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ABSTRACT

Database democratization focuses on making databases accessible to non-expert users
that are not familiar with database query languages like SQL. In this direction, a lot of
effort has already been put into two problems: Text-to-SQL, which focuses on translating a
natural language query to SQL, and SQL-to-Text, which is the inverse problem. However,
work has lagged behind in explaining query results in natural language. We first define the
Query Results-to-Text problem as: given the results of a query, produce a natural language
verbalisation describing these results. Then we attempt solving Query Results-to-Text by
defining a model, namely QR2T. We propose pretraining QR2T using real-world table
datasets focusing on table understanding. We use a preprocessing step that transforms
the query so that the query results, which are the input of our model, include additional
information, which QR2T can utilize leading to a more informative verbalisation. Finally,
we create two Query Results-to-Text benchmarks, which are the first datasets that contain

query result verbalisations for both fine-tuning and evaluation.

SUBJECT AREA: Database Systems

KEYWORDS: machine learning, deep learning, model pretraining



NEPIAHWH

H dnuokpatikotroinon Twv PBacewyv deS0PEVWV ETTIKEVTPWVETAI OTO va yivouv ol BAceig
OedOUEVWYV OIOBECIPEG O€ XPOTEG TTOU OEV £XOUV YVWOEIG ] ETTAPI UE YAWOOTEG ETTEPWTITEWV.
Mpog auTA TNV KaTelBuvon £xel d0Bei AdN TTOAU TTpooTTdBEIa 0TV £TTIAUCH 2 TTPORANUATWV:
Text-to-SQL 1Tou emKeVTpWVETAlI OTNV PETAPPAcn QuUOIKAS YAwooag oe SQL kar SQL-
to-Text Tou €mAUElI TO avTioTpo®o TTPORANUA. Opwg, éva TTpdRAnuUa yia To OTToio eV
éxel TTpoTaBei AUon akdéua €ival n €€rynon Twv aTTOTEAEOUATWY TWV ETTEPWTACEWV OE
@uoikf yYAwooa. [lMpwta opifoupe 10 TPOPANUa Query Results-to-Text wg: dwouévwyv
TWV ATTOTEAEOUATWY EVOS ETTELWTNATOS, TTAPAYOUUE QUOIKN YAWOOA TTOU TTEPIYPAQE! TA
amroreAéouara. MNMpoTeivoupe TRV XPAON TTPO-EKTTAIOEUONG TOU JOVTEAOU XPNOILOTIOIWVTAG
dedopéva TTIVAKWY aTTd TOV TTPAYMATIKO KOOHUO PE OKOTTO TNV KATAVONOoN TWV TTIVAKWV.
AgUTEPOV, TTPOTEIVOUE Eva BrUa TTPOETTECEPYATIAG TOU ETTEPWTHUATOG WOTE TA ATTOTEAEOUATA,
TTOU €ival n €i0000¢ TOU POVTEAOU HAG, va TTEPIEXOUV ETITTPOCOETA XAPAKTNPIOTIKA KAl
odnyouv o€ TTI0 TTAOUCIEG AeCIKOTTOINOEIG. TEAOG dnpuioupyouue duo Query Results-to-Text
Benchmarks, Ta otroio éival Ta TTpwTa 0UVOAd OEOOUEVWV TTOU TTEPIEXOUV OTTOTEAEOUATA

ETTEPWTNOEWV YIa TEAIKN eKTTAI®EUCN aAAG Kai yia a&loAdynon Tou JOVTEAOU.

OEMATIKH MEPIOXH: ZuotApaTta Bdoswv Aedopévwv

AEZEIZ KAEIAIA: pnxavikr udénon, Babud udbnon, mpo-ekmraideucn PovtéAou
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Verbalising Query Results to Text

1. INTRODUCTION

Databases are easy to use by people with knowledge of a database query language. How-
ever, often, the person knowing the query language (usually a programmer) is different
from the person able to interpret the results, who may not be a computer scientist. This
leads to time-consuming iterative communication between the query language expert and
the domain expert. Natural language interfaces can provide to the latter an easier way to

access data leading to accelerated analysis and research.

A NL interface comprises 3 main components as shown in Figure 1. A Text-to-SQL com-
ponent takes as input a user question in natural language and produces a SQL query to be
executed over the database [34,38,45]. A SQL-to-Text component describes a SQL query
in natural language so that the user can use its natural language output to confirm the cor-
rectness of the query being executed [1,42]. Finally, a Query Results-to-Text component
takes the query results in a structured format, usually a table, and returns their verbalisa-
tion. While research has mostly focused on Text-to-SQL, followed by SQL-to-Text, work

has lagged behind for the query results verbalisation.

Find the project with the
biggest funding

What is the project that had
the largest funding?

| 3 The project NEW-EU had the
biggest funding of 2.1bln

Figure 1: Components of a Natural Language Database Interface

In this work, we focus on the Query Results-to-Text problem. Query result verbalization
can help the user get a quick understanding of the results, typically returned in tabular
form. Furthermore, a system answer in NL may be sufficient in cases where the user is

interested in a response, rather than looking into the tabular data.

Query Results-to-Text has two main challenges. First, we need to create a "universal”
system, which is able to verbalise results from databases of many domains. For example,
the same system should be able to produce verbalisations of results for an astrophysics

database and for a sports database without requiring any manual work.

M. Xydas 12



Verbalising Query Results to Text

Second, the results of a query might not include the necessary information required for a
valid verbalisation. For example, in Figure 2 we can see that two columns of the results

had the same name since this was a result of joining two tables, movie, director.

.......

o (o.)
s name hame |E| The movie Dune, released in 2021,
= b Vil o was directed by Villeneuve
une |Villeneuve QRaT
(a) MySQL result without verbalisation (b) Result after verbalisation is applied

Figure 2: A user asks a question in natural language. On the left, we have the result that the SQL

database would return. On the right, we have the result verbalized.

Existing approaches to the Query Results-to-Text problem use templates, manually cre-
ated by humans, to perform the verbalisation [3,6]. However, manually creating templates
may be a burden when adapting the solution to a new database. However, these solutions
do not address the first challenge of creating a system applicable to many databases of

different domains.
Solution Overview.

We solve the challenge of database generalization by using a pretrained language model,
namely T5 [31]. To the best of our knowledge, this is the first approach to the Query
Results-to-Text problem using neural networks. T5 is able to understand text, and con-
sequently, the contents of the query results making it a suitable fit for our task. However,
introducing T5 into our solution comes with its own challenges. T5 was created to solve
text-to-text problems such as text summarization [28], but in our case, the input is a query

results table along with any extra information like the query in natural language.

We define a module that will serialize the input into a continuous string which is appropriate
for T5. However, a continuous string lacks structure, which a query result table should
have. For example, the model will have to implicitly discover the connection between a
column (i.e. age) and a following value (i.e. 24). In order to explicitly teach the model
these connections, we first pretrain it with a set of tasks. For example, we mix the column
names but keep the values in the same order and then task the model with retrieving the

correct match between columns and values.

M. Xydas 13
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Another challenge introduced by T5 is its unfamiliarity with SQL since it has been pre-
trained on understanding and producing text. We define a set of rules that will transform

said SQL notation to text, for example, "AVG(age)” will be transformed to "average age”.

For finetuning and evaluation, we face additional challenges. Table-to-Text datasets used
for training did not suit the more complex Query Results-to-Text task since we require
a query and underlying database as part of our input. For this reason, we created two
benchmark datasets. The first one, QR2T Benchmark (Q R27}.,.»,) has 1,400 query re-
sults, manually verbalised by human database experts. The queries and databases are
selected from the Spider [46] dataset which is widely used in Text-to-SQL. This bench-
mark can be used for both training and evaluating our model. While being relatively small,
the benchmark covers a variety of SQL queries including aggregates, JOINs, GROUP
BYs applied on a variety of databases. The second benchmark, CORDIS, contains 222
queries on a popular production database, namely Cordis ', and gives us insights for the
real-world performance of our solution. Due to our problem being unexplored so far, these

are the first such datasets proposed.

The performance of our solutions is evaluated through quantitative and qualitative analysis
of the results. We report automatic metrics BLEU [26], PARENT [8], and Bertscore [47]
between the generated text and the annotated verbalisations. Finally, we also perform

human evaluation aiming to pinpoint the exact cases that QR2T fails.

The Query Results-to-Text problem resembles the highly explored Table-to-Text prob-
lem [14, 20], in that, both take input tables and generate descriptions of the table con-
tents. However, they are quite different. Table-to-Text focuses on verbalizing tables, such
Wikipedia tables, that do not require external information in order to be understood by
a human or a system. However, in our case, tables contain the results of a query exe-
cuted over an underlying database, and that gives rise to several challenges particular to
the problem such the aforementioned result ambiguities and SQL notation, which make

Table-to-Text solutions not applicable.

We note that our system is able to verbalise a single row of query results. Examining

techniques to verbalise many rows collectively is considered future work.

Contributions. Summarizing, our contributions are:

1. We propose the first neural approach to the Query Results to Text problem that is

"https://cordis.europa.eu/

M. Xydas 14
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built on T5.

2. We adapt T5 to the Query Results-to-Text problem so as it takes as input query

results and produces text.

