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Abstract—Record Linkage aims to find records in a dataset
that represent the same real-world entity across many different
data sources. It is a crucial task for data quality. With the
evolution of Big Data, new difficulties appeared to deal mainly
with the 5Vs of Big Data properties; i.e. Volume, Variety,
Velocity, Value, and Veracity. Therefore Record Linkage in Big
Data is more challenging. This paper investigates ways to apply
Record Linkage algorithms that handle the Volume property of
Big Data. Our investigation revealed four major issues. First, the
techniques used to resolve the Volume property of Big Data
mainly depend on partitioning the data into a number of blocks.
The processing of those blocks is parallelly distributed among
many executers. Second, MapReduce is the most famous
programming model that is designed for parallel processing of
Big Data. Third, a blocking key is usually used for partitioning
the big dataset into smaller blocks; it is often created by the
concatenation of the prefixes of chosen attributes. Partitioning
using a blocking key may lead to unbalancing blocks, which is
known as data skew, where data is not evenly distributed among
blocks. An uneven distribution of data degrades the performance
of the overall execution of the MapReduce model. Fourth, to the
best of our knowledge, a small number of studies has been done
so far to balance the load between data blocks in a MapReduce
framework. Hence more work should be dedicated to balancing
the load between the distributed blocks.

Keywords—Big Data; Big Data Integration; blocking; entity
matching; entity resolution; Hadoop; machine learning;
MapReduce; Record Linkage.

I. INTRODUCTION

The term Big in Big Data does not only refer to the size of
the data, but it also indicates many characteristics known as the
five dimensions of Big Data, or 5Vs of Big Data, as shown in
Fig. 1. Those 5Vs are; Volume which refers to "Big" in the
term Big Data; Variety which refers to Data that come from a
variety of sources and has many formats (structured as
traditional databases, semi-structured as XML files or non-
structured as Images); Velocity which refers to how quickly the

data could arrive, be stored, and retrieved; Veracity which
represents the reliability of data; and Value which is the high
value of data that could be obtained by analyzing a huge
amount of data. Actually, the majority of the data (about 80%)
is unstructured data and this explains why a business is mainly
concerned with managing unstructured data [1].

Data Integration is the process of combining data from
many different sources and providing a user with one unified
view of these data. Big Data Integration differs from traditional
Data Integration in the three basic dimensions of Big Data
known as 3Vs (Volume, Variety, Velocity), as they make the
process of Big Data Integration more challenging and
complicated. For the Volume, the number of data sources has
grown to be millions for a single domain [2]. For the Velocity,
many of the data sources are very dynamic and rapidly
exploding as a direct result of the rate at which data is moving
and being collected from heterogeneous data sources [2]. For
Variety, Big Data projects include data sources from different
domains, which are naturally diverse as they refer to different
types of entities and relationships; these different types of
sources are in need to be integrated into a unified view of data
[2].

Size of the data

How much the
data is accurate in
terms of accuracy

Batch, real time and
near real processing

Z::I t;?:ezl;staof Structured, Semi-
yzing structured and
Unstructured data

Fig. 1. Five dimensions of Big Data.



The architecture of Data Integration is composed of three
steps, Schema alignment, Record Linkage and data fusion. The
three steps aim to address the challenges of integrating data
from multiple sources as semantic ambiguity, instance
representation ambiguity, and data inconsistency [2] as shown
in Fig. 2.

Schema alignment addresses the semantic ambiguity
challenges and aims to recognize which attributes have the
same meaning and which does not [2]. Record Linkage
addresses the challenges of the ambiguity of instance
representation and aims to recognize which elements represent
the same real-world entity and which are not [2]. Data fusion
addresses the challenges of data quality and aims to know
which values to use in case of conflict attributes value arises
from many sources [2].

