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Introduction:

Overlooking the current Information Technology in this real world, database management system (DBMS) becomes more and more popular which being used from small shops to large corporations. The major purpose of adopting database system technology is to store data in and retrieve out from data storage in a fast, secured, and efficient way through internal or external network. Recently, Most of relational database management systems provide adequate scalability, flexibility, and capability to manage large and complex data with meaningful relationships, functional and complicated schemas, and well structured methods to manage business confidential information. However, several crucial issues were appearing and taking out huge among of efforts from enterprises while using DBMSs as described in the following cases. In [1] Wijegunartne, Fernandez and Vltoudis pointed out explicitly that “…organizations merge or takeover since the existing systems have been designed for different corporate needs, the resulting enterprise will have to face information inconsistency, heterogeneity and incompatible overlap”. And the other issue, as discussed in [2] by Haas and Lin, is that “…a large modern enterprise, it is also inevitable that …use different database systems to store and search their critical data. Competition, evolving technology, mergers, acquisitions, geographic distribution, and … decentralization of growth…” What will be the best solutions if uncounted any of these problems? The following discussion might provide you some ideas with database systems architectures/designs for making selection, and also the best middleware for existing heterogeneous DBMSs in terms of managing data integration, database application access, and more.
This paper will use two major methodologies/approaches in database system, federated and distributed, to compare based on their architectures/designs, transparency, integration, autonomy, and more why federated approach is the best solution for addressed issues, and also benefit for large enterprises. 
Distributed database system:

The terminology, Distributed Database, as defined in [3] by M. Özsu and P. Valduriez, is “a collection of multiple, logically interrelated database distributed over a computer network”. Therefore, its databases are logically interrelated and physically split out in different locations/PC, but connected through network. In the term of distributed DBMS, M. Özsu and P. Valduriez also defined “as the software system that permits the management of the DDBS and makes the distribution transparent to the users”. According to the basic concept and design of distributed DBMS technology, the next step is to look deeply about its architecture which described on how to persuade this technology. 

Centralized and distributed databases conversion:
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	Fig. 1 - Central Database on a Network [3]
	
	Fig. 2 - DDBS Environment [3]


As summarized from [3], in Fig.1 three databases were locating in Site2 which connected to the Communication Network. It structured to allow different authorized Sites to access the databases located in Site2. This type of network diagram considers as central database. All sites connected with the network called Node [3]. To make central database system more “local autonomy, improved performance, improved reliability/availability, economics, expandability, and shareability” [3], this database can convert to distributed database as seem in Fig. 2. The entire database can distribute into several related databases located in different Sites (1, 2, 3, 4, and 5). Each site (node) connected with network, and it contains its own data records which interrelated with others. Therefore, individual can autonomy to provide efficient access control. Because database is in one location, for instance, all database applications in Site 4 will perform much quickly than any in Site 3 without going through the network. Other advanced of implementing distributed DBMS instead of central database are because of is more reliable, economical, expandable, and shareable. After understand about how distributed DBMS works, we are going to take the other perspective, distributed DBMS design. 

Distributed DBMS design: 
In order to improve the performance of distributed database, the correct and proper procedures for distribution design are very important. Information, brought from [4] by F. A. Baião, M. Mattoso and G. Zaverucha, defined “Distribution design involves making decisions on the fragmentation and placement of data across the sites of a computer network”. It described the distribution design basically focuses on two major phases: fragmentation and allocation [2, 4, 5].
Fragmentation: To cluster fragments the information accessed simultaneously by applications, there are three techniques – vertical fragmentation, horizontal fragmentation, and mixed fragmentation [4]. 

Horizontal fragmentation was defined as class instances are distributed across fragments, and also a horizontal fragment of a class contains a subset of the whole class extension [4].  Based on the relationship between entities, Horizontal fragmentation usually subdivides in primary and derived fragmentation [4], which are owner entities and member entities. Primary fragmentation has three strategies such as Round-Robin, Hash-partition, and Rang-partition [3, 4, 5] in Fig.1, 2, 3 to relate with entities. As described in Fig.3 Round-robin and Fig.4 Hash-partition, both can execute the query parallel for multiple fragments. Also in Fig. 5 Rang – partition control accesses, as only GPA >=30 to access fragment1, 20<=GPA<30 to access fragment2, and GPA < 20 to fragment3. However, derived fragmentation in Fig. 6 contains Department and student class instances, which reference to its owner class.
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	Fig.3 - Round-robin [5]
	Fig. 4 - Hash-partition [5]
	Fig. 5 - Range partition [5]
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	Fig. 6 - Derived fragmentation [5]
	Fig. 7 – Vertical fragmentation [5]
	Fig. 8 – Mixed fragmentation [5]


Vertical fragmentation is to distribute attributes and methods across fragments, as fragment 1(name, GPA) and fragment 2(address, bDate, picture) from student class in Fig. 7. It reduces irrelevant data accessed by applications [4]. Mixed fragmentation basically is the combination of horizontal and vertical fragment in Fig. 8. 
Allocation: as defined by M. Özsu and P. Valduriez in [3] is to distribute all resources/fragments across the nodes/sites of a computer network. Therefore, all databases need to be related in order to be queried by one or more sites. The allocation will increase local performance as well as the cost. 
Federated database system:
L.M. Haas, E.T. Lin and M.A. Roth in [6] summarized federated database system not only its advanced architecture/design of federated database system, but also explained in detail of each components inside corresponding with functionality. As defined in their paper about the meaning of federated DBMS, all data sources are federated and linked together from heterogeneous DBMSs, different locations, relevant/irrelevant and structure/non-structure data, into a unified system by DBMS. Based on the description and researching of this type of federated DBMS, there are several major characteristics, said as in [2,6] “transparency, heterogeneity, a high degree of function, extensibility, openness, autonomy, and optimized performance”. Therefore, from developer’s perspective, all various DBMSs can be treated as one single DBMS; accessing to multiple sources can use one single query for joining and restricting, aggregating, and analyzing. In addition, federated DBMS has capability to handle EXCEL and XML files [6]. In the discussion of federated database system, the next step will be the design/architecture of federating databases in DB2 as an example.
DB2 architecture for database federation:

