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ABSTRACT
Entity Resolution lies at the core of data integration, with a bulk
of research focusing on both its effectiveness and time efficiency.
Initially, most relevant works were crafted for structured, rela-
tional data that are described by a schema of well-known quality
and meaning. With the advent of Big Data, though, these early
schema-based approaches became inapplicable, as the scope of
Entity Resolution moved to Web Data collections, which abound
in noisy, semi-structured, voluminous and highly heterogeneous
information. To address these inherent challenges of Web Data,
recent works on Entity Resolution adopt a novel, schema-agnostic
functionality that emphasizes scalability and robustness to noise.

In this tutorial, we take a close look on this line of research,
organizing the state-of-the-art in the field into a scalable, schema-
agnostic end-to-end workflow that consists of 4 steps. The first
two focus on improving time efficiency through blocking, while
the last two steps are dedicated to effectiveness: (i) Block Building
clusters similar entities into blocks so as to restrict the originally
quadratic complexity to comparing just pairs of entities that are
highly likely to be matching. (ii) Block Processing further cuts down
on the computational cost by discarding pairwise comparisons that
are repeated or lack sufficient evidence for producing duplicates.
(iii) Entity Matching carries out all comparisons in the final set of
blocks, creating a similarity graph with a node for every entity
and a weighted edge for every pair of compared entities. (iv) Entity
Clustering partitions the nodes of the similarity graph into equiv-
alence clusters such that every cluster contains all resources that
correspond to the same real-world object. Special care is taken to
highlight recent works that take the efficiency of these steps to
the next level through massive parallelization, which is typically
based on the MapReduce paradigm. The tutorial concludes with
a hands-on session that involves our publicly available reference
toolbox for Entity Resolution. This will allow the participants to
put in practice all the topics discussed in theory, examining the
relative performance of the main state-of-the-art techniques over
established benchmark datasets.
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1 TOPIC AND RELEVANCE
Entities constitute the core organizational unit of Web Data, with
their profiles assembling valuable information about real-world
objects. Thus, various data management applications like query an-
swering [20] are based on their semantics and connections in order
to improve their performance. Typically, though, these applications
require the integration of profiles that pertain to the same real-
world object, but are scattered across different entity collections,
such as Freebase1, DBPedia2 and Geonames3. Entity Resolution is
the task of inter-linking these complementary data sources and of
deduplicating their content [6].

Entity Resolution is a relatively old problem that was mainly
crafted for structured (relational) data, which were described by
schemata of known semantics and quality [4]. This schema knowl-
edge allowed experts to develop customized solutions that simulta-
neously maximized precision and recall for the data at hand. For
example, manually-defined rules determined whether two person
entities are certain or likely matches simply by checking the simi-
larity of their e-mail or of their address’ zip code, respectively. Such
rules restrict the computational cost to the comparison of the most
informative attribute values, yielding both high effectiveness and
time efficiency.

However, the schema-based approaches are inapplicable to Web
Data, which abound in semi-structured entity profiles with un-
precedented levels of noise and heterogeneity and a loose schema
binding of unclear semantics. In more detail, Entity Resolution over
Web Data is challenged by the well-known three Vs [6, 9]:

(1) Variety, which is caused by the absence of a database-like
schema and by the rich diversity of the domains they cover
(there are ∼2,600 different vocabularies in the LOD cloud,
but only 109 of them are shared by more than one entity
collection4),

(2) Volume, which is due to the large number of entity collections
and of entities inside every collection (the LOD cloud alone
contains almost 10,000 entity collections with ∼150 billion
triples describing more than 55 million entities4), and

(3) Veracity, which stems from various forms of inconsistencies,
noise or errors in entity profiles, due to the limitations of
the automatic extraction techniques or of the crowd-sourced
contributions.

In this tutorial, we explicitly focus on web-data Entity Resolu-
tion, examining methods that have been proposed in the literature
for tackling the above three Vs. We organize them in the 4-step
workflow depicted in Figure 1.

The first step, called Block Building, intends to tame the inher-
ently quadratic time complexity of Entity Resolution, O(n2): the
1https://www.freebase.com
2http://dbpedia.org
3http://www.geonames.org
4http://stats.lod2.eu

https://doi.org/10.1145/nnnnnnn.nnnnnnn
https://doi.org/10.1145/nnnnnnn.nnnnnnn
https://doi.org/10.1145/nnnnnnn.nnnnnnn
http://stats.lod2.eu


Conference’17, July 2017, Washington, DC, USA George Papadakis and Themis Palpanas

Block
Building

Block
Processing

Entity
Matching

Entity
Clustering

Figure 1: An End-to-End Workflow for Web-scale, Schema-
Agnostic Entity Resolution.

naive, brute-force approach compares every entity profile with all
others, a process that cannot scale to large entity collections. To
boost time efficiency, Block Building reduces the executed compar-
isons to a significant extent at the cost of an approximate solution,
i.e., by sacrificing recall to a minor extent. In essence, it clusters
similar entities into blocks so that the pair-wise comparisons are
restricted to the entities contained within each block [5]. For re-
lational data, this process relied heavily on human intervention,
requiring an expert to identify the best-performing attribute for
extracting blocks from its values (e.g., the zip code for person en-
tities). In contrast, Web Data call for automatic, generic methods
that are able to build high quality blocks in a schema-agnostic way,
i.e., by disregarding schema knowledge completely [6]. Our tutorial
surveys the main relevant methods, explaining how they achieve
high recall at the cost of very low precision.

