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Abstract

State-of-the-art Entity Matching (EM) approaches rely on transformer architectures to capture hidden
matching patterns in the data. Although their adoption has resulted in a breakthrough in EM performance,
users have limited insight into the motivations behind their decisions. In this paper, we perform an
extensive experimental evaluation to understand the internal mechanisms that allow the transformer
architectures to obtain such outstanding results. The main findings resulting from this evaluation are: (1)
off-the-shelf transformer-based EM models outperform previous (deep-learning-based) EM approaches;
(2) different pre-training tasks result in different effectiveness performance, which is only partially
motivated by a different learning of record representations, and (3) the fine-tuning process based on a
binary classifier limits the generalization of the models to out-of-distribution data and prevents from
learning entity-level representations.
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1. Introduction

Data integration aims to combine heterogeneous data sources into a single, unified, duplicate-
free data representation. This improves information organization and accessibility, facilitating
more efficient decision-making processes and improving overall data quality. One of the main
steps of the data integration pipeline is Entity Matching (EM) which aims to recognize records
that refer to the same real-world entity.

Nowadays this task is mainly approached through supervised methods where deep learning
models are trained with pairs of records labeled as match (or 1), if the two records refer to the
same entity, or as non-match (or 0) in the opposite case [1]. Architecturally these models consist
of two fundamental components: 1) an encoder whose goal is to generate meaningful record
pair representations, and 2) a binary classifier that classifies the encoder output as match or
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non-match. While the classifier typically coincides with a linear layer or a multi-layer perceptron
(MLP), most of the complexity of the model resides in the encoder. Current state-of-the-art
approaches, like Ditto [2] and R-SupCon [3], implement this component via the transformer
architecture [4], or derived models (such as BERT[5], SBERT[6] and RoBERTa[7]), which are
able to capture hidden matching patterns in the data after a fine-tuning process[2, 8, 9].

The adoption of transformer architectures has resulted in a breakthrough in the effectiveness
of the EM approaches. However, they are black-box architectures and it is not easy to under-
stand which are the internal mechanisms that allow them to obtain such outstanding results.
Providing an answer to this question is crucial to increase their trustworthiness and promote
their application in real-world scenarios [10].

This paper is an extended abstract of [11, 12], where we addressed this problem. More
specifically, we analyzed how transformer-based architectures perform the EM task according
to three perspectives!. They concern (1) how off-the-shelf transformer-based EM models
perform compared to EM state-of-the-art approaches (Section 3); (2) the impact of the pre-
training technique on the ability of the transformer to learn the EM task (Section 4), and (3)
which is their performance in recognizing entities (Section 5) and how much they can generalize
to out-of-distribution data (Section 6).

The three main findings that we obtained by answering the previous questions are:

1. Off-the-shelf transformer-based EM models outperform previous deep-learning-based EM
models (like DeepMatcher[13]) and perform well even on dirty data, where values are
misplaced across attributes;

2. Different pre-training tasks result in different effectiveness performances, which is only
partially motivated by a different learning of record representations. Only R-SupCon can
differentiate the knowledge encoded in the embeddings between matching and non-
matching records;

3. Models that are fine-tuned for EM via a binary classifier do not fully recognize cliques of
entity descriptions and have limited generalization capacity to out-of-distribution data.

2. The Experimental Analysis

This section describes the experimental setup adopted to answer the three research questions
mentioned above.

Datasets. We performed the experiments against the datasets provided by the Magellan library?
which is the reference benchmark for the evaluation of EM tasks. The datasets consist of pairs of
entity descriptions sharing a common structure. Table 1 summarizes some statistical measures
describing the datasets: the total number of record pairs (fourth column), the percentage of
pairs associated with a match label (fifth column), and the number of attributes (last column).
Each dataset is already split into train, validation, and test sets with a ratio of 3:1:1.

Models. The evaluation considers four EM models based on the transformer architecture ranging
from simple baselines to more advanced and fully-fledged state-of-the-art approaches.

'Further analyzes are available in the original papers which are not reported here for reasons of limited space.
*https://github.com/anhaidgroup/deepmatcher/blob/master/Datasets.md
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Table 1
The datasets used for the evaluation.

