Lecture Two - Database and Data Models
What is Database Design?

Database Design is to design the structures of data objects and the relationships among these data objects within a database.









Why Database Design is important?

The kinds of data structures created within the database and the complex relationships built among the data objects play a very significant role in determining how effective the Database System turn out to be.   In other words:





Poor database design
 ( 
poor efficiencies and lots of problems(data









 
retrieval, updating ..etc.)




Good database design
 ( 
higher efficiencies and further expansion 










possibilities.










Easier application development.

Is Database Design a complicated and difficult task?
Let’s look at a common case
Try to design a file for a company.  The requirement is to record the information below:

Each staff member’s name, his/her department, his/her qualifications, his/her skills, his/her post, what projects, if any, does he/she lead, and who are his/her team members.

One would probably design a file like this:

S.I.D
Name
Dept.
Loc.
Quali.
Skills
Post
Supervise
Member

0401
John
EDP
1/F
Accounting
Accounting
S.A.
Project A
Mary

0401
John
EDP
1/F
Computing
UNIX
S.A
Project A
Mary

0401
John
EDP
1/F
Computing
C Programming
S.A
Project A
Mary

0401
John
EDP
1/F
Computing
Window NT
S.A
Project A
Mary

0401
John
EDP
1/F
MBA
Management
S.A.
Project A
Peter

0301
Mary
IS
6/F
Computing
C Programming
Pgr.



0301
Mary
IS
6/F
Computing
DB Programming
Pgr.



0302
John
EDP
1/F
Computing
UNIX
S.A.
Project B
Danny


.....
....

...
...
...
...
...

What are the hidden problems with the above file design?

1.
Does data duplication exist?

2.
If John changes department from EDP to IS, how many records must be changed?

3.
If Peter is withdrawn from the Project A, record no. 5 will be deleted.  Will the fact that John has the qualification of MBA and Management skill be lost?

4.
Will the program logic for the below request be very complicated:


Find the information about Mary:


- all her skills, 


- what projects does she get involved, 


- who are her team members for all projects she is involved.


5.
.....


6.
.....


7.
.....


..........


....................................


From the above example, we now know that database/file design is by no means an easy task, and there are a number of  problems associated with bad database/file design. Therefore, we must find a way to secure our database/file design, one powerful and effective tools is to use MODEL.

Model

Models are simplified abstractions of real-world events or conditions.


Such abstractions will enable us to explore the characteristics of entities(data objects) and the relationships that may be created between such entities.


Models can be used to simplified the database design, also good models yield good database designs that yield good applications.


Database model can be subdivided into two categories for examination:

Conceptual models: 



Conceptual model is to focus on the logical nature of the data representation, it is therefore concerned with what is represented in the database rather how it is represented.  Entity Relationship model (E-R) is one of the modeling method. (Note: Details of E-R will be discussed in later.)


Implementation models



Implementation model is to focus on the how the data are represented in the database or how the data structures are implemented to represent what is modeled. 


Implementation models include :




- the Hierarchical database model 




- the Network database model  




- the Relational database model.


Now, Let’s now take a look at a Conceptual Model: the Entity Relationship(E-R).


Conceptual models use three types of relationships to describe associations among data objects.  They are:

1.
One-to-many relationship(1:M).








Meaning:
A staff member can supervise more than one projects, whereas each 





project can be supervised by only one staff member.


For example:  John can supervise Project A and Project B, but for Project A, there 





 will be no other supervisor other than John.

2.
Many-to-many relationship(M:N).








Meaning:
A staff member can have more than one skills.  Each skill can be 





possessed by more than one staff member.


For example:  John has the skills of UNIX, C Programming, Management and DB 





 Programming.   However, for the skill of C Programming, it is also 





 possessed by Mary.

3.
One-to-One relationship(1:1).








Meaning:
A staff member can have only one S.I.D.  Each S.I.D can be 





possessed by only one staff member.


For example:  John has S.I.D of 0401.  Mary has the S.I.D of 0301.





 0401 and 0301 can by only possessed by John and Mary respectively.


After having some ideas about Entity-Relation,  let’s now take a brief study of three implementation models.

The Hierarchical Database Model
Basic Structure

The structure is represented by an upside-down tree.  User perceives the hierarchical database as a hierarchy of segments/node.  Each segment is equivalent to a record type in the file system.


Each hierarchical tree has a Root segment(the top level segment).  This Root segment is perceived as the parent of the segment directly beneath it.  As long as a segment has some other segments directly beneath it at a lower level, this segment can be regarded as Parent where all segments beneath it are called children.  

Some rules to be remember:


1.
Therefore, a segment can be a parent and a child segment at the same time.

2.
Each parent can have many children.

3.
Each child can has only one parent.










Note:
The segment of Locations and Staff is child of Dept., Staff is parent of Quali and Skills.

Q:
What ER can be used in the above tree?

