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Business Analysis  
 
Business Analysis is one of the most important steps in developing a software 

solution. It is crucial in identifying the business needs of customers and other 
stakeholders in order to determine appropriate solutions to their business 
problems. 
 

Who is a Business Analyst? 
A software solution needs to address the business requirements of a wide 

range of stakeholders. A Business Analyst acts as a liaison between business 
people who have a business problem and technology people who know how 

to create automated solutions. They act as business problem solvers. A 
Business Analyst's main responsibility is to gather, detail, and document 

requirements in a format that is appropriate to the technical developers. 
They provide the process, questions, and techniques to efficiently extract the 
information needed from the Business Users for successful development of 

projects. 
Business Analysts formulate a customized business solution, taking the 

requirements into account. They understand and document business 
requirements and work with clients to gather requirements and formulate 
business specifications, translating them into application functionality.  

 
A structured business analysis process will consist of the following:  

• Understanding the business  
• Analyzing competition  
• Analyzing the market  

• Defining and scoping the project  
• Gathering requirements  

• Analyzing and documenting requirements  
• Communicating requirements  
• Identifying a solution  

• Verifying that the solution meets the requirements  
  

Understanding the business - The first step in delivering a solution to a 
business problem is to understand the business. This involves studying the 
following: 

• The product or service offering of the business  
• The unique selling proposition (USP) of the business  

• Validity of the business model and its underlying assumptions  
• The potential opportunities present in new markets or market 

segments  

• The marketing plan  
  

Analyzing competition – The business analysis team studies the 
competition. This includes: 

• The investments made by the competitors in the area of business  

• The strengths and weakness of the competitors  
• The products/services and pricing offered by the competitors  
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• The websites maintained by the competitors  
  
Analyzing the market - The business analyst needs to understand the 
market that the business is trying to cater to. To do this, he has to identify 

the target audience for the products and services of the business, the size - 
both actual and potential of the market and the way the business is 
positioning and branding itself and its offerings. 

  
Defining and scoping the project - Before he can begin to gather the 

actual requirements, a business analyst needs to ensure that the scope of 
the project is clear and complete. This involves understanding why the 
project has been initiated and the goals of the project. A complete project 

scope will name and define all the entities that are involved with the project. 
This includes people, systems, internal departments, vendors and customers. 

It should also include a high-level description of the business processes that 
will be covered as part of the solution and a list of items that will not be 
included. 

 
A project scope document includes the following:  

• Vision and Statement of Purpose  
• Project Objectives  
• Project Viewpoint  

• Project Assumptions  
• Project External Interactions  

• Suggestions and Recommendations  
• Implementation options  
• Business Risks vs. Rewards  

• Competition Analysis  
 

During this stage, a business analyst needs the following skills: 
• People skills to bring diverse groups together to agree on project scope 

and build consensus  
• Ability to clearly document project scope using business terms  
• Ability to refrain from jumping to a solution before defining the 

problem 
  

Gathering requirements - This is one of the most important phases of the 
business analysis process. It is absolutely critical that the business analyst 
gathers the business requirements accurately before defining a software 

solution.  
To effectively gather requirements, the business analyst must assess the 

type of the project, the people involved and the volume of information 
required. Some of the techniques that he can use are: 

• Interviews with stakeholders  

• Facilitated information gathering sessions  
• Surveys and questionnaires  

• Observation of stakeholders performing their tasks  
• Study of existing systems and documentation  
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Gathering requirements is an iterative process. In addition to identifying the 
requirements, the business analyst also needs to prioritize them to ensure 

that the most critical issues are addressed first. 
 

During this stage, a business analyst needs the following skills: 
• Asking the right questions  
• Active listening and empathizing  

• Facilitation skills  
• Interviewing skills  

• Ability to categorize and prioritize requirements  
• Note-taking  

 

Analyzing and documenting requirements - After requirements are 
gathered, they are analyzed and documented using an iterative approach. As 

each requirement is analyzed, it generally leads to further questions. This 
requires the analyst to probe further till all relevant issues are cleared. 
The business analyst must ensure the requirements are documented in a 

standard and consistent manner that is easily and clearly understood by all 
members of the solutions team. To do this, the analyst may have to use text, 

diagrams or a combination of both. 
 

To manage and communicate requirements more easily, the business analyst 
needs to categorize them as follows: 

• Business Requirements  

• Functional Requirements  
• Technical Requirements  

 
During this stage, a business analyst needs the following skills: 

• Analysis skills  

• Understanding of system development methodologies  
• Modeling techniques  

• Prototyping techniques  
• Documenting  

 

Communicating requirements - Once the requirements are clearly 
documented, they need to be communicated effectively to the solutions 

team. The business analyst acts as the main liaison between the business 
users and the technical team. He needs to work closely with the Project 
Manager to ensure that the project plan is adhered to and scope changes are 

properly agreed upon, approved and documented. 
The business analyst needs to conduct formal and informal group meetings 

that include all the relevant team members when communicating 
requirements to ensure that everyone understands the issues involved in the 
same way. He needs to clarify any misunderstandings and unclear 

requirements. It is important that the information is presented to the 
business and technical audiences in a manner that is most appropriate for 

their understanding. 
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During this stage, a business analyst needs the following skills: 
• Presentation skills  

• Writing skills to create clear email messages, memos and status 
reports  

• Conducting comprehensive requirements reviews  
 
Identifying a solution - The business analyst needs to work closely with 

the business experts to recommend a suitable solution. He then needs to 
work with the technical team in order to design the solution.  

A solution recommendation may include changes to existing software, new 
software, process or workflow changes or a combination of the above. 
If the solution involves purchasing third-party software, the business analyst 

needs to work with Business experts, IT staff and vendors in order to ensure 
that the selected software meets business needs. In this process, the 

business analyst may also be involved in preparing an RFP (Request for 
Proposal) that contains detailed business and functional requirements. 
If building new software or enhancing existing software is involved, the 

business analyst needs to assist with the user interface, workflow design and 
reporting capabilities. 

 
During this stage, a business analyst needs the following skills: 

• Complete understanding of the business requirement  
• High-level understanding of systems design  
• Ability to estimate software costs and benefits and build a business 

case for software implementation.  
• Ability to evaluate third-party software and solutions  

 
Verifying that the solution meets the requirements - Even after the 
technical team takes over the project, the business analyst continues to 

remain involved in order to ensure that: 
The technical design meets business requirements and usability standards. 

The developed software meets the project goals.  The final product passes 
quality assurance tests and user acceptance. 
 

During this stage, a business analyst needs the following skills: 
• High-level understanding of systems design  

• Knowledge of usability principles  
• Knowledge of testing principles  
• Ability to write and review test cases  

 
It is evident from the above that business analysis plays a critical role in the 

success of a software project from the start to the finish. The business 
analyst plays an important role in every stage of the software development 
life cycle and in ensuring that the solution that emerges out of the whole 

process meets the business goals of all the stakeholders involved. 
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REQUIREMENTS 
 

There are basically two types of software requirements — Functional and 

Non-Functional.  
 
