product reviews (He & McAuley, 2016). These were pre-processed

similarly to Chu and Liu (2019), and the corresponding data statistics are shown in Table 4.2.

We selected only businesses and products with a minimum of 10 reviews, and thee minimum

and maximum length of 20 and 70 words respectively, popular groups above the 90th percentile

were removed. And each group was set to contain 8 reviews during training. From the Amazon

dataset we selected 4 categories: Electronics; Clothing, Shoes and Jewelry, Home and Kitchen;

Health and Personal Care.
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Dataset Training Validation
Yelp 38,776/1,012,280 4,311/113,373

Amazon 183,103/4,566,519 9,639/240,819

Table 4.2: Data statistics after pre-processing. The format in the cells is Businesses/Reviews
and Products/Reviews for Yelp and Amazon, respectively.

These datasets present different challenges to abstractive summarization systems. Yelp reviews

contain much personal information and irrelevant details which one may find unnecessary in a

summary. Our summarizer, therefore, needs to distill important information in reviews while

abstracting away from details such as a listing of all items on the menu, or mentions of specific

dates or occasions upon which customers visited a restaurant. On the contrary, in Amazon

reviews, we observed that users tend to provide more objective information and specific details

that are useful for decision making (e.g., the version of an electronic product, its battery life, its

dimensions). In this case, it would be desirable for our summarizer to preserve this information

in the output summary.

For evaluation, we used the same 100 human-created Yelp summaries released by Chu and Liu

(2019). These were generated by Amazon Mechanical Turk (AMT) workers, who summarized

8 input reviews. We created a new test for Amazon reviews following a similar procedure

(see Appendix A.3 for details). We sampled 60 products and 8 reviews for each product, and

they were shown to AMT workers who were asked to write a summary. We collected three

summaries per product, 28 products were used for development and 32 for testing.

4.6.2 Experimental Details

For sequential encoding and decoding, we used GRUs (Cho et al., 2014) with 600-dimensional

hidden states. The word embeddings dimension was set to 200, and they were shared across

the model (Press & Wolf, 2017). The vocabulary size was set to 50,000 most frequent words,

and an extra 30,000 were allowed in the extended vocabulary, the words were lower-cased.

We used the Moses’ (Koehn et al., 2007) reversible tokenizer and truecaser. Xavier uniform

initialization (Glorot & Bengio, 2010) of 2D weights was used, and 1D weights were initialized

with the scaled normal noise (σ = 0.1). We used the Adam optimizer (Kingma & Ba, 2014),

and set the learning rate to 0.0008 and 0.0001 on Yelp and Amazon, respectively. For summary

decoding, we used length-normalized beam search of size 5, and relied on latent code means.

In order to overcome ‘posterior collapse’ (Bowman et al., 2016) we applied cycling annealing

(Fu et al., 2019) with r = 0.8 for both the z and c related KL terms, with a new cycle over

approximately every 2 epochs over the training set. The maximum annealing scalar was set to

1 for z-related KL term in on both datasets, and 0.3 and 0.65 for c-related KL-term on Yelp and

Amazon, respectively. The reported ROUGE scores are based on F1.
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The dimensions of the variables c and z were set to 600, and the c posterior’s scoring neural

network had a 300-dimensional hidden layer and the tanh non-linearity.

The decoder’s attention mechanism used a single layer neural network with a 200-dimensional

hidden layer, and the tanh non-linearity. The copy gate in the pointer-generator network was

computed with a 100-dimensional single-hidden layer network, with the same non-linearity.

4.6.3 Baseline Models

OPINOSIS is a graph-based abstractive summarizer (Ganesan et al., 2010) designed to

generate short opinions based on highly redundant texts. Although it is referred to as abstractive,

it can only select words from the reviews.

LEXRANK is an unsupervised algorithm which selects sentences to appear in the summary

based on graph centrality (sentences represent nodes in a graph whose edges have weights

denoting similarity computed with tf-idf). A node’s centrality can be measured by running a

ranking algorithm such as PageRank (Page et al., 1999).

MEANSUM is an unsupervised abstractive summarization model (Chu & Liu, 2019) which treats

a summary as a structured latent state of an auto-encoder trained to reconstruct reviews of a

product.

TEXT VAE we also trained a vanilla text VAE model (Bowman et al., 2016) with our GRU

encoder and decoder. When generating a summary for r1, ...,rN , we averaged the means of

qφ (zi|ri).

Finally, we used a number of simple summarization baselines. We computed the clustroid

review for each group as follows. We took each review from a group and computed ROUGE-L

with respect to all other reviews. The review with the highest ROUGE score was selected as the

clustroid review. Furthermore, we sampled a random review from each group as the summary,

and constructed the summary by selecting the leading sentences from each review of a group.

Additionally, as an upper bound, we report the performance of an oracle review, i.e., the

highest-scoring review in a group when computing ROUGE-L against reference summaries.

4.6.4 Automatic Evaluation

As can be seen in Table 4.3, our model, COPYCAT, yields the highest scores on both Yelp

and Amazon datasets. We observe large gains over the vanilla VAE. We conjecture that

the vanilla VAE struggles to properly represent the variety of categories under a single

prior p(z). For example, reviews about a sweater can result in a summary about socks

(see example summaries in Appendix). This contrasts with our model which allows each

group to have its own prior pθ (z|c) and access to other reviews during decoding. The

gains are especially large on the Amazon dataset, which is very broad in terms of product
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Amazon Yelp
R1 R2 RL R1 R2 RL

ORACLE 33.98 7.88 21.60 29.07 5.27 18.63
CLUSTROID 29.28 4.41 17.78 26.28 3.48 15.36
RANDOM 27.66 4.72 16.95 23.04 2.44 13.44
LEAD 30.32 5.90 15.78 26.34 3.72 13.86
LEXRANK 28.74 5.47 16.75 25.01 3.62 14.67
OPINOSIS 28.42 4.57 15.50 24.88 2.78 14.09
VAE 22.87 2.75 14.46 25.42 3.11 15.04
MEANSUM 29.20 4.70 18.15 28.46 3.66 15.57
COPYCAT 31.97 5.81 20.16 29.47 5.26 18.09

Table 4.3: ROUGE scores on the Amazon and Yelp test sets.

Fluency Coherence Non Redundancy Opinion Consensus Overall
GOLD 0.6486 0.8140 0.6667 0.3750 0.8085
LEXRANK -0.7662 -0.8293 -0.7699 0.3500 -0.5278
MEANSUM -0.5294 -0.4857 0.0270 -0.6235 -0.7468
COPYCAT 0.5802 0.5161 0.4722 -0.0909 0.3818

Table 4.4: Human evaluation results in terms of the Best-Worst scaling on the Yelp test set.

categories. Our model also substantially outperforms MEANSUM. As we will confirm in human

evaluation, MEANSUM’s summaries are relatively fluent at the sentence level but often contain

hallucinations, i.e., information not present in input reviews. We provide an example summary

produced by COPYCAT and MEANSUM in Tables 4.9 and 4.10.

4.7 Human Evaluation

4.7.1 Best-Worst Scaling

We performed human evaluation using the AMT platform. We sampled 50 businesses from

the human-annotated Yelp test set and used all 32 test products from the Amazon set. We

recruited 3 workers to evaluate each tuple containing summaries from MEANSUM, our model,

LEXRANK, and human annotators. The reviews and summaries were presented to the workers

in random order and were judged using Best-Worst Scaling (Louviere et al., 2015; Louviere &

Woodworth, 1991). BWS has been shown to produce more reliable results than ranking scale

(Kiritchenko & Mohammad, 2016a). Crowdworkers were asked to judge summaries according

to the criteria listed below (we show an abridged version below, the full set of instructions is

given in Appendix A.2). The non-redundancy and coherence criteria were taken from Dang

(2005).
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Fluency Coherence Non Redundancy Opinion Consensus Overall
GOLD 0.3968 0.7097 0.7460 0.6207 0.7231
LEXRANK -0.2963 -0.3208 -0.3962 0.4348 0.1064
MEANSUM -0.6410 -0.8667 -0.6923 -0.7736 -0.8305
COPYCAT 0.4444 0.3750 0.0270 -0.4286 -0.1429

Table 4.5: Human evaluation results in terms of the Best-Worst scaling on the Amazon dataset
test set.

Fluency : the summary sentences should be grammatically correct, easy to read and under-

stand; Coherence: the summary should be well structured and well organized; Non-redundancy :

there should be no unnecessary repetition in the summary; Opinion consensus: the summary

should reflect common opinions expressed in the reviews; Overall : based on your own criteria

(judgment) please select the best and the worst summary of the reviews.

For every criterion, a system’s score is computed as the percentage of times it was selected as

best minus the percentage of times it was selected as worst (Orme, 2009). The scores range

from -1 (unanimously worst) to +1 (unanimously best).

On Yelp, as shown in Table 4.4, our model scores higher than the other models according

to most criteria, including overall quality. The differences with other systems are statistically

significant for all the criteria at p < 0.01, using post-hoc HD Tukey tests. The difference in

fluency between our system and gold summaries is not statistically significant.

The results on Amazon are shown in Table 4.5. Our system outperforms other methods in

terms of fluency, coherence, and non-redundancy. As with Yelp, it trails LEXRANK according

to the opinion consensus criterion. Additionally, LEXRANK is slightly preferable overall. All

pairwise differences between our model and comparison systems are statistically significant at

p < 0.05.

Opinion consensus (OC) is a criterion that captures the coverage of common opinions, and

it seems to play a different role in the two datasets. On Yelp, LEXRANK has better coverage

compared to our model, as indicated by the higher OC score, but is not preferred overall. In

contrast, on Amazon, while the OC score is on the same par, LEXRANK is preferred overall.

We suspect that presenting a breadth of exact details on Amazon is more important than on

Yelp. Moreover, LEXRANK tends to produce summaries that are about 20 tokens longer than

ours resulting in better coverage of input details.
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Amazon Yelp
Full ↑ Partial ↑ None ↓ Full ↑ Partial ↑ None ↓

MEANSUM 24.41 31.23 44.36 28.41 30.66 40.92
COPYCAT 38.23 33.95 27.83 44.50 32.48 23.01

Table 4.6: Content support on the Amazon and Yelp test sets. Percentages are computed by
normalizing sentence votes.

R1 R2 RL
w/o r_i 28.66 4.54 18.63
w/o c 27.67 5.07 19.19
w/o z 29.26 4.16 17.39
Sampling 25.63 4.34 17.16
Full 31.97 5.81 20.16

Table 4.7: Ablations, ROUGE scores on the Amazon test set.

4.7.2 Content Support

The ROUGE metric relies on unweighted n-gram overlap and can be insensitive to hallucinating

facts and entities (Falke et al., 2019). For example, referring to a burger joint as a veggie

restaurant is highly problematic from a user perspective but yields only marginal differences

in ROUGE. To investigate how well the content of the summaries is supported by the input

reviews, we performed a second study. We used the same sets as in the human evaluation

in Section 4.7.1, and split MEANSUM and our system’s summaries into sentences. Then, for

each summary sentence, we assigned 3 AMT workers to assess how well the sentence is

supported by the reviews. Workers were advised to read the reviews and rate sentences using

one of the following three options. Full support : all the content is reflected in the reviews; Partial

support : only some content is reflected in the reviews; No support : content is not reflected in

the reviews.

The results in Table 4.6 indicate that our model is better at preserving information than

MEANSUM by generating fewer hallucinations. We observed that this is especially prominent

for rare words, such as brand names.

4.8 Analysis

4.8.1 Ablations

To investigate the importance of the model’s individual components, we performed ablations by

removing the latent variables (zi and c, one at a time), and attention over the other reviews.

The models were re-trained on the Amazon dataset. The results are shown in Table 4.7. They

indicate that all components play a role, yet the most significant drop in ROUGE was achieved
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when the variable z was removed, and only c remained. Summaries obtained from the latter

system were wordier and looked more similar to reviews. Dropping the attention (w/o r_i)

results in more generic summaries as the model cannot copy details from the input. Finally, the

smallest quality drop in terms of ROUGE-L was observed when the variable c was removed.

In the introduction, we hypothesized that using the mean of latent variables would result in

more “grounded” summaries reflecting the content of the input reviews, whereas sampling

would yield texts with many novel and potentially irrelevant details. To empirically test this

hypothesis, we sampled the latent variables during summary generation, as opposed to using

mean values (see Sec. 4.5). We indeed observed that the summaries were wordier, less fluent,

and less aligned to the input reviews, as is also reflected in the ROUGE scores (Table 4.7).

4.8.2 Copy Mechanism

Finally, we analyzed which words are copied by the full model during summary generation.

Generally, the model copies around 3-4 tokens per summary. We observed a tendency to copy

product-type specific words (e.g., shoes) as well as brands and names.

4.8.3 Latent Codes

mean z
Bought this for my Kindle Fire HD and it works great. I have had no problems with it. I would
recommend it to anyone looking for a good quality cable.

z1
Works fine with my Kindle Fire HD 8.9". The picture quality is very good, but it doesn’t work as
well as the picture. I’m not sure how long it will last, but i am very disappointed.

z2
This is a great product. I bought it to use with my Kindle Fire HD and it works great. I would
recommend it to anyone who is looking for a good quality cable for the price.

z3
Good product, does what it is supposed to do. I would recommend it to anyone looking for a
HDMI cable.

Reviews

Love this HDMI cable , but it only works with HD Kindle and not the HDX Kindle which makes
me kinda crazy . I have both kinds of Kindles but the HDX is newer and I can t́ get a cable for
the new one . I guess my HD Kindle will be my Amazon Prime Kindle . It works great ! </s> I got
a kindle for Christmas . I had no idea how to work one etc . I discovered you can stream movies
to your tv and this is the exact cable for it . Works great and seems like its good quality . A bit
long though. </s> this is great for watching movies from kindle to tv . Now the whole family can
enjoy rather than one person at a time . Picture quality isnt́ amazing , but it ś good . </s> I just
received this wire in the mail , and it does not work in the slightest . I am very displeased with
this product . </s> Works great ! ! Now I can watch Netflix on my TV with my Kindle Fire HD ... I
love it and so will you ! </s> Works awesome . Great item for the price. Got it very quickly . Was
as described in the ad. Exactly what I was looking for. </s> I plugged it into my Kindle fire HD
and into the TV and works perfectly . Have had no problems with it ! </s> This is just what I was
looking for to connect my Kindle Fire to view on our TV ! Great price too!

Table 4.8: Amazon summaries of the full model with sampled and mean assignment to z.
The assignment to c was fixed, and was the mean value based on the approximate posterior
qφ (c|r1, ...,rN). Reviews are separated by ‘</s>’.
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We performed a qualitative analysis of the latent variable z to shed additional light on what

it stores and sensitivity of the decoder with respect to its input. Specifically, we computed

the mean value for the variable c using the approximate posterior qφ (c|r1, ...,rN), and then

sampled z from the prior pθ (z|c).

First, we observed that the summaries produced using the mean of z are more fluent. For

example, in Table 4.8, the z1 based summary states: ‘The picture quality is very good, but it

doesn’t work aswell as the picture.’, where the second phrase could be rewritten in a more

fluent matter. Also, we found that mean based summaries contain less details that are partially

or not supported by the reviews. For example, in the table, z1 based summary mentions Kindle

Fire HD 8.9’, while the dimension is never mentioned in the reviews. Finally, different samples

were observed to result in texts that contain different details about the reviews. For example, z1

sample results in the summary that captures the picture quality, while z3 that the item is good

for its price. Overall, we observed that the latent variable z stores content based information,

that results in syntactically diverse texts, yet reflecting information about the same businesses

or product.

4.8.4 Repetitions

We observed an increase in the amount of generated repetitions both in the reconstructed

reviews and summaries when the z-related KL term is low and beam search is used. Intuitively,

the initial input to the decoder becomes less informative, and it starts relying on learned local

statistics to perform reconstruction. When the z-related KLD vanishes to zero (see Eq. D.4),

the decoder essentially becomes a uncoditional language model, for which beam search was

shown to lead to generation of repetitions (Holtzman, Buys, Forbes, & Choi, 2019).

4.8.5 Review-like Fragments

As the model is trained solely on customer reviews, it can, unsurprisingly, generate review-like

fragments. These fragments can be uninformative and written in the informal (review-like)

writing style. For example in Table 4.9, the model generates: ‘I would recommend it to anyone

who wants to protect their laptop’. This is a common concluding phrase in customer reviews.

Content-wise, it is suitable for a summary, however, its writing style needs to be addressed. If

we could retain the same meaning but modify the style, we would prefer a sentence like: ‘This

case is highly recommended for laptop protection’. As we show in Chapter 5, this problem has

a very simple solution.
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4.9 Conclusions

In this chapter, we presented an abstractive summarizer of opinions, which does not use any

summaries in training and is trained on a large collection of reviews. The model has an explicit

hierarchical latent structure. Specifically, we represent individual review and product semantics

as continuous latent variables following Gaussian distributions. And the model is trained end-

to-end using amortized variational inference. In automatic evaluation, the model outperforms

competitors, especially the only other unsupervised abstractive multi-review summarizer –

MEANSUM. Furthermore, the human evaluation of the generated summaries (by considering

their alignment with the reviews) shows that those created by our model better reflect the

content of the input reviews.

We also presented leave-one-out unsupervised objective, which is model agnostic. This

objective allows us to construct a synthetic reviews-summary dataset, where a random review

is used as a summary. In this way the model learn useful correlations between the reviews of

the same product. As we will show in Chapters 5 and 6, this objective is also useful for model

pre-training before fine-tuning on human-written summaries.

In the next chapter, we will focus on improving the summary quality by leveraging a handful of

summaries. Specifically, we will focus on review-like fragments generated by COPYCAT (see

Sec. 4.8.5 for discussion). Our proposed model will be simpler – no latent variables – and

capitalize on few-shot learning. We will re-use the same objective for the model’s pre-training

discussed in Sec. 4.3.1. However, we will also leverage a handful of summaries to efficiently

improve the summarizer.

4.10 Reflections

During work on COPYCAT, no unsupervised abstractive opinion summarizers were available. In

this light, we proposed an unsupervised approach to train a latent model on customer reviews.

Below we reflect on these two aspects – COPYCAT and the unsupervised leave-one-out

objective.

For this model, we used two levels of latent variables – individual review semantics and product

semantics. To increase the model flexibility, more levels can be added. For instance, we could

assume that review semantics depend on review types. These types could correspond to

mayor aspects or general review topics and be modelled by individual review Categorical

variables. Following this intuition, an extended class-based COPYCAT was proposed in Nguyen,

Shen, and Hovsepian (2021). The extended model can be conditioned on different classes and
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generate summaries corresponding to different topics/aspects. In the same vein, one could

consider a more fine-grained approach by assigning a topic to each review sentence as in

RECURSUM (Isonuma, Mori, Bollegala, & Sakata, 2021a). The model utilizes a hierarchical

tree structure of topics, making it possible to control the granularity of summary sentences.

On the model’s architecture side, we leveraged GRUs (Cho et al., 2014), which were often

utilized in research and made our model comparable to MEANSUM. However, a more powerful

modelling backbone is also available – Transformers (Vaswani et al., 2017). This architec-

ture is more computationally efficient and better at modelling long-distance dependencies.

Consequently, we used this architecture in our next work described in Chapter 5.

Similarly, to make COPYCAT comparable to MEANSUM, we trained it from scratch. However,

an alternative would be to leverage a language model pre-trained on generic texts. Models,

such as BERT (Devlin, Chang, Lee, & Toutanova, 2019), BART (Lewis, Liu, et al., 2020), and

T5 (Raffel et al., 2019), have powerful language understanding and generation abilities useful

for the task.

Despite a latent structure offering text generation controllability, we later found easier ways

to assure desired text characteristics in generated summaries. Specifically, we found that

inductive biases in terms of latent variables can be effectively replaced by fine-tuning a model

on a handful of summaries. This few-shot perspective is attractive as it can reduce the model’s

complexity and does not require a high budget for annotations. We will discuss this in Chapters 5

and 6.

The proposed unsupervised objective in Sec. 4.3.1 – leave-one-out – can be extended and re-

utilized in a number of ways. First, the objective can be extended to a multimodal version as in

Isonuma et al. (2021a) by also conditioning on product images. In (Elsahar, Coavoux, Rozen, &

Gallé, 2021), the objective was extended by a more careful input reviews selection. Specifically,

they leveraged cosine similarity over tf-idf bag-of-word representations thus producing pairs

with better content alignment. Furthermore, the objective can be re-oriented to pre-training that

precedes fine-tuning. Under this objective, the model can learn in-domain and task-related

specifics as in Chapters 5 and 6. Lastly, the effectiveness of this objective in other multi-

document summarization domains was shown in Vogler, Li, Xu, Mi, and Berg-Kirkpatrick

(2022).

From a more global perspective, the work in this chapter opened an unsupervised opinion

summarization avenue by providing insights, datasets, and evaluation methods. Consequently,

this led to various models of the same type, which include RECURSUM (Im, Kim, Lee, Cho, &

Chung, 2021), MULTIMODALSUM (Isonuma et al., 2021a), COOP (Iso, Wang, Suhara, Angelidis,

& Tan, 2021), SELFSUM (Elsahar et al., 2021), PASS (Oved & Levy, 2021), to name a few.
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Summaries

COPYCAT
This is a great case for the Acer Aspire 14 l̈aptop. It is a little snug for my laptop, but it’s a nice
case. I would recommend it to anyone who wants to protect their laptop.

MEANSUM

I was looking for a cover with a small case, and this one was a great price. I was looking for a
case that is not too big and not too heavy. This one is great and I love it. I would recommend this
product.

GOLD

This 14’ laptop sleeve has an attractive design and is made of quality materials. It has a very snug
fit, so be cautious of buying it if your laptop is even slightly over 14’. The only real issue is the
rubbery smell that comes with it. Overall, I would recommend this, unless you have a sensitive
nose.

Reviews

Love the design of this sleeve. When I don’t have a table I use the sleeve as a mat to protect my thighs from
the heat of my laptop. Wish it had a bit more padding and cushion but other than that it’s a pretty carrying
sleeve.

This was bought for our teen daughter for Christmas, the only negative things about it are 1.no strap 2.no
pockets, other than that it is great, but in all fairness i knew both things about it when ordered, it came in
very fast, was just as described, great item for the price.

This case fits perfectly on my 14inch hp. I disagree with the comments that talk about the smell being
terrible. The smell really wasn’t that strong and went away after a couple of weeks. I love the design and it
was a fair price. Shipping was a little expensive though. It arrived quickly and I would buy from this seller
again.

I really enjoy the design of this case but I thought it would be lighter. When it came, it was a very dark grey
which was a bummer. But the quality is good and it has a nice thick padding to protect my laptop.

I like this case very much! It fits my Acer Aspire 14 ’as a glove!!! Yes, it smells a little bit but I wouldn’t say
that it’s so bad as mentioned in some reviews. And it’s very cute too. I recommend this product to anyone.

I BOUGHT IT FOR MY ACER 14 ’, IT IS A LITTLE BIT TIGHT, BUT THE WORST WAS IT HAS HEAVY
RUBBER SMELL, WHEN I LEAVE THE CASE IN MY ROOM, THE RUBBER SMELL WAS FILLED WITH
THE AIR EVERYWHERE OF MY ROOM, MADE ME SICK. DON’T BUY IT.

I have a dell inspiron 14, and the cover is a little snug. It’s working well though and now I can carry my
laptop in my school backpack rather than carry a separate laptop bag. I’d recommend this product, just do
a bunch of research to make sure it will fit.

I really love it! It doesn’t smell a lot as some reviews say and the draw is well defined.I bought this size for a
13.3 ’because my laptop will have a cover on it so I don’t know how it fits for a traditional 14 inch

Table 4.9: Amazon summaries generated by COPYCAT and MEANSUM.
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Summaries

COPYCAT

This place is the best Mexican restaurant i have ever been to. The food was delicious and the
staff was very friendly and helpful. Our server was very attentive and made sure we were taken
care of. We’ll be back for sure.

MEANSUM

A little on the pricey side but I was pleasantly surprised. We went there for a late lunch and it was
packed with a great atmosphere, food was delicious and the staff was super friendly. Very friendly
staff. We had the enchiladas with a few extra veggies and they were delicious! Will be back for
sure!

GOLD

This place is simply amazing! Its the best Mexican spot in town. Their tacos are delicious and full
of flavor. They also have chips and salsa that is to die for! The salsa is just delectable! It has a
sweet, tangy flavor that you can’t find anywhere else. I highly recommend!

Reviews

Classic style Mexican food done nicely! Yummy crispy cheese crisp with a limey margarita will will win
my heart any day of the week! The classic frozen with a chambord float is my favorite and they do it well
here.The salad carbon was off the chain- served on a big platter and worked for me as 2 full dinners.

For delicious Mexican food in north Phoenix, try La Pinata. This was our visit here and we were so stunned
by the speed in which our food was prepared that we were sure it was meant for another table. The food
was hot and fresh and well within our budget. My husband got a beef chimichanga and I got bean and
cheese burrito, which we both enjoyed. Chips and salsa arrived immediately; the salsa tastes sweeter than
most and is equally flavorful. We will be back!

Good food! Great atmosphere! Great patio. Staff was super friendly and accommodating! We will definately
return!

This place was very delicious! I got the ranchero burro and it was so good. The plate could feed at least two
people. The staff was great and so nice! I also got the fried ice cream it was good. I would recommend this
place to all my friends.

We arrive for the first time, greeted immediately with a smile and seated promptly. Our server was fantastic,
he was funny and fast. Gave great suggestions on the menu and we both were very pleased with the food,
flavors, speed and accuracy of our orders. We will definitely be going back for more great food!

Well was very disappointed to see out favorite ice cream parlor closed but delightfully surprised at how
much we like this spot!!Service was FANTASTIC TOP notch!! Taco was great lots of cheese. Freshly deep
fried shell not like SO MANY Phoenix mex restaurants use! Enchilada was very good. My wife really enjoyed
her chimichanga. My moms chilli reanno was great too. Everything we had so far was great. We will return.
Highly recommended.

I’m only on the salsa and it’s just as fabulous as always. I love the new location and the decor is beautiful.
Open 5 days and the place is standing room only. To the previous negative commentor, they are way took
busy to fill an order for beans. Go across the street....you’ll be angry lol.

I just tried to make a reservation for 15 people in March at 11 am on a Tuesday and was informed by a very
rude female. She said "we do not take reservations" and I asked if they would for 15 people and she said " I
told you we don’t take reservations" and hung up on me. Is that the way you run a business? Very poor
customer service and I have no intentions of ever coming there or recommending it to my friends.

Table 4.10: Yelp summaries generated by COPYCAT and MEANSUM.



Chapter 5

Few-Shot Learning for Opinion

Summarization

In Chapter 4, we discussed an unsupervised model – COPYCAT – trained solely on customer

reviews. As the model is never exposed to human-written summaries, it sometimes generates

summaries with review-like fragments. These fragments can be uninformative and written in a

review-like style. In this chapter, we show how a handful of annotated samples can be utilized

to improve an unsupervised opinion summarizer and thus validate the second hypothesis (see

Sec. 1.3).

Some desired summary characteristics are hard to learn from customer reviews alone. For

instance, reviews vary in terms of writing style but summaries are expected to be written

in a formal writing style. Because the amount of human-written summaries is rather limited,

the naive fine-tuning of the full model on a handful of summaries leads to rapid overfitting.

Consequently, generated summaries by such a model poorly reflect the desired characteristics.

To address this challenge, we propose a few-shot model – FEWSUM.

First, we define properties (Fan, Grangier, & Auli, 2018) that capture desired summary

characteristics. These are computed automatically using a heuristic for any given pair of

reviews-summary. Second, we pre-train the model on customer reviews using the leave-one-

out objective where the decoder also receives property values for the pseudo summary. This

exposes the model to a large variety of property values, some of which correspond to reviews

that are like desired summaries. Third, we train a small module on gold reviews-summary pairs

to produce property values leading to summaries. Lastly, this module is used in test time to

generate summaries. In automatic and human evaluation we show that FEWSUM-generated

summaries are substantially better than COPYCAT’s. Moreover, the model generalizes well in

the cross-domain setting.

54
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Gold

These shoes run true to size, do a good job supporting the arch of the foot and
are well-suited for exercise. They’re good looking, comfortable, and the sole
feels soft and cushioned. Overall they are a nice, light-weight pair of shoes and
come in a variety of stylish colors.

FewSum
These running shoes are great! They fit true to size and are very comfortable to
run around in. They are light weight and have great support. They run a little on
the narrow side, so make sure to order a half size larger than normal.

Reviews

perfect fit for me ... supply the support that I need ... are flexible and comfortable
... || ... It is very comfortable ... I enjoy wearing them running ... || ... running
shoes ... felt great right out of the box ... They run true to size ... || ... my feet and
feel like a dream ... Totally light weight ... || ... shoes run small ... fit more true to
size ... fit is great! ... supports my arch very well ... || ... They are lightweight...
usually wear a size women’s 10 ... ordered a 10.5 and the fit is great!

Table 5.1: Example summaries produced by our system and an annotator; colors encode its
alignment to the input reviews. The reviews are truncated, and delimited with the symbol ‘||’.

5.1 Introduction

The absence of large annotated resources is one of the main challenges in opinion summar-

ization, as we discussed in Sec. 1.2.2. In this light, a number of unsupervised models were

introduced, such as MEANSUM (Chu & Liu, 2019), and DENOISESUM (Amplayo & Lapata, 2020).

In Chapter 4 we also discussed an unsupervised model – COPYCAT. However, unsurprisingly

perhaps, since the models are not exposed to the actual summaries, they are unable to learn

their key characteristics. For instance, MEANSUM is prone to producing summaries containing

a significant amount of information unsupported by reviews; COPYCAT generates summaries

that are better aligned with reviews, yet they are limited in detail. Moreover, both systems are

trained mostly on subjectively written reviews and, as a result, tend to generate summaries in

the same writing style.

To learn the expected summary characteristics, one could leverage small annotated datasets.

However, unlike recent approaches to language model adaptation for abstractive single-

document summarization (Hoang, Bosselut, Celikyilmaz, & Choi, 2019; Raffel et al., 2019) that

utilize hundreds of thousands of summaries, our two annotated datasets consist of only 60

and 100 annotated data points. It was also observed that a naive fine-tuning of multi-million

parameter models on small corpora leads to rapid over-fitting and poor generalization (Finn,

Abbeel, & Levine, 2017; Vinyals, Blundell, Lillicrap, Wierstra, et al., 2016). In this light, we

propose a few-shot learning framework and demonstrate that even a tiny number of annotated

samples is sufficient to bootstrap generation of formal summary texts that are both informative

and fluent (see Table 5.1). To the best of our knowledge, it is the first few-shot learning approach

applied to summarization.
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We observe that reviews in a large unannotated collection vary a lot. For example, they differ

in style, the level of detail, or how much they diverge from other reviews of the product in

terms of content and overall sentiment. We refer to individual review characteristics and their

relations to other reviews as properties (Ficler & Goldberg, 2017). While reviews span a large

range of property values, only a subset of them is appropriate for summaries. For example,

summaries should be close to the product’s reviews in content, avoid using the first-person

pronouns and agree with the reviews in sentiment. Our approach starts with estimating a

property-aware model on a large collection of reviews and then adapts the model using a few

annotator-created summaries, effectively switching the generator to the summarization regime.

As we demonstrate in our experiments, the summaries do not even have to come from the

same domain.

More formally, we estimate a text model on a dataset of reviews; the generator is a Transformer

conditional language model (CLM) that is trained with a ‘leave-one-out’ objective (Besag, 1975;

Bražinskas et al., 2020b) by attending to other reviews of the product. This objective is the

same as for COPYCAT we discussed in Chapter 4. We define properties of unannotated data

that are directly related to the end task of summarization. Those properties are easy to derive

from reviews, and no extra annotation effort is required. The CLM is conditioned on these

properties in training. The properties encode partial information about the target review that

is being predicted. We capitalize on that by fine-tuning parts of the model jointly with a tiny

plug-in network on a handful of human-written summaries. The plug-in network is trained to

output property values that make the summaries likely under the trained CLM. The plug-in

has less than the half a percent of the original model’s parameters, and thus is less prone to

over-fitting on small datasets. Nevertheless, it can successfully learn to control dynamics of a

large CLM by providing property values that force generation of summaries. We shall refer to

the model produced using the procedure as Few Shot Summarizer (FEWSUM).

