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Abstract

Tabular data is becoming increasingly important in Tabular Natural Language Inference (TNLI), where
the goal is to assess if a table supports or refutes a given hypothesis expressed in NL text. A major issue
in TNLI is the lack of such training data. Existing approaches are based on manual annotation of new
training data or simple augmentation techniques that lack data variety and complexity. We present a
system, TENET, that automatically generates new training examples for TNLI applications on different
domains. Our framework exploits SQL queries to introduce new data variety through evidence-queries
that identify new cell values over data exploiting different data patterns, and complexity using semantic-
queries that describe the different ways such data can be identified through SQL queries. Description
from the semantic-queries are used to verbalize the new cell values from the evidence-queries using a
Pretrained Language Model (PLM). The verbalized sentence and the cell values can be used as a new
training example in the target TNLI application. We show how TENET generates human-like examples
that are comparable with manually-written examples.

Keywords
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1. Introduction

A large class on natural language inference (NLI) problems aims at classifying a given hypothesis,
such as a textual statement, as true/false/unknown given some evidence. Recently it has
emerged a new class of applications that focus on inference with structured data as evidence,
i.e., tabular natural language inference (TNLI). Example applications are table understanding
and computational fact checking, where systems label text claims according to input structured
data [1,2,3, 4,5, 6, 7).

Most of the solutions in TNLI are supervised, where manually defined datasets for TNLI have
been proposed, such as Feverous [8], TabFact [9], and Infotabs [5]. However, these datasets:
i) cover only some generic topics from Wikipedia tables. For example, if there is a need for
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Name Party Spouse
t1 | Barack Dem Michelle L™ TENET
t2 | Donald Rep  Melania
t3 | Nancy Dem Paul

- Training data laim c: “Barack and Nancy\.
: are in the same party” :
Label I: Supports
Evidence cells E:
t1.Name: “Barack”
t3.Name: “Nancy”
t1.Party: “Dem”,
t3.Party: “Dem”

:(Claim c: “Donald is married

‘[ to Michelle”

|| Label I: Refutes

:| Evidence cells E:
t2.Name: “Donald”

:\_ t2.Spouse: “Melania”

application

Test data

Figure 1: Given any table, TENET generates new training examples for a target TNLI application. The
first example has a hypothesis that is refuted according to the data evidence.

fact-checking claims for emerging domains such as Covid-19, a new annotated corpus must
be crafted by manually writing examples using the tabular reports published by governments;
i1) they are not comparable in scale and variety to those available for textual NLI [10]. For
example, about 80% of the examples in Totto [11] have sentences describing the data with text
that does not contain mathematical expressions, such as max, min, and count, or comparison
across values; i77) They contain bias and errors that may lead to incorrect learning in the target
models [12].

The problem of the lack of labeled examples has been treated in the literature for NLI, but it
has not been tackled yet for TNLI. If some examples are given in a warm start setting, existing
NLI augmentation methods can be used in the TNLI setting: the text part of the example can
be rewritten with augmentation w.r.t. the (fixed) data [13]. While these methods increase the
number of examples, they do not generate a new corpus that raises the variety and complexity
of the examples w.r.t. the structured data, ultimately with a minor impact on the accuracy of
the TNLI tasks. Moreover, in a cold start setting, where training data is unavailable, there is no
proposal yet on creating annotated examples for TNLI starting only from the tables.

User-provided tables can be exploited to generate ad-hoc training data for the application at
hand. Our system, TENET' (TExtual traiNing Examples from daTa) generates large annotated
corpora of training examples that are complex and rich in terms of data patterns, linguistic
diversity, and reasoning complexity [14]. Figure 1 shows an overview of our architecture. The
system generates training data for the target TNLI application, given only a table as input. Once
generated, the examples are used to train the inference model validated on test data.

TENET is built around three modules that cover the three main elements of a complete and
annotated TNLI example.