Functional Requirements 

Functional requirements describe the functionality of the product. They 
describe exactly what tasks the software must perform. Functional 

requirements define the scope of the system, the product boundaries, and its 
connections to adjacent systems. Functional requirements also define the 
business rules. Business rules are the rules that the system must conform to, 

based on the individual business. This includes defining the data that must be 
tracked. The business rules are the most important type of functional 

requirements and most of your requirements will be of this type. 
 
Non-Functional Requirements 

Non-Functional requirements describe the look and feel of the system. This 
includes the visual properties of the system, its usability, and the 

performance requirements – how big, how fast, etc. Non-Functional 
requirements also include the product’s intended operating environment 
and any maintainability, portability and security issues. Non-Functional 

requirements also include cultural and political issues as well as legal 
requirements that the software must conform to. 

 
It’s important to point out that various sources, such as books and Web sites, 

describe the different types of software requirements using other categories, 
often with contradictory terminology. The important part, however, is not 
which category the requirements fall into, but that all the requirements in the 

business process have been identified and documented. 
 

So, now that we know what types of information we should be collecting, 
let’s take a look at the characteristics of good requirements. Good 
requirements have the following attributes. They are: 

• Complete – they very thoroughly describe the criteria 
• Correct – they are accurate and true 

• Feasible – they can be accomplished and individual requirements do 
not contradict each other. 

• Necessary – they are truly needed for the system to function properly 

and they are really what the client wants. 
• Prioritized – in the case that not all parts of the system can be 

implemented at the same time, it’s important to be able to distinguish 
“absolutely necessary” from “nice to have”. 

• Unambiguous – they are clear and cannot be misinterpreted 

• Verifiable – once implemented, it can be confirmed that the system 
has met the requirement through observation and testing 
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Looking at the above list, it’s obvious that quality and accuracy are extremely 
important. One way to assure quality is to create a single checkpoint that 

each requirement must pass through. 
 

Thus, a single person or a group of people must eventually individually 
approve every requirement no matter where it originated. Having a single 
quality checkpoint is especially important in large or complex projects. In 

addition, it’s vital to make sure that the requirements are not too general, 
and that they are comprehensive and completely clear. Keep in mind that the 

person collecting the requirements might not always be the same person who 
will be writing the actual code. 
 

 
So, where and how do we find out about the requirements for a system? The 

best places are from: 
• Domain Experts – people who are very knowledgeable and work in the 

area of the system that is being built 

• Users – people who will actually be the ones using the system once it’s 
built 

• Existing processes and programs – both manual processes and existing 
programs 

o Find out the limitations of existing systems and software 
o Find out where the users’ time is spent 
o Find out what they like and don’t like 

o Sit down with the users WHILE they are performing their tasks. 
Be sure to ask questions to get a clear idea of what they are 

doing. 
• Review similar software programs – if there is a similar or competing 

program, this can be a great resource 

 
So, now we know what information we are looking for and we know where to 

get it. The next items we’ll discuss are the various methodologies for 
collecting requirements. These techniques include cards, simple requirement 
lists, matrices and templates, as well as complex software programs for 

requirements management. Often, a combination of techniques works the 
best, since each method has strengths and weaknesses. 

 
One methodology for collecting requirements is to write each requirement on 
a separate 5” x 7” index card. Using these cards is an excellent way to begin 

the requirements collection process, and the cards have some other 
advantages, as well. They are a fast and easy way to group, reorganize and 

discard ideas. Additionally, they can easily be sorted and distributed among 
different people or groups. There are several different techniques that involve 
using these cards – CRC cards, XP Story Cards and Volere Snow Cards. 

 
Another technique for collecting requirements involves simply keeping a list 

of requirements. As this list grows, it is grouped into logical elements from 
the business domain. 
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Once this list has been compiled, the next step often is to create a 
Requirements Trace Matrix. This matrix simply takes the list of 

requirements, grouped by category, and puts them into a matrix that has 
other information 

 
Finally, a third methodology involves using a predefined template containing 
various groups of information about the project. These templates are 

extremely useful, since they insure that all the necessary information has 
been gathered and that nothing has been overlooked. These templates 

contain extensive information about the project — the actual requirements 
are just a small portion. In addition to sections for various types of 
requirements, they also include items such as the vision of the solution, the 

scope of the project, the product constraints, success factors and more. If 
the list of requirements is large, it’s useful to create separate documents, 

perhaps using requirement trace matrices, for the requirement portion of the 
template and reference these external documents within the template. 



 10

Software Engineering 
 
Software engineering is the practice of using selected process techniques to 

improve the quality of a software development effort.  This is based on the 
assumption, subject to endless debate and supported by patient experience, 
that a methodical approach to software development results in fewer defects 

and, therefore, ultimately provides shorter delivery times and better value.  
The documented collection of policies, processes and procedures used by a 

development team or organization to practice software engineering is called 
its software development methodology (SDM) or system development life 
cycle (SDLC). 

 
The challenge in selecting and following a methodology is to do it wisely -- to 

provide sufficient process disciplines to deliver the quality required for 
business success, while avoiding steps that waste time, squander 
productivity, demoralize developers, and create useless administrative trivia.   

 
The best approach for applying a methodology is to consider it as a means to 

manage risk.  You can identify risks by looking at past projects.   
If your organization has been plagued by problems resulting from poor 
requirements management, then a robust requirements management 

methodology would be well advised.  Once this problem has been solved, 
through a repeatable process, the organization might then streamline its 

process, while ensuring that quality is maintained.    
Every step along the system development life cycle has its own risks and a 

number of available techniques to improve process discipline and resulting 
output quality.   
 

Moving through the development life cycle the following major steps might 
be encountered:  

• Project charter and business case  
• Definition of the business process and business requirements  
• Documentation of user, functional and system requirements  

• Top level architecture, technical approach, and system design  
• System decomposition into component and unit specifications and 

design  
• Coding, unit test planning, and unit test  
• Generation of test data for unit testing and system testing  

• System integration and testing  
• Implementation, delivery and cut-over  

• Training and user support  
• System upgrades and routine software maintenance  

 

In addition, there might be support activities throughout the development 
effort such as:  

• Configuration management (version identification, baseline 
management and change control)  

• Requirements management and traceability  
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• Quality management (quality assurance, quality reviews, defect 
tracking)  

• System engineering reviews (requirements review, prelim. and critical 
design reviews, etc.)  

• Support environment (development tools, libraries, files management, 
data management)  

 

Written guidance for all these steps would constitute the core of the 
methodology.  It wouldn't take long to fill a number of big binders with 

development processes and procedures.  Hence, the importance of selecting 
processes wisely - to address known risks - keeping the methodology 
streamlined, and allowing for some discretion on the part of the project 

team.   
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Systems Development Life Cycle (SDLC) 
  
The systems development life cycle (SDLC) is a conceptual model used in 

project management that describes the stages involved in an information 
system development project, from an initial feasibility study through 
maintenance of the completed application.  

 
Various SDLC methodologies have been developed to guide the processes 

involved, including the waterfall model (which was the original SDLC 
method); rapid application development (RAD); joint application 
development (JAD); the fountain model; the spiral model; build and fix; and 

synchronize-and-stabilize. Often, several models are combined into some 
sort of hybrid methodology.  