We evaluate our model against both extractive and abstractive methods on Amazon and Yelp

human-created summaries. Summaries generated by our model are substantially better than

those produced by competing methods, as measured by automatic and human evaluation

metrics on both datasets. Finally, we show that it allows for successful cross-domain adaption.

Our contributions can be summarized as follows:

• we introduce the first few-shot learning framework for abstractive opinion summarization;

• we demonstrate that the approach substantially outperforms extractive and abstractive

models, both when measured with automatic metrics and in human evaluation;

• we release datasets with abstractive summaries for Amazon products and Yelp busi-

nesses.1

1. Both the code and datasets are available at: https://github.com/abrazinskas/FewSum

https://github.com/abrazinskas/FewSum
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Figure 5.1: Illustration of the FEWSUM model that uses the leave-one-out objective. Here
predictions of the target review ri is performed by conditioning on the encoded source reviews
r−i. The generator attends the last encoder layer’s output to extract common information (in
red). Additionally, the generator has partial information about ri passed by the oracle q(ri,r−i).

5.2 Related Work

The most related unsupervised approach to FEWSUM is COPYCAT in Chapter 4. Unlike that

model, we rely on a powerful generator to learn conditional spaces of text without hierarchical

latent variables. Finally, in contract to MEANSUM (Chu & Liu, 2019), our model relies on inductive

biases without explicitly modeling of summaries. A concurrent model DENOISESUM (Amplayo

& Lapata, 2020) uses a syntactically generated dataset of source reviews to train a generator

to denoise and distill common information. Another parallel work, OPINIONDIGEST (Suhara,

Wang, Angelidis, & Tan, 2020a), considers controllable opinion aggregation and is a pipeline

framework for abstractive summary generation. Our conditioning on text properties approach

is similar to Ficler and Goldberg (2017), yet we rely on automatically derived properties that

associate a target to source, and learn a separate module to generate their combinations.

Moreover, their method has not been studied in the context of summarization.

5.3 Unsupervised Training

User reviews about an entity (e.g., a product) are naturally inter-dependent. For example,

knowing that most reviews are negative about a product’s battery life, it becomes more likely

that the next review will also be negative about it. To model inter-dependencies, yet to avoid

intractabilities associated with undirected graphical models (Koller & Friedman, 2009), we use

the leave-one-out setting (Besag, 1975; Bražinskas et al., 2020b). This objective was originally

introduced for COPYCAT we discussed in Chapter 4.



5.3. Unsupervised Training 58

Specifically, we assume access to a large corpus of user text reviews, which are arranged

as M groups {r1:N}M
j=1, where r1:N are reviews about a particular product that are arranged

as a target review ri and N−1 source reviews r−i = {r1, ...,ri−1,ri+1, ...,rN}. Our goal is to

estimate the conditional distribution ri|r−i by optimizing the parameters θ as shown in Eq. E.1.

θ
∗ = argmax

θ
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Our model has an encoder-generator Transformer architecture (Vaswani et al., 2017), where

the encoder Eθ produces contextual representations of r−i that are attended by the generator

Gθ , which in-turn is a conditional language model predicting the target review ri, estimated

using teacher-forcing (Williams & Zipser, 1989). An illustration is presented in Fig. 5.1.

The objective lets the model exploit common information across reviews, such as rare brand

names or aspect mentions. For example, in Fig. 5.1, the generator can directly attend to

the word vacuum in the source reviews to increase its prediction probability. Additionally, we

condition on partial information about the target review ri using an oracle q(ri,r−i) as shown in

Eq. E.2.
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We refer to this partial information as properties (Ficler & Goldberg, 2017), which correspond

to text characteristics of ri or relations between ri and r−i. For example, one such property can

be the ROUGE score (Lin, 2004) between ri and r−i, which indicates the degree of overlap

between ri and r−i. In Fig. 5.1, a high ROUGE value can signal to the generator to attend

the word vacuum in the source reviews instead of predicting it based on language statistics.

Intuitively, while the model observes a wide distribution of ROUGE scores during training on

reviews, during summarization in test time we can achieve a high degree of input-output text

overlap by setting the property to a high value. We considered properties that are listed below.

Content Coverage: ROUGE-1, ROUGE-2, and ROUGE-L F1 scores between ri and r−i signal

to Gθ how much to rely on syntactic information in r−i during prediction of ri. Writing Style:

as a proxy for formal and informal writing styles, we compute pronoun counts, and create a

distribution over three points of view. We also added an additional class for cases with no

pronouns, see Appendix 5.8.4 for details and examples; Rating Deviation: we compute the

difference between the ri’s rating and the average r−i rating; Length Deviation: we similarly

compute the difference between the ri’s length and the average length of r−i, in terms of

tokens.
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5.4 Novelty Reduction

While summary and review generation are technically similar, there is an important difference

that needs to be addressed. Reviews are often very diverse, so when a review is predicted,

the generator often needs to predict content that is not present in source reviews. On the

other hand, when a summary is predicted, its semantic content always matches the content of

the source reviews. To address this discrepancy, in addition to using the ROUGE scores, as

was explained previously, we introduce a novelty reduction technique, which is similar to label

smoothing (Pereyra, Tucker, Chorowski, Kaiser, & Hinton, 2017).

Specifically, we add a regularization term L , scaled by λ , that is applied to word distributions

produced by the generator Gθ as shown in Eq. E.3.

1
M N

M

∑
j=1

N

∑
i=1

[
logGθ (r

j
i |Eθ (r

j
−i),q(r

j
i ,r

j
−i))−λL (Gθ (r

j
i |Eθ (r

j
−i),q(r

j
i ,r

j
−i))

]
(E.3)

It penalizes assigning the probability mass to words not appearing in r−i, as shown in Eq. E.4,

and thus steers towards generation of text that is more grounded in content of r−i.

L (Gθ (ri|r−i,q(ri,r−i))) =
T

∑
t=1

∑
w̸∈V (r−i)

Gθ (Wt = w|r1:t−1
i ,r−i,q(ri,r−i)) (E.4)

Here, T is the length of ri, and the inner sum is over all words that do not appear in the word

vocabulary of r−i. Intuitively, in Fig. 5.1, the penalty could reduce the probability of the word

hoover to be predicted as it does not appear in the source reviews.

5.5 Summary Adaptation

Once the unsupervised model is trained on reviews, our task is to adapt it to generation

of summaries. Here, we assume access to a small number of annotator-written summaries

(sk,rk
1:N)

K
k=1 where s is a summary for r1:N input reviews. As we will show in Sec. 5.8.1, naive

fine-tuning of the unsupervised model on a handful of annotated data-points leads to poor

generalization. Instead, we capitalize on the fact that the generator Gθ has observed a wide

range of property values associated with ri during the unsupervised training phase. Intuitively,

some combinations of property values drive it into generation of text that has qualities of

a summary while others of a review. However, we might not know values in advance that

are necessary for generation of summaries. Furthermore, q(ri,r−i) cannot be applied at test

time as it requires access to target texts. In the following section, we describe a solution that

switches the generator to the summarization mode relying only on input reviews.
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5.5.1 Plug-in Network

We start by introducing a parametrized plug-in network pφ (r−i) that yields the same types of

properties as q(ri,r−i). From a practical perspective, the plug-in should be input-permutation

invariant and allow for an arbitrary number of input reviews (Zaheer et al., 2017). Importantly,

the trainable plug-in can have a marginal fraction of the main model’s parameters, which makes

it less prone to over-fitting when trained on small datasets. We initialize the parameters of

pφ (r−i) by matching its output to q(ri,r−i) on the unannotated reviews. Specifically, we used a

weighted combination of distances as shown for one group of reviews in Eq. E.5.

N

∑
i=1

L

∑
l=1

α
lDl(pφ (r−i)

l,q(ri,r−i)
l) (E.5)

Here, Dl(pφ (r−i)
l,q(ri,r−i)

l) is a distance for the property l, and α l is an associated weight.

Specifically, we used L1 norm for Content Coverage, Rating and Length Deviations, and

Kullback-Leibler divergence for Writing Style.

For the plug-in network, we employed a multi-layer feed-forward network with multi-head

attention modules over the encoded states of the source reviews at each layer, followed by a

linear transformation, predicting property values. Note that the encoder is shared with the main

model.

5.5.2 Fine-Tuning

Unsurprisingly, perhaps, the network pφ being initialized on unannotated reviews inherits

a strong bias towards outputting property values resulting in generation of reviews, which

should not be appropriate for generating summaries. Fortunately, due to the simplicity of the

chosen properties, it is possible to fine-tune pφ to match the output of q on the annotated data

(sk,rk
1:N)

K
k=1 using Eq. E.5.

An alternative is to optimize the plug-in to directly increase the likelihood of summaries under

Gθ while keeping all other parameters fixed. We explored that option, and observed that it

works similarly, yet leads to a slightly worse result.

As the generator is trained on unannotated reviews, it might not encounter a sufficient amount

of text that is written as a summary, and that highly overlaps in content with the input reviews.

We address that by unfreezing the attention module of Gθ over input reviews and the plug-in

pφ , and by maximizing the likelihood of summaries:

1
K

K

∑
k=1

[
logGθ (sk|Eθ (rk

1:N), pφ (rk
1:N))

]
(E.6)
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Dataset Training Validation
Yelp 38,913/1,016,347 4,324/113,886

Amazon 182,932/3,889,782 9,629/205,992

Table 5.2: Data statistics after pre-processing. The format in the cells is Businesses/Reviews
and Products/Reviews for Yelp and Amazon, respectively.

This allows the system to learn an interaction between Gθ and pφ . For example, what property

values are better associated with summaries and how Gθ should better respond to them.

5.6 Experimental Setup

5.6.1 Dataset

For training we used customer reviews from Amazon (He & McAuley, 2016) and Yelp.2 From

the Amazon reviews we selected 4 categories: Electronics; Clothing, Shoes and Jewelry ;

Home and Kitchen; Health and Personal Care. We selected only Amazon products and Yelp

businesses with minimum of 10 reviews, and the minimum and maximum lengths of 20 and 70

words, respectively. Also, popular products/businesses above the 90th percentile were removed.

From each business/product we sampled 9 reviews without replacement to form groups of

reviews.

For training, we partitioned business/product reviews to the groups of 9 reviews by sampling

without replacement. Thus, for unsupervised training in Sec. 5.3, we conditioned on 8 reviews

for each target review. The data-statistics are shown in Table 5.2.

We obtained 480 human-written summaries (180 for Amazon and 300 for Yelp) for 8 reviews

each, using Amazon Mechanical Turk (AMT). Each product/business received 3 summaries,

and averaged ROUGE scores are reported in the following sections.

From the Amazon annotated dataset, We used 28, 12, 20 products for training, validation,

and testing, respectively. On Yelp, we used 30, 30, 40 for training, validation, and testing,

respectively. Both the automatic and human evaluation experiments were performed on the

test sets.

2. https://www.yelp.com/dataset/challenge

https://www.yelp.com/dataset/challenge
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5.6.2 Experimental Details

For the main model, we used the Transformer architecture (Vaswani et al., 2017) with trainable

length embeddings and shared encoder-generator parameters (Raffel et al., 2019). Subwords

were obtained with BPE (Sennrich et al., 2016) using 32000 merges. Subword embeddings

were shared across the model as a form of regularization (Press & Wolf, 2017). For a fair

comparison, we approximately matched the number of parameters to the abstractive baseline

models MEANSUM (Chu & Liu, 2019) and COPYCAT (Chapter 4). We randomly initialized all

parameters with Glorot (Glorot & Bengio, 2010). For the plug-in network used the Transformer

stack architecture as a basis. We employed a multi-layer feed-forward with multi-head attention

modules over source reviews at each layer. After the last layer, we performed a linear projection

to compute property values. In terms of the number of parameters, the plug-in network had

less than 0.5 % of the main model’s. Further, parameter optimization was performed using

ADAM (Kingma & Ba, 2014), and beam search with n-gram blocking was applied to our model

and COPYCAT for summary generation. All experiments were conducted on 4 x GeForce RTX

2080 Ti.

5.6.3 Hyperparameters

Our parameter-shared encoder-generator model used a 8-head and 6-layer Transformer stack.

Dropout in sub-layers and subword embeddings dropout was both set to 0.1, and we used

1000 dimensional position-wise feed-forward neural networks. We set subword and length

embeddings to 390 and 10 respectively, and both were concatenated to be used as input.

For the plug-in network, we set the output dimension to 30 and internal feed-forward network

hidden dimensions to 20. We used a stack of 3 layers, and the attention modules with 3 heads

at each layer. We applied 0.4 internal dropout and 0.15 attention dropout. Property values

produced by the plug-in or oracle were concatenated with subword and length embeddings and

linearly projected before being passed to the generator. In total, our model had approximately

25M parameters, while the plug-in network only 100K (i.e., less than 0.5 % of the main model’s

parameters). In all experiments, the hyperparameter tuning was performed based on the

ROUGE-L score on Yelp and Amazon validation sets.

5.6.4 Training Procedure

First, to speed-up the training phase, we trained an unconditional language model for 13 epoch

on the Amazon reviews with the learning rate (LR) set to 5∗10−4. On Yelp we trained it for 27

epochs with LR set to 7∗10−4. The language model was used to initialize both the encoder

and generator of the main model.
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Subsequently, we trained the model using Eq. E.2 for 9 epochs on the Amazon reviews with

6∗10−5 LR, and for 57 epochs with LR set to 5∗10−5. Additionally, we reduced novelty using

Eq. E.4 by training the model further for 1 epoch with 10−5 LR and λ = 2 on Amazon; On Yelp

we trained for 4 epochs, with 3∗10−5 LR, and λ = 2.5.

For the plugin network’s initialization, as explained in Sec. 5.5.1, we performed optimization

by output matching with the oracle for 11 epochs on the unannotated Amazon reviews with

1∗10−5 LR. On Yelp we trained for 87 epochs with 1∗10−5 Lastly, we fine-tuned the plugin

network on the human-written summaries by output matching with the oracle3. On the Amazon

data for 98 epochs with 7∗10−4, and for 62 epochs with 7∗10−5 on Yelp. We set weights to

0.1, 1., 0.08, 0.5 for length deviation, rating deviation, POV, and ROUGE scores, respectively.

Then fine-tuned the attention part of the model and the plug-in network jointly for 33 epochs

with 1∗10−4 on the Amazon data. And 23 epochs with 1∗10−4 LR on Yelp.

5.6.5 Baselines

LEXRANK (Erkan & Radev, 2004) is an unsupervised extractive graph-based algorithm

selecting sentences based on graph centrality. Sentences represent nodes in a graph whose

edges have weights denoting similarity computed with tf-idf.

MEANSUM is an unsupervised abstractive summarization model (Chu & Liu, 2019) that treats

a summary as a discrete latent state of an autoencoder. The model is trained in a multi-task

fashion with two objectives, one for prediction of reviews and the other one for summary-reviews

alignment in the semantic space using the cosine similarity.

COPYCAT is the state-of-the-art unsupervised abstractive summarizer that uses continuous

latent representations to model review groups and individual review semantics. It has an implicit

mechanism for novelty reduction and uses a copy mechanism. We discussed this model in

Chapter 4.

As is common in the summarization literature, we also employed a number of simple sum-

marization baselines. First, the CLUSTROID review was computed for each group of reviews

as follows. We took each review from a group and computed ROUGE-L with respect to all

other reviews. The review with the highest ROUGE score was selected as the clustroid review.

Second, we sampled a RANDOM review from each group to be used as the summary. Third, we

constructed the summary by selecting the leading sentences (LEAD) from each review of a

group.

3. We set rating deviation to 0 as summaries do not have associated human-annotated ratings.
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5.7 Evaluation Results

5.7.1 Automatic Evaluation

Amazon Yelp
R1 R2 RL R1 R2 RL

LEXRANK 27.72 5.06 17.04 26.96 4.93 16.13
CLUSTROID 27.16 3.61 16.77 28.90 4.90 18.00
LEAD 27.00 4.92 14.95 26.20 4.57 14.32
RANDOM 25.00 3.82 15.72 21.48 2.59 13.87
MEANSUM 26.63 4.89 17.11 27.50 3.54 16.09
COPYCAT 27.85 4.77 18.86 28.12 5.89 18.32
FEWSUM 33.56 7.16 21.49 37.29 9.92 22.76

Table 5.3: ROUGE scores on the Amazon and Yelp test sets.

We report ROUGE F1 score (Lin, 2004) based evaluation results on the Amazon and Yelp

test sets in Table 5.3, respectively. The results indicate that our model outperforms abstractive

and extractive methods on both datasets. Also, the results are supported by qualitative

improvements over other models, see example summaries in Tables 5.12 and 5.13.

5.7.2 Best-Worst Scaling

We performed human evaluation with the Best-Worst scaling (Kiritchenko & Mohammad,

2016a; Louviere et al., 2015; Louviere & Woodworth, 1991) on the Amazon and Yelp test sets

using the AMT platform. We assigned multiple workers to each tuple containing summaries

from COPYCAT, our model, LEXRANK, and human annotators. The judgment criteria were

the following: Fluency, Coherence, Non-redundancy, Informativeness, Sentiment. Details are

provided in Appendix B.1.

For every criterion, a system’s score is computed as the percentage of times it was selected as

best, minus the percentage of times it was selected as worst (Orme, 2009). The scores range

from -1 (unanimously worst) to +1 (unanimously best).

The results are presented in Tables 5.4 and 5.5 for Amazon and Yelp, respectively. On the

Amazon data, they indicate that our model is preferred across the board over the baselines.

COPYCAT is preferred over LEXRANK in terms of fluency and non-redundancy, yet it shows

worse results in terms of informativeness and overall sentiment preservation. In the same vein,

on Yelp in Table 5.5 our model outperforms the other models.

All pairwise differences between our model and other models are statistically significant at

p < 0.05, using post-hoc HD Tukey tests. The only exception is non-redundency on Yelp when

comparing our model and COPYCAT (where our model shows a slightly lower score).
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Fluency Coherence Non-Redundancy Informativeness Sentiment
LEXRANK -0.4848 -0.5161 -0.5862 -0.3488 -0.0909
COPYCAT -0.1765 -0.5333 -0.2727 -0.7455 -0.7143
FEWSUM 0.1000 0.1429 0.1250 0.2000 0.3061
GOLD 0.5667 0.6364 0.6066 0.6944 0.4138

Table 5.4: Human evaluation results in terms of the Best-Worst scaling on the Amazon test set.

Fluency Coherence Non-Redundancy Informativeness Sentiment
LEXRANK -0.5588 -0.5312 -0.6393 -0.6552 -0.4769
COPYCAT -0.2000 -0.0769 0.1053 -0.4386 -0.2857
FEWSUM 0.1636 0.1429 0.0000 0.3793 0.3725
GOLD 0.5278 0.3784 0.4795 0.6119 0.4118

Table 5.5: Human evaluation results in terms of the Best-Worst scaling on the Yelp test set.

5.7.3 Content Support

As was discussed in Chapter 4 and was observed by Falke et al. (2019); Tay et al. (2019), the

ROUGE metric can be insensitive to hallucinating facts and entities. We also investigated how

well generated text is supported by input reviews. We split summaries generated by our model

and COPYCAT into sentences. Then for each summary sentence, we hired 3 AMT workers to

judge how well content of the sentence is supported by the reviews. Three following options

were available:

• Full support : all the content is reflected in the reviews;

• Partial support : only some content is reflected in the reviews;

• No support : content is not reflected in the reviews.

The results are presented in Table 5.6. Despite not using the copy mechanism, that is beneficial

for fact preservation (Falke et al., 2019) and generation of more diverse and detailed summaries,

we score on par with COPYCAT.

5.8 Analysis

5.8.1 Alternative Adaptation Strategies

We further explored alternative utilization approaches of annotated data-points, based on the

same split of the Amazon summaries as explained in Sec. 5.6.1. First, we trained a model in an

unsupervised learning setting (USL) on the Amazon reviews with the leave-one-out objective

in Eq. E.1. In this setting, the model has neither exposure to summaries nor the properties,

as the oracle q(ri,r−i) is not used. Further, we considered two alternative settings how the

pre-trained unsupervised model can be adapted on the gold summaries. In the first setting,

the model is fine-tuned by predicting summaries conditioned on input reviews (USL+F). In
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Full ↑ Partial ↑ No ↓
COPYCAT 46.15 27.18 26.67
FEWSUM 43.09 34.14 22.76

Table 5.6: Content support on the Amazon test set in terms of percentages, which were
computed by normalizing worker votes over sentences.

R1 R2 RL
RANDOM 25.00 3.82 15.72
MTL 24.03 4.35 16.27
USL 21.45 3.15 15.23
USL+F 28.23 6.24 19.64
FEWSUM 33.56 7.16 21.49

Table 5.7: ROUGE scores on the Amazon test set for alternative summary adaptation
strategies.

the second one, similar to Hoang et al. (2019), we performed adaptation in a multi-tasking

learning (MTL) fashion. Here, USL is further trained on a mixture of unannotated corpus review

and gold summary batches with a trainable embedding indicating the task.4 The results are

presented in Table 5.7.

First, we observed that USL generates summaries that get the worst ROUGE scores. Ad-

ditionally, the generated text tends to be informal and substantially shorter than an average

summary, we shall discuss that in Sec. 5.8.2.

Second, when the model is fine-tuned on the gold summaries (USL+F), it noticeably improves

the results, yet they are substantially worse than of our proposed few-shot approach. It can

be explained by strong influence of the unannotated data stored in millions of parameters

that requires more annotated data-points to overrule. Finally, we observed that MTL fails to

decouple the tasks, indicated by only a slight improvement over USL.

5.8.2 Influence of Unannotated Data

We further analyzed how plain fine-tuning on summaries differs from our approach in terms

of capturing summary characteristics. For comparison, we used USL and USL+F, which are

presented in Sec. 5.8.1. Additionally, we analyzed unannotated reviews from the Amazon

training set. Specifically, we focused on text formality and the average word count difference

(Len) from the gold summaries in the Amazon test set. As a proxy for the former, we computed

the marginal distribution over points of view (POV), based on pronoun counts; an additional

class (NoPr ) was allocated to cases of no pronouns. The results are presented in Table 5.8.‘

4. We observed that the 1:1 review-summary proportion works the best.
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1st 2nd 3rd NoPr Len
Reviews 49.0 7.3 35.6 8.1 -17.6
USL 56.7 0.0 43.3 0.0 -32.7
USL+F 29.7 0.0 45.3 25.0 -28.6
FEWSUM 0.5 1.3 83.2 15.0 3.4
GOLD 0.0 1.7 60.0 38.3 0.0

Table 5.8: Text characteristics of generated summaries by different models on the Amazon test
set.

USL
This is my second pair of Reebok running shoes and I love them. They
are the most comfortable shoes I have ever worn.

USL+F
This is my second pair of Reebok running shoes and they are the best
running shoes I have ever owned. They are lightweight, comfortable,
and provide great support for my feet.

FewSum

These running shoes are great! They fit true to size and are very
comfortable to run around in. They are light weight and have great
support. They run a little on the narrow side, so make sure to order a
half size larger than normal.

Gold

These shoes run true to size, do a good job supporting the arch of the
foot and are well-suited for exercise. They’re good looking, comfortable,
and the sole feels soft and cushioned. Overall they are a nice, light-
weight pair of shoes and come in a variety of stylish colors.

Table 5.9: Example summaries produced by models with different adaptation approaches.

First, we observed that the training reviews are largely informal (49.0% and 7.3% for 1st and

2nd POV, respectively). Unsurprisingly, the model trained only on the reviews (USL) transfers

a similar trait to the summaries that it generates.5 On the contrary, the gold summaries are

largely formal - indicated by a complete absence of the 1st and a marginal amount of 2nd POV

pronouns. Also, an average review is substantially shorter than an average gold summary, and

consequently, the generated summaries by USL are also shorter. Example summaries are

presented in Table 5.9.

Further, we investigated how well USL+F, adapts to the summary characteristics by being

actually fine-tuned on them. Indeed, we observed that USL+F starts to shift in the direction of

the summaries by reducing the pronouns of the 1st POV and increasing the average summary

length. Nevertheless, the gap is still wide, which would probably require more data to be bridged.

Finally, we observed that our approach adapts much better to the desired characteristics by

producing well-formed summary text that is also very close in length to the gold summaries.

5. As beam search, attempting to find the most likely candidate sequence, was utilized, opposed to a random
sequence sampling, we observed that generated sequences had no cases of the 2nd POV pronouns and complete
absence of pronouns (NoPr).
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Domain In-domain Cross-domain
CLOTH 21.88 22.20
ELECTRONICS 21.46 21.36
HEALTH 21.21 19.09
HOME 21.39 22.50
AVG 21.49 21.29

Table 5.10: In and cross domain experiments on the Amazon dataset, ROUGE-L scores are
reported.

1ST

I bought this as a gift for my husband. </s> I’ve been using
Drakkar Noir Balm for over twenty years. </s> I purchased these
for my son as a kind of a joke.

2ND
This is the best product you can buy! </s> You get what you pay
for. </s> Please do yourself a favor and avoid this product.

3RD
This is his every work day scent. </s> It’s very hard to buy the
balm separately. </s> It smells like Drakkar, but it is hard to find

NO PRONOUNS
Very nice, not too overpowering. </s> This product has no smell
what ever. </s> Nice to use for hardwood floors.

Table 5.11: Examples of review sentences that contain only pronouns belonging to a specific
class. Sentences are separated by ‘</s>’.

5.8.3 Cross-Domain

We hypothesized that on a small dataset, the model primarily learns course-grained features,

such as common writing phrases, and their correlations between input reviews and summaries.

Also, that they, in principle, could be learned from remotely related domains. We investigated

that by fine-tuning the model on summaries that are not in the target domain of the Amazon

dataset. Specifically, we matched data-point count for 3/4 domains of training and validation

sets to the in-domain Amazon data experiment presented in Sec 5.7; the test set remained the

same for each domain as in the in-domain experiment. Then, we fine-tuned the same model 5

times with different seeds per target domain. For comparison, we used the in-domain model

which was used in Amazon experiments in Sec. 5.7. We computed the average ROUGE-L

score per target domain, where overall σ was 0.0137. The results are reported in Table 5.10.

The results indicate that the models perform on-par on most of the domains, supporting the

hypothesis. On the other hand, the in-domain model shows substantially better results on the

health domain, which is expected, as, intuitively, this domain is the most different from the rest.
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5.8.4 Points of View

Summaries differ from reviews in terms of the writing style. Specifically, reviews are predom-

inantly written informally, populated by pronouns such as I and you. In contrast, summaries

are desirable to be written formally. We found a surprisingly simple way to achieve that by

conditioning the generator on the distribution over pronoun classes of the target review. We

computed pronoun counts and produced the 4 class distributions: 1st, 2nd, 3rd person POV,

and ‘other’ in case if no pronouns are present.

We illustrate how the writing style differs based on review sentences. Consider the example

sentences in Table 5.11. Here one can observe that the sentences of different pronoun classes

differ in the style of writing and often the intention of the message: 1st POV sentences tend

to provide clues about the personal experience of the user. 2nd POV sentences, commonly

convey recommendations to a reader. Finally, 3rd POV and ‘other‘ sentences often describe

aspects and their associated opinions.

5.9 Conclusions

In this chapter, we introduced the first to our knowledge few-shot framework for abstractive

opinion summarization. We showed that it can efficiently utilize even a handful of annotated

reviews-summary pairs to train models that generate fluent, informative, and overall sentiment

reflecting summaries. From the technical perspective, we proposed to exploit summary related

properties in unannotated reviews that are used for unsupervised training of the model. Then we

trained a tiny plug-in network that learns to switch the model to the summarization regime. We

demonstrated that our approach substantially outperforms competitive ones, both abstractive

and extractive, in human and automatic evaluation. Finally, we showed that it also allows for

successful cross-domain adaptation.

While properties often reflect human intuition and provide a strong signal about the target

sequence, they require human-involved design and engineering. Also, we used a relatively

small neural model, pre-trained on customer reviews from scratch. In the next chapter, we will

use large pre-trained models with powerful language understanding and generation abilities

acquired on generic texts. Further, we will explore a more efficient few-shot method that does

not require human efforts.
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5.10 Reflections

In this chapter we discussed two central components. First, few-shot framework for learning

summarizers from a handful of annotated samples – FEWSUM. Second, a set of insights

about customer reviews – their content structure, writing style, and how they differ from

human-written summaries. These insights motivated properties we used in FEWSUM, and are

essential for lexical features we will describe in Chapter 7. Moreover, another study in opinion

summarization (Im et al., 2021) confirmed the effectiveness of the proposed properties.

We also believe that the model can be improved in future works in a number of ways. First, we

could additionally leverage semantic features as properties to better capture correspondences

between reviews and summaries. These could be pre-computed on the document or sentence

level using a pre-trained language model (PLM), such as BERT (Devlin et al., 2019). Second,

we could explore a different direction by completely removing properties and focus instead on

better few-shot fine-tuning methods of pre-trained models. In Oved and Levy (2021), the authors

explored this direction and demonstrated that a large PLM fine-tuned on gold summaries can

outperform FEWSUM that was trained from scratch. In Chapter 6, we show that a PLM can be

fine-tuned using an efficient method and improve the summary quality even further.
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Summaries

FEWSUM

This is a very nice table set for the price. It was easy to assemble and looks great in the kitchen.
The only problem is that it is not sturdy enough to hold a lot of weight. It would be nice if it had a
little more weight to it so that it would not tip over.

COPYCAT
This is a great table set for the price. It was easy to put together and looks great. The only thing is
that the chairs are a little flimsy, but they are easy to assemble.

MEANSUM

The table was very easy to assemble and was easy to assemble. The only thing I would say is
that the box is very small and not very sturdy. The table is very sturdy. I would recommend it to
anyone looking for a sturdy table and to put on the wall.

GOLD

This is a perfect compact table that fits well in many places. The chairs are surprisingly very
comfortable as well. It is cute and perfect for smaller living quarters and the best part is assembly
is simple and straightforward.

Reviews

It was easy to put together and looks great. However, when the item was shipped to me, one of the backs
of the chairs was broken. I just fixed it myself with wood glue. Its not even visible now. The rest of it was in
perfect condition.

The table and chairs are very nice but not quite the color I expected (but I am getting used to it). Table and
chairs delivered by the carrier right on time and with no damage. Very easy to assemble, but very difficult to
get out of the box it was so well protected.

This table was super easy to put together. The table and chairs are solid and sturdy! The seats are very
comfortable. The table is the perfect size for our not so big kitchen. We are very pleased with this purchase.

Moved to smaller living quarters and this just fits the bill. Color is perfect and it was easy to assemble. One
fault to find is that the top scratches easily. It even came with a scratch. Other than that it is fine.

I love my new dining room set. The set is very sturdy, the walnut finish is a nice color.This set is great for
a small area, kitchen nook.Would not recommend for a large eating area.Table is small and so are the
chairs.Yet strong enough to hold big boys and girls, thumps up, great price, packed well, arrived in a timely
matter.

It fits perfectly in the kitchen at the office. My staff assembled it without any delay. Everyone loves the dining
set and they can’t believe I ordered it on-line. I made the measurements and made sure of the dimensions
of the room and the dining set and it’s a perfect fit.

I received this table and chairs completely damaged. The customer service experience with this company
was terrible. In my opinion, this set is cheap and overpriced. It’s not durable and not worth the money. Don’t
waste your time.

The box looked like it had been opened, and then re-taped for resell. One of the chairs was broken, and the
broken piece was nowhere close to the originating piece. Possibly other pieces damaged too, though didn’t
bother looking, instead just re-taped it back up to be sent back. I hope they don’t just resell it to someone
else.

Table 5.12: Amazon summaries generated by FEWSUM, COPYCAT, and MEANSUM.
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Summaries

FEWSUM

This nail salon is very clean and the staff is very friendly. They have a wide variety of gel colors to
choose from. The prices are very reasonable and they do a great job. The nail techs are very nice
and do great work.

COPYCAT
This is the best nail salon I have ever been to. Everyone is very friendly and professional. My nails
look great and I’m glad I did! I will definitely be coming back to this place.

MEANSUM

The owner is so nice and accommodating. I went to get my nails done by a friend, and I was
extremely happy with this salon. Everyone was very friendly and I was able to use them for nails.
They did a great job on my nails and the best part about it was that it was a busy day but it was a
treat! Highly recommend them.

