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Chapter-1 

What is Software Engineering? 

 Software Engineers, use knowledge of computers and computing to help solve problems. 

Often the problem with which are dealing is related to a computer or an existing computer 

system, but sometimes difficulties underlying problem have nothing to do with computers. 

Therefore, first understand the nature of the problem. 

Problem Solving: 

 We must begin investigating a problem by analyzing it, that is by breaking it into pieces 

that we can understand. The larger problem as a collection of small sub problems and their 

interrelationships. 

  

     Process of Analysis 

 

 

 

   

 Once analyzed the problem, we must construct solution from components that address the 

problem various aspects. 

 

 

        Process of synthesis 
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Synthesis:  

 Synthesis is putting together of a large structure from small building blocks. 

 To help us solve a problem, we use variety of methods, tools, procedures and paradigms. 

Method or Technique:  Formal procedure for producing some result. 

Tool: An instrument or automated system for accomplishing something. 

Procedure: Combination of tools and techniques produce particular product. 

Paradigms: It represents a particular approach or philosophy for building software. 

What is good software? 

 Software Engineering find methods to ensure that their products are of acceptable quality 

and utility. Good software engineering always includes a strategy for producing quality software. 

Customer:  Company, organization or person who is paying for the software to be  

                  developed. 

Developer: Company, organization, person who is building the software system for the customer. 

1.5 Systems Approach: 

    Elements of a system: 

i) Activities and Objects: 

Activity means something happens in system. An event initiated by a trigger. Activity 

transforms one thing to another by changing characteristics. 

The Transformation can men that a data element is moved from one location to another, 

is changed from one value to another, or is combined with other data supply input for yet another 

activity. 

The elements involved in the activities are called objects or entities. objects can be 

arranged in a table or matrix. 

Eg: First name, Middle name, Last Name, Street, City, State 

Not only each field in the record defined, but size and relationship of each field to others 

are named. Record description states the datatype of each field the starting location in the record 

and length of the field. 

Relationship and the system Boundary: 

 Once entities and activities are defined, match the entities with their activities. The 

relationship among entities and activities are clearly and carefully defined.  

 An entity definition includes a description of where the entity originates. 

 



System: 

 System as a collection of things, set of entities, a description of the relationships among 

entities and activities and definition of the boundary of system. 

Eg: Human Respiratory System 

Interrelated Systems: 

 Concept of boundary is important, because very few systems are independent of their 

systems.  

Eg: Respiratory system must interact with the digestive system, circulatory system, nervous and 

others. 

Ex:  Layers of Water Monitoring System:  

        1.Remote collection system 

        2.Calculation system for remote data 

        3.Communication system from        
         Remote sites to central 
        4.Data management system for  
          Collected data 

        5.Reporting system from data 

 

 

The complexity of entire water monitoring system is much greater than the complexity of the 

communication system, so smaller pieces makes our job much simpler. 

 If the boundary definition s are detailed and correct, building larger system from the 

smaller one is relatively easy. 

 We maximize simplicity our consequent understanding of the system by focusing on the 

smallest system possible at first. 

 

1.6 An Engineering Approach: 

 The art of producing systems involves the craft of software production. We develop 

techniques and tools that have proven helpful in producing useful, high quality products. 

 For instance, use optimizing compiler as a tool to generate programs that run fast on the 

machine. 

 These software-based techniques are used in crafting a fine piece of furniture or in 

building house. 



Eg: Building a house 

 Thus, house building is a complex task with many opportunities for change in process, 

products or resource along the way, tempered by healthy dose of art and expertise. The house 

building process can be standardized, but there is always need for expert judgement and 

creativity. 

Building a system:  

 Software projects progress similar to the house building process. Software development 

involves users, customers and developers. 

 First step-Meeting with customer to determine the requirements. Without knowing the 

boundary, the entities and the activities, it is impossible to describe the software and how it will 

interact with its environment. 

 Once requirements are defined, create a system design to meet the specified 

requirements. 

 The design is reviewed by customer, when approved overall system design to meet the 

specified requirements. 

 When the programs have been written, they are tested s individual pieces of code before 

they can be linked together.  

 The first phase of testing is called module or unit testing. Second testing phase is often 

referred to as integration testing, as we build our systems by adding one piece to the next until 

the entire system is operational. The final testing phase is called system testing, involves a test of 

whole systems to make sure that functions and interactions specified initially have been 

implemented properly. 

