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Developing Database Specifications


Developing Database Specifications

Why make database specifications?

Thirty years ago, the industry experienced a “software crisis” where majority of software projects have become a failure.  The OASIG, a Special Interest Group concerned with the Organisational Aspects of IT (OASIG, 1996) carried out a study in UK and they reached the conclusions that:

· 80-90% of systems do not meet their performance goals,

· About 80% of systems are delivered late and over budget.

· Around 40% of developments fail or are abandoned.

· Fewer than 40% fully address training and skills requirements.

· Less than 25% properly integrate business and technology objectives.

· Just 10-20% meets all their success criteria.

There are several major reasons for the failure of software projects, some of which are:

· Lack of a complete requirement specification.

· Lack of an appropriate development methodology.

· Poor decomposition of design into manageable components.

The Primary Components of Database Specification

· Requirements Specification

· Database Design Specification

Requirements Definition

The process of collecting and analysing information about the part of the organisation that is to be supported by the database application, and using this information to identify the users' requirements.

Database design is based on information about the part of the organisation that is to be served by the database. 

Data gathering techniques

· interviewing individuals who are regarded as experts within the specific area of interest,

· observing the operation,

· examining documents used to record or display information,

· using questionnaires to gather information from a wide number of users, and

· using experience from the design of similar systems.

(Source:  Connolly T., Begg C. & Strachan A.  Database Systems: a practical approach to design, implementation, and management,  p. 112, 118)

What should be the resulting documents?

· the documentation used or generated during data gathering, 

· the details of the transactions required, and 

· a prioritised list of requirements.  

Setting direction for a systems' database design process

The requirement specification will be used as a guide to the database design process.  This specification should contain the following items:

· Statement of the Problem Domain

· states the area of automation

· Objectives
· states what the systems is expected to do
· Data Requirements
· states the data that needs to be kept from the problem domain
· Transaction Requirements
· states the actions and processes undertaken by the identified user-groups within the problem domain

· also includes processes/transactions’ performance requirements

Note that this is not a formal systems specification document, the requirement specification is written simply to facilitate the applications' database design process.   

Additional Reference(s):

· http://www.compumentor.org – Database Planning Guide. Part One: Assessing Your Database Needs

Database Design

Database design is the process of creating a design for a database that will support the organisation’s operations and objectives

Objectives of database design:

· represent the data and the relationships between data required from the database application

· provide a data model that supports any transactions required on the data

· specify a minimal design that is appropriately structured to achieve the stated performance requirements for the database application

Relational Database Design Phases

1. Building the logical data model 

· process of constructing a model of the information used in an organization based on the relational data model but independent of a particular DBMS or other physical considerations

2. Building the physical database design

· process of producing a description of the implementation of the database on a particular DBMS

Data Modelling

Data modelling is a method for creating a plan or blueprint of a database.

Data model – an integrated collection of concepts for describing data, relationships between data, and constraints on the data in an organisation.

The criteria to produce an optimal data model

Structural validity


Consistency with the way the organisation defines and organises information.

Simplicity
Ease of understanding by information systems professionals and non-technical users.

Expressability
Ability to distinguish between different data, relationships between data, and constraints.

Non-redundancy
Exclusion of extraneous information; in particular, the representation of any one piece of information exactly once.

Shareability
Not specific to any particular application or technology and thereby usable by many.

Extensibility
Ability to evolve to support new requirements with minimal affect on existing users.

Integrity
Consistency with the way the enterprise uses and manages information.

Diagrammatic representation
Ability to represent a model using easily understood diagrammatic notation.

(Source:  Connolly T., Begg C. & Strachan A.  Database Systems: a practical approach to design, implementation, and management, p. 126)

Entity-Relationship Modeling Concepts

Entity-Relationship Diagram (ERD) - a tool for modelling data.  

3 major concepts to remember

1. Entity

2. Attribute

3. Relation

Entity 

· any identifiable object ( person, place, thing, event or concept ) with which information is kept

· usually, indicated by a noun (with which information is retained) in the requirements specification

· drawn as rectangle in ERD with an entity name in singular form


Attribute

· a data item that either identify or describe an entity

· has values that present a single fact

· usually, indicated by an adjective or noun phrases that stands for property, quality, identifier, or characteristic of an entity or relationship in the requirements definition

Relationship

· defines the association between entities

· indicated by a verb connecting two or more entities

Other concepts:

Entity

Entity type - defines the entities which have a common set of attributes

Example: 

FULLTIME FACULTY and PARTTIME FACULTY entities both keep the same sets of attributes like name, address, gender, department, position.  The two entities can be generalised as FACULTY, which is the entity type.

Weak entity - an entity whose existence depends on the existence of a relation with another entity

Associative entity - an entity that represents the relationship between two or more entities

candidate key that consists of two or more attributes
Attribute

Attribute Domain - a set of values that may be assigned to an attribute (an important information when making data dictionary)

Example:

The attribute GENDER can contain only any one of the following values: female, male
Simple Attribute - (atomic attribute) an attribute that cannot be decomposed 


 - a preferred state during the database design process

Example:

Firstname is a simple attribute of the entity PERSON.

Composite Attribute - an attribute having multiple parts/sections

Example:

Name is a composite attribute that has three parts-- first name, middle name, last name

Multi-valued Attribute - an  attribute that holds multiple values for an instance (row) of an entity

Example:

Area of expertise attribute can hold one or more values for a particular PERSON record.

Derived Attributes - attributes created by a formula or by a summary operation on other attributes

Example:

The AGE is a derived attribute of the formula: BIRTHDAY – CURRENT DATE

Key Attributes - attributes that identify an entity

Candidate Key - an attribute or set of attributes that uniquely identifies an instance (row) of an entity 

Example:

EmpNo or SSSNo are candidate keys for the EMPLOYEE entity

Primary key  - a candidate key selected to be the primary key

Example:

EmpNo is the selected attribute to be the primary key for EMPLOYEE entity.

