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Quality Management Principles



 

Subject: QUALITY MANAGEMENT PRINCIPLES                                Credits: 4 

 

SYLLABUS 

 

Systems Analysis And Design Tools 

Systems analysis and design tools: graphical and text-based tools appropriate for the methodology chosen, tools 

which define both the environmental and behavioral perspectives of a system, tools designed for process/ 

functional modeling (eg state transition, event traces) object modeling (eg object diagrams, CRCs) and data 

modeling Project management: production of simple critical path networks, using computer-based project 

management tools Systems maintenance: change request form, the production of a new version of the analysis 

and design documentation for a project developed using the selected methodology, use of computer-based text 

and presentation packages for documentation, maintenance of cross-referencing and indexes. 

 

Quality Assurance 

Quality assurance factors: meeting specification, budget, delivery time, maintainability, external and internal 

quality systems Quality assurance tools: quality manual, quality plan, project plan, configuration management, 

walkthroughs and inspection records. 

 

Professional Standards 

Legal requirements: the requirements of current legislation affecting the implementation and management of 

computer systems (eg health and safety, data protection)Professional requirements: professional standards 

required by professional computing bodies (eg British Computer Society), problems arising from lack of 

compliance with professional standards. 

 

Suggested Readings: 

Quality Control, Dale H. Besterfield, Pearson Education 

Total Quality Management, K. Shridhara Bhat 

Quality Management, Howard S. Gitlow, Alan J. Oppenheim, Rosa Oppenheim and David M. Levine, Tata 

McGraw-Hill 

 



Content 
 
 
SYSTEMS ANALYSIS AND DESIGN TOOLS 
 
Systems analysis and design tools: graphical and text-based tools appropriate for the 
methodology chosen, tools which define both the environmental and behavioral 
perspectives of a system, tools designed for process/ functional modeling (eg state 
transition, event traces) object modeling (eg object diagrams, CRCs) and data modeling 
 
Project management: production of simple critical path networks, using computer-based 
project management tools 
 
Systems maintenance: change request form, the production of a new version of the 
analysis and design documentation for a project developed using the selected 
methodology, use of computer-based text and presentation packages for documentation, 
maintenance of cross-referencing and indexes 

 
QUALITY ASSURANCE 
 
Quality assurance factors: meeting specification, budget, delivery time, maintainability, 
external and internal quality systems 
 
Quality assurance tools: quality manual, quality plan, project plan, configuration 
management, walkthroughs and inspection records 
 
PROFESSIONAL STANDARDS 
 
Legal requirements: the requirements of current legislation affecting the implementation 
and management of computer systems (eg health and safety, data protection) 
 
Professional requirements: professional standards required by professional computing 
bodies (eg British Computer Society), problems arising from lack of compliance with 
professional standards 



Outcomes and assessment criteria 
 
Outcomes  Assessment criteria  

 
To achieve each outcome a student must 
demonstrate the ability to: 

1 Employ systems analysis 
and design tools to maintain 
an existing system 

• maintain systems documentation which covers the 
analysis, specification and design stages of a system 
using a chosen development method  

• use text and presentation aids and indexing/ cross 
referencing/ version control systems  

• produce a project plan for the maintenance of a 
computer system. 

2 Apply quality assurance 
procedures 

• implement quality assurance procedures  
• demonstrate that a delivered system conforms to 

quality control tools. 
3 Review the professional 

standards of a computer 
practitioner 

• describe professional and legal standards required of 
a computer practitioner  

• investigate a range of projects where a lack of 
compliance standards has caused problems. 

 

 
 



Guidance 
 
 
GENERATING EVIDENCE 
 
Evidence of outcomes will be in a new version of the quality management documentation 
for a given project (emphasis should be given to the specification and design stages of the 
lifecycle). The development method for specification and design will be chosen by the 
center but should cover different model viewpoints and the associated range of tools. 
Students should also produce feedback on the effectiveness of the development method 
and its associated tools. 
 
Students should produce new versions to comply with the defined standards in a quality 
manual (including configuration management) and in line with to a prepared project plan. 
 
It is suggested that Outcome 2 can be assessed by through students producing a quality 
assurance report on how well a given system’s documentation satisfies given quality and 
project plans and quality standards. 
 
Documentation should be obtained from the professional computer bodies covering 
practitioner standards. 
 
LINKS 
 
The unit may be linked with units concerned with software development like ‘Software 
Engineering’. The help of units like ‘Object-Oriented Software Development’ can 
explore system development methods further. The quality manual and quality plan may 
be created for ‘Software Engineering Techniques’.  
 
Students may produce their own systems documentation by following an appropriate 
option unit.  
 
Centers may choose to use this unit to demonstrate certain Common Skills, especially 
that involved in-group work if that is how the unit is achieved. 
 
RESOURCES 
 
Students should have access to handbooks/ texts describing the selected development 
method. Centers will have to develop a pool of documented systems, which can be 
maintained by the student. They will also have to produce the related quality manuals and 
quality and project plans. The students should use CASE tools or computer-based text 



and graphics packages. There should also be a suitable library resource covering 
examples of malpractice in computer development. 
 
DELIVERY 
 
In addition to teaching a specific development method tutors should provide an overview, 
of why quality standards are important. Milestones should be agreed and monitored 
throughout the project work. The implementation of the unit could offer opportunities for 
group work on larger projects with possible links to other units. 
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LESSON 1 
 
 
 
Overview of The Lecture 
 
Objective 
 

 How Object Modeling Technique is applied 
 How object diagrams are created and applied in Project Development 

 
In this section we are going to study about Object Modeling, which describes the static 
structure of the objects in a system and their relationships. The object model contains 
Object diagrams and CRC.You will study in depth of Object diagrams and CRC i.e. how 
they are created and its application in Computer science. 
 
Let us first study the brief of Object Diagram and then in the next lecture we will study 
about CRC. 
 
An Object Diagram is a graph whose nodes are object classes and whose arcs are relationships 
among classes. They provide a formal graphic notation for modeling objects, classes and their 
relationship to one another.  
 
A CRC cards is an index card that is use to represent the responsibilities of classes and the 
interaction between the classes. CRC cards are an informal approach to object oriented 
modeling. 
 
Object Diagrams 
 
First we begin with Object/Class diagram.  
A class diagram is a static representation of your system. It shows the types of classes, 
and how these classes are linked to each other. In this section of Lecture we introduce the 
object diagram and then about CRC. Let us first begin with the basics of Object Diagrams 
 
Basics of Object Diagrams 
 
Although we design and define classes, in a live application classes are not directly used, 
but instances or objects of these classes are used for executing the business logic. A 
pictorial representation of the relationships between these instantiated classes at any 
point of time (called objects) is called an "Object diagram"  
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Or 
Object diagrams provide a formal graphic notation for modeling objects, classes, and 
their relationship to one another. 
 
It looks very similar to a class diagram, and uses the similar notations to denote 
relationships. 
 
If an object diagram and a class diagram look so similar, what is an object diagram 
actually used for? Well, if you looked at a class diagram, you would not get the picture of 
how these classes interact with each other at runtime, and in the actual system, how the 
objects created at runtime are related to the classes. An object diagram shows this 
relation between the instantiated classes and the defined class, and the relation 
between these objects, in the logical view of the system.  
 
Object diagrams are useful for abstract modeling and for designing actual programs. 
Object diagrams are concise, easy to understand, and work well in practice. 
 
These are very useful to explain smaller portions of your system, when your system class 
diagram is very complex, and also sometimes recursive. 
 
Let us now see what the components/elements of an object diagram are. After this, we 
will build an object diagram for our case study—Courseware Management system. 
 
Elements of an Object Diagram 
 
As we all know Components/parts form basis of any pictorial representation. An object 
diagram shows how specific instances of a class are linked to each other at runtime, at 
any moment in time it consists of the same elements as a class diagram; in other words, it 
contains classes and links showing the relationships. However, there is one minor 
difference. The class diagram shows a class with attributes and methods declared. 
However, in an object diagram, these attributes and method parameters are allocated 
values. 
As an example, a class diagram for a multiplicity relation between college and students 
was shown, as you can see in Figure A: 
 
 

 
Figure A—an example College-Student class diagram 
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This class diagram shows that many students can study in a single college. Now, if we 
were to add attributes to the classes "College" and "Student," we would have a diagram 
as shown in Figure B: 
 

 
Figure B—the class diagram with attributes 

 
 
Now, when an application with the class diagram as shown above is run, instances of 
College and Student class will be created, with values of the attributes initialized. The 
object diagram for such a scenario will be represented as shown in Figure C: 
 

 

 
 

Figure C—the object diagram for the College-Student class diagram 
 
 
As can be seen from Figure C, the object diagram shows how objects are instantiated in 
the running system represented by the College-Student class diagram. The class diagram 
shows that a single college has many students, and defines the variables. The object 
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diagram for the same system shows in  stantiated classes of Student (Student #1 and 
Student #2) enrolled in College (Graduate School of Business). 
 
The object diagram shows the name of the instantiated object, separated from the class 
name by a ":", and underlined, to show an instantiation. Eg. Graduate School of Business: 
College 
 
In the diagram, values are assigned to variables and represented using the notation 
variable name=variable value. 
 
This example was the representation of the relation of only two classes with each other. 
However, in a real application system, there will be multiple classes. An object diagram 
then shows the relation between the instantiations of these classes. We shall see this in 
our case study. 
 
A class that defines the flow of the system is called as an active class. This class instance 
in the object diagram is represented by thick border. In an MVC application architecture, 
the controller servlet is the action class, and is denoted by a thicker border. Also, multiple 
instances of the same class, as in a factory pattern, if the attributes of the individual 
objects are not important, or are not different, these can be represented by a single 
symbol of overlapping rectangles (see Figure D): 

 
 
 

 
Figure D—the object diagram for a Factory class 

 
 
A class that performs more than one role, and is self-linked, is represented by a curve 
starting and ending on itself, as illustrated in Figure E: 
 

 
Figure E—the object diagram for a self-linked class 

 
 
An object model captures the static structure of a system by showing the objects in the system 
relationship between the objects and the attributes and operations that characterize each class of 
objects. Object models provide an institutive graphic representation as a system and are valuable 
for communicating with customers and documenting the structure of a system. 
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Overview of Object and Classes 
 
We define an Object as a concept, abstraction or thing with crisp boundaries and meaning for the 
problem at hand. Object serves 2 purposes: They promote understanding of the real world and 
provide a practical basis for computer implementation. Decomposition of a problem into objects 
depends on judgment and the nature of the problem. All objects have identity and are 
distinguishable. 
 
 
Activity 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Prepare an Object Diagram of a school comprising school, playground, 

principle, school board, classroom, book, student, teacher, cafeteria, rest 

room, computer, desk, chair, ruler, door, swing. 
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LESSON 2 
 
 
 
Overview of The Lecture 
 
Objective 
 

 What is CRC?  
 To do analysis of CRC 
 Application of CRC in Real world. 

 
 
In this section we are going to study about CRC. The object model (which describes the 
static structure of the objects in a system and their relationships) contains Object 
diagrams and CRC.  You have already studied object diagrams in the previous lecture. In 
this lecture we will study CRC i.e. how they are created and its application in Computer 
science. 
 
A CRC cards is an index card that is use to represent the responsibilities of classes and 
the interaction between the classes. CRC cards are an informal approach to object 
oriented modeling. 
 
 
CRC 
 
Conceptual Overview of CRC 
 
A CRC cards is an index card that is use to represent the responsibilities of classes and 
the interaction between the classes. CRC cards are an informal approach to object 
oriented modeling. The cards are created through scenarios, based on the system 
requirements, that model the behavior of the system. The name CRC comes from Class, 
Responsibilities, and Collaborators, which the creators found to be the essential 
dimensions of object oriented modeling.  
 
When and who discovered CRC? 
 
CRC cards where introduced by Kent Beck and Ward Cunningham in there paper "A 
Laboratory for Teaching Object-Oriented Thinking" released in OOPLSA '89. There 
original purpose was to teach programmers the object-oriented paradigm. When Kent 
Beck wrote the draft version of their paper he change Collaborators to helpers. Ward 
Cunningham changed it back to Collaborators when he reviewed the paper. The initials of 
Cunningham's son are CRC. 
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Analysis of CRC 
A CRC Model is a collection of cards (usually standard index cards or larger) 
that are divided into three sections. 

1. Class 
2. Responsibility 
3. Collaborator 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The back of the CRC card is often used for a more detailed description of the class. Along 
with any other notes captured during the CRC session. Many times these include the actual 
attributes of the class. 

 Class Name 

Responsibility  
 
 
Specifying one and unique 
responsibility 

Collaboration 
 
 
Client     Server 
 
Collaborators (Roles)  Interface or 

Services provided by 
named class 
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Class 
 
A Class represents a collection of similar objects. Objects are things of interest in the 
system being modeled. They can be a person, place, thing, or any other concept important 
to the system at hand. The Class name appears across the top of the CRC card. 
 
Responsibility 
 
A Responsibility is anything that the class knows or does. These responsibilities are 
things that the class has knowledge about itself, or things the class can do with the 
knowledge it has. 
For example, a person class might have knowledge (and responsibility) for its name, address, and 
phone number. In another example an automobile class might have knowledge of its size, its 
number of doors, or it might be able to do things like stop and go. The Responsibilities of a class 
appear along the left side of the CRC card. 
 
Collaborator 
 
A Collaborator is another class that is used to get information for, or perform actions for 
the class at hand. It often works with a particular class to complete a step (or steps) in a 
scenario. The Collaborators of a class appear along the right side of the CRC card. 
 
 
Finding classes 
 
A Class represents a collection of similar objects. Objects are things of interest in the 
system being modeled. They can be a person, place, thing, or any other concept important 
to the system at hand. There are many ways to identify classes. One of the easiest to start 
with is noun extraction. Noun extraction identifies all of the Nouns in a problem 
statement and/or use-case scenario. The nouns extracted make excellent candidate 
classes. 
 
Other ways to identify classes are to look for items that interact with the system, or things 
that are part of the system. Ask if there is a customer of the system, and identify what the 
customer interacts with. Screens and reports represent interface classes, but for the sake 
of a CRC session, a single GUI class can represent these. If a class can’t be named with 
less than three words, then it’s probably not a class but a responsibility of another class. 
 
Finding Responsibility 
 
A Responsibility is anything that the class knows or does. These responsibilities are 
things that the class has knowledge about itself, or things the class can do with the 
knowledge it has. 
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To compliment the 'Noun Extraction' technique above is verb extraction. Verb extraction 
identifies all of the verbs in a problem statement and/or use-case scenario. These are 
usually good indicators of actions that must be performed by the classes of the system. 
 
Other techniques included asking what the class knows, and what information must be stored 
about the class to make it unique. Ask what the class does, and then flesh out how the class 
might do it. 
 
Finding Collaborators 
 
Collaboration occurs when a class needs information that it doesn’t have. Classes know 
specific things about themselves. Very often to perform a task a class needs information 
that it doesn't have. Often it's necessary to get this information from another class, in the 
form of collaboration. 
 
Collaboration can also occur if a class needs to modify information that it doesn’t have. 
One property of information that a class knows about itself is the ability to update the 
information. Often a class will want to update information that it doesn't have. When this 
happens, the class will often ask another class, in the form of a collaboration, to update 
the information for it. Generally for a collaboration to occur, one class is the initiator. In 
other words, there has to be a starting point for collaboration. Often times the initiating 
class is doing very little work beyond initialing the collaboration itself. However, be 
careful that a class doesn't just 'pass the buck', just to have it passed again. For example, 
if class A collaborates with class B, just to have class B pass the work to class C, consider 
eliminating the collaboration with class B. 
 
Why use CRC Cards? 
 

• They are portable. No computers are required so they can be used anywhere. Even 
away from the office.  

• The allow the participants to experience first hand how the system will work. No 
computer tool can replace the interaction that happens by physically picking up the 
cards and playing the roll of that object...  

• The are a useful tool for teaching people the object-oriented paradigm.  
• They can be used as a methodology them selves or as a front end to a more formal 

methodology such as Booch, Wirfs-Brock, Jacobson, etc.  
 
Although CRC cards where created for teaching, they have proven useful for much more. 
They become an accepted method for analysis and design. The biggest contributing factor 
to their success is the fact that they provide an informal and non-threatening environment 
that is productive to working and learning. 
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Relationships to other Techniques 
 
Responsibility-driven modeling may be done with CRC cards, or from an object interaction 
diagram, or from an object type diagram. CRC sessions are more fluid and support faster design 
evolution, but are more prone to confusion. Working from object interaction diagrams is slower 
and serializes discussion, which can be useful to check a design or to pace the discussion in a 
group. Working from object type diagrams is mostly useful for testing a design. 
 
GLOSSARY 
 
These are terms used through out this tutorial as defined by Grady Booch.  
 
Attribute 
An interesting property of a class. Usually in the form of a value. 
 
Abstract Class 
A class that is never instantiated into an object.   
 
Candidate Class 
A class that may become a permanent class in the system after further analysis. 
Class 
A set of objects that share common structure and common behavior.  
 
Collaboration 
The process whereby several objects cooperate to provide some higher-level behavior.  
 
Object 
Something you can do things to. An object has state, behavior, and identity. The structure 
and behavior of similar objects are defined in their common class.  
 
Object Model 
 
The collection of principles that form the foundation of object-oriented design. A 
software engineering paradigm emphasizing the principles of abstraction, encapsulation, 
modularity, hierarchy, typing, concurrency, and persistence.  
 
Responsibility 
Some behavior for which an object is held accountable. A responsibility denotes the 
obligation of an object to provide a certain behavior. Anything a class knows or does.  
Subclass 
A class that inherits from one or more classes.  
Superclass 
The class from which another class inherits. 
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Activity 1 
 
 
 
 
 
 
 
Activity 2 
 
 
 
 
 
 
 
 
 
 
 
 
Activity 3  
 
 
 
 
 
 
 
 
 
Activity 4 
 
 
 
 
 
 
 
 
 
 

 
What are the good, bad, and ugly about CRC cards? 
 

State T/F  
 

 CRC stands for Common Responsible Class. 
 

 According to UML, Class is composed of attributes and 
collaborators. 

 

Propose a process of how to use the CRC cards  
 

Define: –Associations, Instance, CRC, responsibilities, and collaborations 
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LESSON 3 
 
 
 
Overview of the lecture 
 
Objective 
 
The objectives of this section are to 
 

 Describe data and process modeling concepts and tools 
 Explain how structured analysis describes an information system 
 Describe the symbols used in data flow diagrams and explain the rules for their 

use 
 Explain the sequence of data flow diagrams, from general to specific 
 Explain how to level and balance a set of data flow diagrams 
 Draw a complete set of data flow diagrams for an information system 
 Use process description tools, including structured English, decision tables, and 

decision trees 
 Explain the interaction among data flow diagrams, the data dictionary, 

and process description 
 
Overview 
 
It is a technique for organizing and documenting the structure and flow of data through a 
system processes and/or the logic, policies and procedures to be implemented by a 
systems processes. Various process models are   
 

1. Data flow diagrams  
2. Decision table 
3. Decision tree  
4. Structured chart etc 
Lets start our lecture with each tool one by one. 

 
DATA FLOW DIAGRAMS 
 
Data flow diagrams (DFDs) show how data moves through an information system, but do 
not show details of program logic or processing steps 
DFDs represent a logical model that shows what a system does, not how it does it. 
Data flow diagrams look like a flowchart, but is not one! It shows concurrent flows. 
Data Flow Diagrams use only four basic symbols: 
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·    Process 
·    Data flow 
·    Data store 
·    External entity 
 
Process Symbol 
Process Symbol is a rectangle with rounded corners or Oval 
 
 
 Or  
 
 
 
 
 
·    Documented with process descriptions 
·    Receive input data and produces output 
·    Output has a different form, or content, or both 
·    Details are shown in a process description 
·    In DFDs the process symbol appears as a black box, underlying details not shown. 
 
 
Data Flow Symbol 
 
 
 
Data Flow Symbol is a line with an arrowhead showing direction 
 
·    A path for data to move from one part of the system to another 
·    Represents one or more data items 
·    At least one data flow must enter and exit each process. 
 
Data Store Symbol 
 
 
 
 
Data Store Symbol is a rectangle open on the right side 
·     Data store also is called a data repository 
·     Represents data that is retained for later processing 
·     Must be connected to a process with a data flow 
·     Must have at least one outgoing and incoming data flow 
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External Entity Symbol 
 
 
 
 
External Entity Symbol is a square, usually shaded 
·   Represents a person, organization, or other system that provides data or receives output from 

the system 
·   External entities are called terminators 
·   Source (supplies data to the system) 
·   Sink (receives data from the system). 
·   Must follow specific rules for connecting DFD symbols. 
Data flow connections are possible only between specific elements, as shown in the 
following table: 
 

 From 
Process 

From 
Data Store 

From 
Ext.Entity 

To Process YES YES YES 

To Data Store YES NO NO 

To Ext.Entity YES NO NO 

 
 

Levels in DFD 
 

1. Context Level DFD 
2. Top Level DFD 
3. Exploded/Expanded DFD 

 

Context Diagram 
 
Context Diagrams are top-level view that shows the systems’ boundaries scope. They 
represent the results of fact-finding effort performed by the systems analyst. 
 