 
Documentation is crucial regardless of the type of model chosen or devised 
for any application, and is usually done in parallel with the development 

process. Some methods work better for specific types of projects, but in the 
final analysis, the most important factor for the success of a project may be 

how closely the particular plan was followed.  
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In general, an SDLC methodology follows these steps:  

 
1. If there is an existing system, its deficiencies are identified. This is 

accomplished by interviewing users and consulting with support 
personnel.  

 

2. The new system requirements are defined including addressing any 
deficiencies in the existing system with specific proposals for 

improvement.  
 

3. The proposed system is designed. Plans are created detailing the 

hardware, operating systems, programming, and security issues.  
 

4. The new system is developed. The new components and programs 
must be obtained and installed. Users of the system must be trained in 
its use, and all aspects of performance must be tested. If necessary, 

adjustments must be made at this stage.  
 

5. The system is put into use. This can be done in various ways. The new 
system can be phased in, according to application or location, and the 
old system gradually replaced. In some cases, it may be more cost-

effective to shut down the old system and implement the new system 
all at once.  

 
6. Once the new system is up and running for a while, it should be 

exhaustively evaluated. Maintenance must be kept up rigorously at all 

times. Users of the system should be kept up-to-date concerning the 
latest modifications and procedures. 
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The image below describes the various phases involved in the Software 

Development Life Cycle. 

 

 

 

 

Feasibility  

The feasibility study is used to determine if the project should get the go-
ahead. If the project is to proceed, the feasibility study will produce a project 

plan and budget estimates for the future stages of development.  
 
Requirement Analysis and Design  

Analysis gathers the requirements for the system. This stage includes a 
detailed study of the business needs of the organization. Options for 

changing the business process may be considered. Design focuses on high 
level design like, what programs are needed and how are they going to 

interact, low-level design (how the individual programs are going to work), 
interface design (what are the interfaces going to look like) and data design 
(what data will be required). During these phases, the software's overall 

structure is defined. Analysis and Design are very crucial in the whole 
development cycle. Any glitch in the design phase could be very expensive to 

solve in the later stage of the software development. Much care is taken 
during this phase. The logical system of the product is developed in this 
phase.  

 
Implementation  

In this phase the designs are translated into code. Computer programs are 
written using a conventional programming language or an application 
generator. Programming tools like Compilers, Interpreters, Debuggers are 

used to generate the code. Different high level programming languages like 
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C, C++, Java are used for coding. With respect to the type of application, the 
right programming language is chosen.  

 
Testing  

In this phase the system is tested. Normally programs are written as a series 
of individual modules, these subject to separate and detailed test. The 
system is then tested as a whole. The separate modules are brought together 

and tested as a complete system. The system is tested to ensure that 
interfaces between modules work (integration testing), the system works on 

the intended platform and with the expected volume of data (volume testing) 
and that the system does what the user requires (acceptance/beta testing).  
 

Maintenance  
Inevitably the system will need maintenance. Software will definitely undergo 

change once it is delivered to the customer. There are many reasons for the 
change. Change could happen because of some unexpected input values into 
the system. In addition, the changes in the system could directly affect the 

software operations. The software should be developed to accommodate 
changes that could happen during the post implementation period.  
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SDLC Methodologies 
 
 
WATERFALL METHODOLOGY 

 
All projects can be managed better when segmented into a hierarchy of 

chunks such as phases, stages, activities, tasks and steps.  In system 
development projects, the simplest rendition of this is called the "waterfall"  
methodology, as shown in the following figure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This presumes that the system requirement have already been defined and 

scrubbed exhaustively, which is probably the most important step towards 
project success.  Nevertheless, the graphic illustrates a few critical principles of a 
good methodology: 

• Work is done in stages,  
• Content reviews are conducted between stages, and  
• Reviews represent quality gates and decision points for continuing.  
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The waterfall provides an orderly sequence of development steps and helps 
ensure the adequacy of documentation and design reviews to ensure the 

quality, reliability, and maintainability of the developed software.  While 
almost everyone these days disparages the "waterfall methodology" as being 

needlessly slow and cumbersome, it does illustrate a few sound principles of 
life cycle development.   
 

Linear Model Strengths  
• Clear project objectives  

• Stable project requirements  
• Knowledgeable client  
• No immediate requirement to implement application  

• Team members need not be experienced  
• Team composition can be unstable  

• Project Leader need not be fully experienced  
• Progress of system is measurable.  
• Strict sign-off requirements 

 
Linear Model Weaknesses  

• Excessive documentation  
• Time consuming  

• Significant structure  
• Progresses forward, never backward (Traditional)  
• Little room for iteration  

• Difficulty responding to changes  
• Iteration reduces manageability  

 
While the waterfall methodology offers an orderly structure for software 
development, demands for reduced time-to-market make its series steps 

inappropriate. The next evolutionary step from the waterfall is where the 
various steps are staged for multiple deliveries or handoffs.  The ultimate 

evolution from the waterfall is the spiral, taking advantage of the fact that 
development projects work best when they are both incremental and 
iterative, where the team is able to start small and benefit from enlightened 

trial and error along the way.   
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SPIRAL METHODOLOGY 
 

The spiral methodology reflects the relationship of tasks with rapid 
prototyping, increased parallelism, and concurrency in design and build 

activities. The spiral method should still be planned methodically, with tasks 
and deliverables identified for each step in the spiral. 

 

 

 

The reality is that increased processes usually result in increased 

documentation.  An improved process produces intermediate work products 
that represent the elaboration of the product design at each step in the 
development life cycle.  Where possible, documentation should be generated 
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using automated tools, so outputs can contribute to generation of code 
structures or help generate the code itself.   

 
Why it works. 

The spiral methodology is an incremental improvement on the waterfall 
methodology. It allows for feedback to each team the complexity of each 
requirement. There are stages where mistakes in the requirements can be 

corrected. The end user gets a peek at the results and can feedback 
information. The implementation team can feedback performance and 

viability information back to the requirement team and the design team. The 
product can track technology better. As new advances are made, the design 
team can incorporate them into the architecture. 

 
Why it does not work. 

The spiral methodology has no governors to control oscillations. More often 
than not, the length or number of cycles grow unbounded. There are no 
constraints on the requirement team to “get things right the first time”. This 

leads to the sloppy thinking from the requirement team giving the 
implementation team many tasks that eventually get thrown out. The 

architecture team is never given a complete picture of the product and hence 
will not be able to complete an efficient global architecture. There are no firm 

deadlines. Cycles continue with no clear termination condition. The 
implementation team may be chasing a continuously changing architecture 
and dynamic product requirements. 

 
Spiral Strengths  

• Avoidance of Risk is enhanced  
• Minimizing Resource consumption not a priority  
• Experienced, highly skilled Project Manager  

• Strong approval and documentation control  
• Organization and team cultures embrace controls and precision  

• Can incorporate other methodologies into the Spiral framework.  
• Implementation has priority over functionality.  
• Additional Functionality can be added at a later date.  