 Development of software includes following activities. 

• Requirements analysis and definition   *  System design  * Program design 

• Writing the programs    *  Unit testing  *  Integration Testing 

• System testing   * System delivery       * Maintenance 

 

1.7 Members of the development team: 

 Developers are software engineers, but each engineer may specialize in a 

particular aspect of development. 

 The first step in any development process is finding out what the customer wants 

and documenting the requirements. Analysis is the process of breaking things into 

component parts that can understand them better. The development team includes one or 



more requirements analysis to work with the customer, breaking down what the customer 

wants into discrete requirements. 

 Once the requirements are known and documented, analyst work with designers 

to generate system level description of what the system is to do. 

 The designers work with programmers to describe the system in such a way that 

programmers can write lines of code that implements what requirements specify. 

 After code is generated, it must be tested. The first testing is done by the 

programmers themselves. Sometimes additional testers are also used to help catch faults 

that the programmers overlook. When units of code are integrated into functioning 

groups a team of testers works with the implementation team to verify that the system is 

built up by combining pieces, it works properly and according to specification. 

 When the development team is comfortable with the functionality and quality of 

the system, attention turns to the customer. The test team and customer work together to 

verify that the complete system is what the customer wants. 

 For many software systems, acceptance by the customer does mean end of 

developer’s job. If faults are discovered after the system has been accepted, a 

maintenance team fixes them. 

                          Roles of the development team  

 

Requirements analysis and 

definition 

                      Analyst 

System Design                 Designer 

Program Design         Programmer 

Program Implementation   

Unit Testing        

       Testing Integration Testing  

System testing  

System Delivery   

Maintenance           Trainer 

Customer requirements may change time pass and corresponding changes to the system 

must be made. Thus, maintenance can involve analysis who determine what requirements 



are added or changed, designers to determine where in the system design the change 

testers to make sure that the changed system still runs properly and trainers to explains to 

users how change effects of the system. 

Chapter-2 

2.1 The meaning of process: 

Process: 

Set of tasks as a process. It is a series of steps involving activities, constraints and 

resources that produce an intended output of some kind. 

Characteristics of process: 

i) The process prescribes all of the major process activities. 

ii) The process uses resources, subject to set of constraints and produces intermediate 

and final products. 

iii) The process composed of subprocess. The process may be defined as a hierarchy 

of process, organized into each subprocess has its own process model. 

iv) Each process activity has entry and exit criteria, i.e activity begin and end. 

v) The activities organized in a sequence, that is clear when one activity is 

performed relative to the other activities. 

vi) Every process has a set of guiding principles that explain goals of each activity. 

vii) Constraints and controls my apply to activity, resource or product. 

 

Life cycle 

 The process involving the building product is known as life cycle. Software development 

process is called software life cycle because it describes life of software product from conception 

to implementation, delivery, use and maintenance. 

 Software development process can be described in flexible ways that allow people to 

design and build software using preferred tools and techniques and models. A process model 

may require design to acquire design to occur before coding, but may allow many different 

design techniques to be used. 

 Process helps to maintain level of consistency and quality in products or services are 

produced by many people. 

A process is more than procedure. A process is collection of procedures, organized, 

building products to satisfy a set of goals or standards. The process structure guides us to 

examine, understand, control, and improve the activities that comprise the process. 

Software development usually involves the following stages. 

• Requirement analysis and definition 

• System design 

• Program design 

• Writing the programs 

• Unit testing 



• Integration testing 

• System testing 

• System delivery 

• Maintenance 

 Each stage is itself process that can be described as a set of activities. Each 

activity involves constraints, outputs, and resources. 

 

2.2 Software Process models 

 Many process models are described in software engineering literature. 

 1.Prescriptions- software development should progress 

 2.Descriptions -Software development done in actuality. 

 For theory both are same but in practice they are not. 

Several reasons for modeling a process: 

 1.When a group writes down a description of its development process, it forms a 

common understanding of the activities, resources, and constraints involved in software 

development. 

 2.Creating a process model helps the development team find inconsistencies, 

redundancies and omissions in the process. These problems are noted and corrected, the process 

becomes more effective and focused on building the final product. 

 3.The model should reflect the goals of development such as building high quality 

software, finding faults, early in development and meeting required budget and schedule 

constraints. 