 One process symbol, numbered 0 (zero) is drawn in the center. 
 Data flows connect the process to the entities. 
 Abbreviated symbols can be used to identify entities. 

 
Top-level DFD 
Top-level DFD, however, displays more detail than the context diagram. It shows 
entities, major processes, data flows, and data stores at the uppermost level of the 
system's DFD. 
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Expanded DFD 
The expanded or detailed DFD contains the explosion of further subparts of top level 
DFD 
 

Conventions for drawing data flow diagrams are 
1. Each context diagram must fit on one page 
2. Process name in the context diagram should be the name of the information system. 
3. Direction of flow is from Top to Bottom and from left to right. 
4. Do not cross lines 
5. Use abbreviated identifications 
6. Use a unique reference number for each process symbol 
7. Process and data flow names must have the first letter of each word in Capital. 

 
Characteristics of DFD 
 
• Exploded (partitioned or decomposed) version of top level DFD 
• Top-level DFD is the child of the parent context diagram 
•  Can contain diverging data flows 
• Can contain functional primitives 
• Data Flow Diagrams as subsequent layers show entities, major processes, data flows, 

and data stores. 
 
Lower-level diagrams are drawn to telescope-in (or zoom-in) to analyse further. Usually 
it is necessary to show more detail. Every DFD design must consider 
• Leveling 
• Balancing 
• Data stores 
 
Leveling 
Process of drawing increasingly detailed diagrams. Also called exploding, partitioning, or 
decomposing 
 

Balancing 
Maintains consistency among an entire set of DFDs. Parent’s input and output data flows 
are preserved on the child 
Data stores 
Might not appear on higher-level DFDs. Data stores are shown on the the highest-level 
DFD that has two or more processes using that data store. 
 
Other tools are discussed in the Section analysis and design tools. 
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Activity 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Activity 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What basic rules are relevant to construct DFD 

State the difference between DFD and Flowchart 
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LESSON 4 
 
 
 
Overview of the Lecture 
 
 
Objective 
 

 Functional modeling.  
 History of Functional Modeling 
 Relation between functional and Object modeling 

 
Lets start our lecture with functional modeling first. 
 
Ques. What do you mean by functional modeling 
 
Ans: Functional Modeling describes those aspects of a system concerned with 
transformation of values--- functions, mappimg, constraints, and functional dependencies. 
The functional model captures what a system does, without regard for how or when it is 
done.  
 
 
Concept of Functional Modeling 
 
Functional Modeling is an approach used to model any man-made system by identifying 
the designer defined overall goal it must achieve and the designer/user defined functions 
it must perform. A fully satisfactory description of such a system requires in fact 
answering to three questions in an explicit and unambiguous manner.  
 
The first question is 
 

Why was the system designed in the first place? 
The answer to this question clarifies the intention(s) of the designer of the system and 
hence the overall goal the system must achieve. The answer leads us also to the second 
question: 
 

What is the system supposed to do in order to achieve the goal? 
The answer to this question clarifies the functions the system must perform, and it at the 
same time leads us to the third question:  
 

How must different parts of the system's physical structure interact in order to 
realize the functions? 
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The answer to this question clarifies the behaviors of the physical structure, i.e., variable-
interactions and interrelations and component-interconnections.  
Thus, any man made system can be fully described by:  
 

1) Identifying its overall goal, its functions to achieve the goal, and its 
physical structure's behaviors to realize those functions; and  

2) Doing this in the order given by the questions! 
 
Classical modeling methods aim only to explain the behaviors of the physical structure, 
which also happens to be the answer to the last question! Therefore, the models generated 
by those methods are not true representation of their corresponding systems. Functional 
Modeling approach has on the contrary the objective of providing answers to the first two 
questions. This means also that the approach can assist one how to model the behaviors 
of a system's physical structure, or in other words, how to apply classical modeling 
methods in a systematic way 
 
History Of Functional Modeling 
 
The functional modeling specifies the results of a computation without specifying how or 
when they are computed. The functional model specifies the meaning of the operations in 
the object model and the actions in the dynamic model, as well as any constraints in the 
object model. Non-interactive programs, such as compilers, have a trivial dynamic model; 
their purpose is to compute a function. The functional model is the main model for such 
programs, although the object model is important for any problem with nontrivial data 
structures. Many interactive programs also have a significant functional model. By 
contrast, database often have a trivial functional model, since their purpose is to store and 
organize data, not to transform it. 

 
A spreadsheet is a kind of functional model. In most cases, the values in the 

spreadsheet are trivial and cannot be structured further. The only interesting object 
structure is the cells in the spreadsheet itself. The purpose of the spreadsheet is to specify 
values in terms of other values. 

 
A compiler is almost a pure computation. The input is the text of a program in a 

particular language; the output is an object file that implements the program in another 
language often the machine language of a particular computer. The mechanics of 
compilation are irrelevant to the application. 

 
Relation Of Functional To Object And Dynamic Models 
 
The functional model shows what “has to be done” by a system. The leaf processes are 
the operations on objects. The object model shows the “doers” – the objects. Each 
process in implemented by a method on some object. The dynamic model shows the 
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sequences in which the operations are performed. Each sequence is implemented as a 
sequence, loop, or alternation of statements within some method. The three models come 
together in the implementation of methods. The functional model is a guide to the 
methods. 

 
Relative to the functional model: The object model shows the structure of the actors, 
data stores, and flows in the functional model. The dynamic model shows the 
sequence in which processes are performed. 

 
Relative to the object model: The functional model shows the operations on the 

classes and the arguments to each operation. It therefore shows the supplier-client 
relationship among classes. The dynamic model shows the states of each object and the 
operation that are performed as it receives events and changes state. 

 
Relative to the dynamic model: The functional model shows the definitions of the leaf 
actions and activities that are undefined with the dynamic model. The object model 
shows what change state and undergoes operations. 
 

Activity 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

How was functional modeling originated? 
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LESSON 5 
 
 
 
Overview of the Lecture 
 

I. Objective 
 

 To study about State Transition Diagram (STD) 
 Various types of models as a part of STD 
 When to use STD 
 Know about event traces 

 
In this lecture we will study about State transition Diagram and event traces as a part of 
functional modeling. 
 
State Transition Diagram relates events and states. When an event is received, the next 
state depends on the current state as well as the event; a change of state caused by an 
event is called a transition. A state diagram is a graph whose nodes are states and whose 
directed arcs are transitions labeled by event names. 
 
Each event transmits information from one object to another are Event traces. 
 
Definition State-Transition Diagrams 
 
A state diagram relates events and states. When an event is received, the next state 
depends on the current state as well as the event; a change of state caused by an event is 
called a transition. A state diagram is a graph whose nodes are states and whose directed 
arcs are transitions labeled by event names. A state is drawn as a rounded box containing 
an optional name. A transition is drawn as an from the receiving state to the target state; 
the label on the arrow is the name of the event causing the transition. All the transitions 
leaving a state must correspond to different events. The state diagram specifies the state 
sequence caused by an event sequence. If an object is in a state and an event labeling one 
of its transitions occurs, the object enters the state on the target end of the transition. The 
transition is said to fire. If more than one transition leaves a state, then the first event to 
occur causes the corresponding transition to fire. If an event occurs that has no transition 
leaving the current state, then the event is ignored. A sequence of events corresponds to a 
path through the graph.  
 
A diagram consisting of circles to represent states and directed line segments to represent 
transitions between the states. One or more actions (outputs) may be associated with each 
transition. The diagram represents a finite state machine. 
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State-transition diagrams describe all of the states that an object can have, the events 
under which an object changes state (transitions), the conditions that must be fulfilled 
before the transition will occur (guards), and the activities undertaken during the life of 
an object (actions). State-transition diagrams are very useful for describing the behavior 
of individual objects over the full set of use cases that affect those objects. State-
transition diagrams are not useful for describing the collaboration between objects that 
cause the transitions. 
 
 
Notation used in State Transition Diagram 
 
 
For those not familiar with the notation used for state-transition diagrams, some 
explanation is in order.  
 
State. A condition during the life of an object in which it satisfies some condition, 
performs some action, or waits for some event. 
 
Event. An occurrence that may trigger a state transition. Event types include an explicit 
signal from outside the system, an invocation from inside the system, the passage of a 
designated period of time, or a designated condition becoming true. 
 
Guard. A Boolean expression, which, if true, enables an event to cause a transition. 
 
Transition. The change of state within an object. 
 
Action. One or more actions taken by an object in response to a state change. 
 
State – A set of values an object can have. 
 
Transition – An event causing a change to an object’s set of values. 
 
History of State Transition Diagrams 
 
State Transition Diagrams have been used right from the beginning in object-oriented 
modeling. The basic idea is to define a machine that has a number of states (hence the 
term finite state machine). The machine receives events from the outside world, and each 
event can cause the machine to transition from one state to another. For an example, take 
a look at figure 1. Here the machine is a bottle in a bottling plant. It begins in the empty 
state. In that state it can receive squirt events. If the squirt event causes the bottle to 
become full, then it transitions to the full state, otherwise it stays in the empty state 
(indicated by the transition back to its own state). When in the full state the cap event will 
cause it to transition to the sealed state. The diagram indicates that a full bottle does not 
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receive squirt events, and that an empty bottle does not receive cap events. Thus you can 
get a good sense of what events should occur, and what effect they can have on the 
object.  
 
State transition diagrams were around long before object modeling. They give an explicit, 
even a formal definition of behavior. A big disadvantage for them is that they mean that 
you have to define all the possible states of a system. Whilst this is all right for small 
systems, it soon breaks down in larger systems as there is an exponential growth in the 
number of states. This state explosion problem leads to state transition diagrams 
becoming far too complex for much practical use. To combat this state explosion 
problem, object-oriented methods define separate state-transition diagrams for each class. 
This pretty much eliminates the explosion problem since each class is simple enough to 
have a comprehensible state transition diagram. (It does, however, raise a problem in that 
it is difficult to visualize the behavior of the whole system from a number of diagrams of 
individual classes - which leads people to interaction and activity modeling).  
 
The most popular variety of state-transition diagram in object methods is the Harel 
Statechart as in Figure 1. This was introduced by Rumbaugh, taken up by Booch and 
adopted in the UML. It is one of the more powerful and flexible forms of state transition 
diagram. A particularly valuable feature of the approach is its ability to generalize states, 
which allows you to factor out common transitions (thus I can show that the break event 
applies to both full and empty states by creating the super-state of in-progress). It also has 
a flexible approach to handling processing. Processes that are instantaneous (i.e. cannot 
be interrupted) can be bound to the transitions or to the entry or exit of a state, these are 
called actions. Processes that are long (and can be interrupted) are bound to states, these 
are called activities. Transitions can also have a condition attached to them, which means 
that the transition only occurs if the condition is true. There is also a capability for 
concurrent state diagrams, allowing objects to have more than one diagram to describe 
their behavior.  
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Figure 1: A Harel statechart 

 
 
Not all methods use Harel Statecharts. One of the most notable dissenters is 
Shlaer/Mellor who use a simpler Moore model state diagram. This form only allows 
processes to occur when in a state (hence the extra state in Figure 8) and has no 
superstates. This is a good example of the question of expressiveness in techniques. The 
Harel Statechart is clearly a more expressive technique, but since it is more expressive 
there is more to learn when using it. In addition, it is more difficult to implement. 
Shlaer/Mellor take the view that since state diagrams do not get too complex when drawn 
for a single object, the extra expressiveness is not worthwhile.  
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Figure 2: Moore model state diagram as used by Shlaer/Mellor. It is the equivalent to figure 1. 

 
 

Two Methods Of STD  
 
1. Mealy Model: 

 Define all state changes. 
 Associate each change with an event. 

 
2. Moore Model: 

 Define all events. 
 Associate each event with a state. 

 
When to Use Them 
State models are ideal for describing the behavior of a single object. They are also 
formal, so tools can be built which can execute them. Their biggest limitation is that they 
are not good at describing behavior that involved several objects, for these cases use an 
interaction diagram or an activity diagram.  
 
 



Quality Management Principles 

 
 

People often do not find drawing state diagrams for several objects to be a natural way of 
describing a process. In these cases you can try either drawing a single state diagram for 
the process, or using an activity diagram. This defines the basic behavior, which you then 
need to refactor to split it across a number of objects.  

Event Traces
•Each event transmits information from one object to 
another.
Example:

–dial tone begins event transmits a signal from the 
phone line to the caller.

•In Event Trace:
–Identify sender and receiver objects of each event.

•Event Trace Diagram (ETD) shows the sequence of 
events and the object exchanging these events.
•ETD shows object as a vertical line and each event as a 
horizontal line from the sender to the receiver.

Event Trace Diagram for a Phone Call

Caller Phone line Callee
caller lifts receiver
dial tone begins

dials (5)

dial tone ends
dials (5)

dials (5)

dials (1)

dials (2)

dials (3)

dials (4)

ringing tone

tone stop

phone rings

answers phone
ringing stops

phone connectedphone connected
callee hangs up
connection brokenconnection broken
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Activity 1 
 
 
 
 
 
 
 
Activity 2 
 
 
 
 
 
 
 
 
Activity 3 
 
 
 
 
 
 
 
 
 
 
 
 
 

Draw the State Transition Diagram for a series 1010101010………infinite 

Draw the State Transition Diagram for a series abbabbabbabba…infinite 

Draw the State Transition Diagram for a series 123321123321…infinite 
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LESSON 6 
 
 
 
Overview of the Lecture 
 
Objective 
 

 To know about Data Modeling.  
 When it is used. 
 Tools used in Data Modeling i.e is ERD. 

 
Lets start our lecture with Data modeling first. 
 
 
Data Modeling 
 
It is a technique for organizing and documenting a systems data. It is sometimes 
called as database modeling because a data model is eventually implemented as a 
database. Also called as information modeling. E.g. ER Diagram already discussed 
above. 
 
When do we do it? 
It may be performed during various types of projects and in multiple phases of projects. Data 
models should ideally be stored in a repository so that they can be retrieved, expanded and edited 
over time. 
 
Tools used in Data Modeling. 
 
Entity Relationship Diagram is a tool used in data modeling. 
 
Entity-Relationship Diagram (ERD) 
 
Though the relationship among data warehouse is not emphasized in data flow diagram, it is well 
reflected in ERD. When developing a new information system, analyst often has discussion with 
users, especially database manager, on the current system. It’s they who have the responsibilities 
to collect necessary information about the system required by system analyst. ERD is one of the 
most useful model forming tools to organize this discussion. ERD is network model that 
describes stored data of a system at a high level of abstraction. For system analyst, ERD has a 
major benefit: it highlights the relationship between data stores on DFD, which would otherwise 
only be seen in the specification process.  
The main components of an ERD include: 
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• Entity  
• Attribute  
• Relationship  

 
Entity is a subject, a duty, or an event that has a significant meaning to the future system and is 
displayed by a rectangle with round corners. Each entity has its own name. In some cases, 
entities of the same sort can be merged into one entity type. Entity type of a system is defined 
base on the outcome of system function analysis. 
 
The simplest approach to decide whether a type of information should be put in the model as a 
type of entity is to make up the following question: Are these information tables useful for the 
system? If the answer is yes, system analyst has to identify the basic entities that create flows in 
the data table. 
 
After a suitable type of entity, entity nature have been identified, the next important step is to 
define the information that needs to be archived for each entity. 
 

• Attributes are the characteristics of the entity displayed by fields or columns of a table.  
 
Relationship shows connections among the system’s entities. These connections are displayed by 
triangle headed arrows.  
 
There are 4 major types of relationship/cardinality used in ERDs: 
 
One - one relationship 
One - many relationship 
Many – one relationship 
Many - many relationship 
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Symbols used in ER Diagram 

 
 
 
Let’s assume that we have 2 entities in tables A and table B, a one - one relationship will exist 
between them if: 
 
With each entity in table A, there is a corresponding entity in table B and vice versa, with each 
entity in table B, there is a corresponding entity in table A. This relationship is displayed by a 
normal connection line. 
 
Assume that we have 2 entities in table A and table B, a one - many relationships will exist 
between them if:  
 
With each entity in table A, there are several entities in table B and with each entity in table B, 
there is one and only one entity in table A. This relationship is displayed by a triangle-headed 
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connection line. The non-triangle headed end shows to the table with one entity and the other end 
shows the table with various entities. 
 
Assume that we have 2 entities in table A and table B, a many - many relationship will exist 
between them if:  
 
With each entity in table A, there are several entities in table B and with each entity in table B, 
there are several entities in table A. This relationship is displayed by a connection line with 
triangle at both ends.  
 
In fact, the many - many relationship is often transferred to the one - many relationship via 
"connection entity" with 2 upper entities. 
 
Thus, of the 3 types of relationships, the one - many relationship is the most important and 
popular because the one - one relationship can be integrated in a table, the many - many 
relationship is transferred to one - many relationship by creating a "connection entity", which 
facilitates the data modeling.  
 
In the example of library management system, we see the following relationships: 
 
We realize that: one book or magazine (documents) must be belong to one language, but one 
language can have many books or magazines, so this relationship is one - to - many(one 
language has many documents). The similar relationships are: documents and nation, documents 
and collection, documents and specialty. 
 
With the magazines: we realize that each magazine category has many volumes (depend on 
years, months, and numbers...), but one volume must be belong to one magazine category, so this 
relationship is one - to - many. 
 
The relationship between department and readers is also one - to - many relationship, because 
one reader must belong to one and only one department, but one department can have many 
readers (staffs). 
 
And the last relationship: the relationship between readers and documents: This is a special 
relationship: one reader can borrow many documents, and one document can be borrowed by 
many readers at different time (because, when a reader gives back a document, it can be 
borrowed by another reader again). So we can say that this relationship is "many - to -many" 
relationship, and separate it into 2 "one - to - many" relationships and one entity, the 
Borrowing/Returning_Ticket entity, with its primary key is the compose of the primary key of 
document entity, the primary key of reader entity, and the BORROW_DATE attribute. 
So we have the Entity-Relationship diagrams as follow: 
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Activity 1 
 
  
 
 
 
 
 
 
 
 
 
 

Draw the ER diagram for a hospital with a set of patients and a set of 
doctors. State assumptions if you make any. 
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LESSON 7 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Analysis tools used as a part of Systems Analysis 
 To study various tools such as Functional Diagram, Data Flow diagram 

etc 
In this lecture we will study about the Analysis tools, which become the part of 
environmental and behavioral tool as a part systems analysis and design part. 
 
 
ANALYSIS TOOLS 
 
In the process of system analysis, analysts often construct models to give an overview or stress 
on aspects of the whole system. This enables analyst to contact users in the best way and when 
users’ need is changed, it is possible to modify or construct a new model.  
 
Analysts use model to: “Concentrate on important features of the system, pay less attention to 
less important ones; Be able to respond to changes or changes in user’s requirements with low 
cost and risk; Properly understand users’ environment and write documents in the same way that 
designers and programmers construct the system”. 
 
Two important modeling tools used in system analysis is:  
 
I. Functional Diagram (FD) 
 
A functional diagram is used to show system’s functions that will be constructed and the 
implementation process of data diagram. Moreover, function diagram will also be used to 
determine the appearance frequency of smaller process in the data flow chart. If during 
the construction of functional diagram, analysts identify new functions, the analysts need 
to determine if it is a wrong move to ignore the discovered functions. It is necessary to 
decide to add or remove in the most appropriate way. Functional analysis with the help of 
modeling tools provides important details that will be used often in later stages of 
analysis. With detailed job description, information processing and exchanging process, 
input and output of every function will help analysts understand more clearly system’s 
requirements. However, it is necessary to note that function approach to issue is not a 
comprehensive approach. A function diagram only shows what to do not how to do. In a 
functional diagram, a function is divided into many smaller functions and each smaller 
function contains many even smaller ones. Constructing diagram is a process of division, 
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from a higher function to appropriate smaller functions. Diagrams need to be presented 
clearly, simply, exactly, fully and balance. Function of the same level has the same level 
of difficulty need to be on the same page. 
 
In the current example, the function hierarchy diagram is as follows: 
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II. Data Flow Diagram 
Data flow diagram: describe the information flow in the system  
The next step of system analysis is to consider in detail the information necessary for the 
implementation of functions discussed above and the one necessary for the improvement 
of the functions. Modeling tool frequently used for this purpose is data flow diagrams.  
Data flow diagram will support 4 main activities: 
 
Analysis: DFD is used to determine requirements of users.  
 
Design: DFD is used to map out plan and illustrate solutions to analysts and users while 
designing a new system.  
 
Communication: One of the strength of DFD is its simplicity and ease to understand to 
analysts and users. 
 
Documents: DFD is used to provide special description of requirements and system 
design. DFD provide an overview of key functional components of the system but it does 
not provide any detail on these components. We have to use other tools like database 
dictionary, process specification to get an idea of which information will be exchanged 
and how.  
 