 
Spiral Weaknesses  

• Highly customized limiting re-usability  
• Applied differently for each application  
• Risk of not meeting budget or schedule  

• Possibility to end up implemented as the Waterfall framework   



 20

PROTOTYPING MODEL 
 

In software development, a prototype is a rudimentary working model of a 
product or information system, usually built for demonstration purposes or as 

part of the development process. In the systems development life cycle 
(SDLC) Prototyping Model, a basic version of the system is built, tested, and 
then reworked as necessary until an acceptable prototype is finally achieved 

from which the complete system or product can now be developed.  
 

In prototype-based programming, a prototype is an original object; new 
objects are created by copying the prototype.  
 

In hardware design, a prototype is a "hand-built" model that represents a 
manufactured (easily replicable) product sufficiently for designers to visualize 

and test the design.  

 

 

 

 
The word prototype comes from the Latin words proto, meaning original, and 
typus, meaning form or model. In a non-technical context, a prototype is an 

especially representative example of a given category.  
Prototyping is the development of an information system by delivering small 

complete parts of a system. With each new implementation the application 
provides additional functionality. 
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A prototype is a model, usually the first of its kind, after which future replicas 

are produced. 
  

Prototype Strengths  
• Strong Dialogue between users and developers  
• Missing functionality can be identified easily  

• Confusing or difficult functions can be identified  
• Requirements validation  

• Quick implementation of, incomplete, but functional, application  
• May generate specifications for a production application.  
• Environment to resolve unclear objectives  

• Project leader is experienced  
• Encourages innovation and flexible designs  

 
Prototype Weaknesses  

• Prototype may not be given-up  

• Prototype may not have sufficient checks and balances incorporated.  
• Contract may be awarded without rigorous evaluation of Prototype  

• Identifying non-functional elements difficult to document  
• Incomplete application may cause application not to be used as the full 

system was designed  
• Incomplete or inadequate problem analysis.  
• Client may be unknowledgeable  

• Approval process and requirement is not strict.  
• Requirements may frequently change significantly   
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RAPID APPLICATION DEVELOPMENT (RAD) METHODOLOGY 
 

RAD (rapid application development) proposes that products can be 
developed faster and of higher quality by:  

• Using workshops or focus groups to gather requirements.  
• Prototyping and user testing of designs.  
• Re-using software components.  

• Following a schedule that defers design improvements to the next 
product version.  

• Keeping review meetings and other team communication informal.  
 
There are commercial products that include requirements gathering tools, 

prototyping tools, software development environments such as those for the 
Java platform, groupware for communication among development members, 

and testing tools. RAD usually embraces object-oriented programming 
methodology, which inherently fosters software re-use. The most popular 
object-oriented programming languages, C++ and Java, are offered in visual 

programming packages often described as providing rapid application 
development. 

 
RAD Strengths 

• Greater flexibility for scope changes. 
• Being able to identify limitations earlier in the development process. 
• Can deliver partial functionality sooner than with the Waterfall model. 

 
RAD Weaknesses 

• Not good for large projects. Would require sufficient resources to 
create the right number of RAD teams. 

• Strong commitment required from both the developers as well as the 

clients to the rapid-fire activities necessary to get the system 
completed in a much-abbreviated time frame. 
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JOINT APPLICATION DEVELOPMENT (JAD) METHODOLOGY 
The Joint Application Development (JAD) methodology aims to involve the 

client in the design and development of an application. This is accomplished 
through a series of collaborative workshops called JAD sessions. Two 

employees of IBM, Chuck Morris and Tony Crawford, developed the JAD 
methodology in the late 1970s and began teaching the approach in to the 
1980s.  

 
In contrast to the Waterfall approach, JAD is thought to lead to shorter 

development times and greater client satisfaction, both of which stem from 
the constant involvement of the client throughout the development process. 
On the other hand, with the traditional approach to systems development, 

the developer investigates the system requirements and develops an 
application, with client input consisting of a series of interviews.  

 
Rapid application development (RAD), a variation on JAD, attempts to create 
an application more quickly through strategies that include fewer formal 

methodologies and reusing software components. 
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EXTREME PROGRAMMING (XP) METHODOLOGY 
 
The main goal of XP is to lower the cost of change in software requirements. 
With traditional system development methodologies, like the Waterfall 

Methodology, the requirements for the system are determined and often 
"frozen" at the beginning of the development project. This means that the 

cost of changing the requirements at a later stage in the project -- something 
that is very common in the real-world -- can be very high. 
  

XP Core Practices 
The core practices of Extreme Programming, as described in the first edition 

of Extreme programming Explained can be grouped into four areas (12 
practices) as follows:  

• Fine scale feedback 

• Test driven development  
• Planning game  

• Whole team  
• Pair programming  
• Continuous process rather than batch 

• Continuous Integration  
• Design Improvement (a.k.a refactor)  

• Small Releases  
• Shared understanding 
• Simple design  

• System metaphor  
• Collective code ownership  

• Coding standards or coding conventions  
• Programmer welfare 
• Sustainable pace (i.e. forty hour week)  

 
The core practices are derived from generally accepted best practices, and 

are taken to extremes. 
 

Interaction between developers and customers is good. Therefore, an XP 
team is supposed to have a customer on site, who specifies and prioritizes 
work for the team, and who can answer questions as soon as they arise. (In 

practice, this role is sometimes fulfilled by a customer proxy.)  
 

If learning is good, take it to extremes: Reduce the length of development 
and feedback cycles. Test early.  Simple code is more likely to work. 
Therefore, extreme programmers only write code to meet actual needs at the 

present time in a project, and go to some lengths to reduce complexity and 
duplication in their code.  

 
Code reviews are good. Therefore XP programmers work in pairs, sharing 
one screen and keyboard (which also improves communication) so that all 

code is reviewed as it is written.  
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Testing code is good. Therefore, in XP, tests are written before the code is 
written. The code is considered complete when it passes the tests (but then it 

needs refactoring to remove complexity). The system is periodically, or 
immediately tested using all pre-existing automated tests to assure that it 

works. See test-driven development.  
 
XP Controversy 

Detailed specifications are not created or preserved.  
Programmers are required to work in pairs - not all software developers 

expect to be asked to work this way.  
There is no Big Design Up Front. Most of the design activity takes place on 
the fly and incrementally, starting with "the simplest thing that could possibly 

work" and adding complexity only when it's required by failing tests. This 
could result in more re-design effort than only re-designing when 

requirements change.  
A customer representative is attached to the project. This role can become a 
single-point-of-failure for the project and some people have found it to be a 

source of stress. 
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AGILE SOFTWARE DEVELOPMENT 
 
Agile software development is a conceptual framework for undertaking 
software engineering projects. There are a number of agile software 

development methodologies e.g. Crystal Methods, Dynamic Systems 
Development Model (DSDM), and Scrum. 

 
Most agile methods attempt to minimize risk by developing software in short 
time boxes, called iterations, which typically last one to four weeks. Each 

iteration is like a miniature software project of its own, and includes all the 
tasks necessary to release the mini-increment of new functionality: planning, 

requirements analysis, design, coding, testing, and documentation. While an 
iteration may not add enough functionality to warrant releasing the product, 
an agile software project intends to be capable of releasing new software at 

the end of every iteration. At the end of each iteration, the team reevaluates 
project priorities.  