To enhance block precision at a limited - if any - cost in recall,
Block Processing is typically applied in the second step of the En-
tity Resolution workflow. Its goal is to refine the original blocks
by efficiently removing comparisons that are repeated or involve
non-matching entities [22]. Block Processing involves a series of
methods and methodologies, like Meta-blocking [23, 30], which are
by definition generic and schema-agnostic, thus applying naturally
to Web Data. Our tutorial goes through the most prominent meth-
ods in the field, stressing how they can be combined for even better
performance.

The next step in the Entity Resolution workflow is Entity Match-
ing, which executes all comparisons contained in the refined set
of blocks returned by Block Processing. Similar to Block Building,
this process was simpler for relational data, since most techniques
were based on value similarities, i.e., they employed stand-alone,
schema-based pairwise comparisons. In contrast, Entity Matching
for Web Data depends heavily on neighbor similarity, which is
based on the relations between entities. Thus, it typically involves
an iterative process that discovers duplicate entities gradually and
propagates the latest matches to related entities that could benefit
from them [18, 19, 31]. We review the main methods in the field,
explaining the challenges posed by their iterative nature.

The end result of Entity Matching is a similarity graph, which
contains a node for every entity and a weighted edge for every pair
of entities that have been compared. To transform this intermediate
model into the final outcome of Entity Resolution, Entity Clustering
is applied. Its goal is to partition the graph nodes into equivalence
clusters such that every cluster contains all duplicate entity profiles
that actually correspond to the same real-world object [15]. Most
relevant techniques are schema-agnostic by default, as they rely
exclusively on the information contained in the similarity graph.
Their time complexity, though, varies considerably, from linear to
quadratic one. We examine the main clustering techniques in the
literature from every type.

In order to foster further progress in the above areas, the tutorial
also presents an open-source reference toolbox that implements

the Entity Resolution workflow in Figure 1. This toolbox, named
JedAI [27], is an open-source toolkit that involves numerous state-
of-the-art methods for every step, including most of those discussed
in theory. Thus, it enables users to build versatile workflows on-
the-fly and can be readily used both for experimentation and for
integration in Entity Resolution applications in the academic or the
commercial domain, as it is distributed under the Apache License
2.0.

Finally, our tutorial takes special care to cover an important line
of research in web-data Entity Resolution that gains more and more
attention, namely massive parallelization. Recently, a bulk of work
has been published in the field with the aim of exploiting the new
parallelization paradigm, i.e., Map/Reduce [7]. We distinguish the
relevant techniques into those parallelizing Block Building [11, 17],
Block Processing [10] and Entity Matching in combination with
Entity Clustering [3, 16, 29]. We also refer to systems that support
parallelization, like LINDA [3] and Dedoop [16].

We note that contrary to most previous tutorials on the sub-
ject [8, 12–14], our tutorial surveys the state-of-the-art techniques
for large-scale, schema-agnostic, end-to-end Entity Resolution. Its
goal is to provide the participants with a deep understanding of
the progress that has been made in the transition from solutions
for homogeneous, structured data to solutions for heterogeneous,
semi-structured Web Data. Furthermore, it equips participants with
practical skills in applying Entity Resolution workflows and high-
lights the challenges that lie ahead in this active research area,
discussing the latest works on progressive (online) [28, 34], crowd-
sourced [32] and query-driven [1] Entity Resolution.

Overall, our tutorial provides researchers with a complete cover-
age of the state-of-the-art Entity Resolution methods, as well as a
discussion of a number of challenging open research problems that
could well be the focus of their future research. Practitioners get
a good overview of the benefits of main methods in the fields and
learn how they can use them to improve the productivity of their
businesses. They also learn to identify the methods or products that
are more suitable for a particular task at hand, or better fit their
general needs. The audience (and especially developers of infor-
mation integration tools) additionally benefit from the hands-on
session, learning how to integrate (parts of) the JedAI Toolkit into
their applications. The developers also become acquainted with
novel ideas that could well improve their existing products.

2 DURATION AND SESSIONS
The goal of our tutorial is to provide an overview of the state-of-
the-art techniques for all steps of the End-to-End Entity Resolution
workflow in Figure 1. To this end, every workflow step is analyzed
in a different session. In total, our tutorial consists of 8 sessions,
each lasting around 20 minutes, including 2 minutes for questions.
Therefore, the intended duration of the tutorial is half-day. The
content of the individual sessions is summarized below.