GOLD

It is very clean and nice inside. Everyone is so kind and friendly. They do an amazing job on
both nails and pedis. They get it done with speed and precision with a price that is very much
affordable. They have the best customer service.

Reviews

Tim and Tami always always always have the best customer service and do the best nails. I will NEVER go
anywhere else. Even after weeks my nails look and feel as good as they did when I first got them done! I’m
so dedicated I recommend and bring in all my friends!

Definitely my new nail salon! Everyone is so friendly and kind, I felt so welcomed! B did an amazing job on
my nails. He made sure everything was perfect and happily changed something to make me happy. I would
highly recommend this place to anyone who wants A + work at a totally affordable price. Love it!!:)

Amazing service and nails. This is the second time I have been here, they did a perfect job again. They get
it done fast yet with precision. Everyone is so friendly there too. Best nail salon I have ever been too. I’m
glad I found it.

I really enjoy coming here to get my nails done. They do a wonderful job on both pedis and nails. It is nice
and clean inside. They are very friendly and welcoming. It is worth it to stop in and try it out.

My first set of acrylics ever... I decided 27 years was a lot enough time to wait, and I’m SO happy with them.
I’m not a huge nail person, and was glad to stumble upon this salon. My nail tech was quiet, clean, and
very detail-oriented. Very pleased with my experience here and I recommend this place.

I called to make an appointment for later today for 3 adults and 2 kids and the man who answered the
phone said ’we only have 2 techs today’ we can’t do that. Poor customer service and I never even went in.

Golden Nails has been my nail place for almost a year so it was surprising to see new management.
However B did an AMAZING job on my coffin chrome nails and Nancy was extremely helpful figuring out
how I wanted my nails done too. Definitely excited to keep coming back!

Seriously the best service I have ever gotten at a Tempe nail salon!! I walked in and they helped me right
away. Nancy helped me pick the perfect color and was very honest and up front about everything! I wanted
something very natural and using the dip method, I love my nails!!

Table 5.13: Yelp summaries generated by FEWSUM, COPYCAT, and MEANSUM.



Chapter 6

Efficient Few-Shot Fine-Tuning for

Opinion Summarization

In Chapter 5, we discussed few-shot learning and the FEWSUM model specifically. In this

chapter, we focus on efficiency in the few-shot learning setting. We make two main im-

provements over FEWSUM. First, we leverage a pre-trained model with powerful language

understanding and generation abilities. Such a model can represent input texts as rich features

and generate fluent texts from the start. Second, we replace hand-crafted properties with

an efficient adaptation method – adapters (Houlsby et al., 2019). Compared to the standard

fine-tuning, adapters are more robust to overfitting in low-resource settings (He et al., 2021)

and computationally- and memory-efficient (Mahabadi et al., 2021).

Language models are pre-trained on large collections of generic texts and are often not

accustomed to target domain specifics. These specifics, such as how users can use products,

are hard to learn from a handful of annotated summaries in the fine-tuning phase. This leads

to semantic mistakes in generated summaries, for example, ‘The hairdryer is great for water

cooling.’ We address this problem by pre-training adapters – small neural networks inserted in

Transformer layers – on a synthetic dataset. The dataset is created from customer reviews,

where one review is sampled as a summary and others are selected as input. This effectively

stores in-domain knowledge to adapters while preserving prior knowledge in the pre-training

language model.

We also explore summary personalization, where a user submits a query based on his interests.

A query consists of multiple aspects, such as ‘bluetooth,’ ‘price,’ ‘screen resolution,’ and a

summarizer should generate a summary reflecting these aspects. As aspect-based summary

datasets are not readily available, we propose a simple technique for converting generic

datasets to aspect-based ones. We also show that task-specific pre-training is crucial for

few-shot query-based summarization. It allows us to learn a model for this more complex task

even from a handful of annotated samples.

All in all, we demonstrate significant improvements over FEWSUM in terms of ROUGE scores,

input faithfulness, and human preference. Furthermore, our query-based approach yields more

coherent summaries with fewer redundancies.
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generic texts
<latexit sha1_base64="S5ehgV0EH8o73RDekrW70bWII1A=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByCrsR0WPAixchgnnAZgmzk9lkyOzsOtMrhCU/4cWDIl79HW/+jZPHQRMLGoqqbrq7wlQKg6777aytb2xubRd2irt7+weHpaPjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDP1209cG5GoBxynPIjpQIlIMIpW6vi1C5fchUGvVHar7gxklXgLUoYFGr3SV7efsCzmCpmkxviem2KQU42CST4pdjPDU8pGdMB9SxWNuQny2b0Tcm6VPokSbUshmam/J3IaGzOOQ9sZUxyaZW8q/uf5GUbXQS5UmiFXbL4oyiTBhEyfJ32hOUM5toQyLeythA2ppgxtREUbgrf88ipp1areZdW9r5XrlUUcBTiFM6iAB1dQh1toQBMYSHiGV3hzHp0X5935mLeuOYuZE/gD5/MHZQ+Ozg==</latexit>

[230 Mb]
<latexit sha1_base64="S5ehgV0EH8o73RDekrW70bWII1A=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByCrsR0WPAixchgnnAZgmzk9lkyOzsOtMrhCU/4cWDIl79HW/+jZPHQRMLGoqqbrq7wlQKg6777aytb2xubRd2irt7+weHpaPjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDP1209cG5GoBxynPIjpQIlIMIpW6vi1C5fchUGvVHar7gxklXgLUoYFGr3SV7efsCzmCpmkxviem2KQU42CST4pdjPDU8pGdMB9SxWNuQny2b0Tcm6VPokSbUshmam/J3IaGzOOQ9sZUxyaZW8q/uf5GUbXQS5UmiFXbL4oyiTBhEyfJ32hOUM5toQyLeythA2ppgxtREUbgrf88ipp1areZdW9r5XrlUUcBTiFM6iAB1dQh1toQBMYSHiGV3hzHp0X5935mLeuOYuZE/gD5/MHZQ+Ozg==</latexit>

[230 Mb]

<latexit sha1_base64="fvShbK+LAgB4fspz4Pg37zE+dZM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0kKoseCF48V7Ae0oWy2k3bpZhN2N5US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03Qj+hQ8pAzaqzUVjjh+KT75YpbdRcg68TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBZqZdqTCgb0yF2LZU0Qu1ni3Nn5NIqAxLGypY0ZKH+nshopPU0CmxnRM1Ir3pz8T+vm5rw1s+4TFKDki0XhakgJibz38mAK2RGTC2hTHF7K2EjqigzNqGSDcFbfXmdtGpV77rqPtQq9Ys8jiKcwTlcgQc3UId7aEATGIzhGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AaJTj6k=</latexit>

reviews
<latexit sha1_base64="fvShbK+LAgB4fspz4Pg37zE+dZM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0kKoseCF48V7Ae0oWy2k3bpZhN2N5US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03Qj+hQ8pAzaqzUVjjh+KT75YpbdRcg68TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBZqZdqTCgb0yF2LZU0Qu1ni3Nn5NIqAxLGypY0ZKH+nshopPU0CmxnRM1Ir3pz8T+vm5rw1s+4TFKDki0XhakgJibz38mAK2RGTC2hTHF7K2EjqigzNqGSDcFbfXmdtGpV77rqPtQq9Ys8jiKcwTlcgQc3UId7aEATGIzhGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AaJTj6k=</latexit>

reviews
<latexit sha1_base64="wNOUlPxOOq1VAsi0ngsy8gInaKQ=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBqPgKewGRI8BLx4jmAckS5idnU2GzOws8xDCks/w4kERr36NN//GSbIHTSxoKKq66e6KMs608f1vr7SxubW9U96t7O0fHB5Vj086WlpFaJtILlUvwppyltK2YYbTXqYoFhGn3WhyN/e7T1RpJtNHM81oKPAoZQkj2Dipn2lqY4m0FWJYrfl1fwG0ToKC1KBAa1j9GsSSWEFTQzjWuh/4mQlzrAwjnM4qA6tphskEj2jf0RQLqsN8cfIMXTolRolUrlKDFurviRwLracicp0Cm7Fe9ebif17fmuQ2zFmaWUNTslyUWI6MRPP/UcwUJYZPHcFEMXcrImOsMDEupYoLIVh9eZ10GvXguu4/NGrNiyKOMpzBOVxBADfQhHtoQRsISHiGV3jzjPfivXsfy9aSV8ycwh94nz9tAJE+</latexit>

pseudo summ
<latexit sha1_base64="wNOUlPxOOq1VAsi0ngsy8gInaKQ=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBqPgKewGRI8BLx4jmAckS5idnU2GzOws8xDCks/w4kERr36NN//GSbIHTSxoKKq66e6KMs608f1vr7SxubW9U96t7O0fHB5Vj086WlpFaJtILlUvwppyltK2YYbTXqYoFhGn3WhyN/e7T1RpJtNHM81oKPAoZQkj2Dipn2lqY4m0FWJYrfl1fwG0ToKC1KBAa1j9GsSSWEFTQzjWuh/4mQlzrAwjnM4qA6tphskEj2jf0RQLqsN8cfIMXTolRolUrlKDFurviRwLracicp0Cm7Fe9ebif17fmuQ2zFmaWUNTslyUWI6MRPP/UcwUJYZPHcFEMXcrImOsMDEupYoLIVh9eZ10GvXguu4/NGrNiyKOMpzBOVxBADfQhHtoQRsISHiGV3jzjPfivXsfy9aSV8ycwh94nz9tAJE+</latexit>

pseudo summ

<latexit sha1_base64="1bXUjEOo7nJtckiPS3wv2TPVH2Y=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoOQJmE3IFoGbCwsIphESJYwO7lJhszOLjN3A2EJ2PgrNhaK2PoTdv6Nk0ehiQcuHM65h5l7glgKg6777WTW1jc2t7LbuZ3dvf2D/OFRw0SJ5lDnkYz0Q8AMSKGgjgIlPMQaWBhIaAbD66nfHIE2IlL3OI7BD1lfiZ7gDK3UyZ/cAhtBKVJ2EqQ2W0LNhBKq38kX3LI7A10l3oIUyAK1Tv6r3Y14EoJCLpkxLc+N0U+ZRsElTHLtxEDM+JD1oWWpYiEYP53dMKHnVunSXqTtKKQz9XciZaEx4zCwmyHDgVn2puJ/XivB3pWfChUnCIrPH+olkmJEp4XQrtDAUY4tYVwL+1fKB0wzjra2nC3BWz55lTQqZe+i7N5VCtXioo4sOSVnpEg8ckmq5IbUSJ1w8kieySt5c56cF+fd+ZivZpxF5pj8gfP5A5g5l2g=</latexit>

Leave-one-out pre-training
<latexit sha1_base64="1bXUjEOo7nJtckiPS3wv2TPVH2Y=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoOQJmE3IFoGbCwsIphESJYwO7lJhszOLjN3A2EJ2PgrNhaK2PoTdv6Nk0ehiQcuHM65h5l7glgKg6777WTW1jc2t7LbuZ3dvf2D/OFRw0SJ5lDnkYz0Q8AMSKGgjgIlPMQaWBhIaAbD66nfHIE2IlL3OI7BD1lfiZ7gDK3UyZ/cAhtBKVJ2EqQ2W0LNhBKq38kX3LI7A10l3oIUyAK1Tv6r3Y14EoJCLpkxLc+N0U+ZRsElTHLtxEDM+JD1oWWpYiEYP53dMKHnVunSXqTtKKQz9XciZaEx4zCwmyHDgVn2puJ/XivB3pWfChUnCIrPH+olkmJEp4XQrtDAUY4tYVwL+1fKB0wzjra2nC3BWz55lTQqZe+i7N5VCtXioo4sOSVnpEg8ckmq5IbUSJ1w8kieySt5c56cF+fd+ZivZpxF5pj8gfP5A5g5l2g=</latexit>

Leave-one-out pre-training

<latexit sha1_base64="Uf4uKsZCe7oeIlRV4vPlxl0wwP0=">AAAB73icbVBNS8NAEJ2tX7V+VT16WSxCTyUpiB4rXjxWsB/QhrLZbNqlm03c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5fiK4No7zjUobm1vbO+Xdyt7+weFR9fikq+NUUdahsYhV3yeaCS5Zx3AjWD9RjES+YD1/epv7vSemNI/lg5klzIvIWPKQU2Ks1L8JSGKsParWnIazAF4nbkFqUKA9qn4Ng5imEZOGCqL1wHUS42VEGU4Fm1eGqWYJoVMyZgNLJYmY9rLFvXN8YZUAh7GyJQ1eqL8nMhJpPYt82xkRM9GrXi7+5w1SE157GZdJapiky0VhKrCJcf48Drhi1IiZJYQqbm/FdEIUoXkGFRuCu/ryOuk2G+5lw7lv1lr1Io4ynME51MGFK2jBHbShAxQEPMMrvKFH9ILe0ceytYSKmVP4A/T5AxElj+Y=</latexit>

Adapters
<latexit sha1_base64="Uf4uKsZCe7oeIlRV4vPlxl0wwP0=">AAAB73icbVBNS8NAEJ2tX7V+VT16WSxCTyUpiB4rXjxWsB/QhrLZbNqlm03c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5fiK4No7zjUobm1vbO+Xdyt7+weFR9fikq+NUUdahsYhV3yeaCS5Zx3AjWD9RjES+YD1/epv7vSemNI/lg5klzIvIWPKQU2Ks1L8JSGKsParWnIazAF4nbkFqUKA9qn4Ng5imEZOGCqL1wHUS42VEGU4Fm1eGqWYJoVMyZgNLJYmY9rLFvXN8YZUAh7GyJQ1eqL8nMhJpPYt82xkRM9GrXi7+5w1SE157GZdJapiky0VhKrCJcf48Drhi1IiZJYQqbm/FdEIUoXkGFRuCu/ryOuk2G+5lw7lv1lr1Io4ynME51MGFK2jBHbShAxQEPMMrvKFH9ILe0ceytYSKmVP4A/T5AxElj+Y=</latexit>

Adapters
<latexit sha1_base64="4rnp1FlzNTn63xv/EjuWiskbpHc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CdZCvZTdQtFjwYsXoYJtlXYp2TTbhibZJckKZal/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7a+sbmV3y7s7O7tHxQPj9o6ShShLRLxSN0HWFPOJG0ZZji9jxXFIuC0E4yvZn7nkSrNInlnJjH1BR5KFjKCjZUeat7NU6XeK5/3iyW36s6BVomXkRJkaPaLX71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p11KJBdV+Oj94ispWGaAwUrakQXP190SKhdYTEdhOgc1IL3sz8T+vm5jw0k+ZjBNDJVksChOOTIRm36MBU5QYPrEEE8XsrYiMsMLE2IwKNgRv+eVV0q5VvXrVva2VGmdZHHk4gVOogAcX0IBraEILCAh4hld4c5Tz4rw7H4vWnJPNHMMfOJ8/sTSO7Q==</latexit>

21M (5%)
<latexit sha1_base64="4rnp1FlzNTn63xv/EjuWiskbpHc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CdZCvZTdQtFjwYsXoYJtlXYp2TTbhibZJckKZal/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7a+sbmV3y7s7O7tHxQPj9o6ShShLRLxSN0HWFPOJG0ZZji9jxXFIuC0E4yvZn7nkSrNInlnJjH1BR5KFjKCjZUeat7NU6XeK5/3iyW36s6BVomXkRJkaPaLX71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p11KJBdV+Oj94ispWGaAwUrakQXP190SKhdYTEdhOgc1IL3sz8T+vm5jw0k+ZjBNDJVksChOOTIRm36MBU5QYPrEEE8XsrYiMsMLE2IwKNgRv+eVV0q5VvXrVva2VGmdZHHk4gVOogAcX0IBraEILCAh4hld4c5Tz4rw7H4vWnJPNHMMfOJ8/sTSO7Q==</latexit>

21M (5%)

…

Stage 2

<latexit sha1_base64="HsRd9CggB4N506n/ACrWQFCMvEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp7IpiB4LXgQvFUxbSEPZbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvDAVXBuMv53SxubW9k55t7K3f3B4VD0+6egkU5R5NBGJ6oVEM8El8ww3gvVSxUgcCtYNJzdzv/vElOaJfDDTlAUxGUkecUqMlXp+E2N0FwaDag038AJonbgFqUGB9qD61R8mNIuZNFQQrX0XpybIiTKcCjar9DPNUkInZMR8SyWJmQ7yxb0zdGGVIYoSZUsatFB/T+Qk1noah7YzJmasV725+J/nZya6DnIu08wwSZeLokwgk6D582jIFaNGTC0hVHF7K6Jjogg1NqKKDcFdfXmddJoN97KB75u1Vr2IowxncA51cOEKWnALbfCAgoBneIU359F5cd6dj2VrySlmTuEPnM8fXWiOyQ==</latexit>

[200 Kb]
<latexit sha1_base64="HsRd9CggB4N506n/ACrWQFCMvEA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp7IpiB4LXgQvFUxbSEPZbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvDAVXBuMv53SxubW9k55t7K3f3B4VD0+6egkU5R5NBGJ6oVEM8El8ww3gvVSxUgcCtYNJzdzv/vElOaJfDDTlAUxGUkecUqMlXp+E2N0FwaDag038AJonbgFqUGB9qD61R8mNIuZNFQQrX0XpybIiTKcCjar9DPNUkInZMR8SyWJmQ7yxb0zdGGVIYoSZUsatFB/T+Qk1noah7YzJmasV725+J/nZya6DnIu08wwSZeLokwgk6D582jIFaNGTC0hVHF7K6Jjogg1NqKKDcFdfXmddJoN97KB75u1Vr2IowxncA51cOEKWnALbfCAgoBneIU359F5cd6dj2VrySlmTuEPnM8fXWiOyQ==</latexit>

[200 Kb]

<latexit sha1_base64="wteVXuK/S1psRIu/QV02nbSaUC8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvQjWWmILosCOKygn3AdCiZNNOGZjJDckcopZ/hxoUibv0ad/6NaTsLbT0QOJxzD7n3hKkUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzXiLJTLR3ZAaLoXiLRQoeTfVnMah5J1wfDv3O09cG5GoR5ykPIjpUIlIMIpW8u9s7BIzJdSwX664NXcBsk68nFQgR7Nf/uoNEpbFXCGT1Bjfc1MMplSjYJLPSr3M8JSyMR1y31JFY26C6WLlGbmwyoBEibZPIVmovxNTGhsziUM7GVMcmVVvLv7n+RlGN8FUqDRDrtjyoyiTBBMyv58MhOYM5cQSyrSwuxI2opoytC2VbAne6snrpF2veVc196FeaVTzOopwBudQBQ+uoQH30IQWMEjgGV7hzUHnxXl3PpajBSfPnMIfOJ8/JlORFA==</latexit>

Fine-tuning
<latexit sha1_base64="wteVXuK/S1psRIu/QV02nbSaUC8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvQjWWmILosCOKygn3AdCiZNNOGZjJDckcopZ/hxoUibv0ad/6NaTsLbT0QOJxzD7n3hKkUBl332ylsbG5t7xR3S3v7B4dH5eOTtkkyzXiLJTLR3ZAaLoXiLRQoeTfVnMah5J1wfDv3O09cG5GoR5ykPIjpUIlIMIpW8u9s7BIzJdSwX664NXcBsk68nFQgR7Nf/uoNEpbFXCGT1Bjfc1MMplSjYJLPSr3M8JSyMR1y31JFY26C6WLlGbmwyoBEibZPIVmovxNTGhsziUM7GVMcmVVvLv7n+RlGN8FUqDRDrtjyoyiTBBMyv58MhOYM5cQSyrSwuxI2opoytC2VbAne6snrpF2veVc196FeaVTzOopwBudQBQ+uoQH30IQWMEjgGV7hzUHnxXl3PpajBSfPnMIfOJ8/JlORFA==</latexit>

Fine-tuning

<latexit sha1_base64="fvShbK+LAgB4fspz4Pg37zE+dZM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0kKoseCF48V7Ae0oWy2k3bpZhN2N5US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03Qj+hQ8pAzaqzUVjjh+KT75YpbdRcg68TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBZqZdqTCgb0yF2LZU0Qu1ni3Nn5NIqAxLGypY0ZKH+nshopPU0CmxnRM1Ir3pz8T+vm5rw1s+4TFKDki0XhakgJibz38mAK2RGTC2hTHF7K2EjqigzNqGSDcFbfXmdtGpV77rqPtQq9Ys8jiKcwTlcgQc3UId7aEATGIzhGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AaJTj6k=</latexit>

reviews
<latexit sha1_base64="fvShbK+LAgB4fspz4Pg37zE+dZM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0kKoseCF48V7Ae0oWy2k3bpZhN2N5US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHstHM03Qj+hQ8pAzaqzUVjjh+KT75YpbdRcg68TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBZqZdqTCgb0yF2LZU0Qu1ni3Nn5NIqAxLGypY0ZKH+nshopPU0CmxnRM1Ir3pz8T+vm5rw1s+4TFKDki0XhakgJibz38mAK2RGTC2hTHF7K2EjqigzNqGSDcFbfXmdtGpV77rqPtQq9Ys8jiKcwTlcgQc3UId7aEATGIzhGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AaJTj6k=</latexit>

reviews
<latexit sha1_base64="SIWTY8llitTaf2aWHheydpGloKs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBQ8hd2A6DHgxWME85BkCbOzs8mQeSwzs0JY8hVePCji1c/x5t84SfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrfzvzOE9WGKflgJykNBR5KljCCrZMeh4rHyGRCDCpVv+bPgVZJUJAqFGgOKl/9WJFMUGkJx8b0Aj+1YY61ZYTTabmfGZpiMsZD2nNUYkFNmM8PnqILp8QoUdqVtGiu/p7IsTBmIiLXKbAdmWVvJv7n9TKb3IQ5k2lmqSSLRUnGkVVo9j2KmabE8okjmGjmbkVkhDUm1mVUdiEEyy+vkna9FlzV/Pt6tXFexFGCUziDSwjgGhpwB01oAQEBz/AKb572Xrx372PRuuYVMyfwB97nD7fEkEA=</latexit>

gold summ
<latexit sha1_base64="SIWTY8llitTaf2aWHheydpGloKs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBQ8hd2A6DHgxWME85BkCbOzs8mQeSwzs0JY8hVePCji1c/x5t84SfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrfzvzOE9WGKflgJykNBR5KljCCrZMeh4rHyGRCDCpVv+bPgVZJUJAqFGgOKl/9WJFMUGkJx8b0Aj+1YY61ZYTTabmfGZpiMsZD2nNUYkFNmM8PnqILp8QoUdqVtGiu/p7IsTBmIiLXKbAdmWVvJv7n9TKb3IQ5k2lmqSSLRUnGkVVo9j2KmabE8okjmGjmbkVkhDUm1mVUdiEEyy+vkna9FlzV/Pt6tXFexFGCUziDSwjgGhpwB01oAQEBz/AKb572Xrx372PRuuYVMyfwB97nD7fEkEA=</latexit>

gold summ

…

<latexit sha1_base64="Uf4uKsZCe7oeIlRV4vPlxl0wwP0=">AAAB73icbVBNS8NAEJ2tX7V+VT16WSxCTyUpiB4rXjxWsB/QhrLZbNqlm03c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5fiK4No7zjUobm1vbO+Xdyt7+weFR9fikq+NUUdahsYhV3yeaCS5Zx3AjWD9RjES+YD1/epv7vSemNI/lg5klzIvIWPKQU2Ks1L8JSGKsParWnIazAF4nbkFqUKA9qn4Ng5imEZOGCqL1wHUS42VEGU4Fm1eGqWYJoVMyZgNLJYmY9rLFvXN8YZUAh7GyJQ1eqL8nMhJpPYt82xkRM9GrXi7+5w1SE157GZdJapiky0VhKrCJcf48Drhi1IiZJYQqbm/FdEIUoXkGFRuCu/ryOuk2G+5lw7lv1lr1Io4ynME51MGFK2jBHbShAxQEPMMrvKFH9ILe0ceytYSKmVP4A/T5AxElj+Y=</latexit>

Adapters
<latexit sha1_base64="Uf4uKsZCe7oeIlRV4vPlxl0wwP0=">AAAB73icbVBNS8NAEJ2tX7V+VT16WSxCTyUpiB4rXjxWsB/QhrLZbNqlm03c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5fiK4No7zjUobm1vbO+Xdyt7+weFR9fikq+NUUdahsYhV3yeaCS5Zx3AjWD9RjES+YD1/epv7vSemNI/lg5klzIvIWPKQU2Ks1L8JSGKsParWnIazAF4nbkFqUKA9qn4Ng5imEZOGCqL1wHUS42VEGU4Fm1eGqWYJoVMyZgNLJYmY9rLFvXN8YZUAh7GyJQ1eqL8nMhJpPYt82xkRM9GrXi7+5w1SE157GZdJapiky0VhKrCJcf48Drhi1IiZJYQqbm/FdEIUoXkGFRuCu/ryOuk2G+5lw7lv1lr1Io4ynME51MGFK2jBHbShAxQEPMMrvKFH9ILe0ceytYSKmVP4A/T5AxElj+Y=</latexit>

Adapters
<latexit sha1_base64="4rnp1FlzNTn63xv/EjuWiskbpHc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CdZCvZTdQtFjwYsXoYJtlXYp2TTbhibZJckKZal/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7a+sbmV3y7s7O7tHxQPj9o6ShShLRLxSN0HWFPOJG0ZZji9jxXFIuC0E4yvZn7nkSrNInlnJjH1BR5KFjKCjZUeat7NU6XeK5/3iyW36s6BVomXkRJkaPaLX71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p11KJBdV+Oj94ispWGaAwUrakQXP190SKhdYTEdhOgc1IL3sz8T+vm5jw0k+ZjBNDJVksChOOTIRm36MBU5QYPrEEE8XsrYiMsMLE2IwKNgRv+eVV0q5VvXrVva2VGmdZHHk4gVOogAcX0IBraEILCAh4hld4c5Tz4rw7H4vWnJPNHMMfOJ8/sTSO7Q==</latexit>

21M (5%)
<latexit sha1_base64="4rnp1FlzNTn63xv/EjuWiskbpHc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CdZCvZTdQtFjwYsXoYJtlXYp2TTbhibZJckKZal/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7a+sbmV3y7s7O7tHxQPj9o6ShShLRLxSN0HWFPOJG0ZZji9jxXFIuC0E4yvZn7nkSrNInlnJjH1BR5KFjKCjZUeat7NU6XeK5/3iyW36s6BVomXkRJkaPaLX71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p11KJBdV+Oj94ispWGaAwUrakQXP190SKhdYTEdhOgc1IL3sz8T+vm5jw0k+ZjBNDJVksChOOTIRm36MBU5QYPrEEE8XsrYiMsMLE2IwKNgRv+eVV0q5VvXrVva2VGmdZHHk4gVOogAcX0IBraEILCAh4hld4c5Tz4rw7H4vWnJPNHMMfOJ8/sTSO7Q==</latexit>

21M (5%)

Stage 3

Figure 6.1: Illustration of the proposed approach. In Stage 1, all parameters of a large language
model are pre-trained on generic texts (we use BART). In Stage 2, we pre-train adapters (5%
of the full model’s parameters) on customer reviews using held-out reviews as summaries. In
Stage 3, we fine-tune the adapters on a handful of reviews-summary pairs.

6.1 Introduction

The lack of sufficiently large annotated datasets led to a variety of unsupervised abstractive

models (e.g., COPYCAT in Chapter 4, MEANSUM (Chu & Liu, 2019); DENOISESUM (Amplayo &

Lapata, 2020)) that are trained on large collections of unannotated customer reviews. However,

as the models are never exposed to actual summaries, they cannot capture their expected

characteristics. This results in generated summaries mimicking the informal style of customer

reviews and containing hallucinations and unimportant details.

These limitations were addressed in Chapter 5 by the few-shot method – FEWSUM – learning

from a handful of human-written summaries. However, while the model is more robust to

overfitting, such features require manual, domain-specific engineering and can be sub-optimal

for capturing correspondences between texts on the semantic level. In this chapter, we propose

a simpler approach – ADASUM – which is based on adapters (Bapna, Arivazhagan, & Firat,

2019; Houlsby et al., 2019). As we explain next, the adapters are pre-trained on customer

reviews in a task-specific manner and subsequently fine-tuned on gold summaries.

We utilize a pre-trained model with powerful language understanding and generation abilities in

combination with a parameter-efficient fine-tuning method – adapters. As was shown in recent

studies, this method is also robust to overfitting in low-resource settings (He et al., 2021). In

this way, a large pre-trained model, BART (Lewis, Liu, et al., 2020), in our case, remains frozen,

and only small modules (0.6%-5% of the model parameters) are optimized. This effectively

retains acquired knowledge in the pre-trained language model (PLM) without specialized

training objectives as in RECADAM (S. Chen et al., 2020). However, available annotated data is

not sufficient for learning in-domain specifics and results in summaries with subtle semantic

mistakes. As explained next, we reduce these semantic mistakes by pre-training adapters on

customer reviews.
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Language models are pre-trained with generic objectives (e.g., single-document denoising)

and rarely on in-domain data, such as customer reviews. Consequently, this makes them less

attuned to in-domain specifics as these are hard to learn from a handful of summaries. This

often results in subtle semantic mistakes. For instance, in Table 6.1, PASS (Oved & Levy, 2021)

incorrectly concludes that thin material implies poor quality. To address this issue, we learn in-

domain specifics from customer reviews. Concretely, we employ a self-supervised pre-training

method: For any given product without a human-written summary, we predict one of the given

reviews by conditioning on N other reviews with the highest lexical overlap in the leave-one-out

fashion. As the standard training of PLMs is storage and memory inefficient (Mahabadi et al.,

2021), we pre-train adapters only; see Stage 2 in Fig. 6.1. Afterwards, we fine-tune them on a

small number of annotated reviews-summary pairs (< 100 pairs), see Stage 3 in Fig. 6.1. All in

all, our method combines the general text generation and understanding abilities of the PLM

with in-domain knowledge directly related to the end task.

Well-organized content in summaries is easier to follow and thus improves user experience.

However, the lack of annotated data makes it challenging to learn a desired content structure.

For example, in Table 6.1, FEWSUM’s summary does not end after a concluding phrase ‘Other

than that, it’s a great top.’ While the state-of-the-art model (PASS) addresses this issue by

ranking multiple generated candidates with a specialized coherence model, we propose a

simpler solution – ADAQSUM – that capitalizes on text planning (Hua & Wang, 2019; Moryossef,

Goldberg, & Dagan, 2019b). Specifically, we allow the model to plan ahead by providing an

intermediate summary representation in the form of a query consisting of aspect keywords. As

we show, this results in more coherent text patterns with fewer redundancies. Moreover, it can

be useful for summary personalization, which better reflect user interests.

We evaluate the proposed models in terms of automatic metrics and human efforts. We find

that pre-training and fine-tuning of adapters leads to more than 2.0 and 1.3 ROUGE-L points

improvement over fine-tuning the entire model on Amazon and Yelp datasets, respectively.

We also find that our pre-trained and fine-tuned query-based model improves ROUGE-L

scores by more than 2.7 and 0.9 ROUGE-L points over PASS, on Amazon and Yelp datasets,

respectively, and is more preferred by humans. We further demonstrate that the query-based

model (ADAQSUM) substantially improves coherence and reduces redundancies in generated

summaries.

In summary, our contributions are as follows:

• We propose a self-supervised pre-training method to learn in-domain knowledge by adapters

that alleviate catastrophic forgetting;
• We propose, to the best of our knowledge, the first aspect-based abstractive opinion

summarizer learned from a few annotated samples;
• We substantially increase summary coherence using the query-based approach;
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FEWSUM

This tank top is well made, fits well, and is comfortable to wear. The only thing is that it runs a
little small, so order a size up from what you normally wear. Other than that, it’s a great top. It’s
well made and it looks like it will last a long time. Love it!

PASS
This is a basic tank. The photo shows it going well past the models hips. However, the material
used to make it this long is thin and therefore not good quality. It is also thinner than other tanks
on the market but is still comfortable to wear.

ADAQSUM
This is a basic tank top that fits well and is comfortable to wear. The color is great and the
length is long enough to wear with leggings. The quality of the product is good.

