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 Abstract—Extensible markup language (XML) recommended by 
W3C (World Web Consortium) has become known standard for 
representing and exchanging data over the Internet. Because of 
simplicity and generality of XML, it is widely used in World Wide 
Web. To store and querying XML document three technologies are 
commonly in use. They are Native XML database, Object Oriented 
Database and Relational Database. Relational database technology 
is popular among all other due to its important features such as, 
effective storage and efficient retrieval techniques. Thus, the mapping 
of XML data into relational database is required for data centric 
applications.  
Mapping of XML to relational database used both database power 
capabilities. Mapping approach provides interoperability between 
data source. In XML database, mapping main challenges is mapping 
of hierarchical ordered nature of XML data model to unordered 
nature of relational data model. This paper presents review of XML-
to-Relational database mapping approaches in the categories of 
schema aware and schema less techniques. It is presented in the form 
of a comparative study of these mapping approaches 

1. INTRODUCTION 

XML is richly structured document used to store, represent 
and exchange data over World Wide Web [1]. A large amount 
of XML data needed to be stored in digital copy and 
exchanged over the Internet. Storage and retrieval of the vast 
amount of web data is popular area of interest for the 
researchers and database vendors. However, the important 
issue is retrieval and querying these data in an efficient 
manner. For this task many solution have been proposed in 
past. They use different technologies. Native XML database, 
Object Oriented Database and Relational Database [2] are 
common technologies in practice. Relational database is most 
popular among them. The aim of mapping XML documents 
into relational database is to utilize relational database power 
capabilities such as storage and efficient retrieval technique. 
XML to Relational database are dividing into three categories: 
Model mapping, Structure mapping and Constraints mapping 
[3]. 

In model mapping approach, fixed XML data model is used 
and translation of XML does not consider structure 

information, which is associated with XML document. This 
approach does not dependent on the complexity of the XML 
schema. Implementation of modeling approach is present 
many research paper [14] [15] [16] [18] [19]. In this approach, 
the nodes and sides of the XML document tree are mapped to 
the relationship model. The relationship model creation does 
not depend on the complexity of XML Document structure. 
This approached method used a fixed relationship model to 
store all of the XML document structure.  

In structure, mapping approach XML document is associated 
with DTD and XML schema information. This information is 
used to translate XML schema. To solve complex DTDs, 
inlining technique is used which apply simplification rules to 
XML documents. There are several inlining techniques 
available such as basic inlining, shared inlining and hybrid 
inlining [4]. After simplification of DTD, inlining DTD graph 
is drawn and then database schema is generating according to 
inlined DTD graph.  

In the constraint-based approach, it is required to map XML 
data to relations based on the integrity constraints. In this 
method constraints are investigated in XML data model and 
relational schema generated with constraints. Constraints are 
use to optimized semantic query, which minimize the 
processing cost of the query.  

Many papers [7] [9] [10] [12] [13] used structure and 
constraints approach to generate relational database from 
XML documents. 

The remainder of this paper is organized as follows: Section 2 
describes overview of mapping techniques. Section 3 explains 
comparative study. Section 4 is the conclusion. 

2. OVERVIEW OF MAPPING TECHNIQUES 

Mapping of XML to Relational database differs in terms of 
metadata, information to be preserved and creation of 
relational schema. According to metadata used, mapping 
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strategies are broadly divided into two categories schema 
aware and schema less. Techniques that store XML documents 
in pre-defined relational tables are called schema less. Model 
mapping approach uses this technique. Schema aware 
techniques used schema information and focuses on structure 
and constraints mapping. In this section, related work of these 
techniques is discussed.  

3.  SCHEMA AWARE TECHNIQUES  

Normalized relational storage for XML [22] presented an 
algorithm for generating an optimal design for XML in 
relational setting. Algorithm based on computing a set of 
minimum covers for all functional dependencies on a 
universal relation for given XML. According to author, this 
approach was efficient in terms of reducing data redundancy, 
preserving semantic expression Functional Dependencies 
(XDs) and the schema information did not preserved order of 
element in XML document. 

Joost Visser et al. [7] introduce an algebraic approach to 
schema transformation that is constraint-aware. Constraints 
are preserved from source to target schemas and that new 
constraints are presented. This paper proposes an improved 
approach rather than labeling. Approach used refinement 
theory and point-free program transformation. The presented 
work is unique in many ways as compare to work presented in 
[8-10] [13]. This approach Expresses constraints as point free 
functions, which can be converted automatically and from 
structure programs including path expressions. Employs 
strongly typed Boolean function to capture constraints this has 
advantage of being more expressive and allowing a fully 
compositional treatment. Their method is not limited to 
hierarchical-to-relational mappings. It can be used for schema 
transformation in general and deal with arbitrary constraints. 