 
Agile methods emphasize real-time communication, preferably face-to-face, 
over written documents. Most agile teams are located in a bullpen and 

include all the people necessary to finish the software. At a minimum, this 
includes programmers and the people who define the product such as 

product managers, business analysts, or actual customers. The bullpen may 
also include testers, interface designers, technical writers, and management.  
 

Agile methods also emphasize working software as the primary measure of 
progress. Combined with the preference for face-to-face communication, 

agile methods produce very little written documentation relative to other 
methods. 
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Traceability 
 

A Traceability Matrix is used to show how work products are derived from 
their inputs.  For example, if the rows of a matrix are labeled with the names 

of business activities and the columns are labeled with information needs, an 
entry in a cell indicates that the information need was identified from the 

intersecting activity. 
 
A Traceability matrix can highlight where unnecessary inputs have not 

contributed to the derivation of Work Products and cases where Work 
products do not appear to have been derived from the available inputs. 
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Unified Modeling Language(UML) 
 
Overview 

The Unified Modeling Language (UML) is a language for specifying, 
visualizing, constructing, and documenting the artifacts of software systems, 
as well as for business modeling and other non-software systems. The UML 

represents a collection of the best engineering practices that have proven 
successful in the modeling of large and complex systems. 

 
Primary Artifacts of the UML 
What are the primary artifacts of the UML? This can be answered from two 

different perspectives: the UML definition itself and how it is used to produce 
project artifacts. 

 
A Brief History of the UML 
The UML (Unified Modeling Language) gives us the tools to design and plan 

software applications. Although it can be extended to address even the most 
complicated situations, the basics of the UML can be easily learned and 

utilized. 
 
In the late 1980’s and early 1990’s, there were many often conflicting 

modeling nomenclatures. In retrospect, the arguments over these differences 
were based more on personal preferences than anything else, since each 

method had its own strengths and weaknesses. Finally, after many disputes, 
the three most respected men in this field, Ivar Jacobson (OOSE – Object 

Oriented Software Engineering), Grady Booch (The Booch Method) and 
James Rumbaugh (OMT – Object Modeling Technique) decided to stop the 
debate and instead work together to combine their ideas and develop a 

standard. The three became known as the “three amigos,” and their work 
became the Unified Modeling Language (UML). 

 
UML Basics 
UML models allow us to design and plan the system we will build before we 

waste any time coding a faulty design. Unfortunately, many people 
(programmers as well as customers) feel they aren’t being “productive” 

unless they’re producing code. However, in the long run, applications that 
are well-planned and built with a solid design are actually less time 
consuming to build, more flexible and scalable, and easier to maintain than 

systems built by trial and error. Imagine building a skyscraper (or even a dog 
house) without any blueprints… Or what about something relatively simple 

like having a 25- person dinner party? Planning is essential and something 
we understand is necessary for most projects. However, somehow this 
process is often skipped in software development! 

 
Software models are made up of various diagrams that use graphics to 

represent how the system will function and how the individual pieces of the 
system fit together and interact with each other. The diagrams are “pictures” 
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of the system that is being designed. The UML doesn’t really have a 
standardized process — the notation that is used for drawing the diagrams is 

standard, but the process that is followed to create the diagrams is not 
actually part of the UML. 

 
Why We Model 
Developing a model for an industrial-strength software system prior to its 

construction or renovation is as essential as having a blueprint for large 
building. Good models are essential for communication among project teams 

and to assure architectural soundness. We build models of complex systems 
because we cannot comprehend any such system in its entirety. As the 
complexity of systems increase, so does the importance of good modeling 

techniques. There are many additional factors of a project’s success, but 
having a rigorous modeling language standard is one essential factor.  

 
A modeling language must include: 

• Model elements — fundamental modeling concepts and semantics 

• Notation — visual rendering of model elements 
• Guidelines — idioms of usage within the trade 

 
In the face of increasingly complex systems, visualization and modeling 

become essential. The UML is a well-defined and widely accepted response to 
that need. It is the visual modeling language of choice for building object-
oriented and component-based systems. 

 
Models are useful for understanding problems, communicating with 

everyone involved with the project (customers, domain experts, analysts, 
designers, etc.), modeling enterprises, preparing documentation, and 
designing programs and databases. 

Modeling promotes better understanding of requirements, cleaner designs, 
and more maintainable systems. 

 
Models are abstractions that portray the essentials of a complex problem or 
structure by filtering out nonessential details, thus making the problem 

easier to understand. Abstraction is a fundamental human capability that 
permits us to deal with complexity. Engineers, artists, and craftsmen have 

built models for thousands of years to try out 
designs before executing them. Development of software systems should be 
no exception. 

 
To build complex systems, the developer must abstract different views of the 

system, build models using precise notations, verify that the models satisfy 
the requirements of the system, and gradually add detail to transform the 
models into an implementation.  

 
We build models of complex systems because we cannot comprehend such 

systems in their entirety. There are limits to the human capacity to 
understand complexity. This concept may be seen in the world of 
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architecture. If you want to build a shed in your backyard, you can just start 
building; if you want to build a new house, you probably need a blueprint; if 

you are building a skyscraper, you definitely need a blueprint. The same is 
true in the world of software. Staring at lines of source code or even 

analyzing forms in Visual Basic does little to provide the programmer with a 
global view of a development project. Constructing a model allows the 
designer to focus on the big picture of how a project's components interact, 

without having to get bogged down in the specific details of each component. 
 

Increasing complexity, resulting from a highly competitive and ever-changing 
business environment, offers unique challenges to system developers. Models 
help us organize, visualize, understand, and create complex things. They are 

used to help us meet the challenges of developing software today and in the 
future. 

 
Development Project Artifacts 
The choice of what models and diagrams one creates has a profound 

influence upon how a problem is attacked and how a corresponding solution 
is shaped. Abstraction, the focus on relevant details while ignoring others, is 

a key to learning and communicating. Because of this: 
• Every complex system is best approached through a small set of 

nearly independent views of a model. No single view is sufficient. 
• Every model may be expressed at different levels of fidelity. 
• The best models are connected to reality.  

 
In terms of the views of a model, the UML defines the following graphical 

diagrams: 
• Use case diagram 
• Class diagram 

• Behavior diagrams: 
o State chart diagram 

o Activity diagram 
• Interaction diagrams: 

o Sequence diagram 

o Collaboration diagram 
• Implementation diagrams: 

o Component diagram 
o Deployment diagram 

• Package diagram 

 
Goals of the UML 

The primary design goals of the UML are as follows: 
• Provide users with a ready-to-use, expressive visual modeling 

language to develop and exchange meaningful models. 

• Furnish extensibility and specialization mechanisms to extend the core 
concepts. 

• Support specifications that are independent of particular programming 
languages and development processes. 
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• Provide a formal basis for understanding the modeling language. 
• Encourage the growth of the object tools market. 

• Support higher-level development concepts such as components, 
collaborations, frameworks and patterns. 