REVIEWS

... This is a basic tank ... || ... this tank fits like a normal tank top, not any longer ... I could wear it
with leggings ... || ... It is THIN and runs SMALL ... It fits tight and is NOT long like in the picture
... || The tank fit very well and was comfortbale to wear. I’ve bought much higher quality tanks ...
|| ... it is listed as a ’long’ tank top and the photo even shows it going well past the models hips,
however I’m short and the tank top is just a normal length. || ... They were a lot thinner than I
like ... || Every women should own one in every color. Just feels quality I don’t know how else to
explain it ... || ... They are long enough that the color peeks out from under my tops. Looks cute.

Table 6.1: Generated summaries for an Amazon product by baseline models (FEWSUM and
PASS) and our approach (ADAQSUM). Colored words indicate aspect keywords that were part
of the query. The special marker ‘||’ separates truncated reviews.

• We show that self-supervised pre-training significantly improves performance on the query-

based task;
• We demonstrate state-of-the-art results on two primary benchmarks in automatic and human

evaluation.1

6.2 Approach

6.2.1 Opinion Summarization Tasks

In this chapter, we consider two tasks of customer review summarization. The first one is

generic summarization (Chu & Liu, 2019), where the aim is to produce a summary that covers

overall opinions in input reviews. Formally, given N input reviews r1:N , the task is to predict

word-by-word the summary s:

L (s,r1:N ;θ) =
T

∑
t=1

log pθ (st |s1:t−1,r1:N).

1. Our code and associated artifacts will be publicly available at https://github.com/amazon
-research/adasum.

https://github.com/amazon-research/adasum
https://github.com/amazon-research/adasum
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<latexit sha1_base64="c5qoxsbsWL4y9I7cD8ZDPPD/BlQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gNiB4DXjxGNA9IljA7mU2GzMwu8xCWJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpZxp4/vf3tr6xubWdmmnvLu3f3BYOTpu68QqQlsk4YnqRlhTziRtGWY47aaKYhFx2okmtzO/80SVZol8NFlKQ4FHksWMYOOkzoMVAqtsUKn6NX8OtEqCglShQHNQ+eoPE2IFlYZwrHUv8FMT5lgZRjidlvtW0xSTCR7RnqMSC6rDfH7uFJ07ZYjiRLmSBs3V3xM5FlpnInKdApuxXvZm4n9ez5r4JsyZTK2hkiwWxZYjk6DZ72jIFCWGZ45gopi7FZExVpgYl1DZhRAsv7xK2vVacFXz7+vVxmURRwlO4QwuIIBraMAdNKEFBCbwDK/w5qXei/fufSxa17xi5gT+wPv8AYC2j5g=</latexit>

Summary
<latexit sha1_base64="c5qoxsbsWL4y9I7cD8ZDPPD/BlQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gNiB4DXjxGNA9IljA7mU2GzMwu8xCWJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpZxp4/vf3tr6xubWdmmnvLu3f3BYOTpu68QqQlsk4YnqRlhTziRtGWY47aaKYhFx2okmtzO/80SVZol8NFlKQ4FHksWMYOOkzoMVAqtsUKn6NX8OtEqCglShQHNQ+eoPE2IFlYZwrHUv8FMT5lgZRjidlvtW0xSTCR7RnqMSC6rDfH7uFJ07ZYjiRLmSBs3V3xM5FlpnInKdApuxXvZm4n9ez5r4JsyZTK2hkiwWxZYjk6DZ72jIFCWGZ45gopi7FZExVpgYl1DZhRAsv7xK2vVacFXz7+vVxmURRwlO4QwuIIBraMAdNKEFBCbwDK/w5qXei/fufSxa17xi5gT+wPv8AYC2j5g=</latexit>

Summary
<latexit sha1_base64="isVtp2ZwIq6M4rRtQtJCYp8bqrY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMgHsJuQPQY8eIxgnlAsoTZyWwyZHZ2nIcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXJDnTxve/vcLa+sbmVnG7tLO7t39QPjxq6dQqQpsk5anqRFhTzgRtGmY47UhFcRJx2o7GtzO//USVZql4MBNJwwQPBYsZwcZJvRstKTHo0VI16ZcrftWfA62SICcVyNHol796g5TYhApDONa6G/jShBlWhhFOp6We1VRiMsZD2nVU4ITqMJvfPEVnThmgOFWuhEFz9fdEhhOtJ0nkOhNsRnrZm4n/eV1r4uswY0JaQwVZLIotRyZFswDQgCn3Mp84goli7lZERlhhYlxMJRdCsPzyKmnVqsFl1b+vVeoXeRxFOIFTOIcArqAOd9CAJhCQ8Ayv8OZZ78V79z4WrQUvnzmGP/A+fwD9KpGS</latexit>

Aspect query
<latexit sha1_base64="isVtp2ZwIq6M4rRtQtJCYp8bqrY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMgHsJuQPQY8eIxgnlAsoTZyWwyZHZ2nIcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXJDnTxve/vcLa+sbmVnG7tLO7t39QPjxq6dQqQpsk5anqRFhTzgRtGmY47UhFcRJx2o7GtzO//USVZql4MBNJwwQPBYsZwcZJvRstKTHo0VI16ZcrftWfA62SICcVyNHol796g5TYhApDONa6G/jShBlWhhFOp6We1VRiMsZD2nVU4ITqMJvfPEVnThmgOFWuhEFz9fdEhhOtJ0nkOhNsRnrZm4n/eV1r4uswY0JaQwVZLIotRyZFswDQgCn3Mp84goli7lZERlhhYlxMJRdCsPzyKmnVqsFl1b+vVeoXeRxFOIFTOIcArqAOd9CAJhCQ8Ayv8OZZ78V79z4WrQUvnzmGP/A+fwD9KpGS</latexit>

Aspect query

<latexit sha1_base64="nFTrjK9sOoOOTtewpb8byXj1tn0=">AAACAXicbVC7SgNBFJ31GeNrjY1gMxiECBJ2A6JYBWysJIJ5QDYss5NJMmT24cxdIaxr4wf4EzYWitja+Ql2foi9k0ehiQcuHM65l3vv8SLBFVjWlzE3v7C4tJxZya6urW9smlu5mgpjSVmVhiKUDY8oJnjAqsBBsEYkGfE9wepe/2zo12+YVDwMrmAQsZZPugHvcEpAS665E7mJAz0GJC2oW+km9ulFeoivD1wzbxWtEfAssSckX845he+PB6fimp9OO6SxzwKggijVtK0IWgmRwKlgadaJFYsI7ZMua2oaEJ+pVjL6IMX7WmnjTih1BYBH6u+JhPhKDXxPd/oEemraG4r/ec0YOiethAdRDCyg40WdWGAI8TAO3OaSURADTQiVXN+KaY9IQkGHltUh2NMvz5JaqWgfFa1LO18uoTEyaBftoQKy0TEqo3NUQVVE0R16RM/oxbg3noxX423cOmdMZrbRHxjvP0Vlmbw=</latexit>

p✓(s|r1:N , q)
<latexit sha1_base64="nFTrjK9sOoOOTtewpb8byXj1tn0=">AAACAXicbVC7SgNBFJ31GeNrjY1gMxiECBJ2A6JYBWysJIJ5QDYss5NJMmT24cxdIaxr4wf4EzYWitja+Ql2foi9k0ehiQcuHM65l3vv8SLBFVjWlzE3v7C4tJxZya6urW9smlu5mgpjSVmVhiKUDY8oJnjAqsBBsEYkGfE9wepe/2zo12+YVDwMrmAQsZZPugHvcEpAS665E7mJAz0GJC2oW+km9ulFeoivD1wzbxWtEfAssSckX845he+PB6fimp9OO6SxzwKggijVtK0IWgmRwKlgadaJFYsI7ZMua2oaEJ+pVjL6IMX7WmnjTih1BYBH6u+JhPhKDXxPd/oEemraG4r/ec0YOiethAdRDCyg40WdWGAI8TAO3OaSURADTQiVXN+KaY9IQkGHltUh2NMvz5JaqWgfFa1LO18uoTEyaBftoQKy0TEqo3NUQVVE0R16RM/oxbg3noxX423cOmdMZrbRHxjvP0Vlmbw=</latexit>

p✓(s|r1:N , q)

<latexit sha1_base64="CrNQ7uWlHV10D4xOlOndlENBsXA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIh5IURI8FLx6r2A9oQ9lsJ+3SzSbsbiol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/NUaleSwfzSRBP6IDyUPOqLFS6wHHHJ90r1R2K+4cZJV4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4LXZTjQllIzrAjqWSRqj9bH7ulJxbpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUtCF4yy+vkma14l1V3PtquXaZx1GAUziDC/DgGmpwB3VoAIMRPMMrvDmJ8+K8Ox+L1jUnnzmBP3A+fwBy4Y+P</latexit>

Reviews
<latexit sha1_base64="CrNQ7uWlHV10D4xOlOndlENBsXA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIh5IURI8FLx6r2A9oQ9lsJ+3SzSbsbiol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/NUaleSwfzSRBP6IDyUPOqLFS6wHHHJ90r1R2K+4cZJV4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4LXZTjQllIzrAjqWSRqj9bH7ulJxbpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUtCF4yy+vkma14l1V3PtquXaZx1GAUziDC/DgGmpwB3VoAIMRPMMrvDmJ8+K8Ox+L1jUnnzmBP3A+fwBy4Y+P</latexit>

Reviews

…
<latexit sha1_base64="JeQZ/5i2yuP2h1jHWUArm//gE4k=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBByCrsB0WPAi8cI5oFJCLOTTjJkdnaZ6RVCyF948aCIV//Gm3/jJNmDJhY0FFXddHeFiZKWfP/b29jc2t7Zze3l9w8Oj44LJ6cNG6dGYF3EKjatkFtUUmOdJClsJQZ5FCpshuPbud98QmNlrB9okmA34kMtB1JwctKj1IzQktTDXqHol/0F2DoJMlKEDLVe4avTj0UaoSahuLXtwE+oO+WGpFA4y3dSiwkXYz7EtqOaR2i708XFM3bplD4bxMaVJrZQf09MeWTtJApdZ8RpZFe9ufif105pcNOdSp2khFosFw1SxShm8/dZXxoUpCaOcGGku5WJETdckAsp70IIVl9eJ41KObgq+/eVYrWUxZGDc7iAEgRwDVW4gxrUQYCGZ3iFN896L96797Fs3fCymTP4A+/zB4ZckLs=</latexit>

in testing
<latexit sha1_base64="JeQZ/5i2yuP2h1jHWUArm//gE4k=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBByCrsB0WPAi8cI5oFJCLOTTjJkdnaZ6RVCyF948aCIV//Gm3/jJNmDJhY0FFXddHeFiZKWfP/b29jc2t7Zze3l9w8Oj44LJ6cNG6dGYF3EKjatkFtUUmOdJClsJQZ5FCpshuPbud98QmNlrB9okmA34kMtB1JwctKj1IzQktTDXqHol/0F2DoJMlKEDLVe4avTj0UaoSahuLXtwE+oO+WGpFA4y3dSiwkXYz7EtqOaR2i708XFM3bplD4bxMaVJrZQf09MeWTtJApdZ8RpZFe9ufif105pcNOdSp2khFosFw1SxShm8/dZXxoUpCaOcGGku5WJETdckAsp70IIVl9eJ41KObgq+/eVYrWUxZGDc7iAEgRwDVW4gxrUQYCGZ3iFN896L96797Fs3fCymTP4A+/zB4ZckLs=</latexit>

in testing
<latexit sha1_base64="KWAmDDKGKz7qlNAn1aE3ZjTIDrM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahp5IURI8FLx4r2A9IQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNUmmGe+wRCa6H1LDpVC8gwIl76ea0ziUvBdO7xZ+74lrIxL1iLOUBzEdKxEJRtFKvlAENRVKqPGwWnMb7hJkk3gFqUGB9rD6NRglLIu5QiapMb7nphjkVKNgks8rg8zwlLIpHXPfUkVjboJ8efKcXFllRKJE21JIlurviZzGxszi0HbGFCdm3VuI/3l+htFtkAuVZsgVWy2KMkkwIYv/yUhozlDOLKFMC3srYROqKUObUsWG4K2/vEm6zYZ33XAfmrVWvYijDBdwCXXw4AZacA9t6ACDBJ7hFd4cdF6cd+dj1Vpyiplz+APn8wc9opEj</latexit>

in training
<latexit sha1_base64="KWAmDDKGKz7qlNAn1aE3ZjTIDrM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahp5IURI8FLx4r2A9IQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNUmmGe+wRCa6H1LDpVC8gwIl76ea0ziUvBdO7xZ+74lrIxL1iLOUBzEdKxEJRtFKvlAENRVKqPGwWnMb7hJkk3gFqUGB9rD6NRglLIu5QiapMb7nphjkVKNgks8rg8zwlLIpHXPfUkVjboJ8efKcXFllRKJE21JIlurviZzGxszi0HbGFCdm3VuI/3l+htFtkAuVZsgVWy2KMkkwIYv/yUhozlDOLKFMC3srYROqKUObUsWG4K2/vEm6zYZ33XAfmrVWvYijDBdwCXXw4AZacA9t6ACDBJ7hFd4cdF6cd+dj1Vpyiplz+APn8wc9opEj</latexit>

in training

Figure 6.2: Illustration of the query-based summarizer that inputs reviews and a text query
consisting of aspects, such as ‘volume,’ ‘price,’ and ‘bluetooth.’ The query is automatically
created from gold summaries in training and reviews in test time.

In the second task, query-based summarization, we assume that the user provides a query

q consisting of aspect keywords, such as ‘bluetooth,’ ‘resolution,’ and ‘battery life.’ In turn,

a summarizer should generate a summary reflecting customer opinions in r1:N about these

aspects. Formally, given a pair of input reviews and query (r1:N , q), the task is to predict

word-by-word the summary s:

L (s,r1:N ,q;θ) =
T

∑
t=1

log pθ (st |s1:t−1,r1:N ,q).

Unfortunately, abstractive opinion datasets with annotated aspect queries are unavailable in

the domain. To mitigate this problem, we follow Ni, Li, and McAuley (2019a) and create queries

by extracting fine-grained aspect keywords from available generic summaries. Specifically, we

utilize the model proposed by Y. Zhang et al. (2014) to build a fine-grained aspect lexicon

from review datasets. Further, we use simple rules to determine which aspects appear in

summaries; see an annotated summary in Table 6.2. At test time, we follow the intuition that a

summary should reflect common opinions and create a query from K most frequent aspect

keywords in input reviews. The workflow is illustrated in Fig. 6.2.

6.2.2 Model

Our model is based on the Transformer (Vaswani et al., 2017) encoder-decoder architecture

initialized with BART (Lewis, Liu, et al., 2020). We adopt the same encoder as in (Oved & Levy,

2021; Raffel et al., 2019) where reviews are concatenated before encoding.2 This allows us to

capture product-level features and leverage commonalities across reviews during encoding. For

query-based summarization, we concatenate a query and reviews while indicating boundaries

with special markers. In this way, the encoder can contextualize aspect keywords and focus on

salient review fragments reflecting these aspects.

2. We experimented with the independent review encoding as in Chapter 4. However, the results were slightly
worse.
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The cover offers durable protection for the MacBook,
the retractable tilt stands offer protection for the wrists.

The keyboard cover can take some effort to fit properly,
and adjustment to its feel may take time.

However, free and fast shipping make up for this one
potential issue.

Table 6.2: Automatically annotated Amazon summary with fine-grained aspect keywords
(underlined italic).

6.2.3 Adapters

In training, a large pre-trained model remains frozen and only tiny neural networks called

adapters (Houlsby et al., 2019) are optimized. These modules are injected into the transformer

layers (both encoder and decoder).

Formally, given the input hidden vector h, the output vector ĥ is calculated as shown below:

ĥ = f2(tanh f1(h))+h.

The functions f1(·) and f2(·) are the down- and up- projection layers. At each transformer layer,

two adapters are inserted right after the self-attention and the feed-forward layers, respectively.

These modules consist of substantially fewer parameters than the language model, usually

around 3% - 5%. Recent studies have shown that adapters are less prone to overfitting (He

et al., 2021) and are more memory-efficient in training (Mahabadi et al., 2021). Finally, as

the pre-trained model remains frozen, it retains all the prior knowledge for text understanding

and generation. This effectively alleviates catastrophic forgetting (I. J. Goodfellow, Mirza, Xiao,

Courville, & Bengio, 2013; Kemker, McClure, Abitino, Hayes, & Kanan, 2017) without modifying

the training objective as in RECADAM (S. Chen et al., 2020; Yu, Liu, & Fung, 2021). We refer

to our approaches as ADASUM and ADAQSUM for generic and query-based summarization,

respectively.

6.2.4 Self-supervised Pre-training

Language models, initially pre-trained on generic text corpora, are often not accustomed to

in-domain specifics. Unsurprisingly perhaps, a wide range of product-related specifics cannot

be learned from a handful of annotated summaries during fine-tuning. Consequently, this

can result in subtle semantic mistakes in generated summaries. We will discuss this problem

and provide examples in Sec. 6.5.4. Furthermore, query-based summarization is even more

challenging for learning than generic summarization. To be useful in practice, the summarizer
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Amazon Yelp
Split Gold Synthetic Gold Synthetic
Train 84 70,144 / 59,963 90 70,144 / 68,499
Valid 36 7,900 / 6,810 90 7,900 / 7,724
Test 60 - 120 -

Table 6.3: Source-target pair numbers for Amazon and Yelp, both gold and synthetic. Each
pair has 8 source reviews. Generic and query-based pair statistics are separated by ’/‘.

should rely on the provided query after fine-tuning. However, a handful of annotated samples

might be insufficient to learn this dynamic. We will analyze this problem in Sec. 6.5.1. To

alleviate these two problems, we leverage unannotated customer reviews to construct synthetic

datasets for pre-training.

Synthetic In-Domain Pre-Training Dataset. From a group of product reviews, we randomly

sample one review as a pseudo summary s and select N reviews as input (r1:N).3 We select

N input reviews covering the content of the summary s – that have the highest ROUGE-1 F

scores. Following the naming convention we used in Chapter 4, we refer to this as leave-one-out

pre-training (L1O). To closely resemble query-based summarization, we create aspect queries

from pseudo summaries. Specifically, we leverage the aspect lexicon by matching summary

keywords; in the same way as was explained in Sec. 6.2.1. In practice, we expect queries

to have at least one aspect keyword. Therefore, we remove all pre-training pairs where the

pseudo summary has no aspect keywords.

6.3 Experimental Setup

6.3.1 Data

To create synthetic datasets, we used customer reviews from Amazon (He & McAuley, 2016)

and Yelp.4 Similar to the approach in Chapter 5, we selected 4 categories: Electronics; Clothing,

Shoes and Jewelry ; Home and Kitchen; Health and Personal Care. We pre-processed the

datasets by removing all reviews that are shorter than 20 words and longer than 120 words

and evened the number of pairs in both datasets. Further, we used Amazon and Yelp gold

summaries introduced in Chapter 5, where each product/business has 3 references and is

paired with 8 reviews. Gold and synthetic dataset statistics5 are presented in Table 6.3.

3. We also experimented with selecting pseudo summaries without personal pronouns – written in the formal
style (Bražinskas et al., 2020a). However, we did not observe significant improvements.
4. https://www.yelp.com/dataset
5. For the query-based setup, we removed all instances where targets had no aspects.

https://www.yelp.com/dataset
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6.3.2 Baselines

LEXRANK (Erkan & Radev, 2004) is an unsupervised extractive graph-based model that selects

sentences based on graph centrality. Sentences represent nodes in a graph whose edges are

weighted with tf-idf.

MEANSUM (Chu & Liu, 2019) is an unsupervised abstractive summarization model which treats

a summary as a structured latent state of an auto-encoder trained to reconstruct reviews of a

product.

COPYCAT is the state-of-the-art unsupervised abstractive summarizer with hierarchical continu-

ous latent representations to model products and individual reviews, which we introduced in

Chapter 4.

FEWSUM is a few-shot framework where lexical features are used to differentiate between

customer reviews and summaries. In the fine-tuning phase, features leading to generation of

summaries are searched. This model was presented in Chapter 5.

PASS (Oved & Levy, 2021) is based on a pre-trained T5 model (Raffel et al., 2019) that is

further fine-tuned on gold summaries. At inference, the model’s input is perturbed to generate

multiple candidates. These candidates are further ranked by a separate model based on

coherence and fluency to select the best one.

We fine-tuned the full BART model (FULL) for a fair comparison, with and without the leave-

one-out pre-training. We also employed a number of simple summarization baselines. First, the

CLUSTROID review was computed for each group of reviews as follows. We took each review

from a group and computed ROUGE-L with respect to all other reviews. The review with the

highest ROUGE score was selected as the clustroid review. Second, we sampled a RANDOM

review from each group to be used as the summary. And lastly, we constructed the summary

by selecting the leading sentences (LEAD) from each review of a group.

6.3.3 Experimental Details

We used a standard Transformer encoder-decoder (Vaswani et al., 2017), pre-initialized with

BART large (Lewis, Liu, et al., 2020), consisting of 400M parameters. We used two adapter

sizes – 0.6% and 5% of the full model’s parameters. All input reviews were concatenated,

following Oved and Levy (2021); Raffel et al. (2019). For parameter optimization, we used

ADAM (Kingma & Ba, 2014), and summary generation was performed via the beam search

of size 5 and with 3-gram blocking (Paulus et al., 2017). We used ROUGE-L as the stopping

criterion on the end task, and perplexity (PPL) for pre-training. The learning rate for most

experiments was set to 5e-5. Aspect lexicons for query-based summarization contained 2809

and 4013 fine-grained aspects for Amazon and Yelp, respectively. In pre-training and fine-

tuning, we shuffled aspects to break temporal dependencies. For fine-tuning on Yelp, we also
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found it useful to exclude summary aspect keywords that do not appear in input reviews.

This approximately matched the number of aspect keywords for Amazon and Yelp. At test

time, we selected up to 6 and 5 most frequent aspects for Amazon and Yelp, respectively. All

computations were performed on an 8-GPU p3.8-xlarge Amazon instance.

6.4 Results

6.4.1 Automatic Evaluation

Amazon Yelp
Par.↓ PPL↓ R1↑ R2↑ RL↑ PPL↓ R1↑ R2↑ RL↑

CLUSTROID - - 27.16 3.61 16.77 - 28.90 4.90 18.00
LEAD - - 27.00 4.92 14.95 - 26.20 4.57 14.32
RANDOM - - 25.00 3.82 15.72 - 21.48 2.59 13.87

Unsupervised
LEXRANK - - 27.72 5.06 17.04 - 26.96 4.93 16.13
MEANSUM 25M - 26.63 4.89 17.11 - 27.50 3.54 16.09
COPYCAT 25M - 27.85 4.77 18.86 - 28.12 5.89 18.32

Few-shot
FEWSUM 25M - 33.56 7.16 21.49 - 37.29 9.92 22.76
PASS 440M - 37.43 8.02 23.34 - 36.91 8.12 23.09
FULL (100%) 400M 17.87 37.22 9.17 23.51 12.87 37.40 10.27 23.76
FULL (100%) + L1O 400M 16.90 37.67 10.28 24.32 12.40 36.79 11.07 25.03
ADASUM (0.6%) 2.6M 13.45 38.49 9.84 24.37 11.94 37.55 10.11 24.08
ADASUM (0.6%) + L1O 2.6M 12.06 38.94 10.63 24.95 11.23 37.78 11.31 24.04
ADASUM (5%) 21.3M 16.30 38.15 9.18 23.17 12.50 38.12 10.89 24.11
ADASUM (5%) + L1O 21.3M 12.03 39.78 10.80 25.55 11.11 38.82 11.75 25.14

Table 6.4: Test set ROUGE F1 scores on gold Amazon and Yelp datasets for generic review
summarization. L1O stands for leave-one-out pre-training. We also provide the total number of
trainable parameters.

Table 6.4 shows results on the Amazon and Yelp test sets for generic summarization. It shows

ROUGE F1 scores (Lin, 2004) as a standard measure of informativeness6 and perplexity (PPL)

as a measure of confusion.

First of all, the results indicate the superiority of adapters over full fine-tuning and state-of-

the-art few-shot models on both datasets. As was observed in He et al. (2021), adapters

are less prone to overfitting, which is especially beneficial in few-shot settings. Second, we

observe a significant improvement in ROUGE scores when pre-trained models are further

trained using L1O. This signifies the importance of learning in-domain specifics before fine-

tuning. We also observe that adapters are more effective on the Amazon dataset, which

6. For consistency with previous works, we used the same Python package (https://github.com/google
-research/google-research/tree/master/rouge)

https://github.com/google-research/google-research/tree/master/rouge
https://github.com/google-research/google-research/tree/master/rouge
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R1 R2 RL uniq. 1-gram (%) uniq. 2-gram (%)

Amazon
ADASUM (5%) + L1O 39.78 10.80 25.55 67.72 80.83
ADAQSUM (5%) + L1O 38.53 10.52 26.06 69.38 82.57

Yelp
ADASUM (5%) + L1O 38.82 11.75 25.14 62.26 76.55
ADAQSUM (5%) + L1O 36.79 10.06 23.99 65.74 79.88

Table 6.5: Comparison of the query-based and generic summarizers on test sets. Unique
n-grams were computed in generated summaries.

is more challenging as indicated by higher perplexity (PPL).7 We hypothesize that the pre-

trained language model (BART) is more accustomed to restaurant- than product-related texts.

Moreover, larger adapters (5%) tend to overfit on the small number of annotated instances,

and L1O pre-training helps substantially, as indicated both by ROUGE scores and PPL. We

provide example generated summaries in the Appendix.

6.4.2 Human Evaluation

Coherence Improvement. As was observed in (Oved & Levy, 2021), opinion summarizers

sometimes generate incoherent summaries. We hypothesized that a query should allow the

model to plan ahead of time and thus generate more coherent and less redundant texts. To

test the hypothesis, we compared 5% adapter-based models with and without the query;

both were pre-trained via L1O. We performed human evaluation in terms of coherence and

non-redundancy via Best-Worst Scaling (BWS) (Louviere et al., 2015; Louviere & Woodworth,

1991). BWS has been shown to produce more reliable results than ranking scales (Kiritchenko

& Mohammad, 2016b).

For each Amazon test set entry and criterion, we asked three independent workers on Amazon

Mechanical Turk (AMT) to select the best and worst summary. For each criterion, a system’s

score is computed as the percentage of times it was selected as best, minus the percentage of

times it was selected as worst (Orme, 2009). The scores range from -100 (unanimously worst)

to +100 (unanimously best). For more details, please refer to Appendix C.1.

First, the results indicate that the summaries generated by ADAQSUM are substantially more

preferred to ADASUM in terms of coherence and non-redundancy. Namely, +13.73 vs -30.91

and -1.96 vs -25.93 for coherence and non-redundancy, respectively. We also computed the

percentage of unique n-grams in each generated summary for both datasets, as shown in

Table 6.5. The results support that query-based summaries are less redundant. However,

similar to findings in Oved and Levy (2021), we observe that more coherent summaries tend to

get lower ROUGE scores. Nevertheless, our model outperforms PASS by a margin on both

datasets – by 2.72 and 0.9 ROUGE-L points on Amazon and Yelp, respectively.

7. Training sets are of similar sizes, i.e., 84 and 90 summaries on Amazon and Yelp, respectively
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Fluency Coher. Non-Red.
PASS -21.74 +33.33 0.00
LEXRANK -45.95 -52.38 -58.97
ADAQSUM (5%) + L1O +26.67 +25.00 +26.67
GOLD +46.67 +27.78 +55.56

Table 6.6: Human evaluation results in terms of the Best-Worst scaling on the Amazon test set.

Full↑ Partial↑ No↓
FEWSUM 47.56 24.39 28.05
PASS 60.70 31.84 7.46
ADASUM (5%) + L1O 78.97 15.48 5.56
ADAQSUM (5%) + L1O 72.69 20.37 6.94

Table 6.7: Input fidelity on the Amazon test set, normalized by sentences.

Comparison to Baselines. To understand better how our query-based model compares to

other models, we performed an additional human evaluation experiment. We used the following

criteria: coherence, non-redundancy, and fluency. As previously, we used the Best-Worst

scaling on the Amazon test set. We assigned three AMT workers to each tuple containing

summaries from PASS, ADAQSUM (5%) + L1O, LEXRANK, and human annotators (GOLD).

The results in Table 6.6 suggest that summaries produced by our model are more fluent and

non-redundant than the ones produced by PASS. In general, PASS produces more diverse

and detailed summaries yet with more semantic mistakes that make them harder to understand

(hence lower fluency scores). However, summaries by both systems are similarly preferred

in terms of coherence. Also, we note that PASS utilizes a separately trained classifier on

human-annotated summaries (Fabbri et al., 2021) to rank candidate summaries, while our

approach does not.

Input Content Fidelity. As was shown in Falke et al. (2019); Tay et al. (2019), the ROUGE

metric can be insensitive to hallucinations (Maynez et al., 2020). However, hallucinations can

lead to user aversion, and their reduction remains an open problem in summarization. To assess

the input fidelity of generated summaries, we performed a human evaluation. Specifically, we

used summaries produced by the adapter models (ADASUM (5%) + L1O and ADAQSUM (5%)

+ L1O), FEWSUM, PASS, and human-written (GOLD). In each task (HIT), we presented both

reviews and all summary sentences. We asked three workers to assess how well the content

in summary sentences is supported by the reviews. The three following options were available.

Full support : all the content is reflected in the reviews; Partial support : only some content

is reflected in the reviews; No support : content is not reflected in the reviews. The results,

normalized by sentences, are shown in Table 6.7.



6.4. Results 84

R1 R2 RL AR
FULL (100%) + Q∗ 40.52 10.96 25.06 59.84
FULL (100%) + L1O + Q∗ 42.65 11.53 26.82 96.39
ADAQSUM (5%)∗ 41.04 11.08 25.46 60.64
ADAQSUM (5%) + L1O∗ 43.84 13.41 27.31 97.19
ADAQSUM (5%) 38.58 10.10 24.19 69.14
ADAQSUM (5%) + L1O 38.53 10.52 26.06 98.78

Table 6.8: Amazon test set ROUGE F1 for query-based summarization. Here, ∗ indicates that
queries were created from gold summaries; AR stands for aspect recall.

First, we observe that FEWSUM hallucinates the most, potentially because it was not initialized

with a pre-trained language model. Second, PASS improves input fidelity over FEWSUM yet

substantially underperforms our adapter-based models. We also notice a slight decrease in

input fidelity when the query is used. This is likely caused by more abstractive summaries

generated by ADAQSUM, we discuss it in Sec. 6.5.3.

6.5 Analysis

6.5.1 Query-based Pre-training

Query-based summarizers should generate summaries reflecting all aspects in user queries to

be useful in practice. We investigated how summarizers learn this task in the few-shot regime

with and without pre-training. We created test-time queries from gold summaries (indicated by
∗) and input reviews. Further, we calculated the aspect recall (AR) score by counting aspect

keywords in queries present in generated summaries. The results are shown in Table 6.8.

As indicated by low AR scores, without pre-training, the models miss many aspects in queries.

The increase to nearly 100% in AR suggests that pre-training is crucial for the task. The same

trend remains when aspect keywords from reviews are used in queries.

6.5.2 Catastrophic Forgetting

ROUGE scores in Table 6.4 suggest that L1O pre-training is beneficial for the end task. However,

fine-tuning on summaries can lead to the catastrophic forgetting of the acquired in-domain

specifics from reviews. Because adapters have fewer parameters to optimize, we hypothesized

that they might be more robust to this phenomenon.

To test the hypothesis, we evaluated two models on the pre-training L1O pairs where a review

is used as a summary, before and after fine-tuning on human-written summaries. For the first

model, we optimized only adapters (5%), both in pre-training and fine-tuning. And in the second

case, we optimized the entire model. We used PPL to measure the model’s confusion about

the pre-training pseudo summaries, as shown in Table 6.9a.



6.5. Analysis 85

The results demonstrate that the adapter-based model better preserves information about

reviews after they are fine-tuned on summaries, as indicated by lower PPL scores. Our findings

are also supported by Yu et al. (2021).

PPL↓
FULL (100%) + L1O 21.51
FULL (100%) + L1O + FT 34.87 (+13.36)
ADASUM (5%) + L1O 19.69
ADASUM (5%) + L1O + FT 28.45 (+8.76)

(a) Catastrophic forgetting evaluation
on the Amazon pre-training task’s validation set.