Data Evidence. A key intuition in our approach is that tabular data already contains rich
information for new examples. Content changes across datasets, and every relation has its own
active domain. Moreover, data relationships across entities and their properties are arranged
differently across datasets. To identify data evidence to create a variety of examples, we propose
alternative approaches to select sets of cells from the given table, including a query generation
algorithm for the semi-supervised case. A query returns a set of evidence, such as Donald and

'Code and datasets available at https://github.com/dbunibas/tenet
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Michelle in the first example in Figure 1, each partially describing an example.

Textual Hypothesis. Once the data is identified, we obtain the textual statement (or hypothesis)
for the annotated example. Given a set of cells, we generate queries that identify such data
evidence over the input table. Every query characterizes the data with different conditions (e.g.,
selections with constants) or constructs (e.g., aggregate). From the query and the evidence,
we create a text with a prompting method that exploits the human-like generation abilities
of large pre-trained language models (PLMs), such as GPT-3 [15]. Our prompting leads to a
variety of factual hypotheses, such as Barack and Nancy are in the same party in the second
example in Figure 1, while maximizing the coverage of the provided evidence and minimizing
hallucination.

Inference Label. Finally, we need the corresponding label for every example. While Supports
examples are obtained naturally, as the hypothesis reflects the evidence from the table, for
Refutes examples we introduce generic methods built around the idea of injecting errors in the
data evidence. Once the data is modified, the process for text generation is applied to the “dirty”
data to obtain hypotheses that are refuted w.r.t. the original “clean” data.

In the next Section we describe the main components, then we present some experimental
results using TENET.

2. Overview of the Solution

Problem Formulation. Let r be a tuple in the instance / for a relational schema R and A; an
attribute in R. We refer with cell value to the value of tuple 7 in attribute A; and with table to
the instance I for simplicity?. A textual hypothesis is a sentence in natural language.

A Tabular Natural Language Inference (TNLI) application takes as input a pair (table c; textual
hypothesis h) and outputs if h is supported or refuted by c. Data evidence is a non-empty subset
of cell values from c that varies from a small fraction in some settings [8] to the entire relation
in others [9]°. Solutions for the TNLI task rely on supervised models trained with annotated
examples - our goal is to reduce the effort in creating such training data.

We consider solving the example generation problem for a TNLI application A where we are
given the label space L for A, a corpus of tables C, and (optionally) a set of training examples
T for A. Every example is composed by a quadruple (h, [, e, c) with textual hypothesis h, label
l € L, set of data evidence cells e contained in one relational table ¢ in the corpus C. We assume
access to a text-to-text pre-trained language model (PLM) M. We do not assume access to the
TNLI application A at hand. In this work, we focus on L with Supports and Refutes labels only,
as those are the most popular in TNLI corpora, e.g., 97% of the examples [8].

In the warm start version of the problem, training examples for A are available and used by
TENET. In the cold start version of the problem, we drop the assumption on the availability of
the examples 7. In this case, we aim at creating new training examples D for A just by using
the tables in C.

?Some TNLI corpora contain both relational and entity tables, i.e., relational tables transposed with a single row.
TENET supports both, but we focus the presentation on relational ones for clarity.
*Our proposal is independent of the size of the data evidence and its retrieval.
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Figure 2: TENET overview. Existing examples are optional. Any text-to-text pre-trained language
model (PLM) can be used, e.g., ChatGPT. Any target TNLI application can be supported, e.g., tabular
fact-checking.

Process and Challenges. TENET is designed around three main steps, as depicted in Figure 2.
Given a relation table ¢ € C, it first gathers the evidence (set of cells) e to produce a Supports
example. Second, to enable the generation of a Refutes example, it injects errors in table ¢
to create its noisy version and derive data evidence ¢’. Third, a textual claim (hypothesis)
h is generated for every data evidence e. The quadruple (data evidence e, textual claim h,
label Supports/Refutes, table c) is a complete example for training data D for the target TNLI
application A. However, the three steps come with their own challenges.

Table 1
People table. Cells in bold form data evidence e;.