The data dictionary is an organized listing of all the data elements pertinent to the system, 
with precise, rigorous definitions so that both user and systems analyst will have a 
common understanding of all inputs, outputs, components of stores, and intermediate 
calculations. The data dictionary defines the data elements by doing the followings: 
 

• Describing the meaning of the flows and stores shown in the data flow diagrams;  
• Describing the composition of aggregate packets of data moving along the flow;  
• Describing the composition of packets of data in stores;  
• Specifying the relevant values and units of elementary chunks of information in 

the data flows and data stores.  
• Describing the details of relationships between stores that are highlighted in an 

entity-relationship diagram.  
 
The system analysis can ensure that the dictionary is complete, consistent, and non-
contradictory. He can examine the dictionary on his own and ask the following questions: 
 
Has every flow on the data flow diagram been defined in the data dictionary?  
Have all the components of composite data elements been defined?  
Has any data element been defined more than once?  
Has the correct notation been used for all data dictionary definition?  
Are there any data elements in the data dictionary that are not referenced in the 
functioning diagrams, data flow diagrams, or entity-relationship diagrams.  
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Building a data dictionary is one of the more important aspects and time consuming of 
systems analysis. But, without a formal dictionary that defines the meaning of all the 
terms, there can be no hope for precision. 
 
The process specification:  
As we know, there are a variety of tools that we can use to produce a process specification: 
decision tables, structured English, pre/post conditions, flowcharts, and so on. All most systems 
analysts use structured English. But, any method can be used as long as it satisfies two important 
requirements: 
 
The process specification must be expressed in a form that can be verified by the user and 
the systems analysts;  
 
The process specification must be expressed in a form that can be effectively 
communicated to the various audiences involved.  
 
The process specification represents the largest amount of detailed work in building a 
system model. Because of the amount of work involved, you may want to consider the 
top – down implementation approach: begin the design and implementation phase of your 
project before all the process specifications have been finished. 
 
The activity of writing process specifications regarded as a check of the data flow 
diagrams that have already developed. In the writing process specifications, you may 
discover that the process specifications needs additional functions, input data flow or 
output data flow. Thus, the DFD model may be changed, revisions, and corrections based 
on the detailed work of writing the process specifications. 
 
Data flow diagram can be described in the following ways: 
 

• What functions should the system perform?  
• Interaction between functions?  
• What does the system have to transfer?  
• What inputs are transferred to what outputs?  
• What type of work does the system do?  
• Where does the system get information from to work?  
• And where does it give work results to?  

 
Regardless of the ways it is described, the data flow diagram needs to meet the following 
requirements: 
 

• Without explanation in words, the diagram can still tell the system’s functions and 
its information flowing process. Moreover, it must be really simple for users and 
systems analysts to understand.  
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• The diagram must be balancely laid out in one page (for small systems) and in 
every single page showing system’s functions of the same level (for larger 
systems).  

• It is best for the diagram to be laid out with computer supporting tools, because 
that way the diagram will be consistent and standardized. Also, the adjustment 
process (when needed) will be done quickly and easily.  

 
The main components of data flow diagram are: 
 

• The process: The process shows a part of the system that transforms inputs into 
outputs; that is, it shows how one or more inputs are changed into outputs. 
Generally, the process is represented graphically as a circle or rectangle with 
rounded edges. The process name will describe what the process does.  

• The flow: The flow is used to describe the movement of information from one part 
of the system to another. Thus, the flow represents data in motion, whereas the 
stores represent data at rest. A flow is represented graphically by an arrow into or 
out of a process.  

• The store: the store is used to model a collection of data packets at rest. A store is 
represented graphically by two parallel lines. The name of a store identified the 
store is the plural of the name of the packets that are carried by flows into and out 
of the store.  

• External factors: External factors can be a person, a group of persons or an 
organization that are not under the studying field of the system (they can stay in or 
out of the organization), but has certain contact with the system. The presence of 
these factors on the diagram shows the limit of the system and identifies the 
system relationship to the outside world. External factors are important 
components crucial to the survival of every system, because they are sources of 
information for the systems and are where system products are transferred to. An 
external factor tends to be represented by an rectangle, one shorter edge of which 
is omitted while the other is drawn by a duplicated line.  

• Internal factors: While the external factors’ names are always nouns showing a 
department or an organization, internal factors’ names are expressed by verbs or 
modifiers. Internal factors are systems’ functions or process. To distinguish itself 
from external factors, an internal factor is represented by an rectangle, one shorter 
edge of which is omitted while the other is drawn by a single line.  

 
You can construct DFD model of system with the following guidelines: 

• Choose meaningful names for processes, flows, stores, and terminators  
• Number of processes  
• Re-draw the DFD many times  
• Avoid overly complex DFD  
• Make sure the DFD is consistent internally and with any associated DFD  
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To recap, DFD is one of the most important tools in a structured system analysis. It 
presents a method of establishing relationship between functions or processes of the 
system with information it uses. DFD is a key component of the system requirement 
specification, because it determines what information is needed for the process before it 
is implemented. Many systems analysts reckon that DFD is all they need to know about 
structured analysis. On the one hand, this is because DFD is the only thing that a systems 
analyst remembers after reading a book focussing on DFD or after a course in structured 
analysis. On the other hand, without the additional modeling tools such as Data 
Dictionary, Process Specification, DFD not only can’t show all the necessary details, but 
also becomes meaningless and useless. 
 
In the example of library management system, corresponding to each level of function 
hierarchy diagram, we develop the data flow diagrams: 
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Summary: 
At the end of function analysis phase, we have 2 diagrams: the function hierarchy diagram and 
the data flow diagram. They will be a basis for finding out entities and relationships between 
them (which is defined in the Entity-Relationship diagram). 
 

Activity 1 
 

 
 
 
 
 
 
 
 
 
 
Activity 2 
 
 
 
 
 
 
 
 
 
 
 
 

Draw the DFD for admission system of University. State 
assumptions if you make any. 
 

Draw the DFD for a hospital with a set of patients and a set of doctors. 
State assumptions if you make any. 
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LESSON 8 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Design tools used in Systems Analysis 
 Implementation of design tools such as data dictionary, Decision Tree, 

decision table etc 
 
In this lecture we will study about the Design tools which are a part of environmental and 
behavioral tool of systems analysis and design part. 
 
DESIGN TOOLS 
 
Design tools used in the development of SDLC are: 

• Data Dictionary 
• Structured English 
• Decision tables  
• Decision trees 

I. Data Dictionary 
 
Data Dictionary is also called data repository 
Documents specific facts about the system 

• Data flows  
• Data stores  
• Processes  
• External entities  
• Data structures (records)  
• Data elements (data items, fields)  

 
Documenting the elements 
 
All of the items in a DFD is to be documented in the Data Dictionary, also called the 
Data Repository. All major characteristics of the items must be recorded and described. 
The key objective is to provide clear, comprehensive information about the system. 
 
During the documentation process, paper-based standard forms or a CASE tool can be 
used. Various tools are available, and Visible Analyst is a popular example. 
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Documenting the data elements 
 
Must document every data element. Example attributes of a data element are: 

• Name or label  
• Alternate name(s)  
• Type and length  
• Output format  
• Default value  
• Prompt, header or field caption  
• Source  
• Security  
• Responsible user(s)  
• Acceptable values and data validation  
• Derivation formula  
• Description and comments  

 
Documenting the data flows 
Must document every data flow. Example attributes of a data flow are: 

• Name or label  
• Alternate name(s)  
• Description  
• Origin  
• Record – group of data elements  
• Volume and frequency  

 
Documenting the data stores 
Must document every data store. Example attributes of a data store are: 

• Name or label  
• Alternate name(s)  
• Description  
• Input data flows  
• Output data flows  
• Record – group of data elements  
• Volume and frequency  

 
Documenting the processes 
Must document every process. Example attributes of a process are: 

• Name or label  
• Alternate name(s)  
• Purpose or description  
• Process number  
• Input data flows  
• Output data flows  
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• Process description  
 
Documenting the external entities 
Must document every external entity. Example attributes of a external entity are: 

• Name or label  
• Alternate name(s)  
• Description  
• Input data flows  
• Output data flows  

 
Documenting the records 
Must document every record. Example attributes of a record are: 

• Name or label  
• Alternate name(s)  
• Definition or description  
• Record content or composition  

 
Data Dictionary Reports 
 
Data dictionary serves as a central storehouse for documentation 
Using this data, you can produce many valuable reports 
 
II. Structured English 
 
Structured English is a subset of Standard English, used to describe process logic. It uses 
logical constructs and sentences designed to carry out the instruction for the actions. For 
e.g. IF,THEN,ELSE,SO all should in caps. 
 

• Use only standard sequence, selection, and iteration structures  
• Use indentation for readability  
• Use a limited vocabulary  
e.g. 
 
IF (order is from bookstore) 
THEN  
Discount is 25% 
ELSE 
No discount 

III. Decision Tables 
Process logic is sometimes best illustrated by a decision table where conditions and 
actions are listed as rows of a table. 

• Shows a logical structure that describes process logic  
• Every logical combination is shown initially  
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• Results then can be combined and simplified  
• Programmers can use decision tables in developing code  
 

IV. Decision Trees 
 
“A decision tree takes as input an object or situation described by a set of properties, and 
outputs a yes/no decision. Decision trees therefore represent Boolean functions. 
Functions with a larger range of outputs can also be represented." 
A decision tree is a graphical representation that shows a decision table’s conditions, 
actions, and rules. 

• Logic structure is shown horizontally  
• Easy to construct and understand  
• Decision table is better in complex situations  

 
 
Activity 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Air charges are set depending on the weight of the parcel. The normal rate is Rs 10 

per Kg, which is further reduced to Rs 5 per kg; if the weight of the parcel exceeds 

15 kg. However, this rate is for local delivery, only if the parcel is outstation and 

weight over 15 kg, the rate is Rs 10 per kg whereas the normal rate for such cases 

is Rs 15 per kg. Write the Structured English for the above case. 
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LESSON 9 
 
 
 
Overview of the Lecture 
 
Objective 
 

 What is the Critical Path? 
 Finding the Critical Path in a simple network. 

 Learn how to draw CPM 
 Key points to be remembered while drawing CPM 
 Limitations of CPM 

 
 
Whenever any project is assigned it is crucial/critical in nature. It needs to be completed 
on time as the resources are utilized in terms of hardware, software and manpower.  
Management of big projects that consists of a large number of activities pose complex 
problems in Planning, scheduling and control, especially when the project activities have 
to be performed in a specified technological sequence. With the help of PERT (Program 
Evaluation and Review Technique) and CPM (Critical Path Method) the project Manager 
can 

1. Plan the project ahead of times and for see possible sources of troubles and 
delays in completion. 

2. Schedule the project activities at the appropriate times to conform with proper 
job sequence so that the project is completed  

3. Coordinate and control the project activities so as to stay on schedule in completing the 
project. 

So lets begin with Critical Path Method in detail. 
 
CPM - Critical Path Method 
 
In 1957, DuPont developed a project management method designed to address the 
challenge of shutting down chemical plants for maintenance and then restarting the plants 
once the maintenance had been completed. Given the complexity of the process, they 
developed the Critical Path Method (CPM) for managing such projects. 
 
CPM provides the following benefits 

 Provides a graphical view of the project. 
 Predicts the time required to complete the project. 
 Shows which activities are critical to maintaining the schedule and which are 

not. 
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CPM models the activities and events of a project as a network. Activities are depicted as 
nodes on the network and events that signify the beginning or ending of activities are 
depicted as arcs or lines between the nodes.  
 
What do you mean by Critical Activity 
If the activities EST and LST is same then that activity is called as Critical Activity and 
the complete path from the start to finish which consist of all those activity which are 
critical are called as Critical Path. 
 
Critical Activity=EST-LFT=0 
 
The following is an example of a CPM network diagram: 
 

CPM Diagram 
 

 
 
Steps in CPM Project Planning 
 
1. Specify the individual activities. 
2. Determine the sequence of those activities. 
3. Draw a network diagram. 
4. Estimate the completion time for each activity. 
5. Identify the critical path (longest path through the network) 
6. Update the CPM diagram as the project progresses. 
 
1. Specify the Individual Activities 
From the work breakdown structure, a listing can be made of all the activities in the project. This 
listing can be used as the basis for adding sequence and duration information in later steps. 
 
2. Determine the Sequence of the Activities 
Some activities are dependent on the completion of others. A listing of the immediate 
predecessors of each activity is useful for constructing the CPM network diagram. 
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3. Draw the Network Diagram 
Once the activities and their sequencing have been defined, the CPM diagram can be 
drawn. CPM originally was developed as an activity on node (AON) network, but some 
project planners prefer to specify the activities on the arcs. 
 
4. Estimate Activity Completion Time 
The time required to complete each activity can be estimated using past experience or the 
estimates of knowledgeable persons. CPM is a deterministic model that does not take into 
account variation in the completion time, so only one number is used for an activity's 
time estimate. 
 
5. Identify the Critical Path 
The critical path is the longest-duration path through the network. The significance of the 
critical path is that the activities that lie on it cannot be delayed without delaying the 
project. Because of its impact on the entire project, critical path analysis is an important 
aspect of project planning. 
 
The critical path can be identified by determining the following four parameters for each 
activity: 
 

• EST - earliest start time: the earliest time at which the activity can start given 
that its precedent activities must be completed first. 

• EFT - earliest finish time, equal to the earliest start time for the activity plus 
the time required to complete the activity. 

• LFT - latest finish time: the latest time at which the activity can be completed 
without delaying the project. 

• LST - latest start time, equal to the latest finish time minus the time required to 
complete the activity. 

 
The slack time for an activity is the time between its earliest and latest start time, or 
between its earliest and latest finish time. Slack is the amount of time that an activity can 
be delayed past its earliest start or earliest finish without delaying the project. 
The critical path is the path through the project network in which none of the activities 
have slack, that is, the path for which ES=LS and EF=LF for all activities in the path. A 
delay in the critical path delays the project. Similarly, to accelerate the project it is 
necessary to reduce the total time required for the activities in the critical path. 
 
6. Update CPM Diagram 
As the project progresses, the actual task completion times will be known and the 
network diagram can be updated to include this information. A new critical path may 
emerge, and structural changes may be made in the network if project requirements 
change. 
Let us take an Example and understand how CPM is created 
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Example1: Here is a table of a project comprising various activities. Draw the 
PERT/CPM chart and show the critical path. 
Activity Dependency Time 
A - 6 
B A 7 
C A 8 
D B 20 
E B 18 
F C 9 
G E 8 
H D/F 2 
I G/H 7 
 
 
Key points:  
 
Critical Path Analysis is an effective and powerful method of assessing: 

• What tasks must be carried out  
• Where parallel activity can be performed  
• The shortest time in which you can complete a project  
• Resources needed to execute a project  
• The sequence of activities, scheduling and timings involved  
• Task priorities  
• The most efficient way of shortening time on urgent projects.  

 
An effective Critical Path Analysis can make the difference between success and failure 
on complex projects. It can be very useful for assessing the importance of problems faced 
during the implementation of the plan. 
PERT is a variant of Critical Path Analysis that takes a more skeptical view of the time 
needed to complete each project stage. 
 
CPM Limitations 
 
As we are aware of merits of CPM there are certain limitations where CPM fails. CPM 
was developed for complex but fairly routine projects with minimal uncertainty in the 
project completion times. For less routine projects there is more uncertainty in the 
completion times, and this uncertainty limits the usefulness of the deterministic CPM 
model. An alternative to CPM is the PERT project-planning model, which allows a range 
of durations to be specified for each activity. 
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Critical Path Method (CPM)

• CPM is a project network analysis technique 
used to predict total project duration

• A critical path for a project is the series of 
activities that determines the earliest time by 
which the project can be completed

• The critical path is the longest path through the 
network diagram and has the least amount of 
slack or float

 
Simple Example of Determining the Critical Path 

 
Consider the following project network diagram.  Assume all times are in days. 

 

 
 
a. How many paths are on this network diagram? 
b. How long is each path? 
c. Which is the critical path? 
d. What is the shortest amount of time needed to complete this project? 
 
  

2 3
4

5

A=2 B=5
C=2

D=7

1 6
F=2

E=1

start finish
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Activity 1 
 
Draw the CPM Chart for the following; identify the critical path as well as critical activities. 
 
Activity Dependency Time (days) 

 
A Start 10 
B - 15 
C - 20 
D A 20 
E A 10 
F B 15 
G B 10 
H C 15 
I H, G 20 
J E, F 5 
K D, J, I 10 
 
Activity 2 
 
Activity Dependency Time (days) 

 
A Start 10 
B Start 20 
C Start 50 
D A 20 
E D 30 
F B 25 
G E, F 10 
H G 10 
I C, H 15 
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LESSON 10 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Understanding the concept of Project Management 
 What are Project Management Tools 
 Examples of Project Management Tools 
 How to create Gantt Charts 
 Know what are Computer based Project Management Tools 

 
Lets start our Lecture with the brief introduction to Project Mgmt. 
 
 
Gantt Charts – show duration of parallel & sequential activities, and milestones as a 
horizontal bars on a chart. (Milestone – a significant event in the project: completion of a 
report, a prototype, etc.). 
 
Critical Path Method – shows the relationship between activities in a project (critical 
path – activities on critical path are termed as critical activities, any delay in these 
activities will cause a delay in a project). 
 
(PERT – Program Evaluation and Review Techniques: sometimes referred to as critical 
path network diagram – shows a network of nodes and arrows that are evaluated to 
determine the critical activities). 
 
What do you mean by Project Management 
 
Management of big projects that consists of a large number of activities pose complex 
problems in Planning, scheduling and control, especially when the project activities have 
to be performed in a specified technological sequence. With the help of PERT (Program 
Evaluation and Review Technique) and CPM (Critical Path Method). The project 
Manager can 
 

4. Plan the project ahead of times and for see possible sources of troubles and delays 
in completion. 

5. Schedule the project activities at the appropriate times to conform with proper job 
sequence so that the project is completed  
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6. Coordinate and control the project activities so as to stay on schedule in 
completing the project. 

 
Thus both PERT and CPM are aids to efficient project mgmt. They differ in their 
approach to the problem and the solution technique. 
 
Project Management Tools 
 
Project management demands on several different management topics such as document 
management, time management for coordination, work--flow management and resource 
managements. 
 
Document management systems support the storage, archiving, classification and 
retrieval of documents. They are based on back--up file systems and meta information 
systems. The back--up file systems realized the physical storage of the documents. A 
simple example is the hierarchical file system of Window and Unix operations systems. 
Meta information systems are used for classification and retrieval. Each document got an 
entry including all related attributes meta information such as author, date, title, type, 
format, version, keywords, related engineering project. This meta information can be 
used to search documents by a set of logical operation on the attributes. Time 
management can be realized in the World Wide Web by calendar functionality. Several 
tools provide time schedule tables for event definition such as meetings and deadlines in 
combination with email reminder. A simple time schedule management in educational 
projects can be realized by shared HTML files including timetables. The same solution 
(tables in shared HTML files) can be used in small projects for resource management. 
Standard work—flow management tools support predefined working processes but have 
to be adapted for the flexible working processes in civil and hydro--engineering projects. 
This is still a domain of research and development activities. Today there are a lot of 
tools for work--flow management, but they are mostly not developed as real Web based 
application. Work--flow management is based on a work--flow process model, which 
defines all activities, their relations and the corresponding resources. Tools support the 
design and follow of the working process in a project. Example for a typical work—flow 
management tool is MS Project with an integrated HTML converter to present the project 
plans in the World Wide Web. A more simple but maybe efficient way for educational 
exercises is to set up work plan tables in shared HTML files on a Web server. 
 
For larger projects in practice we recommend the application of complex group ware 
systems (such as lotus notes, BSCW), which provides integrated document, time, 
resource and work--flow management. The benefits of these functionalities can be only 
achieved by a careful design of the work plan and work--flow of the projects. This effort 
is out of the scope of a one-week exercise in education. 
Introduction to Project Management Tools 
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This section discusses some of the specific skills you will need to run projects 
successfully. It concentrates on two main areas: scheduling skills, including use of Gantt 
charts and Critical Path Analysis, and overall project planning following the Planning 
Cycle.  

• Gantt charts 
• Critical Path Analysis & PERT  

 
By the end of the section you should understand how to manage the projects. You will 
know how to complete them on time and on budget. While running a project you will know 
which jobs are most important, and which deadlines are most important to meet.  
 
 Project Planning & Management Tools 
 
As you progress in your career, you will face more and more complex and difficult challenges.
Some of these may be huge - they may involve the coordination of many different people, the
completion of many tasks in a precise sequence, and the expenditure of a great deal of time and 
money. 
This section explains some of the specific skills you will need to run these projects successfully,
helping you to complete them successfully and with minimum wastage of resource. 
 
While you are reading these articles, have a look at the project management book reviews,
resources and stores on the sidebars - these can help you to develop your project management
skills further, and provide you with the essential tools you need to manage projects both
generally and in specialist areas. 

 Gantt Charts - Scheduling Projects with Dependent Stages. 

 Critical Path Analysis & PERT - Scheduling Complex Projects. 