Advantages of Hierarchical DB model:
1. As all data are stored in a common database, it implies data sharing and security can be enforced.

2. This model can be mapped to a number of real-world problems directly, thus making the DB design easier.  For example, a staff may have many skills and supervise several projects.














<O>

3. A certain degree of data independence(mainly physical data independence) can be maintained.

4. Child segment is automatically referenced to its parent segment by relation-link, therefore promoting a condition known as database integrity.




<O>

5. When a large portion of data are in 1:M relationship, certain types of applications using data in such relationship tends to acquire good performance.



<O>

6. Many banks have adopted the hierarchical database model as one of their existing DB model.

Disadvantages of Hierarchical DB model:

1. Any changes in the database structure, such as relocation of segments, still require changes in all related application programs.








<O>

2. Many common many-to-many(M:N) relationships are difficult to implement in a hierarchical model.













<O>

3. Difficult to solve the problem of ‘single child with multiple parents’.  Example:




4. No ad hoc query capabilities, such as interactive query facilities, thus making it inflexible to end users.












<O>

5. Extensive programming activities required.  Navigation inside a tree is complicated.

6. Limited portability.  Due to no precise standard concepts set on the implementation of the hierarchical DB, it is difficult to migrate one hierarchical DB system to another.

The Network Database Model

Actually, the hierarchical DB model is a subset of the network model.  Therefore, the network model may resemble the hierarchical DB model in many cases. 


However, network model can handle more complex data relationship: A network model’s record can have more than one parent.

Basic Structure 


A relationship in network model is called a set.  Each set is composed of at lease two record types: owner and member.
Owner is parent node, member is child node.  Fig. 2.4 gives a logical view of the network model structure.








Note: 

Owner type
: Dept., Project and Staff

Member
type
: Locations, Staff, Quali and Skills.

Advantages of Network DB model:

1. Network model, as hierarchical model is a subset of it, inherits the advantages of the hierarchical model.

2. Many-to-many(M:N) relationships are easier to implement than in the hierarchical mode.
















<O>

3.  Data access type and flexibility is superior to that found in the hierarchical model and in the file system.














<O>

4. Enforces database integrity since the user must first define the owner record and then the member record.

5. Achieves sufficient data independence to at least partially isolate the programs from complex physical-storage details.

Disadvantages of Network DB model:

1. User must be very familiar with the database structure to take advantage of the system’s efficiency, i.e. network model are difficult to design and use properly.

2. Yields a very complex structure from the application programmer’s point of view.

3. No structural Independence, i.e., if changes are made to the DB structure, all subschema definitions must be revalidated before any programs can access the DB.

4. Navigational data-access environment - in which data are accessed one record at a time.

5. Not designed to yield a user-friendly environment.

6. Many front-end tool has been created in order to make the network model system easier to use, but these front ends are based on the relational database model.

The Relational Database Model

Despite that there are advantages and strengths in using the network and hierarchical  model, however, due to the structural complexity, few designers, developers and users managed to take advantage of its efficiency.


The relational model, first developed by E.F. Codd(of IBM) in 1970, represents a major breakthrough for both users and designers.

.Basic Structure 


The relational model is perceived by users as a collection of tables in which data are stored.  Each of the table is a matrix consisting of a series of row/column intersection.  






Table




















Table looks very much like the traditional file type which contains fields and records, but there is one crucial difference between a table and a file: Table is complete data and structural independent, and file is not.

Advantages of Relational Model:

1. Relational model can achieve structural independence not found in the hierarchical and network models.

2. Provide data independence, including physical and logical.

3. Far less programming is necessary because it has a very powerful query language called Structured Query Language(SQL).

4. As physical storage, access paths and data structures are hidden to designers, it is simpler and easier to design the database.

Disadvantages of Relational Model:

1. The trade-off of hiding most of the system’s complexity is the substantial hardware and operating system overhead.  Consequently, the relational database system tends to be slower than the other database systems.

2. Due a lot of jobs are done by the DB system itself, it will be difficult to predict the system performance at design time.  It depends a great deal of the performance tuning from time to time.

Comparison of data independence among different models:


Data 

Independence
Structural Independence

File System
No
No

Hierarchical Database
Yes
No

Network Database
Yes
No

Relational Database
Yes
Yes
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Fig.2.1 


Example of data objects and object relationships.
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Fig.2.2  Example of traditional file design.
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Fig.2.3  2-D Logical view of a Hierarchical Structure.
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Fig.2.4 2-D Logical view of a Network Structure.
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What is Database Design and why it is important.





But DB Design is difficult, so me must use tools.





Data model includes:


- Conceptual model


- Implementation model





To simplifying the design process, data model can be used.





Conceptual model:


- E-R 


	- 1:M


	- M:N


	- 1:1





Implementation model:


- Hierarchical 


- Network


- Relational
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