• Integrate Best Practices 
 

BASIC CONSTRUCTS OF UML 

 

Actors 
Actors are not part of the system—they represent anyone or anything that 

must interact with the system. An actor may 
• Only input information to the system 

• Only receive information from the system 
• Input and receive information to and from the system 

 

Typically, these actors are found in the problem statement and by 
conversations with customers and domain experts. The following questions 

may be used to help identify the actors for a system: 
• Who is interested in a certain requirement? 
• Where in the organization is the system used? 

• Who will benefit from the use of the system? 
• Who will supply the system with this information, use this information, 

and 
• remove this information? 
• Who will support and maintain the system? 

• Does the system use an external resource? 
• Does one person play several different roles? 

• Do several people play the same role? 
• Does the system interact with a legacy system? 

 

In the UML, an actor is represented as a stickman, 
 

   

student

 
 

 

Use Cases 
Use cases model a dialogue between an actor and the system. They 

represent the functionality provided by the system; that is, what capabilities 
will be provided to an actor by the system. The collection of use cases for a 
system constitute all the defined ways the system may be used.  
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The formal definition for a use case is: A use case is a sequence of 

transactions performed by a system that yields a measurable result of values 
for a particular actor. 

 
The following questions may be used to help identify the use cases for a 
system: 

• What are the tasks of each actor? 
• Will any actor create, store, change, remove, or read information in 

the system? 
• What use case will create, store, change, remove, or read this 

information? 

• Will any actor need to inform the system about sudden, external 
changes? 

• Does any actor need to be informed about certain occurrences in the 
system? 

• What use cases will support and maintain the system? 

• Can all functional requirements be performed by the use cases? 
 

In the UML, a use case is represented as an oval 
 

 

MaintainSchedule

 
 
Use Case Relationships 
An association relationship may exist between an actor and a use case. This 

type of association is often referred to as a communicate association since it 
represents communication between an actor and a use case. An association 

may be navigable in both directions (actor to use case and use case to actor) 
or it may be navigable in only one direction (actor to use case or use case to 
actor). The navigation direction of an association represents who is initiating 

the communication (i.e., the actor is initiating the communication with the 
use case, the use case is initiating the communication with the actor). An 

association is represented as a line connecting the related elements.  
 
Navigation in only one direction is depicted by adding an arrowhead to the 

association line that denotes the direction. 
 

There are two types of relationships that may exist between use cases: 
include and extend. 
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Multiple use cases may share pieces of the same functionality. This  
functionality is placed in a separate use case rather than documenting it in 

every use case that needs it. 
 

Include relationships are created between the new use case and any other 
use case that "uses" its functionality. For example, a Course Registration use 
case could start with the verification of the user. This functionality can be 

captured in a User Verification use case, which is then used by other use 
cases as needed. An include relationship is drawn as a dependency 

relationship that points from the base use case to the used use case. 
 
An extend relationship is used to show 

• Optional behavior 
• Behavior that is run only under certain conditions such as triggering an 

alarm 
• Several different flows that may be run based on actor selection 

 

An extend relationship is drawn as a dependency relationship that points 
from the extension to the base use case. 

 
 

PlaceOrder

ShipOrder

TrackOrder

ValidateOrder

ShipPartialOrder

include

include

extend

include

 
 

 

What is a Class? 

A class is a description of a group of objects with common properties 
(attributes), common behavior (operations), common relationships to other 

objects, and common semantics. Thus, a class is a template to 
create objects. Each object is an instance of some class and objects cannot 
be instances of more than one class. For example, the CourseOffering class 

may be defined with the following characteristics: 
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• Attributes—location, time offered 
• Operations—retrieve location, retrieve time of day, add a student to 

the offering 
In the UML, classes are represented as compartmentalized rectangles. The 

top compartment contains the name of the class, the middle compartment 
contains the structure of the class (attributes), and the bottom compartment 
contains the behavior of the class (operations). 

 

  

Window

Origin

Size

Open()

Close()

Move()

Display()
 

 

 
States 
A state is a condition during the life of an object during which it satisfies 

some condition, performs some action, or waits for an event. The state of an 
object may be characterized by the value of one or more of the attributes of 

the class. For example, a CourseOffering object may be open (able to add a 
student) or closed (maximum number of students already assigned to the 
CourseOffering object). The state depends upon the number of students 

assigned to the particular CourseOffering object. Additionally, a state of an 
object may be characterized by the existence of a link to another object. A 

professor may be teaching or on sabbatical. This depends upon the existence 
of a link to a CourseOffering object. Looking at the state of an object can 
validate the multiplicity chosen for a relationship to another object. That is, if 

being in a state depends upon the existence of a link to another object, this 
implies that the multiplicity of the relationship modifying the role of the 

associated class must include zero (i.e., the relationship is optional). Thus, 
the states of an object are found by examining the attributes and links 
defined for the object. 

The UML notation for a state is a rectangle with rounded corners as shown 
below. 

OpenRegistration
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Interfaces 

An Interface is a collection of operations that specify a service of a class or a 

component. An interface describes the externally visible behavior of an 
element. An interface might represent the complete behavior of a class or 

component or only a part of that behavior. An interface defines a set of 
operation specifications but never a set of operation implementations. 
 

Represented graphically as a circle along with its name. 
 

 

IException

 
 
Components 

A Component is a physical and replaceable part of a system that conforms to 
and provides the realization of a set of interfaces. A component typically 

represents a physical packaging of otherwise logical elements such as 
classes, interfaces and collaborations. Examples of components could be 
COM+ components, Java Beans as well as the source code files. 

 
Graphically, a component is represented as a rectangle with tabs, usually 

including only its name. 
  

  

Register.exe

 

 

Node 

A Node is a physical element that exists at runtime and represents a 
computational resource, generally having at least some memory and, often, 

processing capability. A set of components may reside on a node and may 
also migrate from node to node. 
 

Graphically a node is represented as a cube, usually including only its name. 
 

  

Database
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DIAGRAMS IN UML 

 

USE CASE DIAGRAMS 
A Use case diagram is a graphical view of some or all of the actors, use 
cases, and their interactions identified for a system. Each system typically 

has a Main Use Case diagram, which is a picture of the system boundary 
(actors) and the major functionality provided by the system (use cases).  

 
Other use case diagrams may be created as needed. Some examples follow: 
• A diagram showing all the use cases for a selected actor 

• A diagram showing all the use cases being implemented in an iteration 
• A diagram showing a use case and all its relationships 

 
They are most valuable on a very large or complex system where the 
interaction between Use Cases is not straightforward or easily apparent. Use 

Case Diagrams are also especially useful when you have Use Cases that are 
“subclassed” from other Use Cases. The Use Case Diagrams give you an easy 

graphical way to display this inheritance. 
 

billing system

student

MaintainSchedule

Registrar
MaintainCurriculum

Professor
RequestCourse

 
CLASS DIAGRAM 

Class Diagrams describe the various types of objects that exist in the system 
and the static relationships that exist between them. Class Diagrams also 

show the attributes (properties) and the operations (methods) of a class. 
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Class Diagrams allow you to plan how the classes/objects will function and 
interact. You find the classes by examining the objects in the sequence and 

collaboration diagrams. 
 

The UML modeling elements found in class diagrams include: 
• Classes and their structure and behavior. 
• Association, aggregation, dependency, and inheritance relationships. 