 
 
 
I. GANTT CHARTS 
 
Type of Bar Chart used for lining of activity. Used to represent different activities related 
to a project. We can monitor the progress of activity thru this chart. 
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Gantt Charts
Gantt charts provide a standard format for displaying 

project schedule information by listing project 
activities and their corresponding start and finish 
dates in a calendar format

Symbols include:
• A black diamond: milestones or significant events on a 

project with zero duration
• Thick black bars: summary tasks
• Lighter horizontal bars: tasks
• Arrows: dependencies between tasks
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How to use Gantt Charts 
Gantt Charts are useful tools for analyzing and planning more complex projects. They: 
 

• Help you to plan out the tasks that need to be completed  
• Give you a basis for scheduling when these tasks will be carries out  
• Allow you to plan the allocation of resources needed to complete the project, and  
• Help you to work out the critical path for a project where you must complete it by 

a particular date.  
 
When a project is under way, Gantt charts help you to monitor whether the project is on 
schedule. If it is not, it allows you to pinpoint the remedial action necessary to put it back 
on schedule.  
  
Sequential and parallel activities 
 
An essential concept behind project planning (and Critical Path Analysis) is that some 
activities are dependent on other activities being completed first. As a shallow example, it 
is not a good idea to start building a bridge before you have designed it. 
  
These dependent activities need to be completed in a sequence, with each stage being 
more-or-less completed before the next activity can begin. We can call dependent 
activities 'sequential'.   
Other activities are not dependent on completion of any other tasks. These may be done 
at any time before or after a particular stage is reached. These are nondependent or 
'parallel' tasks. Ok now we will learn how to draw Gantt chart 
  
Drawing a Gantt chart 
To draw up a Gantt Chart, follow these steps:  
  
1. List all activities in the plan 
For each task, show the earliest start date, estimated length of time it will take, and 
whether it is parallel or sequential. If tasks are sequential, show which stages they depend 
on.  
You will end up with a task list like the one in figure 1. This example shows the task list 
for a custom-written computer project.  
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Figure 1. Gantt Chart Example: Planning a custom-written computer projectNB: The start 
week shows when resources become available. Whether a task is parallel or sequential depends 
largely on context. 
 

Task possible 
start 

Length Type Dependent 
on... 

1. High level analysis  week 1 5 days sequential  

2. Selection of hardware platform  week 1 1 day sequential 1 

3. Installation and commissioning 
of hardware  

week 3 2 weeks parallel 2 

4. Detailed analysis of core modules week 1 2 weeks sequential 1 

5. Detailed analysis of supporting 
utilities  

week 1 2 weeks sequential 4 

6. Programming of core modules  week 4 3 weeks sequential 4 

7. Programming of supporting 
modules  

week 4 3 weeks sequential 5 

8. Quality assurance of core 
modules  

week 5 1 week sequential 6 

9. Quality assurance of supporting 
modules  

week 5 1 week sequential 7 

10.Core module training  week 7 1 day parallel 6 

11.Development of accounting 
reporting  

week 6 1 week parallel 5 

12.Development of management 
reporting  

week 6 1 week parallel 5 

13.Development of management 
analysis  

week 6 2 weeks sequential 5 

14.Detailed training  week 7 1 week sequential 1-13 

15.Documentation  week 4 2 weeks parallel 13 

 
 2. Head up graph paper with the days or weeks through to task completion. 
 
 
3. Plot the tasks onto the graph paper 
Next draw up a rough draft of the Gantt Chart. Plot each task on the graph paper, 
showing it starting on the earliest possible date. Draw it as a bar, with the length of the 
bar being the length of the task. Above the task bars, mark the time taken to complete 
them. Do not worry about task scheduling yet. All you are doing is setting up the first 
draft of the analysis.  
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This will produce an untidy diagram like the one below:  
 

 
 
 
4. Schedule Activities 
Now take the draft Gantt chart, and use it to schedule actions. Schedule them in such a 
way that sequential actions are carried out in the required sequence. Ensure that 
dependent activities do not start until the activities they depend on have been completed. 
 Where possible, schedule parallel tasks so that they do not interfere with sequential 
actions on the critical path. While scheduling, ensure that you make best use of the 
resources you have available, and do not over-commit resource. Also allow some slack 
time in the schedule for holdups, overruns, quality rejections, failures in delivery, etc.  
 
5. PresentingtheAnalysis 
The final stage in this process is to prepare a final version of the Gantt Chart. This should 
combine the draft analysis (see above) with your scheduling and analysis of resources. 
This chart will show when you anticipate that jobs should start and finish.  
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A redrawn and scheduled version of the example project is shown below:  
  

 
 
By drawing this example Gantt Chart, you can see that:  
 

• If all goes well, the project can be completed in 10 weeks  
• If you want to complete the task as rapidly as possible, you need:  

o 1 analyst for the first 5 weeks  
o 1 programmer for 6 weeks starting week 4  
o 1 programmer for 3 weeks starting week 6  
o Quality assurance resource for weeks 7 and 9  
o Hardware to be installed by the end of week 7  
 

• Analysis, development and installation of supporting modules are essential 
activities that must be completed on time.  

• Hardware installation is a low priority task as long as it is completed by the end of 
week 7  

 
While this section describes how to draw a Gantt chart manually, in practice project 
managers tend to use software tools like Microsoft Project to create Gantt Charts. Not 
only do these ease the drawing of Gantt Charts, they also make modification of plans 
easier and provide facilities for monitoring progress against plans. Microsoft Project is 
reviewed at the top of the left hand sidebar. 
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Key points 
 
Gantt charts are useful tools for planning and scheduling projects. They allow you to 
assess how long a project should take, determine the resources needed, and lay out the 
order in which tasks need to be carried out. They are useful in managing the 
dependencies between tasks. 
 
When a project is under way, Gantt charts are useful for monitoring its progress. You can 
immediately see what should have been achieved at a point in time, and can therefore take 
remedial action to bring the project back on course. This can be essential for the successful and 
profitable implementation of the project 
 
 
II. Program Evaluation and Review Technique/ Critical Path Method 

(PERT/CPM) 
As already discussed earlier we will learn only the brief about PERT/CPM 
 
• PERT is a network analysis technique used to estimate project duration when there is 

a high degree of uncertainty about the individual activity duration estimates 
• PERT uses probabilistic time estimates based on using optimistic, most likely, and 

pessimistic estimates of activity durations. 
• CPM is a project network analysis technique used to predict total project duration 
• A critical path for a project is the series of activities that determines the earliest time 

by which the project can be completed 
• The critical path is the longest path through the network diagram and has the least amount of 

slack or float. 
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Computer based Project Management Tools 

Overview  The below listing is a sampling of the wide variety of project management 
tools that are available for the Windows (and to a lesser degree, 
Macintosh) computing platforms. All of these products provide a useful 
way of documenting project tasks and deliverables and developing a 
project schedule.   

 

Brainstorming tool 
Project Kick Start is a tool designed to guide you from initial project 
concept to development of a basic project plan. It shares data with several 
of the more popular project management tools listed below.   

 

 
Basic project 
schedulers 

The following tools focus on the development of basic project tasks lists 
and schedules. These are typically used for smaller scale project planning 
efforts and can be a good place to begin if you've never done any formal 
project planning work before.   

• AEC Software FastTrack Schedule  
• KIDSA Software Milestones Professional  

 

 
Mainstream 
project 
management tools  

The following are several mainstream project management tools. These 
have been around for quite a while, have a well-developed feature set, and 
a fairly wide following of users.  

• CA-Super Project    
• IMSI Turbo Project  
• Microsoft Project  
• Sciforma Corporation  
• Primavera Suretrak  

Also, this link to MacInTouch Reader Reports offers information on 
several project management solutions for Mac users. 

 

 
Enterprise project 
Management tools  

The following are several examples of tools that focus on large scale 
enterprise project management.   

• Artemis Views  
• Niku Portfiolio Manager (formerly ABT)   
• Primavera Enterprise  

 

Web-based project 
management tools  

StartWright Project Management Tools  
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LESSON 11 
 
 
 
Overview of the Lecture 
 
Objective 
 

 What do you mean by change 
 Understand the concept of change management 
 How changes are done using Change Request Form. 

 
Lets start our Lecture with changes as an inevitable fact of project life. Unless you 
manage these changes effectively you will soon lose sight of the objectives and scope and 
thereafter lose total control of the project. 
 

• Change is inevitable – manage it. 
• Have a clear, simple process for introducing changes. 
• Assess the impact of proposed changes. 
• Only include beneficial changes. 
 

 
Managing change 
 
Changes are an inevitable fact of project life (Figure A). Seldom does a project go exactly 
to plan. Unless you manage these changes effectively you will soon lose sight of the 
objectives and scope and thereafter lose total control of the project. 
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Figure A:  Risks, opportunity, issues and change 

 
A risk or opportunity will become an issue if the event occurs. Issues can be resolved either 
within the scope of the project as currently defined or via a change to the project. If this 
“issue” is to be resolved by a change to the defined project, the impact of the change should 
be assessed, particularly with respect to the expected benefits.  
Managing change does not mean preventing change, but rather allowing only beneficial 
changes to be adopted and included in the project. 
 
Change management is related to risk, opportunity, and issue management; a risk or 
opportunity will become an issue if the event occurs. Issues can be dealt with either 
within the scope of the project as currently defined or via a change to the project. If this 
“issue” is to be resolved by a change to the defined project, the impact of this change 
should be assessed, particularly with respect to the expected benefits. (see Figure A). 
 
Change may result from a number of sources: 

 
• Changes in business needs/requirements driven by the project sponsor or other 

stakeholders; 
• Changes in the business environment (e.g. economics, social factors, competitor 

action); 
• Problems or opportunities which occur during the course of the project;  
• Modifications or enhancements identified by the project team (beware of these!); 
• Faults detected by the project team or users (these must be addressed). 
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Change, in the context of a project, is any modification to the benefit, scope, time, or 
cost targets that have previously been approved. This means that there can only be a 
“change” if there is an approved standard or “baseline”. The baseline is provided by the 
project definition (included in the initial and full business case) which defines the: 
 

• Benefits to be delivered by the project; 
• Scope of work and detail for each deliverable; 
• Project timescale and intermediate milestone dates; 
• Project cost. 

Change management is the process through which changes to a project (to cost, schedule, 
scope, or benefits) are introduced and evaluated prior to their adoption or rejection. 

 
Remember, the primary aim of a project is to fulfill a stated business need. As 

long as this need is satisfied, fine tuning, enhancing, or embellishing the outputs is a 
potential waste of resource and time. 

 
Inevitably, a time will come when an issue will arise on a project which cannot be 
resolved while still keeping the project viable. Either a time window will be missed or 
costs will be sol high that even a marginal cost analysis leads to the conclusion that it 
is not worth continuing. In these cases, the impact assessment will result in a 
recommendation to terminate the project. Such an outcome should be treated as a 
success, as there is little point in continuing with a project, which is not viable in 
business terms  
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Change management process 
Because of the potential for changes to reduce projects to chaos, it is preferable to 
adopt a formal approach to assessing and authorizing change right from the start 
(Figure C) 
 
• Note the proposed change in the change log (see Figure C, for an example). 
• Assess the impact of the change on the project and any interdependent projects. 

(See Figure C1 for a summary impact assessment form.) 
• If within the project manager’s authority, reject or accept the change proposal. 
• If it is outside the project manager’s authority, refer the decision (with a 

recommendation) to the appropriate level for a review and decision. 
 
The change proposal may be: 
• accepted for immediate implementation; 
• accepted, subject to certain conditions being met; 
• accepted but implementation is deferred to a later date; 
• rejected (with/without recommendation to include in the later project). 
Once the decision has been made, the project manager should: 
• obtain further financial authorization (if needed); 
• record the outcome in the change log. 
• If the change was accepted: 
• Implement the change; 

- Update the project documentation; 
- Inform all interested parties about the change; 

• Inform the originator of the outcome and, if rejected, give the reason for the 
decision. 
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Figure C: The change management process 

 
 
 
The change management comprises capturing the proposed changes, assessing the 
impact on time, costs, benefits, and scope, making a decision on whether to approve 
the change, and obtaining further funding, if required. 
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Project change log (Figure C1) 
 

 
 

Accountabilities for change decisions 
All proposed changes need to be reviewed and their impact assessed before they are 
implemented or rejected. A project may have several levels for the review and 
authorization of changes, depending on how serious or far reaching the change will be. 
The following table suggests such levels. 
 
Notice that the first two levels of authority lie within the project itself as the impacts do 
not affect other projects. Once other projects are affected, it is necessary to have the 
change reviewed and authorized by a higher authority that can balance the conflicting 
needs of different projects and sponsor. 
 
The impact levels should be defined and agreed when the project is authorized. This 
should be documented in the Initial or Full Business Case. 
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Impact of change Approval required by 
No impact on overall schedule, cost 
or benefits 
Allocation of scope reserve 

Project manager  
(Record in change log) 

Minor impact. Change affecting 
schedule or costs which can be 
accommodated without affecting 
other projects and are within the 
authority (tolerance) delegated to the 
project sponsor 
Allocation of contingency 

Project sponsor 
(Use change request form and record 
in change log) 

Major impact. Change affecting 
scope, objectives, benefits, schedule, 
or costs which can not be 
accommodated within the authority 
(tolerance) delegated to the project 
sponsor or which affect other 
projects 

Project review group (use change 
request form and record in change 
log) 
In some cases a business program 
board may have delegated authority 
which would normally be at project 
review group level 

 
Change Request Form 

If a change is minor in nature and can be approved by the project manager, this may be 
noted directly in the change log. If approval is required by higher authority it is 
recommended that a change request form is sued to ensure the relevant information is 
captured prior to completing the log.  
 

A change request form is used to: 
• Document requested changes; 
• Summarize the impact off the change; 
• Formally record the decision regarding the change. 

An example is given in Figure D. While this is “paper-based” example, the logic lends 
itself to electronic-based workflow systems. 
The project manger should: 

• enter the relevant data into the change log (change reference number, description, 
originator, date raised, impact assessment by, assessment due); 

• complete Part I of the change request form; 
• assess (with the help of others) the impact of the change and complete Part II 

(impact) of the form; 
• pass the form (with any supporting information) to the higher authority as 

appropriate for approval. Any necessary financial authorization documents should 
also be prepared. 

The “approver” should 
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• review the proposed change and complete Part III as appropriate;  
• return the form to the project manager. 
The project manager should complete the entry in the change log. 
 

 
Figure D: Change Request Form 
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Change Request Form Continued 
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LESSON 12 
 
 
 
Overview of the Lecture 
 
Objective 
 

 To know the need using computer based package 
 Relevance and significance in real life 

 
As we all know time plays a very important role in real life. Keeping this thing in mind 
and change in the advancement in technology everything is getting computerized. A 
lecture delivered verbally without any audio-visual aid makes it boring. To make it 
interactive we use packages, which save time, are appealing and interesting. In this 
lecture we will learn the use of such packages. Despite recent developments and 
improvements in computer technology, educators are reluctant to integrate computers 
into their curriculums. One way of integrating computers into the curriculum is by using 
multimedia presentation software in classroom instruction. Research suggests that the 
traditional methods of instruction are greatly enhanced using multimedia presentation 
software packages. Research also suggests that the use of presentation software makes 
instruction more interesting, exciting, and organized than traditional methods. Some of 
the reasons for the faculty reluctance to use the technology in the instructional process 
are: training has not been provided, lack of time for development, inaccessibility to 
proper hardware and software, and unawareness of the availability of user-friendly 
presentation software. There is enough evidence from the literature that presentation 
software is easy to learn and use, makes classes more interesting; exciting; and organized, 
involves faculty in computer use, makes the lecture clear and neat, and helps students 
understand the material better 
 
In our daily life whether it is a class lecture or a presentation at industry. We use 
packages such as MS PowerPoint, Acrobat Reader etc but what is the use of such 
packages? Lets study the use. 
 
Use of Computer based text and Presentation packages 
  
1. Text and Presentation Software is Easy to Learn and Use 

Many of the new generation presentation software packages are very easy to learn and 
use. They come with many templates and styles for different kinds of presentations. 
Presentation programs make it easy to change background, reformat text, and adjust 
the location of charts and other graphics by simply applying a new template. Use of 
presentation software would help the author to keep up with the changes very easily.   
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2. The use of text and Presentation Software Makes Classes More Interesting, 

Exciting, and Organized  
Hofstetter (1993) reported that the interplay of full-color imaging, digital audio, 
motion video, and stereo sound in a presentation provides a powerful way to captivate 
an audience and get your message out. Sammons (1995) reported that in a survey, 
students suggested that computer based presentations made classes organized, 
interesting, and helped them to pay attention. Chambers, Mullins, Boccard, & 
Burrows (1992) pointed out that by the use of technology (multimedia presentation) to 
present materials in visuals and auditory means helped to facilitate the understanding 
of the concepts, creative and critical thinking, discovery learning, and interactive 
discussion among students.  
 

3. Presentation and text Software Involves Faculty in Computer Use  
Many faculties would like to make their own computer-based presentations to support 
their teaching style and subject matter. This will encourage the faculty to learn more 
about the hardware and software that are required to develop presentations. 
Integrating visuals into the traditional lecture style is invigorating for both faculty and 
students and instructors get a chance to add a whole new dimension to their existing 
lectures.  
 

4. The use of presentation and text software helps students understand the material 
better and enhances learning  
The visual elements in a computer-based presentation help students to quickly 
comprehend both the most important points as well as the connection between them. 
The opportunity to explore and manipulate the information through interactive 
multimedia can greatly enhance student comprehension and retention. People retain 
little of what they read; more of what they read and hear; more of what they read, 
hear, and see graphically; and the most of what they read, hear, see graphically, and 
interact with. Computer-based presentation can serve as a dynamic blackboard and 
will allow immediate responses to student questions. The enthusiasm of students in 
school subjects was improved because of the use of computers in classroom 
instruction. The active participation by the audience during a computer-based 
presentation is facilitated by discussion as slides are advanced. The use of multimedia 
in a computer assisted learning environment increased the performance of students 
substantially.   
 

5. The use of presentation software makes the lecture format clearer and neater than 
chalkboard presentations  
A presentation software supported lecture requires the faculty to organize their 
teaching material to incorporate all the multimedia elements they would like to add to 
their presentation. This organization of the teaching material will make the lecture 
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clearer and neater than a chalkboard presentation. The use of computer-based 
transparencies can turn a lecture into a more polished and engaging presentation.  
 

6. Presentation software are more eye catching and appealing. 
 
7. Text and presentation packages save time 
 
Relevance And Significance 
Regardless of discipline, faculty needs to communicate effectively to students to convey 
their message. The traditional methods of lecture, chalk and board, and transparencies are 
greatly enhanced using multimedia presentation software packages. The features of 
presentation software that enable faculty to incorporate rich color illustrations, charts and 
graphs, video, and sound make learning more engrossing.  
 
The use of presentation software will help the faculty to organize their teaching material 
more efficiently. Interactive multimedia presentations where words, pictures, and sounds 
were combined gave the teacher a powerful tool for creating a rich learning environment. 
The computer aided presentation allowed the delivery of a clearer, neater, and more 
colorful lecture. Students paid more attention and stayed focused on the subject; and 
students unfamiliar with the English language had a better chance to understand the 
material. Also, the use of presentation software helped the students see the words that 
were hard to pronounce or spell. These activities helped the students grasp the material in 
an enhanced learning process. In turn, faculty improved their professional practices. 
 
Instructional technology is changing rapidly and the faculty cannot keep pace with these 
changes. Many faculties are not aware of the changes in teaching and have very little 
understanding of the value of computing technology in teaching and learning. Teachers can 
effectively move towards integrating computers into their instruction by (1) reaching a level of 
understanding of how to use computers (2) experiencing learning in a meaningful way using 
computers as an instructional tool, and (3) working with students and observe them learning with 
the computer as an instructional tool.  
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LESSON 13 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Introduction to Graphical and text based tools 
 PROSPER: LATEX -based computer presentations  

 
Graphical and Text Based Tools 
Which presentation program you choose will depend on what platform you use and what 
software and facilities are available to you in your institution. The most popular program 
for creating and delivering presentations is Microsoft PowerPoint, but there are other 
programs such as Corel Presentations. You could also consider using these programs to 
author materials for the Web, or create Web-based lecture notes using Web editors or 
Adobe Acrobat programs, both of which allow delivery on a Web browser. Lecturers 
seem to prefer presentation tools for live presentations and production of related 
handouts. They use the Web as a resource archive for permanently available information. 
 
Images: Textbook diagrams and images can easily be digitised using a good flat-bed 
scanner and a graphics program such as Adobe PhotoShop. Images from programs can be 
captured from the computer screen using Paint Shop Pro, or LViewPro. If you want to 
produce your own diagrams most presentation programs include relatively advanced 
drawing facilities. Most presentation tools include a large gallery of clip art that you can 
add to presentations and customize as you wish. 
 