This paper presents a survey of Record Linkage techniques
found in the literature to handle the increasing volume of data.
Adding the volume dimension to the traditional Record
Linkage makes the Record Linkage more complicating and
challenging as it compares a pair of records using one or more
similarity techniques which make Record Linkage more
expensive task that could take days to be accomplished

The rest of this paper is organized as follows. Section II
presents the state of art of Big Data Integration techniques.
Section III explains blocking techniques and MapReduce
programming model. Finally, the conclusion and future work
are given in section IV.

II. THE STATE OF ART OF BIG DATA INTEGRATION TECHNIQUES

The importance of Big Data Integration resulted in
increasing amounts of researches in the fields of schema
mapping, Record Linkage and data fusion of Big Data
Integration over the past few years to deal with the challenges
associated with them. Table I shows a summary of these
techniques [3]. This section addresses Record Linkage
techniques that handle the Volume property of Big Data.

A. Record Linkage Definition and Importance

Preparing and cleaning any dataset for analysis is very
important step because of the concept of garbage in garbage
out. It is a costly process, error pruning and time-consuming.
Actually, it takes about 80% of the whole time spent on
Preparing and cleaning any dataset for analysis is very
important step because of the concept of garbage in garbage
out. It is a costly process, error pruning and time-consuming.
Actually, it takes about 80% of the whole time spent on
analytics. According to Gartner, $44 billion total in 2014 alone
was invested for successfully preparing data obtained from
many sources for use in data analysis [4].

Record Linkage, Entity Resolution or Entity Matching is a
crucial step in data cleaning which aims to find records (i.e.,
database tuples) that refer to the same real-world entity [5], [6].
Record Linkage is an expensive process that could take many

=

Fig. 2. Traditional Data Integration architecture [2].
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hours or even days. The situation become more complicated
especially for large datasets as it compares a pair of records
using one or more similarity measures [7].

B. Challenges Involved in Record Linkage of Big Data

Traditional Record Linkage depends on measuring the
similarity between a static set of structured tuples that have the
same schema. Record Linkage is not a simple and trivial task
due to many reasons. First, typographical errors which prevents
records from being associated with the same individual.
Second, choosing the fields that will be used in the detecting
similarity process between records. Thirds, determining the
threshold that will decide which records are considered to be
duplicate and which are not (i.e. If the similarity between
records is 80% or above they will consider duplicate). In Big
Data Integration the situation is more complicated and
challenging because data has very heterogeneous structure and
coming from many sources (structured, unstructured, and semi-
structured), and data sources are continuously evolving and
dynamic. This makes the Record Linkage more challenging
and non-trivial in Big Data Integration [3].

C. Record Linkage Techniques in Big Data

Traditional Record Linkage approaches become inefficient
and ineffective when we are examining large datasets. New
techniques have been proposed to address the challenges of
volume dimension by using MapReduce to efficiently and
effectively parallelize the process of Record Linkage.
Parallelize Record Linkage depends on effectively distribute
the workload between many nodes exploiting the techniques of
adaptive blocking [2].

Applying Record Linkage with each update of large
datasets from scratch is unaffordable especially when the
datasets are dynamic and continuously evolving. Incremental
Record Linkage has been proposed to address the challenges of
velocity aspects. It allows efficient incremental Record
Linkage in cases of any updates, inserts or deletes of any
record in the dataset [2]. To address the variety challenge of
Big Data Integration, new techniques have been proposed to
link or match a structured text with unstructured or free text.
Matching structured data with unstructured text could happen
in many cases as trying to match unstructured offers to
structured products description of people with tweets or blog
posts about their shopping experience [8]. Finally, to address
the veracity aspects, a variety of clustering and linking
techniques have been proposed.