 4.Every process should be tailored for the special situation in which it will be 

used. Building a process model helps the development team understand where tailoring is to 

occur. 

 Every software development process model includes system requirements as input 

and a delivered product as output. 

1.Waterfall Model 
  One of the first proposed models is waterfall model, where the stages re depicted as 

cascading from one to another. figure implies, one development stage should be completed 

before the next begins. 
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When all of the requirements are elicited from the customer, analyzed for completeness and 

consistency, and documented in a requirements documents then the development team can go on 

to system design activities. The waterfall model presents a vey high-level view of what goes on 

during development, and it suggests to developers the sequence of events they should expect to 

encounter. 

 The waterfall model has been used to prescribe software development Activities in a 

variety of contexts. For unit and integration testing in the waterfall ends with the milestone “code 

modules written, tested, and integrated. The intermediate deliverable is a copy of the tested code. 

Next the code can be turned over to the system testers so it can be merged with other system 

components and tested as a larger whole. 

 The waterfall model can be very useful in helping developers lay out what they need to 

do. Its simplicity makes it easy to explain customers who are not familiar with software. It makes 

explicit which intermediate products are necessary in order to begin the next stage of 

development. 

Drawback: 

i) The biggest problem with waterfall model is that it does not reflect the way code 

is really developed. 

ii) The model provides no guidance to managers and developers on how to handle 

changes to products and activities re occur during development. 

iii) When requirements change during coding activities, the subsequent changes to 

design and code are not addressed by waterfall model. 

iv) The waterfall model tells us nothing about typical back and forth activities that 

lead to creating final product 

Sometimes software development process is uncontrolled, developers may thrash from 

one activity to the next and then back again. 

 Prototyping – subprocess is a partially developed product that enables customers 

and developers to examine some aspect of the proposed system and decide if it is suitable or 

appropriate for the finished product.  

Developers may build a system to implement small portion of key requirements, to 

ensure requirements are consistent, feasible and practical .if not revisions are made requirement 

stage rather than more costly testing stage. 

 Design prototyping helps developers assess alternative design strategies and 

decide which is best for particular product. Designers may address the requirements with 

radically different design to see which has the best properties. 



Network build as a ring in one type and star in another and performance, characteristics 

evaluated which structure is better at meeting performance goals or constraints. 

User interface is built and tested as prototype, users can understand what new system will 

be like, and designers get better sense of how users like to interact with the system. 

Major kinds in requirements are addressed and fixed well before the requirements are 

officially validated during system testing. 

Validation ensures that system has implemented all of the requirements, each function 

works correctly. 

Verification makes sure that developer is building right product and checks the quality of 

the implementation. 

 Prototyping is useful for verification and validation. 

V model: 

 The V model is a variation of waterfall model that demonstrate how testing activities are 

related to analysis and design. 

 

  

 

 

 

 

 Coding forms the point of V, with analysis and design on the left, testing and 

maintenance on right. Unit and integration testing address the correctness of programs. 

 The V model suggest that unit and integration testing, can also be used to verify program 

design that is, during unit and integration testing, codes and test team members should ensure 

that all aspects of correctly implemented.   

 Acceptance testing is conducted by customer rather than developer, validates the 

requirements by associating a testing step with each element of the specification. This type of 

testing checks all requirements have been fully implemented before the system is accepted and 

paid for. 

 The model linkage of the left side with right side of V implies that if problems are found 

during verification and validation, then the left side of the V can be re executed to fix and 

improve requirements design and code before testing steps on the right side are reenacted. 

Requirements 

System Design 

Program Design 

Coding 

Mintenance 

Acceptance 

System 

Unit & Integr 



Prototyping Model 

 Waterfall amended with prototyping activities to improve understanding, but prototyping 

need not solely adjunct of waterfall. 

 Prototyping can itself be the basis for an effective process model. 

   

 

 

 

 

System Requirements                                                                      Delivered System 

                                      Prototyping Model 

 Prototyping model allows all or part of a system to be constructed quickly to understand 

or classify issues, it has same objective of engineering prototype, where requirements or design 

require repeated investigation to ensure that the developer, user and customer have common 

understanding of what is needed and what proposed. 

 One or more loops for prototyping requirements design or system may be eliminated, 

depending on the goals of the prototyping. 

 System development may begin with nominal set of requirements supplied by customers 

and users. Then alternatives explored by looked at possible screens, tables, reports and other 

system output that are used directly by the customers and users. 