Animations: Animations are extremely effective at demonstrating dynamic processes 
occurring in time and space that are impossible to illustrate in text books. Many 
textbooks now include CD-ROMs which may contain animation sequences that can be 
effectively incorporated into presentations. If you would like to create your own 
animations, the easiest way is by producing an animated GIF which can be displayed via 
a Web browser. Essentially this means creating a number of successive images and then 
using a program like GIF Construction Set or MS GIF Animator to run these images 
together, giving the impression of continuous movement. As for graphs and charts, MS 
PowerPoint and others include facilities for creating or importing them. Simple 
animations can also be created in Java (see the foot of this article). 
 
Delivery in the Lecture Theatre 
Having created your presentation, there remains the issue of delivering it in the lecture 
theatre. Increasingly, universities and departments have dedicated presentation 
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computers, linked to data projectors within lecture theatres, for the delivery of computer-
based presentations. High specification data projectors can also be used to project 
analogue video. If you decide to use a Web browser as your presentation medium, you 
will need to determine whether Web access is available. If you do not have Web access it 
may be worth considering use of a program such as Lotus Screen Cam that allow movie 
sequences to be generated from screen output (for example while browsing through a 
Web site) and played back off-line. Alternatively, Web retrieval programs such as Web 
Whacker allow you to download entire Web sites onto your computer for demonstration 
purposes. Remember that including animations that you use in your lectures on your Web 
site will increase the learning opportunities for your students. Find out what facilities are 
available to you in the rooms you routinely use before you begin to produce your 
computer-based presentation. If dedicated machines are not available it may be possible 
to hire out portable laptops and data projectors, or an LCD palette may be available to 
convert a normal overhead projector into a data projector. 
 
Lighting in the presentation room is another issue to consider since only high-end data 
projectors are likely to function well under the kind of ambient lighting conditions 
suitable for note-taking. Also, security may be an issue for portable equipment. 
 
Delivery on the Web 
Increasingly the Web is being used to deliver lecture material, either directly on distance 
and open learning courses, or as follow-up support of live lectures. Design and navigation 
of the Web pages you create is crucial if you want students to use the site to its 
maximum. Many presentation software packages allow easy conversion of your 
presentation into HTML. Alternatively you can use document transfer formats outputted 
from programs such as Adobe Acrobat or MS Word for publication on the Web. If you 
are using a recent version of Netscape Navigator you will also be able to make use of 
plug-ins for delivery of additional content. Always remember to check that your students 
can view your pages from the machines they use and they the site is displayed as you 
intended it to be. 
 
Using other programs 
While the focus of this primer is on multimedia resources, lectures may also be an ideal setting 
for the use of other PC-based software. For example, simulation software might be used with a 
class to develop and explore a model, or to illustrate the fundamental concepts of the lecture. 
Presentation software such as MS PowerPoint 97 allows integration of shortcuts to other 
Windows programs, making the transition between programs as seamless as possible. 
 
PROSPER: LATEX -based computer presentations  
In many branches of science and engineering, presentation software, usually Microsoft's 
Powerpoint, has become a popular tool for the delivery of research talks. Increasingly, such 
software is also being used in teaching. If used properly, presentation software combines the 
advantages of traditional `chalk & talk'-based teaching (arguments can be developed step-by-
step; sections of text can be erased while others are kept `on the blackboard') with the benefits of 
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computer-generated OHP slides, ensuring an attractive appearance regardless of one's 
handwriting. It also adds the ability to incorporate computer-generated graphics and animations.  
Recently, Frédéric Goulard has developed a new document class that allows the creation of 
computer-based presentations in LATEX : PROSPER, based on the seminar class, originally written 
by Timothy Van Zandt. The class, documentation and many examples may be downloaded from 
the prosper home page http://prosper.sourceforge.net/. A number of style files are provided, defining 
generic templates for each slide: e.g. colours, fonts, logos, etc., which can easily be modified to 
suit individual needs.  
 
After processing the LATEX source, the dvi file may be used to generate two different output 
formats: Portable Document Format (PDF) for displaying the slides on-screen; or Postscript for 
printing backup transparencies. Postscript files are produced in the normal manner using dvips 
and the PDF files are, in fact, derived from the Postscript using ps2pdf, available with recent 
GhostScript distributions. PROSPER does not yet support pdflatex, so direct conversion to PDF 
from the source is not possible.  
When we first used PROSPER, we were amazed how easy it was to convert existing LATEX -
generated slides into electronic presentations. We have now used PROSPER for many research 
presentations and occasionally for teaching. The following points might be useful for newcomers 
to computer-based presentations:  
 

• LCD projectors are now widely available at conferences and incompatibilities between 
laptops and the projectors tend to be rare(r). Nevertheless, we still prepare `backup' OHP 
slides in case of any hardware problems.  

• One drawback of any computer-based presentation is that it is impossible to see the next 
slide before it appears on the screen. To ensure a smooth talk, it is vital to remember the 
sequence of one's slides well. We (and a few other speakers whose talks we have 
attended) have occasionally been surprised by the appearance of an `unexpected' slide.  

• Many speakers use Post-It notes to attach brief notes to their OHP transparencies. We 
tend to use the \onlyslide{} command to briefly display any such notes (in a smaller 
fontsize) on the screen.  

• It is very easy to customise the style files to include logos, frames and colourful 
backgrounds. However, it is important to remember that graphics can be distracting and 
that some backgrounds strongly reduce the readability of the text. For maximum contrast, 
we prefer black text on a white background and tend to use colour only to highlight 
important sections of the text and the equations.  
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LESSON 14 
 
 
 
Overview of the Lecture 
Objective 

 Documentation Cycle 
 Learning new version of documentation 

 
 
Documentation 
This life cycle methodology specifies which documentation shall be generated during 
each phase.  
 
Some documentation remains unchanged throughout the systems life cycle while others 
evolve continuously during the life cycle. Other documents are revised to reflect the 
results of analyses performed in later phases. Each of the documents produced are 
collected and stored in a project file. Care should be taken, however, when processes are 
automated. Specifically, components are encouraged to incorporate a long-term retention 
and access policy for electronic processes. Be aware of legal concerns that implicate 
effectiveness of or impose restrictions on electronic data or records.  
The documentation comprises of User Manual and System manual. 
 
It is a means of communication, a written record of a phase of a specific project; it 
establishes design and performance criteria for phases of the project. 
 
Documentation is thus both a communication tool and a management tool. It is a communication 
tool because it contains a repository of all work done to date and makes it available to all persons 
working on related parts of a large project. Such a repository can prevent unnecessary repetition 
when someone leaves the project team. Proper documentation ensures that all the information 
about the system is always available to new people joining the project. 
 
Documentation is also an mgmt tool. It supports mgmt in two ways. First, it gives access to the 
latest work to all projects personal and thus reduces the chance of work having to be repeated. 
Second, it is the only project deliverable, especially in the early phases, and thus serves to 
determine project status and progress. We know what documentation must be provided at the end 
of each project phase and can measure phase progress by estimating the proportion of phase 
documentation that has been completed. Finally, documentation becomes part of the phase 
output. This output includes the system model, as well as plans for subsequent project phases. 
 
New version of documentation 
 
Documentation primarily keeps records of all project information. This information 
includes any models of the system components, detailed description of these components, 



Quality Management Principles 

 
 

ass well as information such as the organizational structure and user responsibilities 
within this structure. In some systems it can include the program themselves. The 
documentation is organized in a way that makes it easy for any user to find out needed 
information about the system. For this reason, it contains many indexes and cross-
references between documents. It is also usually maintained in one place. 
 
Different organizations use different terms to refer to the collection of all documents 
about the system. Terms such as system directory or project dictionary are common. 
The terms document configuration and configuration management are also commonly 
used to describe documents associated with a project. The document configuration is 
the set of documents, whereas configuration management is the system used to keep track 
of these documents. Configuration management has a wide scope in that it can contain 
both models and specification as well as program modules themselves. Each entry in a 
configuration can be a document or model produced during development. 
  
The role of CASE tools is also important in documentation. CASE tools are specially 
designed software for maintaining models. They provide graphical interfaces to enable 
developers to enter their model constructs 
 
Configuration      A set of documents used in system development project 
 
The Documentation Configuration 
 
A configuration management system: 
 
• Stores all documents created during the development process; 
• Provides access to the latest versions of documents allows earlier versions to be 

examined; 
• Organizes documents in way that allow work to be tracked throughout the 

development process, usually by linking documents to the development phases; 
and  

• Supports change by maintaining documents version as well as their status. 
Documents can go through status states like ‘initial’, ‘accepted’ and ‘approved’. 
They may go through a number of versions as the system undergoes changes. 

 
Version     A variation of the same document. 
 

The documents stored in a configuration management system depend on the 
development process and the modeling methods used. Figure 13.1, for example, 
illustrates a typical set of documents created in a development process that uses 
structured systems analysis. The configuration contains the major documents of each 
phase, including the statement of requirements produced during the concept formation 
phase, and the system specification, analysis and requirements models produced during 
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the system specification phase. The configuration also contains the design model and 
system modules. Each of these major documents can contain any number of parts. Figure 
13.1 shows only the parts contained in the analysis model. These are DFD diagrams, E-R 
diagrams and process descriptions, as well as detailed descriptions of these components. 
These letter could have been produced using a CASE tool. Thus there may be 
descriptions of individual data flows, data stores, or the items that appear in the system. 
There may even be detailed descriptions of each kind of item. It is also possible to create 
entries for system users and how they use the system, or descriptions of forms within the 
system. 
 
System directory                Another term for project dictionary. 
 
Project dictionary               A record of all documents produced during system design. 
 
Documents configuration    The structure of documents within a project dictionary. 
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LESSON 15 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Learn the concept of Cross referencing 
 Understand the basic concept of Indexing 
 Maintaining Index files 

 
Lets start our lecture with understanding the concept of indexing and cross-referencing. 
With cross-referencing you can label any point in a document with a name of your 
choosing and then you can refer to that point by name, from anywhere in the document. 
Indexing places the records either in ascending or in descending order. Insertion as well 
as deletions is easier. Searching becomes more easy and saves time. 
 
Cross-Referencing 
 
Apart from maintaining the entries, the project dictionary also maintains cross-references 
between the entries. These cross-references, which are illustrated by arrows in Figure A, 
show any relationship between the project dictionary components. Such cross-references 
make it easy to start at one point of the documentation and find other information related 
to that point. For example, there is a cross-reference between DFDs and process 
descriptions. These links can be followed by anyone who needs to find process 
descriptions for the processes in the DFD. Cross-referencing between different parts of a 
model makes it easier to trace components related to any part of a model. It includes 
methods to check consistency and thus makes it easier to develop correct models. 
 
Ensuring completeness 
One of the more difficult things in modeling is to make sure that all information about a 
system is captured and nothing is missed. Cross-checking between alternative models can 
help to point out any information missed during modeling. Thus a missing cross-
reference from an E-R diagram to an existing data store in a DFD probably means that 
the data in that store is not represented in the E-R diagram. 
 
Supporting system maintenance 
Cross-referencing improves system maintenance. Whenever a change is proposed to one 
part of the system, the repercussions of that change can be quickly evaluated using the 
cross-references in the project dictionary. If, for example, we wish to add an element to a 
data structure, we can use the project dictionary entries to find the flows and stores where 
that structure appears, and from them, find the processes which use that data structure. 
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Thus the repercussions of any change can be quickly evaluated. Furthermore, all parts of 
the system related to the change will be amended during the change, ensuring that no 
unforeseen errors arise when the change is implemented. 
 
Common kinds of cross-references 
The number of cross-references that can be made in project dictionaries is virtually 
unlimited. They range from the very simple to in-depth checks that may follows a cross-
reference path. Considerable work is needed to maintain such cross-references and keep 
them up to date. Thus a particular project dictionary may only implement a subset of 
them. 
 
Simple cross-references. Simple cross-references are used to check the correspondence of names 
in project dictionary ent4ries. Data elements play an important role in these checks, because any 
data name used anywhere in the project dictionary must appear as a data element entry. There is 
cross-referencing between data element entries and data structure entries, with data element 
entries referring to the structures that contain the data element. The cross-reference from the 
structure to the data element uses the data element name. Typical checks for DFDs include: 
 
• Any DFD can only include processes, data flows and stores that appear in the project 

dictionary. 
• Process specifications must only refer to attribute names that appear in the data element 

listing. 
• Data stores and all data flows must contain data elements that appear in the data element 

listing. 
• Processes should reference the data stores and flows they use. References to data stores 

are necessary, because it is possible to have unlabeled flows between processes and stores. If 
we cross-reference flows only, these unlabeled flows would not appear in the process entry. 

 
Cross-references to processes often use the number of the lowest order process. However, 
a cross-reference to a low-order process like Process 1.3.1 also implies a cross-reference 
to its top-level processes like Processes 1.3 and 1. Data flow entries include a cross-
reference to their source and destination. They also cross-reference the data elements and 
data structures that appear in the data flow. 
 
There are also a number of simple cross-references in E-R diagrams. All the attributes in 
the E-R diagram must be data element entries. Conversely, all data elements must appear 
in the E-R diagram. 
 
In-depth cross-references. More complex checks apply to processes in a DFD and can be used to 
check for data conservation errors. Such checks can include: 
• All elements that appear in a process description must also appear in the data flows into a 

process or in stores referenced by the process. This ensures that the process does not create 
any data. 
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• All elements produced by a process must appear in the output flows or in stores used by 
the process. This ensures that all data produced by a process is used. 

• Checks that entities in E-R diagrams correspond to data stores and include as their 
attributes all the elements in related data stores. 

• Data stores can only include data elements that appear in processes that enter data into 
the data store. This ensures that data stores do not create data. 

 
 
Indexing  
Your textbook contains an index on the last few pages, which enables you to quickly 
locate items in the rest of the book.  The index is maintained in sorted order and is 
relatively short, so finding an item in the index is very easy.  When you find the item you 
are looking for, the index gives you the page number(s) on which that item appears.  This 
saves you from having to perform a sequential search, starting with page 1, to find the 
item you are looking for.  
 
In data storage, an index is a separate structure that accomplishes the same purpose.  It is 
a separate file that contains two pieces of information: the value from the file that is being 
indexed, and the address in the file where that value can be found.  There are several 
properties of index files, which help us in this process:  
 

• The index file is sorted, while the data file usually isn't.  There are two advantages 
here:  

o Since the index file is sorted, we can easily find information in the index 
file alphabetically.  We can take advantage of things like binary searches.  

o Since the ability to locate data quickly is provided by the index file, the data 
file doesn't have to be sorted.  This means the overhead associated with 
maintaining the larger data file in sorted order is avoided.  

• The index file contains a minimal set of information to allow us to find specific 
data.  For example, if last_name is indexed, the index contains only the last_name 
and record address.  The data file, on the other hand, might contain much more 
data for every record.  This means the index records will be much shorter than the 
data records.  Since they're shorter, we can get more of them per disk I/O.  So we 
can process index data much more quickly than file data.  In fact, if we're lucky, 
we can store the entire index in memory and avoid disk I/O altogether (except to 
read the actual data file).  

• We are not limited in the number of index files we maintain.  For instance, we can 
have one index file for last_name and another for first_name.  So we can quickly 
locate records with specific last names or first names easily.  We can't accomplish 
the same by sorting the data file -- even if we sort the data file by last name, we 
have no easy way of finding first names.  And if we sort the data file by first name, 
we can't easily find last names.  
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• With index files we have the opportunity to apply some specialized data 
structures, which we'll get to below.  

 
Here is an example of a data file and its corresponding index files .First, here is the data 
file. Note that the address is the physical location of the data in the file.  The address is 
not recorded in the data file as data.  
 

address id_no last_name first_name

0 12 Smith Jim 

1 345  Jones John 

2 6789 Williams Joe 

  :   :   :   : 

100 6790 Teale Steve 

101 6543 Ladd Scott 

102 653 Lucas Paul 

  :   :   :   : 

1234 65 Dewhurst Stephen 

1235 10 Stark Kathy 

1236 6 Birger Eugene 

  :   :   :   : 

94300 9 Rozenshtein David 

 
Now here is a corresponding index file, indexing on last_name   
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Birger 1236 

Dewhurst 1234 

Jones 1 

Ladd 101 

Lucas 102 

Rozenshtein 94300

Smith 0 

Stark 1235 

Teale 100 

Williams 2 

 
And here is another, separate index file, indexing on first_name:  
 

David 94300

Eugene 1236 

Jim 0 

Joe 2 

John 1 

Kathy 1235 

Paul 102 

Scott 101 

Stephen 1234 

Steve 100 

 
Maintaining index files 
At this point, the obvious question is this: Did we really accomplish anything by doing 
everything described here?  In the worst-case scenario (searching the entire file or sorting 
the data) we did.  On the other hand, in the best-case scenario, the index fits entirely in 
memory, so index maintenance operations are memory-based rather than disk-based, and 
hence millions of times faster.  But we obviously can't count on the best case scenario, 



Quality Management Principles 

 
 

especially once our data file starts getting larger.  So for "normal" operations, did we just 
shift the nasty maintenance overhead from the data file to the index file(s)?  And if we 
did, are we really gaining anything?  
 
Fortunately, there are data structures we can utilize which make the maintenance of index 
files very efficient, and therefore make the entire approach worthwhile.  A number of 
such structures have been invented, including hashes (which we already studied), 
inverted lists, binary trees and AVL trees.  Time constraints preclude our spending any 
time examining the use of these data structures for indexing.  
 
However, one data structure is much better than any other structure ever invented for this 
type of data access: B-trees. Today, it is hard to think of a major, general-purpose file 
system that is not built around B-trees (and their variants).    
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LESSON 16 
 
 
 
Quiz/group Discussion 
 
 
On the topic 
 

 CPM 
 Project mgmt tools 
 Computer based tools 
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LESSON 17 
 
 
 
Overview of the Lecture 
 
Objective 
 

 To know what is Quality 
 Quality Basics 
 Elements of Quality 

 
Quality -- you know what it is, yet you don't know what it is. But that's self-
contradictory. But some things are better than others, that is, they have more 
quality. But when you try to say what the quality is, apart from the things that have 
it, it all goes poof! There's nothing to talk about. But if you can't say what Quality 
is, how do you know what it is, or how do you know that it even exists? If no one 
knows what it is, then for all practical purposes it doesn't exist at all. But for all 
practical purposes it really does exist. What else are the grades based on? Why else 
would people pay fortunes for some things and throw others in the trash pile? 
Obviously some things are better than others -- but what's the ``betterness''? -- So 
round and round you go, spinning mental wheels and nowhere finding anyplace to 
get traction. What is Quality? What is it? 
 
Quality is 
 

 What customers look for in any product 
   The totality of features and characteristics of product or service that bears on its 

ability to satisfy given features. (American society for Quality, 1978). 
 What customers think it is, perceive it to be or experience it to be 
 Perceive as high or low depending upon its usefulness and utility 
 Quality is customer driven 

1. Begins with customer (Specifications) 
2. Ends with customer (Judgment) .stretch beyond stated requirements 
3. Includes implied requirements like reliability, safety, maintainability  

also, involves conforming to legal requirements' 
 
Quality Basics Quality Is 
 

• Based on customers’ perceptions of a product’s design and how well the design matches 
the original specifications.  

• The ability of a product and service to satisfy stated or implied needs.  
• Achieved by conforming to established requirements within an organization.  
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Elements of a Quality System 
Quality offers organizations significant opportunities for improvement, including reduced costs, 
increased sales, better performance to schedule, and more satisfied customers. A successful 
quality system does more than ensure the quality of products and services; it drives vigorous 
operations and leads to a healthy bottom line. Successful quality systems share common 
elements: 
 
Management 
A quality system cannot succeed without the active and continuous involvement of line 
and staff managers. Successful quality systems require a partnership in responsibility for 
improving quality and achieving results. Everyone shares the responsibility for quality. 
 
Customers 
Every organization needs to know its customers. Successful organizations tell customers 
what their products are supposed to do—and then ask them how well the products 
performed. 
 
Design 
Quality has to be designed into a product or service. An organization can only do that by 
bringing design and development personnel in on the quality effort along with marketing, 
production, and customer support. 
 
Purchasing 
Suppliers are partners, not adversaries in the quality effort. Smart organizations evaluate 
a supplier’s price and quality, and, if necessary, help them improve their quality system. 
 
Production 
Production equals people working with processes to produce goods and services. 
Employees need training, tools, and clear work instructions to efficiently produce high 
quality designs. 
 
Education and Training 
Everyone has an influence on quality—line workers, middle management, support staff, 
and senior executives. They all benefit from training in the principles of quality. 
 
Participative Management 
Providing skills and training is not enough; managers must encourage staff to solve 
problems independently. Managers needs to tap into a company’s most valuable resource, 
employees, to boost productivity and cut costs. 
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Statistics 
Decision makers need to know the risks involved in their decisions. Successful 
organizations know statistics can be the difference between failure and success in 
controlling processes and solving problems. 
 
Technology 
Advances in computerization and robotics promise huge gains in productivity—if 
automated systems are not producing products that must be reworked. 
 
Quality Costs 
Organizations can spend money on quality by investing in good quality or by paying for 
poor quality. Successful ones invest in good quality because they know it costs much less 
over the long term. 
 