TABLE L SUMMARY OF STATE OF BIG DATA INTEGRATION
TECHNIQUES [3]
Big Data Scher‘na Record linkage Data fusion
Property mapping
Volume | Integrating Adaptive  blocking, | Online fusion

Deep Web, Web | MapReduce-based

tables/lists linkage
Velocity Incremental linkage | Fusion in a
dynamic world
Variety | Dataspace Linking  text to | Combining fusion
systems structured data with linkage
Veracity Value-variety tolerant | Truth discovery

linkage




Those techniques focus on out of date values and how to deal
with erroneous values effectively. Dealing with erroneous and
out of date values is very important because it may prevent
correct Record Linkage [2].

The techniques that handle the increasing volume of data
depend on parallel processing where the input data is
partitioned into a number of blocks to distribute the workload
between them. Then, these blocks will be processed by many
numbers of reduce tasks in the MapReduce programming
model described below.

III. BLOCKING TECHNIQUES AND MAPREDUCE PROGRAMMING
MODEL.

This paragraph discusses the blocking techniques used to
partition the Big Dataset into a number of chunks where the
expected similar records are more likely to be placed in the
same chunk. After distributing the dataset into chunks, a
similarity function is executing in parallel between those
chunks utilizing the MapReduce programming model. The
main idea of parallelism is to speed up the Record Linkage
runtime and the exploit the ability to scale up.

A. Blocking Techniques

The full detection of Record Linkage process requires the
complete scan of all records to compute the similarity between
them. Performing a complete scan of all records require
executing a Cartesian product of similarity checks between n
input dataset which will require a complexity of O(n2). This
makes the process of Record Linkage very exhaustive,
expensive and tidy process and prone to errors, especially with
large datasets. Partitioning the data into blocks where each
block contains only records that are more likely to be similar
solves this problem by only comparing the records within the
same block [9].

Blocking Key is used to partition the Big Datasets into
smaller blocks depending on a chosen entity attributes’ values.
The blocking key is often created by the concatenation of the
prefixes of the chosen attributes [10]. Standard blocking,
Sorted neighborhood, Q-gram Indexing, and Canopy
Clustering with TF-IDF are the different Blocking methods for
Record Linkage listed by [11], [12] as illustrated in Table II.
The sorted neighborhood method is one of the best-used
blocking methods implied by many authors in [13], [14], [10],
[15], [16], [17].

B. MapReduce Programming Model

MapReduce is a shared nothing programming model. It is
specially designed to handle the exhaustive processing by
paralleling distribution of the workload between multiple
clusters or multiple nodes. The design of nodes or clusters
could be easily scaled out if needed [18]. In MapReduce
paradigm, data is partitioned as described before and placed in
blocks then, data in each block is represented by key-value
pairs. The processing is done to where the data is located using
two user-defined functions, Map and Reduce. The map
function is used to partition the input dataset into chunks to be
processed separately according to the required function. The
reduce function is used to sort and collect the final output from
each map function and generate one final output.

TABLE II. SUMMARY OF THE BLOCKING TECHNIQUES

Canopy
Clustering
with TF-
IDF

Sorted
Neighborhoo
d

- All records | - The
with the | database is
same sorted

blocking according to
key  value | (BKV).

(BKV) will | - A window
be on the | of a fixed

Standard

Blocking Q-Gram Indexing

- All database records that | The

have not only the same | clustering is
BKV but also a similar | done by
BKYV are inserted into the | calculating
same block. Similarity

- Each (Blocking Key | between the
Value) is transformed to a | Blocking
same block. | sized is | list of Q-Grams. Key Values
- Only | moved on the | - Combinations of these g- | using
records sorted gram lists are then | measures
within  the | records. generated down to a | such as TF-
same block | -Candidate minimum length, | IDF or
will be | records are | determined by a wuser | Jaccard.
compared to | generated threshold.

check  the | only from | - Then a record identifier
duplication | records of the | is inserted into more than
between current one block.

them. window.

Fig. 3 illustrates a simple example of MapReduce program.
Suppose we want to calculate the frequency of each char from
the input string (3 lines in this case for simplicity) by utilizing
MapReduce Programming model. First, the input data is split
or partitioned into 3 chunks. Second, each chunk goes to a
mapper which is responsible to generate a key-value pair
(<char>, <char frequency>). Third, the reducer task starts with
shuffle and sort step. It sorts the keys generated from the map
phase into a larger data list to be easily grouped and integrated
into the reduce phase.