Name Age City Team

t7 Mike 47 SF DBMS
tos Anne 22 NY Al

t3  John 19 NY DBMS
ty  Paul 18 NY UOL

Data Evidence. Training examples D must capture the variety of relationships in a table, such
as those relating cell values in the same tuple or attribute. A hypothesis is defined over a group
of cell values, such as the data evidence e; highlighted in bold in Table 1 for tuples ¢; and ¢3, i.e.,
names of two people with different age values. Hypothesis “Mike is older than Anne” captures
the relationship across these four cell values. Data evidence with two cell values, e.g., Name
for tuple ¢; and Age from tuple ¢5 can lead to a hypothesis, e.g., “There is a person called Mike
and a person 22 years old”, but such sentence does not capture relationships across tuples nor
attributes. In general, for effective training, the data evidence covered by the examples should
cover the variety of patterns that can be identified in a relation.

One approach for the data evidence generation is to pick different sets of cell values at
random. While this simple approach is effective and enables an unsupervised solution, there
are meaningful patterns, such as e;, that may be covered rarely by accident. We call this
approach cold-start. One approach to improve this task and obtain meaningful patterns with
fewer generated examples is to infer data patterns from human-provided examples 7', when
those are available. For example, in T, we identify a query ¢ (named evidence query or simply
e-query) that returns the cell values in its data evidence as one result row. We then execute
the e-query over the relation. The e-query leads to more sets of cells (one per result row) that
enable the generation of examples following the same data pattern, for example involving t3



and t4. We call this approach warm-start.

Warm Start. While the cold-start is easy to implement, the generation of the e-query in the
warm start is not trivial. Given the set of cell values es and table ¢, as input, we want to identify
the query g that outputs such ey among its results. Executing such query over the original table
s, we obtain more data evidence e, .. ., e, that follow the original data pattern in e;.

Consider again the example in Table 1 with cell values in bold in the first two rows (t; and
12) as seed data evidence e,. Given such input, we want an algorithm producing a query that
returns all pairs of distinct names with their different ages, such as

q: SELECT cl.Name, c2.Name as Name2, cl.Age, c2.Age as Age2
FROM people cl1, people c2
WHERE c1.Age > c2.Age AND cl.Name <> c2Z2.Name

The e-query generation is based on an evidence graph [14] where each node in the graph
corresponds to a cell in the evidence es and a (direct) edge across two nodes represents the
relationship between their values (equality, difference, comparison). Then visiting such graph
we construct the e-query [14].

Hypothesis. Given a table c and an evidence set e € c, the latter can be described with a
textual sentence. However, the way a set of cells is converted to a sentence has a huge impact on
the variety and the reasoning complexity of the training data. Indeed, given a set of cells from a
table, many alternatives exist for describing it in natural language. Consider again data evidence
e1 in the example. The values in bold can be correctly described with “Mike is older than Anne."
or “There are two persons with age higher than 19.". The more alternative sentences for a
given data evidence are created, the better the training set for the target model. Unfortunately,
most efforts for automatic data-to-text are focused on surface, or look-up, sentences [11], such
as “Mike is 47 years old and Anne 22.". While these kinds of sentences are fundamental, we
aim to maximize the variety in the training data. For this goal, we generate various queries
that return evidence e given c. We call such queries semantic queries or simply s-queries. Such
s-queries represent different ways of semantically describing the data. PLMs are trained over
huge amounts of textual data, which gives them proficiency in writing, and source code, which
gives them the ability to write code [16] or to be instructed with functions. We then propose
prompting methods for PLMs to generate alternative sentences to describe the evidence set
according to the semantics of the queries.

We identify several types of s-queries: 1) the surface s-queries, i.e. queries that select cells by
using only constant values; 2) comparison s-queries, i.e. queries that compare two or more rows
by at least one attribute; 3) filter s-queries, i.e., queries that select cells according to a condition;
4) aggregate s-queries, i.e., queries that select cells that can be used with an aggregative function
(count, sum, avg, min, max); 5) filter-aggregate s-queries, i.e., queries that select cells for an
aggregation over a group of cells identified by a selection on some conditions. Such s-queries
are automatically detected by TENET [14].

