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Database Development Cycle


Database Development Cycle

Database Development life cycle activities:

Database development life cycle can be divided into following activities:

1. Database planning

2. System definition

3. Requirement collection analysis (Functional analysis)

4. Database design

5. DBMS selection

6. Application design

7. Prototyping 

8. Implementation

9. Data conversion and loading

10. Testing

11. Operational Maintenance

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

These are not fixed phases, because of the distinction of the expected database, and the personal character of the Database developer these phases can be different. But of course some phases as DBMS selection and Prototyping are optional phases in Database development life cycle.

After you have planned and defined the system, you shift to the requirement collection phase, after all the requirements were defined, you should better to begin Database design phase in association with DBMS selection and Application design phase. Because these are very tightly related activities, example: DBMS selection should be made upon the structure of Database design..

After Database is designed and application is setup, there most boring () part of the Database development life cycle prototyping is coming.  During this task some errors and missed - requirements should be corrected on as is base. After being corrected and prototyped implementation phase begins and there you load all the data and test with users. These test results and user opinions will bring you to the evolution and maintenance phase. This phase could delay as long as you correct all the mistakes and develop all the requirements of the Database system needed at your organization.

Database planning

In the information age, data are the lifeblood of every organization and need to be managed properly to retain their value to the organization. This fact stresses the importance of planning and regular management, as well as, maintenance of the organizational database. (Source: WENT 2000 Training kit) In database planning phase general consideration is paid for the management activities that allow the stages of the database development to be realized as efficiently and effectively, as possible. Identify work to be done, the resources (technical and operational) with which to do it and the money to pay for it all, integrate the database with the overall Information Architecture of the organization. Let’s discuss in more detail of Database Planning phase:

Current System Evaluation

Current system evaluation based on information obtained from identifying application programs and associated files that currently exist or are being planned are optional. The output of this activity is:

1. Identify strengths and weaknesses

2. How data will be collected

3. How the format should be specified

4. How data items will be named

5. Identify confidential data

Development of standards

During this process information is collected and we should be able to to answer following questions:

1. How many application programs are in use and what functions do they perform?

2. What files are associated with each of these applications?

3. What new applications and files are under development?

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

These information can be used to establish relationships between current applications and to identify uses of application information. It also helps to identify future system requirements and to assess the economic benefits of a database system and also user approaches.

Technological feasibility 

Other thing we should consider on is technological feasibility.  Is suitable technology available to support database development? 

Operational feasibility

Does the company have personnel, budget and internal expertise to make database system successful?

Economic feasibility

Can benefits be identified? Will the desired system be cost-beneficial? Can costs and benefits be measured?

Systems definition
In phase of systems definition users and developers of the database should establish what the users needs are and develop a mutual understanding of what the database application will deliver. Data are defined and the resulting definitions stored in the data dictionary. 

1. Data dictionary is a reference repository containing data about data (Metadata) stored in the database.  It contains the database, tables, fields with information about its size, data types and data validation for data entry purposes, authorized users and their access privileges, and database ownership details.

(“Data Structure" Course, Mongolian Technical University, 1997)

The scope and boundaries of the database application including its major application areas and user groups taking into account the future. How does it interface with other information systems of the same organization?

These information could be collected from following sources:

Documents

These could be reports, application forms, input documents, notes, tickets- in fact anywhere data is physically recorded is a potential source of data

Computer media

Data could be held on media used by a computer system, i.e: disc files, tape files etc. The associated record layouts would be the main source of data. If a data dictionary has been maintained, either manually or automatically, this also presents excellent description of the data itself.

People

The participants in the system may even keep data ‘in their heads’. If it is identified, this  data needs to be extracted by interview and recorded. Care must be taken here, as the data may be of a very informal nature. The decision needs to be made whether the data is to be eventually held in the database, or whether it is simply procedure, in which case it would eventually be a part of an application.

Requirements Collection and Analysis (Functional analysis)

The process of collecting and analyzing information about the part of the organization that is to be supported by the database application and using this information to identify the user’s requirements of the new system

1. Identifying management information requirements

2. Determining information requirements by functional area

There are two main factors for the requirement: Information requirement and technical requirement. The requirement definition is very important task for Database Analysis, because it could affect in the result of final Database system quality.

Information Requirements are determined from:

questionnaire responses

interviews with managers and clerical users

reports and forms currently being used

observation

past-experience from the design of similar system.

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

Hardware and Software requirement include:

· number of users accessing the system 

· amount of printing

· number of transactions..

· determine the size and type of computer and DBMS needed as well as the amount of disk space and printing support

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

Database Design

Under database design process we could define followings: 

1. The process of creating a design for database that will support the organization’s  operations and objectives

2. Specifications are developed to the point where implementation can begin.

3. Conceptual design

4. Logical design

5. Physical design

DBMS Selection

The selection of an appropriate DBMS is supports the database application. The selection making process can take place: 

If no DBMS exists selection is usually performed during database design, between the conceptual and logical design phases in particular

Selection though can be performed at any time prior to the logical design phase as long as sufficient information is available.