I Introduction and motivation
• Preliminaries on Entity Resolution
• Fundamental Assumptions, Principles and Definitions
• Entity Resolution Scope: Relational [4] vs Big Data [9]

II Block Building
• Taxonomy of Blocking Methods [21]
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• Overview of Blocking for Relational Data [5]
• Blocking for Web Data [6]
• Experimental Analyses [5, 21]

III Block Processing
• Taxonomy of Pairwise Comparisons [26]
• Block Cleaning [22, 25]
• Comparison Cleaning [22, 25]
• Meta-blocking [23, 30]
• Experimental Analysis [26]

IV Entity Matching
• Overview of Methods for Relational Data [2]
• Methods for Web Data [18, 19, 31]

V Entity Clustering [15]
• Classification of Existing Methods
• Single-pass Clustering Algorithms
• Ricochet Family of Algorithms
• Other state-of-the-art Algorithms

VI Hands-on Session [27]
• The JedAI Open Source Library
• The JedAI Desktop Application
• The JedAIWorkbench Tool - Demonstrationwith Benchmark
Datasets

VII Massive Parallelization
• Parallel Block Building [11, 17]
• Parallel Block Processing [10]
• Parallel Entity Matching and Clustering [3, 16, 29]

VIII Challenges and Final Remarks
• Progressive Entity Resolution [28, 34]
• Crowd-sourced Entity Resolution [32]
• Query-Driven Entity Resolution [1]
• Conclusions

3 TARGET AUDIENCE
Our tutorial is example-driven, avoiding excessive technical details
and proofs. As a result, there is no prerequisite knowledge, apart
from a basic understanding of data management technology. This
renders our tutorial suitable for a broad audience, covering not only
students and researchers, but also practitioners and developers. In
other words, it is intended for anyone with an interest in under-
standing the main techniques for scalable Entity Resolution over
Web Data.

Besides the theoretical background in the state-of-the-art meth-
ods in the field, the participantswill also gain practical skills through
the hands-on session: they will get familiar with JedAI [27], our
open-source reference toolbox, which incorporates the most promi-
nent techniques in the area and can be readily used to tackle Entity
Resolution problems.

4 PRESENTERS
George Papadakis is a Researcher at the Department of Informat-
ics of the University of Athens, Greece, and an Internal Auditor of
Information Systems at the main electricity company in Greece. Be-
fore that, he worked as researcher at the “Athena” Research Center,
the NCSR “Demokritos”, the L3S Research Center and the National
Technical University of Athens (NTUA). He holds a Diploma in
Computer Engineering from NTUA and a PhD from the Leibniz

University of Hanover on “Blocking Techniques for efficient Entity
Resolution over large, highly heterogeneous Information Spaces”.
His research interests pertain to Entity Resolution and Web Data
Mining, in general. He has received the best paper award in ACM
Hypertext 2011.

Themis Palpanas is a Senior Member of the Insitut Universi-
taire de France (IUF), and a professor of computer science at Paris
Descartes University, France. Before that, he was a professor at the
University of Trento, Italy, and he has worked as a researcher at the
IBM T.J. Watson Research Center, the University of California at
Riverside, Microsoft Research and IBM Almaden Research Center.
He is the author of nine US patents, three of which are part of
commercial products. He has received three best paper awards, has
been Associate Editor for PVLDB 2017 and General Chair for VLDB
2013, and is currently serving as Associate Editor for TKDE and
PVLDB 2019, and Editor in Chief for BDR. Professor Palpanas has
been working in the field of Entity Resolution for the last 8 years,
publishing relevant papers in major journals and conferences.

5 PREVIOUS EDITIONS
An earlier version of this tutorial was presented by the same au-
thors in the IEEE International Conference on Data Engineering
(ICDE), 2016 [24]. Its duration was just 1.5 hours, as it focused ex-
clusively on the first two steps of the end-to-end workflow in Figure
1, namely Block Building and Block Processing. It was attended by
approximately 45 participants, in total.

The present tutorial is more extensive both in context and in
scope: it contains entirely new content that covers the remaining
workflow steps, i.e., Entity Matching and Clustering, while dis-
cussing in depth recent developments in the first two steps, like
BLAST [30] and Semantic-aware Blocking [33]. Another difference
is that we now consider techniques for progressive, crowdsourced
and query-driven entity resolution. Finally, we present additional
experimental results that demonstrate the relative performance of
the main methods in every workflow step.

6 TUTORIAL MATERIAL
A website dedicated to our tutorial will be set-up two weeks before
the presentation day. Initially, this website will give pointers and
guidelines for the Entity Resolution toolkit that will be used during
the hands-on session. All relevant code will be publicly released
through the Apache License 2.0, which supports both academic
and commercial uses. Finally, we will distribute all tutorial slides
through the website one week before the presentation day.
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