For each s-query, we define a task that describes the text generation function that we want to
use. Such generation functions are defined by us with the prompts for the PLM. The task uses
the function from the s-query and the evidence. The text generation functions mapped to the
relative s-queries are reported in Table 2 with examples of the text they generate. Due to space
limits, the examples of the used prompts with ChatGPT are reported in the full paper [14].



Table 2
Functions used by TENET in ChatGPT prompts.

S-Query Function Example
Surface read(attrList)[*] Anne is 22 years old
and Paul is 18.
Comparison compare(op, attr) Anne is older than Paul.
Filter filter(cond, attr) Anne, John and Paul

are from NY.

FilterAggregate filter(cond, attr); The oldest person
compute(func, attr)=val from NY is 22 years old.

Aggregate compute(func, attr)=val  Mike is the oldest person.

Label. By construction, the generated data evidence is coherent with the semantics expressed
in the input table. An evidence set leads to an example with a Supports label w.r.t. the data
in the table. The methods above produce Support examples. However, applications also need
examples with a Refutes label, i.e., textual claims not supported by the input table. We tackle
this problem with an error injection approach, perturbing the input table to break the original
relationships across cell values. This new version of the table is then used to identify again
an evidence set ¢/, which leads to a textual hypothesis that does not reflect the semantics of
the original (clean) table. We generate a Refutes example for every Supports one. Given some
evidence ¢ from the original input table ¢, we inject noise in a copy ¢/, so that we derive a
new evidence €’ using the same e-query used for the Support example. A hypothesis A’ is then
derived from ¢’ using the same proposed approach above. Hypothesis ' is a Supports sentence
for ¢/, with evidence ¢/, but it is also a Refutes sentence w.r.t. the original (clean) table ¢ and
evidence e. The new example is the tuple with the label Refutes, ¢, h’ and evidence e.

To inject errors, first we create a copy ¢’ of the table and manipulate it to inject noise. We
shuffle in ¢ the values for 50% of the attributes involved in e. This step breaks the original
relationships across cell values at the tuple level. We then either introduce a new tuple in ¢’ or
remove from ¢’ one tuple at random. This step changes the cardinality of the tuples, which is
key for s-queries involving aggregates, and introduces out-of-domain values. The generation of
the new values depends on the type. For categorical attributes, we use a PLM. For numerical
attributes, we generate lower/higher values than the min/max value for every active domain -
these new values break the original min/max/avg property for the updated attribute. Finally,
we remove from ¢’ any row that appears in c.

3. Experiments and Conclusions

We organize our evaluation around two main questions. First, does TENET automatically
generate training data of quality comparable to those manually created by human annotators?
Second, what are the costs of TENET, in terms of execution time and budget for external APIs?

Train Datasets. In this paper we present results for a dataset from TNLI literature: FEVEROUS [8].
Results for other datasets are presented in the full paper [14]. FEVEROUS comes with one subset
(split) of examples for training and one for test. Every annotated example consists of a table,



a textual hypothesis, data evidence (a subset of the table), and a Supports/Refutes label. All
examples are manually written by humans.

As a baseline, we extend the original training dataset with an augmentation for text [17].
Given an example, we produce seven new versions of it by changing the textual hypothesis using
back translation, wordnet, word2vec, synonyms, random word swap, random word deletion,
random word insertion (Aug).

We also produce training dataset for our techniques. Given a corpus of tables, we always
generate the Tenet Cold (TenetC) dataset. Since FEVEROUS has annotations for data evidence,
we can also generate the dataset for Tenet Warm (TenetW). Hypotheses are created with s-
queries and negative examples are generated according the presented technique. For each given
table, we produce three Supports and three Refutes hypotheses, therefore all TENET datasets
are balanced in terms of labels. For every table, TENET creates one example with a surface
query and two with other s-queries among the other four types (Comparison, Filter, Aggregate,
FilterAggregate).