By applying the MapReduce model in the Record Linkage
problem for Big Data, The Map function will be used to read
the input datasets in parallel from the connected nodes and
partition them into small chunks and redistribute them based on
their blocking key to the reduce functions/tasks that are
responsible for Record Linkage process.

C. Blocking based Record Linkage using MapReduce
programming model

By utilizing MapReduce model to solve the Record
Linkage problem with Big Data, The Map function or mapper
will read the input datasets in parallel and partition them into
small chunks in the form of a key-value pair (blocking key,
entity). The default hash partition function will use this key-
value pairs to redistribute the blocks based on their blocking

key to the reduce functions/tasks. The reducer function is
Shuffle &
Sort Phase

Map
Phase

Input
String

ABC
ACD
DAC

Fig. 3. Calculating the frequency of characters using MapReduce paradigm.



responsible for Record Linkage process using one or
combination of the similarity techniques. Entities will whereas
the entity has the same blocking key will be processed in the
same reducer. This guarantees that all input entities having the
same blocking key and reside in the same block will be
processed using the same reducer as illustrated in Pseudocode
depicted in Fig. 4. So, MapReduce offers a convenient
programming model for scaling out record Linkage process by
running Record Linkage techniques in parallelized blocking
using MapReduce model [19]. The use of basic MapReduce
programming model has the following Limitations:

e It is susceptible to data Skew because of unequal
distributions of blocks.

e Single or few number of reducers tasks may be the
dominant factor of the execution time of the whole
Record Linkage process.

¢ Some nodes of MapReduce model may be ideal waiting
for others to complete their tasks.

Therefore, the basic MapReduce model with Big Data is
not scalable if we don’t solve the bottleneck that is happening
during the execution of large blocks, not effective because of
the time-consuming cost of running large blocks, and finally
has difficulty of handling fault tolerance.

Partitioning Big Datasets into smaller blocks using
blocking key techniques may lead to unequal distributed blocks
which cause a problem known as data skew. Data skew is
happening when the data is not evenly distributed across data
partition. An uneven distribution of data degrades the
performance of the overall execution as some nodes will sitting
idle waiting for some other to finish their job with larger sizes.
Data skew can occur on both map and reduce phases. Solving
data skew that happens in map phase is easy whereas it is very
complex and demanding issue in the reduce phase because the
majority of the execution is happening the reduce phase.

A small number of studies consider the use of MapReduce
paradigm to solve the load-balancing problem, especially in the
Record Linkage. Hadoop is one of the most famous
frameworks that implement MapReduce programming model.
An extremely improvement in the efficiency of the whole
process of the Record Linkage is noticed by balancing the
workload of the reducers in the matching step [19].

Unequal distributed of the blocks will cause many problems
as Load balancing and fault tolerance between the Reducers in
MapReduce programming Model. Many authors tried to solve
the load balancing problem by utilizing the idea of blocking
key distribution as Yipeng [20] introduced a partitioning
solution that dynamically balances the workload of records'
comparison to solve the problem of uneven workload that
happens due to unequal partitions blocks. Their evaluation
achieves a significant improvement that outperforms the
default partition of Hadoop for Record Linkage problems
involving data skew.

Kolb, et al. [21] addressed the skew problems by proposing
a general balancing approach named BlockSplit. The aim of
BlockSplit is to reduce the search space of Record Linkage and
evenly distribute the workload between the reducers in

Map()
{
Foreach input entity

Determine the blocking key
}

Return Key-value pairs (blocking Key, entity)
H
Use the default hash partition to assign each block to the Reduce()
Foreach Block

Reduce ()

Calculate Similarity between entities()
Return matching entity pairs
H
}

Fig. 4. Pseudocode of Record Linkage of Big Data using basic MapReduce
model.

