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Abstract Entity alignment on knowledge base has been a hot research topic in recent years. The goal
is to link multiple knowledge bases effectively and create a large-scale and unified knowledge base from
the top-level to enrich the knowledge base, which can be used to help machines to understand the data
and build more intelligent applications. However, there are still many research challenges on data
quality and scalability, especially in the background of big data. In this paper, we present a survey on
the techniques and algorithms of entity alignment on knowledge base in decade, and expect to provide
alternative options for further research by classifying and summarizing the existing methods. Firstly,
the entity alignment problem is formally defined. Secondly, the overall architecture is summarized and
the research progress is reviewed in detail from algorithms, feature matching and indexing aspects.
The entity alignment algorithms are the key points to solve this problem, and can be divided into pair-
wise methods and collective methods. The most commonly used collective entity alignment algorithms
are discussed in detail from local and global aspects. Some important experimental and real world data
sets are introduced as well. Finally, open research issues are discussed and possible future research

directions are prospected.
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Fig. 1 Process of entity alignment of knowledge base.
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Fig. 2 Precisionrecall curve.
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Notation

Description

simpdar Ceisej)
STMKatzScore (€1 +€2)

SimsimRank (€1 5 €2)

Adar Similarity of Two Entities
Katz Score Similarity of Two Entities

SimRank Similarity of Two Entities

Data
Preprocessing
Entity Alignment Featulre

Algorithm Matching
Pairs-wise i SiTrfl)i(lt:r?iy
Blocking || Alignment Function
. Structural
qulectlve 4 Similarity

Alignment F .
unction

Fig. 3 Process of knowledge base alignment in detail.
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Table 1

Summary of Notations

£1 #BeX
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w;
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Alignment of Two Knowledge Bases
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Neighbors set of an Entity
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Si‘m,\«[; (61 €2 )

stmiyy Cer ses)
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Fig. 4 Diagram of human-computer interaction entity

alignment process based on active learning.
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Fig. 5 Comparison of Two LDA models.
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Table 2 Classification Summary Tables of Entity Alignment Algorithms
%2 SEXFEESKILA
Category Model Content Suitability Advantage Disadvantage
An attribute-similarity based
pair-wised comparison method . One of the earliest classic simple Simple structure;
. K . R Suitable for the . X K L. .
Traditional  doesn’t consider the relation . . methods of pair-wised entity limited applicable scope;
e .. entity alignment R e . L.
Probabilistic  between entities, and . . alignment, the classification cannot utilize the characteristics
e of simple domain . . 3
Model constructs a probabilistic model idea is the fundamental of and relations of knowledge
. . knowledge base.
by changing the problem into a many later methods. bases.
classification one.
Pre-tag some matched pairs as . .
. .. € P . Suitable for Too much parameter tuning;
Supervised  training data, and use training .
. . e knowledge base . . parameter over-fitting;
Learning and data to train the classification . : Effectively classify or cluster .
- e . entity alignment . . . depend on training data;
Semi- model by classification or . . entities with same attributes .
R . with a certain . . low efficiency;
supervised clustering method. and then . . on certain conditions
L . . size of trained the result needs to be
Pair-wise Learning use the trained model to
. . data. evaluated.
Entity classify the unlabeled data.
Alignment
; . Only needs a small amount of  Too much parameter tuning;
Algorithm Suitable for .y. .. b _ g
. training data or no training parameter over-fitting;
Interact with human for knowledge base i . . .
. .. . . ) data; effectively classify or low efficiency;
Active obtaining the training data entity alignment .. . . .
. . . . cluster entities with certain complicated procedure;
Learning so as to further classify or with a certain .
. . conditions; good human- depend on human;
cluster data. size which lacks . . . .
. computer interaction design can the influence of human also
of training data. . . .
improve the alignment quality. needs to be evaluated.
Suitable for .. Too much parameter tuning;
. . No training data needed; i
. . entity alignment . . parameter over-fitting;
. Use clustering algorithm to . L effectively classify or cluster .
Unsupervised . Lo with a certain size . . complicated procedure;
. classify the entity in entities with the same ..
Learning knowledge base . . low efficiency;
knowledge base. . attributes on certain
which lacks of .. the result needs to be
e conditions.
training data. evaluated.
Suitable for the R Low precision;
Local . . . . Simple and fast;
. . Vector Space Involve the attributes of entity alignment . . depend on human;
Collective L. Easy to find the effective .
. Model(VMI  related entities when of large knowledge . parameter tuning;
Alignment . . o . . "~ pruning methods. .
. for example)  calculating entity similarity.  base with simple unable to align classes and
Algorithm . .
relations. relations.
Similarit .. . . Depend on human;
: ,y . Suitable for entity Fast; P L
Propagation  Generate new matches by . . parameter tuning;
) « oy alignment of large high F-measure ; .
(SIGMA for bootstrapping”. o unable to align classes and
knowledge base. good scalability. .
example) relations.
An extension of the Dirichlet Suitable for entity Parameter tuning;
process mixture model, which —alignment of a An effecti { ontit over-fitting; low efficiency;
. . . L n effective way of enti e
LDA Model obtains the relationship certain size . v Y difficult to enumerate all
. alignment. . .
between the entities by knowledge base possible observation
a latten group variable. with few relations. sequences.
. A CRF entity discrimination  Suitable for entity An effective way of alignment;
Conditional . . . . .
Rand model which uses observation — alignment of a applicable for large data set; Parameter tuning;
andom .. . .. . o ..
Global Field value as conditions to certain size of replace conditional model with over-fitting; low efficiency;
ields L . . .
Collective Model discriminate entities based on knowledge base  the generative model to avoid the complex model.
ode S . . . .
Alignment graph partitioning technique. with few relations. shortcomings of LDA model.
Algorithm