Relationship

Degree of a relationship - the number of participating entities in a relationship 

· binary - concerns two entities (most common in real world)
Example:

LIVES IN is a binary relationship with two participating entities namely, PERSON and COUNTRY

· ternary - concerns three entities
· quaternary - concerns four entities
Cardinality ratio  -  quantifies the relationships between entities by measuring how many instances (rows) of an entity are related to a single instance of another entity

· rules defining cardinality are referred to as business rules
The cardinality ratios for binary relationships are:

· 1:1  (one-to-one) -  one instance of an entity is related to a single instance of another entity

Drawn as,


                                   

Interpreted as "a PERSON lives in only one COUNTRY, a COUNTRY has only one PERSON living in it".

· 1:M  (one-to-many) - one instance of an entity is related to multiple instances of another entity

Drawn as,


                                  

Interpreted as "a COUNTRY is inhabited by many PERSON, a PERSON lives in only one COUNTRY ".

· M:M (many-to-many) - multiple instance of an entity is related to a multiple instances of another entity

Drawn as


                             

Interpreted as "a PERSON lives in several  COUNTRIES, a COUNTRY is inhabited by many PERSON".

Participation Constraints - determines whether the existence of an entity depends on its relation to another entity

· Mandatory (Total)  - if an instance of an entity must always occur for an entity to be included in a relationship


- hinted by the word must in the requirements definition

· Optional (Partial)  - if the instance of an entity is not required for an entity to be included in a relationship

· hinted by the word maybe in the requirements definition

Example:

"a PERSON may be affiliated to an ORGANISATION, but an ORGANISATION always has one or more EMPLOYEE (PERSON)"

Drawn as




This causes only total participation on PERSON side and partial participation on the ORGANISATION side.

To develop a minimal logical database model

· Divide composite attributes into simple attributes.

If the table has an attribute that has logical subdivisions (called composite attributes), e.g. Person’s Name has a logical subdivision of first name, last name and other name, then keep the simple attributes, that is in the example take attributes firstname, lastname and othernames as attributes of Person.

· Remove M:M relationship

If a M:M relationship is present in the data model, replace this with a new intermediate entity having 1:M relationship to the original entities. 

· Remove complex relationship

A complex relationship is having ternary or quaternary degree relationships.  If a complex relationship exists, simplify this into a binary relationship by identifying a new intermediate entity.

· Remove recursive relationship

A recursive relationship is a particular type of relationship in which an entity has a relationship with itself.  If a recursive relationship exists, replace this with a new intermediate entity.

· Remove relationship with attributes

If a relationship with attribute exists in the model, translate this into a new entity.

· Remove multi-valued attributes

If a multi-valued attribute exists in the model, translate this into a new entity.

· Re-examine 1:1 relationships

Entities having 1:1 relationship may represent the same object in the organization, in such cases, merge the two entities.

· Remove redundant relationships

A relationship is redundant if the same information can be obtained via other relationship, in such cases, remove the other relationship.

Note that the new intermediate entities created in this process are weak entities since they are dependent on the existence of the relations to original entities.

Integrity constraints

The constraints imposed on the relations in order to protect the database from becoming inconsistent

Five types of integrity constraints

· Required data

· attributes that must always contain a valid value

· attributes that are not allowed to have null values

· Attribute domain constraints

· for attributes that have a set of legal values (domain attributes) 

· Entity integrity

· primary key of a relation cannot hold null values

· Referential integrity

· a foreign key value must always refer to an existing primary key value in the parent relation

Foreign key  - an attribute that links each occurrence in the child relation to the occurrence in the parent relation containing the matching primary/candidate key value

When in physical database design, 

the relationship is reflected for two entities having a relationship, by adding an attribute (which is a primary key in the parent relation) into the child relation,

this added attribute is then called a foreign key in the child relation, while a primary key at the parent relation

Data Dictionary

The document that records the details of the entities found on an ERD.  It also maps the logical to physical database implementation

Data Dictionary Format

Key Type
Column Name
Column Description
Data

 type
Length
Default values
Allows nulls
Domains
Formula
Input Format


































References:

Connolly, T. and Begg,  C.  Database Systems: a practical approach to design, implementation and management. International Computer Science Series, 2000.

Escandor, S.  Database Design Training Manual for the Philippine National Oil Company. 2000.

Database Planning Guide. Part One: Assessing Your Database Needs. URL: http://www.compumentor.org.

ANNEX A – WENT DIRECTORY DATABASE REQUIREMENT’S SPECIFICATION

Problem Domain: Directory of Individuals

Data Requirements:

1. The directory application should keep the following information about an individual:

· Name [Firstname, Lastname, Other Names, Title]

· Name of Organization affiliation and position 

· Organization Address [No. St/Village/District, City, Province/State, Country, Postal Code]

· Mailing Address [No. St/Village/District, City, Province/State, Country, Postal Code]

· Contact Telephone Number(s)

· FAX Number

· Mobile Phone

· E-mail address

· Birthday

· Areas of Expertise

· Areas of Interest

Transaction Requirements:

1. Data entry of an individual’s profile consisting of personal and contact information, organisation, affiliation, fields of expertise and interest by a resource centre staff.

2. Update an individual’s profile consisting of personal and contact information, organisation, affiliation, fields of expertise and interest by a resource centre staff.

3. Remove obsolete records (e.g. records of deceased individuals) by a resource centre staff.

4. Print the individual’s profile for proofreading purposes.

5. Search and view an individuals profile through the WWW browser by both staff and the public.
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