Acronym Type Dataset Size % Match # Attributes
S-FZ Fodors-Zagats 946 11.63 6
S-DG DBLP-GoogleScholar 28,707 18.63 4
S-DA DBLP-ACM 12,363 17.96 4
S-AG Strucured Amazon-Google 11,460 10.18 3
S-WA Walmart-Amazon 10,242 9.39 5
S-BR BeerAdvo-RateBeer 450 15.11 4
S-1A iTunes-Amazon 539 24.49 8
T-AB Textual Abt-Buy 9,575 10.74 3
D-IA iTunes-Amazon 539 24.49 8
D-DA Dirt DBLP-ACM 12,363 17.96 4
D-DG Y DBLP-GoogleScholar 28,707  18.63 4
D-WA Walmart-Amazon 10,242 9.39 5

« BERT[5]. This is a simple baseline where the BERT language model is used to encode
pairs of records into meaningful pair representations and a subsequent binary classifier is
asked to predict match or non-match based on these representations;

« SBERTJ6]. SBERT is a modification of BERT that uses a siamese architecture to generate
meaningful sentence embeddings whose distance approximates the sentence similarity.
The objective of this training is very close to the one adopted in EM and therefore provides
an alternative form of training for EM models. Similar to the BERT baseline, we use
SBERT to produce a pair representation which is provided as input to a binary classifier;

« Ditto[2]. Ditto is a RoBERTa-based model customized for solving EM by means of the
application of domain knowledge injection and data augmentation to the input data;

« R-SupCon[3]. R-SupCon is a RoBERTa-based model for product matching that applies a
pre-training procedure based on supervised contrastive learning [14]. The idea is to force
the model to create embedding representations that are close for descriptions referring to
the same real-world entities and are far for different entities.

While Ditto and R-SupCon represent state-of-the-art EM methods, BERT and SBERT provide
some baselines to evaluate the performance of off-the-shelf transformer-based architectures on
the EM task without relying on further optimizations. For these models, we considered both a
pre-trained (PT) and a fine-tuned (FT) version. The architecture of the pre-trained model extends
the original language model with two fully connected layers of 100 and 2 neurons respectively
(the 2 output neurons represent the match and non-match classes). These additional layers have
been trained on the EM task to predict whether pairs of input records are matching, while the
original pre-trained model remains unaltered. The fine-tuned architecture instead consists of a
single classification layer inserted on top of the embedding corresponding to the [CLS] token,
which summarizes the contents of the entire pair of records®. The whole architecture is here
trained on the EM task, thus modifying the weights of the original language model.

*This is the usual standard practice adopted for fine-tuning language models to downstream tasks [2, 8].



Table 2
The effectiveness of the tested models in the EM task.

BERT BERT SBERT SBERT

DM+ (Pt (ft) ) (ft) Ditto R-SupCon

S-FZ 100.00  97.67 97.67 97.67 100.00  97.78 92.68
S-DG 94.70 92.40 94.78 92.47 94.24 94.97 80.54
S-DA 98.45 97.41 98.65 96.84 98.30 96.86 99.21
S-AG 70.70 63.26 68.52 64.88 60.48 75.31 79.23
S-WA 73.60 59.89 78.85 60.23 78.05 85.40 80.12
S-BR 78.80 82.76 84.85 82.76 84.85 90.32 96.55
S-1A 91.20 85.19 93.10 77.19 93.10 92.31 85.71
T-AB 62.80 59.50 83.51 57.79 84.18 87.04 93.43
D-IA 79.40 84.21 94.74 75.00 93.10 83.64 68.18
D-DA 98.10 96.10 98.42 95.98 98.42 96.65 99.44
D-DG 93.80 92.27 94.77 91.22 95.05 94.86 80.13
D-WA 53.80 50.76 77.33 55.26 76.68 87.05 77.06

AVG 82.95 80.12 88.77 78.94 88.04 90.18 86.02

STD 15.40 17.03 9.90 16.19 11.71 6.74 10.04

3. Entity Matching effectiveness

This experiment evaluates the effectiveness of off-the-shelf transformer-based EM models (like
the proposed BERT and SBERT baselines) compared to EM state-of-the-art methods. In addition
to Ditto and R-SupCon, we also consider DeepMatcher (DM+)[13], which is a reference deep-
learning-based EM approach that does not rely on a transformer architecture. The results are
shown in Table 2, which reports the F1 score for each model.

Discussion. Even if DM+ obtains good results with most datasets, off-the-shelf transformer-based
EM models outperform it. This is particularly evident for the fine-tuned versions compared to
the original pre-trained versions. Regarding the BERT-based EM baseline, fine-tuning improves
the performance by around 8%, and by more than 10% with large dirty datasets (i.e., with more
than 10k records).

BERT and SBERT achieve similar accuracy levels in almost all datasets. Moreover, they both
show better performance in dirty datasets than in structured datasets. This result is consistent
with [8, 15], which show that transformer architectures are particularly robust to dirty data
(e.g., where values are misplaced across attributes).