 As users and customers decide on what they want the requirements are revised. Once 

there is common agreement on what requirements should be, developers move on to design. The 

initial design is revised until the developers, users, and customers are happy with result. 

 Indeed, considering design alternatives sometimes reveals a problem with the 

requirements and developers drop back to the requirement activities to reconsider and change the 

requirement activities to reconsider and change the requirement specification.  

Operational specification: 

 Zave (1984) – suggest a process model allows the developers and customers to examine 

the requirements and their implications early in the development process, where the can discuss 

and resolve some of the uncertainty. 

 In the operational model, system requirements are evaluated or executed in way that 

demonstrates the behavior of the system – That is once requirements are specified, they can be 

enacted using a software package, so their implications can be assessed before design begins. 

List of Revisions List of Revisions 

 

List of Revisions 

 

Prototype  
Requirements 

Prototype 

Design 
Prototype 

System test 



 The waterfall model separates the functionality of the system from the design, intending 

to keep the customer needs apart from implementation. 

 However operational specification allow the functionality and the design to be merged. 

   

 

 

 

 

System requirements          

         Delivered system 

Transformational model: 

  Balzer’s transformation model tries to reduce the opportunity for error by eliminating 

several major development steps, using automated support, the transformational process applies 

a series of transformation to change  specification into a deliverable system. 

 Sample transformation can include 

➢ Changing the data representation 

➢ Selecting algorithm 

➢ Optimizing 

➢ Coupling 

Many paths can be taken from the specific to the delivered system, the sequence of 

transformation and the decisions they reflect re kept as a formal development record. 

 The transformational approach holds great promise. 
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Phased development:   Increments and Iterations 

 In the early years of software development, customers are willing to wait long 

time for software systems to be ready. Sometimes years would pass between the time the 

requirements documents were written and the time the system was delivered called cycle 

time. 

 Today business environment no longer tolerates long delays. One way to reduce 

cycle time is to are phased development. 

 

 

        ---- -------------            

 

  

The system is designed. It can be delivered pieces, enabling the uses to have some 

functionality while the rest is being developed. Thus, there are usually two systems 

functioning in parallel. 

1. The production system and 

2.  Development system 

             The operational or production system is one currently being used by custom and 

user. The development system is next version that is being prepared to replace the current 

production system. 

   Developers build released, test it and turn it over to the users s first operational 

release. Then users use released, the developers are building release 2, thus the developers are 

working on release n+1 while release n is operational. 

  There are many ways for the developers to decide how to organize development 

into releases. 

  Two most popular approaches  

• Incremental 

• Iterative development 

Incremental development: 

 System specified in the requirements documents is partitioned into subsystems by 

functionality. The release re defined by beginning with one, small, functional subsystem and then 

adding functionality with each new release. 

Build 
Relese 1 

Build 
Relese 2 
 

Build 
Relese3 
 

use 
Relese 1 
 

use 
Relese 2 
 

use 
Relese 3 
 



Iterative development: 

 Delivers full system at the very beginning and the changes the functionality of each 

subsystem with each new release. 

Difference between increment and iterative: 

  Consider word processing package, suppose the package is to deliver three types of 

functionality. 

1. Creating text 

2. Organizing text (i.e. cutting and pasting) 

3. Formatting text (different sizes and fonts) 

To build a system using incremental 

 We might provide only the creation function in release 1 , then both creation and 

organization in release 2 and finally creation, organization and formatting in release 3. 

To build a system using iterative  

 We would provide primitive forms of all three types of functionality in release 1. 

For example, we can create text and then cut and paste it but the cutting and pasting 

functions might be clumsy or slow. So in the next iteration, release 2, we have same 

functionality, but have enhanced the quality. Now cutting and pasting are easy and quick. 

 In reality, many organizations use combination of iterative and incremental 

development. A new release may include new functionality, but existing functionality 

from the current release may have been enhanced. 

1. Training can begin on an early release. Even if some functions are 

missing. The training process allows developers to observe how certain 

functions are executed, suggesting enhancements for later releases. 

2. Markets can be created early for functionality that has never before been 

offered. 

3. Frequent releases allow developers to fix unanticipated problems globally 

and quickly, as they are reported form the operational system. 

4. The development team can focus on different areas of expertise with 

different releases.  For instance, one release can change the system from a 

command, driven one to point and click interface, using expertise of the 



user interface specialist another release can focus on improving system 

performance. 

