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ABSTRACT 
 
In data integration, users are provided with a homogeneous logical view of data that is physically distributed 
over heterogeneous data sources.  However, there exists elements of ”Chaotic Information Systems” in most 
institutions as a result of the presence of ad-hoc incompatible information systems comprising of fragmented 
mixtures of single function systems that were built to meet certain operational requirements of the user 
departments and therefore neither share data nor communicate effectively with other sub-systems within the 
organization.  But if a unified data warehouse exists in  a tertiary institution, then that constraint of viewing only 
the data a unit has will be solved.  A typical tertiary institution often comprises a lot of subsystems crucial for its 
internal processes and operations.  Therefore, this paper presents a data integration model for the management 
information system in a tertiary institution that can be used to extract data in order to have a unified view of the 
data in the institution.  Data (called local sources) from various units/departments in an institution will be 
considered and a model will be created.  The Local-As-View (LAV) data integration approach is used, and 
treating all local sources as relational databases.  Schematic mappings is used to map and create relationship 
between the global (mediated) schema and the local sources in order to form the unified view.  A mediator in the 
proposed model acts as an intermediate medium transforming queries issued by users/clients to sub-queries, 
integrating result data and resolving conflicts and inconsistencies. Wrappers transform sub-queries to specific 
local queries so that each local system is able to understand the queries to get expected results.  For further 
research, the model can be implemented using web-enabling application with apache as a web server with 
extended capability for PHP scripting language and MySQL database.  This model can be adapted by any 
tertiary institution, only to modify it to their operational system. 
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1. INTRODUCTION 
 
Data is the salient and paramount element of driving any system, organization or tertiary institutions.  These 
days applications have a need to access, process report and specially integrate data from various and unrelated 
distinct data sources.  Data integration actually involves combining data residing in several and different 
sources, which are stored using various technologies/formats and providing a unified view of these data 
Osuolale et al (2017).   
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Such unified view is called global schema, which represents the intentional level of integrated and reconciled 
data.  It is on this global or materilised view that users issue their queries.  Integration of multiple information 
systems generally aims at combining selected systems so that they form a unified new whole and give users 
the illusion of interacting with one single information system.  Users are provided with a homogeneous logical 
view of data that is physically distributed over heterogeneous (that is different data models and systems for 
storing data) data sources (Ziegler and Dittrich, 2004).  The goal of data integration is to provide a uniform 
access to a set of autonomous and possibly heterogeneous data sources in a particular application domain. 
This is typically what we need when, for instance, querying the deep web that is composed of a plethora of 
databases accessible through web forms. We would like to be able with a single query to find relevant data no 
matter which database provides it.  In formulating the queries, the user is freed from the knowledge of the data 
sources, how data are structured and how data are to be merged and reconciled to fit into the global schema. 
Data Integration (or data harmonization) is the process of finding and combining data from different sources (Le, 
2018). 
 
This process becomes significant in a variety of situations, which include both commercial (when two similar 
companies need to merge their databases) educational (when data from different units of a tertiary institution 
needs to merge their databases) and scientific (combining research results from different bioinformatics 
repositories, for example) domains (Halevy et al. 2006).  The need for sharing data in developing countries is 
increasing drastically on a daily bases.  It has become the focus of extensive theoretical work, and numerous 
open problems remain unsolved.  Data integration can also be said to be a process in which heterogeneous 
data is retrieved and combined in an incorporated form and structure. Data integration allows different data from 
different sources to be merged by users, organizations and applications, for use as personal, official, 
educational or business processes and/or functions.  Furthermore, data integration primarily supports the 
analytical processing of large data sets by aligning, combining and presenting each data set from organizational 
departments and external remote sources to fulfill integrator objectives. 
 
In reality, data integration is a complicated discipline.  There is no universal approach to data integration, and 
many of the techniques Information Technology (IT) experts use are still evolving. Some data integration 
approaches might work better than others for an organization, depending upon that organization's needs 
(Williams, 2008).  Data integration occurs all the time but the approach or technique used will determine the 
level of integration or what the users’ needs are.  Integration can use any of the following approaches; manual, 
user interfaces, application based, virtual or physical data integration. 
 