3. We pretrain T5 so as it can understand the structure of the table from the serialized
table.

4. We propose a query preprocessing algorithm that injects schema information (i.e.
adding table names next to column names on the result table) and transforms names

of aggregate results (i.e. AVG(age) to average age).

5. We create two benchmarks for Query Results-to-Text, one that expands the existing
Spider [46] dataset and one on the Cordis database having 1,400 and 222 queries

respectively.

6. We conduct experiments reporting both automatic metrics and human evaluation

results.

M. Xydas 15
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2. RELATED WORK

Our work falls at the intersection of two deeply explored research fields, Natural Language
Database Interfaces (NLDBIs), and Data-to-Text.

NLDBIs focus on bridging the gap between a person that has no query language knowl-
edge and databases by providing a user experience based on natural language only.
There are 3 components as shown in Figure 1. Text-to-SQL translates a query from natural
language to SQL, SQL-to-Text does the reverse so that the user confirms the correctness

of the created query, and QR2T takes the query results and verbalises them.

Data-to-Text is an umbrella term that covers models that take as input data in a structured
format and transform it into text. Its main subfields are Table-to-Text, where the input is
a table, and Graph-to-Text, where the input is a graph, and Query Results-to-Text, where

the input is the result of a query.

2.0.1 Text-to-SQL

Text-to-SQL approaches take as input a question in natural language and generate the
corresponding SQL query. For this purpose, they have to understand natural language as
well as the contents of the database based on the given schema. The generated queries

must cover a variety of query types including JOINs, GROUP BYs, etc.

Dataset Question Table/Database Annotation

WikisQL How many CFL teams | a table with 5 columns e.g. SELECT COUNT CFL.team FROM CFL.draft WHERE
are from York player, position, ... college="YORK’

College?

Spider Find the first and last database with 5 tables SELECT T1.FNAME, T1.LNAME FROM STUDENT AS T1 JOIN
names of the students e.g.student, dorm_amenity, .. LIVES IN AS T2 ON T1.STUID=T2.STUID WHERE T2.DORMID IN (
who are living in the - SELECT T3.DORMID FROM HAS AMENITY AS T3 JOIN

DORM_AMENITY AS T4 ON T3.AMENID=T4.AMENID WHERE
dorms that have a TV T4.AMENITY NAME= TV LOUNGE)
Lounge as an amenity.

Figure 3: Examples of the most used Text-to-SQL, SQL-to-Text datasets.

First Text-to-SQL approaches did not use neural networks, instead, they focused on grammar-

based techniques and intermediate representations.

NaLIR [19] is a system that gradually builds a desired query through iterative interaction
with the user, dealing with ambiguities that exist in NL but are not allowed in a strict lan-
guage like SQL. In human-human interactions, we solve these ambiguities with brief clar-

M. Xydas 16



Verbalising Query Results to Text

ifications. Inspired by these clarifications, NaLIR discovers these ambiguities, proposes
default values based on the context, and interacts with the user to confirm or fix these
values. This entails the need for an intermediate representation (IR) that both the user
and the system can understand. For example, the DB might contain tables such as cars,
boats, airplanes and the NL query might contain the word speed. The system will ask the

user to specify the table to which speed refers.

With great advancements in A.l., Text-to-SQL solutions leveraging neural models and pre-

trained language models (PLMs [7,31]) have emerged achieving impressive results.

There are 2 main datasets used for training such models for Text-to-SQL. The first one
is WikiSQL [48], a collection of 80K questions and SQL query pairs from 30K Wikipedia
tables. The queries contain filtering and aggregations, but remain relatively simple with-
out JOINs and nested queries. The second one is Spider [46], a newer and more com-
plex dataset since many of its 10k question-query pairs require JOINs, GROUP BYs, and
nested queries. It includes 200 databases with each database containing many tables.
Its test set can be split into two parts, a seen one and an unseen one with the second one

having databases that do not exist in the training set.

X-SQL [12] utilized the language understanding power of BERT [7] along with joined en-
coding between the natural language query and the schema. Intuitively, when SQL users
are shown with a new schema and a question, they first read the question and focus on
the columns that seem relative, ignoring the rest of the schema. X-SQL achieves that
by encoding the columns, using the “global context” obtained by the question and the
schema. To obtain the global context, X-SQL takes as input the serialized database and
the question through a BERT encoder and keeps the representation of the [CLS] token
as the global context. Then, at decoding, when the SQL query is generated, an attention

mechanism is used over the global context along with the local context.

RAT-SQL [38] focuses on schema linking, i.e. mapping words from the NL query to enti-
ties from the DB schema, such as table and column names. It extends the self-attention
mechanism [37] so that it takes into account relationships between the question tokens
and the database schema. These relationships could be an exact match, partial match,
or even value matching where a word of the question is found in the values of one of the
columns of the database. Similarly to X-SQL, the initial representations of the query and

the schema are obtained through a BERT model.

M. Xydas 17
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On the other hand, PICARD [34] suggests using encoder-decoder PLMs. It focuses on
guiding the outputs of the model using rules like preventing the model to generate a column
name that does not exist. PICARD is only applied at inference time without requiring
any changes to how the model is trained. Also, the assumption that the model is an
encoder-decoder black box permits the usage of powerful end-to-end models like T5 [31]
and BART [18].

DBPal [39] is a data augmentation technique that creates synthetic data generated by
template matching and paraphrasing. The SQL queries are generated through SQL tem-
plates, for example, “Select Attribute(s) From Table Where Filter”. Then, the values are
randomly sampled using the schema information. Generating the NL questions is a bit
trickier since language is characterized by variance and expressivity. For that reason,
DBPal creates NL slots like “SelectPhrase”, “Attribute(s)”, “WherePhrase” etc. Then, it
fills these phrase slots using manually crafted dictionaries. For example, a SelectPhrase
can be replaced by phrases like "what is” and "show me”. By randomly sampling schema
values and NL dictionaries, DBPal can generate an infinite number of question-SQL pairs.
Second, it augments the NL questions in an attempt to capture the expressivity of lan-
guage, by performing paraphrasing using the Paraphrase Database (PPDB). Finally, to ac-
commodate for the possible missing NL content, DBPal randomly remove specific words,
not necessary to answer the query. Both the aggressiveness of paraphrasing and word

removal is controlled by hyper-parameters.

After the great performance leap due to the advances in deep learning, the next great
improvement came by proposing pretraining tasks focusing on making the model under-
stand the database schema and SQL queries. During pretraining the model solves tasks
that will explicitly teach it aspects of the downstream task, eg. teaching schema linking

for Text-to-SQL. We further analyze the power of pretraining in Section 2.0.4.

Focusing on Text-to-SQL, the model takes as input query-schema tuples, which differs
from the expected BERT input. As a result, when we fine-tune the BERT model to the Text-
to-SQL task, it must perform a big distribution shift that takes time and can be unstable or
lead to worse performance. To alleviate this issue researchers have focused on creating

pre-training tasks that can facilitate a smoother distribution shift.

GraPPa [45] proposes two pre-training tasks that utilize synthetic data. By observing the

Spider dataset they create pairs of natural language-SQL query templates, which they

M. Xydas 18
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use to produce a large syntehtic dataset. The model is then pretrained on the synthetic
dataset through two pretraining tasks. First, given a natural language query, the model
is tasked to find which database tables and columns are needed. Second, given again a
query in natural language, the model must predict the clauses the final SQL query should
have eg. "SELECT AND GROUP BY HAVING”.

GAP [36] also proposes a set of pre-training tasks. The column prediction task has as
input an utterance and a schema and the model must label which columns are used in
the utterance and which are not, teaching it how to detect and match column mentions
inside the NL query. The column recovery task will randomly replace a column name with
a value of its cells and then they task the model to retrieve it, teaching it how to detect

column usage based on values.

2.0.2 SAQL-to-Text

SQL-to-Text takes as input a SQL query and explains it in natural language.

Since it is the reverse task of Text-to-SQL the main datasets used remain the same (i.e.
WikiSQL and Spider).

CODE-NN [13] is an end-to-end approach that takes as input the SQL query and decodes
it to NL. CODE-NN performs content selection (which part of the SQL query is important)
and realization (generating the explanation in natural language) jointly using an attention-
based architecture. The authors underline that the so-far architectures used a disjoint

approach where content selection and realization models were independent of each other.

Xu et al. [43] suggest modeling the SQL query as a graph which allows the usage of a
Graph2Seq model instead of a Seq2Seq model like CODE-NN above. The Graph2Seq
model choice proves to be really effective, since the graph input better represents the
structure of a SQL query instead of simply serializing it. Their main contribution is how

one could represent an SQL query as a graph. They propose these two rules:

1. SELECT clause. They first create a node with the text attribute "select”. Then they

connect the column names that are selected with the "select” node.

2. WHERE clause. They follow the same approach as the SELECT clause. However,
they also add any logical operator like AND, OR, NOT as nodes which they then
connect with the SELECT node.

M. Xydas 19
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Berant et al. [2] propose a more visual approach to explaining what a query is doing. They
propose a context-free grammar which in turn creates a parse tree of the query. They
then create an explanation of the query in natural language using hand-crafted templates
but also highlight on the table which columns and cells are of the most importance for

executing the query. Specifically, they highlight these 3 types of cells:

1. Pp, Cells returned in the query execution output (or used in calculating the aggre-

gation eg. SUM).
2. Pg, Cells examined during the execution of the query.