MapReduce programming model. BlockSplit consists of 2
main jobs. Each of them is done by a number of maps and
reduces tasks. First one is analysis job. This job receives the
input partitions and performs blocking using blocking key. The
output of this job is the number of entities per each block,
known as Block Distribution Matrix (BDM). BDM is the input
of the second job known as matching phase. Record Linkage is
done between elements of the same block in this phase. The
approach of BlockSplit took the size of blocks into account and
assigned each block to a number of reduce tasks after passing
the checking of load balancing constraints. Small blocks will
be processed in one reducer. Large Blocks are divided into
smaller numbers of sub-blocks based on the input partitions for
better performance of parallel matching occurred within
multiple reduce tasks. But this approach as mentioned by Kolb,
et al. is [22] may still lead to unbalanced reduce load balance
because of the different size of sub-blocks. Also, they used
round robin as a balancing technique in the first job (analysis)
in order to evenly distribute the blocks between the available
reducers. Using round-robin technique did not lead to a
balanced number of elements between reducers, although it
could be ignored because time in this job is not the dominant
factor.

Kolb, et al. [22] proposed and evaluated PairRange, a load
balancing for MapReduce based Entity resolution approach.
PairRange redistributes the entities between reducers such that
each reducer computes nearly the same numbers of entities
comparisons. PairRange consists of two main jobs, first one is
calculating the BDM as described in [21]. The second job
calculates the total number of comparisons from all blocks and
redistributes them to all available reducers such that each
reducer takes almost an equal range of entities comparisons.
The approaches proposed by Kolb, et al. in [21] and [22] are
scalable as they scale for increasing the number of working
nodes comparing to the basic MapReduce model, Robustness
against data skew and finally achieve a decrease in execution
time comparing to Basic MapReduce model as many nodes are
added. BlockSplit and PairRange approaches are only applied
to a large scale of datasets and not yet explore in Big Datasets.
No filtering or pruning strategy where implemented in both
approaches to limit the number of comparison between
elements of the same block. In pairRange approach, Elements
are not equally distributed in the reducers although the
resulting comparisons are balanced between reducers. It is not



clear in PairRange approach how it ignores many elements
comparisons as it occurs in other reducers.

Chen, et al. [23] introduced a methodology to carry out
Record Linkage without having to perform pair-wise matching.
They used matching keys based on MapReduce framework.
This methodology consisted of three main parts,
Standardization, match key generation, and transitive closure.
They overcome the limitation of transitive closure by designing
a new iterative transitive closure that applies the method on
multiple match keys in MapReduce scenario.

Papadakis, et al. [24] proposed a method to remove
redundant comparisons. They also introduced a measurement
for quantifying the redundancy entailed by blocking method
and explain how to use it to tune the process of comparison
pruning. They applied the proposed blocking techniques on
two large datasets. The results showed a remarkable increase in
the efficiency of the comparison and blocking process.

While Jin, et al. [25] proposed DISC, a distributed
algorithm used for single Record Linkage hierarchical
clustering based on MapReduce programming model. They
introduced the analysis of the algorithm, including an upper
bound on the computation cost. The Algorithm was flexible to
run in a big dataset by configuring some parameters and
showed a scalable speedup of up to 160 on 190 computer cores.

Hsueh, et al. [19] applied multiple key distributions. They
tried to solve the Record Linkage problem for a large dataset
by proposing a MapReduce algorithm that has multiple keys.
The proposed algorithm consists of two phases, first is the
combination-based blocking and second is load-balanced
matching. They used the two keys in the combination-based
blocking to filter out unnecessary entity pairs. In the matching
step, the load balancing is done by obtaining statistics of the
total number of computation required for each block than
evenly distribute the number of comparisons between all the
reducers. They only used one input partition. Solving the load
balancing problem in this case is much easier than having more
than one input partition as in [21] and [22].

