
 International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249–8958, Volume-1 Issue-3, February 2012  

 

     77 

 

Published By: 

Blue Eyes Intelligence Engineering  

and Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number C0198021312/12©BEIESP 

Journal Website: www.ijeat.org 

  

Abstract: Classification  is  an  important  task  in  data  mining  

and  machine learning,  in which a model is generated based on 

training dataset and that model is used to predict class label of 

unknown dataset. Today most real-world data are stored in 

relational databases. So to classify objects in one relation, other 

relations provide crucial information. Relational databases are 

the popular format for structured data which consist of tables 

connected via relations (primary key/ foreign key). So relational 

databases are simply too complex to analyse with a propositional 

algorithm of data mining. To classify data from relational 

database need of multi relational classification arise which is used 

to analyze relational database and used to predict behaviour and 

unknown pattern automatically which include credit card fraud 

detection, disease diagnosis system, financial decision making 

system, information extraction and face recognition applications. 

This paper presents survey of different approaches to classify data 

from multiple relations, which includes Flattening based 

approach, Upgrading approach and Multiple view based 

approach. 

 
Index Terms: Inductive logic programming, Multi relational 

classification, Multiple view, Multi-view, Relational database, 

Selection graph, Tuple id propagation.  

I. INTRODUCTION 

Multi relational classification is an important part of Multi 

relational data mining which involve applications like credit 

card fraud detection, disease diagnosis system, financial 

decision making system, information extraction and face 

recognition applications. Most existing data mining methods 

are propositional, and hence unfortunately do not work with 

current relational data, which contain multiple tables. Current 

databases need to store data that is simply too complex to be 

expressed as a single type of entity, or could contain 

relationships between entities. Propositional data mining in 

these cases is replaced by Multi-Relational Data Mining 

(MRDM). MRDM works with data stored in a 

multi-relational database and the relationships between  
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entities. In this type of database, all the relationships 

between the entities are explicitly given and are expressed 

through the use of foreign keys and primary key. 

There are many algorithms available for classification but 

they are applied only on single/flat file. So if we want to deal 

with relational database, either we have to upgrade 

propositional algorithms or we have to convert relational 

database into single file. It is not trivial to extend techniques 

that mine propositional data so that they work efficiently and 

accurately on multi-relational databases. Converting 

relational data into single flat file is not fruitful option 

because result of this process can be huge, contain much 

duplicate information and still loose essential information 

from data. Lots of work has been done in the flattening 

approach. The most widely studied method for relational 

classification is inductive logic programming (ILP). Mainly 

techniques for relational classification which upgrades 

propositional algorithms are ILP based relational 

classification, Relational database based relational 

classification, Association or frequent pattern based 

relational classification. Another approach called multiple 

view based relational classification is also used to predict 

behaviour of unknown pattern from relational database which 

neither upgrade propositional algorithm nor flatten the 

database. These techniques are described briefly in next 

section.  

II.   MULTIRELATIONAL CLASSIFICATION 

For relational classification, relational database is needed 

which consist of tables connected through primary 

key/foreign key relationship. Multi-relational classification 

can directly look for patterns that involve multiple relations 

from a relational database. So we can say relational database 

R is a collection of tables R = {R1,R2,...Rn}. A table Ri 

consists of a set of tuples TR and has at least one key attribute, 

either the primary key attribute and/or the foreign key 

attribute. Foreign key attributes link to key attributes of other 

tables. This link specifies a join between two tables. Foreign 

key relationship may be directed or undirected between 

tables. For relational classification, we have one target 

relation Rt and other background relations Rb1,Rb2,....Rbn. 

Each tuple x ∈TRt includes a unique primary key attribute x.k 

and a categorical variable (target variable) y. The aim of 

relational classification is to find a function F(x) which maps 

each tuple x of the target relation Rt to the category y such 

that: 
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y = F(x, Rt  ,Rb1,Rb2,....Rbn), x ∈TRt 

III. RELATED WORK 

The relational classification across multiple database 

relations is divided into two steps with the same propositional 

classification to learn classification model from examples 

and to classify and test using the model. Relational 

classification makes use of additional information of related 

objects using multiple relations. 

 

Figure 1.  Approaches to Multirelational classification 

There are mainly two categories of relational classification as 

shown in Fig. 1., either propositional learning algorithm 

should be upgraded to deal with relational format (upgrading) 

or relational format should be converted into flat format and 

then applying propositional learning algorithm (flattening). 

Another approach called multiple view approach is also used 

which combines upgrading and flattening approach because 

it uses propositional algorithm so no need to upgrade 

algorithm and combines the result of different views. All 

these approaches are described next.  