3. P, Cells that were either aggregated or projected (full columns).

2.0.3 Data-to-Text

Data-to-Text approaches take structured data as input (i.e. a table or a graph) and trans-

form it into natural language.

Data-to-Text can be distinguished into two main categories based on the type of input:
Table-to-Text, and Graph-to-Text. Table-to-Text models take tables as input (eg. from
Wikipedia) and have to solve challenges such as representing the table in a format that
the model will understand or forcing the model to verbalise the whole table and not parts
of it. Graph-to-Text models are given as input a graph and generate a natural language
description of the graph. The model must simultaneously understand the components of

a graph, nodes, and edges, and also manage to generate a valid verbalisation.

In Table 1, we can see a list of representative datasets used in both Table-to-Text and
Graph-to-Text solutions. While there is a great number of datasets in the field of Data-to-

Text none of them fits our QR2T use case as we show in Section 3.0.1.

Table 1: List of influential Data-to-Text datasets

Dataset Size | Structure | Collection Domain
WikiBio (2015) 728K | Info-boxes Auto First sentence of Wikipedia biographies
ROTOWIRE (2017) | 5K Table Human Basketball game summaries
ToTTo (2020) 100K Table Human Description of Wikipedia tables
WebNLG (2020) 17K Graph Human 15 categories (building, person)
LDC (2020) 59K Graph Human Graphs of "who is doing what to whom”.
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2.0.3.1 Table-to-Text

In Table-to-Text the input of the model is a table and the output is its verbalisation. We

first explore some of the most influential datasets in Table-to-Text.

Wikibio [15] gathers 728,321 biographies from English Wikipedia. For each article, they
provide the first paragraph and the infobox. The input infobox and the expected text output
have a length of 26 and 53 words respectively. Its small input and output length, its big
size, and the simplicity of the task make it a relatively easy dataset to solve, especially for

current models.

On the other hand, ROTOWIRE [40] is one of the most challenging datasets, consisting of
(human-written) NBA basketball game summaries aligned with their corresponding statis-
tics. There are 4853 distinct summaries, covering NBA games played between 1/1/2014
and 3/29/2017 with some games having multiple summaries. The summaries have been
randomly split into training, validation, and test sets consisting of 3398, 727, and 728 sum-
maries, respectively. The input statistics have on average 628 records and the output has
an average length of 805 words. As a result, the model not only has to pick the most
interesting insights from the statistics that a journalist would report but also generate a

lengthy article that even current models would struggle with.

ToTTo [27] is an open-domain English table-to-text dataset with over 135,000 datapoints,
which proposes a controlled generation task: given a Wikipedia table and a set of high-
lighted table cells, produce a one-sentence description. During the dataset creation pro-
cess, tables from English Wikipedia are matched with (noisy) descriptions. Each table cell
mentioned in the description is highlighted and the descriptions are iteratively cleaned and
corrected to faithfully reflect the content of the highlighted cells. ToTTo is currently one of
the most impactful datasets in Table-to-Text since it is big (135K), diverse (having tables
from multiple Wikipedia domains such as politics and entertainment), and of high quality

since the verbalisations were manually created and corrected.
We explore some of the key table-to-text solutions.

The Field-gating Seq2Seq architecture [20] proposes enhancing the LSTM architecture,
adding a content selection gate that decides which fields are more important along with a
content planner which decides the order that these fields will be verbalized. This explicit

method of deciding which parts of the table to verbalize, forces the model to remain faithful
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to the input table, without modifying existing values or adding new ones.

AlignNet [21] is a schema-agnostic model that aims to better generalize in real-world use
cases, where the columns and values found in the train set may not necessarily be the
same as in the test set. AlignNet first aligns the test schema (columns) of the answer with a
known train schema, replacing unknown attributes with known ones, and then use a state-
of-the-art table-to-text generator, to generate an NL description of the table. The task of
the schema aligner is: given an unknown input schema and a set of k support schemas
from the training set, find the support schema that better aligns with the unknown one.
Alignment is calculated based on the shared columns and cell values of the unknown

schema and the candidate support schema.

Puduppully et al. [29] suggest a two-stage approach. The first stage creates a content plan
which decides the order in which the records of the table should be generated. Content
planning is performed through a pointer network which at each time-step ¢ decides which
record should be generated based on the record table and the previously selected records.
Specifically, they use an LSTM with its hidden state initialized with the average of the
record embeddings. Then the probability of a record being selected is obtained through
attention over the input records and the hidden state. They then employ an LSTM network

that takes the encoded plan into account and generates its verbalisation.

As in Text-to-SQL and SQL-to-Text, the advancements of PLMs greatly impacted Table-

to-Text too.

TableGPT [10] utilizes the power of GPT-2 [30], an autoregressive language model that
writes text based on an input prompt (in our case the table). However, a simple application
of GPT-2 will not be enough, since the input is now structured and not text that these
language models expect. As a solution, they propose bringing the input closer to text
and teaching the model about table structure. Specifically, they suggest these pretraining

tasks:

1. Table Structure Reconstruction, where given the representations of the values of the
table they task the model to retrieve the column they belong, directly teaching the

model the correlation between columns and values.

2. Content matching, where they reward the model if the order that it verbalises table

values, is the same as in the target verbalisation in the dataset.
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Similarly, the authors that formed the ToTTo [27] dataset attempted the straightforward so-
lution of using T5 [31] a text-to-text pre-trained language model, which we present later.
Impressively, simple application of T5 manages to beat all the other intricate models men-

tioned above.

Table-to-Text methods were the initial inspiration for finding a solution to our QueryResults-
to-Text problem. Our pipeline, QR2T, has T5 [31] as its main building block, which is
also used by state-of-the-art table-to-text solutions [27]. However, there are important

differences between the Table-to-Text task and Query Results-to-Text:

1. The user does not want a general verbalisation of the table but a specific answer to

a query.

2. There is information in the database schema that we should utilise. For example,
during verbalisation of JOIN queries, we must take into account the table that each

column belongs to.

3. Databases might not be as "PLM friendly” as Wikipedia tables, which have easy-to-

understand column names and avoid abbreviations.

2.0.3.2 Graph-to-Text

In Graph-to-Text the task is to verbalise the graph given as input.

The WebNLG [9] corpus comprises of sets of triplets describing facts (entities and relations
between them) and the corresponding facts in the form of natural language text. The
corpus contains sets with up to 7 triplets each along with one or more reference texts for
each set. The test set s split into two parts: seen, containing inputs created for entities and
relations belonging to DBpedia categories that were seen in the training data, and unseen,

containing inputs extracted for entities and relations belonging to 5 unseen categories.

LDC' is a graph dataset describing "who is doing what to whom” in a sentence. Each
sentence is paired with a graph that represents its whole-sentence meaning in a tree
structure. The sentences are taken from journal posts, forum discussions, and blogs, and

their semantic tree is manually created.

Zhu et al. [49] in a similar fashion to RAT-SQL, extend the attention mechanism to include

'https://catalog.ldc.upenn.edu/LDC2020T02.
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information about the relationships between two nodes that are not necessarily directly
connected (1-hop). They first find the shortest path between two nodes of the Abstract
Meaning Representation (AMR) graph. Then they propose a series of methods for trans-
forming the path to an embedding that can then be injected into the attention mechanism.
Specifically, the two best-performing methods for doing path2vec were a CNN-based so-
lution where we slide a window over the path and traditional self-attention over the nodes
of the path. A similar approach is followed by Cai et al. [4] but they use the transformer
architecture for generating the path and a bi-directional GRU for encoding the information
of the path.

Ribeiro et al. [32] investigate and prove that pretrained models, while hard to modify, out-
perform complex and intricate architectures. This is further supported by Kale et al. [14]
where they discover that simply applying a pretrained model "out of the box” will not only

achieve state-of-the-art in Graph-to-Text but in Table-to-Text also.

We note that while Graph-to-Text solutions could be applied in the general context of an
NLDBI and database democratization, for example explaining the database schema in
natural language, but for our Query Results-to-Text task are not as applicable as Table-

to-Text solutions.

2.0.3.3 Query Results to Text

Finally, Query Results to Text, which is the task that we are also aiming to solve, has seen
some advancements. Deutch et al. [3] attempt to give explanations on how the result of
a query occurred. To provide these explanations they face two main challenges. First,
they must define how to transform the explanation into natural language. Second, there
might be a number of explanations for the same query result. For the first challenge,
specific templates are defined under the limitation that input queries are conjunctive. For
the second challenge, an algorithm factorizes the possible explanations and then selects

the shortest one as the one that is more readable.

However, the above solution requires the design of templates that will be filled in order
to produce the final verbalisation. Such a requirement will not allow us to address the
challenge of covering different databases and types of queries (i.e. JOINs, GROUP BYs,

nestings, ...), since the number of required templates would be huge.
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Table 2: Different pretraining tasks for language modelling, table understanding, and text-to-SQL.

The base model field notes if the starting checkpoint was randomly initialised (-) or used another

pretrained model.

