As part of their skills development candidates should have sufficient experience of using a database to understand how a database management system controls access to the data via user views.

	
	Database Concepts
	

	
	Three level architecture of a DBMS.
External or user schema.
Conceptual or logical schema.
Internal or storage schema.
Program / data independence.
	Describe the structure of a Database Management System (DBMS).

Distinguish between the use of a database and the use of a Database Management System (DBMS).
Consider how a DBMS improves security and eliminates unproductive maintenance.


Database 
A database is an integrated collection of non-redundant data stored in

 system 
different types of records connected by links, and in a way that makes the records accessible from XE "Database system"  more than one application.

Databases were invented in order to overcome some unwelcome problems associated with traditional file-based computer systems. Typically, these file-based systems replaced manual office systems that stored data on paper in filing cabinets. The storing, retrieving and processing activities carried out on data were coded in a set of application programs that mirrored the original manual activities. Each application program was responsible for defining and managing its own data. In each file, the data was stored in records all with the same structure.

To produce a system that will satisfy an organisation’s information needs requires a different approach from that of file-based systems, where the work is driven by the application needs of individual departments. For the database approach to succeed, the organisation must consider the data first and the application second.

The limitations of the file-based approach XE "limitations of the file-based approach"  can be attributed to two factors:

1) The definition of the data is embedded in the application program, rather than being stored separately and independently.

2) There is no control over the access and manipulation of data beyond that imposed by the application.

The database approach is radically different. The database is a single, large repository of data, which is defined once and used simultaneously, by many departments and users. Instead of disconnected files with redundant data, all data is integrated with a minimum amount of duplication. The database is no longer owned by one department but is now a shared corporate resource. 

· DBMS XE "DBMS" 
The control of access to and manipulation of data is removed from application programs and placed in a piece of software called the database management system or DBMS XE "DBMS" . This piece of software also allows a database to be defined, created and maintained. 

DBMS XE "DBMS" 

A software system that enables the definition, creation and maintenance of a database and which provides controlled access to this database. 

Figure 2.1 shows the DBMS XE "DBMS"  as the interface between users and their application programs and the data in the database. The application programs do not need to know how the data is actually stored or how it is extracted from the database, this task is performed by the DBMS which consults the stored definitions. In addition, the DBMS can enforce security by storing which users and their applications are allowed access to what data. 

· Three Level Architecture of a DBMS 


Figure 2.3 Three Level Architecture of a DBMS

The storage schema specifies how the data is actually stored. The logical schema specifies what data is stored in the database. The external schema specifies what views of this data are available to users.

· View Mechanism

The DBMS XE "DBMS"  provides a view mechanism XE "view mechanism"  that allows each user to have his or her own view of the database. The DDL XE "DDL"  is used to define a view that is a subset of the database. For example, a program to print a list of staff names, their qualifications and subjects that they teach would be granted a view of the database that included just these data items and excluded all others as shown in Figure 2.2.

Figure 2.2 Restricting an application’s view of the database

· Program-Data Independence XE "Program-Data Independence" 
In a DBMS the database holds not only the organisation’s operational data but, in addition, it holds a description of this data. The description of the data is known as the data dictionary or meta-data (‘data about data’). By separating the definition of the data from the application programs, programs which access data of data items a, b, and c do not need to know that the database also stores data for data items d, e and f. Indeed, if, at some later stage, it becomes necessary to create a new data item, g, in the database any existing programs which do not require access to this new item will continue to work with the database unaltered. This is known as program-data independence XE "program-data independence"  or data independence XE "data independence" 
Program-data
Program does not depend upon data being stored in any particular place or form. The description of the data is stored in

Independence

the database and programs merely reference the part of the description that is relevant them.

or Data Independence



Program-data independence XE "data independence"  means that application programs should be unaffected by:

(a) The addition of a new field of data;

(b) A change of storage medium, e.g. magnetic disk to optical disk;

(c) A change of file organisation;

(d) A change of format of a data item, e.g. unpacked to packed.

Summary of problems solved by the database and database management approach

· Problem: Unproductive maintenance







 In a file-based system, where every application shares same view of data, all applications have to be changed and re-compiled when data structure requirements of one is changed.