It is observed that in most tertiary institutions in developing countries, data in different units are stored separately 
and there is no single database that houses the entire data of the institution.  This makes different units to 
depend on each other to get data that is not housed by them.  Chaotic Information Systems do exist in most 
tertiary institutions, this arises from the presence of ad-hoc incompatible information systems made up of 
fragmented single-function system designed to meet operational requirements as it pertains to the user 
department.  Also the different departments/faculties houses their data that are needed by other units.  But if a 
unified data warehouse exists in a tertiary institution, then that constraint of viewing only the data a unit has will 
be solved.  A typical tertiary institution in developing countries often comprises a lot of subsystems crucial for 
its internal processes and operations.  These subsystems could include student registration system, payroll 
system, students’ accounts, course management system, academic and non-academic staff system, and many 
others.  Lack of an integrated system in a tertiary institution prevents them most of the time from handling data 
analysis, forecasting, prediction, etc.   
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To provide a single consolidated view of the distinct data sources so that the users are given the impression 
that they are interacting with a single system is the main purpose of this paper.  Most developed countries have 
their subsystems in tertiary institutions integrated, which makes information retrieval fast, accurate and 
consistent. 
 
2. RELATED WORKS 
 
There are four main approaches of data integration. They are Global As view (GAV), Local As View (LAV), 
Global Local As View (GLAV) and Both As View (BAV). In LAV, the local schemas are defined as views over 
the global schema. More precisely, for every construct/element of the local schema is defined by the view over 
the global schema. The unique feature of the BAV is that the constructs of global schema can be extracted as 
views over the sources (feature of GAV) and the constructs of sources can also be extracted as the views over 
the global schema (feature of LAV). (McBrien, & Amiri,  2004)   
 
Sala (2007), focused on data and service integration: architectures and application to real domain with particular 
attention to mediator system approaches.  The research activity is based on MOMIS (Mediator Environment for 
Multiple Information Sources) system developed by the DBGroup of the University of Modena and Reggio 
Emilia.  He was motivated by the fact that the assumption that the costs to build and to maintain an index 
structure are lower compared to the ones that are needed to execute a query.  Hence an approach to extend 
the action sphere of traditional mediator systems allowing them to manage “traditional” and “multimedia” data 
sources at the same time was presented.His main contribution is a semantic approach to perform aggregated 
search for data and services.  A technique based on ontological representation of data and services related to 
a domain supports the translation of a data query into a service discovery process that has also been 
implemented as a MOMIS extension.  New technologies and approaches for data integration were investigated, 
in particular distributed architecture with the objective to provide a scalable architecture for data integration.  An 
integration framework in a distributed environment is presented that allows realizing a data integration process 
on the cloud. 
 
Williams (2008) enlightened us with a work on combining data integration and information extraction (IE).  He 
was motivated by the fact that the ability of computer systems to process text is a significant challenge.  Hence 
his contribution to knowledge was a design and implementation of the Experimental System to Extract Structure 
from Text and gave examples of its use and experimental results from a number of application domains.  He 
argued that combining techniques from IE and data integration is a promising approach for supporting 
applications that access partially structured data: the virtual global schema and associated metadata can be 
used to configure an IE process and the information extracted by the IE process can then be integrated into the 
virtual global database, supporting queries which could not otherwise be answered. 
 
Dannaoui (2010) projected a work on information integration for biological data sources.  The objectives of the 
research was the definition and the application of techniques for intelligent information integration to the 
biological domain to perform integration of existing knowledge base in that domain, studying solutions to take 
into account specific problems of bioinformatics.   He was motivated to improve on the 1st release of CEREALAB 
database by providing breeders with an integrated system, to meet the needs of plant breeders needing different 
types of information that can be found in various data sources (genotypic or phenotypic).  The research also 
tackled the possibility to integrate common services that are widely used by the bioinformatics community.  
Information integration was obtained by using MOMIS (Mediator Environment for Multiple Information Sources) 
system that adopted GAV (Global-As-View) approach to integrate heterogeneous data sources.  
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Gatimu (2016) enlightened us through his work that the reliance of most organizations on data generated after 
performing their daily transaction and operations is vital.  These data are retrieved from different sources in a 
distributed network hence it comes in various data types and formats.  More time is taken to clean and transfer 
these data to their target systems or users.  Large data staged will enhance accessibility to such data.   Stratified 
random sampling method was used to determine the sample frame for study.   
 