Model Task Task Goal Base Model Downstream Tasks
masking Language modelling. sentiment classification,
BERT [7]
o Understanding the relationship summarization, ...
next sentence prediction
between two sentences.
. question answering,
T5[31] random spans Language modelling.
summarization, ...
. ) question answering,
GPT [30] sentence completion Language modelling.
summarization, translation
- Encourages the model to recover the names
masked column prediction
TaBERT [44] and data types of masked columns. BERT table question answering
Ensures information of representative cell values
cell value recovery in content snapshots is retained after additional
layers of vertical self-attention.
column/table appearance | Familiarization with SQL. RoBERTa [23]
Grappa [45] text-to-sql
query type prediction Familiarization with SQL. (similar to BERT)
. Encourages the model to capture the alignment
column prediction BART [18]
GAP [36] signals between the utterance and schema. - text-to-sql
(similar to T5)
Strengthens the model’s ability to discover the
column recovery connections between the cell values and the column
names.
X The model is required to identify the schema entities
erosion
SeaD [41] that are truly related to the NL question. text-to-sql
Captures the inner relation between different entities
shuffle
and therefore contributes to the schema linking performance.

2.0.4 Pretraining

Pre-training is often used for a variety of problems such as in computer vision [16, 25]
but especially in natural language processing with huge transformer models managing to
successfully model language (words, phrases, texts) into vectors that can then be used

regardless of the downstream task [7, 31].

Pretraining aims to make the model understand and solve a general task, named pretrain-
ing task, for example, language modeling. In language modeling [7, 31] the model learns
to predict the probability of a word occurring in a sentence given the rest of the words.
While this task itself might not have many real-world applications, it creates a model that
is able to understand language i.e. syntax, grammar, and semantics. This model can then
be finetuned on a specific task, named downstream task, such as text summarization, and
it will have greater performance compared to a model being trained on the downstream
task only.For example, in text-to-SQL, pretraining will explicitly teach the model basic tasks

such as schema linking [36, 45] before solving the much more complex text-to-SQL.

M. Xydas 25



Verbalising Query Results to Text

Creating such a model tends to be computationally expensive. However, the same model
can then be finetuned to different tasks such as text summarization, sentiment classifi-
cation, machine translation, and table-to-text without requiring to pretrain the model from

scratch.

Finally, it is not mandatory for a pretrained model to be directly finetuned on a downstream
task, but instead it can be further pretrained. Returning to the text-to-SQL example, the
model has to understand syntax and semantics of text before being pretrained for more
task-specific tasks like schema linking. For this reason, the starting checkpoint for pre-

training is an already pretrained language model like BERT [7] or T5 [31].

In Table 2, we present some of the most influential pretrained models in the fields of lan-
guage modelling, table understanding, and text-to-SQL, along with their respective pre-
training tasks. We notice that most of the tasks erode in some way the input of the model

(i.e. masking and shuffling) and then task the model to retrieve back the original input.
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3. PROBLEM FORMULATION

The problem of Query Results to Text can be seen as defining a function f that, given
the query results r, can produce a verbalisation v, which describes the contents of these

results in an informative and fluent way.

f(r) —w

3.0.1 Challenges of Query Results-to-Text

The Query Results-to-Text problem hides several difficulties.

Query Semantics. The input to the problem is the result of a query; however, the query
semantics may not be evident in the results. For example, in Figure 4, the result does not

convey that the query focuses on movies released after 1997.

Result ambiguities. Furthermore, query results returned by a relational database system
might not include important information that both the user and the model that performs
the verbalisation would require. This is mainly caused by the way that JOIN results are
returned since they only contain the column names and not the table names by default.
Continuing our example in Figure 4, the results do not tell that the first column refers to

movies and the second to directors.

SQL notation. SQL notation poses additional challenges. For example, how to under-
stand result attributes such as AVG(age)? Furthermore, such translations may depend on
the data. In a DB containing sport data, the MAX (1ap_time) refers to the “slowest lap time”,
while in a database containing products, the MAX(price) refers to the “highest product

price”.

Result Schema. Query results are typically given as a table whose schema, i.e., at-
tributes, vary depending on the query. Even for the same database, the number of pos-
sible different query result schemas can be extremely large. Note that, in contrast, in

Data-to-Text, the input typically abides to a specific schema.

Domain generalization. Furthermore, different databases cover different domains (e.g.,
e-commerce, health sciences, astrophysics) meaning that our solution should also be able

to cover different domains and database schemas. This creates additional complexity to
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the problem.

SELECT m.name, d.name -
Hab 7 Which was the movie hame and FROM movies m JOIN directors d I name name
:85 director name of a movie released in ——> ON m.director id d.id > [N mm omm e e e e e J
_____ 1 1997? WHERE releaseidate ?, 97 Jackie Brown Tarantino

Figure 4: Result of a JOIN query on a movies database

Lack of problem-specific datasets. There is no dataset that targets our task of ver-
balising query results. A naive approach that we examine in our work is to just use a
Table-to-Text dataset, in our case ToTTo [27], which we consider the most fitting Table-to-
Text dataset for the Query Results-to-Text task. However, a complete solution for Query
Results-to-Text task should take into account the queries in both natural and query lan-

guage, and the DB schema in order to solve the result ambiguities mentioned above.

Query Results

Query : average age QR2T “The average
Preprocessing - student age is 21.”

oo L

( What is the average |

! student age? :

I NL Query (optional) 1
\ y

SELECT AVG(age)
FROM students

e

l <
:-
I
I
|

Database

-—— o -

Figure 5: The pipeline we follow to create the verbalisation of a query result.

3.1 System outline

Our system consists of two pipelines.

The main pipeline, shown in Figure 5, aims at translating the query results of an input SQL
query in natural language. Before executing the SQL query, it preprocesses it to inject
extra information, in order to address the result ambiguities and SQL notation challenges
mentioned previously in Section 3.0.1. The preprocessed query is executed. Then, the
query results and the query in natural language are passed to the QR2T model which
will produce the final verbalisation. We note that the existence of a natural language
translation of the query is not a required parameter and our system will work without it, as

we also show in the experiments in Section 5.0.5.

Our QR2T model has as its main building block T5 [31], a powerful PLM. T5 is an encoder-

decoder transformer model pretrained on the C4 dataset, a huge amount of texts crawled
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from the web. T5 has proven its worth in multiple tasks such as machine translation [5], text
summarization [11], and question answering [33], regardless of the text domain, directly

addressing the domain generalisation challenge.

However, employing T5 for our task is not straight-forward and comes with its own chal-
lenges. First, TS expects as input text and not a table of query results, creating the need
for an appropriate serialization of the input into text as shown in Figure 7 (see Section
4.0.1). Second, while T5 is a powerful text-to-text model, it has no notion of what a table

is and the correlations that exist between:

1. column-value, for example, director is a job.
2. column-column, for example, the job is done by the person described in name.

3. value-value, for example, Tarantino is a director.

For humans, these correlations (Figure 6) are obvious since we are used to seeing and
interpreting tables in our everyday life. However, the model will get as input a serialized
version of the table as shown in Figure 7. The serialized version has special notation such

as <col1> title | text | Dune which T5 will be seeing for the first time.

Name Job

director

Figure 6: Correlations that exist in a table.

This challenge is addressed through the second pipeline (Figure 8) which will take as
input the TS model and pretrain it using tasks that will force it to understand the above
correlations as shown in Figure 6. We explain in detail the idea behind each pretraining
task in Section 4.0.2. Then, the model is finetuned first on ToTTo, a table-to-text dataset.
While our end goal is creating a model that addresses Query Results-to-Text problem, we
observe that first finetuning our model on a table-to-text dataset of high quality and big
size, like ToTTo [27], could offer a smoother transition towards our Query Results-to-Text
model. The final stage of the pipeline is finetuning the model on the QR2T Benchmark,
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the dataset we created that specifically fits our Query Results-to-Text dataset. The output

of the pipeline is the QR2T model which can then be used for inference.

In a nutshell, we start with TS to achieve domain generalization in the NL side, we use
pre-training tasks to help the model understand query semantics and schema, and we
fine-tune with ToTTo to help domain generalization from the tabular data side. Finally, we
further tune it on a dataset specifically designed for the problem. We note that each of
these can be omitted from the pipeline, for example, we might avoid finetuning on ToTTo.

We explore the impact of each stage and we present our results in Section 5.0.3.
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4. METHODS

4.0.1 Input Encoding

T5 has the requirement that both the input and the output are texts. While we cover said
requirement for the output, which is the query result verbalisation, our input is a table along
with some supporting information such as table names and the query in natural language.
We define a compact way of serializing our tables which fits the Query Results-to-Text
task and generates a small number of tokens making it harder to reach our T5 limit of 512

tokens, as shown in Figure 7.

Table(s): Movies, Directors

<query>
- <table> Movies, Directors
Dune Villeneuve —> <col1> | text | Dune
<col2> | text | Villeneuve

NL Query: Who directed the movie
Dune?

Figure 7: Example serialization of a query result to string.

