Lecture One – File System & Database System

As a computer professional, one sure thing you are going to do: 

To transform data into information, or to derive information from other information.  Then how should these data be stored?

File:


- Data: 

“raw facts”, little meaning and un-organised.


- Field: 

data grouped together to have some specific meaning.


- Record: 
logically connected set of fields.


- File: 

a collection of related records.

An example of a Staff File used in a COBOL program.

Name
Post
Salary
Date of entry

John
EDP Manager
$25000.00
12/08/96

..
..
..
..

Structured defined in the COBOL program.
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Post
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Salary
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Problems:
1.
Supposed there are about 50 programs using this Staff file, what would be the  consequences if I



a)
Increase the length of the field of Name from 30 to 40?



b)
Add a field ‘HKID’ before the filed Name?



c)
....

2.
Can this file be shared among users at the same time?

3.
Can I retrieve some records without writing programs ?

4.
Can I enforce the salary to be greater than 0, even someone tries to write a program to violate that?

5.
Where can I find the file structure?

6.
.....
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Traditional File Access
For each file, there must be at least four management program modules:

Inserting records, deleting records, modifying records, listing records.  If there are 40 files in the system, a number of 40 x 4 = 160 program modules must be developed for such basic operations.

You should be able to image lots of other data/file management problems.

In order to eliminate the above problems and overheads, lots of efforts had been made to figure out mechanisms to manage the data.  One of the solutions is Database System concept.

Database system is a particular class of data processing system.  These are characterised by a piece of software called a Database Management System(DBMS), a variety of users, and a central shared pool of data (data base).
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Database System
Some other problems needed to be addressed:
Structure Dependence


when any change happens to the file structure, such as addition or deletion of a field, all related program must be modified to accommodate the change.  That is, access to a file is dependent on its structure.

Data Dependence

Just like the Structure Dependence, any change happens to data characteristics, such as changing a field from integer to decimal, requires changes in all related programs.

Data Duplication

In many cases, same pieces of data may be stored in many different locations/files, it will end up data duplication.  Such duplication will lead to a number of problems, and these problems are always difficult to detect and correct.  

Let’s see an example:

Student Admission Record
Student Name
Address
Phone No.
Course

John
1 st. H.K
2823456
77209-1

May
B Tai Wai
2552433
77304-1

Jack
22 On Sui Garden
2997343
77409-1



Student Society
Student Name
Address
Phone No.
Society
Post

May
B Tai Wai
2552433
Art
Member

May
B Tai Wai
2552433
Dancing
Chairman

Jack
22 On Sui Garden
2997343
Tennis
Trainer

James
34 Wong Yin St.
2888777
Baseball
Member

1.
Data Redundancy
The system contains duplicate fields in two or more files.  For example, the Student Name, Address, Phone No. exist in both Admission and Society file.  Such duplications cost extra data-entry time and storage space.  Even worse, it will lead to data inconsistency.

2.
Data Inconsistency & Anomalies
Suppose now Jack has changed his address and informed the Admission Office, but he forgot to make corresponding changes to the Society file.  Files now contain different data for the same student.


Anomalies exist when any change in any field value must be correctly made in many places to maintain data consistency.   Such as:


- Data entry errors due to entry of invalid data


- Data entry errors due to mistyping


- Forgetting to make changes





- Time gap between all changes made

Features of a Database Management System(DBMS).

1.
Support data independence 


In a word, changing of the data characteristics will not lead to the modifications of programs.





<changing environment>


Physical data independence


Programs remain intact even physical storage changes.  
<storage media>


Logical data independence


Programs remain intact even the logical organisation of data changes.  















<file/record type>

2.
Handle Complex Data Storage Structure


DBMS should be able to create complex data structures required for data storage, thus relieving us of the difficult task of defining and programming the physical data characteristics. 





<Index, Linkage>

3.
Integrity Preservation

One of the main functions of a DBMS is to maintain the integrity of a data base, i.e. to preserve the consistency and correctness of the data.  Programs may produce errors in updating data, system software or hardware may fail sometimes, conflicting requirements may occur in concurrent transactions.