The deterministic prioritization algorithm was developed and tested with a focus on data staging performance 
and efficiency.  His objective was to prove the speed of accessing, retrieving and processing data integrated 
from various sources or systems, transferred and synchronized with specific target systems.  This improvement 
was to bring changes on the performance of ETL processes in data warehouse when handling voluminous and 
bulky data.  He recommended to data warehouse practitioners and business intelligence designers to implement 
the deterministic prioritization algorithm providing enhancement for future design of Extraction, Transformation 
and Loading processes in data warehouse development. 
 
According to Osuolale et al (2017) on Schematic Structure of National Data Harmonization System for Identity 
Management focused on data integration that cuts across different governmental databases and incorporating 
them all into a centralized view and this is possible as a result of development and implementation of a web-
based data bank application.  They employed the virtual integration approach in which a virtual schema is 
created for the materialized view and wrappers or adapters are designed for each data source to transform the 
local queries from each data source into a form that can easily be processed by the integration solution provided.  
When an application user queries the mediated schema, the data-integration solution transforms this query into 
appropriate queries over the respective data sources. This implies that when information is needed from any of 
the respective data sources, the mediated schema could be queried as well. Eventually, virtual database 
harmonizes these results into the answer the user may have requested for. 
 
2.1 The Concept of Data Integration 
Data integration mainly focuses on databases.  A database is an organized collection of interrelated data.  These 
databases (data sources) respond to queries by creating a view of data.  Various data sources that exist in an 
organization can be integrated and a systems designer can construct a mediated system against which users 
can run queries.  These queries pass through wrappers or gateways that help to extract the needed information 
from the data sources and present the results to users.  Figure 1 depicts how various data held in the data 
sources can be mixed/stored together in a mediated schema from where a unified view is sent to the user. 
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Figure 1: Schematic View of a Data Integration System Source: Oduntan, (2019) 
 
2.2 Semantic Matching and Mappings 
The design of the global schema is not the only issue in modeling a data integration system.  Indeed, another 
crucial aspect is the definition of the mapping, that is, the specification of the relationship holding between the 
sources and the global schema Oduntan (2019).  Semantic matches specify how the elements of the source 
schemas and the mediated schema semantically correspond to one another.  Examples can include attribute 
”nameofstaff” in one source corresponds to attribute “titleofstaff” in another and “address” can be the 
concatenation of “street”, “city” and “state” in another Anhaiet al. (2012). 
 
To build a data integration system, the application designer begins by developing a mediated schema (ie global 
schema) that captures the relevant aspects of the domain of interest.  Also a description of data sources needs 
to be supplied or stated.  A source description specifies the semantic mapping between the schema of the data 
source and that of the mediated/global schema.  Constructing source descriptions is one of the key bottlenecks 
in creating data integration systems for enterprise data that query a large number of sources Anhaiet al. (2000).  
There is no algorithm that will take two arbitrary database schemas and flawlessly produce correct semantic 
matchings and mappings between them Anhaiet al. (2012).  But there are tools that can be used that can reduce 
the time spent creating semantic mappings. 
 
Let S1, S2, S3,….,Snbe the local schemas of n pre-existing data sources in a tertiary institution. To simplify the 
presentation, assume that each local schema Si (1<= i<=n) is made of a single relation that we denote also as 
Sn. The relations S1, S2,...,Snare called the local relations.   
 
The global schema G consists of the global relations G1, G2,...,Gm (1<= i<=m). 
 