Input _______ C4 Masking Output

Pre-train on text Yesterday | [MASK] to the park.
understanding

Finetune on
QR2T
Benchmark

Finetune on
ToTTo

Pre-train on
table
understanding
’,* Table[sl Movwes <query>
! dlreclov
- X Villeneuve
Pretraining Tasks \/llleneuve <table> Movies —»| QR2T directed Dune.
<col1> title | text | Dune
| | | | | | | NLQUEW ‘o‘mmai’ ’- <col2> director | text | Villeneuve
Original ' title director
0 [ Dune [ Villeneuve | [ | = | Input Target
[able(s); Movies Column name mixing Type prediction

director

'
'
Dune | Villeneuve ' _ - directed
: - [une_[Viensuve | ifenee
'
'

directe d by\/ H Column name masking Content masking

- — | title | director rhum\dwy]
| Dune [villeneuve | .-53% _|
e | [MASK |

Cell adding

Figure 8: The pipeline we follow to create the QR2T model by pretraining, finetuning on ToTTo, and

finetuning on our QR2T Benchmark.

We also experimented with the input format proposed by the creators of ToTTo [14], how-
ever, we quickly noticed an issue with its structure. An XML-like encoding ends up being
too verbose and the model will have to first understand the different tags and their mean-
ing.

Having formulated our problem into a text-to-text framework, we can then finetune T5 on

our QR2T Benchmark as we would in any other downstream task like text summarization.
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4.0.2 Pretraining T5 for Table Understanding

Simply finetuning TS5 on our QR2T Benchmark does not address specific challenges. The
model will not be able to understand the structure of a table, meaning the correlations that

exist between column names and values.

To solve this challenge, we propose further pretraining T5 using tasks that focus on table
understanding. Further pretraining already pretrained models with domain-specific tasks
is a technique followed successfully in other cases too. For example, in TaBERT [44], the
authors propose further pretraining BERT on a set of table understanding tasks. We note
that while TaBERT is a model able to understand what a table is, which fits our goal, we
cannot use it due to it being an encoder-only model and cannot generate text. However,

some of our pretraining tasks are based on TaBERT and are adapted to fit T5.
In what follows, we present our pretraining tasks.

Column name mixing adapted from SeaD [41]

We mix the order of some columns (30%) while keeping their respective cell values in the
same place. We then require the model to output all the column names, even the ones
that were unchanged, in the correct order.

Goal: This task will force the model to understand the correlation between a cell and its

column name.

Column name masking adapted from SeaD [41]

Similarly, instead of mixing the columns we replace them with a mask. Specifically, we
replace the column names using the mask token that T5 expects which is "<extra_id_i>”"
where i is the i-th mask of the input. As an output, we expect only the masked column
names.

Goal: Understand how a cell value and adjacent column names correlate with a column.

Column adding adapted from SeaD [41]

We add a column randomly picked from another table of the dataset and then expect the
model to return only the original columns without the added one.

Goal: The model will have to understand the general content of the table to find the added

column.

Column type prediction adapted from TaBERT [44]

We hide the cell values from the model and then ask for the types of each column based
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on the column names. The allowed types that the model can choose are TEXT, DATE,
and NUMERIC which have been extracted automatically.
Goal: If the model can understand the type of each column then it has a better chance of

using it in a syntactically correct way.

Cell value masking adapted from TaBERT [44]

We randomly mask a cell value of the input table, and then the model has to retrieve it
using the other column info, values, and the table name.

Goal: Forces the model to understand both the general context of the table and the rela-

tionship between a column name and its value.

Content masking.

Many of the tables have text preceding or following them. We first split these texts into
sentences and then find the sentence that has the most overlap with one of the table rows.
We then pass through the model both the masked sentence and the table with this row
and the model has to fill the masks. When masking the sentence we purposefully increase
the chance of choosing text spans that are also in the tables.

Goal: This is the task closest to our Query Results-to-Text task and forces the model to

understand the relationship between a text passage and a table.

C4 masking.
This is the original pretraining task of T5 on the C4 dataset where we mask text spans.
Goal: This task acts as a regularizer so that our model does not overfit on the above tasks

and forgets all about text understanding and natural language generation.

Concerning pretraining datasets, we used two different sources of tables, each one with its
advantages and disadvantages. The first approach focuses on quantity over quality since
we are using tables crawled from the web from a table corpus called WDC [17]. WDC
contains 233 million tables extracted from the Common Crawl ', a craw/ of all web pages
found in the internet. The second approach focuses on quality over quantity by using
ToTTo [27] which is a carefully and manually made Table-to-Text dataset. Depending on

the dataset we use, some of the pertaining tasks change accordingly as described below.

WDC contains a subset of the HTML tables on the Web that contain relational data which
can be useful for various applications. It has a great diversity of topics covered since it is

not produced by a specific domain (eg. Wikipedia). We apply some cleaning based on

'https://commoncrawl.org/
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the following rules:

table is in English

table is not empty

table has a header (column names)

table is not huge (< 50 columns)

table has a title

table does not have numbers in the header (eg. 1, 2, ...)

While being big and diverse, WDC has two main pain points that impact the performance
of the model after pre-training on our downstream task, Query Results-to-Text. First,
the quality of the data is low with many tables being parsed incorrectly or having non-
expressive column names and values such as abbreviations or single letters. Second,
the size of WDC is way too big for the computational power that we had available for our

experiments forcing us to use a smaller subset of it (15%).

For these reasons, we also examine pretraining on ToT To too, which is manually annotated
and hence clean and of high quality. Also, the smaller size makes training less computa-
tionally expensive so that we utilize the whole dataset and not just a part of it. Note that
we will refer to the tasks on ToTTo as pretraining tasks while we will refer to the tasks
on WDC as pretraining tasks to avoid confusion. Semantically and implementation-wise

nothing changes.
Table 3: The table shows which tasks were used for each dataset during pretraining.

WDC ToTTo

Column name mixing X X

Column name masking X

Column adding

Column type prediction X

X | X | X | X

Cell value masking X

X

Content masking

In Table 3, we can see which table understanding tasks were used for each dataset.
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4.0.3 Preprocessing

While the results of an SQL query are usually returned in a table, this table often does not
contain the necessary information that would aid the model to generate better verbalisa-
tions. Especially since the verbalisation is performed by T5, which is a model pretrained
in NL generation, the column names and contents, ideally, should be as close as possible
to natural language. For example, the column name "AVG(age)” is less probable to be
understood by T5 in comparison with "average age”. A second problem with verbalising
the results table is the lack of necessary information. Some SQL engines (e.g. MySQL),
will not return the table names of returned columns leading to confusion as seen in Figure
2. Preprocessing attempts to alleviate these two issues by transforming the query before

being executed.

Algorithm 1 Query Preprocessing
Input: query q, database db

1: validate _query(q, db)

2: Extractions

3: sel_cols <+ extract_sel_cols(q)

4: where_cols < extract_where_cols(q, db)

5: group_by_cols < extract_group_by_cols(q)

6: tables < extract_from_tables(q)

7: Injections

8: injected_cols + (where_cols U group_by_cols) — sel_cols
9: q < add_injected_cols(q,injected_cols)

10: if g is join query then

1: q < apply_join_aliases(q, tables)
12: end if

13: if g is aggregate query then

14: q < verbalise_aggregates(q)

15: end if

16: q < add_limit_1(q)

17: return q

Algorithm 1 provides an overview of the preprocessing steps applied on the query before

being executed. As input, it receives the user query and database information like the
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schema. In line 1 we check if the original query is valid saving preprocessing time since
the final query would also be incorrect. Then, lines 3-5 extract column names found in the
SELECT, FROM, WHERE, and GROUP BY clauses. While extracting from the WHERE
clause we are careful to not extract any primary/foreign keys that are used in joining two
tables since. Usually, these keys do not have any semantic meaning and we do not want
them included in our final verbalisation. For example, if the WHERE clause is "movie.dir_id
=dir.id AND dir.age > 40” only "age” would get extracted without "dir_id” and "movie.dir_id”
since they are just used for joining the two tables. Finally, we also extract the tables that

the query includes in the FROM clause.

Lines 8-13 perform the query injections. Specifically, line 8 calculates which columns
should getinjected in the SELECT clause. As stated above these include non-primary/foreign
key columns that are found in the WHERE and GROUP BY clauses (Figure 9 (b)). The
assumption is that these columns would provide enough database info so that the model

will have a better chance of understanding the contents of the final query results.

(a) Adding query information (b) Adding provenance

SELECT i.name, c.name SELECT title

FROM countries ¢ JOIN institutions i FROM projects
ON C.UﬁiCS_id = i.country_id WHERE start_year > 2818 AND

WHERE i.name = "University of Ioannina® end_year < 2013
preprocessing l preprocessing l

SELECT i.name|AS "institutions name"”, SELECT title, |start_year, end_year
c.name |AS "countries name" FROM projects

FROM countries ¢ JOIN institutions WHERE start_year > 2818 AND
ON c.unics_id = i.country_id end_year < 2013

WHERE i.name = 'University of Ioannina'

execution
execution l

title

name name

ESQF2012 2011 2012

University of
Greece

loannina

Figure 9: Examples of adding JOIN aliases (a) and injecting where clause columns (b) so that the

final table will be more informative for the final task of verbalising it.