In Fig. 9 is a DB2 database federation, which allows users accessing using CLI, ODBC, JDBC, etc, to compile query, a run-time interpreter, data manager for controlling local store, User-defined function (UDF), and wrapper for external data. In the major process of federating data will be focusing on from “simplicity of a scalar user-defined function (UDF) to the flexibility of the DB2 and wrappers architecture” [6]. 
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	Fig. 9 – DB2 architecture of database federation [6]


UDF (Scalar and Table UDFs): as defined as “take input parameters and return either a scalar result or a table of data” in [6]. Therefore, there are two major UDFs – Scalar UDF and Table UDF. Scalar UDF takes SQL statement as input and returns a scalar result. In Example. 1 from [6], Scalar UDF uses db2mq.mqsend() function to take  Select statement and move database table to MQSeries. And db2mq.mqreceive() function will receive message from MQSeries and put data in database. Therefore, a simple programming model is required and shortens the path length between the calling application, data, and function. Table UDF is the other method which produces table as output from any referenced SQL statements. As cited in Example. 2 from [6], addressbook() function can queries from external data, and output as a table with rows and columns. External data not only includes from database, but also from files in local disk by giving proper directory or path. For example, instead of addressbook(), dir(‘\laura\papers’, ‘.pdf’)) can also work correctly. 
	Select db2mq.mqsend(a.headline)

From Articles a

Where a.article_timestamp >= CURRENT TIMESTAMP
	Select a.first, a.last, a.phone, a.email

From TABLE(addressbook()) AS a, Company_Profiles c

Where c.industry = ‘FINANCIAL’ AND c.revenue > 50,000,000 AND c.name = a.company_name

	Example. 1 - Scalar UDF [6]
	Example. 2 - Table UDF [6]


Wrapper: said as “powerful and flexible infrastructure for federation” in [6] because it integrates both scalar UDF function and Table UDF data. The wrapper provides a function for client applications to manage external sources as its own DB2 source. In Example. 3 is using Oracle database and Lotus Extended Search (LES). The Oracle wrapper maps Compounds and Experiments in an SQL query. The LES maps a list of articles to be search function. The DB2 can retrieve relevant articles and URLs which matches names and subject. The wrapper architecture enables several federated features as multiserver integration, multidata-set integration and multioperation integration, optimization, and transactional integration [6]. 
	Select c.name, a.URL

From Compounds c, Experiments e, Articles a

Where e.result < 1.1e-p and e.id = c.id and serach (a.subject, c.name) > 0

	Example. 3 – Wrapper [6]


Distributed and federated database system Comparison:

	Comparison
	Distributed DBMS
	Federated DBMS

	Transparency
	Very transparency because distributed database needs to be interrelated through communication network. Each site holds its own database. Therefore, users or applications need to know how to interact with database system.
	Not transparency because it masks from the user the differences, idiosyncrasies, and implementations of the underlying data sources [2]. Therefore, the users not need to aware of location, invocation, dialect, fragmentation, etc.

	Heterogeneity
	Very hard to handle for heterogeneity if multiple databases are not interrelated and different networks.
	Can handle different hardware, network protocols, software, query language, data models.

	Autonomy
	Local autonomy because each department have authority to manage their data.
	Not disturb local operation, moved or modified data, remain application/interface.

	Data integration
	Hard if not same network protocols, and multiple DBMS, and not interrelated. It also increases cost and traffic for query.
	Can be easy to integrate data from different protocols, DMBS, using wrapper.

	Database access
	Can be access using ODBC, JDBC, etc, as adapters. Each adapter may be different based on the database system: Oracle using Oracleadapter; SQL using SQLadapter, and Access using OLEadapter. Each programming language has its own embedded SQL.
	Using Xperanto as middleware layer to access any DBMSs with simple programming model. Application can push XML as standard SQL statement for various query execution.

	Other features
	Economic, Reflects organizational structure.
	A high degree of function, extensibility and openness of the federation, optimized performance.


Conclusion:
As discussed above, even through distributed database system is physically in different locations attached to a common CPU, and communicate through network, it is mainly under the control of a central DBMS. So all distributed database contains relationship. As researched, the disadvantages of distributed DBMS are complexity, economic, difficulty to maintain data integration, database access [3].  Complex means that it requires extra work to ensure transparent for distributed database system, maintain multiple database systems, and account for the disconnect nature of the database; economic is because it is distributed in different locations and infrastructure, therefore, it needs extra labor; difficulty to maintain data integration means that enforcing integrity over a network may require too much of the network's resources to be feasible; and also different databases accesses programming models and embedded SQL. However, federated database system provides transparency, autonomy, optimized performance, accessibility, and query standard through multiple DBMSs. Also it is an efficient way to integrate multiple DMBSs if enterprises merging or using different DBMSs, and provide data sharing and processing efficiently throughout the enterprises. 
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