Davidson et al [9] presented an alternative constraint-
preserving approach, using path expressions. They presented a 
technique for refining the design of relational storage. Three 
algorithms are presented, First check whether a given 
functional dependency is propagated from XML keys via a 
predefined view. In addition, others two algorithms compute a 
minimum cover for all functional dependencies. The 
experimental result demonstrates that the algorithms are 
efficient in practice. The proposed framework that improves 
the consumer relational database design is the major 
contribution of their work. The presented work is first 
approach, which gives framework and algorithms to map 
XML constraints in relational view. 

Designing information-preserving mapping schemes [10] 
discuss generation of constraints on relational schemas that 
make XML to Relational mappings information preserving. 
Nonstructural constraints on the initial XML schema are not 
taken into result. Constraints and conversion functions are 
expressed in variations on Datalog, which can be manually 

rewritten to normal form in a mechanical way [7]. This paper 
addresses the problem of designing information-preserving 
mapping schemes. The Contributions of this paper is proposed 
a sound and extensible framework for designing information-
preserving mapping schemes. The generated relational schema 
of this framework is equivalent to original XML schema.  

H. Pacheco et al. [12] presents Coupled Schema 
Transformation and Data Conversion for XML and SQL, 
which used two-level data transformation. In two-level data 
transformation, type-level transformation of a data format is 
couple with value-level transformations of data instances. The 
proposed system is consists of a combinatory library for 
composing type-changing rewrite rules that preserves 
structural information and referential constraints. The 
presented paper, discusses practical application Haskell based 
two-level transformation support. It has contributed in two 
manners. First, it elaborates the rules for structure and 
constraint information. Second, it inserts the general 
transformation kernel into a language-specific transformation 
framework. Limitation of presented work is to capture 
constraints method, which employs a type annotation 
mechanism. As a result, a smaller class of possible constraints 
is covered. 

Teng et al. [13] presented concept and the formal definition of 
XML functional dependencies. This paper presents the method 
map constraints, such as functional dependencies, cardinality, 
domain, choice, reference constraints. These constraints also 
preserve the structure of DTDs in relational schema. The 
definition of XML functional dependencies proposed in this 
paper overcomes the shortcomings of the papers [9] [11] [17]. 
Definitions presented in the paper differ in several aspects. 
The method captures the characteristics of XML structure and 
differentiates between global and local functional 
dependencies for XML. In XML document, it considers string 
values of attributes and element themselves to represent 
functional dependencies. This method does not map multi-
valued functional dependency.  

4. SCHEMA LESS TECHNIQUES 

.A Model Mapping Approach for storing XML documents in 
Relational database[14] proposes a method to store XML data 
using two relational table, Node table and data table. Here 
Note table stores all node id’s along with node names. Data 
table stores corresponding node values in it. Proposed 
algorithm does not use path concept. It f Firstly assign a 
unique identifier to each node. Then the node value and the 
node id are stored in a relational table. It stores parent node id 
along with every node id to maintain parent child 
relationships. The structure of this approach is as follows: 

Node (Node id, Node name) 
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Data (Doc id, Node id, Parent id, Node value, Node type, 
Node pos) 

Node table stores node ids with their names. In Data table 
stores ids, values, Node type attribute is use to indicate 
whether the node is an element or an attribute or a text, Node 
Pos attribute is a position of the node among its siblings in the 
XML data graph. The paper shows that it requires less space to 
store data using this approach as compared to XRel[19]. In 
addition, it requires less number of join operations in query 
processing. 

Edge [15] stores XML document in a single table using edge 
label information. It is simple and straightforward approach in 
terms of loading each edge into a tuple of single relation. Edge 
approach has a limitation that it requires multiple self joins to 
create path. To complete query it requires a large number of 
joins, which make it inefficient. Some information is also lost 
during simplification process thus reconstruction of XML 
document is not possible. 

To overcome Edge approach limitations in XRel [19] a path-
based approach is used. XRel schema contains four tables 
(Path, Element, Attribute and Text) to store XML document in 
relational table. In this approach XML document is presented 
as nodes of tree. Relational tables store each node according to 
node type with path information from the root to node. In this 
schema, node identifiers are replacing by start and end 
positions. Schema tables are as follows. 

Path (PathID, Pathexp) 

Element (DocID, PathID, Start, End, index, reindex) 

Text (DocID, PathID, Strat, End, Value) 

Attribute (DocID, PathID, Start, End, Value) 

XRel schema requires high storage space to save large XML 
documents. Query response time is less then Edge but still 
poor because it uses large number of ϴ-joins. Joins are 
required to determine ancestor-descendant relationships and 
check edge connections between elements. 

Xlight, An Efficient Relational Schema to Store and Query 
XML Data [18] stores shredded XML documents in Relational 
database using five tables.  

Document (DocId, Name) 

Path (PathId, Path) 

Data (DocId, PathId, LeafNo, LeafGroup, LinkLevel, 
LeafValue, hasAttrib) 

Ancestor(DocId, LeafGroup, AncestorPre, AncestorLevel) 

Attribute (Name, Val, id, pre) 

The Document table stores the names of the documents and 
identifier (Docid) in the database. Docid is used as a reference 
in other schema. The path table stores unique id in pathid and 
existing root to leaf paths. Data table stored stores the related 
information of all leaf nodes. Ancestor information of each 
leaf node is stored in Ancestor table. Attribute table stores 
information of existing attribute. 