Auditing 
An effective quality audit provides companies with solid information about how people, 
systems, and products are performing in terms of quality. 
 
Ongoing Improvement 
The secret to success in quality is preventing problems. To help improve quality and 
prevent problems before they occur, quality teams can be established to bridge 
departmental barriers. 
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LESSON 18 
 
 
 
Overview of the Lecture 
 
Objective 

 To learn about Specifications in quality 
 Understanding of Conformance to Specification 

 
 
Specifications 

 
As buyer quality requirements have intensified, and as producer programs to satisfy these 
requirements have grown more demanding, the establishment of clear standards-the first 
step in the control process has become more and more important to the achievement of 
quality. 
 
While standards and their setting are a very old field of activity, many modern 
considerations have greatly affected the nature of what will be an effective standard for 
quality-control application under today’s marketplace and production condition. Among 
these are the following: The determination of what quality-related considerations—
should be covered by standards and specifications. How these standards and specification 
should be evolved and documented. Which bodies should develop, approve, and maintain 
these standards—industry associations, professional bodies, buyer groups, governmental 
institutions, producing companies themselves? What should be the evaluation criteria for 
standards; how should standards be enforced; and what place do standards have in the 
legal and product-liability evaluation process? A key factor in total quality control is 
clear awareness of these considerations as background for the identification and 
application of the relevant product and service standards that must be integrated into the 
quality-program activities.  
 
 One of the principal complexities in the evolution and application of effective 
modern quality –control standards has been the need to consider in these standards the 
relevant aspects of certain new quality-oriented technologies  and methodologies which 
have evolved over the past several decades, such as reliability technique, statistical 
sampling, and modern test practices. The formalization of standards and specification 
concepts—and of the organizational processes for their determination—had crystallized 
long before the appearance of these new areas. Consequently, achieving their integration 
into modern standards and specifications has represented a major area for quality-control 
attention. 
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Quality control of the past concentrated almost exclusively upon the internal production 
activities of the firm. Modern quality-control programs, in contrast, are moving also 
toward very strong and direct external connections with the customers of the concern. 
They emphasize product specification and standards that clearly and fully define the 
service and reliability parameters of the product as well as the more usual design 
dimensions and manufacturing-process parameters. This is because quality is, an 
evaluation made by users of the product, not by the producers. It is a judgment based 
upon the users’ needs and desires, their reliability and service-ability demands, their 
particular product applications, and other conditions. These factors today can be 
important elements of product specifications and standards. 
 
Conformance to Specification 
Some people define quality as consisting of conformance to some standard, e.g., 
conformance to specifications, procedures, or requirements. Such definitions can be 
helpful in clarifying the quality responsibilities of workers and supervisors. At those 
levels the personnel may lack full knowledge of what are the needs of the numerous 
external and internal customers. Yet these same workers and supervisors need clear 
definitions of their responsibilities in terms of conformance. However, none of these 
conformance definitions adequately defines the quality responsibility of the company. 
For the company, the definition should be stated in terms of (1) meeting customer needs, 
and (2) freedom from deficiencies.  
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LESSON 19 
 
 
 
Overview of the Lecture 
 
Objective 
 

 How budget is processed 
 

In this Lecture we will discuss about budget as Quality Assurance Tools. First lets answer 1 
Question 

 
What is a Budget? 
 

1. It is a plan that has been translated into amounts 
Operating budget 
Profit plan 
Financial plan 
“Targeting” (HP) 
Proforma Financial Statements 

2. Focus on near term work activities. 
 

3. Identifies resources needed to meet strategic goals i.e. 
Quality products 
Reasonable cost 
Timely 

 
4. Agreement and commitment on common objectives 

 
5. Directs spending to meet these objectives 

 
As the concept might be clear now, we shall begin with Budgetary process 

 
The Inspection budget is only one of numerous departmental budgets. These must all be 
prepared under a common format, and in a common language, to permit summary and 
review at higher and higher levels until finally approved by top management. Because the 
common language is money, all the deeds must be restated in terms of money to make 
these summaries and reviews possible.  

 
The common budgetary format is devised by the company’s finance and 

accounting specialists. This format features several universals employed in the budgetary 
process. 
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Cost centers. These are logical subdivisions of inspection activity, chosen to fix 
responsibility and to provide a basis for collecting data on actual costs. The cost 
centers usually follow organization boundaries, since responsibility becomes very 
clear thereby. 

 
Activity Index. Most inspection costs vary with the amount of plant activity. Sound 
budgeting requires that there be discovered, for each cost center, an activity index i.e., 
expression of the relationship between plant activity and budgeted inspection costs. For 
different kinds of inspection, the budget will vary in different ways: 
 
Type of inspection  Budget varies with 
 
Receiving inspection Number of lots 
 Value of purchased goods 
 Hours of direct production labor 
 Dollars of direct production labor 
 Number of projects serviced 
 
Final inspection Units of product inspected 
 Value of product inspected 

 Hours of direct production labor 
 Dollars of direct production labor 

 
Test laboratory Number of requisitions (sometimes there is a standard time for 

each type of test) 
 
Instrument laboratory Number of active instruments in use 
 

There are added variables which affect budgeting in all activities and which may 
be of major effect in some activities. These variables include: 
 

1. Lot size: Inspection costs per lot do not vary greatly with lots size. However, 
variation in lot size can cause great variation in inspection cost per unit of product 
or per dollar value of product. 

2. Product mix: Budgeting is often done on the basis of a historical product mix. 
When this mix changes, the costs may change either way. 

3. Flow of material: The most exaggerated form of this takes place when much or 
even most of the product is presented for inspection in the last few days of the 
month. 

 
Historical Standards. A budget for cost control is a standard for expenditures. This 
standard may be established in a number of ways, the most prevalent being the historical 
standard i.e., we will be guided by how much we used to spend. 
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An example of evolution of an historical standard is seen in Figure A. in  this 
example, it had been determined that the best activity index was direct shop labor costs. 
Data for the last 18 months were plotted in Figure A, resulting in a correlation scatter of 
inspection labor costs to direct shop labor costs. A line fitted to the points resulted in the 
relationship of a budget of $8.80 inspection labor per every $100 of direct shop labor. 
Costs of the supervisory and clerical force were regarded as “constant” over a wide range 
of activity and these were added to the variable costs show in Figure A. 

 
On a more sophisticated level, one company identified 11 “factors” which 

influence the extent of inspection needed, e.g., type of product, identity of customer, 
degree of “black-box” subcontracting, etc. For each factor, there were several degrees or 
levels of influence. From a study of eight prior projects, weights were assigned to each 
degree of each factor. These weights were then used to analyze new contract proposals to 
arrive at an estimate of the inspection personnel levels needed (see Hunter, 1966). 

 
                                20 
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     FIG. A   Ratio of inspection labor shop labor costs. 
 
Standards for Projects. Another form of standard is “the plan”; i.e., spending in 
accordance with a prearranged plan for a project. This device is most common when the 
company has secured a contract based on a bid price and now faces the problem of 
holding its various components of cost within the respective components of the bid. 
 
Seldom does a company use only one form of standard for costs. The cost centers are 
unlike, and it is common to find different forms of cost standards used in different cost 
centers. Moreover, there is a measure of judgment exercised in any event. None of the 
methods of setting standards are precise enough to be used automatically as a basis for 
judging future performance. 
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Measure of actual Costs. The establishment of cost centers, activity indexes, and 
standards provides a measure of what costs should be. It remains to establish means for 
measuring what costs actually are. This requires added tools: 
 
An adequate timekeeping system: Inspectors must be provided with account number and 
forms for charging their time to proper account numbers. 
 
A system for computing expenses: In like manner, there must be account numbers, 
requisitions, and other means for charging supplies and service to the proper accounts. 
 
Data-processing systems: Means must be available (manual or otherwise) for processing 
the basic time and expense data into prompt summaries and reports for the various cost 
centers. 
 
A budget office: Coordination of the activities of budgeting and reporting requires that 
administration of the system be a separate responsibility, clearly assigned to specific 
persons. 
 
When a company embarks for the first time on formal budgeting, it is well to go through 
a trial period for “debugging” During the trial period, minds are open for constructive 
change. Lacking a trial period, minds may close and the entire project may face defeat. 
 
Advantages of budget 
 

1. Forces planning on a regular basis. 
2. Provides basis for evaluating performance and determining whether objectives have been 

achieved as intended 
3. Helps achieve coordination of activities through communication about objectives 
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LESSON 20 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Maintainability as Quality Assurance Tool 
 
 
Lets start our lecture with knowing what is maintainability. The term “maintainability” has 
been adopted as an expression of the ease with which maintenance can be conducted. It is 
an ability of an item under stated conditions of use to be retained in, or restored to, within 
a given period of time, a specified state in which it can perform its required functions 
when maintenance is performed under stated conditions and while using prescribed 
procedures and resources 
 
Maintainability 
 
The need for continuity of service has also stimulated much effort to improve the 
maintenance of long-life products. This maintenance takes place in two major ways: 
 

1. Preventive or scheduled maintenance consisting of tests and checkouts to detect 
potential failures, scheduled servicing (e.g., lubrication), and planned overhauls 
plus replacement of worn of failure-prone parts. 

2. Unscheduled maintenance consisting of restoring service in the event of failure 
The term “maintainability” has been adopted as an expression of the ease with  
which maintenance can be conducted. 

 
Attempts to quantify maintainability soon encounter the fact that multiple measures are 
involved. Maintenance requires the time of technicians, spare parts, expendable supplies, 
and other costs. Hence multiple measures of maintenance have been developed to 
correspond to these multiple factors. Of these measures, those that are time-oriented are 
regarded as most important, because so much human activity remains disturbed until 
service is restored. 
 
The measures of maintainability actually in use include: 
 

Mean time to repair 
Probability of restoring service in the time period specified 
Mean time for scheduled maintenance (this is often subdivided between the inspecting and 
the servicing) 
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An emerging practice is to establish standards for the various repetitive time-consuming 
elements of maintenance. 
Effectiveness of maintenance is strongly influenced by the supporting technology; design 
for easy access and modular replacement at the users’ premises, special instruments for 
easy diagnosis of causes of failure, special repair tools, and technical information about 
the product and its use. Providing this supporting technology is generally regarded as a 
part of the subject matter of maintainability.  

 
Effectiveness of maintenance is also strongly influenced by the availability of spare parts, 
sometimes called “logistical support.” Providing this logistical support is regarded by 
some practitioners as part of the subject matter of maintainability. 
 
Terminology associated with maintainability is still in a state of evolution. 
Some practitioners separate maintainability into two categories: (1) the ease of conducting 
scheduled inspections and servicing, called “serviceability,” and (2) the ease of restoring 
service after failure, called “repairability,” 
 
In the case of maintenance of aircraft, recent studies have led to extensive revisions in the 
concept of maintenance. From the earliest days of flying, maintenance of aircraft engines 
was done under the concept of “overhaul” – a scheduled complete disassembly of the 
engine, followed by inspection of all parts, repair or replacement as needed, and finally 
reassembly. During the last several decades the airlines enlarged their data systems so that 
they could go beyond the needs of restoring service, and could reexamine long standing 
practices. One stunning finding was that of the items in the product, 89 percent exhibited 
failure patterns which were not age-related. Hence such items could not benefit from the 
overhaul concept. The findings have led to new concepts e.g., “on-condition” maintenance. 
They have also led to fundamental improvements in engine performance and availability 
through feedback to engine design, manufacture, and test. 
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LESSON 21 
 
 
 
Overview of the lecture 
 
 
Objective 
 
 

 Internal and External systems terminology 
 
Internal and External Quality systems  
The following terms and definitions are given in the 1987 draft of ANSI! ASQC Standard 
A3, Quality Systems Terminology. The reader is urged to consult the full standard for 
valuable notes and comments associated with individual terms (available from American 
Society for Quality Control, 310 West Wisconsin Avenue, Milwaukee, WI 53203). 
 
Accreditation: Certification by a duly recognized body of the facilities, capability, 
objectivity, competence, and integrity of an agency, service or operational group or 
individual to provide the specific service(s) or operation(s) needed. 
 
Availability: The ability of an item to perform its designated function when required for 
use. 
 
Certificate of compliance: A document signed by an authorized party affirming that the 
supplier of a product or service has met the requirements of the relevant specifications, 
contract, or regulation. 
 
Certificate of conformance (Certificate of conformity): A document signed by an 
authorized party affirming that a product or service has met the requirements of the 
relevant specifications, contract, or regulation. 
 
Certification: The procedure and action by a duly authorized body of determining. 
verifying. and attesting in writing to the qualifications of personnel, processes, 
procedures, or items in accordance with applicable requirements.  
 
Compliance: An affirmative indication or judgment that the supplier of a product or 
service has met the requirements of the relevant specifications, contract, or regulation; 
also the state of meeting the requirements.  
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Conformance: An affirmative indication or judgment that a product or service has met 
the requirements of the relevant specifications, contract, or regulation; also the state of 
meeting the requirements. 
 
Conformity: The fulfilling by an item or service of specification requirements. 
 
Dependability: The state of being counted on or trusted. 
 
Design review: A formal, documented, comprehensive, and systematic examination of a 
design to evaluate the design requirements and the capability of the design to meet these 
requirements and to identify problems and propose solutions. 
 
Deviation permit: Written authorization, prior to production or provision of a service, to 
depart from specified requirements for a specified quantity or for a specified time. 
 
Grade: An indicator of category or rank related to features or characteristics that cover 
different sets of needs for products or services intended for the same functional use. 
 
Inspection: Activities, such as measuring, examining, testing, gaging one or more 
characteristics of a product or service, and comparing these with specified requirements 
to determine conformity. 
 
Maintainability: Ability of an item under stated conditions of use to be retained in, or 
restored to, within a given period of time, a specified state in which it can perform its 
required functions when maintenance is performed under stated conditions and while 
using prescribed procedures and resources. 
 
Process quality audit: An analysis of elements of a process and appraisal of 
completeness, correctness of conditions, and probable effectiveness. 
 
Product liability or Service liability: A generic term used to describe the onus on a 
producer or others to make restitution for loss related to personal injury, property 
damage, or other harm caused by a product or service. 
 
Product quality audit: A quantitative assessment of conformance to required product 
characteristics. 
 
Quality: The totality of features and characteristics of a product or service that bear on its 
ability to satisfy stated or implied needs. 
 
Quality, Relative: Degree of excellence of a product or service. 
 
Quality assurance: All those planned or systematic actions necessary to provide 



Quality Management Principles 

 
 

adequate confidence that a product or service will satisfy given requirements for quality. 
 
Quality audit: A systematic and independent examination and evaluation to determine 
whether quality activities and results comply with planned arrangements and whether 
these arrangements are implemented effectively and are suitable to achieve objectives. 
 
Quality control: The operational techniques and the activities used to fulfill requirements 
of quality. 
 
Quality engineering: That branch of engineering which deals with the principles and 
practice of product and service quality assurance and control. 
 
Quality loop/Quality spiral: Conceptual model of interacting activities that influence the 
quality of a product or service in the various stages ranging from the identification of 
needs to the assessment of whether these needs have been satisfied. 
 
Quality management: That aspect of the overall management function that determines 
and implements the quality policy. 
 
Quality measure: A quantitative measure of the features and characteristics of a product 
or service. 
 
Quality plan: A document setting out the specific quality practices, resources, and 
activities relevant to a particular product, process, service, contract, or project. 
 
Quality policy: The overall intentions and direction of an organization as regards quality 
as formally expressed by top management. 
 
Quality surveillance: The continuing monitoring and verification of the status of 
procedures, methods, conditions, products, processes, and services and analysis of 
records in relation to stated references to ensure that requirements for quality are being 
met. 
 
Quality system: The organizational structure, responsibilities, procedures, processes, and 
resources for implementing quality management. 
 
Quality system audit (Quality plan audit): A documented activity performed to verify, 
by examination and evaluation of objective evidence, that applicable elements of the 
quality system are suitable and have been developed, documented, and effectively 
implemented in accordance with specified requirements. 
 
Quality system review: A formal evaluation by management of the status and adequacy 
of the quality system in relation to quality policy and/or new objectives resulting from 
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changing circumstances. 
 
Reliability: The ability of an item to perform a required function under stated conditions. 
 
Reliability, Numerical: The probability that an item will perform a required function 
under stated conditions for a stated period of time. 
 
Reliability engineering: That engineering function dealing with the principles and 
practices related to the design, specification, assessment, and achievement of product or 
system reliability requirements and involving aspects of prediction, evaluation, 
production, and demonstration. 
 
Specification: The document that prescribes the requirements with which the product or 
service has to conform. 
 
Statistical process control: The application of statistical techniques to the control of 
processes. 
 
Statistical quality control: The application of statistical techniques to the control quality. 
Testing: A means of determining the capability of an item to meet specified 
requirements by subjecting the item to a set of physical, chemical, environmental, or 
operating actions and conditions. 
 
Traceability: The ability to trace the history, application, or location of an item or 
activity and like items or activities by means of recorded identification. Verification: The 
act of reviewing, inspecting, testing, checking~uditing, or otherwise establishing and 
documenting whether items, processes, services, or documents conform to specified 
requirements. 
 
Waiver: Written authorization to use or release a quantity of material, components, or 
stores already manufactured but not conforming to the specified requirements. 
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LESSON 22 
 
 
 

Seminar 
On 

 
 

Quality Standards 
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LESSON 23 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Is to know what is quality manual 
 How it is prepared 
 Typical manuals 

 
Lets start our lecture with understanding the concept what is quality manual. Basically 
the Quality Manual is a collection of all the policies, organizational structure, 
responsibilities, procedures, processes and resources for implementing quality. 
 
Quality Manual 
 
The Quality Manual is a collection of all the policies, organisational structure, 
responsibilities, procedures, processes and resources for implementing quality. The 
quality system is only as comprehensive as needed to meet the quality objectives.   
 
The quality manual, consists of  
1. GENERAL 
1.1. Index and revision status 
1.2. Purpose and scope 
1.3. Exclusions 
 
2. COMPANY BACKGROUND 
2.1. Company background and history 
2.2. Activities 
 
3. DEFINITIONS AND CONVENTIONS 
3.1. Definitions and conventions 
3.2. Abbreviations 
 
4. QUALITY MANAGEMENT SYSTEM 
4.1. General requirements 
4.2. Documentation and records 
 
5. MANAGEMENT RESPONSIBILITY 
5.1. Management commitment 
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5.2. Customer focus 
5.3. Quality policy 
5.4. Quality system planning 
5.5. Organization and communication 
5.6. Management review 
 
6. RESOURCE MANAGEMENT 
6.1. Provision of resources 
6.2. Human resources and trainings 
6.3. Infrastructure 
6.4. Work environment 
 
7. PRODUCT REALISATION 
7.1. Planning of product realization 
7.2. Customer related processes 
7.3. Design control 
7.4. Purchasing 
7.5. Operations 
7.6. Measuring and monitoring equipment 
 
8. MEASUREMENTS, ANALYSIS AND IMPROVEMENT 
8.1. Planning of monitoring and measurement 
8.2. Monitoring and measurement 
8.3. Control of non-conforming product 
8.4. Analysis of data 
8.5. Continual improvement 
 
Preparation of process quality manuals and standing instructions within the framework of 
the quality program represents an important process control technique. These manuals 
codify and communicate various. procedural details. such as operative procedures and 
standards of workmanship. which ordinarily are not spelled out on drawings. Specific 
process references and tolerances should appear on a drawing or in a specification, but 
generally it is cumber some to include the detail required for operative procedures and 
standards of workmanship. Too often these instructions are not written anywhere; they 
are transmitted verbally, and like all verbal communications. The information will change 
each time it is communicated. 

 
Typical manuals are 
 
1. Process-quality procedures manuals, which include such instructions as material-
disposition procedures. Instructions for completion of forms, maintenance of files, 
gage-inspection procedures, and procedures for making process-capability studies. 
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2. Standard shop-practice manuals, which include such information as the definition 
of flatness, finish, squareness, undercut for threading, spotweld depressions, and the 
like. Instructions of this type are difficult to write, so pictures, sketches, and visual or 
physical samples may be required to convey fully the meaning of the instructions. 
Manuals of this type become the reference material for judging quality of workmanship 
and are useful for training new personnel and for reviews by experienced personnel. 
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LESSON 24 
 
 
 
Overview of the Lecture 
 
Objective 
 

 What is Quality Plan  
 What is Act of planning? 
 Documentation of Quality Plan 

 
The current emphasis in quality planning is on prevention of defects, so activities are 
executed with this goal in mind. Communication of factors that affect how the client will 
perceive the final product becomes important. 
 
Quality planning in technology areas often involves assessing the functionality and 
features of the technology, how it performs and what it produces, how reliable it is, how 
easily it can scale upwards to accommodate new demands, and how easy it is to maintain. 
Sometimes, you aren't sure what the quality issues are. This is often the case with new or 
emerging technologies.  
 
Quality Plan Concept 
 
Quality planning is one of the three basic processes used in managing for quality. In its broadest 
sense quality planning is the process of establishing quality objectives and developing the means 
(plans) for meeting those objectives. 