• Multiplicity and navigation indicators 
• Role names. 

 
 
 

STATECHART DIAGRAM 
State Diagrams describe the behavior of a system. They show all the possible 

states an object can get into, and also how the object’s state changes as a 
result of events that happen to it. Usually, State Diagrams are drawn to show 
the lifetime behavior of a single class. The large black dots indicate the 

starting and ending points of the events. State transition diagrams are drawn 
for objects that typically have a lot of dynamic behavior. 
 

 
A state transition may have an action and/or a guard condition associated 
with it and may also trigger an event. An action is behavior that occurs when 

the state transition occurs. 
An event is a message that is sent to another object in the system. A guard 

condition is a Boolean expression of attribute values that allows a state 
transition only if the condition is true. Both actions and guards are behaviors 
of the object and typically become operations. Often, these operations are 

private—that is, they are used only by the object itself. 
 

 
ACTIVITY DIAGRAMS 
Similar to a flow chart, Activity Diagrams describe the sequencing of 

activities. They are actually a variant of the State Diagram. Like State 
Diagrams, the starting point is indicated with a large black dot. The 

horizontal black lines indicate where the object may take one of several 
different paths of action. Activity Diagrams are especially useful for objects 
which contain a lot of complex logic that you wish to clearly present. 
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SEQUENCE DIAGRAMS 
Interaction Diagrams show how groups of objects collaborate in some behavior. 

Sequence Diagrams are the most common type of Interaction Diagram, and 

show an instance of an object and the ‘life’ of that object. In addition, the 
interaction between objects is shown.  

 
Sequence diagrams show object interactions arranged in a time sequence. 

 

 : student : student

 : RegistrationForm : RegistrationForm  : RegistrationManager : RegistrationManager  : Course1 : Course1

CompleteForm

Submi t

AddStudent

CheckAvailability

 
 
 

 
COLLABORATION DIAGRAMS 

Collaboration Diagrams, like Sequence Diagrams, are also interaction 
diagrams. Within the Collaboration Diagram, the objects are shown as icons. 
The arrows as well as the numbers (in this case, 1 and 1.1) indicate the 

order in which events occur. Collaboration Diagrams are good when you want 
to get a quick overview of the general flow of events and object relations. 

However, Sequence Diagrams are a better choice when you need to 
demonstrate the timing and sequencing of events. 
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 : student

 : RegistrationForm

 : RegistrationManager  : Course1

1: CompleteForm
2: Submit

3: AddStudent

4: CheckAvailability

 
 
 

 
COMPONENT DIAGRAMS 

Component Diagrams show the various components in a system and their 
dependencies. The ‘component’ represents a physical module of code. The 
components are often the same as the packages, but they can be different, 

since the components represent the physical packaging of code. 
The ‘dependencies’ between the components show how changes in one 

component can affect the other components. 
 
DEPLOYMENT DIAGRAMS 

Deployment Diagrams show the physical relationship among software and 
hardware components in the system. This diagram is a good place to show 

how components and objects are routed and how they move around in a 
distributed system. Deployment Diagrams really show how the Component 
Diagrams interact. Many times, developers will combine the Component and 

Deployment Diagrams into a single diagram. 
 

PACKAGE DIAGRAMS 
Package Diagrams simply show groups of classes and the dependencies that 
exist between them. Package Diagrams are similar to Class Diagrams.  

However, instead of showing the individual classes, they show the related 
classes grouped together into a unit called a “package.” A dependency exists 

between two packages if any dependency exists between any two classes 
inside each package. Package Diagrams can be really useful to obtain an 
overview of a large system. Sometimes, developers also choose to display 

the individual classes inside the packages. 
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THE RATIONAL UNIFIED PROCESS 
 
The Rational Unified Process is a Software Engineering Process. It 

provides a disciplined approach to assigning tasks and responsibilities within 
a development organization. Its goal is to ensure the production of high-
quality software that meets the needs of its end-users, within a predictable 

schedule and budget. 
 

The Rational Unified Process has matured over many years and reflects the 
collective experience of the many people and companies.  
 

The Rational Unified Process enhances team productivity, by providing 
every team member with easy access to a knowledge base with guidelines, 

templates and tool mentors for all critical development activities. By having 
all team members access the same knowledge base, no matter whether they 
are working with requirements, design, test, project management, or 

configuration management, the process ensures that all team members 
share a common language, process and view of how to develop software. 

 
The Rational Unified Process activities create and maintain models. Rather 
than focusing on the production of large amount of paper documents, the 

Unified Process emphasizes the development and maintenance of models—
semantically rich representations of the software system under development. 

 
The Rational Unified Process is a guide for how to effectively use the Unified 

Modeling Language (UML). The UML is an industry-standard language that 
allows us to clearly communicate requirements, architectures and designs.  
 

The Rational Unified Process is supported by tools, which automate large 
parts of the process. They are used to create and maintain the various 

artifacts—models in particular—of the software engineering process: visual 
modeling, programming, testing, etc. They are invaluable in supporting all 
the bookkeeping associated with the change management as well as the 

configuration management that accompanies each iteration. 
 

The Rational Unified Process is a configurable process. No single process is 
suitable for all software development. The Unified Process fits small 
development teams as well as large development organizations. The Unified 

Process is founded on a simple and clear process architecture that provides 
commonality across a family of processes. Yet, it can be varied to 

accommodate different situations. It contains a Development Kit, providing 
support for configuring the process to suit the needs of a given organization. 
 

The Rational Unified Process captures many of the best practices in modern 
software development in a form that is suitable for a wide range of projects 

and organizations. Deploying these best practices using the Rational Unified 
Process as your guide offers development teams a number of key 
advantages. 
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PHASES OF THE RATIONAL UNIFIED PROCESS 

 
Inception phase 
This phase brings to light an original vision of a potential product, and 

transforms it into an actual project. Its purpose is to establish the business 
case for a new product or a major update, and to specify the project scope. 

For the development of a new product, the main outcome of this phase is a 
“go-no go” decision to move into the next phase and to invest time and 
money to analyze in detail what needs to be built, whether it can be built, 

and how to build it. 
For the evolution of an existing product, this may be a simple and short 

phase, based on users’ or customers’ requests, on problem reports, on new 
technological advances.  
 

Entry criteria: 
The expression of a need, which can take any of the following forms: 

• An original vision 
• A legacy system 
• A RFP (request for proposal) 

• The previous generation and a list of enhancements 
• Some assets (software, know-how, financial assets) 

• A conceptual prototype, or a mock-up 
 
Exit criteria: 

• An initial business case containing at least: 
• A clear formulation of the product vision—the core requirements— in 

terms of functionality, scope, performance, capacity, technology base 
• Success criteria (for instance revenue projection) 
• An initial risk assessment 

• An estimate of the resources required to complete the elaboration 
phase.  

 
At the end of the inception phase, we may have: 

• An initial domain analysis model (~10%-20% complete), identifying 
the top key use cases, and sufficient to drive the architecture effort. 

• An initial architectural prototype. 

 
Elaboration Phase 

The purpose of this phase is to more thoroughly analyze the problem 
domain, to define and stabilize the architecture and to address the highest 
risk elements of the project.  