Current state of art employs the supervised or unsupervised
learning based approaches in the Record Linkage problem
where supervised learning aims to classify a pair of records as
matched or non-matched. The classifier is learned or trained
depending on sets of records labeled as matched or non-
matched then it is tested until having an acceptable accuracy.
The goal of learning based Record Linkage is to classify new
pair records as matched or non-matched depending on the
trained data.

Many authors considered the use of machine learning in the
Record Linkage problem as Kolb, et al. [17] discussed the use
of MapReduce programming model to parallel the workload
distribution between many reducers using variations of the
Sorted Neighborhood Method (SNM) with a varying size
window. They proposed two different strategies for calculating
similarity in the case of the Cartesian product of two input
sources. The first one named MapSide depended only on
computing similarity in the Map phase. While the second one
name ReduceSplit evenly distributes entity pairs of the two
input sources across all available reduce tasks that finally apply

similarity computation for each reducer. Each pair-wise
similarity between the common properties in the two data
sources serves as a feature of the classification model.
Computing similarities are the dominant factor in the
classification model because it consumes about 95% of the
time. No blocking techniques or load balancing strategies were
employed to handle the computational skew results because of
unbalanced blocks. No pruning similarity computation was
developed to reduce the overall number of comparisons of
entities that are likely to be non-matched.

Kolb, et al. [26] devolved a tool called Dedoop
(Deduplicate with Hadoop) which supports MapReduce-based
Entity Resolution for large datasets. Dedoop had a GUI for its
workflow as shown in Fig. 5 that consisted of three steps;
blocking, similarity computation and matching decision of the
input blocks depending on their similarity value. The final step
(match classification) could depend on a trained classifier using
a Machine Learning algorithm on the training dataset. Several
blocking techniques could be used in the blocking, similarity
computation, and match classification. Dedoop did not offer
any pruning steps to reduce the number of unnecessary
comparisons.

Cao, et al. [9] proposed a new algorithm for the blocking of
the Record Linkage problem. The proposed algorithm learned
the blocking schema for both labeled data and unlabeled data.
Experiments showed that using unlabeled data in the learning
process could decrease the number of candidate matches while
at the same time maintaining the same level of true matches

[9].

Moir, et al [27] introduced the Generic Record Linkage
(GRL) framework to classify pairs of entities as matching pairs
or non-matching pairs based on their features and the semantic
relationship between them. The proposed approach applied
supervised Machine Learning to determine the features of the
attributes and their semantic relationships used in the
classification process. The applying of the proposed approach
results in increasing the accuracy of the classification.
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IV. CONCLUSION AND FUTURE WORK

Record Linkage techniques have many challenges involved
in Big Data due to the high resolution of it. This paper surveys
the Record Linkage techniques used to solve the volume
property of Big Data. Most techniques used MapReduce model
for distributed computing and parallel processing. All solutions
depend on partitioning the data into blocks using a chosen key
by map function, then resolve the duplicates using one of the
techniques of duplicate resolution in reduce function.
Partitioning input data into blocks may lead to data skew,
which results in unbalanced workload that can be solved by
additional MapReduce Job to determine the blocking key
distribution.

Yet there is not much effort done in load balancing of
MapReduce techniques so more work should be dedicated to it
because it has not been actively explored. More attention
should be pointed to pruning an unnecessary number of
comparisons of entities that are likely to be non-matched
during the similarity computations. In addition, using ML in
the field of Record Linkage is still in its infant stage and needs
more efforts to be exerted on it. In future work, we plan to find
an adaptive method to balance the load between the data blocks
in MapReduce programming model. We will try to execute the
mentioned load balancing approaches (BlockSplit and
PairRange) on Big Data as they only explored on large data
scale. We will exploit ML to formalize the best attributes that
could be used for blocking. In addition, trying to apply some
pruning methods to avoid the unnecessary comparisons
between the records located in the same blocks.
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