Markov Logic
Network Model

Use the first-order predicate
logic and the Markov random
field, as well as the weighted
SAT test and discriminative
training algorithm to form a
comprehensive entity resolution
solution.

Suitable for entity
alignment of a
certain size
knowledge base
with few relations.

An effective way of entity
alignment;

applicable for large data set;
able to deal with incompleteness
and contradiction of domain
knowledge.

Parameter tuning;
over-fitting; low efficiency;
complex model.

Global
Probability
Algorithm
(PARIS for

example)

Effectively align classes.,
properties, relations and
entities without parameter

tuning.

Suitable for entity
alignment of
various large
knowledge base.

Able to align classes, relations
and entities at the same time;

suitable for various knowledge
base;

little parameter tuning.

Low efficiency;

unable to deal with structural
heterogeneity;

the convergence of the
algorithm is to be proved.
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Table 3 Classification Summary Tables of Similarity Function Based Feature Matching

R3 ETHUEIEWFETLRESLCS

Category Function Content Suitability Advantage Disadvantage
Jaccard . . . .
N The ratio of the intersection and the union .
Similarity [ . Order independent. Error-prone.
. . of two sets
Function
Token- Cosi Tokens are seen as n-dimensional vectors. Order independent;
“osine . Lo .
ase o valuate similarity of the two vectors by more accuracy wi
Based Evaluat larity of the t tors b th
N Similarity . . . . . Error-prone.
Similarity Functi calculating the cosine value of the angle introducing weight
. unction
Function between them. measure.
-gram . Order independent; . .
Feature q o Use g-gram of strings as token to calculate ’ Higher computational
cature Similarity milaric reduce the error loxit
: . similarity. . complexity.
Matching Function Y sensitivity. P Y
Based on
Textual The distance is equal to the minimum Don't consider the
Similarit Levenshtein number of insertions, deletions and Reduce the error . ) .
y
. L . . L importance of different
Distance  substitutions required to convert a string sensitivity. .
. . characters or sub strings.
Edit into another string.
Distance .
e Find the longest common subsequence of . .
Similarity . . Higher complexity;
. . two strings, and then use the test string as . . ..
Function Smith- . . . Effectively reduce the limited application scope:
prefix or suffix, and give the longest . . . .
Waterman . . impact of different prefix  only take the impact of
. common subsequence a higher weight, . . L
Distance and suffix. prefix and suffix into

and give prefix and suffix a lower weight in

calculation.

account.
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Continued (Table 3)
Category Function Content Suitability Advantage Disadvantage
For two strings to be matched, if in one Effectively reduce the Higher complexity;
Affine Gap string a number of consecutive characters  possible impact of the limited application scope:
Edit Distance  are missing, give the missing characters abbreviations of the only take the middle part of
Distance lower weight. string. a string into account.
Similarity
. Jaro and . o . . .
Function ] Winkl Calculate similarity by comparing the Allow a few spelling Mainly used for name
aro-Winkler . . ..
o common part of Two strings. errors. similarity.
Distance
Extend .. Relaxation of the
Feature Extend the traditional Jaccard method to . . .
Matching Jaccard . . conditions of Jaccard Higher computational
L the similarity match in order to tolerate . .
Based on Similarity . similarity measure can complexity.
. small amount of input errors. .
Textual Function improve the recall.
Similarity
. Monge- L Easy implementation;
Hybrid . & Sum up all the similarity value of the most v mp . i ’ . .
L Elkan L. . . be able to improve Higher computational
Similarity I similar token pairs of Two strings and .
. Similarity L. the recall rate of complexity.
Function . standardize it. o .
Function similarity computation.
ft TE/IDE Consider token pairs whose similarity Relaxation of the
SO . L. . . .
Similarit values are greater than a given threshold, conditions of cosine Higher computational
Similari . L . . o .
- Y and use cosine similarity function with similarity measure can complexity.
Function . . .
different weights. improve the recall.
. o . Don’t consider different
. . Obtain structural similarity by directly . . .
Common Common . Simple and weights of neighbors;
. . calculate the number of common neighbors . . .
Neighbors Neighbors .. straightforward. parameter estimation
of Two entities.
problem.
Jaccard Jaccard The ratio of the intersection and the union . Don’t consider the different
. .. . L. N Simple. . .
Coefficient ~ Coefficient of two entities’ neighbor sets weights of neighbors.
Take into account the
Feature Adar Adar Give each matched pair of neighbors different weights of Higher computational
Matching  Similarity Similarity  different weight. neighbors so as to obtain  complexity.
Based on more accurate result.
Structural
o o . Consider all kinds of
Similarity Consider the shortest distance between a . N . . .
Function . .. . L. relationships among entities; Parameter estimation
u Katz . pair of entities; if two entities are . .
Katz Score effective method for problem; higher
Score connected by more and more shorter path, N . .
.. structural similarity computational complexity.
they are more similar. .
matching.
Consider the influence of
Use topology information to measure the the interaction between .
imilarity b . biect biect the similarit Low efficiency and
. . similari etween two objects; objects on the similari
SimRank SimRank Y ! ’ ; M