Inference Models for TNLI. Our goal is to show the quality of automatically generated
training data. We therefore do not propose new TNLI models and adopt the ones in the original
papers. For FEVEROUS the inference predictor is a RoBERTa (large) encoder fine-tuned for
classification on multiple NLI datasets [18].

Pre-trained Language Models. For the hypothesis generation and the error injection, we
assume that a pre-trained language model (PLM) is available. We tested several PLMs and use
ChatGPT as default. We report a comparison of T5, fine-tuned on ToT To, and ChatGPT in the
full paper [14].

Metrics. We report accuracy for the TNLI task: how many Supports/Refutes classification
decisions are correct over the total number of tests. We also report execution times and cost
(for external APIs) in running the models.

Quality of Training Examples We start by comparing results with training data with examples
generated from the same sets of tables. The tables are taken from FEVEROUS dataset. As
state of the art solutions, we directly use the manually written examples (Human), eventually
augmenting them (Human+Aug). For TENET methods, we take the corresponding tables of the
original training data and generate examples with TenetC and TenetW. For every experiment,
we increase the number of input tables, collect or generate the examples, and run the inference
model to compute the accuracy on the same test data.

The TNLI accuracy results in Figure 3a for the FEVEROUS test data show the impact of
examples, which is a proxy for their quality. Up to 700 input tables, both TENET-generated
datasets outperform the examples written by humans, with more than 20 absolute points in
cases with less than 150 tables. Even with only 200 tables available for the training step, both
TENET example generation methods achieve an accuracy over 0.8 on the (manually crafted)
original test data. If we augment the Human examples with those generated by TenetW, we
observe accuracy at 0.8 even with only 150 tables in the training corpus. TENET benefits by the
fact that for every input table, it extracts one data evidence and generates three Supports and
three Refutes examples, while the humans wrote one example per table.

Figure 3b reports the results for the training done with a combination of Human and Tenet
examples for FEVEROUs. We report the impact of different numbers of generated examples.
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Figure 3: (a) Inference accuracy for different training datasets over the FEVEROUS test data. The x axis is
the number of tables in training set. Human is FEVEROUS original training data. (b) Inference accuracy on
FEVEROUS when training with the union of human examples (100 to 400) and TENET generated examples
(0 to 1000). The first bar is for Human examples only, other bars are for Human+Tenet examples.

Increasing the size of the generated training data increases the accuracy on the test set. The
benefit of TENET examples is higher with smaller numbers of human training examples.

Execution Time and Cost. We measure TENET execution time to generate training data. We
create five samples of 200 tables from FEVEROUS and execute the full pipeline with Cold and
Warm approaches. On average the Cold takes 2.019 seconds while Warm takes 2.212. The most
expensive step in our approach (97% of the execution time) is due to text generation. This
heavily depends on the ChatGPT availability and it takes on average from 1.5 to 2.2 seconds per
request.

Table 3
Costs of generating hypothesis with ChatGPT.

# Tables # Positives # Negatives Total # Price ($)
Warm 200 1670 1536 3206 11.6
Cold 200 1655 1580 3245 11.7

Table 3 reports the costs of generating hypotheses with the OpenAl API and ChatGPT for 200

tables. The cost linearly depends on the number of generated examples, as ChatGPT calculates
the costs based on the size of the input prompt together with the size of the generated output.
On average the generation of one example costs 0.0037$. The total cost of all the experiments
reported in the full paper [14] is about $130 for 36K generated examples.
Conclusions. We presented a generic solution that automatically constructs high-quality
annotated datasets for TNLI. Experiments show that given only a table as input, TENET creates
examples that lead to high accuracy when used as training data in the target tasks. Even in
settings with a small number of tables for the training of the system, TENET produces examples
with variety both in the pattern of the data and in the reasoning used to verify or refute the
hypothesis.
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