A. Flattening Approach 

In this approach multiple relations are converted into 

single flat file and then propositional algorithms are used for 

classification. Several approaches for classification in 

multi-relational setting have been proposed in the literature, 

but often the problem is solved by moulding a relational 

database into a single table format, such that traditional 

attribute-value algorithms are able to work on. This approach 

is also known as propositionalization. Two techniques have 

been proposed for propositionalization. The former is based 

on the principle that it is possible to consider a single relation 

reconstructed by performing a relational join operation on the 

tables. But it produces an extremely large and impractical to 

handle table with lots of data being repeated. A different 

technique is the construction of a single central relation that 

summarizes and/or aggregates information which can be 

found in other tables. Also this approach has some 

drawbacks, since information about how data were originally 

structured is lost. 

LINUS algorithm uses flattening approach in which 

background knowledge is used to introduce new attributes 

into the learning process. Following the same lines, 

propositionalization approaches such as DINUS and SINUS 

were designed. Also RELAGGS propositionalization method 

is introduced which shows superior predictive performance 

over the DINUS and SINUS algorithms. In the RELAGGS 

strategy, new features are constructed for the target relation 

through an aggregation process, where function 

dependencies in the database are considered [19]. So in 

RELAGGS aggregate operators are used to transform 

multiple relations into a single table in order to be able to use 

propositional algorithms for the learning. 

B. Upgrading Approach 

1) ILP based relational classification: The ILP paradigm 

employs logic programs to describe patterns. The logic 

programs need to be induced from a database of logical facts, 

hence the name Inductive Logic Programming. ILP searches 

for hypothesis from examples based on background 

knowledge that will be used to classify unknown data. They 

achieve good classification accuracy in multi relational 

classification [1]. A major shortcoming of ILP is the 

computational demand that results from the large hypothesis 

spaces searched [2]. ILP based approach mainly include three 

categories: Decision tree relational classification, Instance 

based relational classification (RIBL and kernel) and 

Probability classification approach (PRM and SLP). 

a)  Relational classification using decision tree: The 

idea behind propositional decision tree algorithms is that, 

given an input with well-defined attributes, we can classify 

the input entirely based on making choices about each 

attribute. In tree each node has a question to be 

answered.  Once we reached to the leaves of the tree, we get 

the answer. Each of the questions corresponds to a node in the 

decision tree, and each node has branches for each possible 

answer. Eventually, the algorithm reaches a leaf node that 

contains the correct classification of the input or the correct 

decision to make. Decision trees are quite easy because there 

is no need of domain knowledge to create tree. 

Multi-relational decision tree learning algorithm constructs a 

decision tree whose nodes are multi-relational patterns. 

CART and C 4.5 are famous propositional decision tree 

algorithms. To deal with relational data, these algorithms are 

upgraded and named TILDE [3] and SCART [4]. The 

expressivity  of these trees  is  shown  to  be  larger  than  that  

of the  flat  logic  programs  which  are typically induced  by  

classical  ILP  systems [3]. TILDE is more efficient than most 

traditional ILP approaches due to the divide-and-conquer 

nature of decision tree algorithm [13].  In [4], the system 

constructs a tree containing a literal (an atomic formula or its 

negation) or a conjunction of literals in each node, and 

assigns either a discrete class or a numerical value to each 

leaf.  

The major difference in comparison to the propositional 

method is its dependence on the tests along the path from root 

to the current node. The TDID algorithm of SCART first tests 

the termination condition. If it is yes, a leaf is constructed 

with an appropriate prediction. Otherwise a test is selected 

among the possible tests for the node at hand. It split the 

examples into subsets according to the outcome of the test. 

The tree construction proceeds recursively on each of the 

subsets. 
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b) Relational classification using instance: In [8], 

instance based methods offer solutions to the often 

unsatisfactory behaviour of current inductive logic 

programming (ILP) approaches in domains with continuous 

attribute value and in domains with noisy attributes and/or 

examples. RIBL is a generalization of the propositional 

k-nearest neighbour algorithm and a lazy learning method 

because it does not create an explicit model of the knowledge 

learned. In [9], Kernel methods have gained a great deal of 

popularity in the machine learning community as a method to 

learn indirectly in high-dimensional feature spaces. 