JOINs are an interesting case since in SQL the result table will not include the table name
but only the names of the columns. As seen in Figure 2, the model will have a hard
time understanding that the first name refers to "institutions” and the second name to
"countries”. We aid the model by adding the table name in front of the column name. This
preprocessing step executes only if the query contains JOINs (Figure 9 (a)).
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Also, aggregates require some preprocessing so as to make them more easily understood
by the model that is pretrained on natural language. Specifically, we apply a set of mapping
rules shown in Table 4. Note that the COUNT aggregate is a special case since the user
does not want the count of a column but the count of result rows. So the user will likely
pick star (COUNT(*)). In this case, instead of using the column name, we use the name
of the table.

Table 4: Aggregate verbalisation rules applied on column year of a table named projects.

Aggregate Verbalisation

SUM(year) sum of year
MAX(year) maximum year
MIN(year) minimum year
AVG(year) average year
COUNT(*) count of projects

Finally, since we are verbalising a single row of the results, LIMIT 1 is added in line 14.
The final preprocessed query is executed on the database and the returned results can
then be the input of the model that will perform the verbalisation. In Figure 10 we provide

examples that showcase the importance of these preprocessing steps.

We note that the preprocessing algorithm is extensible and new rules could be added to

cover other query cases such as arithmetic operations (+, -) in SELECT.
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5. EXPERIMENTS

We first describe all the datasets used for pre-training, fine-tuning, and evaluation, then
we provide some details about our experiment setup and finally provide results (both au-

tomatic and human evaluations) and ablation studies.

5.0.1 Datasets

Solving a problem with neural networks requires a sufficient amount of data for training
and evaluation. Our pipeline uses two categories of datasets. First, WDC and C4, which
are huge crawled unlabelled datasets, used for pretraining. Second, ToTTo, QR2T Bench-
mark, and Cordis, which are golden datasets annotated by humans, used for pretraining

tasks, fine-tuning, and evaluation.

C4 and Web Table Corpora (WDC) have both been used in the past for pretraining (T5 [31],
TaBERT [44]). C4 is a colossal, cleaned version of Common Crawl’s web crawl corpus. It
was based on Common Crawl dataset which consists of all the websites on the internet.
In our case, C4 has a regulatory effect on our pretraining process and we use a small part
of it ( 360,000 sentences).

WDC contains a subset of the HTML tables on the Web that contain relational data. It has
a great diversity of topics since it is not produced from a specific domain (eg. Wikipedia).
We apply relatively straightforward filtering so as to avoid non-expressive tables such as
the ones that have numbers for column names only. Since this is not a human-annotated

or supervised dataset it will be noisy and of low quality.

For pretraining tasks, fine-tuning, and evaluation three datasets are being used, ToTTo

[27], the QR2T Benchmark created by our team, and Cordis also created by our team.

In ToTTo, given a Wikipedia table and a set of highlighted cells, the model should generate
a single-sentence description. It is currently the largest Table-to-Text dataset annotated
by humans with over 120,000 training examples. It covers a big variety of domains such
as sports, countries, and politics. While our Query Results-to-Text task is not the same
as solving Table-to-Text, we can see some similarities between them since they are both
trying to verbalise a table. This motivates us to examine how knowledge from the Table-

to-Text task can transfer to our task.
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A problem that becomes quickly apparent is the lack of a dataset specific to our Query
Results-to-Text task, making both training and evaluation hard. We decided to create our
own and to our knowledge the first, dataset which contains verbalisations of query results,
named QR2T Benchmark. We obtain the queries from a subset of the Spider dataset [46]
which contains natural language queries with their SQL translation and the databases
needed to execute these queries. In other words, QR2T Benchmark is an extension of
the Spider dataset. While we are not verbalising the whole Spider dataset, we are careful
so that there is enough representation of different query types such as simple SELECT
FROM WHERE without any joins, JOINs, aggregates, and GROUP BYs. In Table 5 we

can see the number of queries per category.

Table 5: Number of queries per category in the QR2T Benchmark dataset created by us.

Category Number of Queries
SELECTs 580
Aggregates 404
JOINs 290
JOINs + Aggregates 137
GROUP BYs 144

The annotators were shown the query in natural language, the table names needed for
executing the query, and the results of the preprocessed query. Then, they were tasked
to verbalise every part of the query results table. Note that as the last step of query pro-
cessing, we are applying a LIMIT 1 so the annotators will have to verbalise only one row
of the results. For the training portion of the dataset, we have a single annotation while for
evaluation we have three annotations per query result. By having multiple annotations we
alleviate issues that occur from n-gram based automatic metrics such as BLEU. The train-
ing and evaluation portions of the QR2T Benchmark consist of 1,244 and 311 datapoints

respectively.

QR2T Benchmark is used both for training and evaluation and spans a big number of
databases. However, we should also evaluate QR2T on (a) a real-world database actually
used in production and (b) on a database that has great dissimilarity with the databases
found in the QR2T Benchmark. For example, QR2T Benchmark databases on average
only have 4 tables which is a small number compared to real-world production databases.
For that reason, we also evaluate our model on the CORDIS database.
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CORDIS'" is a real database used by the European Commission to store information about
EU-funded programs such as projects, participants, institutions, etc. We have chosen
CORDIS as our real-world database not only because it is actually used in production, but
because we also had access to 222 curated queries that could have been asked by real
users. We consider this a key point in robust evaluation. When we first tried to create our
own queries we observed that our lack of familiarity with the database led to simple and
non-informative queries. The curated queries cover a range of patterns such as JOINs,
aggregates, and GROUP BYs. Similarly, as in the QR2T Benchmark, the query results

were verbalised by a set of annotators familiar with both CORDIS and SQL.

Table 6: Overview of the datasets used.

Dataset Size Usage Train/Test Split
Clgubset 360,000 pretraining -
W DCyupset 1,440,000 pretraining -
ToTTo 145,000 finetuning, evaluation 80%/20%
QR2T Bench. 1,555 finetuning, evaluation 75%125%
CORDIS 222 finetuning, evaluation 50%/50%

5.0.2 Setup

In all of our experiments, we use both the T5 model and tokenizer provided by huggingface
2. We specifically perform all the following experiments using t5-small. While in other tasks
the size of T5 directly correlates with the performance, in our case we did not observe
any improvements by using a bigger variation (t5-base). This is further supported by the
findings of Mehta et al. [24] who also used t5-small in their Data-to-Text task. Concerning
hyperparameters, we are using the AdaFactor optimizer with a constant learning rate of
0.001 and a batch size of 24. In pretraining tasks we train only for one epoch as proposed
in the pretraining of TS [31], while for finetuning we are training for up to 7 epochs keeping

as our best checkpoint the one with the highest validation BLEU score.

'https://data.europa.eu/data/datasets/cordisref-data?locale=en
2https://huggingface.co/docs/transformers/model_doc/t5.
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5.0.3 Results

In Section 4.0.2 we have defined a pipeline that takes as input the original TS model and
through some steps (pretraining tasks, finetuning on ToTTo) creates the final QR2T model.
However, there are a lot of "moving” parts in this pipeline, which need careful evaluation
of their impact on the final performance. From a technical perspective, this is effortless
since each part of the pipeline is independent and can simply be removed without requiring

changes on the other components.

The goals of our experiments are:

* To provide a baseline for the QR2T task.
» To examine the impact of transfer learning using the ToTTo dataset.

» To compare the performance boost from pretraining tasks.

We use automatic evaluation metrics that have been used on similar tasks, such as Table-
to-Text. All of our metrics take as input two texts: the reference and the generated verbal-

isation, and return a number from 0 to 1.

BLEU [26], calculates the overlap of n-grams of different sizes between the reference and
the predicted sentences. While it is the most widely used metric for comparing texts, it

fails to take into account the semantic similarity of the two sentences.

PARENT [8], is more of a task-specific metric since it takes into account that our goal is
to verbalise a table. At its core, it uses the BLEU formula for calculating n-gram similarity.
However, it penalizes the model less if our reference text contains information not included
in the input table or if our predicted text includes information that is in the table but not in
the reference text. Both of these modifications perfectly fit our Query Results-to-Text task

making us believe that PARENT correlates more with our task than BLEU.