4.
Provide Logical Data View


Transform, automatically, the entered data to conform to the data structures format, that is, we can view the data in the logical format rather than the physical format. 


<999 vs. Hex., 02/01/97 vs. 02 January 1997>

5.
Access flexibility


Complex queries may be formulated with minimal effort.

Student
Subjects
Marks

John
TC001
67

John
TC023
77

John
TC089
60

John
TC233
40

Jamie
TC001
56

Jamie
TC023
54

Jamie
TC089
65

Jamie
TC233
50

Mary
...
...

...
..
..



List each student and his/her subjects when the subject mark is higher than the average marks of this student.


Can you write just one program statement to achieve the above requirement?.

6.
Security Preservation


Enforces security and privacy within the database.


<Security level can be applied to a DB -> a DB file -> a DB record -> a field>

7.
Allow Multiple-user Access

8.
Administration and Control


- Co-ordinating conflicts 







<field names, file names>

- Monitor performance 






<data retrieval time, updating time>

- Provide backup and data recovery procedures 

<automatic backup & recovery>

9.
Optimisation of performance and efficiency


Not all programmers are sophisticated programmers.  The DBMS should optimise the performance of each data access request. 

10.
Query Language


Providing a language for data access and also supporting other 3GL, such as COBOL, C and the like.

Major components involved in a Database System



Data

Data are the raw ‘materials’ which can be processed into useful information.


- Single-user/multi-user



- Shared/integrated

Hardware
All physical devices that used to support the running of the database system.

Example: Peripherals, such as input device and output device and storage devices.

Software

The main pieces of software used in a Database system:

1.
The Database Management System(DBMS), such as Oracle or 


DB2.


Two kinds of tools must be included for each DBMS:


Data Definition Language (DDL)


DDL is used to support the definition or declaration of data objects.

Data Manipulation Language (DML)
DML is used to support data manipulation or processing of such objects.

2.
DBMS-related development tools, such as report builder, data dictionary tools, query screen, etc.

3.
Other third-party programming language, such as COBOL, C, etc.

Database Administrator(DBA)
The person who :

· has the central responsibility for the data, 

· understands the data, the needs of the enterprise with respect to the data

· should work at a senior management level.  

DBA’s job is to :

1. Decide what data should be stored in the database.

2. Establish policies for house-keeping the data being stored .

3. Decide the procedures and practices to process the data .

4. Define security issues and the like.  




Note:
DBA is usually a manager or a high-ranked staff.

Application programmer
They are responsible for writing application programs that use the database, such as VB, COBOL, C.  

Generally speaking, these programs operate on the data in all the usual way: 

· Retrieving existing data. 

· Performing logical and mathematical calculations.

· Changing existing data. 

· Adding new information.

· Deleting no-longer-need data.

End users
End users, such as management staff or accountants, interact with the system from an on-line terminal.  They probably will use the programs developed by the application programmer to access the data or they may use the high-level end-user DML, such as SQL(Structure Query Language) to manipulate data.

Summary of Lesson

In this lesson, we have:

· Introduced the objectives and requirement for the Module DCO2530.

· Introduced the organisational context of database system.

· Explored the concepts and components of database system.

· Differentiated database systems from traditional file systems.

You should now be able to:

1.
Inadequacies of traditional file system.

2.
Some data processing problems: Data inconsistency and anomalies.

3.
Describe the problems caused by redundant duplication of data.

4.
Features of a database system.

5.
Describe the main components of a database environment

6.
Distinguish and illustrate the difference between a logical and physical definition of data

Data Files


	- Customer File


	- Inventory File


	-...





 Programs





Meta Data





Staff Info





Customer  Info.





Inventory


....











 Programs











 DBMS





Interactive


commands





Data Base





Features of a DBMS Continues





Features of a DBMS Continues





Avg. = 61





Avg. = 55








Users





Database Administrator





DBMS





Hardware





Application Programmers





Data





Major Component of a DB System Continues





Major Component of a DB System Continues





Major Component of a DB System Continues
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