Xlight path table implementation is similar to XRel method 
but difference is that, Xlight stores the information for only 
the leaf nodes. In these schema ϴ-joins is replace by with 
equi-joins over the set of ancestors. As compare to Edge [15], 
XRel [19], Xparent [16] Xlight requires less storage space and 
required less query processing time. 

5. COMPARATIVE STUDY 

Table 3.1 presents the comparison of Model, Structure and 
Constraints mapping in terms of approached type, schema 
type, preserved order, constraints and experimental evaluation. 

Table 3.1: Comparison of approaches 

Researc
h paper 

Approa
ched 
type 

Schema 
aware/S
chema 

less 

Prese
rved 
orde
red 

Pre
ser
ved 
con
str
ain
ts 

Experi
ment 

Result 
Presen

t 

Comment 

C-
mapping 
[3], 2014 

Structur
e and 
Constra
ints 

Schema 
aware 

Yes Yes Yes Deal with N-to-
one mapping 
constraints 

Joost 
Visser et 
al. [7] , 
2012 
 
 

Constra
ints 

Schema 
aware 

No Yes Yes  Use algebraic 
approached for 
transformation, 
Deal with 
arbitrary 
constraints. 
 
  
  

Lee et 
al[8], 
2001 

Constra
ints 

Schema 
aware 

No  Yes  Yes First addressed 
constraints 
preserving 
  

Davidso
n et al 
[9], 2003 

Constra
ints 

Schema 
aware 

No Yes Yes First framework 
and algorithm to 
mapped XML 
constraints to 
relational view. 
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Barbosa 
D. et 
al.[10], 
2005  
  
  
  

Constra
ints 

Schema 
Aware 

Yes Yes Yes Addresses the 
problem of 
designing 
information-
preserving 
mapping 
schemes 

H. 
Pacheco 
et al. 
[12], 
2007 

Constra
ints 

Schema 
aware 

No Yes Yes Used two-level 
data 
transformation 
for mapping 

Researc
h Paper 

Approa
ched 
Type 

Schema 
Aware/
Schema 

Less 

Prese
rved 
Orde
red 

Pre
ser
ved 
Co
nst
rai
nts 

Experi
ment 

Result 
Presen

t 

Comment 

Teng et 
al. [13], 
2005  
  
  
  

Constra
ints and 
structur
e 

Schema 
aware 

No Yes No Presented formal 
definition of 
XML functional 
dependencies 

 [14], 
2013 
  
  

 Model Schema-
less 

No No Yes It represents a 
compact 
structure for 
storing the 
whole 
information of 
an XML 
document in 
relational 
databases and it 
requires less 
memory space 
for storage 

Edge[15]
, 1999 

Model Schema-
less 

Yes  No Yes First approach 
which store 
XML document 
in fixed 
relational 
database. 

Xparent[
16], 
2002 

Model Schema-
less 

Yes Yes Yes Stores multiple 
XML 
documents in 
relational 
schema, 
improvement of 
Edge and XRel 
method 

Xlight[1
8], 2011 

Model Schema-
less 

Yes No Yes Query 
performance is 
better than other 
model  
 

Mustafa 
Atay et 
al. [20], 
2007 

Structur
e 

Schema 
aware 

Yes No Yes A lossless 
mapping 
scheme for 
storing ordered 
XML data 

A. 
Kannan 
et al. 
[21], 
2012 

Structur
e 

Schema 
aware  

Yes Yes No Mapped XML 
document in 
relational table 
with Access 
control 
information. 

Reduan 
Samad et 
al 
[22],201
1 

Structur
e 

Schema 
aware 

Yes Yes Yes  Introduced an 
algorithm, which 
is able to reduce 
data 
redundancy and 
preserve 
semantic 
constraints 

MAXDO
R [23] 
,2009 

Model Schema 
less 

Yes No Yes No loss of 
information, 
Reconstruction 
of original XML 
documents, 
preserved order, 
search semantics 

J. Wenny 
Rahayu 
et al 
[24], 
2006 

Structur
e and 
Constra
ints 

Schema 
aware 

Yes Yes Yes Aim to map 
additional 
constraints  

Zijing 
Tan et al. 
[25], 
2011 

Structur
e 

Schema 
aware 

Yes Yes Yes Provide an 
algorithm to 
construct a 
canonical target 
instance 

6.  CONCLUSION 

The presented study provides overview of different mapping 
approaches that map XML documents to Relational database. 
The approaches are use to convert XML document into 
Relational database using both structure and semantic aspects. 
Mapping for XML to Relational database is proposed to use 
both schema power capabilities. The paper discusses the 
characteristics and limitation of different approaches. It also 
presents the comparison of different approaches in terms of 
order, constraints, experimental evaluation and schema 
techniques. 
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