2-gram 3-gram 4-gram
FEWSUM 78.63 95.59 98.74
PASS 70.72 86.32 93.24
ADASUM (5%) + L1O 55.47 78.24 86.78
ADAQSUM (5%) + L1O 56.27 79.18 88.48

(b) The abstractiveness of generated summaries in
terms of novel n-grams on the Amazon test set.

6.5.3 Abstractiveness

Abstracting information in reviews is important for practical applications (Carenini & Cheung,

2008b). To investigate how well the models abstract, we computed the number of novel n-grams

in generated summaries with respect to input reviews on the Amazon test set. The results in

percentages are shown in Table 6.9b.

First, we observe that FEWSUM tends to produce the most abstractive summaries, followed by

PASS. Second, ADAQSUM has higher abstractivness than ADASUM. We also observe that

abstractiveness is inversely proportional to input faithfulness in Table 6.7, in line with previous

studies Dreyer, Liu, Nan, Atluri, and Ravi (2021); Durmus, He, and Diab (2020).

6.5.4 Semantic Mistakes

When a pre-trained model (with and without adapters) is fine-tuned on a handful of annotated

samples, it often results in summaries with subtle semantic mistakes; see examples in

Table 6.10. For instance, a 5% adapter model generates a semantically contradicting fragment:

‘This dead on arrival battery is of good quality and holds a charge well.’.

We hypothesize that it is caused by the lack of in-domain knowledge, which we propose to learn

via L1O (see Sec. 6.2.4). During a manual investigation, we observed that L1O pre-training

substantially reduces semantic mistakes. This is also reflected in higher ROUGE scores in

Table 6.4.
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ADASUM (5%)

This Thomas the Train costume is cute and functional. The size is perfect for
a toddler or 2 year old and the candy pouch is large enough to carry a lot
of candy. The costume can be customized with googly eyes, pumpkin patch,
spiders, bats, or train tracks to make it more suitable for a child of any age. The
fit is comfortable and the fit quality is great. The only complaint I have is the
quality of the felt fabric.

ADASUM (5%) + L1O

This Thomas the Train costume is very cute and the size is perfect for a 2-year-
old. The hat is thin and flimsy and the face is not 3D sculpted. The candy pouch
is a nice feature and it looks like it will grow with the child. Overall, it’s a cute
costume and will be used for Halloween next year.

ADASUM (5%)

This dead on arrival battery is of good quality and holds a charge well. It
is easy to install and is a great value for the money. However, it may not hold
a charge as advertised due to the plastic case bulging. Overall, this product
is highly recommended.

ADASUM (5%) + L1O

This battery is a great value for the price and works great. It is a good quality
battery that can be used to replace a dead battery in an alarm system. The
price is great and the quality of the product is good. The shipping was fast and
the customer service was excellent.

Table 6.10: Adapter-based models (5%) and their generated outputs with and without L1O

pre-training. Semantic mistakes and disfluencies are highlighted in bold.

6.6 Related Work

In terms of in-domain pre-training, we discussed the leave-one-out objective in Chapter 5, which

was used to train COPYCAT. Other works in unsupervised opinion summarization (Amplayo

& Lapata, 2020; Isonuma, Mori, Bollegala, & Sakata, 2021b) also leverage customer reviews

for training. In Chapter 5, we discussed FEWSUM that was pre-trained before fine-tuning.

Unlike in our previous work, here we pre-train the adapters instead of the entry model to avoid

catastrophic forgetting. Furthermore, FEWSUM is trained from scratch while we rely on a large

pre-trained language model. Finally, we avoid hand-crafted properties completely.

In a related work OPINIONDIGEST (Suhara, Wang, Angelidis, & Tan, 2020b), the authors

propose to aggregate opinions in a pipeline framework. We approach the problem end-to-end

and rely on aspect keywords (e.g., price) instead of opinion phrases (e.g., good location).

Controllability using input fragments (e.g., entities) and meta information (e.g., coarse-grained

aspects) has received recent attention in various NLP domains (Elsahar et al., 2021; Frermann

& Klementiev, 2019; Z. Liu & Chen, 2021; Narayan, Zhao, Maynez, Simoes, & McDonald, 2021).

In contrast to SELFSUM (Elsahar et al., 2021), we use aspect keywords instead of generic

tokens. Additionally, our setup is few-shot instead of unsupervised and we use a different model

architecture.
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Planning was tackled in opinion summarization in Amplayo and Lapata (2020). However,

their approach is substantially less flexible, as the summary plan consists of an aspect and

sentiment classes only. Query-based settings have received recent attention in the news

domain (Xu & Lapata, 2020, 2021). Compared to a concurrent work on opinion summarization

ACESUM (Amplayo, Angelidis, & Lapata, 2021), our approach does not require a trained aspect

induction model, is few-shot instead of self-supervised, and benefits from a large collection of

automatically created fine-grained aspects (a couple of thousands) instead of human annotated

coarse-grained aspects (up to 18). Concurrently with our work, Poth, Pfeiffer, Rücklé, and

Gurevych (2021) support our findings on the benefits of pre-training adapters for other tasks.

6.7 Conclusions

In this chapter, we focus on large pre-trained language models and their efficient few-shot

adaptation to opinion summarization. We explore adapters – small neural networks inserted in

Transformer layers – and how to store in-domain knowledge in them. Before fine-tuning, we

pre-train adapters on customer reviews with the leave-one-out objective. In this way, the model

learns in-domain specifics, which reduces semantic mistakes in generated summaries. We

show that our approach leads to more than 2.0 and 1.3 ROUGE-L points improvement over

the entire model’s fine-tuning on the Amazon and Yelp datasets, respectively.

Further, we propose a simple method for few-shot query-based summarization. The queries con-

sist of aspect keywords reflecting potential user interests. We create these queries automatically

and show that pre-training is crucial for the task, significantly improving performance. Finally,

we demonstrate that the query-based model generates more coherent and less redundant

summaries in human evaluation.

6.8 Future Work

6.8.1 Cross-domain

Opinion summarization is diverse in terms of review domains – restaurants (Yelp), products

(Amazon), and films (Rotten Tomatoes) – to name a few. This, in turn, requires summary

annotation efforts for each domain. While these domains are different in terms of review

content, summaries in different domains share many similarities. These similarities can be

beneficial for cross-domain and cross-category generalization. In turn, such generalization

could significantly reduce the costs of deploying opinion summarizers for new domains and

categories.
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As we discussed in Chapter 5, summaries are expected to be written in a formal style, reflect

common opinions and sentiment. Notice that these characteristics are not tied to a particular

domain. We hypothesize that a competitive opinion summarizer for a target domain can be

learned from other domains. Specifically, we believe that such a summarizer can achieve

results, in automatic and human evaluation, close to the one learned on the target domain

exclusively. This hypothesis is supported by our positive cross-category generalization results

for FEWSUM on the Amazon dataset, see Sec. 5.8.3.

One potential direction would be to separately learn two skills – summary content generation

and the process of summarization – in the vein of skill modularization (Ponti, Sordoni, & Reddy,

2022). As we discussed in Chapter 5, some reviews share many similarities with expected

summaries. Furthermore, customer reviews are available in large quantities in most domains.

Therefore, we could learn summary content generation for a target domain from reviews

exclusively. However, the process of summarization might be hard to learn from reviews. The

primary reason is that reviews rarely summarize a particular subset of other reviews. This,

in turn, makes it challenging to construct high-quality synthetic datasets. To alleviate this,

we could use annotated datasets in other domains, even in other branches, such as news

summarization.

6.8.2 Query-based Summarization

In this chapter, we presented a query-based model – ADAQSUM – that is fine-tuned on a

handful of summaries. While this model was not the center of the work, we believe that this

direction has an immense potential in practical settings. Therefore, we would like to reflect on

its two core components – the aspect extractor and aspect-based summarizer. The former

is responsible for the aspect queries created from summaries and reviews in training and

test time, respectively. The latter inputs reviews and a query and produces a summary. We

start from the extractor and how it can be improved. At the moment of writing and to the

best of our knowledge, there are no fine-grained aspect extractors not requiring supervised

data for training. This lead to using an unsupervised approach yielding a fine-grained aspect

lexicon. We used the lexicon to create queries, as we explained in Sec. 6.2.1. However, a better

aspect extractor could significantly increase the quality of summaries. Such a model could

leverage contexts to reduce false positives. Relatively often, users compare reviewed products

to other products on the market or the ones they currently own. This can result in extracted

aspects irrelevant to the reviewed product. For instance, ‘battery charge indicator ’ should not

be extracted from the sentence ‘My current earset has a battery charge indicator ’. Furthermore,

the aspect extractor could be enhanced to extract aspects implicitly mentioned in text. For

instance, the phrase ‘this restaurant could be better located ’, implicitly mentions ‘location’ in
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the negative sentiment. Lastly, a heuristic used in test time to create aspect queries – frequent

review aspects – can be replaced by a learned model pre-trained to mimic the training time

extractor. We used this approach in Chapter 5 by replacing the oracle with the plugin network

for test time. We will return to this principle in Chapter 7.

On the summarizer’s side, we could make the following improvements. First, we could account

for mistakes in aspect queries, both in training and testing. These mistakes emerge as the

extractor can incorrectly extract an aspect (false positive) or miss one (false negative). In turn,

this closely resembles the real-world setting, where mistakes are made by the user, intentionally

or unintentionally. We could address that by enhancing the summarizer to carefully evaluate the

query and act accordingly. For instance, if an aspect is never mentioned in the input reviews,

it should be ignored. Also, the summarizer should not generate a text fragments for aspects

not present in the query. Second, the user might have only a vague idea about the aspects of

interest. For instance, he might provide the keyword ‘food ’ while be interested in details about

various dishes offered by a restaurant, such as pasta, gelato, and pizza. However, the model

in its current form will generate a coarse-grained summary fragment for that aspect, explicitly

mentioning the keyword ‘food ’. This could be addressed by allowing the user to specify the

granularity of the summary.
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GOLD

These transition tights are perfect for children sensitive to the tight sensation other tights have
around the foot. The material is soft and durable; they stand up well to both the rough nature of
children, and the washing machine. This product does tend to run slightly small, so purchasing
one size up is recommended.

FEWSUM

These tights are a great value for the price. The fit is true to size and the quality of the tights is
very good. They are well made and will last a long time. They do run a little on the small side,
so order a size up.

PASS

These soft, breathable tights are great for transitioning from tap to ballet. They fit snugly around
the body and stay in place when worn with ballet shoes. They are well made and well made,
and can last longer than other tights available. The colors are beautiful and will definitely be
purchasing again.

ADASUM (5%) +
L1O

These tights are soft and comfortable and fit well. They are durable and will last a long time.
They can be worn with sandals or flip-flops. They do run small and should be ordered one size
up to avoid squishing toes. The color is beautiful and the material is soft and durable.

ADAQSUM (5%) +
L1O

These tights are soft, comfortable, and durable. The color is beautiful and the fit is perfect for
tap and ballet. They fit well and are durable enough to wear with flip-flops to class. They are
recommended to order one size up if your child is chubby or slim.

REVIEW 1
These are the perfect tights for my 5-year old. The tights are very well made and have already
lasted several washings (hang dry). The color is beautiful, and my daughter loves that she can
wear flip-flops to class like the big girls do.

REVIEW 2
my 3 year old fit into these perfectly. I love these tights, they are great for wearing sandals to
dance class and then pulling them over her toes to put ballet slippers on. They are nice and soft
and the pink color is pretty. Will purchase again.

REVIEW 3
These are my daughters preferred ballet tights. They fit well and don’t squish her toes as much
as some others. The convertible option is nice as she can wear flip flops to the studio with her
tights. I like that they appear to be fairly durable.

REVIEW 4

Bought this for my little one to use for her ballet class. She’s almost 4 and this fits perfectly.
Transition tights give her the ability to pull up the foot area to around the ankles so that they
don’t get dirty when not wearing her shoes, but fit well and stay in place when pulled over her
feet and used with ballet shoes on.

REVIEW 5
Great soft fabric, runs small a though. U should consider getting one size up to avoid having
your daughter, or son if he’s into ballet, have little circulation. Don’t get me wrong, great product
and material.

REVIEW 6
I purchased these tights for my 4 year old because she has a tap class immediately followed by
an acro class. Tights fit well and were easy to transition to bare feet after tap. I can’t comment
on how they hold up, as we only had one week of dance so far.

REVIEW 7

This is my go to tight when my daughter needs new ones. I won’t buy anything else. They are
super comfy and last forever! She is 7 but very slim and these will fit her for a while but the 8-12
is a better fit for longevity purposes but they only had this size left and I needed them right away.

REVIEW 8

These are great tights. If your girl is chubby on the waist i think you should order a number up.
they are a strong tihgts. My daugther has it for more than 4 months and hasn’t broken them.
She only complains some days about the waist, just when she has had a lot of milk or food
recently. she’s 3 years old.

Table 6.11: Example summaries produced by different systems for an Amazon product. We
highlight in bold keywords that were part of the query for ADAQSUM (5%) + L1O.
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GOLD

The results with this scanner are sporadic at best- there are many problems with the software
drivers and the stringent system requirements that come along with it. It does not work with the
most recent versions of Windows, and the company charges for tech support calls.

FEWSUM

This is a great scanner. It is easy to use and easy to set up. The software that comes with it
does not work with Windows Vista. It would be nice if it was a little more user friendly, but for
the price it can’t be beat.

PASS
The VuPoint Digital Scanner is very user friendly and easy to use. It can scan over 1200 35
mm negatives and about a dozen slides. It takes time and money to get the scanner to fit in the
holders that come with it. The company also charges $10.00 per phone call for tech support.

ADASUM (5%) +
L1O

The VuPoint Digital Scanner is easy to use and does a great job converting negatives to digital
format. However, the software is not compatible with newer versions of Windows. The company
ArcSoft charges $10 per phone call for tech support. Overall, this product is not recommended.

ADAQSUM (5%) +
L1O

The VuPoint Digital Scanner does a great job of converting photo negatives to digital format.
The software is easy to use and easy to install. However, the image bleaches out with too
much light. A replacement unit is required. Overall, this product is recommended.

REVIEW 1

I recently bought this film and slide scanner to scan my grandfather’s slide collection. It bleaches
out the image with too much light. I tried changing the settings to improve the image quality, but
had no luck. The company ArcSoft charges $10.00 per phone call for tech support. You are
better off making the investment on a nicer quality scanner.

REVIEW 2

* * Not Reccommended * * Purchased as a gift in August. Opened a week ago. Spent the last
week trying to get Win Xp to recognise the Vu Point scanner. Many drivers and reloads later all
I have is a little black box with a red light and a message from windows that says ’USB Device
Not Recognised’.

REVIEW 3
I used the VuPoint Digital Scanner to scan over 1,200 35 mm negatives and about a dozen
slides and found this gadget a most user-friendly and efficient tool. I even managed to upload a
few black and white negatives from 1963. I recommend the product highly.

REVIEW 4
While the software was good for Windows XP and Vista, I now have Windows 7 and would like
to have software for the newer operating system. The company prefers to sell other products
rather than update their software. I can’t see recommending this product in today’s market.

REVIEW 5
While most equipment will work with more modern versions of Windows than were available
when manufactured this is not true with this scanner. Requires Windows XP means it won’t
work with earlier OR LATER. Its on its way back for a refund.

REVIEW 6

I found the VuPoint scanner not acceptable and I am still waiting for a replacement. My contacts
with VuPoint were helpful but the equipment still did not produce acceptable images. My contact
with the seller has been sporadic, at best, and a replacement unit has not been delivered.I an
NOT anxious to deal with these providers again.

REVIEW 7
Product is very easy to use. Does a great job converting my slide and photo negatives to digital
format. Touch-up and enhance program gave me just what I needed to clean up and enhance
some of the scans, Company was great to work with!!

REVIEW 8
Its not worth the time it takes to get the negative to fit in the holders they give you. I’d much
rather buy a hp flat bed scanner that lets you see the final photo image and not just an image of
the negative. It takes to much time and isn’t worth the money.

Table 6.12: Example summaries produced by different systems for an Amazon product. We
highlight in bold keywords that were part of the query for ADAQSUM (5%) + L1O.
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Chapter 7

Learning Opinion Summarizers by

Selecting Informative Reviews

In Chapters 4, 5, and 6, we focused on the summarization of 8 reviews. Also, annotated datasets

were scarce – we had less than 100 summaries for fine-tuning. In this chapter, we will discuss

a more realistic setting, where a product can have more than 2,000 reviews. Furthermore, in

our disposition, we will have more than 33,000 summaries. These summaries were written by

the professional reviewers of consumer products and comprise the largest dataset in opinion

summarization – AMASUM. We will explore how to efficiently deal with such a large input.

Specifically, we will discuss a review selector that is memory and computationally efficient. In

training, the selector assesses a large collection of reviews using ‘cheap’ lexical features and

selects only a small subset of summary-relevant ones. Only these reviews are encoded by an

‘expensive’ deep encoder and subsequently summarized. We train the model end-to-end using

amortized inference and policy gradient methods. Our experiments demonstrate the improved

quality of summaries and reduced hallucinations over alternative review selection methods and

baselines.

7.1 Introduction

As we already discussed in previous chapters, data scarcity is one of the central challenges

in opinion summarization. Besides the absence of large annotated resources, most datasets

contain summaries for only a handful of reviews (8-10). While this simplified setting allows

researchers develop new opinion summarizers, it is does not reflect the real-word scenarios.

Specifically, in the real-world scenarios, a product can have hundreds or even thousands of

reviews.

In this chapter, we make an important step forward by introducing the largest multi-document

opinion summarization dataset – AMASUM. It consist of verdicts, pros and cons for more

than 31,000 summarized Amazon products, as shown in Table 7.1. The summaries were

written by professional product reviewers guiding online audience to make better purchasing

decisions. In turn, each product is linked up to two thousands of reviews. This, however, makes
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Verdict If you like the idea of a glass feeder, this is the one to get. It has a lot to offer for the price.

Pros
• Has a large opening that makes it easy to get in and out of the feeder

• Has a nice design that’s easy to clean

Cons • The lid is a little flimsy, and it’s not as durable as some of the other models

Reviews

... looks just as nice as the glass feeders || ... Very happy with the value, quality and function

... || ... the cheapest most flexible "jar" I’ve ever seen ... || ... Nice large opening so it’s easy to
pour the sugar water || ... This feeder has a nice large opening ... || ... this is the perfect design
and size ... ||The hummingbirds liked it and had no trouble feeding or perching.... || ... The main
compartment is easy to clean... || ... The top is a little flimsy ... || ... it fell out of the hanger it
broke for good ... there are so many other nice ones out there that have glass "jar’s" or at least
sturdier plastic ... || ... The tray is easy to clean ...

Table 7.1: Example summary generated by SELSUM with colored alignment to the input
reviews. The reviews are truncated and delimited with ‘|| ’.

it virtually impossible to train a conventional encoder-decoder model using standard hardware.

Moreover, not all reviews cover the summary content. Thus, training to predict summaries

based on random review subsets results in hallucinations, as we will empirically demonstrate in

Sec. 7.5.2. This calls for specialized methods selecting smaller subsets of relevant reviews that

are fed to a summarizer. We explore this direction by introducing SELSUM that jointly learns to

select and summarize review subsets using amortized variational inference and policy gradient

optimization (Deng, Kim, Chiu, Guo, & Rush, 2018; Kingma & Welling, 2013; Mnih & Gregor,

2014), as depicted in Fig. 7.1.

To select relevant review subsets in training, we utilize the summary to pre-compute lexical

features. Then we score review relevance with a tiny neural selector that has only 0.1% of the

deep encoder’s parameters. These simple features, as opposed to deep encoder represent-

ations, allow us to select reviews from large collections without a significant computational

burden. Subsequently, only selected reviews are encoded by an ‘expensive’ encoder, in order

to predict the summary. To select quality review subsets in test time, when the summary is

not available, we approximate the summary relevance using another neural selector. In our

experiments, we show the importance of accurate review selection, affecting the summarizer in

training and its output in testing. Furthermore, we show that our model outperforms alternatives

in terms of ROUGE scores and content fidelity. All in all, our contributions can be summarized

as follows1:

• We provide the largest dataset for multi-document opinion summarization;

• We propose an end-to-end model selecting and summarizing reviews;

• We empirically demonstrate superiority of our model to alternatives.

1. The codebase and dataset are available at https://github.com/abrazinskas/SelSum.

https://github.com/abrazinskas/SelSum
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<latexit sha1_base64="ywA8y+kojLV/BZlpnj0OXT097KE=">AAAB6nicbZDPSgMxEMYnVWutVqs9egkWwYOUXUH0WPDisaL9A+1Ssmm2Dc1mlyQrLEsfwYsHRbz6RN58GMFs24O2fhD48X0zZGb8WHBtHOcLFTY2t4rbpZ3y7l5l/6B6eNTRUaIoa9NIRKrnE80El6xtuBGsFytGQl+wrj+9yfPuI1OaR/LBpDHzQjKWPOCUGGvdq6E7rNadhjMXXgd3CfUmGtS+K8W0Nax+DkYRTUImDRVE677rxMbLiDKcCjYrDxLNYkKnZMz6FiUJmfay+agzfGqdEQ4iZZ80eO7+7shIqHUa+rYyJGaiV7Pc/C/rJya49jIu48QwSRcfBYnAJsL53njEFaNGpBYIVdzOiumEKEKNvU7ZHsFdXXkdOhcN97Lh3Ln15jksVIJjOIEzcOEKmnALLWgDhTE8wQu8IoGe0Rt6X5QW0LKnBn+EPn4A+VCPvg==</latexit>r1
<latexit sha1_base64="ywA8y+kojLV/BZlpnj0OXT097KE=">AAAB6nicbZDPSgMxEMYnVWutVqs9egkWwYOUXUH0WPDisaL9A+1Ssmm2Dc1mlyQrLEsfwYsHRbz6RN58GMFs24O2fhD48X0zZGb8WHBtHOcLFTY2t4rbpZ3y7l5l/6B6eNTRUaIoa9NIRKrnE80El6xtuBGsFytGQl+wrj+9yfPuI1OaR/LBpDHzQjKWPOCUGGvdq6E7rNadhjMXXgd3CfUmGtS+K8W0Nax+DkYRTUImDRVE677rxMbLiDKcCjYrDxLNYkKnZMz6FiUJmfay+agzfGqdEQ4iZZ80eO7+7shIqHUa+rYyJGaiV7Pc/C/rJya49jIu48QwSRcfBYnAJsL53njEFaNGpBYIVdzOiumEKEKNvU7ZHsFdXXkdOhcN97Lh3Ln15jksVIJjOIEzcOEKmnALLWgDhTE8wQu8IoGe0Rt6X5QW0LKnBn+EPn4A+VCPvg==</latexit>r1

<latexit sha1_base64="J6fPb9ZwlXK4Fq+aR4wBnyT7t3Q=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspM0LRZcGNK6lof6AdSibNtKGZzJBkhGHoI7hxoYhbn8idDyOY/iy09UDg45x7yb3XjwXXxnG+UG5jcyu/Xdgp7u6V9g/Kh0dtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT61neeWRK80g+mDRmXkhGkgecEmOtezW4HZSrTs2ZC6+Du4RqA/Ur36V82hyUP/vDiCYhk4YKonXPdWLjZUQZTgWbFvuJZjGhEzJiPYuShEx72XzUKT61zhAHkbJPGjx3f3dkJNQ6DX1bGRIz1qvZzPwv6yUmuPIyLuPEMEkXHwWJwCbCs73xkCtGjUgtEKq4nRXTMVGEGnudoj2Cu7ryOrQvam695ty51cY5LFSAYziBM3DhEhpwA01oAYURPMELvCKBntEbel+U5tCypwJ/hD5+ACVTj9s=</latexit>rN
<latexit sha1_base64="J6fPb9ZwlXK4Fq+aR4wBnyT7t3Q=">AAAB6nicbZDNSgMxFIVvqtZarVa7dBMsggspM0LRZcGNK6lof6AdSibNtKGZzJBkhGHoI7hxoYhbn8idDyOY/iy09UDg45x7yb3XjwXXxnG+UG5jcyu/Xdgp7u6V9g/Kh0dtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT61neeWRK80g+mDRmXkhGkgecEmOtezW4HZSrTs2ZC6+Du4RqA/Ur36V82hyUP/vDiCYhk4YKonXPdWLjZUQZTgWbFvuJZjGhEzJiPYuShEx72XzUKT61zhAHkbJPGjx3f3dkJNQ6DX1bGRIz1qvZzPwv6yUmuPIyLuPEMEkXHwWJwCbCs73xkCtGjUgtEKq4nRXTMVGEGnudoj2Cu7ryOrQvam695ty51cY5LFSAYziBM3DhEhpwA01oAYURPMELvCKBntEbel+U5tCypwJ/hD5+ACVTj9s=</latexit>rN

<latexit sha1_base64="KWAmDDKGKz7qlNAn1aE3ZjTIDrM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahp5IURI8FLx4r2A9IQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNUmmGe+wRCa6H1LDpVC8gwIl76ea0ziUvBdO7xZ+74lrIxL1iLOUBzEdKxEJRtFKvlAENRVKqPGwWnMb7hJkk3gFqUGB9rD6NRglLIu5QiapMb7nphjkVKNgks8rg8zwlLIpHXPfUkVjboJ8efKcXFllRKJE21JIlurviZzGxszi0HbGFCdm3VuI/3l+htFtkAuVZsgVWy2KMkkwIYv/yUhozlDOLKFMC3srYROqKUObUsWG4K2/vEm6zYZ33XAfmrVWvYijDBdwCXXw4AZacA9t6ACDBJ7hFd4cdF6cd+dj1Vpyiplz+APn8wc9opEj</latexit>

in training
<latexit sha1_base64="KWAmDDKGKz7qlNAn1aE3ZjTIDrM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahp5IURI8FLx4r2A9IQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNUmmGe+wRCa6H1LDpVC8gwIl76ea0ziUvBdO7xZ+74lrIxL1iLOUBzEdKxEJRtFKvlAENRVKqPGwWnMb7hJkk3gFqUGB9rD6NRglLIu5QiapMb7nphjkVKNgks8rg8zwlLIpHXPfUkVjboJ8efKcXFllRKJE21JIlurviZzGxszi0HbGFCdm3VuI/3l+htFtkAuVZsgVWy2KMkkwIYv/yUhozlDOLKFMC3srYROqKUObUsWG4K2/vEm6zYZ33XAfmrVWvYijDBdwCXXw4AZacA9t6ACDBJ7hFd4cdF6cd+dj1Vpyiplz+APn8wc9opEj</latexit>

in training
<latexit sha1_base64="KWAmDDKGKz7qlNAn1aE3ZjTIDrM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahp5IURI8FLx4r2A9IQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNUmmGe+wRCa6H1LDpVC8gwIl76ea0ziUvBdO7xZ+74lrIxL1iLOUBzEdKxEJRtFKvlAENRVKqPGwWnMb7hJkk3gFqUGB9rD6NRglLIu5QiapMb7nphjkVKNgks8rg8zwlLIpHXPfUkVjboJ8efKcXFllRKJE21JIlurviZzGxszi0HbGFCdm3VuI/3l+htFtkAuVZsgVWy2KMkkwIYv/yUhozlDOLKFMC3srYROqKUObUsWG4K2/vEm6zYZ33XAfmrVWvYijDBdwCXXw4AZacA9t6ACDBJ7hFd4cdF6cd+dj1Vpyiplz+APn8wc9opEj</latexit>

in training
<latexit sha1_base64="KWAmDDKGKz7qlNAn1aE3ZjTIDrM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahp5IURI8FLx4r2A9IQ9lsN+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNUmmGe+wRCa6H1LDpVC8gwIl76ea0ziUvBdO7xZ+74lrIxL1iLOUBzEdKxEJRtFKvlAENRVKqPGwWnMb7hJkk3gFqUGB9rD6NRglLIu5QiapMb7nphjkVKNgks8rg8zwlLIpHXPfUkVjboJ8efKcXFllRKJE21JIlurviZzGxszi0HbGFCdm3VuI/3l+htFtkAuVZsgVWy2KMkkwIYv/yUhozlDOLKFMC3srYROqKUObUsWG4K2/vEm6zYZ33XAfmrVWvYijDBdwCXXw4AZacA9t6ACDBJ7hFd4cdF6cd+dj1Vpyiplz+APn8wc9opEj</latexit>

in training
<latexit sha1_base64="FJydbhPQAFpXdqmenyFnlcnj2Do=">AAACCnicbVDLSgMxFM34rPU16tJNtAgVSpkRRNFNwY0gagX7wLYMmUymDc1kxiQjlHHWbvwVNy4UcesXuHPlr5g+Ftp64HIP59xLco8bMSqVZX0ZU9Mzs3PzmYXs4tLyyqq5tl6VYSwwqeCQhaLuIkkY5aSiqGKkHgmCApeRmts96fu1OyIkDfm16kWkFaA2pz7FSGnJMbdunaQZdWiab3aQgsJJ7KOz9H7QL9IClLuOmbOK1gBwktgjkiuZ55ffx95N2TE/m16I44BwhRmSsmFbkWolSCiKGUmzzViSCOEuapOGphwFRLaSwSkp3NGKB/1Q6OIKDtTfGwkKpOwFrp4MkOrIca8v/uc1YuUfthLKo1gRjocP+TGDKoT9XKBHBcGK9TRBWFD9V4g7SCCsdHpZHYI9fvIkqe4V7f2idWXnSgUwRAZsgm2QBzY4ACVwCsqgAjB4AE/gBbwaj8az8Wa8D0enjNHOBvgD4+MHc4ScTw==</latexit>

q�(r̂1:K |r1:N , s)
<latexit sha1_base64="FJydbhPQAFpXdqmenyFnlcnj2Do=">AAACCnicbVDLSgMxFM34rPU16tJNtAgVSpkRRNFNwY0gagX7wLYMmUymDc1kxiQjlHHWbvwVNy4UcesXuHPlr5g+Ftp64HIP59xLco8bMSqVZX0ZU9Mzs3PzmYXs4tLyyqq5tl6VYSwwqeCQhaLuIkkY5aSiqGKkHgmCApeRmts96fu1OyIkDfm16kWkFaA2pz7FSGnJMbdunaQZdWiab3aQgsJJ7KOz9H7QL9IClLuOmbOK1gBwktgjkiuZ55ffx95N2TE/m16I44BwhRmSsmFbkWolSCiKGUmzzViSCOEuapOGphwFRLaSwSkp3NGKB/1Q6OIKDtTfGwkKpOwFrp4MkOrIca8v/uc1YuUfthLKo1gRjocP+TGDKoT9XKBHBcGK9TRBWFD9V4g7SCCsdHpZHYI9fvIkqe4V7f2idWXnSgUwRAZsgm2QBzY4ACVwCsqgAjB4AE/gBbwaj8az8Wa8D0enjNHOBvgD4+MHc4ScTw==</latexit>

q�(r̂1:K |r1:N , s)