Solution: In a database management system program-data independence or data independence is enforced via a three level schema architecture consisting of storage, logical, and user schemas.  New data fields may be added/existing fields may be removed without affecting any existing applications that do not make use of the fields.

· Problem: Data inconsistency








Where each application has its own set of files (application-centred approach) this means several copies of data are kept and simultaneous alterations to the copies cannot take place.

Therefore, the copies can become inconsistent with one another.

Solution: In the database approach data is pooled therefore duplication is eliminated or controlled.








· Problem: Data redundancy


Where each application uses its own files several copies of the data exist that take up more storage space than is necessary.

Solution: In the database approach data is pooled therefore duplication eliminated or controlled
.

· Problem: Security problem


In a file-based approach applications have access to more fields of data than are essential. This is because the unit of storage is the file. This means it is difficult to control user access to the data.

Solution: In a database management system users access to data is controlled via the view mechanism which allows user views (local views / external views) of the data to be defined. In a database approach the unit of storage is the data item. Thus access can be restricted to a single item of data if necessary.

· Problem: Data not easily shareable

In a file-based system where each application has its own set of files data is not easily shareable between applications because 

(a) it is held in different files 

(b) it could be stored on different computer systems. 

Solution: In the database approach the data is made shareable because it is pooled in one place.

· Problem: Slow response to ad-hoc enquiries
In the application-centred approach each new enquiry requires a new file-based program to be written by an experienced programmer. This is a slow, time-consuming process. 

Solution: Database systems include support for query languages and a mechanism called Query-By-Example (QBE) which is a form-based method of interrogating a database. Since query languages and QBE are simple to learn it is a relatively quick exercise to query a database to obtain an answer to an ad-hoc enquiry.

· Problem: Limited number of ways that data can be selected and retrieved

In the file-based approach there are a limited number of ways that data can be organised. This in turn means a limited number of ways that data can be accessed and retrieved from a file.

Solution: The database approach allows data to be accessed and retrieved in many different ways. It is possible to have multiple indexes. Thus the benefits of, namely faster retrieval of data, can be applied to many different data items (fields) in the database. 

· Problem: Difficult to maintain or to respond to changing requirements and change of storage medium

In the file-based application-centred approach whole files need to be reconstructed and application programs altered. This can mean a lot of work much of it unnecessary.

Solution: In a database management system it is a relatively easy task to add new fields/tables/alter the storage medium because of level structuring. In this approach the unit is a data item. 

· Problem: Data integrity poorly controlled


In the application-centred or file-based approach it is the programmers’ responsibility to write program code to validate data entered into the system. This does not always get done.



Solution: Database management systems offer excellent validation support. The DBMS becomes responsible for controlling integrity. The DBMS uses its data dictionary to perform validation checks on data entered into database.

· Problem: Difficult to manage backing up/recovery
In the application-centred approach there is no centralised control. Files proliferate with each application nominally responsible for its own set of files.

Solution: In the database approach a database administrator is in charge of the data and this centralised control of data plus the support offered by database management systems make the management of backing up and data recovery a much easier task.

Question 2.1

Database management systems are aimed at solving a number of problems associated with traditional file-based systems. Describe three such problems and explain how they are solved by database management systems.

Question 2.2
What is meant by program-data independence in the context of a database management system?

Question 2.3
“An organisation’s data processing requirements can best be served by centralising control of all its data in a database management system.”

Describe briefly three different features of database management systems that justify this claim.

	
	Concurrent access to data
	Discuss how a DBMS overcomes problems that arise with multi-user access.


· Concurrency Control in a Multi-user Database XE "Concurrency Control in a Multi-user Database" 
 In a multi-user DBMS XE "DBMS"  the stored data items may be accessed concurrently by user programs. These programs are constantly retrieving information from and modifying the database. Transactions
 submitted by various users may execute concurrently and may access and update the same database items. If this concurrent execution is not controlled, it may lead to problems such as an inconsistent database XE "inconsistent database" . The following example illustrates this.