Bertscore [47], instead of using n-gram comparisons like BLEU and PARENT, compares
embeddings generated by a BERT [7] model. This way we are comparing the semantic
meaning of the reference and the predicted sentences. For example, the two sentences
"The lake is beautiful”, "The lake is magnificent”, will have a low BLEU score but a high
Bertscore, since BERT will generate similar embeddings for the words "beautiful” and

"magnificent”.
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Table 7: Results of the different model pipelines on 3 datasets, QR2T Benchmark, Cordis, and
ToTTo. Each row represents a different pipeline that outputs a model that takes input tables or
query results and outputs a verbalization. The letters P and F express pretraining and finetuning

respectively

Evaluation Dataset

QR2Tgench Cordis ToTTo

Training Pipeline BLEU PARENT Bertscore | BLEU PARENT Bertscore | BLEU PARENT Bertscore
ToTTo(F) 0.298 0.271 0.925 0.315 0.372 0.929 0.410 0.478 0.940
WDC(P)—ToTTo(F) 0.280 0.356 0.924 0.297 0.356 0.924 0.416 0.554 0.941
ToTTo(P) —ToTTo(F) 0.288 0.269 0.924 0.323 0.376 0.934 0.415 0.476 0.948
QR2Tgench(F) 0.580 0.547 0.955 0.323 0.357 0.929 0.167 0.2 0.889
ToTTo(F) — QR2T ench(F) 0.627 0.594 0.957 0.372 0.406 0.935 0.38 0.459 0.935
WDC(P) — ToTTo(F) — QR2T pener(F) | 0.632  0.402 0.96 0.332  0.45 0927 | 0381  0.551 0.935
ToTTo(P) — QR2T ench(F) 0.610 0.573 0.960 0.315 0.358 0.929 0.322 0.395 0.925
ToTTo(P) — ToTTo(F) — QR2T gench(F) | 0.634  0.597 0.962 | 0371  0.421 0935 | 0381 0455 0.935

In Table 7 we can see the results of all the pipelines on all of our evaluation datasets. For
example, the pipeline ToTTo(P) — ToTTo(F) — QR2T genen(F') can be described as:

1. Pretraining (P) T5 on the ToTTo dataset with the pretraining tasks define in Section
4.0.2

2. Finetuning (F) of the model of step 1 on the ToTTo training set

3. Finetuning (F) of the model of step 2 on the QR2T training set

The first pretraining step aims to familiarize T5 with what a table is. Next, we finetune
the model on ToTTo. While ToTTo does not match our task of verbalising query results,
its task of Table-to-Text combined with its quality and size has a positive impact on our
final model. Next, we finetune the model on the QR2T Benchmark. While the QR2T
Benchmark is much smaller than ToTTo, it was specifically created for the task of Query
Results-to-Text. The approach of starting with bigger datasets that are not fully specific
to our task and transitioning to smaller datasets that fit exactly our task is often used
in low-resource cases such as machine translation of rarely used languages [22]. Then
every model (or every row in Table 7) is evaluated on the evaluation sets of ToTTo, QR2T

Benchmark, and Cordis.

In the first three rows we examine the performance of pipelines that are not using our
QR2T dataset. The metrics on the QR2T dataset are low, which is expected since the

model has never seen query results as input, instead it has only seen Wikipedia tables.
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This also proves that a Table-to-Text model will not be able to perform well on the Query
Results-to-Text task. On the other hand, these models perform adequately on the ToTTo
evaluation set with the WDC(P) — ToTTo(F') having slightly better performance. We
consider this as an indication that pretraining on the WDC dataset helps the model have

a better understanding of what a table is.

On the final 5 rows of the table, we can see pipeline variations that all end with a finetuning
step on our QR2T Benchmark. We can see that having a dataset that is task-specific, even
if it is low-resource, has a great impact on our scores. This is expected since the tables
from ToTTo have important differences from QR2T Benchmark. Specifically, the latter also
has the query in natural language and the table contents (i.e. the query results) are from

databases instead of Wikipedia tables.

In addition, the T'oTTo(P) — ToTTo(F) — QR2T enen(F) pipeline seems to be the best
performing on our Query Results-to-Text task. This confirms that the model through the
pretraining tasks defined in Section 4.0.2, learns structural information such as the rela-

tionship between a column name and its cell value or the correlations between columns.

The best-performing model for Query Results-to-Textis ToTTo(P)—ToTTo(F)—QR2T gepen(F).
This is a positive result that further supports the usage of pertaining the model using pre-

training tasks on a high quality Table-to-Text dataset, in our case ToTTo.

T T
' ' '
NL Query , Result Table QR2T(F) H Tol To(F)-QR2T(F) 1 Totto (P)-ToTTo(F)-QR2T(F)
' ' '
' '
1 Ppapers ' ' The paper titled Making Standard ML a
Which papers have the I title Thpe paper‘ B\ak\rgg Standard ML 1 The paper's title is Making | Practical Database Programming
substring "Database” in their | a bractical Database H Standard ML a Practical Database ! Language has the substring "Database”
titles? | | Making Standard ML a Practical Database Programming Language has the | Programming Language. | intheir titles
1| Programming Language substring Database in their titles 1
'
1 H :
T T
! ' '
What is the average, ! Player The average HS is 1150, maximum H 1
maximum, and minimum for | | ,veagous | maximumHS | minimum Hs HS 51600 and minimum forthe | The average hours spent training | The average HS is 150, the maximum is
the number of hours spent ! number of hours spent training 1 are 1150, 1600 and 300. ' 1600 and the minimum is 300.
training? H 1150 1600 300 H H
' ' '
' '
L .
T '
' '
Whatare the names of | ecaptain H '
t .
caprains : name rank Captain Sir Henry Langford has | Captain Sir Henry Langford has | Captain Sir Henry Langford is ranked
that have either the rank Kk Midshi H '
Midshipman or H alran idshipman or H the rank Midshipman ' as Midshipman.
1 Captain Sir Henry Langford ~ Midshipman Lieutenant. N
Lieutenant? ' i '
: H
'
. ' | flight H h
What is the origin and N 9 . . 1 The flight origins in Los Angeles and  The flight from Los Angeles to Tokyo has
destination for all flights 1 price origin destination The origin is Los Angeles and ' the destination Tokyo have a price ' a price of 780.99
whose price is ! the destination is Tokyo. ! of780.99 1
higher than 300? 1 780.99 Los Angeles Tokyo H '
' ' '

Figure 10: Inference examples of different of the same query results using three different models.

In Figure 10 we have picked some example inferences that showcase both some impres-

sive results and shortcomings of the QR2T models created.

The first example shows that the ToTTo(F) — QR2T gener(F) model fails to take into ac-
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count the NL query which requires the paper with “Database” in its title. This pattern
appears consistently on the ToTTo(F) — QR2Tgenen(F) model suggesting that training
only on ToTTo before QR2T will make the model focus specifically on the table contents,

ignoring additional metadata like the table title.

The second example tasks the model with verbalising 3 columns with similar content (min-
imum, maximum, average). The models without the pretraining tasks fail to take into ac-
count all the columns correctly. However, the ToTTo(P) — ToTTo(F) — QR2T genen(F)
model generates a complete verbalisation without being confused by the number or the

content of the columns.

Table 8: Performance of the best pipeline ToTTo(P) — ToTTo(F) — QR2Tcncn(F') per query type.

BLEU PARENT Bertscore

SELECTs 0.6 0.57 0.96
Aggregates 0.71  0.66 0.98
JOINs 0.6 0.6 0.95
JOINs + Aggregates 0.63 0.5 0.95
GROUP BYs 0.57 0.53 0.96

In Table 8 we present the results of the pipeline that performed the best T'0TTo(P) —
ToTTo(F)—QR2Tgenn(F') for each query type. We observe that the model best verbalises
aggregate queries. Intuitively this makes sense since aggregate queries have a relatively
uniform way of being verbalised (i.e. "The average X is Y”) and almost all the time have a
single column returned, which again makes the task easier. On the other hand, JOINs are
more challenging since our model must understand the underlying relationship between
the tables. Similarly, our model struggles with GROUP BY's since GROUP BYs have the
goal of calculating "a value per group based on a condition”. While for an SQL expert this

is apparent for QR2T it is not and has a hard time understanding it through training.

5.0.4 Human Evaluation

Automated metrics have two main issues that should be addressed in order to have a com-
plete overview of the performance and the shortcomings of the model. The first problem is
that the metric does not always correlate with the correctness of the verbalisations. After a

manual inspection on the results of the best-performing model (T'0TTo(P) — ToTTo(F) —
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QR2Tgenen(F)) out of the 45 inferences that got a BLEU score of 0, only 13 were actually
wrong. The second problem is that these metrics are not interpretable meaning that a low

score does not explain which type of error we had.

For this reason, we perform a manual evaluation on the inferences of 4 model pipelines,
QR2T 5enen(F), ToTTo(F)—QR2T 5enen(F), W DC(P)—ToTTo(F)—QR2T genen(F), ToTTo(P)—
ToTTo(F)—QR2Tgenen(F). The evaluation focuses on two axes correctness and fluency.
Note that a verbalisation can be both incorrect and fluent and vice versa. Specifically,
the evaluator picks a choice of "Correct”, "Incorrect” for correctness and "Not fluent”, "Ad-
equate”, "Perfect” for fluency. The evaluations are performed by 7 researchers familiar

with both databases and the NLP domain.

If the evaluator has deemed the verbalisation incorrect we also ask them to categorize the
error as erroneous (1) if the model used part of the query results in a wrong syntactical or
semantic way, omission (2) if the model has ignored one of the columns of the results table
or hallucination (3) if the model has generated a value or column that was not included
in the input. These statistics have an important role in discovering weaknesses of our

current approach so that we can have more specific targets for future improvements.

mmm Correct

230 EEm Incorrect
200

150

100

A

QR2T ToTTo- QR2T Pre(WDC)- Pre(ToTTo)-
TolTo-QR2T ToTTo-QR2T

o

Figure 11: Human evaluation of the correctness of verbalisations on the QR2T dataset.

In Figure 11 we can see the correct (green) and incorrect (red) verbalisations. Interestingly,
the QR2Tgeper, and ToTTo — Q R2T'g.,., models have slightly more correct verbalisations
than ToTTo(P) — ToTTo(F) — QR2Tenen(F) and all of them are marginally better than
WDC(P) —ToTTo(F) — QR2Tgenen(F). We suspect that the low quality of WDC which
is used in the pre-training tasks has a negative impact on T5 which forgets to understand
and generate semantically meaningful text.
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mm Perfect

Adequate
200 = Not fluent
150
100
50
. I

QR2T ToTTo-QR2T Pre(WDC)- Pre(ToTTo)-
ToTTo-QR2T ToTTo-QR2T

Figure 12: Human evaluation of the fluency of verbalisations on the QR2T dataset.