 
The terminology associated with quality planning is not well standardized. Objectives are all 
aimed-at targets, but they may be called Ugoals," "requirements," "missions," "visions," and so 
on. Plans may be called "systems," "procedures," "processes," "programs," and so forth. In 
specific applications the terminology may also become specific. For example, in manufacture of 
goods, the objective may be called the "specification" or "tolerance." The plan may be called a 
"production process." 
 
Under Quality Objectives and the headings that follow, sets out certain fundamentals 
relative to quality objectives. It is shown there that quality objectives exhibit wide 
variation in nature and scope. They may be intended for breakthrough or for control. 
They can be departmental, companywide, or intercompany in scope. They can deal with 
matters of great importance or with numerous matters of limited importance. The 
resulting permutations of kind and scope of quality objectives call for a corresponding 
assortment of quality plans.  
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Act of Planning 
The act of planning is thinking out in advance the sequence of actions to accomplish a 
proposed course of action in doing work to accomplish certain objectives. So that the 
planner may communicate the plan to the person or persons expected to execute it, the 
plan is written out with necessary diagrams, formulas, tables, and so on. 
 
Planning in the field of quality control must, of course, be geared fundamentally for 
delivering satisfactory product quality to the customer at minimum quality cost. These 
objectives are realized only by carefully planning the necessary quality procedures, which 
establish the required operational detail. 
 
To achieve product and service quality, many different pieces of work must be performed, by 
many people, and in a certain time-phased sequence. Different techniques are used in 
accomplishing the work. Therefore, the establishment of effective quality plans is based upon 
using the results of the techniques of analysis progressively to answer the following questions: 
 

1. What specific quality work needs to be done? 
2. When, during the product-development, production, and service cycle, does each work 

activity need to be done? 
3. How is it to be done: by what method, procedure, or device? 
4. Who does it: what position in what organizational component? 
5. Where is it to be done: at what location in the plant, on the assembly line, in the 

laboratory, by the vendor, or in the field? 
6. What tools or equipment are to be used? 
7. What are the inputs to the work? What is needed in the way of information and material 

inputs to get the work accomplished? 
8. What are the outputs? Do any decisions have to be made? What are they and what criteria 

should be used for making them? Does any material have to be identified and routed? 
9. Is any record of the action to be made? If so, what is the form of the data? 
 Is computer data processing required? What kind of analysis is required? 
 To whom is it sent? What form of feedback is to be used? 
10. Are there alternative courses of action to be taken, depending upon certain differences in  

the product quality encountered? 
11. What are the criteria for these courses of action?  
12. Is any time limit imposed on the work? If so, what is it? 

 
Many more questions are developed as the planning assumes a finer degree of detail. 
The final output of the planning process is the set of detailed instructions necessary to carry out 
the prescribed courses of action in meeting the quality objectives of the business and in carrying 
out the established quality policy.  
 
To foster quality commitment, these detailed instructions must be clear and definitive 
enough to be dearly understood by all plant and company employees yet general enough 
to provide effective quality technology approaches to the work. 
Fundamental areas of a portion of such a quality plan, which require documentation 
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applying to the incoming-material control job of quality control, are shown below with an 
E.g. 
 
Materials 

1. Incoming-material-control Procedures 
a. Sampling plans 
b. Instructions 
c. Data recording 
d. Reporting 

2. Vendor Relationships 
 a. Delineation of quality requirements to vendors, including clarification 
 of quality characteristics and acceptable quality levels 
 b. Correlation of measurement methods 
 c. Vendor quality capability, facilities, and quality systems surveys and 

evaluations 
d. Incoming-material rating 
e. Feedback of quality information to vendors 
f. Corrective action and follow-up 
g. Servicing to assure scheduled quality output 
h. Certification of incoming material 

 i. Interpretations 
3. Incoming-material-control Measuring Devices 

 a. Specification (method, accuracy, precision, capacity, service connections, floor space, etc.) 
b. Maintenance 
c. Calibration 
d. Periodic correlation with vendor', devices 

4-. Laboratory Acceptance Testing 
c. Test specifications 
b. Samples for laboratory 
c. Request for tests 
d. Laboratory results reporting 

5. Material Disposition 
4. Identification 
b. Requests for deviation 

 c. Routing (scrap, rework, salvage, retum to vendor, detail inspection, etc.) 
6. Incoming-material Audit 
7. Incoming-material Quality-control Personnel Requirements 

a. Number 
b. Qualifications 
c. Special training 
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Documentation of Quality Plan 
Detailed quality procedures and instructions must be documented so that all quality-
assurance activities are clearly identified. This is essential to communicate the quality 
plan to the many positions in a plant that have responsibility for implementing various 
parts of the plan. The necessary types of communication include use of reports, the 
procedures for the calibration of measuring equipment, the routing and disposition of 
material, the form of quality audits, and the necessary inspections and tests, all of which 
will be routinely audited for conformity and specifically identified so that there can be no 
confusion with documents relating to established product lines. 
 
As computer application in quality planning has grown in companies, it is increasingly 
practical to maintain this quality planning with the data processing and word processing 
systems of the plant. Each inspection and test instruction for particular inspection and test 
devices is indexed and coded, providing ready replacement when needed. When such 
computer capability is not available, manual procedures, such as use or quality planning 
binders, will be used. 
An example of an instruction is shown below 

 
 

MACHINE ROOM INSPECTION PUNCHED PARTS - DIES 
 
In addition to the usual procedure of inspection certain additional measurements and 
recording of dimensions will be made. This added procedure will require the assistance of 
the Machine Room foreman and operator. The procedure will be as follows: 
 

1) The usual setup and in-process spot-checking by the inspector, will continue. 
 
2) In addition, 4 times during the production run, or once each hour, which ever yields the most 

samples, the operator will select three parts, tag them, respectively, sample lot 1,2,3, etc. 
 
3) These samples will be turned over to the Machine Room inspector, who will 

measure them immediately if possible, or at the earliest convenient time within the 
shift period. Measurements will be recorded on the appropriate card currently 
used. The job will run regardless of whether these samples can be measured 
immediately. If such measurements can be made with simple measuring tools, 
such as scale, calipers, or micrometers, it is expected that the operators will make 
them merely as a control to determine that parts are within tolerance, so that 
defective parts will not continue to be made. 

 
4) If the inspector finds that dimensions are in error either before or after the job is 

completed, the tool will be tagged defective until such time as an investigation can 
be made to determine whether die, operator, or procedure error is the cause. The 
tool must not be returned to the tool crib until measurements of samples are 
completed and disposition is given by the inspector. If the die is rejected, it will be 
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properly tagged and forwarded to the tool room. Appropriate remarks will be 
made on the inspection record card. 

 
5) After each run is completed, assuming the die is still acceptable, an average of the 

dimensions measured (X) will be plotted on the Quality Control Chart Data sheet. 
Control limits for the dimensions measured serve as the upper and lower control 
limits. This plot will serve two purposes: 

 
A) A record of inspection of X plots. 
B) An indication as to:  
(1) when die is approaching need for repair;  
(2) normal variation of die;  
(3) accuracy of setup; and  
(4) effectiveness of control by operator. 
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LESSON 25 
 
 
 
Overview of the Lecture 
 
Objectives  
 

 To know what is project planning and why do we need it 
 Describe the stages of project plan. 
 Project Plan Life Cycle 
 Steps in Project Planning 

 
 
Project Plan 
 
A project could be defined as:“ a group of related tasks to produce an agreed objectives 
using agreed resources within specified constraints”  
 
Why do we need a project plan? 
 
A project plan is an important management tool that helps the project manager to: 

–Plan resources and their acquisitions. 
–Plan delivery dates and costing. 
–Evaluate performance and measure progress. 
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Project Plan Life Cycle 
 

Create a project
Set up the 
objectives

Develop a project 
plan

Set up resources 
and schedule

Evaluate progress

Execute
Project 

Project Planning Cycle

 
 
 
Steps in Project Planning 
 

1. Breakdown work to tasks 
2. Enter duration for each task 
3. Assign resources (person, equipment etc) 
4. Set up milestones and deliverables 
5. Critical path analysis 
6. Cost breakdown 
7. Refine the plan, publish and approve it 

 
Project Planning 
 
What are the tasks? 
Time required to complete each task? 

– You should build some slack time into the schedule to cater for overruns 
What is the sequence of tasks (scheduling)? 
Assign resources to tasks? 

– Resources could be people, equipment, etc 
– Each resource may have a calendar of its availability 
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Here is an example of an IT project where a project is divided into many stages 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

I. Example from an IT project 

Requirements 
Analysis Test System 

Implemen

t 

Design 

System 
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LESSON 26 
 
 
 
Overview of the Lecture 
 
Objective 
 

 What do you mean by configuration mgmt 
 Elements of Configuration mgmt 
 Functions of Configuration Mgmt 

 
 
CONFIGURATION MANAGEMENT (CM) 
 
(a) History of CM 

• developed as a formal discipline by the federal government of USA 
• US military borrowed well-established concepts from engineering industry 

(b) The goal of CM is to maximize productivity by minimizing mistakes. 
(c) CM is the process of: 

• Managing changes to components of software system 
• Identifying, organizing and controlling changes to the software product during 

development and during operations. 
(d) CM is an umbrella activity, which operates throughout life cycle of software  
     product. 
(e) Effectiveness of CM is judged by number of defects reported due to incorrect or  

inappropriate configuration control. 
 
Configuration Management 
 
Configuration refers to the physical and functional characteristics of a product, 
including both hardware and software. Ideally, design and development concludes 
with a design that is "frozen:' In practice, design changes are often made after 
production has started. The collection of activities needed to accomplish these 
changes is called configuration management. Three elements are involved: 
 

13. Configuration identification: This is the process of defining and identifying 
every element of the product. 

14. Configuration control: This is a series of actions, which manages a design 
change from the time of the original proposal for change through implementation 
of approved changes. 

15. Configuration accounting: This is the process of recording the status of proposed 
changes and the implementation status of approved changes. Configuration 
identification and configuration control are discussed below.  



Quality Management Principles 

 
 

 
Configuration Identification. A configuration established at a particular point in time 
is called a base line. The base line is used as a basis of reference from which all future 
changes are controlled. Configuration identification consists of three levels of base line: 
(I) the functional base line, which defines the general requirements of an entire product; 
(2) the allocated base line, which defines the general requirements for a major item in the 
overall product; and (3) the product base line, which defines the detailed requirements of 
an item. Additional base lines can be set up if needed. 
 
The baseline documents include drawings, specifications, test procedures, standards, and 
any other information which defines the physical and functional characteristics. In some 
companies, a configuration base line includes facts such as the following: 
 

16. The physical item conforms to issue 04 of the engineering drawing. 
17. The steel was purchased from Feric Steel Furnace on Purchase Order Number 

230656, dated 3/27/71, was made on Heat Number WX 37791, and conforms to 
ASTM 176-6IT. 

18. The welding was done by operator number 29991 using TIG process 10-
721during April 1981, at which time the operator's license to weld was still 
inforce. 

19. The bracket on the item was rejected on April 28, 1981, because the 2. I 76-in (5. 
53-cm)-diameter hole was off location (2.719 in instead of2. 705 in :t 0.010), 
after which acceptance "as is" was authorized by Engineer Joe Jensen on May 6, 
1981. 

 
This broader definition of configuration obviously includes also the identification of the 
pertinent materials, processes, personnel, etc., which have collectively created the 
product, plus the data which proves that the resulting product conforms to specifications. 
Some identification may be marked on the product, but mainly the identification and 
proof of adequacy are achieved through chains of documentation. The documents 
consist of engineering drawings, specifications, in-process inspection reports, acceptance 
inspection and test results, special test results, etc. These inputs are summarized in 
Figure A along with some of the resulting outputs. 



Quality Management Principles 

 
 

 
Figure A: Model of Documenting System 

 
Configuration Control. This element of configuration management starts at the time of 
the original proposal for a change and ends with the implementation of approved changes. 
Configuration control involves the technical evaluation, costing, and determination of which 
specific products ("serial numbers") will have the change incorporated (called the "effectivity" of 
the change). 
 
Companies vary widely in their approach to assigning responsibility for configuration 
control. At one extreme, the real decisions of whether and what to change all rest with the 
designers, and the "processing" of engineering changes consists solely of assuring that 
the documentation and products are changed to conform to the intent of the engineers' 
designs. At the other extreme, processing the engineering change becomes a highly 
formalized, closely coordinated activity in which the coordinating agency carries a good 
deal of weight in the decisions of whether and what to change. 
 
 

Inputs Documentation
System 

Outputs and uses 

Configuration data 
  Contracts 
   Products development data 
   Design specifications 
   Process, other specifications 
   Engineering changes 
 
Insertion and test data from: 
   Receiving inspection 
   Vendor surveillance 
    Process control 
    Final inspection, test 
    Field performance results 
 
Discrepancy data 
   Vendor failures 
    Process out of control 
    Scrap rework 
    Field complaints, claims 
    Warranty charges 
    Product safety claims 
 
 
 

 
 
Forms 
 
Procedures 
 
Data recording 
Data Processing 
    Manual 
    Electronic 
     Other 
 
Distribution 
Filing 
     Retention 
      Retrieval 

Corrective action loops 
     Discrepancy identification 
      Failure analysis 
      Corrective action 
 
Configuration management 
      Engineering change control 
       Traceability 
Improvement programs 
     Quality cost analysis 
      Quality improvement 
 
Executive reports by time 
      Product, responsibility, etc. 
      Vendor performance 
      In-house performance 
      Field performance 
      Cost result 
       Improvement projects 
Quality assurance to: 
       Management 
       Customers 
       Regulators 
       Etc. 
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The trend has been toward the more formalized, coordinated approach. The reason is that 
as products have become more complex, the effect of an engineering change has 
multiplied in complexity and in cost. Since more is at stake and the change for error is 
multiplied, the companies have made their review structure more elaborate in order to 
guard against unneeded or unwise changes and against errors in introducing needed 
changes. 
 
Special organization machinery is set up to coordinate the engineering changes. This 
machinery consists of some combination of the following: 
 

20. A published procedure, which defines the role of each department: Action is taken 
by the line departments and coordination is done according to the procedure. This 
approach is sometimes the sole engineering change machinery, e.g., in small 
companies for noncritical changes or in any company for situations in which there 
is a continuing procession of many small changes. 

21. A project engineer plus "sign off' by the line departments, usually Design, Man-
ufacture, and Quality Control: Here the project engineer provides coordination. 

22. A Configuration Control Board set up to review all proposed changes: The board 
has representatives from engineering, quality, field engineering, purchasing, 
manufacturing, and the customer. Usually, the chairman has the authority to make 
a decision on the change (the decision may be appealed through normal channels). 
The quality representative may often be in the position of justifying the 
importance of a change. 

23.  A Project Change Administrator who prepares plans, secures approvals. pub-
lishes reports, expedites, etc.: Use of such Administrators tends to be limited to 
cases where engineering changes are complex and costly. 

 
Configuration accounting: This is the process of recording the status of proposed 
changes and the implementation status of approved changes. From an engineering point 
of view, every change must be compatible with existing hardware. In deciding which 
units will receive the change, the “configuration” of each unit of hardware must be 
recorded and reviewed. As changes may continually be made, a large but necessary, 
formal accounting type system is required. The major role of verifying that the changes 
have been made and documentation completed is usually performed by the quality 
department 
 
Function of Configuration Management 
 

(a) Configuration identification 
• Identification of items which make a configuration 
• Define baselines 

(b) Configuration control 
• Monitors integrity and traceability 



Quality Management Principles 

 
 

• Exercise access control 
• Controls changes: receive, approve, monitor and control change requests 

and defect reports. 
• Control releases 

 
(c) Status accounting 

• Record product status 
• Report product status 

(d) Configuration audit 
(e) Organize for configuration management 
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LESSON 27 
 
 
 
Overview of the Lecture 
 
Objective 
 

 Walkthrough as Quality Assurance activity 
 To identify when walkthroughs are carried out 
 How walkthroughs are carried out 
 What all things are documented in walkthroughs 

 
Walkthroughs generally involve the author of an artifact presenting that document or program to 
an audience of their peers. The audience asks questions and makes comments on the artifact 
being presented in an attempt to identify defects. These meeting, with limited moderation, often 
break down into arguments about an issue. Walkthroughs usually involve no prior preparation on 
behalf of the audience. Usually, walkthroughs involve minimal documentation of the process and 
of the issues found. Review process improvement and defect tracking are therefore not easy. 
 
Walkthroughs: A quality assurance activity to defect errors. 
The walkthrough is a procedure that is commonly used to check the correctness of 
models produced by structured systems analysis, although its techniques are applicable to 
other design methodologies. Such checking has always been necessary in systems 
analysis and design. Walkthroughs differ from earlier methods in that they recommend a 
specific checking procedure an walkthrough team structure. Furthermore, they allocate 
specific tasks to various members of the walkthrough team and require documentation to 
be produced during and after the walkthrough. 
The team must check that the model: 
 
• Meets system objectives: 
• Is a correct representation of the system. 
• Has no omissions or ambiguities: 
• Will do the job it is supposed to do; and 
• Is easy to understand. 
 
How these checks are made depends on the kind of model, but whatever the model, it is 
important for the checks to proceed in an orderly way. Walkthroughs are one important 
method used in quality assurance. Another important feature of the walkthrough is that no 
actual design or system alteration takes place during the walkthrough; problems are only 
noted for further action. The responsibility of following up these problems is assigned to 
the walkthrough team members. The problems are documented in an action list, which 
also specifies which members. The problems are documented in an action list, which also 



Quality Management Principles 

 
 

specifies which members of the team are to be responsible for following up these 
problems. 

 
When are walkthroughs carried out? 
Walkthroughs can take place throughout system development. In structured systems analysis, 
they begin when the physical and logical models of the existing system have been completed. 
The first walkthrough checks the existing system models to detect omissions and inaccuracies in 
them. 
 
Walkthroughs should also be carried out on the new logical design to detect flaws, weaknesses, 
errors and omissions in the proposed design. The walkthroughs should be made first on the new 
logical model and later the new physical model. 
 
There may be more than one walkthrough in each project phase, and there are no set times for 
doing them. It is time for walkthrough when you reach a point where you have done all you can 
on a model and you need to be sure that this correctly represents the system. It is necessary to 
discuss what you have done with others to verify it. 
 
How are walkthroughs carried out? 
The procedure followed in a walkthrough is shown in Figure A. Before the walkthrough begins, 
the procedure should ensure that obvious problems have been eliminated from the models. It is 
no good bringing together a walkthrough team to detect obvious and simple problems the model 
producers should already be aware of. A walkthrough team is brought together to apply the 
benefit of its combined knowledge to the whole system and to detect the less obvious system 
problems. It is not there to find simple modeling faults. Some people suggest that you should use 
a checklist on a structured model before you submit your documents to a walkthrough. The 
checklist includes the common kinds of errors that often occur in modeling and serves as a guide 
for detecting such errors. 
 
Once the producers are satisfied with the model, it is time for a walkthrough. Two outcomes are 
possible from the walkthrough. One is that no errors are found in the model and it is accepted. In 
that case, review documents are prepared for a subsequent project review. The other outcome is 
where errors are detected in the model. In that case, an action list is produced. The model is then 
amended and later submitted to another walkthrough. 
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Figure A: Walkthroughs and reviews 
 
 
Preparing For The Walkthrough 
 
You must ensure that any model you have produced, and its associated documentations, is 
correct prior to carrying out a walkthrough. The last thing you want to happen is to have the 
review find trivial errors in your system. Hence models developed during system analysis must 
be reviewed by the design team before they are submitted to a formal project review. As shown 
in Figure B, the first preparation step is to assemble the walkthrough team and assign roles to 
each team member. The distribution must be made early to give team members sufficient time to 
become familiar with the documentation. When this has been done, the team members can be 
called together for the walkthrough. 
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The Walkthrough 
 
The procedure used during the walkthrough is shown in Figure C. The person who developed the 
model actually tracks though the documentation. This may involve following the data flows in a 
DFD, describing data stores, or going through the logic of each process. Any omissions, 
ambiguities or inaccuracies are noted in an action list during the walkthrough and followed up 
later. 
 
Walkthrough Documentation 
 
The outcome of the walkthrough is always documented. Usually only two documents are 
produced. One is a summary that describes the walkthrough outcome; the other is an action list. 
The action list shown all the issues raised ruing the walkthrough and, more importantly, who is 
to be responsible for resolving these issues. An example of an action list is shown in Figure D. 
 
 
 
 
 System  
                 model Preliminary  
                                                    System                                  walkthrough 
                                                    model                                    documentation 
                                                        
 
 
 
  
 Walkth-  
Amended rough  
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                              members 
 
 

Figure B   Preparing for the walkthrough 
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Figure C The walkthrough 
 
 
 

 
        WALKTHROUGH ACTION LIST               Walkthrough Action list: 
           System Description:                                    Walkthrough Date: 
              System Producer.                                 Walkthrough Leader: 
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Figure D  Action list 
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Follow-Up 
 
The follow-up is based on the action list. The members who have been assigned responsibility 
for correcting errors amend the model. When this amendment is completed, the model is ready 
for the next walkthrough. 
 