Ditto achieves the best effectiveness: it obtains an average F1 score of 90.18%, which is 2-4
points higher than the other tested models. This derives from the injection of domain knowledge
and the application of a more advanced technique for encoding attribute values.

Finally, we observe that the average performance of R-SupCon is not as good as expected.
It outperforms Ditto by about 4% in some datasets (e.g., T-AB, D-DA, S-DA, S-BR, and S-AG).
However, it performs poorly with structured and dirty DBLP-GoogleScholar and iTunes-Amazon
datasets (on average 12.5% lower). One of the reasons is that the approach was executed with
the standard hyper-parameters, with no specific fine-tuning for the selected datasets.
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Figure 1: Impact of different pre-training procedures in entity representation similarity.

4. The impact of the pre-training technique

This section investigates the importance of the technique adopted for pre-training transformer-
based models in learning how to solve EM. The BERT model is pre-trained to perform two tasks:
the prediction of masked words and the prediction of the next sentences. The effectiveness
of these techniques has been largely demonstrated in many NLP problems [7]. However, we
have limited knowledge of whether these pre-training techniques are the most effective for
learning EM. Therefore, we wonder whether a different pre-training technique could improve
the accuracy of EM tasks. We selected SBERT and R-SupCon because, as mentioned in section
2, they introduce alternative forms of pre-training based respectively on sentence similarity
and on the knowledge of labels to produce similar representations for records referring to the
same real-world entities.

More specifically, we analyze how entity representations change after different pre-training
procedures. For each pair, we compute first the embeddings of both records and then the
similarity of the pair of embeddings. Table 1(a) shows the distribution of Jaccard similarities
between records, divided by matching and non-matching pairs. These values provide a reference
for evaluating the similarity of the embeddings. Matching pairs have a greater similarity than
non-matching pairs, therefore we expect a model that can discriminate between matches and
non-matches to encode this “distance” at the level of embeddings. The cosine similarity values
for the embeddings computed by the tested models are shown in Figure 1(b).

Discussion. The pre-trained version of BERT and SBERT show a compact distribution of the
cosine similarity of the embeddings. The fine-tuning step increases the variability of these
results, but the median similarity remains approximately the same. We observe that BERT and
SBERT generate very high cosine similarity (> 0.9) for both matching and non-matching records.

*We average the embeddings of the words in the record.



Table 3
BERT and R-SupCon accuracy in discovering entities.

Uncompleted
. . F1
# cliques cliques (%)
BERT R-SupCon BERT R-SupCon
Computers 83 13.25% 10.84% 92.82 88.78
Cameras 44 6.82% 4.55% 90.85 90.25
Shoes 44 20.45% 29.55% 89.04 74.25
Watches 70 17.14% 11.43% 94.47 80.95
S-DG (Valid) 50 18.00% 34.00% 94.78 80.54
D-DG (Valid) 50 24.00% 36.00% 94.77 80.13
AVG 56.83 16.61% 21.06% 92.79 82.48

Therefore, the embeddings similarity alone cannot tell whether the records refer to the same
entity or not. This can probably be explained by the well-known anisotropy phenomenon: token
embeddings occupy a narrow cone, resulting in a high similarity between any sentence pair [16].
Ditto shows a similar behavior: the median of the similarity does not significantly change in
descriptions referring to matching and non-matching entities. This is expected since Ditto relies
on the standard BERT architecture that does not train the model to learn this kind of knowledge.
Conversely, R-SupCon is the only approach that learns a different behavior for matching and
non-matching entity descriptions. The similarity of the generated embeddings is consistent
with the Jaccard similarity shown in Table 1(a). This is the result of the contrastive learning
technique, which requires that records referring to the same entity have closer embeddings
than records of different entities.

5. Recognizing the entities

This experiment aims to evaluate the ability of transformer-based EM models to perform Entity
Resolution, i.e., to identify groups of records that refer to the same real-world entity. Real-world
entities are typically identified by computing the transitive closure of the matching decisions on
pairs of records. This generates cliques, where the records included in each clique represent an
entity [17]. The EM task is usually modeled in the literature as a binary classification problem.
Therefore, the EM model cannot recognize multiple pairs of records referring to the same real
entity. Nevertheless, evaluating if these models can preserve the cliques provides us insights
into their understanding of the entity concept.