Spiral model: 

 Boehm (1988) suggest that a spiral model could combine development activities 

with risk management to minimize and control risk. 

 

                     

 Begin with requirements and an initial plan for development (including budget, 

constraints and alternatives for staffing, design and development environment) 

 The process inserts step to evaluate risks and prototype alternatives before 

concept of operators, document in produced to describe at high level how the system 

should work.  

  From that documents set of requirements is specified and scrutinized to 

ensure that the requirements are as complete and consistent as possible. 

 That the concept of operation is the product of the first iterations, and the 

requirements are the principal product of the second. In the third iteration system 

development produces the design and fourth enables testing. 

 With each iteration, risk analysis weighs different alternatives in light of 

requirements and constraints and prototyping verifies feasibility or desirability before a 

particular alternative is chosen.  

 When risks are identified, the project managers must decide how to eliminate or 

minimize the risk. 

 To minimize the risk of choosing n interface that will prevent productive use of 

the new system, the designers can prototype each interface and run tests to see which is 

preferred, or even choose to include two different interfaces in the design, so the users 

can select an interface when they log on. 



Agile Methods: 

  1970 - Many software development process proposed and used. 

 

  1990 – Software is conceived, documented, developed and tested. 

 

Late 1990 - Some developers had resisted this rigor formulated their own P 

principles, trying to highlight the roles that flexibility could play in producing software 

quickly and capably. 

 

Manifesto focus four tenets of alternative way of software development: 

 

1.They value individuals and interactions over process and tools.it includes 

i)  Supplying developers with resources they need and trusting them to do their jobs 

well. Teams organize themselves and communicate through face-to-face 

interaction rather than documentation. 

ii)  They prefer to invest time in producing working software rather than in producing 

comprehensive documentation. i.e primary measure of success in the degree to 

which the software works properly. 

 iii)  They focus on customer collaboration rather than contract negotiation. 

v) They concentrate responding to change rather than on creating a plan and then 

following it, because they believe that is impossible to anticipate all requirements 

at the beginning of development. 

The overall goal of agile development is to satisfy the customer by “early and continuous 

delivery of valuable software. 

Many customer have business needs that change overtime, reflecting not only newly 

discovered needs but also the need to respond to changes in the market place. 

Example: 

i) Extreme Programming(XP)) 

Set of techniques for leveraging the creativity of developers and minimizing the 

amount of administrative overhead. 

ii) Crystal: 

Crystal is a collection of approaches based on the notion that every project needs 

different set of policies, conventions and methodologies.  

iii) Scrum: 



 It uses iterative development, where each 30-day iteration is called sprint to implement 

the product back logs of prioritized requirement. 

iv) Adaptive Software Development (ASD) 

      It has 6 rules. 

1.There is a mission acts as guidelines setting out the destination but not prescribing how to 

get there. 

2. Features are viewed as the crux of customer value .so the project is organized around 

building component to provide the features. 

3.Iteration is important. So redoing is critical doing. 

4. Change is embraced-change is viewed not as a correction but as adjustment to realizes of 

software development. 

5.Fixed delivery 

6.Risk is embraced. 

2.3 Tools and Techniques for process modeling 

  2 major categories 

 1.Static Model: depicts the process, showing that the input are transformed to outputs 

 2.Dynamic Model: enacts the process, the user can see how intermediate and final   

                                         products are transformed overtime 

 

Static Modeling: Lai Notation: 

 In the early 1990 Li developed a comprehensive process notation that is intended to 

enable someone to model any process at any level of detail. 

 It builds paradigm where people perform roles while resources perform activities, leading 

to the production of aircrafts. 

 The process model shows the relationships among roles, activities, Arti crafts and state 

tables. 

 The elements process viewed in seven types. 

1.Activity:  Something happen 

 This element can be related to what happens before and after, what resources needed, 

what triggers activity start, what rules govern the activity, how to describe the algorithm and 

lessons learned, how to relate the activity to the project team. 

2. Sequence: Order of Activities 



 The sequence can be described using triggers programming constructs, transformations, 

ordering or satisfaction of conditions. 

3.Process Model: interest bout system 

 Parts of the process may be represented s  separate model either to predict process 

behavior or to examine certain characteristics . 

4.Resource: item,tool,person 

 Resources can include equipment, time, office, space, people, techniques and so on.. 