Walkthrough Team Composition 
There is no fixed optimum size for a walkthrough team. Team members should be selected in a 
way that will ensure the material is adequately covered and upon the skills and review 
experience of the potential participants. People with no knowledge about the system under 
review should not be in the walkthrough team. The number of participants will be somewhere 
between three and seven. 
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LESSON 28 
 
 
 
Overview of the Lecture 
 
Objective 
 

 What do you mean by inspection 
 Stages of Inspection 
 Advantages and disadvantages of Inspection process 
 Inspection Roles 
 What are the checklists 

 
Inspections 
Perhaps the simplest checks to describe are inspections, which is what is done in most reviews. 
It is usual to allocate roles to people involved in an inspection and outline a procedure for them 
to follow. Some common roles are the producer, whose product is under review, the inspector, 
who may guide inspectors through the product. It is important in such reviews that the people 
doing the inspection are not those that produced the product. Apart from their desire to ensure 
that their product passes the test, people who have worked on a product may not be aware of 
some of its shortfalls.  
 
Some software engineers suggest that there be a phased program of inspections running parallel 
with system development, with an objective for each phase and an evaluation made against the 
objective for that phase. Inspections themselves would be formal, with reports made at defined 
life-cycle phases. Each of the roles in an inspection team would have well-defined 
responsibilities within the inspection team. Fagan (1986) suggests a procedure made up of five 
steps, namely: 
 

1. Overview, where the producers of the work explain their work to inspectors. 
2. Preparation, where the inspectors prepare the work and the associated documentation for 

inspection. 
3. Inspection, which is a meeting moderated by the moderator and guided by a reader who 

goes through the work with the inspectors. 
4. Rework, which is any work required by the producers to correct any deficiencies. 
5. Follow-up, where a check is made to ensure that any deficiencies have been corrected. 

 
The important thing here is that the inspections are formal and have a report that must be 
acted on. It is also important that any recommendations made during inspections be acted 
upon and followed up to ensure that any deficiencies are corrected. 
 
Software inspections are formally structured and managed peer review processes. They 
involve a review team with clearly defined roles. Specific data is collected during 
inspections and inspections have quantitative goals set for them. The reviewers check an 
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artifact against an unambiguous set of inspection criteria for that type of artifact. The 
inspection process comprises three broad stages: preparation, collection and repair. 
Among the main benefits of inspections is that the required data collection promotes 
process improvement, and subsequent improvements in quality.  
 
The inspection process as described in most of the literature consists of at least three 
stages; preparation, collection, and repair. 
 
During preparation individual inspectors read the artifact separately, attempting to 
detect defects. In some variations of the process, these individuals are assigned certain 
classes of defect to focus on during the inspection phase, but are not restricted to finding 
and reporting this class of defect. Studies have shown that about 75% of defects are found 
by individuals in the preparation stage. For this reason, combined with the expense and 
inconvenience of organizing long inspection meetings, the collection stage in many 
organizations simply focuses on the logging of defects. Votta [Votta93] suggests 
replacing inspection meetings altogether, and tool support has been developed to assist in 
collecting defects without meetings. In some variations of the process, the logging meting 
can also be used to find further issues as a team. There is some suggestion that the benefit 
obtained by attempting to find additional defects in a meeting is disproportionately low in 
comparison to the cost of extending these meetings.  
The final stage, repair, requires the author to address all of the issues raised in the 
inspection report. The moderator then evaluates the rework to determine if all of the 
reported issues have been sufficiently resolved. There is generally scope for the re-
inspection of work if either, the moderator is not happy with the quality of the rework, or 
the particular artifact or deliverable is critical to the project.  
 
Advantages/Disadvantages 
The benefits of inspection over traditional testing methods, derived from experience data from 
organizations such as NASA and IBM Rochester as including:  
 

• 30% to 100% net productivity increases;  
• Overall project time saving of 10% to 30%;  
• 5 to 10 times reduction in test execution costs and time;  
• Reduction in maintenance costs of up to one order of magnitude;  
• Improvement in consequent product quality;  
• Minimal defect correction backlash at systems integration time.  

 
In addition to these tangible benefits, less tangible benefits such as a training effect for 
inspectors are also evident.  
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Inspection Roles 
 

• Moderator - the moderator is responsible for ensuring an artifact satisfies 
inspection entry and exit criteria, inspection planning and for the effective conduct 
of all required meetings.  

• Reviewer - the reviewers resposibility is to prepare for the logging meeting by 
reading the artifact and finding and recording issues/defects in the artifact and any 
supporting doucment, and reporting these issues at the logging meeting.  

• Author - the author of the artifact normally initiates an inspection. They should 
ensure that the artifact meets inspection entry criteria prior to requesting the 
inspection. The author is usually also responsible for editing.  

• Scribe - A scribe is often employed in the logging meeting to record issues as they 
are raised.  

 
Inspection Checklists 
Inspections are conducted with the use of inspection checklists. These are essentially 
questions that a reviewer asks to guide the defect finding process. Many inspection 
checklists exist and a lot can be found on the web. Here are a couple of checklists; one 
for requirements inspection, the other for design inspection: 
 

• Requirements inspection checklist  
• Design inspection checklist  

 
II. Glossary  

Inspection  An examination of a product to assure quality. 
Producer  A person who produced a product. 
Inspector  A person who examines a product to assure quality. 
Moderator  A person who controls the progress of a review. 
Reader  A person who guides the way a system model is examined. 
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Lecture 29 
 

Guest Lecture on Quality Procedures 
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LESSON 30 
 
 
 
Presentation by Students Quality Assurance Standards 
 
Taking a live e.g. of any industry 
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LESSON 31 
 
 
 
Overview of the Lecture 
 
 
Objective 
 

 What are legal requirements 
 Legal requirements - Case study  

 
 
Legal requirements/Systems  
 
Do you think your system's performance and functionality do not meet today's business 
requirements or that you spend too much time and effort on system maintenance? In our 
competitive world nothing should restrict your business activities. However, sometimes, 
migrating to new technologies or maintaining your software in-house costs too much. 
With this in mind, we will improve your system performance, scalability and 
functionality, at reduced maintenance and upgrade costs. Our goal is safe re-engineering 
and quality maintenance.  
 
What the legacy system support and re-engineering service includes 

• Legacy system improvement, adaptation, enhancement  
• Legacy system core rewrites, re-architecturing  
• Legacy system sustaining - defect fixing, patching  
• Adaptation of other vendors' or new components to the system  
• Providing a Web interface to the system  
• Project recovery  
• User support  

Our principles of legacy systems support and re-engineering 
• Knowledge transfer. This includes knowledge transfer from the customer's side 

and analysis of the business environment in which the system is used to provide 
better understanding of users' needs, acquiring deeper knowledge of the system 
internals and functioning, quick start.  

• System change management. When maintaining or re-engineering systems 
which have been in use for a long time, we attach much importance to system 
functional compatibility - we continuously verify that the functionality of the 
system changes only as appropriate. Tracking all changes we always have records of 
what we have done, what we are doing and what we have at any stage of the process.  
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• Safe re-engineering. The customer and end users always work with a stable, 
properly functioning system. All changes made are compatible, verified, safe and 
do not break system consistency.  

• Quick response to client and user requests. Response time depends on the 
urgency of the request, however, it is company policy to respond to all client or 
user requests within one working day.  

• Extensive testing of system changes. All the changes are thoroughly tested with 
focussing on compatibility, system functionality, integrity, scalability and 
performance.  

• Performance investigations. As we have a lot of experience in the areas of 
performance and optimization, we apply our knowledge to what we do to make 
systems faster and more stress-resistant, which is especially important when a 
system performs critical tasks.  

 
Professional standards requirement 
Here is a case study about Australian Computer Society Information  
Australian Computer Society Information  
 
Introduction 
The Australian Computer Society (ACS) is the professional association in Australia for 
those in the computing and information technology fields. It was established in 1966 as a 
result of the merger of then existing State based computer societies. 
The mission of the Society is: 
 
Advancing Professional Excellence In Information Technology. 
The objects of the Society are: 

• To further the study, science, application and practice of computing.  
• To promote, develop and monitor competence in the practice of information 

technology by persons and organisations.  
• To maintain a Code of Ethics for the members of the Society.  
• To define standards of knowledge for members.  
• To promote the formulation of effective policies in computing, information 

technology and related matters.  
• To extend the knowledge and understanding of information technology in the 

community.  
• To serve and support the members of the Society.  
• To promote the benefits of being and/or employing a member of the Society.  

 
Membership 
Membership of the Society is available through one of the Branches which exist in every 
State and Territory in Australia.  
Professional grades of membership in the Society are Fellow, Member, Associate and 
Provisional Associate. Entry to each of these grades, (except that of Fellow which is an 
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election by the Council of the Society), is by satisfying requirements in relation to a 
prescribed standard of knowledge and relevant experience. Fellows, Members, Associates 
and Provisional Associates are entitled to use the post-nominals 'FACS', 'MACS', 'AACS' 
or 'AACS {Prov}' respectively. 
 
The ways in which an applicant can demonstrate the possession of the basic body of 
knowledge include the satisfactory completion of an accredited course in information 
technology, completion of a significant project requiring the application of this 
knowledge, interview or other forms of assessment accepted by the Society, or a 
combination of the above, together with the required extent of relevant experience. 
 
The Society also conducts its own examinations, both in Australia and overseas, to 
provide an alternative means by which those without formal qualifications may elect to 
demonstrate a standard of knowledge sufficient for entry to the professional grades of 
membership of the Society. 
 
For those who do not aspire to professional grades of membership there is provision for 
Affiliates, Corporate Members and Affiliated Organisations. There is also a grade of 
Student member for those actively engaged in a relevant course of study. 
 
An Affiliate is a person interested in furthering any of the Objects of the Society. A 
Corporate Member is an organisation, company or division which is engaged in the field 
of IT as its major activity and is interested in furthering the Objects of the Society. An 
Affiliated Organisation is an organisation, institute, club or society which specialises in 
one or more fields of IT or related activities, in the main comprises members, and is 
interested in furthering the Objects of the Society. 
 
International Representation 
The Society has over 13,000 members and on a per capita basis is one of the largest 
computer societies in the world. It plays an active role in international affairs and 
represents Australia in the International Federation for Information Processing, the 
South-East Asian Regional Computer Confederation, and is a member of the Asian-
Oceanian Computing Industry Organisation. Members of the Society have the 
opportunity to play an active role in the various technical committees, working groups 
and other activities conducted by the International bodies.  
 
The Society has entered into reciprocal agreements with a number of overseas computer 
societies including. 

• Association for Computing Machinery (USA)  
• British Computer Society  
• Canadian Information Processing Society  
• Computer Society of Sri Lanka  
• Hong Kong Computer Society  
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• Malaysian National Computer Confederation  
• New Zealand Computer Society  
• Singapore Computer Society  

 
Members of the Society can join these Societies at a discounted subscription. 
Arising from its active participation in international forums the Society has attracted, and 
continues to attract, to Australia significant events in the IT calendar, such as the 8th 
World Computer Congress in 1980 (Melbourne); 5th World Conference on Computers in 
Education in 1990 (Sydney), the 16th International Conference on Very Large Data 
Bases in 1990 (Brisbane); the International Joint Conference on Artificial Intelligence in 
1991 (Sydney); and a number of conferences organised by specialist international 
committees. These meetings give members an unequalled opportunity to hear from and 
meet with world leaders in IT. 
 
Member Benefits 
The Society engages in a wide range of activities both at the Branch and National level, 
giving members the opportunity to participate (at concessional rates) in conferences, 
seminars, workshops, meetings and other activities to enhance their knowledge, to 
exchange information, and to hear from leading figures in the IT sector.  
 
Each member receives the monthly magazine Informatics, providing information on the 
latest developments in IT, and the quarterly Australian Computer Journal, a journal of 
record and research papers. Members also receive the publications of their local Branch. 
Members can also participate in Society activities by playing a role on Branch 
Committees, Special Interest Groups or National Boards or Committees. 
 
The Society has a number of National Boards including: 

• Technical Board  
• Membership Board  
• Policy Board  
• Community Affairs Board  
• Internal Affairs Board  
• International and Conferences Board  
• Marketing Board  
• Publications Board  
• Finance Board  

Special Interest Groups and Committees include: 
• Software Engineering  
• Software Quality  
• Information Systems Technology  
• Office Automation  
• Computer Crime and Security  
• National Education  
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• Artificial Intelligence and Expert Systems  
• Economic, Legal and Social Implications  
• Industrial Relations  
• Medical Informatics  
• Software Industry  
• Data Communications  

 
IT professionals join the ACS because membership of the Society helps to keep 
knowledge up-to-date in a rapidly changing environment, it adds practical skills to their 
existing skills, it challenges their ideas and concepts, it enables them to participate in peer 
group activities, and it provides opportunities for extending their professional contacts 
and networks. 
 
Practising Computer Professional 
The Society has a programme of continuing professional education called the Practising 
Computer Professional programme. Members of the Society can achieve PCP status 
through attending endorsed courses and accruing at least 30 PCP hours in the preceding 
12 months. This provides tangible evidence that the member has undertaken approved 
professional education activities to update his or her knowledge.  
 
Code of Ethics 
An essential characteristic of a profession is the need for its members to abide by a Code 
of Ethical Conduct. The Society requires its members to subscribe to a set of values and 
ideals which uphold and advance the honour, dignity and effectiveness of the profession 
in the arts and sciences of information processing. The member is required at all times to 
act with professional responsibility and integrity in dealings with clients, employers, 
employees, students and the community generally.  
 
Darling Downs Chapter 
The local Chapter of the Society is based on-campus at USQ. Regular presentations and 
occasional seminars are conducted throughout the year. Students (both ACS members 
and non-members) are welcome to attend these meetings. BITS is a special interest group 
within the Darling Downs Chapter and they publicise the Chapter events to the USQ 
student body.  
 
Joining the ACS as a Student Member 
As a Student member you will receive the monthly InformationAge and the quarterly 
Australian Computer Journal. Some branches also publish a branch bulletin or 
newsletter. All these publications contain useful material on your chosen career field and 
give you details of free meetings, special interest groups and other opportunities for you 
to interact with professionals already working in information technology. Joining ACS as 
a Student member is your first step to a challenging and rewarding career in information 
technology. 
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Student members may join the Society at a heavily discounted membership fee. In return, 
student members receive the full benefits of being an ACS member - regular publications 
with a cover value of almost $100, meetings at no cost where students have the 
opportunity meet IT professionals and hear interesting and topical presentations, and 
attend discounted seminars, workshops and conferences. 
 
As a student, you are working towards academic qualifications which will provide you 
with the body of knowledge required of an information technology professional. A fully 
fledged professional needs experience as well as qualifications. 
An excellent way to extend your IT knowledge is to make contact with experienced 
professionals, hear their views and learn their language. ACS offers many such 
opportunities. 
 
Vacation Employment 
Second year full-time students have the opportunity to take part in a voluntary work 
experience program for four weeks during the summer vacation. University staff have 
established contacts with numerous private companies in Brisbane and Toowoomba and 
the management of these businesses have been very co-operative in offering places to our 
students. In fact, we have received more offers than there are students to fill them. 
 
The work covers quite a large range of professional computing activities. There are large 
financial institutions such as banks, building societies and credit unions operating 
mainframes and conducting accounting and financial systems who offer work experience 
using a variety of languages. The manufacturing sector is also well represented and offers 
experience in warehousing, inventory and stocktaking operations. There are several 
hardware vendors specialising in barcoding, scanning and microfiche production who use 
'C' programmers and almost every company is involved in Local Area Networks and 
digital communications. 
 
Students have responded enthusiastically to this scheme and they view it as an 
opportunity to gain experience as well as a chance to establish themselves with an 
employer with the possibility of a full-time job later. 
 
The Information Systems Department is active in encouraging links with industry in 
order to enhance opportunities for our graduates. 
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LESSON 32 
 
 
 
Overview of the Lecture 
 
 
Objective 
 

 What are the professional required? 
 British Computer Society 

 
 
Professional Standards Required  
There are a large number of international organizations concerned with software 
standards. The 1996 tutorial volume on Software Engineering from the IEEE Computer 
Society Press[1] provides an extended list of relevant standards, and standard setting 
bodies. They list more than 60 relevant standard setting bodies from the US, the UK, 
Switzerland, The Netherlands, Germany, Austria, Japan, Belgium, Sweden, Spain, 
France, Australia, and Canada.  
 
Their list of relevant software standards is divided into the 17 categories used in the 
ISO/IEC 12207 International Standard ("Information technology -- Software life cycle 
processes"). These basic 17 categories are supplemented with four additional sections. 
The list breaks down software engineering standards into 21 different categories and 
includes over 300 different standards:  
 

1. Acquisition Standards  
2. Supply Standards  
3. Development Standards  
4. Operation Standards  
5. Maintenance Standards  
6. Documentation Standards  
7. Configuration Management Standards  
8. Quality Standards  
9. Verification Standards  
10. Validation Standards  
11. Joint Review Standards  
12. Audit Standards  
13. Problem Resolution Standards  
14. Management Standards  
15. Infrastructure Standards  
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16. Improvement Standards  
17. Training Standards  
18. Safety Standards  
19. Terminology Standards  
20. User Support Standards  
21. Miscellaneous Standards   

 
ISO/IEC 12207 International Standard Processes  
This standard groups the activities that may be performed during the life cycle of 
software into five primary processes, eight supporting processes, and four organizational 
processes. In the material which follows, we provide an overview of this structure.  
 

• Primary Life Cycle Processes  
Processes to serve the primary parties during the life cycle of software. The 
primary parties are the acquirer, the supplier, the developer, the operator, and the 
maintainer of software products.    

1. Acquisition (activities of the acquirer)  
2. Supply (activities of the supplier)  
3. Development (activities of the developer)  
4. Operation (activities of the operator)  
5. Maintenance (activities of the maintainer, including migration and 

retirement)  
 

• Supporting Life Cycle Processes  
Processes that support another process as an integral part with a distinct purpose 
and contributes to the success and quality of the software project. These are 
employed and executed, as needed, by other processes.   
 

1. Documentation (activities for recording information)  
2. Configuration Management (configuration management activities)  
3. Quality Assurance (activities for objectively assuring that the software 

products and processes are in conformance with their specified 
requirements and adhere to their established plans)  

4. Verification (activities for verifying the products in varying depth)  
5. Validation (activities for validating the software products)  
6. Joint Review (activities for evaluating the status and products of an 

activity)  
7. Audit (activities for determining compliance with the requirement, plans, 

and contract)  
8. Problem Resolution (process for analyzing and removing problems)  
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• Organizational Life Cycle Processes  
Processes employed to establish and implement an underlying structure made up 
of associated life cycle processes and personnel and continuously improve the 
structure and processes. Typically employed outside specific projects and 
contracts.  
 

1. Management (activities of management, including project management)  
2. Infrastructure (activities to establish the underlying structure)  
3. Improvement (activities to establish, measure, control, and improve life 

cycle processes)  
4. Training (activities for providing adequately trained personnel) 

 
British Computer Society 
The British Computer Society sets the professional standards of competence, conduct and 
ethical practice for computing in the United Kingdom. The Society was incorporated by 
Royal Charter in July 1984.  
 
Employers, clients, members of the public or other professions should expect, and be 
encouraged to expect, the same standards of competence and conduct from members of 
The British Computer Society as they expect from recognised members of any other 
profession such as doctors, lawyers or architects. Professional Institutions maintain this 
esteem by two principal means. They set standards of technical capability which their 
members must satisfy, and they prescribe standards of conduct to which their members 
must conform or be held accountable for any lapse. Both competence and accountability 
should be the hallmarks of members of a professional institution. The BCS's contribution 
to the raising of standards of technical competence in the Information Systems 
community has been very visible for many years. The Society believes that there should 
be equal awareness of the accountability of its members not only to possess but to 
exercise that competence consistently according to high standards of personal integrity. It 
is for this reason that Council decided not only to have a thorough revision made of the 
Society's Code of Conduct to ensure that it remains adequate and relevant to 
contemporary needs, but to give it widespread publicity so that the public at large know 
what standards to expect of our members. The new Code is the result of much hard work 
by the Professional Advisory Committee, who are themselves experienced practitioners 
who will themselves need to live up to the Code, and are also responsible for the work of 
others from whom they will expect similar standards. It is also the product of consultation 
both within and beyond the Information Systems community. It therefore deserves 
recognition on its merits quite apart from the fact that it is now, by resolution of Council, 
the Code of Conduct which we are all under an obligation to observe.  
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LESSON 33 
 
 
 
Overview of the Lecture 
 
 
Objective 
 

 What are the reasons behind lacking of compliance 
 

 
Problems arising from lack of compliance 
 
 

 Not meeting the industry trends. 
 Products not meeting the criteria 
 Out of track 
 Less customers. 
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LESSON 34 
 
 
 

Quiz on Professional standards 
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