In this experiment, we examine how many cliques are recognized by the model with respect to
the ground truth. Of all the datasets used in the previous experiments, only the S-DG and D-DG
datasets generate cliques of size greater than 2. Therefore, we included the datasets describing
laptops, cameras, shoes, and watches from the WDC benchmark®. We train an EM model on
the training set from the benchmark, apply the model to the validation set, and calculate the
cliques comprising descriptions of matching entities. In this experiment, we compare R-SupCon

*https://webdatacommons.org/largescaleproductcorpus/v2/index.html
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Table 4
Robustness of BERT, SBERT, Ditto, and R-SupCon to out-of-distribution records.

Domain Source Target BERT SBERT Ditto R-SupCon

SSWA  T-AB 050 048 053 0.33

TAB  SWA 046 051 056 0.39

same SDG  SDA 095 096 092 0.96
SSDA  SDG 075 070  0.87 0.92

D-DG S-DA 096 095 094 0.96

D-DG D-DA 096 095 095 0.96

AVG 076 076  0.80 0.75

S-IA SSDA 039 053  0.32 0.91

S-IA S-DG 037 046 031 0.78
Different  SDA  SIA 060 064 084 0.71
Terent s pc s-A 083 079  0.45 0.75
DJIA DDA 048 064 0.6 0.81

D-DA  D-IA 055 067  0.72 0.61

AVG 054 062 047 0.76

Total AVG 065 069  0.63 0.76

with the BERT-based baseline. R-SupCon generates discriminative embeddings, that encode the
similarity of the records; BERT presents similar behaviors compared to the other remaining
models, as highlighted in the previous experiments.

Table 3 shows the results of the experiment. The first column reports the number of cliques
in the ground truth. The other columns show the percentage of cliques not correctly recognized
by the models and the accuracy obtained in terms of F1 score.

Discussion. Table 3 shows that an average of 16% of cliques are not recognized by the BERT
model, even if the model reaches a high level of accuracy (more than 92% on average). The
results of the experiment align with those reported in Section 4: since the model does not
correctly recognize entities, it generates very similar embeddings for any pair of descriptions
without distinguishing them based on the entity they belong to.

A similar result is achieved by R-SupCon, where the lower level of accuracy impacts the
number of cliques found. However, R-SupCon finds more cliques in datasets on which the
models have similar effectiveness.

6. Generalization to out-of-distribution records

In this experiment, we evaluate the robustness of EM models against out-of-distribution data,
i.e,, their behavior with data that differs from the training set. The experiment is inspired by
[18], which explores domain adaptation techniques for deep EM models. Following a similar
experimental evaluation, we evaluate the EM models against two scenarios. In the first scenario,
we experiment with test sets from the same domain as the training data. For instance, we train



the EM models with S-WA and we evaluate them against T-AB, since both datasets describe
products. The second scenario, on the other hand, evaluates the performance of models where
the training sets and the test sets are from different domains. Table 4 shows the experiment
results.

Discussion. In the first scenario, we observe that the EM models exhibit high performance
reaching an average F1 score in the range of 0.75-0.80. For the datasets S-DA and D-DA, the
scores are really close to the ones achieved with the training and testing set from the same
dataset (see Table 2). The poorest results concern the experiments involving T-AB. This dataset
is structurally different from S-WA even if it belongs to the same domain, because it includes
large textual attributes. In the second scenario, where training and test datasets are from
different domains, the performance decreases for all models apart from R-SupCon. This could
be the result of the contrastive learning technique implemented in the model which makes the
approach able to better generalize than the other learning techniques.

7. Conclusion

Summarizing the results obtained from the experiments, we observe that:

1. Off-the-shelf transformer-based EM models outperform previous deep-learning-based EM
models (like DeepMatcher[13]) and perform well even in dirty data, where values are mis-
placed across attributes;

2. Different pre-training tasks result in different effectiveness performance, which is only
partially motivated by a different learning of record representations. We compared four EM
models, each pre-trained with a different method: the usual word-masking technique,
the sentence-similarity-based task offered by SBERT, and R-SupCon based on contrastive
learning. This showed that only R-SupCon can differentiate the knowledge encoded in
the embeddings between matching and non-matching records (Section 4).

3. Models that are fine-tuned for EM via a binary classifier do not fully recognize cliques of
entity descriptions (Section 5) and have limited generalization capacity to out-of-distribution
data (Section 6).

We conclude that, even if transformer-based architectures represent a breakthrough in
performing EM (Section 3), the reasons why they largely support the process can be only partially
explained. Thus, we believe that there is still room to instill human rationales regarding the
resolution of matching tasks within these architectures. In addition, exploring more advanced
forms of fine-tuning and pre-training represents a concrete direction to make the behavior of
such models more self-explanatory and promote their application in real-world scenarios.
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