5.Control: 

 An external influence over process enactment the controls may be manual or automatic, 

human or mechanical 

6. Policy: Guiding principle 

 High level process constraint influences process enactment. It includes prescribed 

development process, tool must be used or mandatory management style. 

7.Organiztion: 

 Hierarchical structure of process agents with physical grouping corresponding to logical 

grouping. 

 The mapping from physical to logical grouping should be flexible enough to reflect 

changes in physical environment. 

 The process description itself has several levels of abstraction including software 

development process that directs certain resources to be used in constructing specific modules, as 

well as generic models may resemble the spiral or waterfall models. 

 Lai’s notation includes several templates such as Artifact Definition Template (ADT) 

Dynamic modeling: 

 This dynamic process view enables us to simulate the process and make changes before 

the resources are actually expended. 

 This model helps us decide on how many testers we need or when we must initiate testing 

in order to finish on schedule. Similarly, we can include or exclude activities onto see their 

effects on effort and schedule. 

 There are several ways to build dynamic process models. The system dynamics approach 

introduced by Forrester in 1950 has been useful for simulating diverse process, including 

ecological, economic and political systems. 

 In fig, the arrow indicates how changes in one factor affect changes in another. The fig 

shows that average nominal potential productivity is affected by 3 things. 



i) The productivity of experienced staff 

ii) Fraction of experienced staff 

iii) Productivity of new staff 

At the same time, new staff must learn about the project, as more of the project is 

completed, the newer staff must learn before they can become productive members of the 

team.  

 Other issues affect overall productivity 

 1.First we must consider the fraction of each day developer can devote to the 

project. That is schedule pressure affect this fraction, developer tolerance workload. 

2.Staff size affect productivity. Staff size is more, more time needed to 

communicate. 

Communication and motivation combined with potential productivity. 

 First step using system dynamics is to identify relationships based on combination of 

empirical evidence, research reports and intuition. 

Then next step is to quantify the relationships. The quantification can involve 

direct relationships such as between staff size and communication. 

If n people are assigned to a project then there are n(n-1)/2 potential pairs of 

people must communicate and co-ordinate with one another. 

A system dynamics model can be extensive and complex. 

Example: Abdel hamid -Software development model 

 400 causal links 

 4 major areas affect productivity 

1.Software production: quality assurance, learning, development rate 

2.Human Resource Management: hiring, turnover, experience 

3.Planning: Schedules, pressures 

4. Control: address, progress measurement and effort required to finish the product. 

 Number of links quite large- system dynamics models re supported by software that 

captures both the links and quantitative description and then simulates the overall process or 

some subprocess.   

    ----------------- 

 



2.4Practical process Modeling 

 Researchers use marvel specification Language (MSL) to define the process and then 

generated Marvel process enactment environment for it. MSL uses 3 constructs Classes, rules 

and tools envelopes to produce 3part process description. 

1.A rule-based specification of process behavior. 

2.An object-oriented definition of the model information. 

3.A set of envelopes to interface between Marvel and external software tools used to 

execute the process. 

Desirable properties of process modeling tools and technique: 

1.Facilities human understanding and communication: 

 The technique should be able to represent the process in a form that most customers and 

developers can understand, encouraging communication about the process and agreement on its 

form and improvements. 

2.Support process improvement: 

 The technique should identify the essential components of development or maintenance 

process. It should allow reuse of process or sub process on subsequent projects compare 

alternatives and estimate the impact of changes before the process is actually put into practice. 

 Similarly, the technique should assist in selecting tools and technique for the process, 

encouraging organizational learning and supporting continuing evolution of the process  

3.Support process Management: 

 The technique allows the process to be project specific. Then developers and customers 

should be able to reason bout attributes of software creation and evolution. 

4.Provides Automated guidance in performing the process: 

 The technique should define all or part of the software development environment, 

provide guidance and suggestions and retains reusable process representation for later use. 

5.Supports Automated process execution: 

 The technique should automate all or part of the process, support co-operative work, 

capture relevant measurement data and enforce rules to ensure process integrity. 

    ---------------------------- 

 

 

 



 

  

  

 

 

 

 

 

 

 

  

 

 

  

 

 

  

 

   

 

  

 

  

 

 

 

 

  



 

 

  

 

 

 

 

 

  

   

  

 

 

 

    

 

 

  

 

 

 

 

 



  