<latexit sha1_base64="bt6pJkrAXnsmSAKNWlm2vjN08H0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoiiKKbghtB1Ar2gU0Ik8mkHTp5MDMRSszOjb/ixoUibv0Fd678FadpF1o9cLmHc+5l5h43ZlRIw/jUClPTM7NzxfnSwuLS8oq+utYUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLbd/MvRbt4QLGoXXchATO0DdkPoUI6kkR9+MndSKBc0qVg9JyJ3UPDrL7vJ+ke04etmoGjngX2KOSbmmn19+HXs3dUf/sLwIJwEJJWZIiI5pxNJOEZcUM5KVrESQGOE+6pKOoiEKiLDT/I4MbivFg37EVYUS5urPjRQFQgwCV00GSPbEpDcU//M6ifQP7ZSGcSJJiEcP+QmDMoLDUKBHOcGSDRRBmFP1V4h7iCMsVXQlFYI5efJf0tyrmvtV48os13bBCEWwAbZABZjgANTAKaiDBsDgHjyCZ/CiPWhP2qv2NhotaOOddfAL2vs30MCbfA==</latexit>

p (r̂1:K |r1:N )
<latexit sha1_base64="bt6pJkrAXnsmSAKNWlm2vjN08H0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoiiKKbghtB1Ar2gU0Ik8mkHTp5MDMRSszOjb/ixoUibv0Fd678FadpF1o9cLmHc+5l5h43ZlRIw/jUClPTM7NzxfnSwuLS8oq+utYUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLbd/MvRbt4QLGoXXchATO0DdkPoUI6kkR9+MndSKBc0qVg9JyJ3UPDrL7vJ+ke04etmoGjngX2KOSbmmn19+HXs3dUf/sLwIJwEJJWZIiI5pxNJOEZcUM5KVrESQGOE+6pKOoiEKiLDT/I4MbivFg37EVYUS5urPjRQFQgwCV00GSPbEpDcU//M6ifQP7ZSGcSJJiEcP+QmDMoLDUKBHOcGSDRRBmFP1V4h7iCMsVXQlFYI5efJf0tyrmvtV48os13bBCEWwAbZABZjgANTAKaiDBsDgHjyCZ/CiPWhP2qv2NhotaOOddfAL2vs30MCbfA==</latexit>

p (r̂1:K |r1:N )
<latexit sha1_base64="JeQZ/5i2yuP2h1jHWUArm//gE4k=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBByCrsB0WPAi8cI5oFJCLOTTjJkdnaZ6RVCyF948aCIV//Gm3/jJNmDJhY0FFXddHeFiZKWfP/b29jc2t7Zze3l9w8Oj44LJ6cNG6dGYF3EKjatkFtUUmOdJClsJQZ5FCpshuPbud98QmNlrB9okmA34kMtB1JwctKj1IzQktTDXqHol/0F2DoJMlKEDLVe4avTj0UaoSahuLXtwE+oO+WGpFA4y3dSiwkXYz7EtqOaR2i708XFM3bplD4bxMaVJrZQf09MeWTtJApdZ8RpZFe9ufif105pcNOdSp2khFosFw1SxShm8/dZXxoUpCaOcGGku5WJETdckAsp70IIVl9eJ41KObgq+/eVYrWUxZGDc7iAEgRwDVW4gxrUQYCGZ3iFN896L96797Fs3fCymTP4A+/zB4ZckLs=</latexit>

in testing
<latexit sha1_base64="JeQZ/5i2yuP2h1jHWUArm//gE4k=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBByCrsB0WPAi8cI5oFJCLOTTjJkdnaZ6RVCyF948aCIV//Gm3/jJNmDJhY0FFXddHeFiZKWfP/b29jc2t7Zze3l9w8Oj44LJ6cNG6dGYF3EKjatkFtUUmOdJClsJQZ5FCpshuPbud98QmNlrB9okmA34kMtB1JwctKj1IzQktTDXqHol/0F2DoJMlKEDLVe4avTj0UaoSahuLXtwE+oO+WGpFA4y3dSiwkXYz7EtqOaR2i708XFM3bplD4bxMaVJrZQf09MeWTtJApdZ8RpZFe9ufif105pcNOdSp2khFosFw1SxShm8/dZXxoUpCaOcGGku5WJETdckAsp70IIVl9eJ41KObgq+/eVYrWUxZGDc7iAEgRwDVW4gxrUQYCGZ3iFN896L96797Fs3fCymTP4A+/zB4ZckLs=</latexit>

in testing

<latexit sha1_base64="C1MM+zQ7en/FyNzAyBBIA6AFt+c=">AAAB6HicbZC7SgNBFIbPxluMt6ilIINBsJCwK4h2BmwsEzAXSJYwOzmbjJm9MDMrhCWllY2FIra+gZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwpW3708osLC4tr2RXc2vrG5tb+e2dmooSybDKIhHJhkcVCh5iVXMtsBFLpIEnsO71L0d5/Ral4lF4rQcxugHthtznjGpjVVQ7X7CL9lhkHpwpFC7evu723yvf5Xb+o9WJWBJgqJmgSjUdO9ZuSqXmTOAw10oUxpT1aRebBkMaoHLT8aBDcmicDvEjaV6oydj93ZHSQKlB4JnKgOqems1G5n9ZM9H+uZvyME40hmzykZ8IoiMy2pp0uESmxcAAZZKbWQnrUUmZNrfJmSM4syvPQ+2k6JwW7YpTKB3DRFnYgwM4AgfOoARXUIYqMEC4h0d4sm6sB+vZepmUZqxpzy78kfX6A9SXkVU=</latexit>s<latexit sha1_base64="C1MM+zQ7en/FyNzAyBBIA6AFt+c=">AAAB6HicbZC7SgNBFIbPxluMt6ilIINBsJCwK4h2BmwsEzAXSJYwOzmbjJm9MDMrhCWllY2FIra+gZ3PYecz6EM4uRSa+MPAx/+fw5xzvFhwpW3708osLC4tr2RXc2vrG5tb+e2dmooSybDKIhHJhkcVCh5iVXMtsBFLpIEnsO71L0d5/Ral4lF4rQcxugHthtznjGpjVVQ7X7CL9lhkHpwpFC7evu723yvf5Xb+o9WJWBJgqJmgSjUdO9ZuSqXmTOAw10oUxpT1aRebBkMaoHLT8aBDcmicDvEjaV6oydj93ZHSQKlB4JnKgOqems1G5n9ZM9H+uZvyME40hmzykZ8IoiMy2pp0uESmxcAAZZKbWQnrUUmZNrfJmSM4syvPQ+2k6JwW7YpTKB3DRFnYgwM4AgfOoARXUIYqMEC4h0d4sm6sB+vZepmUZqxpzy78kfX6A9SXkVU=</latexit>s

…
<latexit sha1_base64="cMm8KdgiL1Pv2m3VoIyAhT46r2Y=">AAAB73icbZDNSgMxFIWTqrVWq9Uu3QSL4ELKjCC6LLhxWcH+QGcomTTThmYyY3JHGIa+hBsXirj1ddz5MILpz0JbDwQ+zrmX3HuDRAoDjvOFCxubW8Xt0k55d6+yf1A9POqYONWMt1ksY90LqOFSKN4GAZL3Es1pFEjeDSY3s7z7yLURsbqHLOF+REdKhIJRsFbPG1MgeuAOqnWn4cxF1sFdQr2Jvdp3pZi1BtVPbxizNOIKmKTG9F0nAT+nGgSTfFr2UsMTyiZ0xPsWFY248fP5vFNyap0hCWNtnwIyd3935DQyJosCWxlRGJvVbGb+l/VTCK/9XKgkBa7Y4qMwlQRiMlueDIXmDGRmgTIt7KyEjammDOyJyvYI7urK69C5aLiXDefOrTfP0UIldIxO0Bly0RVqolvUQm3EkERP6AW94gf8jN/w+6K0gJc9NfRH+OMHV5WRqQ==</latexit>

r̂1

<latexit sha1_base64="cMm8KdgiL1Pv2m3VoIyAhT46r2Y=">AAAB73icbZDNSgMxFIWTqrVWq9Uu3QSL4ELKjCC6LLhxWcH+QGcomTTThmYyY3JHGIa+hBsXirj1ddz5MILpz0JbDwQ+zrmX3HuDRAoDjvOFCxubW8Xt0k55d6+yf1A9POqYONWMt1ksY90LqOFSKN4GAZL3Es1pFEjeDSY3s7z7yLURsbqHLOF+REdKhIJRsFbPG1MgeuAOqnWn4cxF1sFdQr2Jvdp3pZi1BtVPbxizNOIKmKTG9F0nAT+nGgSTfFr2UsMTyiZ0xPsWFY248fP5vFNyap0hCWNtnwIyd3935DQyJosCWxlRGJvVbGb+l/VTCK/9XKgkBa7Y4qMwlQRiMlueDIXmDGRmgTIt7KyEjammDOyJyvYI7urK69C5aLiXDefOrTfP0UIldIxO0Bly0RVqolvUQm3EkERP6AW94gf8jN/w+6K0gJc9NfRH+OMHV5WRqQ==</latexit>

r̂1

<latexit sha1_base64="hqSGGr6SVyfPA7TqoK4+MlAepgQ=">AAAB73icbZDLSgMxFIYTL7VWq9Uu3QSL4ELKjCC6LLgR3FSwF+gMJZNm2tBMZkzOCMPQl3DjQhG3vo47H0YwvSy09YfAx/+fQ845QSKFAcf5wmvrG5uFreJ2aWe3vLdfOThsmzjVjLdYLGPdDajhUijeAgGSdxPNaRRI3gnG19O888i1EbG6hyzhfkSHSoSCUbBW1xtRILp/26/UnLozE1kFdwG1Bvaq3+VC1uxXPr1BzNKIK2CSGtNznQT8nGoQTPJJyUsNTygb0yHvWVQ04sbPZ/NOyIl1BiSMtX0KyMz93ZHTyJgsCmxlRGFklrOp+V/WSyG88nOhkhS4YvOPwlQSiMl0eTIQmjOQmQXKtLCzEjaimjKwJyrZI7jLK69C+7zuXtSdO7fWOENzFdEROkanyEWXqIFuUBO1EEMSPaEX9Iof8DN+w+/z0jW86KmiP8IfP379kcM=</latexit>

r̂K

<latexit sha1_base64="hqSGGr6SVyfPA7TqoK4+MlAepgQ=">AAAB73icbZDLSgMxFIYTL7VWq9Uu3QSL4ELKjCC6LLgR3FSwF+gMJZNm2tBMZkzOCMPQl3DjQhG3vo47H0YwvSy09YfAx/+fQ845QSKFAcf5wmvrG5uFreJ2aWe3vLdfOThsmzjVjLdYLGPdDajhUijeAgGSdxPNaRRI3gnG19O888i1EbG6hyzhfkSHSoSCUbBW1xtRILp/26/UnLozE1kFdwG1Bvaq3+VC1uxXPr1BzNKIK2CSGtNznQT8nGoQTPJJyUsNTygb0yHvWVQ04sbPZ/NOyIl1BiSMtX0KyMz93ZHTyJgsCmxlRGFklrOp+V/WSyG88nOhkhS4YvOPwlQSiMl0eTIQmjOQmQXKtLCzEjaimjKwJyrZI7jLK69C+7zuXtSdO7fWOENzFdEROkanyEWXqIFuUBO1EEMSPaEX9Iof8DN+w+/z0jW86KmiP8IfP379kcM=</latexit>

r̂K

<latexit sha1_base64="BqUfnl0NefvDdk77UCR93VY8Bpw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvQVZkpSF0W3LisYB/QDiWTZtrQJDMmmUId+h1uXCji1o9x59+YTmehrQcunJxzL7n3BDFn2rjut1PY2t7Z3Svulw4Oj45PyqdnHR0litA2iXikegHWlDNJ24YZTnuxolgEnHaD6e3S786o0iySD2YeU1/gsWQhI9hYydeJEFixp+w1LFfcmpsBbRIvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5wuSoNE0xiTKR7TvqUSC6r9NFt6ga6sMkJhpGxJgzL190SKhdZzEdhOgc1Er3tL8T+vn5jwxk+ZjBNDJVl9FCYcmQgtE0AjpigxfG4JJorZXRGZYIWJsTmVbAje+smbpFOvedc1975eaVbzOIpwAZdQBQ8a0IQ7aEEbCDzCM7zCmzNzXpx352PVWnDymXP4A+fzB3lwknc=</latexit>

summarization
<latexit sha1_base64="BqUfnl0NefvDdk77UCR93VY8Bpw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvQVZkpSF0W3LisYB/QDiWTZtrQJDMmmUId+h1uXCji1o9x59+YTmehrQcunJxzL7n3BDFn2rjut1PY2t7Z3Svulw4Oj45PyqdnHR0litA2iXikegHWlDNJ24YZTnuxolgEnHaD6e3S786o0iySD2YeU1/gsWQhI9hYydeJEFixp+w1LFfcmpsBbRIvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5wuSoNE0xiTKR7TvqUSC6r9NFt6ga6sMkJhpGxJgzL190SKhdZzEdhOgc1Er3tL8T+vn5jwxk+ZjBNDJVl9FCYcmQgtE0AjpigxfG4JJorZXRGZYIWJsTmVbAje+smbpFOvedc1975eaVbzOIpwAZdQBQ8a0IQ7aEEbCDzCM7zCmzNzXpx352PVWnDymXP4A+fzB3lwknc=</latexit>

summarization

<latexit sha1_base64="hH2lf3xDHIOICFsA0LbAduwQAiw=">AAACA3icbVDLSgNBEJyNrxijRr0pyGAQIkjYFUTxFPAieEnAPCAbltnJbDJk9sFMrxDWgBfP3v0ALwqKePUnvPkz4uRx0MSChqKqm+4uNxJcgWl+Gam5+YXFpfRyZiW7urae29isqTCWlFVpKELZcIliggesChwEa0SSEd8VrO72zod+/ZpJxcPgCvoRa/mkE3CPUwJacnLbkZPY0GVABgV1Y3cJYOkk1tnl4MDJ5c2iOQKeJdaE5EvZ+8rzw/du2cl92u2Qxj4LgAqiVNMyI2glRAKngg0ydqxYRGiPdFhT04D4TLWS0Q8DvK+VNvZCqSsAPFJ/TyTEV6rvu7rTJ9BV095Q/M9rxuCdthIeRDGwgI4XebHAEOJhILjNJaMg+poQKrm+FdMukYSCji2jQ7CmX54ltaOidVw0K1a+dIjGSKMdtIcKyEInqIQuUBlVEUW36BG9oFfjzngy3oz3cWvKmMxsoT8wPn4AOROa2Q==</latexit>

p✓(s|r̂1:K)
<latexit sha1_base64="hH2lf3xDHIOICFsA0LbAduwQAiw=">AAACA3icbVDLSgNBEJyNrxijRr0pyGAQIkjYFUTxFPAieEnAPCAbltnJbDJk9sFMrxDWgBfP3v0ALwqKePUnvPkz4uRx0MSChqKqm+4uNxJcgWl+Gam5+YXFpfRyZiW7urae29isqTCWlFVpKELZcIliggesChwEa0SSEd8VrO72zod+/ZpJxcPgCvoRa/mkE3CPUwJacnLbkZPY0GVABgV1Y3cJYOkk1tnl4MDJ5c2iOQKeJdaE5EvZ+8rzw/du2cl92u2Qxj4LgAqiVNMyI2glRAKngg0ydqxYRGiPdFhT04D4TLWS0Q8DvK+VNvZCqSsAPFJ/TyTEV6rvu7rTJ9BV095Q/M9rxuCdthIeRDGwgI4XebHAEOJhILjNJaMg+poQKrm+FdMukYSCji2jQ7CmX54ltaOidVw0K1a+dIjGSKMdtIcKyEInqIQuUBlVEUW36BG9oFfjzngy3oz3cWvKmMxsoT8wPn4AOROa2Q==</latexit>

p✓(s|r̂1:K)

Figure 7.1: The SELSUM model is trained to select and summarize a subset of relevant reviews
r̂1:K from a full set r1:N using the approximate posterior qφ (r̂1:K |r1:N ,s). To yield review subsets
in test time, we fit and use a parametrized prior pψ(r̂1:K |r1:N).

7.2 Dataset

The dataset (AMASUM) is based on summaries for consumer products written by profes-

sional reviewers, in English. We focused on four main professional product review platforms:

bestreviews.com (BR); cnet.com; pmag.co.uk (PM); runrepeat.com (RR). The

former three mostly offer content for electronic consumer products, while the last one for

sport shoes. These summaries provide a quick-glance overview of a product to help users

make informed purchases. Unlike customer reviewers on public platforms, such as Amazon,

professional reviewers concentrate on quality writing and deliberately utilize many sources

of information. These sources include reading customer reviews on public platforms, making

online research, asking expert users for an opinion, and testing products themselves. In

general, the summaries come in two forms. The first ones are verdicts, usually a few sentences

emphasizing the most important points about a product. The second ones are pros and

cons, where the most important positive and negative details about a product are presented.

These tend to be more detailed, and focus on fine-grained product aspects, such as Bluetooth

connectivity, resolution, and CPU clock speed.

As content providers compete for online users, the summaries are what the user wants as

opposed to what researchers believe the user wants. This is in contrast to crowd-sourcing

where researchers bias the worker writing process with assumptions about what constitutes a

good summary. The assumptions are rarely verified by a marketing research or user testing. In

turn, this has lead to a large variance of summary styles and composition even in the same

domain (Angelidis & Lapata, 2018; Chu & Liu, 2019).
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7.2.1 Content Extraction

We wrote HTML scraping programs for each platform and extracted segments containing

verdicts, and pros and cons. Further, from advertisement links we extracted Amazon standard

identification numbers (ASINs) which allowed us to identify what Amazon products are reviewed

and link summaries to the Amazon product catalog.

We used various paid services to obtain Amazon reviews and product metadata. We fetched

verified reviews for all products, and utilized unverified ones only for unpopular products (<

50 reviews). We also utilized a publicly available Amazon review dataset (Ni, Li, & McAuley,

2019b).

7.2.2 Filtering

We removed all reviews that have less than 10 and more than 120 words. We also removed all

unpopular products that have less than 10 reviews. Further, we removed all summaries that

have less than 5 words, and all instances that have either verdict or pros or cons missing. The

overall statistics comparing our final dataset to available alternatives are shown in Table 7.2.

Our dataset is substantially larger than the alternatives, both in terms of number of summaries

and their associated reviews.

Ent Rev/Ent Summaries (R) Type Domain
AMASUM (This chapter) 31,483 326 33,324 (1.06) Abs. Products
SPACE (Angelidis et al., 2020) 50 100 1,050 (3) Abs. Hotels
COPYCAT 60 8 180 (3) Abs. Products
FEWSUM 60 8 180 (3) Abs. Businesses
MEANSUM (Chu & Liu, 2019) 200 8 200 (1) Abs. Businesses
OPOSUM (Angelidis & Lapata, 2018) 60 10 180 (3) Ext. Products

Table 7.2: Statistics comparing our dataset to alternatives; R stands for the number of
references. For our dataset, we show the average number of reviews and references per
entity. We count verdicts, pros and cons of a product as one summary.

7.2.3 Summary Statistics

Verdict Pros Cons
Len R1 R2 Len R1 R2 Len R1 R2

BR (27,329) 20.60 82.40 34.45 37.34 79.12 29.75 16.27 82.19 33.58
CNET (2,717) 29.74 81.05 34.72 32.08 77.85 30.04 25.11 75.16 25.84
PM (1,756) 30.23 76.08 28.28 20.78 65.53 16.09 14.33 62.08 13.81
RR (1,522) 77.86 60.45 13.12 120.04 59.44 13.47 43.36 63.11 16.02
All (33,324) 24.47 80.95 33.18 39.82 77.40 28.31 18.12 79.69 31.10

Table 7.3: Summary statistics of the dataset. The number of data points is in parentheses.
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We analyzed summaries from different platforms in terms of their lengths and ROUGE recall

with respect to reviews, as shown in Table 7.3. First of all, verdicts tend to be shorter than pros

and cons, and concentrate on fewer aspects. They also exhibit higher word overlap to user

reviews as indicated by higher ROUGE scores. We also observed that pros and cons tend to

concentrate on specific product features, which can often be found in product meta information

(product description, the bullet list of features). Cons tend to be shorter than pros, we believe,

primarily because most summarized products are rated highly (4.32/5.0 on average).

7.2.4 Aspect-based Metric

In addition to standard unweighted word-overlap metrics commonly used to analyze data-

sets (Fabbri et al., 2019; Grusky, Naaman, & Artzi, 2018), we also leveraged an aspect specific

metric. Similar to Ni et al. (2019b), we applied a parser (Y. Zhang et al., 2014) to the training

set to yield (aspect, opinion, polarity) tuples. From the tuples, we created a lexicon, which

contains fine-grained aspect keywords, such as battery life, screen, resolution, etc. In addition,

to reduce noise, we manually cleaned the lexicon from aspect unrelated keywords, resulting

in 2,810 entries. Further, we used the lexicon to automatically tag aspect keywords in text.

Lastly, we computed aspect precision (AP) and aspect recall (AR) scores by comparing two

sequences. These scores were used as features in SELSUM, we will discuss it in Sec. 7.3.2.

7.3 Approach

As summaries are written mostly for popular products, with more than 320 reviews on average,

it is computationally challenging to encode and attend all the available ones to decode the

summary. To alleviate this problem, we propose to condition the decoder on a smaller subset

of reviews. However, as not all reviews provide a good content coverage of the summary. Thus,

training on random subsets leads to hallucinations, as we will show in Sec. 7.5.2. Instead, we

propose to learn a review selector, which chooses reviews guided by the summary. We frame

this as a latent variable modeling problem (the selection is latent) and rely on the variational

inference framework to train the selector, see Sec. 7.3.2. The selector (the approximate

posterior) is a neural module assessing the review-summary relevance using pre-computed

lexical features, thus, efficiently selecting from large review collections. Further, the selected

reviews are decoded to the summary, as illustrated in Fig. 7.1. To select reviews in test time,

we train a review selector that does not rely on the summary, as presented in Sec. 7.3.3.
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7.3.1 Probabilistic Framing

Let {ri
1:N ,s

i}M
i=1 be reviews-summary pairs, and let r̂1:K be a reduced subset of reviews, where

K < N, and each variable follows a categorical distribution. As review subsets r̂1:K are unknown

in advance, they are latent variables in our model, and both the full set r1:N and the summary s

are observed variables. To maximize the log-likelihood shown in Eq. G.1, we have to marginalize

over all possible review subsets.

log pθ (s|r1:N) = log E
r̂1:K∼p(r̂1:K |r1:N)

[pθ (s|r̂1:K)] (G.1)

Unfortunately, the marginalization is intractable, and thus we leverage the Jensen’s inequality

(Boyd & Vandenberghe, 2004) to obtain the lower bound as shown in Eq. G.2, which, in turn, is

approximated via Monte Carlo (MC).

log E
r̂1:K∼p(r̂1:K |r1:N)

[pθ (s|r̂1:K)]≥ E
r̂1:K∼p(r̂1:K |r1:N)

[log pθ (s|r̂1:K)] (G.2)

Here the latent subset r̂1:K is sampled from a prior categorical distribution agnostic of the

summary. From the theoretical perspective, it can lead to a large gap between the log-likelihood

and the lower bound, contributing to poor performance (Deng et al., 2018). From the practical

perspective, it can result in the input reviews not covering the summary content, thus forcing the

decoder in training to predict ‘novel’ content. Consequently, this leads to hallucinations (Maynez

et al., 2020) in test time, as we empirically demonstrate in Sec. 7.5.2.

7.3.2 Model

To address the previously mentioned problems, we leverage amortized inference reducing the

gap (Cremer, Li, & Duvenaud, 2018; Kingma & Welling, 2013). And re-formulate the lower

bound using weighted sampling as shown in Eq. G.3. For more details on amortized inference,

please refer to Sec. 2.5.

log E
r̂1:K∼p(r̂1:K |r1:N)

[pθ (s|r̂1:K)]≥

E
r̂1:K∼qφ (r̂1:K |r1:N ,s)

[log pθ (s|r̂1:K)]−DKL
[
qφ (r̂1:K |r1:N ,s)||p(r̂1:K |r1:N)

] (G.3)

The first term, known as reconstruction, quantifies the summary prediction quality with review

subsets selected by the approximate posterior qφ (r̂1:K |r1:N ,s). Unlike the prior, it selects

reviews relevant to the summary s, thus providing a better content coverage of the summary.

Hence, it reduces the amount of ‘novel’ content the decoder needs to predict. As we empirically

demonstrate in Sec. 7.5.2, this results in summaries with substantially fewer hallucinations in

test time. The second term, the Kullback-Leibler divergence (KLD), serves as a regularizer
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preventing the posterior from deviating from the prior. We did not find it useful – presumably

because the latent space of our model (i.e. the choice of reviews to summarize) has already

very limited capacity – and do not use the KLD term in training. Instead, after training, we fit a

rich prior (see Sec. 7.3.3).

Approximate Posterior

The distribution assigns a probability to every possible subset of reviews r̂1:K . However, this

would require us to consider N!/(N−K)!K! possible combinations to normalize the distribution

(Koller & Friedman, 2009). To make it computationally feasible, we assume a local, left-to-right

factorization (Larochelle & Murray, 2011), reducing the complexity to O(K N):

qφ (r̂1:K |r1:N ,s) =
K

∏
k=1

qφ (r̂k|r1:N , r̂1:k−1,s). (G.4)

Technically, each local distribution can be computed by softmax normalizing scores produced by

the inference network fφ (r̂k,r1:N ,s). To represent (r̂k, r1:N , s) input tuples, we use pre-computed

lexical features, such as ROUGE scores for (r̂k, s) and (r̂k, r1:N), and aspect-coverage metrics

(see Sec. 7.2.4). This, in turn, allows us to learn feature inter-dependencies and score large

collections of reviews in a fast and memory efficient-manner.

To avoid duplicate reviews, we assume that r̂k can be any review in the full collection r1:N except

previously selected ones in the partial subset r̂1:k−1. To accommodate that, we ‘block’ scores

for all previously selected reviews r̂1:k−1 as fφ (r̂k,r1:N ,s) =− inf ∀r̂k ∈ r̂1:k−1. In practice, we

compute logits once for r1:N , and then perform a progressive distribution re-normalization by

‘blocking’ logits for previously selected reviews.

Reconstruction

In training, we optimize parameters only for the reconstruction term in Eq. G.3. However,

this optimization is not straightforward as it requires backpropagation through categorical

samples r̂1:K to compute a gradient estimate. Furthermore, it is not possible to apply the re-

parametrization trick (Kingma & Welling, 2013) for categorical variables. On the other hand, the

Gumbel-Softmax trick (Jang, Gu, & Poole, 2017), in its standard form, would require encoding

and backpropagating through all possible review subsets, making it computationally infeasible.

Instead, we used REINFORCE (Williams, 1992) that considers only a sampled subset for

gradient estimation,2 as shown in Eq. G.5. The notation is simplified to avoid clutter.

∇φ E
r̂1:K∼qφ (r̂k|r1:N ,r̂1:k−1,s)

[log pθ (s|r̂1:K)] = E
r̂1:K∼qφ

[
(log pθ (s|r̂1:K)−β (s))∇φ logqφ

]
(G.5)

2. We provide further discussion contrasting REINFORCE and the Gumbel-Softmax trick in Appendix D.1.
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Here β (s) corresponds to a baseline reducing the gradient variance (Greensmith et al., 2004).

Specifically, we used an MC estimate of Eq. G.2 by randomly sampling review subsets.

Moreover, we were separately updating the posterior and summarizer, in the spirit of stochastic

inference (Hoffman, Blei, Wang, & Paisley, 2013). In turn, this made it computationally possible

to further reduce the variance by estimating Eq. G.5 with more samples.

7.3.3 Fitting a Prior

The selector used in training (i.e the approximate posterior qφ (r̂1:K |r1:N ,s)) cannot be used in

test time, as it has a look-ahead to the summary s. Instead we need a prior pψ(r̂1:K |r1:N). Since

we have not used any prior in training (i.e. ignored the KLD term, Eq. G.3), we, similarly in spirit

to Razavi, Oord, and Vinyals (2019), fit a parameterized prior after training the summarizer,

and then use the prior as the test-time review selector.

Intuitively, the fitted prior tries to mimic the predictions of the approximate posterior without

having access to s. We care only about the mode of the distribution, so, to simplify the task,

we select the most likely review subset from the posterior to train the test time selector and

frame it as a binary prediction task. Let {ri
1:N ,s

i}M
i=1 be reviews-summary pairs where we utilize

qφ (r̂1:K |r1:N ,s) to create {ri
1:N ,d

i
1:N}M

i=1 pairs. Here, d j is a binary tag indicating whether the

review r j was selected by the posterior. This dataset is then used to train the score function

fψ(rk;r1:N). In test time, we select K reviews with the highest scores.

On the high level, we score reviews with a binary classifier that inputs review contextualized

representations as illustrated in Fig. 7.2. Below we describe details behind the prior. First,

we initialized with a fine-tuned review encoder from the summarizer that was trained using

a review selector (i.e. SELSUM or R1 TOP-K). The encoder produces contextualized word

representations for each review independently. The word representations are obtained from the

last Transformer layer. Then, we computed the weighted average of these representations to

get the review representation. Further, we passed the review representations through another

encoder that contextualizes them by attending representations of other reviews in the collection.

Finally, we projected the outputs to scores.