c) Relational classification using probability: For 

dealing with the noise and uncertainty encountered in most 

real-world domains, probability is introduced into LBRC to 

integrate the advantages of both logical and probabilistic 

approaches to knowledge representation and reasoning. At 

present, the method mainly includes Inductive Logic 

Programming and Bayesian Networks, ILP and Stochastic 

Grammars. Probabilistic relational models (PRMs) extend 

Bayesian networks with the concepts of objects, their 

properties, and relations between them [5]. A PRM [6] 

describes a template for a probability distribution over a 

database. The template includes a relational component, that 

describes the relational schema for the domain, and a 

probabilistic component, that describes the probabilistic 

dependencies that hold in the domain. A PRM, together with 

a particular universe of objects, defines a probability 

distribution over the attributes of the objects and the relations 

that hold between them. The relational component describes 

entities in the model, attributes of each entity, and references 

from one entity to another. The probabilistic component 

describes dependencies among attributes, both within the 

same entity and between attributes in related entities. An 

edge between attributes represents a probabilistic dependence 

of one attribute on the other attribute. An improved version of 

PRMs is represented by SRMs (Statistical Relational 

Models). Differently from PRMs, SRMs have a different 

semantics and are able to capture tuple frequencies in the 

database. 

A stochastic logic program [7] consists of a set of labelled 

clauses p: C, where p is a probability label which describes 

the probability information of the corresponding relational 

pattern and C is a logic clause for extended dependent 

relationship between data. An SLP [6] defines a sampling 

distribution over logic programming proofs; as a 

consequence, it induces a probability distribution over the 

possible ground facts for a given predicate. 

 

2) Relational database based relational classification: It 

includes Selection graph based relational classification and 

Tuple ID propagation based relational classification. 

Selection graphs can be represented graphically as labelled 

directed graphs. In [10], Selection graph model can use 

database language SQL to directly deal with relational tables 

of database. It transforms the relationship between the tables 

into intuitive selection graph that is easy to be represented by 

SQL. Multi relational decision tree learning algorithm 

(MRDTL) [11] is an upgraded propositional algorithm which 

adds selection graphs as the nodes to the tree through a 

process of successive refinement until some termination 

criterion is met. MRDTL starts with the selection graph 

containing a single node at the root of the tree, which 

represents the set of all objects of interest in the relational 

database. The paper [12] proposed MRDTL-2 algorithm, 

which improves the calculation efficiency and information 

loss of MRDTL. MRTDL-2 also uses selection graph to 

represent rules which visually depict the SQL statements 

used to describe the rules. 

Tuple ID propagation is used to perform virtual join 

between non-target relations and the target relations. Tuple Id 

propagation approach greatly improves efficiency with 

compare to physical join because of small amount of data 

transfer between tables. The paper [13] proposed CrossMine 

for relational classification. CrossMine uses Tuple ID 

propagation, in which it propagates data into related tables 

through foreign key relationships instead of performing a 

physical-join in the database. The idea of tuple ID 

propagation is to virtually join the relations with minimal cost, 

and then find good predicates in the joined relation. 

CrossMine obtains high scalability by avoiding the high cost 

of physical joins [13]. CrossMine uses a sequential covering 

algorithm to construct rules for classification. In many 

sequential covering algorithms, the negative examples are 

never removed in the rule building process, which makes the 

algorithm inefficient for databases with large numbers of 

tuples. To address this issue, CrossMine employs a selective 

sampling method to reduce the number of negative tuples 

when the numbers of positive and negative tuples are 

unbalanced. This helps CrossMine to achieve high scalability 

w.r.t. the number of tuples in databases. In [14], tuple ID 

propagation is used to speed up the join operation for 

Graph-NB algorithm which is upgraded from Naïve Bayesian 

classifier. It also uses semantic relationship graph to avoid 

unnecessary join among tables. 

 

3) Association or frequent pattern based relational 

classification: Association rule mining discovers interesting 

relations between variables in large databases. These 

interesting relations are represented in rule form. And these 

rules are used in classification. In [15], gSpan is proposed for 

frequent pattern mining in graphs, which can be applied on 

multi-relational data.  In [16] the authors have proposed an 

approach for association rule mining in relational databases. 

In [17] authors presented Warmer, which extends APRIORI 

to mine association rules in multiple relations. In [18], A 

Multirelational classification algorithm based on association 

rules (MrCAR) is proposed. It uses class frequent closed 

itemsets and reflects the association between class labels and 

other itemsets, and used to generate classification rules. 

MrCAR have higher accuracies comparing with the existing 

multi relational algorithm. 

C. Multiple View Approach 

In multiple view approach, problem can be characterized 

using different representations (views), and that learning 

from these representations separately can lead to better gains 

than merging them into a single dataset.  
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Using a relational database as input, Multi-view Relational 

Classification strategy learns from multiple views (feature 

set) of a relational database, and then information acquired by 

view learners are integrated to construct a final classification 

model. As in [19] the MVC algorithm works as follows: 

Firstly, the tuple IDs and the target concepts from the target 

relation (a relation in which each tuple is associated with a 

class label) are propagated to other relations (background 

relations), based on the foreign links between them. 