two objects are similar if they are

referenced by similar objects.

value; a common method
of structural similarity
calculation.

scalability on large data
set.
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Table 4 Classification Summary Tables of Blocking Algorithms in Entity Alignment
x4 LEMNFHUHSRESIEENRILER

Category Algorithm Content Advantage Disadvantage
. Directly select properties as blocking key Simple and fast; Any missing, unbalanced properties
Standard ~ Standard . . . . . . .
. . values, and assign entities with the same suitable for simple will reduce the accuracy and efficiency;
Blocking  Blocking . . . . .
blocking key to the same block. applications unsuitable for complicated attributes.
. Insert blocking key value pairs from two Higher computational cost;
Sliding X . X R X
. Based on  knowledge bases into a sorted array; generate Be able to find more if the window is not large enough to
Window R . .. ) . . ) -
Sorted  candidate pairs by matching entities from matching pairs compared cover all the records of the same key,
Based . . . . . . .
Blocki Array  different knowledge bases in the same with standard index. matching pairs will be lost;
ocking

specified window.

sensitive to sort error.
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Continued (Table 4)

Category Algorithm Content

Advantage

Disadvantage

Combine the features of standard blocking and Higher recall than standard

Higher computational cost;

Based on . . . . ) . . L .
the nearest neighbor blocking. and slide the index; avoid the window size unbalanced distribution of blocking key
Inverted . . . . .
Sliding List window to generate candidate pairs with problem of sorted will degrade performance;
S _ists . . . . .
Window inverted list to store the blocking key. neighborhood approach. blocking key error-prone.
Based N . .
Blocki Combine the standard index and the nearest
ocking Self- neighbor sorted index, and dynamically select Same with the inverted lists . . .
. o . . . . Same with the inverted lists but less.
adaptive the sliding window size, or dynamically but higher performance.
change the step size of the window moving.
Based on
g-gram  Use inverted index on the different string lists Alleviate the impact of Generate too many matching pairs;
and Suffix generated from blocking key values. blocking key error. unsuitable for large data set.
Array
Similarity
Based Define a Hash function based on one or more
i roperties, and each block has a Hash value. Improve the accuracy; . . .
Blocking prop P . . .y The choice of Hash function; algorithm
All the references that have the same Hash effective data partition; .. i
Hash . . efficiency needs to be further
value are put in the same block. All the reduce the computational )
L . . . improved.
blocks are disjoint. The entity resolution complexity.
algorithm is carried out within the block.
. . Find more candidate pairs;
Use the distance between blocking key values .. _p
. . L reduce error sensitivity; . .
. to cluster so as to insert the entity within a . High computational cost;
Canopy . . . nearest neighbor canopy .
. . certain range into the overlapping cluster; the . . threshold canopy clustering can lead to
Clustering . . . . clustering can precisely o
. . candidate pairs are generated from entity pairs . unbalanced distribution problem.
Clustering ) calculate the size and the
in each cluster.
Based number of cluster
Blocking
. Convert blocking key value as object to high-
StringMap . . . . . .
dimensional space and keep the similarity, Find more candidate pairs; . .
Based . . . L High computational cost.
. and cluster similar entity object as canopy reduce error sensitivity.
Blocking .
clustering.
T Dynamically select different blocking key Easy to implement; Depend on the scope and the quantity of
wo- . . .
values shared by two knowledge bases to simple but effective; shared properties;
Layer . . . - .
. produce blocks until all the block sizes are suitable for large-scale a total order of properties is required
Blocking " .
D . less than a specified value knowledge base alignment. beforehand.
ynamic
Blocking Arbitrary enumerates all possible combinations . .
Improved . . . . . Higher computational cost;
. of blocking key values, and iteratively blocks Same as two layer blocking .
Dynamic . . . . . depend on the scope and the quantity of
. the instances to a proper size in a recursive but no fixed order required. .
Blocking shared properties.

way
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