The key factors that could affect in DBMS selection are:

1. Costs

The calculation of cost should include purchase, maintenance, operational, license, installation, training expenditures. 

2. Features and Tools

You should count the: DBA facilities, query facilities, performance, &Screen painters, QBE, report generators and other technical factors that could affect in your database environment.

3. Underlying model (hierarchical, network, relational)

The model, which you are going to implement is should be supported by proposed DBMS.

4. Portability (across platforms, systems and languages)

The client platforms and development languages are important to be pre-defined, other way it would be west of time and money.

5. .DBMS hardware requirements

If DBMS has higher hardware requirements than your existing HARDWARE system, you will be need to upgrade you HARDWARE, to avoid 

Application Design

The design of the user interface and the application programs that use and process the database; in most cases it takes place after the design of the database has been finalized. The sub-phases are:

1. Transaction sub-phase

2. User Interface sub-phase

3. User Interface Design Guidelines

3.1 meaningful title: The titles and window tips should be user-friendly.

3.2 comprehensible instructions: The associated help file and context sensitive helps could be useful.

3.3 logical grouping and sequencing of fields: The field and records better to be sorted for user-friendly review.

3.4 visually appealing layout of the form/report: 

· familiar field labels

· consistent terminology and abbreviations

· consistent use of color

· visible space and boundaries for data-entry fields

· convenient cursor movement

· error correction for individual characters and data entire fields

· error messages for unacceptable values

· optional fields marked clearly

· explanatory messages for fields

· completion signal

All the characteristics listed above are mainly about the User - Friendly Interface component of the Database environment. 

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

Prototyping

The prototyping is the pre-implementation phase where you build working model of the database system, and pre-test the options. 

Building a working model of a database application: working mode means that does not have all features of function required In this phase the data model should be finalized. 

The benefit from this phase is: 

· to allow users to identify very quickly and cheaply what is and is not working appropriate (time saving and cost reducing)

· to clarify requirements (quality improvement)

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

Implementation

The physical realization of database and application design

The detailed model is converted to the appropriate implementation model, the data dictionary built, the database is populated, application programs are developed and users are trained

Data conversion and loading testing

Transferring any existing data into the new database and converting any existing applications to run on the new database.

The process of executing the application programs with the intent of finding errors.

Database evaluation and maintenance

Evaluation involves interviewing and polling users to determine whether any data needs are unmet. Changes are made to the database as needed. Over time the database system is maintained via the introduction of enhancements and the addition of new programs and data elements, as business needs change and expand.

Maintenance

1. Preventive maintenance (backup)

2. Corrective maintenance (recovery)

3. Periodical (daily, weekly, monthly) bask up making and being ready for recovery is one of the characteristics of the good DBA.

4. Adaptive maintenance (performance enhancement, the addition of entities and attributes)

5. Assignment and maintenance of access permissions to new and old users

( Source: “Data Structure” Course, Mongolian technical University)
Generation of database access statistics to improve the efficiency and usefulness of system audits and to monitor system performance

Monitoring of daily hits, and usage of the system, creation and evaluation of the log files are useful for system sustainability.

Performance of periodic security audits based on the system-generated statistics

Periodical (daily, weekly, monthly) check up of system security is one of the most important activities of DBA.

Creation of periodic system-usage summaries for billing or budgeting purposes

That was the database development life cycle overview. No, let’s look DA and DBA differences and the role of the DBA in Database development life cycle.

Data and Database administration

Data administration is the management of the data resource which includes database planning, development and maintenance of standards, policies and procedures and conceptual and logical database designation.

Database administration is the management of the physical realization of database application, which includes physical database design and implementation, setting security and integrity controls, monitoring system performance and re-organizing the database as necessary

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)

Database Design Overview

Design methodology

A structured approach that uses procedures, techniques, tools, and documentation aids to support and facilitate the process of design 

Conceptual Database design

In order to commence the conceptual design phase, we must first identify the data which is to be modeled. There are several variations to the Entity, Attribute Releationship modeling approach (henceforth, EAR). One feature, however, is common – all data may be represented using the following components:

1. Entity

This is any abstract or concrete object which is of interest to the organization – e.g.CLIENT

2. Attribute

A descriptive property associated with an entity – e.g. the NAME of the participant. An attribute also has a Value. E.g: The name of the participant is: XXXXXXXXX

3. Relationship

An association between two entities – e.g; the participant belongs to Track.

This data may be extracted form several resources, the location of these sources will have become apparent during previous phases (Requirements Collection and analysis). It is better to be determined the approach to be user for EAR modeling. There are two common approaches of EAR modeling.