The goal is to specify semantic relations between the local relations Snand the global relations Gm. The Gmare 
logically (intentionally) defined by the Sn. An example of simple relationship is based on equality, 
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G1 = S1    (1) 
 
For more complicated relationships one can state as below:  
 
G2 = S1S2   (2) 
 
G3 = S1 S3   (3) 
 
In general, to express semantic mappings between {S1,...,Sn} and {G1,...,Gm}, one can use inclusion statements, 
that is, logical constraints, of the form v(S1,...,Sn) v’(G1,...,Gm), where v and v’ are query expressions called 
views.  All the constraints we consider in this research will be of this general expression. 
 
The component data sources contain the information we wish to convey to the user, through the development 
of a mediated or global schema. This global schema in essence displays the information in a unified manner as 
a virtual database and is directly related to the data sources.  In order to generate this global schema we may 
approach the problem in two main ways, Global-As-View (GAV) or Local-As-View (LAV) Tsierkezos, (2010). 
LAV is our focus for this paper.  In the LAV approach, the meaning of the sources is specified in terms of the 
elements of the global schema: more exactly, the mapping between the data sources (different 
units/departments in the tertiary institution) and the global schema is provided in terms of a set of views over 
the global schema, one for each source element.  Below is the mathematical representation for LAV: 
Let G be a mediated schema, and let Ś = (S1,….,Sn) be schemata of n data sources.  A LAV schema mapping 
M is a set of expressions of the form  
 
Si(X) Qi(G)   (4) 
 
Where Qi is a query over the mediated schema G and Si is a source relation and it appears in at most one 
expression in M 
 
X is a set of attributes x1,…….Xn in S (source relation) 
 
LAV mappings enable quite fine-grained descriptions of the contents of data sources. LAV mappings express 
loose coupling between local and global relations, which is important for flexibility and robustness when the 
participating data sources change frequently. If we are interested in a student record, we do not need to know 
in advance (unlike the GAV approach) how to join two sources from different organization to get that. We just 
define them as a global query Osuolale et al (2017). 
 
2.3 The Existing System 
Most tertiary institutions have a system that is similar to that in Figure 2 below where each unit or department 
houses their data in their own formats meeting their requirements (stand-alone units). 
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Figure 2: Existing System/Structure of Tertiary Institutions  
Source: Oduntan, (2019) 

 
3. PROPOSED DATA INTEGRATION MODEL FOR TERTIARY INSTITUTIONS 
 
The burden of duplicating data is greatly alleviated through data integration and information that would ordinarily 
be impossible to extract is also made possible Oduntan (2019).  Figure 3 shows that data resides in the 
heterogeneous data sources.  Data sources can be of various types based on the data model underlying them 
and the types of queries they can support.  Different data sources are available in a number of different formats 
(structured and unstructured).  The data sources can be an actual applications that are database driven, such 
as an accounting system.  In such a case, query sent to the data source may actually involve an application 
processing some data stored in the source. 
 
On Figure 3, the wrappers/gateways are above the data sources.  Wrappers are programs that serve as 
gateways for communication with the data sources.  Their role is to send queries to a data source, get answers 
and possibly apply some basic transformations on the answers obtained, meaning they are components that 
perform the mapping of queries (Eltabakh, 2012).   

 
 
 
 
 
 
 
 
 



 
 
 
 
 
          
 
 
 

28 

Proceedings of the 23rd SMART-iSTEAMS Conference    
in Collaboration with  

The American University of Nigeria, Yola  
& The IEEE ICN/IEEE Compter Society Nigeria Section  

www.isteams.net/yola2020  
 

 

 
 
 

Figure 3: Proposed Data Integration System for Tertiary Institutions  
Source: Oduntan, (2019) 

 
 
For example, a wrapper to a Web form source would accept a query and translate it into the appropriate HTTP 
request with a URL that poses the query on the source.  When the answer comes back in the form of an HTML 
file, the wrapper would extract the tuples from the HTML file and display to the user as result. The Mediator 
(global system), is a software system that offers a common query interface to a set of heterogeneous information 
sources.  The user interacts with the data integration system through a single schema called the mediated 
schema.  Queries are posed and answered via the mediator.  The posed queries are reformed, optimized and 
executed by the execution engine to give appropriate results to users.  It does not necessarily contain all the 
attributes we see in the sources, but only a subset of them. 
 