7.4 Experimental Setup

7.4.1 Data Preprocessing

In our experiments, we used a preprocessed version of the dataset described in Sec. 7.2. First,

we set the full review set size N to 100 maximum reviews, and the review subset size K was

set to 10 entries. Further, we split the dataset to 26660, 3302, and 3362 summaries for training,

validation, and testing, respectively. For our models training, verdicts, pros, and cons were

joined to one sequence with a separator symbol indicating boundaries.
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<latexit sha1_base64="43wvhf8qEvU+Lw4Q9LWFuoF/GyE=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsJuUPQYyMVjFPOAJITZSScZMju7zPRG4xLwV7x4UMSr3+HNv3HyOGhiQUNR1U13lx9JYdB1v53Uyura+kZ6M7O1vbO7l90/qJow1hwqPJShrvvMgBQKKihQQj3SwAJfQs0flCZ+bQjaiFDd4SiCVsB6SnQFZ2ildvboFoYC7mkpVAgPGDMpHkG3szk3705Bl4k3JzkyR7md/Wp2Qh4HoJBLZkzDcyNsJUyj4BLGmWZsIGJ8wHrQsFSxAEwrmZ4/pqdW6dBuqG0ppFP190TCAmNGgW87A4Z9s+hNxP+8Rozdq1YiVBQjKD5b1I0lxZBOsqAdoYGjHFnCuBb2Vsr7TDOONrGMDcFbfHmZVAt57yLv3hRyxfN5HGlyTE7IGfHIJSmSa1ImFcJJQp7JK3lznpwX5935mLWmnPnMIfkD5/MHqT6V5A==</latexit>

Review Contextualizer
<latexit sha1_base64="43wvhf8qEvU+Lw4Q9LWFuoF/GyE=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsJuUPQYyMVjFPOAJITZSScZMju7zPRG4xLwV7x4UMSr3+HNv3HyOGhiQUNR1U13lx9JYdB1v53Uyura+kZ6M7O1vbO7l90/qJow1hwqPJShrvvMgBQKKihQQj3SwAJfQs0flCZ+bQjaiFDd4SiCVsB6SnQFZ2ildvboFoYC7mkpVAgPGDMpHkG3szk3705Bl4k3JzkyR7md/Wp2Qh4HoJBLZkzDcyNsJUyj4BLGmWZsIGJ8wHrQsFSxAEwrmZ4/pqdW6dBuqG0ppFP190TCAmNGgW87A4Z9s+hNxP+8Rozdq1YiVBQjKD5b1I0lxZBOsqAdoYGjHFnCuBb2Vsr7TDOONrGMDcFbfHmZVAt57yLv3hRyxfN5HGlyTE7IGfHIJSmSa1ImFcJJQp7JK3lznpwX5935mLWmnPnMIfkD5/MHqT6V5A==</latexit>

Review Contextualizer

<latexit sha1_base64="iJHDL7dLzChmm+Jn21Ga46TyF4c=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld2C6LEggscq9gPatWSzs21oNlmSbEtZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOFMG9f9dtbWNza3tgs7xd29/YPD0tFxU8tUUWhQyaVqB0QDZwIahhkO7UQBiQMOrWB4M/NbI1CaSfFoJgn4MekLFjFKjJWeHmDEYIxvBZUhqF6p7FbcOfAq8XJSRjnqvdJXN5Q0jUEYyonWHc9NjJ8RZRjlMC12Uw0JoUPSh46lgsSg/Wx+9RSfWyXEkVS2hMFz9fdERmKtJ3FgO2NiBnrZm4n/eZ3URNd+xkSSGhB0sShKOTYSzyLAIVNADZ9YQqhi9lZMB0QRamxQRRuCt/zyKmlWK95lxb2vlmvVPI4COkVn6AJ56ArV0B2qowaiSKFn9IrenLHz4rw7H4vWNSefOUF/4Hz+AD9Kkko=</latexit>

Review Encoder
<latexit sha1_base64="iJHDL7dLzChmm+Jn21Ga46TyF4c=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld2C6LEggscq9gPatWSzs21oNlmSbEtZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOFMG9f9dtbWNza3tgs7xd29/YPD0tFxU8tUUWhQyaVqB0QDZwIahhkO7UQBiQMOrWB4M/NbI1CaSfFoJgn4MekLFjFKjJWeHmDEYIxvBZUhqF6p7FbcOfAq8XJSRjnqvdJXN5Q0jUEYyonWHc9NjJ8RZRjlMC12Uw0JoUPSh46lgsSg/Wx+9RSfWyXEkVS2hMFz9fdERmKtJ3FgO2NiBnrZm4n/eZ3URNd+xkSSGhB0sShKOTYSzyLAIVNADZ9YQqhi9lZMB0QRamxQRRuCt/zyKmlWK95lxb2vlmvVPI4COkVn6AJ56ArV0B2qowaiSKFn9IrenLHz4rw7H4vWNSefOUF/4Hz+AD9Kkko=</latexit>

Review Encoder

<latexit sha1_base64="/oR+YDebKcc8g+c2oB29xxwikFI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLgxmUF+4B2KJn0ThuaSYYkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMPufdEqeDG+v63t7G5tb2zW9or7x8cHh1XTk7bRmWaYYspoXQ3ogYFl9iy3ArsphppEgnsRJO7ud95Qm24ko92mmKY0JHkMWfUOqnTVMolR4NK1a/5C5B1EhSkCgWag8pXf6hYlqC0TFBjeoGf2jCn2nImcFbuZwZTyiZ0hD1HJU3QhPli3Rm5dMqQxEq7Jy1ZqL8TOU2MmSaRm0yoHZtVby7+5/UyG9+GOZdpZlGy5UdxJohVZH47GXKNzIqpI5Rp7nYlbEw1ZdY1VHYlBKsnr5N2vRZc1/yHerVRL+oowTlcwBUEcAMNuIcmtIDBBJ7hFd681Hvx3r2P5eiGV2TO4A+8zx9hp4+K</latexit>

Pooling
<latexit sha1_base64="/oR+YDebKcc8g+c2oB29xxwikFI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLgxmUF+4B2KJn0ThuaSYYkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMPufdEqeDG+v63t7G5tb2zW9or7x8cHh1XTk7bRmWaYYspoXQ3ogYFl9iy3ArsphppEgnsRJO7ud95Qm24ko92mmKY0JHkMWfUOqnTVMolR4NK1a/5C5B1EhSkCgWag8pXf6hYlqC0TFBjeoGf2jCn2nImcFbuZwZTyiZ0hD1HJU3QhPli3Rm5dMqQxEq7Jy1ZqL8TOU2MmSaRm0yoHZtVby7+5/UyG9+GOZdpZlGy5UdxJohVZH47GXKNzIqpI5Rp7nYlbEw1ZdY1VHYlBKsnr5N2vRZc1/yHerVRL+oowTlcwBUEcAMNuIcmtIDBBJ7hFd681Hvx3r2P5eiGV2TO4A+8zx9hp4+K</latexit>

Pooling

<latexit sha1_base64="20wBY6FCLHJh2ebqCvHMQeSHMNY=">AAAB83icbVBNS8NAEJ34WetX1aOXYBG8WJKC6LEgFI8V7Ae0oWw2k3bpZjfsbpRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tgs7xd29/YPD0tFxS8tMUWxSyaXqhEQjZwKbhhmOnVQhSUKO7XB0O/Pbj6g0k+LBjFMMEjIQLGaUGCv16ojRZV2qJ6KifqnsVbw53FXi56QMORr90lcvkjRLUBjKidZd30tNMCHKMMpxWuxlGlNCR2SAXUsFSVAHk/nNU/fcKpEbS2VLGHeu/p6YkETrcRLazoSYoV72ZuJ/Xjcz8U0wYSLNDAq6WBRn3DXSnQXgRkwhNXxsCaGK2VtdOiSKUGNjKtoQ/OWXV0mrWvGvKt59tVyr5nEU4BTO4AJ8uIYa3EEDmkAhhWd4hTcnc16cd+dj0brm5DMn8AfO5w+c0ZFa</latexit>

Feed-Forward
<latexit sha1_base64="20wBY6FCLHJh2ebqCvHMQeSHMNY=">AAAB83icbVBNS8NAEJ34WetX1aOXYBG8WJKC6LEgFI8V7Ae0oWw2k3bpZjfsbpRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tgs7xd29/YPD0tFxS8tMUWxSyaXqhEQjZwKbhhmOnVQhSUKO7XB0O/Pbj6g0k+LBjFMMEjIQLGaUGCv16ojRZV2qJ6KifqnsVbw53FXi56QMORr90lcvkjRLUBjKidZd30tNMCHKMMpxWuxlGlNCR2SAXUsFSVAHk/nNU/fcKpEbS2VLGHeu/p6YkETrcRLazoSYoV72ZuJ/Xjcz8U0wYSLNDAq6WBRn3DXSnQXgRkwhNXxsCaGK2VtdOiSKUGNjKtoQ/OWXV0mrWvGvKt59tVyr5nEU4BTO4AJ8uIYa3EEDmkAhhWd4hTcnc16cd+dj0brm5DMn8AfO5w+c0ZFa</latexit>

Feed-Forward

<latexit sha1_base64="9kfiwfCeUYHeJ1LZsN/yRaheAD0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd2A6DHgxWME84BkCbOT3mTI7MwyMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmmvvH9weHRcOTltG5Vphi2mhNLdiBoUXGLLciuwm2qkSSSwE03u5n7nCbXhSj7aaYphQkeSx5xR66SOYUojCQaVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFuTNy6ZQhiZV2JS1ZqL8ncpoYM00i15lQOzar3lz8z+tlNr4Ncy7TzKJky0VxJohVZP47GXKNzIqpI5Rp7m4lbEw1ZdYlVHYhBKsvr5N2vRZc1/yHerVRL+IowTlcwBUEcAMNuIcmtIDBBJ7hFd681Hvx3r2PZeuGV8ycwR94nz+/vo8f</latexit>

score 1
<latexit sha1_base64="9kfiwfCeUYHeJ1LZsN/yRaheAD0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd2A6DHgxWME84BkCbOT3mTI7MwyMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmmvvH9weHRcOTltG5Vphi2mhNLdiBoUXGLLciuwm2qkSSSwE03u5n7nCbXhSj7aaYphQkeSx5xR66SOYUojCQaVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFuTNy6ZQhiZV2JS1ZqL8ncpoYM00i15lQOzar3lz8z+tlNr4Ncy7TzKJky0VxJohVZP47GXKNzIqpI5Rp7m4lbEw1ZdYlVHYhBKsvr5N2vRZc1/yHerVRL+IowTlcwBUEcAMNuIcmtIDBBJ7hFd681Hvx3r2PZeuGV8ycwR94nz+/vo8f</latexit>

score 1

<latexit sha1_base64="skkxuAMML/N1KGQDv0V5BZepT7c=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KklB9Fjw4rGK/YA2lM120i7dbOLuplJC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/NbY1Sax/LBTBL0IzqQPOSMGiu173HM8Yl4vVLZrbhzkFXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgtNhNNSaUjegAO5ZKGqH2s/m9U3JulT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeO1nXCapQckWi8JUEBOT2fOkzxUyIyaWUKa4vZWwIVWUGRtR0YbgLb+8SprVindZce+q5Vo1j6MAp3AGF+DBFdTgFurQAAYCnuEV3pxH58V5dz4WrWtOPnMCf+B8/gBpQ49/</latexit>

Review 1
<latexit sha1_base64="skkxuAMML/N1KGQDv0V5BZepT7c=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KklB9Fjw4rGK/YA2lM120i7dbOLuplJC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/NbY1Sax/LBTBL0IzqQPOSMGiu173HM8Yl4vVLZrbhzkFXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgtNhNNSaUjegAO5ZKGqH2s/m9U3JulT4JY2VLGjJXf09kNNJ6EgW2M6JmqJe9mfif10lNeO1nXCapQckWi8JUEBOT2fOkzxUyIyaWUKa4vZWwIVWUGRtR0YbgLb+8SprVindZce+q5Vo1j6MAp3AGF+DBFdTgFurQAAYCnuEV3pxH58V5dz4WrWtOPnMCf+B8/gBpQ49/</latexit>

Review 1

…

<latexit sha1_base64="iJHDL7dLzChmm+Jn21Ga46TyF4c=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld2C6LEggscq9gPatWSzs21oNlmSbEtZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOFMG9f9dtbWNza3tgs7xd29/YPD0tFxU8tUUWhQyaVqB0QDZwIahhkO7UQBiQMOrWB4M/NbI1CaSfFoJgn4MekLFjFKjJWeHmDEYIxvBZUhqF6p7FbcOfAq8XJSRjnqvdJXN5Q0jUEYyonWHc9NjJ8RZRjlMC12Uw0JoUPSh46lgsSg/Wx+9RSfWyXEkVS2hMFz9fdERmKtJ3FgO2NiBnrZm4n/eZ3URNd+xkSSGhB0sShKOTYSzyLAIVNADZ9YQqhi9lZMB0QRamxQRRuCt/zyKmlWK95lxb2vlmvVPI4COkVn6AJ56ArV0B2qowaiSKFn9IrenLHz4rw7H4vWNSefOUF/4Hz+AD9Kkko=</latexit>

Review Encoder
<latexit sha1_base64="iJHDL7dLzChmm+Jn21Ga46TyF4c=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld2C6LEggscq9gPatWSzs21oNlmSbEtZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOFMG9f9dtbWNza3tgs7xd29/YPD0tFxU8tUUWhQyaVqB0QDZwIahhkO7UQBiQMOrWB4M/NbI1CaSfFoJgn4MekLFjFKjJWeHmDEYIxvBZUhqF6p7FbcOfAq8XJSRjnqvdJXN5Q0jUEYyonWHc9NjJ8RZRjlMC12Uw0JoUPSh46lgsSg/Wx+9RSfWyXEkVS2hMFz9fdERmKtJ3FgO2NiBnrZm4n/eZ3URNd+xkSSGhB0sShKOTYSzyLAIVNADZ9YQqhi9lZMB0QRamxQRRuCt/zyKmlWK95lxb2vlmvVPI4COkVn6AJ56ArV0B2qowaiSKFn9IrenLHz4rw7H4vWNSefOUF/4Hz+AD9Kkko=</latexit>

Review Encoder

<latexit sha1_base64="/oR+YDebKcc8g+c2oB29xxwikFI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLgxmUF+4B2KJn0ThuaSYYkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMPufdEqeDG+v63t7G5tb2zW9or7x8cHh1XTk7bRmWaYYspoXQ3ogYFl9iy3ArsphppEgnsRJO7ud95Qm24ko92mmKY0JHkMWfUOqnTVMolR4NK1a/5C5B1EhSkCgWag8pXf6hYlqC0TFBjeoGf2jCn2nImcFbuZwZTyiZ0hD1HJU3QhPli3Rm5dMqQxEq7Jy1ZqL8TOU2MmSaRm0yoHZtVby7+5/UyG9+GOZdpZlGy5UdxJohVZH47GXKNzIqpI5Rp7nYlbEw1ZdY1VHYlBKsnr5N2vRZc1/yHerVRL+oowTlcwBUEcAMNuIcmtIDBBJ7hFd681Hvx3r2P5eiGV2TO4A+8zx9hp4+K</latexit>

Pooling
<latexit sha1_base64="/oR+YDebKcc8g+c2oB29xxwikFI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLgxmUF+4B2KJn0ThuaSYYkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMPufdEqeDG+v63t7G5tb2zW9or7x8cHh1XTk7bRmWaYYspoXQ3ogYFl9iy3ArsphppEgnsRJO7ud95Qm24ko92mmKY0JHkMWfUOqnTVMolR4NK1a/5C5B1EhSkCgWag8pXf6hYlqC0TFBjeoGf2jCn2nImcFbuZwZTyiZ0hD1HJU3QhPli3Rm5dMqQxEq7Jy1ZqL8TOU2MmSaRm0yoHZtVby7+5/UyG9+GOZdpZlGy5UdxJohVZH47GXKNzIqpI5Rp7nYlbEw1ZdY1VHYlBKsnr5N2vRZc1/yHerVRL+oowTlcwBUEcAMNuIcmtIDBBJ7hFd681Hvx3r2P5eiGV2TO4A+8zx9hp4+K</latexit>

Pooling

<latexit sha1_base64="20wBY6FCLHJh2ebqCvHMQeSHMNY=">AAAB83icbVBNS8NAEJ34WetX1aOXYBG8WJKC6LEgFI8V7Ae0oWw2k3bpZjfsbpRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tgs7xd29/YPD0tFxS8tMUWxSyaXqhEQjZwKbhhmOnVQhSUKO7XB0O/Pbj6g0k+LBjFMMEjIQLGaUGCv16ojRZV2qJ6KifqnsVbw53FXi56QMORr90lcvkjRLUBjKidZd30tNMCHKMMpxWuxlGlNCR2SAXUsFSVAHk/nNU/fcKpEbS2VLGHeu/p6YkETrcRLazoSYoV72ZuJ/Xjcz8U0wYSLNDAq6WBRn3DXSnQXgRkwhNXxsCaGK2VtdOiSKUGNjKtoQ/OWXV0mrWvGvKt59tVyr5nEU4BTO4AJ8uIYa3EEDmkAhhWd4hTcnc16cd+dj0brm5DMn8AfO5w+c0ZFa</latexit>

Feed-Forward
<latexit sha1_base64="20wBY6FCLHJh2ebqCvHMQeSHMNY=">AAAB83icbVBNS8NAEJ34WetX1aOXYBG8WJKC6LEgFI8V7Ae0oWw2k3bpZjfsbpRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tgs7xd29/YPD0tFxS8tMUWxSyaXqhEQjZwKbhhmOnVQhSUKO7XB0O/Pbj6g0k+LBjFMMEjIQLGaUGCv16ojRZV2qJ6KifqnsVbw53FXi56QMORr90lcvkjRLUBjKidZd30tNMCHKMMpxWuxlGlNCR2SAXUsFSVAHk/nNU/fcKpEbS2VLGHeu/p6YkETrcRLazoSYoV72ZuJ/Xjcz8U0wYSLNDAq6WBRn3DXSnQXgRkwhNXxsCaGK2VtdOiSKUGNjKtoQ/OWXV0mrWvGvKt59tVyr5nEU4BTO4AJ8uIYa3EEDmkAhhWd4hTcnc16cd+dj0brm5DMn8AfO5w+c0ZFa</latexit>

Feed-Forward

<latexit sha1_base64="dGWx2F8GqM+WuztxAg/7hzXE0Yo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGRI8BL54kinlAsoTZSW8yZHZ2nZmNhJCf8OJBEa/+jjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXs/85giV5rF8MOME/Yj2JQ85o8ZKrXsccXwit91iyS27c5BV4mWkBBlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtlTRC7U/m907JmVV6JIyVLWnIXP09MaGR1uMosJ0RNQO97M3E/7x2asIrf8JlkhqUbLEoTAUxMZk9T3pcITNibAllittbCRtQRZmxERVsCN7yy6ukUSl7F2X3rlKqVrI48nACp3AOHlxCFW6gBnVgIOAZXuHNeXRenHfnY9Gac7KZY/gD5/MHlTePnA==</latexit>
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<latexit sha1_base64="dGWx2F8GqM+WuztxAg/7hzXE0Yo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGRI8BL54kinlAsoTZSW8yZHZ2nZmNhJCf8OJBEa/+jjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXs/85giV5rF8MOME/Yj2JQ85o8ZKrXsccXwit91iyS27c5BV4mWkBBlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtlTRC7U/m907JmVV6JIyVLWnIXP09MaGR1uMosJ0RNQO97M3E/7x2asIrf8JlkhqUbLEoTAUxMZk9T3pcITNibAllittbCRtQRZmxERVsCN7yy6ukUSl7F2X3rlKqVrI48nACp3AOHlxCFW6gBnVgIOAZXuHNeXRenHfnY9Gac7KZY/gD5/MHlTePnA==</latexit>

Review N

<latexit sha1_base64="QtT3ifoYcX3w7s5mIN+Lzy86kjk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRI8BL54kgnlAsoTZSScZMjuzzMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3RYngxvr+t1fY2Nza3inulvb2Dw6PyscnLaNSzbDJlFC6E1GDgktsWm4FdhKNNI4EtqPJ7dxvP6E2XMlHO00wjOlI8iFn1DqpbZjSSO775Ypf9Rcg6yTISQVyNPrlr95AsTRGaZmgxnQDP7FhRrXlTOCs1EsNJpRN6Ai7jkoaowmzxbkzcuGUARkq7UpaslB/T2Q0NmYaR64zpnZsVr25+J/XTe3wJsy4TFKLki0XDVNBrCLz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYfXmdtGrV4KrqP9Qq9VoeRxHO4BwuIYBrqMMdNKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AOuyjzw=</latexit>

score N
<latexit sha1_base64="QtT3ifoYcX3w7s5mIN+Lzy86kjk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRI8BL54kgnlAsoTZSScZMjuzzMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3RYngxvr+t1fY2Nza3inulvb2Dw6PyscnLaNSzbDJlFC6E1GDgktsWm4FdhKNNI4EtqPJ7dxvP6E2XMlHO00wjOlI8iFn1DqpbZjSSO775Ypf9Rcg6yTISQVyNPrlr95AsTRGaZmgxnQDP7FhRrXlTOCs1EsNJpRN6Ai7jkoaowmzxbkzcuGUARkq7UpaslB/T2Q0NmYaR64zpnZsVr25+J/XTe3wJsy4TFKLki0XDVNBrCLz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYfXmdtGrV4KrqP9Qq9VoeRxHO4BwuIYBrqMMdNKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AOuyjzw=</latexit>

score N

…

…

…

…

Figure 7.2: Architecture of the prior score function.

7.4.2 Baselines

LEXRANK (Erkan & Radev, 2004) is an unsupervised extractive graph-based model that selects

sentences based on graph centrality. Sentences represent nodes in a graph whose edges are

weighted with tf-idf.

MEANSUM (Chu & Liu, 2019) is an unsupervised abstractive summarization model which treats

a summary as a structured latent state of an auto-encoder trained to reconstruct reviews of a

product.

COPYCAT is an unsupervised abstractive summarizer with hierarchical continuous latent

representations to model products and individual reviews. We discussed it in Chapter 4.

RANDOM: here we split all N reviews by sentences, and randomly selected 3, 7, 4 sentences

for verdicts, pros, and cons, respectively.

EXTSUM: we created an extractive summarizer trained on our data. First, we used the same

ROUGE greedy heuristic as in Y. Liu and Lapata (2019) to sequentially select summarizing

verdict, pro, and con sentences from the full set of reviews using the actual gold summary

(ORACLE). Further, we trained a model, with the same architecture as the prior in Sec. 7.3.3, to

predict sentence classes. We will discuss it in detail in Sec. 7.4.4.
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7.4.3 Alternative Review Selectors

To better understand the role of review selection, we trained the same encoder-decoder

summarizer as in SELSUM but with two alternative selectors.

RANDOM REVIEWS: We trained and tested on random review subsets (RANDSEL). Here, review

subsets were re-sampled at each training epoch.

ROUGE-1 TOP-K: We produced review subsets based on review-summary ROUGE-1 recall

scores (R1 TOP-K) for training.3 Specifically, we computed the scores for each pair, and then

selected K reviews with highest scores to form the subset. To select reviews in test time, we

trained a selector as in Sec. 7.3.3.

7.4.4 Experimental details

SUMMARIZER: We used the Transformer encoder-decoder architecture (Vaswani et al., 2017)

initialized with base BART (Lewis, Liu, et al., 2020), 140M parameters in total. Reviews were

independently encoded and concatenated states of product reviews were attended by the

decoder to predict the summary as in Chapter 5. We used trainable length embeddings, and

BPE (Sennrich et al., 2016) vocabulary of 51,200 subwords. Subword embeddings were

shared across the encoder and decoder for regularization (Press & Wolf, 2017). For summary

generation, we used beam search with the size of 5 and 3-gram blocking (Paulus et al., 2017).

Parameter optimization was performed using ADAM (Kingma & Ba, 2014) with 5,000 warm-up

steps. We trained SELSUM, R1 TOP-K, and RANDSEL for 8, 8, and 9 epochs, respectively. All

with the learning rate of 3e-05.

POSTERIOR: For the inference network in Sec. 7.3.2, we used a simple two-layer feed-forward,

250 hidden dimensions, with the tanh non-linearity and layer normalization before a linear

transformation to scores. The model consisted of 95k parameters.

We used 23 static features by treating verdicts and pros and cons as separate summaries. For

instance, ROUGE-1 and -2 scores between each review and the summary, and each review

and other reviews in the full set. Similar to Ni et al. (2019b), we tagged fine-grained aspect

words to compute precision and recall scores between reviews and the summary, and used

them as features. We will discuss details regarding featured in Sec. 7.6.1. Lastly, we used 3

samples for the expectation estimation in Eq. G.5 and 3 samples to compute the baseline.

PRIOR: For the parametrized prior in Sec. 7.3.3, we used fine-tuned encoders on the end-task

from both R1 TOP-K and SELSUM. For the contextualizer we used a cold-start Transformer

encoder with 2 layers and 8-head attention mechanisms. For score networks, we used 2

hidden layer feed-forward networks with the ReLU non-linearities and 100 hidden dimensions.

Dropouts at each layer were set to 0.10. In total, the model had 97M parameters.

3. We tried but were not able to obtain better results by turning the scores into a distribution and sampling from it,
so we used the deterministic strategy in the main experiments.
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PROS AND CONS CLASSIFICATION: COPYCAT and MEANSUM are not specifically designed

for pros and cons generation. Therefore, we used a separately trained classifier to split each

summary to pros and cons.

EXTRACTIVE SUMMARIZER: Our extractive summarizer had the same architecture as the prior

in Sec. 7.3.3. We independently encoded sentences from reviews, contextualized them, and

computed their distributions for 4 classes. In training, we considered up to 550 sentences,

where only up to 16 have positive labels (4, 8, 4 for verdicts, pros, cons, respectively) marked by

ORACLE. However, this resulted in label imbalance, where, in training, the model is incentives

to ignore positive labels (Li et al., 2020). However, in test time, we care about positive instances

only. To counter this problem, we scaled each positive class loss by 50. In this way, the model

is forced to prioritize the positive classes more. At test time, we sequentially selected top-k

summarizing sentences for verdicts, pros, and cons. To make each sentence selected either

for verdict, pros, or cons, we were sequentially excluding selected sentences from the pool of

candidates.

AUTOMATIC EVALUATION: We separately evaluated verdicts, pros, and cons with the standard

ROUGE package (Lin, 2004)4, and report F1 scores.

HUMAN EVALUATION: To assess content support, we randomly sampled 50 products, generated

summaries, and hired 3 workers on Amazon Mechanical Turk (AMT) for each HIT. To ensure

high quality submissions, we used qualification tasks and filters. More details can be found in

Appendix D.2.

HARDWARE: All experiments were conducted on 4 x GeForce RTX 2080 Ti.

7.5 Results

7.5.1 Automatic Evaluation

The results in Table 7.4 suggest that the supervised models substantially outperform the unsu-

pervised ones. Also, all supervised abstractive summarizers outperform EXTSUM, suggesting

recombining information from reviews into fluent text is beneficial. Among the summarizers

with the review selectors, SELSUM yields the best results on verdicts and cons. Although, we

noticed that SELSUM generates shorter pros than R1 TOP-K, which may harm its scores (Fan

et al., 2018)5. Further, when random reviews were used both in training and testing (RANDSEL),

the results are substantially lower. On the other hand, when review subsets were produced by

SELSUM and summarized by RANDSEL (marked with ‘*’), we observed a substantial increase

4. We used a wrapper over the package https://github.com/pltrdy/files2rouge.
5. R1 TOP-K and SELSUM generate 31.95 and 27.14 words on average, respectively.

https://github.com/pltrdy/files2rouge
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Verdict Pros Cons
R1 R2 RL R1 R2 RL R1 R2 RL

ORACLE 38.14 11.76 31.50 37.22 10.53 33.50 34.09 10.75 29.66
RANDOM 13.12 0.82 10.85 14.29 1.04 13.02 9.91 0.72 8.77
LEXRANK 15.12 1.84 12.60 14.12 1.50 12.81 8.28 0.82 7.24
MEANSUM 13.78 0.93 11.70 10.44 0.63 9.55 5.95 0.45 5.29
COPYCAT 17.05 1.78 14.50 15.12 1.48 13.85 6.81 0.82 5.89
EXTSUM 18.74 3.01 15.74 19.06 2.47 17.49 11.63 1.19 10.44
RANDSEL 23.25 4.75 17.82 20.26 3.60 18.52 13.59 2.32 11.86
RANDSEL* 23.95 5.16 18.49 21.06 3.94 19.31 13.78 2.35 12.10
R1 TOP-K 23.43 4.94 18.52 22.01 3.94 19.84 14.93 2.57 12.96
SELSUM 24.33 5.29 18.84 21.29 4.00 19.39 14.96 2.60 13.07

Table 7.4: Test set ROUGE F1 scores on verdict, pros and cons. The last block shows review
selection variants, where RANDSEL* was trained on random review subsets but tested on
SELSUM-selected subsets.

Verdict Pros Cons
Full↑ Partial↓ No↓ Full↑ Partial↓ No↓ Full↑ Partial↓ No↓

RANDSEL 28.96 45.90 25.14 38.62 29.10 32.28 14.92 14.60 70.48
RANDSEL* 50.79 31.75 17.46 50.62 22.96 26.42 16.84 13.75 69.42
R1 TOP-K 55.21 31.77 13.02 56.07 26.61 17.31 33.33 27.78 38.89
SELSUM 66.08 25.15 8.77 70.21 17.99 11.80 38.41 29.21 32.38

Table 7.5: Human evaluated content support. Percentages are based on summary sentences.
RANDSEL* was trained on random review subsets but tested on SELSUM selected subsets.

in all the scores. This suggests the importance of deliberate review selection in test time. In

general, all models yield higher scores on pros than cons, which is expected as most reviews

are positive (on average 4.32/5) and it is harder for the model to find negative points in input

reviews. We provide an example summary generated by SELSUM in Table 7.8.

7.5.2 Content Support

Generating input faithful summaries is crucial for practical applications, however, it remains an

open problem in summarization (Fabbri et al., 2021; Maynez et al., 2020; Wang, Cho, & Lewis,

2020a). Moreover, ROUGE scores were shown not always be reliable for the content support

assessment (Bražinskas et al., 2020b; Tay et al., 2019). Therefore, we evaluated generated

summary sentences via AMT, as we did in Chapter 4, using the following options.

• Full support : all the content is reflected in the reviews;

• Partial support : only some content is reflected in the reviews;

• No support : content is not reflected in the reviews.
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First, we observed that random reviews in training and testing (RANDSEL) lead to summaries

with a significant amount of hallucinations. Further, when RANDSEL summarizes reviews

chosen by SELSUM’s selector (‘the prior’) – indicated by ‘*’ – the content support is still

substantially lower than with SELSUM. This demonstrates that having a selection component is

necessary not only at test time but also in training; without it, the model does not learn to be

faithful to input reviews. Lastly, SELSUM generates substantially more input faithful summaries

than R1 TOP-K.

7.5.3 Posterior-Selected Review Subsets

We performed extra experiments to understand why SELSUM model performs better than

R1 TOP-K. Recall, their difference is only in the review selector used in training. SELSUM

learns a neural model as the posterior, whereas R1 TOP-K relies on a ROUGE-1 heuristic.

We hypothesize that SELSUM exploits more expressive features (beyond ROUGE-1) to select

reviews that are more relevant to the summary, helping SELSUM to learn a stronger model,

less prone to hallucinations.

In order to validate this, in Table 7.6 we show their results on the test set but in the training

regime, i.e. with reviews selected while accessing the actual gold summary. As in training, R1

TOP-K uses the ROUGE-1 heuristic, while SELSUM relies on the learned posterior. Naturally,

both methods obtain stronger scores in this artificial set-up (Table 7.6 vs. Table 7.4). What is

more interesting is that SELSUM is considerably stronger than R1 TOP-K, suggesting that the

SELSUM’s selection component indeed chooses more relevant reviews.

Verdict Pros Cons
RL RL RL

R1 TOP-K 19.38 21.09 13.26
SELSUM 20.44 20.79 14.40

Table 7.6: Test set ROUGE F1 scores when review selection is guided by the gold summary.

Lastly, to rank each feature ‘importance’, we estimated the mutual information (MI) (Kraskov,

Stögbauer, & Grassberger, 2004; Ross, 2014) between the posterior input features and the

binary decision to select a review, as in Sec. 7.3.3. We found that besides review-vs-summary

ROUGE-1 and -2 scores, the posterior uses fine-grained aspect features, and review-vs-all-

reviews ROUGE scores (quantifying the uniqueness of each review). We will provide a detailed

analysis of feature importance in Sec. 7.6.1.
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Feature MI Feature MI
R2-R(r̂, pc) 0.0634 R1-P(r̂, v) 0.0208
R1-R(r̂, pc) 0.0564 AP(r̂k, r−k) 0.0190
R2-P(r̂, pc) 0.0523 AR(r̂k, r−k) 0.0173
R1-R(r̂, v) 0.0489 LD(r̂, pc) 0.0167
R2-R(r̂, v) 0.0449 AP(r̂, v) 0.0151
R2-P(r̂k, r−k) 0.0411 LD(r̂, v) 0.0146
R2-P(r̂, v) 0.0405 R1-P(r̂k, r−k) 0.0138
AR(r̂, pc) 0.0353 AR(r̂, v) 0.0135
R1-R(r̂k, r−k) 0.0346 AD(r̂) 0.0106
AP(r̂, pc) 0.0331 AD(v) 0.0005
R2-R(r̂k, r−k) 0.0313 AD(pc) 0.0003
R1-P(r̂, pc) 0.0266 - -

Table 7.7: Full list of features sorted by their mutual information to a review being selected to
the subset binary variable.

7.6 Analysis

7.6.1 Posterior Features

In total, we used 23 continuous features computed for each tuple (s, r̂k, r̂1:N). We can group

features into three categories. The first ones were computed for a sequence standalone. The

second ones were computed as f (r̂k,s) where r̂k is the current review (hypothesis) and s is the

summary (reference). The last ones were computed with respect to other reviews as f (r̂k,r−k),

where r−k (reference) are all reviews except r̂k (hypothesis). We also treated verdicts (v) and

pros and cons (pc) as separate sequences.

Aspect precision, recall, and density are calculated by leveraging the lexicon presented in

Appendix 7.2.4. Additionally, aspect density (AD) was computed as the number of unigram

aspect keywords, divided by the number of unigrams in a sequence. Finally, length difference

LD(·, ·) was computed as the difference of two normalized lengths. The Normalization was

performed by the maximum sequence length division.

To gain a deeper insight into the SELSUM posterior’s inner-workings, we analyzed feature

importance for including a review in the subset. Same as in Sec. 7.3.3, we used the trained

posterior to create a binary tagging dataset. Further, we estimated the mutual information

(MI) (Kraskov et al., 2004; Ross, 2014) between the posterior input features and the binary

decision variable. This allowed us to identify the dependency strength between each feature

and the variable.

As features are computed separately for verdicts and pros and cons, we observed that features

for pros and cons (pc) have higher MI than for verdicts (v), which suggests that review selection

is guided by pros and cons more than by verdicts. Second, fine-grained aspect keyword based

scores (AP and AR) also have high MI for pc. This is unsurprising, as pros and cons are
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often more detailed, making them less predictable based on the prefix, thus the model favours

reviews with matching aspect keywords. Lastly, the ROUGE scores computed against other

reviews in the collection r−k have high MI. This indicates reliance on global statistics computed

based on the whole set of reviews.

7.6.2 Error Analysis

Human written pros and cons, besides summarizing customer opinion expressed in reviews,

can contain details that can often be found in the product meta data. For example, users

rarely mention that the same product comes in different colors. Consequently, the decoder is

trained to predict such phrases based on the prefix instead of the input reviews, as shown in

Example 7.9. We further observed that cons are harder, in general, to align to reviews. This is

likely caused by the fact that most professionally reviewed products are often highly rated by

users (4.32/5.0 on average). Thus, reviews contain fewer negative points. This is reflected in

lower ROUGE scores for all systems in Sec. 7.5.1.

Human-written summaries sometimes contain customer opinion quantification expressed in

phrases, such as ‘some users’ and ‘a few customers’. We observed this to be challenging

for the summarizer to generate accurately as shown in Example 7.10. Especially, it applies

to cons that summarize opinions of a small number of users. Logically, such reviews are

hard to retrieve from a large collection in training, consequently, the model learns to rely on

local statistics (the prefix). Overall, quantification of user opinions adds an additional layer of

complexity for the decoder as besides generating summaries that are content supported in

terms of opinions, it needs to quantify the them correctly. This is an interesting future direction

for abstractive opinion summarization. Lastly, we observed that online users, in their reviews,

sometimes compare the product to other products on the market. This, in turn, can confuse the

model and make it generate the summary that contains fragments describing another product.