We observe similar results in fluency in Figure 12. All the models except WDC(P) —
ToT'To(F)—QR2Tgencn(F') achieve great fluency with ToTTo(P)—T0TTo(F)—QR2T genen(F')
being slightly better. Again we notice the negative effect of the WDC dataset and the pre-

training tasks.

Through human evaluation, we observe the main problem of automatic metrics (e.g. BLEU,
PARENT). While our model does not achieve perfect automatic metrics, the human eval-
uators found that many verbalisations that got bad scores, were actually correct. Specifi-
cally, out of the 45 verbalisations that got a BLEU score of 0, only 13 of them were actually
wrong. Also, out of the 100 worst-performing verbalisations, only 33 of them were actually
incorrect. The opposite, having a good BLEU score and being deemed incorrect by the

evaluator, is much rarer.

The results from the human evaluation seem really promising and we consider that QR2T
could be integrated into a natural database interface. So far, the QR2T model has been
integrated into the ODD 2 system of the INODE # project, providing natural language an-

swers to queries that return a single row, Figure 13.

Finally, we are showing in Table 9 which were the main errors that lead to a verbalisation
beingincorrect. For all models, the main category of errors is "Erroneous”, which is defined
as failing to use the contents of the result tables in a semantically and syntactically correct

way. For example, in Figure 10 in the 4th example the model ToTTo(F') — QR2Tgenen(F)

3https://www.inode-project.eu/odd3/
“4https://www.inode-project.eu/.
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(1) [ 2> Show the number of projects ]

Search results for "Show the number of projects

Your NL2SQL action triggered 1 systems on datasource cordis.

1 "ZWS Find the number of projects. (provided by Logos)
1 cols Interpretation 149 / cordis - nl2sql - valuenet

[Quick answer: There are 62679 projects.] (2)

count

N ¥ Recommendations

Figure 13: Integration of QR2T on the Open Data Dialog system. First, the user asks a natural

language query (1) and then since the query results had a single row, we return its verbalisation (2).

Table 9: Analysis of the errors found in the human evaluation. Note that one verbalisation might

have multiple errors.

Erroneous | Omissions | Hallucin.
QR2T 38 19 4
ToTTo-QR2T 52 16 3
WDC(P)-ToTTo-QR2T 209 48 31
ToTTo(P)-ToTTo-QR2T 52 46 9

outputs "the flight have a price” instead of "the flight has a price”.

The second error category is omission. We can see that all the models have to deal with
omissions but especially the WDC(P) — ToTTo(F) — QR2T gener(F) and ToTTo(P) —
ToTTo(F) — QR2Tgenern(F). We find this an important observation that motivates future

research to focus on forcing the model to verbalise the whole table of the query results.

Finally, we can see that hallucinations are rare in all the models except the W DC(P) —
ToTTo(F) — QR2T gener(F'). Again the main suspect behind this is the low quality of WDC
which is used in our pre-training. WDC is a huge dataset that is hard to analyze and
considering that we are using a sample of it due to computational constraints. As a result,

the sample might not be representative enough of many domains.

The main takeaways we obtain from our evaluation are:

» A powerful Table-to-Text model [14] will not perform well on the Query Results-to-

Text problem.

* Pretraining on a clean dataset, in our case, ToT To, will offer significant improvements
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compared to pretraining on a much bigger but noisy dataset, like WDC.

* Pretraining on ToTTo offered significant improvements in all automated metrics on
the QR2T Benchmark dataset.

* In contrast, human evaluation showed that pretraining did not improve performance.
Specifically, pretraining increases the number of omissions compared to only fine-
tuning, suggesting future research could focus on making the model to verbalise the

whole table, not just parts of it.

5.0.5 Ablation Studies

Our ablation studies focus on examining more specific parts of the pipeline and their im-
pact on our results. In Section 4.0.2, we proposed a set of pretraining tasks on the ToTTo
dataset that will help the model understand what a table is. While there is a theoreti-
cal motivation behind each one of the tasks we want to examine their separate impact

discovering the relative importance of each pretraining task.

To achieve this we perform two tests named "all-but-one” and "only-one” similar to BLEURT
[35]. In "all-but-one” we train T5 on all the pretraining tasks except one while in "only-one”

we train using just one of the pretraining tasks and remove all the others.

BLEU PARENT
mmm All tasks 0.66 ™= All tasks

0.700 mmm No column adding mmm No column adding

No column masking 0.64 No column masking
0.675 mmm No column mixing : mmm No column mixing

No content masking No content masking
0.650 No value masking 0.62 No value masking
0.625 0.60
0.600 0.58
0.575 0.56
0.550 0.54
0.525 0.52

Pre(ToTTo)- Pre(ToTTo)-ToTTo Pre(ToTTo)- Pre(ToTTo)-ToTTo

QRZT -QRzTBench QRZTBench -QRZTBench

Bench

Figure 14: Impact of using all pretraining tasks except one.

In Figure 14, we can see that in the case of ToTTo(P) — QR2Tgenen(F'), we have the worst
performance if we remove the ToTTo original task (Table-to-Text) while the performance
of our model increases if we remove column adding or column mixing. On the other hand,
the ToTTo(P) — ToTTo(F) — QR2T enen(F) (our best model) has the best performance
when all the tasks are included. Interestingly, the most effective task seems to be column
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adding which had a negative effect in the case of ToTTo(P) — QR2Tgenen(F). We also

note that both metrics BLEU and PARENT correlate and lead us to the same conclusions.

BLEU PARENT
mmm All tasks 0.66 ™=m All tasks
0.700 wmm Only column adding === Only column adding
Only column masking 0.64 Only column masking
0.675 mmm Only column mixing ) mmm Only column mixing
Only content masking Only content masking
0.650 Only value masking 0.62 Only value masking
0.625 0.60
0.600 0.58
0.575 0.56
0.550 0.54
0.525 0.52
Pre(ToTTo)- Pre(ToTTo)-ToTTo Pre(ToTTo)- Pre(ToTTo)-ToTTo
QR2T, -QR2T QR2T -QR2T,

Bench Bench Bench Bench

Figure 15: Impact of using a single pretraining task.

In Figure 15, we examine training only on a single pretraining task instead of using all of
them. In ToTTo(P) — QR2Ts....,(F') Wwe can see that we achieve similar performance with
all tasks even when compared with using all the tasks. This suggests that the choice of
the pretraining task might have a small role in performance. However, in ToTTo(P) —
ToTTo(F) — QR2Tgenen(F') We can see that just using column mixing has a great perfor-

mance impact when compared with using all the tasks or column adding.

The second ablation study focuses on studying the effect of not including in the model
input the natural language query. As shown in Figure 16 when we train on Q R2T'g.,,.,, We
include in the input the query that the user asked in natural language. Since our model
aims to be a part of a natural language database interface, this is an assumption that will
hold most of the time. However, in case we do not have access to the NL query we want

to investigate the expected performance drop.

As expected all models are negatively affected by a similar margin when they have no

natural query in their input.
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Figure 16: Impact of not having the NL query in the input of the model.
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6. CONCLUSIONS

In this study, we presented Query Results-to-Text as a part of a natural language database
interface. We formulate the problem and propose a pipeline solution that gets as input
powerful PLMs that understand text and then guides them to also understand what table
structure is through pre-training and pretraining tasks, and finally fine-tuning on our novel
datasets, QR2T Benchmark and Cordis. We also propose a query preprocessing algo-
rithm that leads to more informative and PLM ”friendly” query results that in turn enable

the model to return more accurate and fluent verbalisations.

We evaluate our above pipeline and discover that the straightforward idea of directly fine-
tuning TS on our dataset will lead to adequate results which we then slightly improve
through pre-training and pretraining tasks. Through human evaluation, we discover that

QR2T performs adequately suggesting that it could be integrated into an NLDBI.
Future research could investigate Query Results-to-Text from different perspectives.

Improving the model itself by providing solutions to verbalise more than a single row
through summarization and insight generation techniques instead of verbalising each row
iteratively. In addition, future research could focus on guiding the verbalisation generation
at inference time through a set of rules in order to force the model to remain faithful to
the input query results table or the database schema, which is a similar approach to PI-
CARD [34] but for the Text-to-SQL problem. Finally, proposing new metrics that are more
representative of real performance with a possible solution combining both the table-aware
PARENT [8] and the semantics-aware BERTscore [47].
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ABBREVIATIONS - ACRONYMS

C4 Colossal Clean Crawled Corpus

DB Database

CORDIS Community Research and Development Information Service
e.g. from the Latin phrase exempli gratia, meaning “for example.”
GPU Graphical Processing Unit

i.e. from the Latin phrase "id est”, meaning “that is”

NL2SQL Natural Language to SQL

ooV Out Of Vocabulary

QR2T Query Results to Text

SQL2NL SQL to Natural Language

T5 Text-to-Text Transfer Transformer

WDC Web Data Commons
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