 Bottom-up approach

Identify attributes 

Group into entities

Identify associations between entities

Appropriate for the design of simple databases with relatively small number of attributes

Normalization process is an example of this approach

Top-down approach

identify few high level entities and relationships

refine to identify lower level entities and relationships

Appropriate for the design of complex databases

Entity-Relationship model is an example of this approach

( Source: “Data Structure” Course, Mongolian technical University)
Basic relationships

The basic relationships between entities are represented as shown in the diagram. The three basic relationships are as follows:

One-to-one

One-to-many

Many-to-many

Relationships are determined by the business rules identified in the functional analysis task. As discussed before, the process is iterative, i.e,: having identified the entities we may need to go back and review the business rules. (requirement collection and analysis phase).
Logical Database design

The main purpose of the logical design phase is to create a model of the data which can subsequently be implemented as a database.  So the conceptual EAR model (Entity Attribute Relationship) model has to be converted to logical model. 

The process of constructing a model of the information used in an enterprise, independent of all physical considerations

The process of constructing a model of the information used in an enterprise based on a specific data model (e.g relational), but independent of a particular DBMS and other physical considerations.

The logical design phase consists of two parts:

1. Refining the conceptual EAR model 

2. Applying the rules of normalization to the refined conceptual model. 

( Source: “Data Structure” Course, Mongolian technical University)
Refine the attributes

The first step we will examine in the refining of the conceptual model is that of Attribute refinement. This process involves looking at the actual meaning of each attribute and determining if any anomalies exist.

Example of potential anomalies below: 

Synonyms: the same meaning is conveyed by attributes with different names. These are resolved by deleting one attribute (if they are on the same entity), or by changing the attribute names to be same (if they are on different entities -  and must stay that way)

Hononyms: – attributes with the same name, but conveying different meanings. These are resolved by making the attribute names unique.

(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)
Convert Conceptual model to a tabular form data model

It is recommendable to convert the conceptual data model into table form data model at earlier step of the Logical design, for most activities in the Logical design are executed easily using tabular form data model.

Identify primary keys

A primary key is a column, or group of column, which will uniquely identify a row of the table. In order to create an efficient data model, we must identify a primary key for each table. 

This may be selected from the existing columns or a new one can be created, this is called foreign key. 

First we identify any potential candidate keys from the columns of the table in question. Our business rules provide input here, because a key may consist of more than one column, all the columns together could be considered a candidate key.  If no candidate keys can be identified, a new column, which will serve as a primary key, must be added to the table.  

( Source: “Data Structure” Course, Mongolian technical University)
Identify foreign keys

The column which contains a value that corresponds to a column value in related table is called a foreign key. The next step in the refinement of the conceptual model is to identify any foreign keys. Again, if no foreign keys are present, an appropriate column will needed to be created if a relationship between two entities is to be identified.

( Source: “Data Structure” Course, Mongolian technical University)
In order to maintain consistency, it is desirable to have the same column name in both tables. 

In the diagram, foreign key columns are indicated by a broken underline, that support one-to-one, one-to-many, many-to-many relationship

Resolve one to many

Resolve one to one
Resolve many to many
Normalization:

Normalization consists of a formal set of rules which we apply to data model to create a design which will have all the information about an table represented in one, and only one, place. Any information which does not pertain to an table is removed if necessary, and a separate table is established.

Normalization occurs as the final step in the logical design phase. The rules are applied to the refined conceptual model and the result is a logical data model which may be used as a basis for the subsequent physical implementation of the database.

The rules of normalization create an data model, which is said to be in first, second then third normal form, progressively throughout the process.

( Source: “Data Structure” Course, Mongolian technical University)
Physical Database design

The final stage in database design is the physical stage. It uses the logical data model and the process model as input to implement a  physical model based upon the requirements of the DBMS to be used.

The process of producing a description of the implementation of the database on secondary storage; it describes the storage structures and access methods used to achieve efficient access to the data.
Critical Success Factors in Database Design
1. Work interactively with the users as much as possible.

2. Follow a structured methodology throughout the data modelling process.

3. Employ a data-driven approach.
4. Incorporate structural and integrity considerations into the data models.
5. Combine conceptualisation, normalisation, and transaction validation techniques into the data modelling methodology. Use diagrams to represent as much of the data models as possible.

6. Use a Database Design Language (DBDL) to represent additional data semantics.

7. Build a data dictionary to supplement the data model diagrams.
8. Be willing to repeat steps.
(Source: http://cs.ucf.edu/courses/cgs2545/CH02/index.htm)
Resources

1. Mysql & mSql  O’Reilly

2. http://www.csie.ndhu.edu.tw/
3. http://cs.ucf.edu/courses/cgs2545/CH02/index.htm
4. “Data Structure” Course, Mongolian technical University
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