3.1 Querying Data Integration System 
The first step in answering a query posed to a data integration system is selecting which data sources are most 
relevant to the query.  Making this decision relies on a set of methods for manipulating queries and reasoning 
about relationships between queries (Anhaiet al. 2012).  The problem of query processing is concerned with 
one of the most important issues in a data integration system, that is, the choice of the method for computing 
the answer to queries posed in terms of the virtual global schema only on the basis of the data residing at the 
sources. The main issue is that the system should be able to re-express such queries in terms of a suitable set 
of queries posed to the sources, hand them to the sources, and assemble the results into the final answer 
(Lembo, 2004 in Oduantan, 2019).   

DATA SOURCES 
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It is worth noting that, whereas query processing in LAV approach has always been regarded as a difficult task, 
this problem has traditionally been considered much easier in the GAV (Global-As-View) approach, where it 
has been assumed that answering a query means unfolding its atoms according to their definitions on the 
sources.  
 
The reason can be seen in the fact that, in LAV, the views in the mapping provide in general only a partial 
knowledge about the data that satisfy the global schema, hence query processing is inherently a form of 
reasoning in the presence of incomplete information in a database(s).  In other words, since several possibilities 
of populating the global schema with respect to the source extensions may exist, the semantics of a LAV system 
has to be given in terms of several database instances for the global schema, which have to be taken into 
account in processing a user query. We say that each such database satisfies the global schema with respect 
to the mapping.  The problem of query processing is to find efficient methods for answering queries posed to 
the global schema on the basis of the data stored at sources.  In LAV we can either use query rewriting 
approach, in which one tries to break the query into subqueries of the query in terms of the views and then 
evaluates the re-written query, or use query answering approach, in which one aims to directly answer the query 
based on the view extensions.   In GAV, existing systems deal with query processing by simply unfolding each 
global concept in the query with its definition in terms of the sources.  
 
In the LAV approach, query processing has been traditionally solved by means of query rewriting, where query 
processing is forced to be performed in two steps: in the first step the query is reformulated in terms of the 
views, and in the second the obtained query is evaluated on the view extensions, that is, a database instance 
for the source schema.  In query rewriting we want to reformulate the user query in terms of a fixed language 
referring to the alphabet used for specifying the source schema; the problem is that, since such language is 
fixed, and often coincides with the language used for the user query, there may be no rewriting that is equivalent 
to the original query. To face this problem, works on the LAV approach have concentrated on computing the 
maximally contained rewriting, that is the “best” possible rewriting, in the sense that it contains all other 
rewritings for the given query. 
 
4. CONCLUSION & RECOMMENDATION 
 
Data integration model for academic information management system with the mind of resolving inconsistent 
data with respect to specifying integrity constraints on the relational global schema of Local-As-View (LAV) data 
integration system was the focus of this paper. due to the fact that the data sources are subject to changes from 
one semester or session to another.  We have also used relational database sources. Other data models can 
be considered in future researches. The capabilities and functionality of this system is not restricted only to 
tertiary institutions, it is robust and can actually be used in any organization with heterogeneous data sources.  
As long as the data sources, global schema and mappings are created/available with little or no modifications 
to the model. 
 
It is recommended that this model be adopted by any tertiary institution in developing countries for prompt 
responses to request by the school’s management and other units as the need arises.  They may only have to 
reconfigure it to meet their particular needs.  In this paper  we adopted/presented LAV query re-writing approach 
to obtain consistent query answers.  It is recommended that other semantic mappings be explored along-side 
with database repair approach for obtaining consistent query answers.  Also the security of data at sources will 
be strictly enforced in the developed system by giving passwords to frequent users and encryption  of the 
system. 
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