Secondly, aggregation functions are applied to each 

background relation in order to handle the one-to-many 

relationships. Each background relation is then used as 

training data for a particular multi-view learner. Thirdly, 

conventional single-table data mining methods are used in 

order to learn the target concept from each view of the data 

separately. Lastly, the multi-view learners trained are 

validated and incorporated into a meta-learner to construct 

the final model. Since the MVC algorithm is based on the 

multi-view learning framework, it is able to use any 

conventional method to mine data from relational databases. 

IV. COMPARATIVE ANALYSIS 

TABLE I.  COMPARATIVE ANALYSIS 

 Algorithm 
Accuracy 

(%) 

Time 

(s) 
Reference 

Flattening 

Approach 

Relaggs 85.1 12.80 [19] 

ILP based      

MRC 

FOIL 85.7 2.30 [20] 

TILDE 85.6 1.40 [19] 

RIBL 86.5 - [19] 

Association 

based MRC 

MrCAR 89.3 2.6 [18] 

Relational 

database based 

MRC 

MRDTL 87.5 52.15 [12] 

MRDTL-2 87.5 28.45 [12] 

CrossMine 85.7 1.00 [20] 

Multiple view 

Approach 

MVC 86.7 3.00 [20] 

 

Based on the study of approaches related to multirelational 

classification, above table is created. Table I represent results 

performed on Mutagenesis dataset which represents accuracy 

and running time of different approaches. 

Flattening approach has lowest accuracy because it has 

several limitations. Firstly, in flattening approach extensive 

pre-processing efforts are needed and after pre-processing the 

resulting flat file may contain large amounts of NULL values. 

Second, flattening relational data often results in a very big 

table with large numbers of additional attributes, which 

causes further scaling challenges and over-fitting problems 

for propositional algorithms. 

In upgrading approach, ILP based approaches usually 

show unsatisfactory performance when handling noisy or 

numeric-value business data [19]. For logic based 

classification, relational data should be transformed into 

logic programs in pre-processing stage, which determines the 

relatively weak relation in database. It also Suffer from 

scalability problems with regard to the number of relations in 

database [13]. ILP has lack of results with respect to efficient 

theoretical complexity and the algorithms typically require 

more computational power. But as shown in above table I, 

ILP based approaches achieve good classification accuracy 

because it includes additional information such as 

background knowledge in the form of computer programs.  

Association based MRC mainly deals with rules and rules 

are easiest way to express knowledge but many rules 

produced by standard classification systems are difficult to 

understand because these systems often use only domain 

independent biases and heuristics [1]. As shown in table I., 

MrCAR has higher accuracy then existing multi relational 

classification algorithms because the rules discovered by 

MrCAR have more comprehensive characterization of 

databases. Also associative classification makes association 

rule mining techniques applicable to classification tasks. The 

user can decide to mine both association rules and a 

classification model in the same data mining process which is 

very important benefit. 

In relational database based MRC, tuple id propagation 

approach which is used in CrossMine improves efficiency 

because of small amount of data transfer and avoids the high 

cost of physical joins so reduce cost of space and time also. 

But in tuple id propagation sometimes too many IDs may be 

propagated to each tuple in a relation, which makes it hard to 

limit the time/space complexity of the algorithm. As shown 

in table I, MRDTL algorithm requires highest running time 

because it uses selection graph. And selection graph is a 

major bottleneck in terms of the running time of the 

algorithm [23]. MRTDTL-2 is proposed to improve the 

calculation efficiency and information loss of MRDTL which 

decrease the running time but not as well as other algorithms.  

Multiple view approach uses multi view learning which 

describes the setting of learning from data where 

observations are represented by multiple independent sets of 

features and learning from these representations separately 

can lead to better gains than merging them into a single 

dataset. MVC algorithm excludes the need to transform 

multiple inter-connected tables into a universal relation. In 

Relational database each entity thus intuitively corresponds 

to a different concept or view of the problem domain. 

However in some cases, two attributes in different tables may 

be related. That is, the combination of these two seemingly 

unrelated attributes may provide us new knowledge about the 

problem domain. Currently, algorithm based on multiple 

view approach does not take this scenario into considerations 

[19].  
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V.   CONCLUSION 

Multi-relational data mining (MRDM) approaches look for 

patterns that involve multiple tables (relations) from a 

relational database. Relational classification has got more 

and more great concern from the large number of 

international researchers. In this paper, we presented 

different approaches based on relational classification like 

ILP based relational classification, Relational database based 

relational classification, Association or frequent pattern 

based relational classification, and multiple view based 

relational classification. Also comparative study for different 

approaches has been done with their benefits and limitations. 
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