In an airline flight reservation database a record is stored for each airline flight. Each record stores the following information:

· flight number

· date of flight

· number of seats sold 

· the number of seats left  to sell

Suppose that a computer terminal located in a travel agent’s office in Birmingham attempts to book three seats at about the same time as a terminal located in a travel agent’s in Swindon attempts to book four seats on the same flight. They each request copies of the data for this flight from a DBMS XE "DBMS"  located in London. Figure 7.2 illustrates what could happen. The problem that ensues is known as the lost update problem XE "Lost update problem" .


To avoid the problem described in Figure 7.2 the DBMS XE "DBMS"  must control concurrent access to the database. One approach relies upon a locking mechanism XE "record locking mechanism" . The first user requesting access to a particular record is granted access. At the same time, the DBMS applies a lock to this record to prevent other users from gaining access to the record until the first user has finished with it. While this record is locked users are not prevented from accessing other records within the database so long as these are unlocked.

More sophisticated mechanisms are also used. These involve keeping track of the execution of a transaction. A transaction is a unit of work. Temporary changes are made first. The DBMS XE "DBMS"  then checks for concurrency violations such as the one described above. If none have occurred then the changes are applied permanently to the database. The changes are COMMITTED XE "COMMIT"  to the database. However, if the DBMS detects a concurrency violation then the transaction is aborted and no permanent change is made to the database. Any temporary change must be undone. This is called ROLLBACK XE "ROLLBACK" .

In many multi-access database systems, concurrency control uses two kinds of locks:

· Exclusive locks – used when updating a table row.

· Shared locks – used when reading a table row.

If transaction A holds an exclusive lock on a table row, then requests from other transactions for a lock on this table row will be denied. An exclusive lock is used when for a transaction that will update the table row.

If transaction A holds a shared lock on a table row then

· A request from some other transaction for an exclusive lock will be denied, i.e. an update transaction cannot be allowed on a table row that is currently being read by one or more other transactions.

· A request from some other transaction for a shared lock will be granted.

	
	ODBC (Open Database Connectivity)
	Explain the term and consider situations where it is used.


How can an application – e.g. an executing Delphi program – running on one machine access a database stored on a different machine – different both in terms of machine architecture and operating system? The answer is to provide a standard interface that the application sees whatever the database/machine that lies behind the interface. This standard interface is known as the ODBC interface.

The ODBC interface consists of four functional components:

· Data source: The data source may be one of many different entities.

It may be a relational DBMS residing on the same computer as the application. It may be such a database residing on a remote computer. It may be a file system. The data source will be assigned a name known as a DSN (Data Source Name).

· Driver: A data source could be a Microsoft ACCESS database or it could be an Interbase database on a remote machine. Therefore a way of translating standard ODBC function calls into the native language of each different data source is required. Translation is the task of the driver. In the case of Microsoft operating systems it will be a DLL (Dynamic Link Library). Each driver DLL accepts function calls through the standard ODBC interface and then translates each into code that is understandable to its corresponding data source. In the reverse direction, when the data source responds with a result set, the driver reformats the set into a standard ODBC result set. The driver is the key component that enables any ODBC-compatible application to manipulate the structure and contents of an ODBC-compliant data source.

· Driver manager: The driver manager loads appropriate drivers for the system’s data sources and directs function calls coming from the application to the appropriate data sources via their drivers.

· Application: The application is the part of the ODBC interface that is closest to the user. The application needs to be aware that it is communicating with the data source through ODBC.

ODBC drivers all present the same front-end to the application via the driver manager. It is only their back-end which is specifically designed for a particular data source. Change the data source and the application does not need to be altered if it uses an ODBC driver. Just substitute another ODBC driver appropriate for the new data source.

In a client/server system, the user interface is part of an application that communicates with the data source on the server via ODBC-compatible SQL statements.
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Birmingham office sells 3 seats





Swindon office sells 5 seats
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Birmingham office writes their copy of record back to London just before Swindon office writes their copy





Swindon office writes their copy of record back to London
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Birmingham office’s change is lost. The database is now inconsistent. The actual number of seats sold is 128 but the database indicates 125. This is incorrect!





Figure 7.2 Lost update problem








� A database transaction is a group of operations possibly across several tables. Each operation must succeed before the entire database transaction is considered successful. If an operation fails, a database transaction allows the program to back out from all previous operations and leave the database in its original state. Transaction processing is used when database integrity is critical.