Occasionally, we observed such mistakes in the output.

7.7 Related Work

In the context of opinion summarization, our model is related to unsupervised approach:

COPYCAT (Chapter 5), MEANSUM (Chu & Liu, 2019), DENOISESUM (Amplayo & Lapata, 2020),

OPINIONDIGEST (Suhara et al., 2020b), and CONDASUM (Amplayo & Lapata, 2021). Also, it is

related to few-shot approaches: FEWSUM (Chapter 5), ADASUM (Chapter 6), and PASS (Oved

& Levy, 2021).

Our work is also related to the extractive-abstractive summarization model (Y.-C. Chen &

Bansal, 2018) that selects salient sentences from an input document using reinforcement

learning. They assume one-to-one mapping between extracted and summary sentences for

news. In opinion summarization, however, we often need to fuse user opinions expressed in



7.7. Related Work 108

multiple reviews. Lastly, unlike their model, our selector and summarizer are trained jointly to

predict the summary using a differentiable loss. Also, our model is related to the unsupervised

paraphrasing MARGE model (Lewis, Ghazvininejad, et al., 2020), where the decoder has a

modified attention mechanism accounting for the target-source document similarity. However,

in their approach, the actual selection of relevant documents is performed offline via heuristics.

This, in turn, makes it non-differentiable and over-reliant on the modified attention mechanism.

We, however, learn the selector (posterior) jointly with summarizer, and select reviews in the

online regime.

An alternative to review subsets selection are more memory and computationally efficient

attention mechanisms (Beltagy et al., 2020; Pasunuru, Liu, Bansal, Ravi, & Dreyer, 2021). How-

ever, it is unclear what relationship exists between attention weights and model outputs (Jain

& Wallace, 2019), thus, making it harder to offer evidence for generated summaries. In our

case, the summarizer relies only on a selected subset and generates summaries faithful to its

content.

In general, in news summarization, which is a more mature branch, large datasets are

commonly obtained from online resources (Fabbri et al., 2019; Grusky et al., 2018; Hermann

et al., 2015; Narayan et al., 2018; Sandhaus, 2008). The most relevant dataset is MULTINEWS

Fabbri et al. (2019), where journalist-written summaries are linked to multiple news articles.

The most similar opinion summarization dataset SPACE (Angelidis et al., 2020) contains 1050

summaries produced for 50 hotels by crowd-sourcing.

7.8 Conclusions

In this chapter, we introduced the largest multi-document abstractive dataset for opinion

summarization – AMASUM. The dataset consists of verdicts, pros and cons, written by

professional writers for more than 31,000 Amazon products. Each product is linked to more

than 320 customer reviews, on average. The dataset resembles a realistic summarization

scenario and comes with exciting challenges.

As product can have hundreds of reviews, standard encoding-decoding is computationally

challenging. To alleviate this problem, we introduced SELSUM – a summarizer with an

integrated component selecting smaller review subsets. Only selected reviews are passed

to the ‘expensive’ deep encoder. The model is computationally efficient, scaling to large

collections, and is trained end-to-end. We found that the ‘naive’ selection of random reviews

leads to content infidelity (aka hallucinations). In contrast, SELSUM yields summaries with

better ROUGE scores and that are better supported by input reviews.



7.9. Future Work 109

7.9 Future Work

7.9.1 Meta Data

In our investigation, we observed that summary writers often utilize details in product meta

data. This is particularly evident for pros and cons often covering fine-grained aspects and

specific details. Considering this, a model can make more accurate predictions of summaries

if meta data is provided along with reviews. In turn, this can reduce hallucinations in test

time. Textual meta data, such as product descriptions and feature bullet-point lists, could be

encoded with the review encoder and used as an additional input to the decoder. However,

as descriptions and bullet-point features are often lengthy, this could require more efficient

attention mechanisms (Beltagy et al., 2020; Zaheer et al., 2017) or more fine-grained selectors,

which we describe in the next section.

Besides textual meta data, products have one or more images that reflect various aspects,

such as size and color. This potentially useful information for summary predictions might not

be present in neither textual meta data nor customer reviews. In order to leverage images, one

might utilize a separate image encoder, similar to Im et al. (2021). Subsequently, pass the

encoded images to the decoder to make more accurate summary predictions.

7.9.2 Content Selector

In its current form, the selector selects whole reviews which are subsequently encoded and

passed on the decoder. However, reviews often contain both informative and uninformative

content for summary prediction. This suggests that more a fine-grained content selection could

be beneficial. Specifically, the selector could be selecting review sentences instead of whole

reviews. In turn, this could significantly reduce the total input length and thus the computational

and memory burden. Furthermore, sentence subsets could provide a better content coverage

of summaries and thus reduce hallucinations in test time. We will return to this discussion in

Sec. 8.2.1.
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Summaries

VERDICT A comprehensive study guide for those who are new to the ASWB exam.

PROS
Offers a variety of practice questions to help you get the most out of the exam. Offers an easy-to-
understand overview of the test and how it works.

CONS
The practice questions are not as detailed as the actual exam, and some questions may not be
relevant to the actual questions.

Reviews

This review guide claims to reflect the 2018 blueprint of the ASWB exam. However, all ethics questions
refer to a 2006 version of the NASW Code of Ethics. The code of ethics is a substantial part of the exam
and many of the questions and answer explanations do not reflect what will be on the test. It is not worth
the money.

I passed my LMSW test on the first try with this as the only study material!!! I would definitely recommend
the book for its content and practice test. I will say that the actual test is very different from this practice test
in the book as the real tests involves more questions what do you do FIRST and what do you do NEXT?
This guide makes it pretty easy to narrow down to two answers whereas the actual test is not that easy. ...

I used this book as my primary study material for the LMSW licensing exam. While it is a thick book with a
lot of information, it was helpful in preparing for the exam. There were some questions on the exam that
were not in the book, but I still passed the exam with the information I studied from the book. While the
exams are not all the same, I can not guarantee the same results for everyone who uses this book, but I do
not have any negative reviews. ...

I just graduated with my MSW in May, and studied with this book as well as the pocket prep app for about a
month. This book is a great comprehensive overview of material that we have all learned, and was great for
reviewing. The practice questions were also helpful in figuring out HOW the exam wants you to answer....

I read through this book and utilized the practice exam at the end. While this book does go over some
foundational content which is applicable to the exam, overall the content is redundant and irrelevant. The
practice exam in the back of this book is extremely different than the practice exam offered through the
ASWB or the actual exam itself ...

Yes, I did it. I have an LCSW(not to be confused with the LCSW-clinical license as in MA the ’C’ stands for
certified). With this comprehensive and thurough study guide i was able to pass my exam the first time. I
felt so prepared after using this. I would say, pair this study guide with an online prep app, as the exam is
computer based and using a phone app you will get into the patterning needed to succeed in the exam.

This study guide for the ASWB exam is great. It has a lot of review material and a practice test. There is
also a code to put on a phone/tablet. I used this and passed on the first time. I also used the BSW guide for
that exam and passed on the first time. A must have for anyone looking to pass the Master’s Exam.

This was a super purchase! It offers excellent tips and strategies to prepping for this challenging exam. It
conditioned me to understand the method of the questions and not just knowledge. I just passed the first
time! This was incredible because I trained in the UK and not USA. This study kit prepared me to pass what
better review can one give?

I passed!! This was a great study guide for me. I was intending to read the whole thing but it was a lot so I
went through the table of contents and highlighted the sections I wanted to study. It also helped to read it
and write it down for memorization. The practice test was hard but it really tests you on your knowledge so
don’t take it until you are ready. I used this and a few other practice exams.

I cannot attest to results as of yet. But I can say that the book has a very organized layout and presents
information about how the test is setup which provides great insight for one’s approach to testing.

Table 7.8: Example summary generated by SELSUM with color highlighted content alignment.
Some reviews were truncated to fit the page.
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Summaries

VERDICT
If you’re looking for a set of glass containers that are both BPA-free and dishwasher safe, this is
the one to get.

PROS
Glass containers come in a variety of sizes and colors, so you can find the right size for your
needs. The lids are easy to open and close. BPA and phthalate-free.

CONS The containers are on the smaller side, which can make them difficult to store in the microwave.

Reviews

These containers are fantastic. The lips snap on very securely but are extremely easy to remove. I do wash
the lids by hand b/c they are top rack dishwasher safe only but that’s not a big deal for me b/c the glass
can go through the dishwasher. Plus I am saving dishwashing time anyway b/c I previously stored leftovers
in Tupperware that I could not heat in the microwave so would have to transfer to a different dish before
heating. Now it’s a 1 stop shop. Variety of sizes are great as well.

These containers are excellent!! One of the things I love about them is that I can fill them all the way to the
top and it won’t spill out when I put the lid on. There are a variety of sizes included and I use these every
day. I only wish they were etched on the bottom with the volume that each bowl can hold. But in any case
they are worth every penny. Glass containers don’t discolor in the microwave and you don’t have to worry
about consuming plastic. ...

Pro: Glass containers can go into the microwave to reheat leftovers without cooking food oils and colors
into plastic. Don’t use the lids in the microwave. And DO follow the instructions and wash before using,
definitely! Slightly con: The rubber gasket will separate from the lid and stick to the glass container if you
snap the lid on while it’s slightly wet. Maybe if it’s completely dry as well! ...

Great quality! Nice, secure fitting lids. It’s so easy to know what is being stored in the bowls. I have not used
them in the freezer. I have only used them in the microwave and refrigerator. We have used every single
bowl at one time or another! It’s great to have different sizes to accommodate different portions. I would like
to get a couple of even larger sizes if I can find them! This glass won’t crack as my plastic containers did
(unless I happen to drop!). ...

These are the perfect size for everything, but I’m sad that the blue rubber isn’t staying on the lids at all. We
are avoiding washing them in dishwasher so they don’t get worse. Kinda bummed. UPDATE 6/3/2018 We
received the new and improved 1790 Glass Container Set & the modifications made by the manufacturer
were a home run! The lids fit tightly and evenly on the containers that using them is a snap ...

These are such great dishes! I don’t eat a lot so they are perfect for single serving cooking and storage.
Love the way the lids clip in place, making a very good seal to keep the food fresh. Baking and cleaning are
so easy, just the way I like things, nice and easy...

Some of the flaps on the lids are a little hard to close, but I am guessing that has more to do with the fact
that they are new more than anything else. Overall, this is a good, quality set at a great price...

I should have read a little closer and counted the actual dishes in the photo - its a NINE piece set unless
you count the lids - which you can’t store food in. They might as well call it a 27 piece set because of the
nine lid seals, which is realistically another ’piece’...

Great glass based meal containers. The caps are plastic, and the air seal is a rubber-like material. Works
as intended, however the seal part can be separated from the cap and has a tendency to adhere more onto
to the glass over the cap...

This product is durable and easy to clean. I love that it’s BPA free and oven, microwave, freezer, and
dishwasher safe. It’s air tight and I haven’t had anything leak even when putting liquid in. For the price you
get, they’re great storage containers with versatility in different temperatures...

Table 7.9: Example summary generated by SELSUM with color highlighted errors. As indicated
in red, pros can contain details that one would expect to find in product meta data instead of
customer reviews. In orange, we indicate a logical mistake. In cyan we indicate a contradiction.
Some reviews were truncated to fit the page.
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Summaries

VERDICT
If you’re looking for a reliable, water-resistant, and weather-resistant G-Shock watch, this is the
one to get.

PROS
Solar powered. Water-resistant. Includes atomic clock and countdown timer. Includes a stopwatch
and 5 alarms.

CONS
Some owners say the watch is too small for their needs. A few owners say it doesn’t have the
features of other models.

Reviews

It will become your everyday watch and you will enjoy it. It does everything in the description and then
some. It sits nicely on your wrist without looking too big or too small, just right. It has stopwatch capabilities
along with timer capabilities. Its a good digital watch and from what I’ve seen it can take a beating and still
beep on the hour for you. Of course there’s a couple accessories you can get for it too, including a screen
protector and a brace to protect it. If you’re looking for a good watch that you can drag through the mud and
still check the time, look no further!

This Casio G-Shock adjusted itself to the correct time, day of the week and date as soon as I unboxed it and
light struck the solar charger. Very easy to set up, unlike some Casio products that require long sequences
of button pushing. It meets my needs: updates the time and date automatically via an atomic clock signal,
is solar powered, is water resistant, and displays the important information at a glance. Glad I paid a little
more for this model than some of the Casios that have thick operating manuals and lots of button pushing
to adjust. Well worth the money, and Amazon did a great job with prompt delivery of the correct product on
top condition.

OK - so it won’t give you weather, or headings, or your email... but come on, it sets itself to the freakin’
atomic clock EVERY SINGLE DAY. ...

As a purchaser of Casio’ G-Shock watches for almost four decades, I have depended on their toughness
in rugged environments. This latest update has all the whistles and bells of the bigger versions, but more
compact. The atomic-solar G-Shocks seem to last ten years with accurate time and no problems with the
battery. ...

I like the atomic clock sync and multi-time zone options. The UTC time needs to be accurate and easy to
get to for celestial navigation. This watch has all that plus many other features and, of course, it’s nearly
impossible to break and self-charging. This is the perfect watch for someone that is outdoors or on the
ocean for extended periods. ...

This is one of the best value for the money G-Shocks out there. A homage to the original square G-Shock,
this watch combines retro styling with modern technology like automatic time setting. Every feature works
flawlessly, and it looks and feels good on the wrist. If you’re strapped for cash go for the 5600 series, but if
you can swing it, this is the entry level G-Shock that will leave you wanting. ...

It’s cheap, reliable, durable, and fashionable. It’s so light it feels like you’re not wearing a wrist watch. It tells
the time, date, day of the week. It adjusts itself to the atomic clock nearest to you. It’s solar powered. You
don’t have to adjust it or buy a new battery for it (for around a decade!). It has a stopwatch and 5 alarms
although I don’t see myself using them. ...

I love these watches. It is flippin’ solar powered with multi-band atomic correction! You can’t beat that for
maintenance-free operation. ...

If your interested in a no flash, timeless, simplistic design then this watch is for you. This G-Shock is a step
up from Casio classic DW-6500. It add solar charging, world time, 5 alarms, and the ability to sync with 6
different stations around the world. ...

This model is considered a must have by most G-Shock aficionados. It’s the classic G-Square model, but
updated with solar power and atomic clock time sync features. It also has the World Time feature. ...

Table 7.10: Example summary generated by SELSUM with highlighted errors. In this summary,
the system incorrectly generated cons with quantifiers. Some reviews were truncated to fit the
page.



Chapter 8

Conclusions and Future Work

8.1 Conclusions

In the thesis, we discussed two settings of opinion summarization: low- and high-resource.

Due to their specifics, these settings call for different learning approaches. In the low-resource

setting, we utilize unsupervised learning based on unannotated customer reviews. We also

leverage a handful of human-written summaries to fine-tune models with specialized techniques.

In the high-resource setting, we use conventional supervised learning as substantially more

annotated data is available. Another difference between the settings is the number of associated

reviews per each summary. While each summary is linked to less than ten reviews in the

low-resource setting, it can exceed thousands in the high-resource setting. As encoding

and attending so many reviews is computationally challenging using standard deep encoder-

decoder models, it calls for scalable methods. We proposed a model selecting a small subset

of informative reviews that are subsequently summarized.

The presented works validate the five hypotheses stated in Sec. 1.3. Below, we conclude and

link each work with a hypothesis.

Hypothesis I: Customer reviews without human-written summaries provide a
sufficiently strong signal to train an abstractive opinion summarizer that generates
fluent, coherent, and input faithful summaries.

We started the discussion of the low-resource setting in Chapter 4 with the unsupervised model

– COPYCAT. It is framed as a hierarchical latent variable model with separate latent variables

representing individual reviews and a product. We train the model end-to-end on customer

reviews using variational auto-encoders (Kingma & Welling, 2013) via an unsupervised

objective – leave-one-out. Here, one review of a product is sampled as a summary and

the other ones as input. In training, the model leverages commonalities between reviews, such

as the brand name mentions, product features, and common opinions. We demonstrate that

unannotated customer reviews provide a sufficiently strong signal to train the summarizer

and subsequently generate high-quality summaries. In automatic and human evaluation, we

demonstrate that our approach outperforms the state-of-the-art MEANSUM model by generating

more fluent, coherent, and input faithful summaries.
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Hypothesis II: A handful of human-written summaries is sufficient to learn key
summary characteristics and subsequently improve writing style and informative-
ness of generated summaries.

As COPYCAT is never exposed to human-written summaries, it can, unsurprisingly perhaps,

generate summaries with review-like fragments. These fragments are often uninformative and

written in the informal writing style. One could leverage annotated summaries to learn these

characteristics. However, the naive fine-tuning of the full model results in rapid overfitting and

consequently poor summaries. In this light, in Chapter 5, we propose a few-shot summarizer –

FEWSUM.

We explicitly model summary characteristics and refer to them as properties (Ficler & Goldberg,

2017). Properties capture differences between reviews and summaries, and we compute them

automatically using heuristics. For instance, we observe that summaries inform only about

what is discussed in input reviews while reviews often have novel content (e.g., unique personal

experiences). We leverage heuristics, such as ROUGE scores, to compute property values

and pass them as an additional input to the decoder. We pre-train the model on customer

reviews and then use human-written summaries to learn their associated property values

using a trainable network. The network is used in inference to yield property values for the

decoder to generate summaries. First, we demonstrate that the explicit modelling of summary

characteristics results in improved robustness towards overfitting in the low-resource setting.

Second, in automatic and human evaluation, we show that the approach results in substantially

more informative summaries written in a formal writing style than the ones generated by

COPYCAT.

Hypothesis III: In-domain and task-oriented knowledge can be efficiently stored
in small neural modules and subsequently leveraged to generate summaries with
accurate product specifics.

In Chapter 6, we improve over FEWSUM by utilizing large pre-trained language models with

powerful text understanding and generation abilities and an efficient fine-tuning method –

adapters (Houlsby et al., 2019). The adapters are tiny neural networks inserted into the

encoder and decoder layers, consisting of a small fraction of the language model’s parameters.

However, large language models, such as BART (Lewis, Liu, et al., 2020), are pre-trained on

generic texts and are rarely accustomed to product specifics. After the naive fine-tuning on a

handful of annotated samples, generated summaries can contain subtle semantic mistakes.

For example, ‘This hair dryer is great for water cooling.’ To address this problem, we pre-train

the adapters on customer reviews via leave-one-out before fine-tuning them on gold samples.

In both stages, only the adapters are optimized, thus leading to computational and memory

savings (Mahabadi et al., 2021). Furthermore, we investigate aspect-based summarization,

where a model should generate opinions only about particular aspects mentioned in the query.

We conclude that a handful of gold samples is insufficient for learning this more complex task
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with the naive fine-tuning method. Similarly, we pre-train the adapters on customer reviews in

a query-based task-oriented manner before fine-tuning. This allows us to store task-oriented

information to adapters and successfully learn the task. In automatic and human evaluation,

we demonstrate that our approaches lead to substantial improvements over FEWSUM in terms

of ROUGE scores and input faithfulness.

Hypothesis IV: High-quality and large scale abstractive summarization dataset
can be created from online resources.

Human-written summary production is expensive, as it requires writers to read multiple reviews.

This has led to annotated data scarcity, where most available datasets have up to 300

summaries, each based on up to 10 reviews. However, in more realistic settings, each product

can have hundreds or even thousands of reviews to summarize. Therefore, in Chapter 7,

we propose a large annotated dataset, called AMASUM, with more than 33,000 summaries.

Each summary is associated with up to a couple of thousand reviews. These summaries were

collected from professional product review websites that link their content to Amazon pages.

Hypothesis V: Summarization can be done efficiently by learning to select the
subsets of informative reviews and summarizing only the content in these reviews.

This dataset presents a challenge as many reviews per product need to be encoded and atten-

ded. In turn, this is computationally and memory expensive using deep neural models (Beltagy

et al., 2020). We address this problem by introducing SELSUM that consists of a review selector

and a summarizer. In training, the selector selects a subset of summary-relevant reviews that

are passed to the summarizer. The selector relies on pre-computed lexical features and only

selected review subsets are encoded using an ‘expensive’ deep encoder. This approach has

an insignificant computational overhead and is trained end-to-end using amortized inference

and policy gradient methods. Further, we train a test time selector taking as input only reviews

and use it to generate summaries in test time. We demonstrate that this approach results in

high-quality summaries with more input faithful content than alternative approaches.

8.2 Future Work

Abstractive opinion summarization is a relatively new branch of summarization.1 It presents

exciting new avenues for research. We believe that the ultimate goal is to make it useful for

online users and society in general. This, in turn, requires improvements over existing models.

Some of the necessary improvements are related to machine learning in general, while others

are to opinion summarization specifically. In this section, we iterate over open problems and

future directions.

1. More than 80% of the papers were published within the last three years
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8.2.1 Efficient Multi-document Modelling

In realistic settings, products and services can have thousands of reviews to summarize. In

turn, this calls for efficient modelling methods of input texts. The naive concatenation of all

reviews as one string and subsequent encoding-decoding via a standard Transformer is not

feasible on modern hardware. The central problem resides in the computational and memory

cost of the encoder’s self-attention and the decoder’s cross-attention that is proportional to

the input’s length. Broadly, there are two types of solutions for this problem: content selection

and efficient attention. In Chapter 7, we explored review subset selection from large review

collections, which falls under the former category. The other alternative is to use more efficient

attention mechanisms. In essence, we modify attention patterns over sequences to make

them sparser (Beltagy et al., 2020; Zaheer et al., 2020). However, while this reduces both

computational and memory burdens, it can also reduce contextualization capabilities. More

specialized methods could be explored to find the optimal balance between computational cost

and contextualization.

8.2.2 Summary Personalization

In Chapters 4, 5, and 7, we discussed generic summarization. Models in these chapters

yield summaries agnostic to individual user interests and preferences. However, a generic

summary can hardly fit needs of diverse users. For example, a user might want a summary

reflecting his interest in terms of product aspects, such as ‘price,’ ‘bluetooth,’ and ‘connectivity.’

However, the progress in this direction is hindered by the lack of annotated datasets with

personalized summaries. In Chapter 6, we explored a simple method for converting generic

summary datasets to query-based, and the first few-shot query-based opinion summarizer.

Here query creation was based on a lexicon constructed by an aspect extractor. This direction

could be further explored by improving the aspect extraction phase and finding ways to reduce

the noise in extracted aspects or even consider end-to-end settings. Furthermore, one could

model user profiles to produce summaries that are personalized. These profiles could include

a purchasing history, topics of interest, and reviews that the user wrote.

8.2.3 Automatic Evaluation of Human Preference

From the global perspective, our central goal is to learn summarizers yielding summaries

appealing to the user. And ideally, we would like to optimize for human preference, such

as informativness and coherence. As such metrics are not readily available, we use proxy

metrics, such as ROUGE. Besides not being able to capture all aspects of human judgment,

ROUGE is not always well-correlated with input faithfulness as we observed and was reported

in a number of studies (Fabbri et al., 2021; Maynez et al., 2020). At the moment of writing,

there are no reliable ways of automatically performing input faithfulness evaluation for opinion

summarization except via human evaluation. Other automatically learned metrics, such as
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based on question-answering (Scialom, Lamprier, Piwowarski, & Staiano, 2019; Wang, Cho,

& Lewis, 2020b) and pre-trained models BERSCORE (T. Zhang, Kishore, Wu, Weinberger, &

Artzi, 2018) can be promising. However, they have not been successfully applied to the domain

yet.

In turn, the progress in opinion summarization depends on our ability to evaluate models for

human judgment. While we leverage human evaluation studies in all works, it is a sub-optimal

procedure. First, it is expensive to hire workers to perform an evaluation task. Second, it is

time consuming to design the actual task, build interfaces, train workers, and conduct the

experiment. This significantly increases development cycles and thus slows down the progress.

An alternative is to directly learn a metric of human judgment (Stiennon et al., 2020). While this

would require some annotated datasets for learning, the metric could be reused in different

experiments.

8.2.4 Input Faithfulness

As we discussed in Sec. 1.2.3, generation of input faithful summaries is an important open

problem. In Chapter 6, we showed that input faithfulness can be improved by utilizing pre-

trained language models and better fine-tuning methods. Specifically, ADASUM has only 5.56%

of summary sentences not supported by input reviews while FEWSUM (Chapter 5) has 28.05%.

Nevertheless, input faithfulness needs to be further improved to make models applicable to

industrial settings. One could consider more advanced content planning techniques (Narayan

et al., 2021), such as entity chains as well as summary re-ranking methods.

8.2.5 Explainable Opinion Summarization

By design, when a summary is generated, it often abstracts information present in customer

reviews. For example, it is not practical to enumerate all dishes in a summary but instead

abstract by an umbrella term – ‘food’. However, a user might want to ‘trace-back’ opinions that

contributed to the generated content. In turn, this calls for specialized approaches that produce

summaries with evidence. This direction could be further explored using select-and-summarize

approach (Shen et al., 2019), where first we select review fragments and then summarize

them.



Appendix A

Unsupervised Summarization

A.1 Human Evaluation Setup

To perform the human evaluation experiments described in Sections 4.7.1 and 4.7.2 we

combined both tasks into single Human Intelligence Tasks (HITs). Example interface can be

found in Appendix A.4. The workers needed to mark sentences as described in Section 4.7.2,

and then proceed to the task in Section 4.7.1. We explicitly asked then to re-read the reviews

before each task.

For worker requirements we set 98% approval rate, 1000+ HITS, Location: USA, UK, Canada,

and the maximum score on a qualification test that we designed. The test was asking if

the workers are native English speakers, and verifying that they correctly understand the

instructions of both tasks by completing a mini version of the actual HIT.

A.2 Full Human Evaluation Instructions

• Fluency: The summary sentences should be grammatically correct, easy to read and

understand.

• Coherence: The summary should be well structured and well organized. The summary

should not just be a heap of related information, but should build from sentence to

sentence to a coherent body of information about a topic.

• Non-redundancy: There should be no unnecessary repetition in the summary. Unne-

cessary repetition might take the form of whole sentences that are repeated, or repeated

facts, or the repeated use of a noun or noun phrase (e.g., "Bill Clinton") when a pronoun

("he") would suffice.

• Opinion consensus: The summary should reflect common opinions expressed in the

reviews. For example, if many reviewers complain about a musty smell in the hotel’s

rooms, the summary should include this information.

• Overall: Based on your own criteria (judgment) please select the best and the worst

summary of the reviews.
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A.3 Amazon Summaries Creation

First, we sampled 15 products from each of the Amazon review categories: Electronics;

Clothing, Shoes and Jewelry ; Home and Kitchen; Health and Personal Care. Then, we selected

8 reviews from each product to be summaries. We used the same requirements for workers as

for human evaluation in A.1. We assigned 3 workers to each product, and instructed them to

read the reviews and produce a summary text. We followed the instructions provided in (Chu &

Liu, 2019), and used the following points in our instructions:

• The summary should reflect common opinions about the product expressed in the

reviews. Try to preserve the common sentiment of the opinions and their details (e.g.

what exactly the users like or dislike). For example, if most reviews are negative about the

sound quality, then also write negatively about it. Please make the summary coherent and

fluent in terms of sentence and information structure. Iterate over the written summary

multiple times to improve it, and re-read the reviews whenever necessary.

• Please write your summary as if it were a review itself, e.g. ’This place is expensive’

instead of ’Users thought this place was expensive’. Keep the length of the summary

reasonably close to the average length of the reviews.

• Please try to write the summary using your own words instead of copying text directly

from the reviews. Using the exact words from the reviews is allowed, but do not copy

more than 5 consecutive words from a review .

A.4 Human Interface Examples

We provide HTML examples of interfaces that were used for human evaluation experiments on

the Amazon Mechanical Turk platform. A similar ones were used for data annotation.
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Figure A.1: Best-Worst Scaling interface parts. Where $$ indicate placeholders for actual data
(reviews and summaries).



Appendix B

Few-shot Learning for Opinion

Summarization

B.1 Best-Worst Scaling Details

We performed human evaluation based on the Amazon and Yelp test sets using the AMT

platform. We assigned workers to each tuple containing summaries from COPYCAT, our model,

LEXRANK, and human annotators. Due to dataset size differences, we assigned 5 and 3

workers to each tuple in the Amazon and Yelp test sets, respectively. We presented the

associated reviews in a random order and asked the workers to judge summaries using the

Best-Worst scaling (BWS) (Louviere et al., 2015; Louviere & Woodworth, 1991) that is known

to produce more reliable results than ranking scales (Kiritchenko & Mohammad, 2016a). The

judgment criteria are presented below, where non-redundancy and coherence were taken

from Dang (2005). Fluency : the summary sentences should be grammatically correct, easy to

read and understand; Coherence: the summary should be well structured and well organized;

Non-redundancy : there should be no unnecessary repetition in the summary; Informativeness:

how much useful information about the product does the summary provide?; Sentiment : how

well the sentiment of the summary agrees with the overall sentiment of the original reviews?

B.2 Human Evaluation Setup

To perform the human evaluation experiments described in Sec. 5.7, we hired workers with

98% approval rate, 1000+ HITS, Location: USA, UK, Canada, and the maximum score on

a qualification test that we had designed. The test was asking if the workers were native

English speakers, and was verifying that they correctly understood the instructions of both the

best-worst scaling and content support tasks.

121



B.3. Summary Annotation 122

B.3 Summary Annotation

For summary annotation, we reused 60 Amazon products introduced in Chapter 4 and sampled

100 businesses from Yelp. We assigned 3 Mechanical Turk workers to each product/business,

and instructed them to read the reviews and produce a summary text. We used the following

instructions:

• The summary should reflect user common opinions expressed in the reviews. Try to

preserve the common sentiment of the opinions and their details (e.g. what exactly the

users like or dislike). For example, if most reviews are negative about the sound quality,

then also write negatively about it.

• Please make the summary coherent and fluent in terms of sentence and information

structure. Iterate over the written summary multiple times to improve it, and re-read the

reviews whenever necessary.

• The summary should not look like a review, please write formally.

• Keep the length of the summary reasonably close to the average length of the reviews.

• Please try to write the summary using your own words instead of copying text directly

from the reviews. Using the exact words from the reviews is allowed but do not copy

more than 5 consecutive words from a review.



Appendix C

Efficient Few-shot Fine-tuning

C.1 Best-Worst Scaling Details

We performed human evaluation based on the Amazon test set using the AMT platform. We

assigned 3 workers to each tuple containing summaries from different systems. We showed

summaries and asked to select the best and worst one based on the criterion presented below.

1. Fluency : the summary sentences should be grammatically correct, easy to read and

understand;

2. Coherence: the summary should be well structured and well organized;

3. Non-redundancy : there should be no unnecessary repetition in the summary.

C.2 Human Evaluation Setup

To performed the human evaluation experiments described in Sec. 6.4.2, we hired workers with

98% approval rate, 1000+ HITS, Location: USA and the maximum score on a qualification test

that we had designed. The test asked if the workers were native English speakers, and verified

that they correctly understood the instructions of both the best-worst scaling and content

support tasks. We paid the workers an approximate amount of $12 per hour.
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Appendix D

Learning Opinion Summarizers by

Selecting Informative Reviews

D.1 REINFORCE vs Gumbel-Softmax

In our experiments, we used REINFORCE (Williams, 1992) instead of a straight-trough Gumbel-

Softmax estimator (Jang et al., 2017), which is a popular alternative. In our case, we need to

sample without replacement each r̂k from the collection r1:N . The Gumbel-Softmax, requires

to relax the system for ‘soft’ samples used in the backward pass. In this way, the system is

updated considering all possible assignments to the categorical variable, even though only one

was sampled in the forward pass. For instance, one could encode all reviews r1:N and weigh

their word contextualized representations to obtain each r̂k. However, this is a computationally

expensive and memory demanding operation. On the other hand, REINFORCE does not

require this relaxation, and the encoder is exposed only to one possible assignment to each r̂k,

both in the forward and backward pass.

D.2 Human Evaluation Setup

To perform the human evaluation experiments described in Sec. 7.5.2, we hired workers

with 98% approval rate, 1000+ HITS, from the USA and UK, and the maximum score on a

qualification test that we had designed. We payed them 17.25 $ per hour, on average. The task

was a minimal version of the actual HIT, where we could test that workers correctly understood

the instructions. Also, we asked them if they were native English speakers.
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