So that at the end of the phase we can produce a comprehensive plan 
showing how the 2 next phases will be done: 

• A baseline product vision (i.e., an initial set of requirements) based on 
an analysis model 

• Evaluation criteria for at least the first construction iteration 

• A baseline software architecture 
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• The resources necessary to develop and deploy the product, especially 
in terms of people and tools 

• A schedule  
• A resolution of the risks sufficient to make a cost, schedule and quality 

estimate of the construction phase. 
 
In this phase an executable architectural prototype is built, in one or several 

iterations depending on the scope, size, risk of the project, which addresses 
at least the top key use cases identified in the inception phase, and which 

addresses the top technical risks of the project. 
This is an evolutionary prototype, of production quality code which becomes 
the architectural baseline, but it does not exclude the development of one or 

more exploratory, throw-away prototypes to mitigate specific risks: 
refinements of the requirements, feasibility, human-interface studies, 

demonstrations to investors, etc. 
At the end of this phase, there is again a “go-no go” decision point to actually 
invest and build the product (or bid for the complete development of the 

contract). The plans produced must be detailed enough, and the risks 
sufficiently mitigated to be able to determine with accuracy the cost and 

schedule for the completion of the development. 
 

Entry criteria: 
• The products and artifacts described in the exit criteria of the previous 

phase. 

• The plan was approved by the project management, and funding 
authority, and the resources required for the elaboration phase have 

been allocated. 
 
Exit criteria: 

• A detailed software development plan, containing: 
• An updated risk assessment 

• A management plan 
• A staffing plan 
• A phase plan showing the number and contents of the iteration 

• An iteration plan, detailing the next iteration 
• The development environment and other tools required 

• A test plan 
• A baseline vision, in the form of a set of evaluation criteria for the final 

product 

• An objective, measurable evaluation criteria for assessing the results 
of the initial iterations(s) of the construction phase 

• A domain analysis model (80% complete), sufficient to be able to call 
the corresponding architecture ‘complete’. 

• A software architecture description (stating constraints and limitations) 

• An executable architecture baseline. 
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Construction Phase 
This phase is broken down into several iterations, fleshing out the 

architecture baseline and evolving it in steps or increments towards the final 
product. At each iteration, the various artifacts prepared during the 

elaboration phase are expanded and revised, but they ultimately stabilize as 
the system evolves in correctness and completeness. 
New artifacts are produced during this phase beside the software itself: 

documentation, both internal and for the end-users, test plans and test 
cases, and deployment documents to support the next phase. 

 
For each iteration we have: 
Entry criteria: 

• The product and artifacts of the previous iteration. The iteration plan 
must state the iteration specific goals: 

• Additional capabilities being developed: which use cases or scenarios 
will be covered 

• Risks being mitigated during this iteration 

• Defects being fixed during the iteration. 
 

Exit criteria: 
• The same products and artifacts, updated, plus: 

• A release description document, which captures the results of an 
iteration 

• Test cases and results of the tests conducted on the products, 

• An iteration plan, detailing the next iteration 
• Objective measurable evaluation criteria for assessing the results of 

the next iteration(s). 
 
Towards the end of the construction phase the following artifacts must be 

produced, and are additional exit criteria for the last iteration of the phase: 
A deployment plan, specifying as necessary: 

• Packaging 
• Pricing 
• Roll Out 

• Support 
• Training 

• Transition strategy (e.g., an upgrade plan from an existing system) 
• Production (e.g., making floppies and manuals) 
• User documentation 

 
Transition Phase 

The transition phase is the phase where the product is put in the hands of its 
end users. From a technical perspective the iterations continue with one or 
more releases, general availability releases, bug fix or enhancement 

releases. The phase is completed when the user community is satisfied with 
the product: formal acceptance for example in a contractual setting, or when 

all activities on this product are terminated. It is the point where some of the 
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accumulated assets can be made reusable by the next cycle or by some 
other projects. 

 
Entry criteria: 

• The product and artifacts of the previous iteration, and in particular a 
software product sufficiently mature to be put into the hands of its 
users. 

 
Exit criteria: 

• An update of some of the previous documents, as necessary, the plan 
being replaced by a “post-mortem” analysis of the performance of the 
project relative to its original and revised success criteria; 

• A brief inventory of the organization’s new assets as a result this cycle. 



 46

BEST PRACTICES OF THE RATIONAL UNIFIED PROCESS 
 
The Rational Unified Process describes how to effectively deploy commercially 
proven approaches to software development for software development 

teams. These are called “best practices” because they are observed to be 
commonly used in industry by successful organizations. The Rational Unified 

Process provides each team member with the guidelines, templates and tool 
mentors necessary for the entire team to take full advantage of among 
others the following best practices: 

• Develop software iteratively 
• Manage requirements 

• Use component-based architectures 
• Visually model software 
• Verify software quality 

• Control changes to software 
 

Develop Software Iteratively  
Given today’s sophisticated software systems, it is not possible to 
sequentially first define the entire problem, design the entire solution, build 

the software and then test the product at the end. An iterative approach is 
required that allows an increasing understanding of the problem through 

successive refinements, and to incrementally grow an effective solution over 
multiple iterations. The Rational Unified Process supports an iterative 
approach to development that addresses the highest risk items at every 

stage in the lifecycle, significantly reducing a project’s risk profile. This 
iterative approach helps you attack risk through demonstrable progress 

frequent, executable releases that enable continuous end user involvement 
and feedback. Because each iteration ends with an executable release, the 
development team stays focused on producing results, and frequent status 

checks help ensure that the project stays on schedule. An iterative approach 
also makes it easier to accommodate tactical changes in requirements, 

features or schedule.  
 

Manage Requirements 
The Rational Unified Process describes how to elicit, organize, and document 
required functionality and constraints; track and document tradeoffs and 

decisions; and easily capture and communicate business requirements. The 
notions of use case and scenarios proscribed in the process has proven to be 

an excellent way to capture functional requirements and to ensure that these 
drive the design, implementation and testing of software, making it more 
likely that the final system fulfills the end user needs. They provide coherent 

and traceable threads through both the development and the delivered 
system. 

 
Use Component-based Architectures 
The process focuses on early development and base lining of a robust 

executable architecture, prior to committing resources for full-scale 
development. It describes how to design a resilient architecture that is 
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flexible, accommodates change, is intuitively understandable, and promotes 
more effective software reuse. The Rational Unified Process supports 

component-based software development. 
Components are non-trivial modules, subsystems that fulfill a clear function. 

The Rational Unified Process provides a systematic approach to defining an 
architecture using new and existing components.  
 

Visually Model Software 
The process shows you how to visually model software to capture the 

structure and behavior of architectures and components. This allows you to 
hide the details and write code using “graphical building blocks.” Visual 
abstractions help you communicate different aspects of your software; see 

how the elements of the system fit together; make sure that the building 
blocks are consistent with your code; maintain consistency between a design 

and its implementation; and promote unambiguous communication. Unified 
Modeling Language provides the foundation for successful visual modeling.  
 

Verify Software Quality 
Poor application performance and poor reliability are common factors that 

dramatically inhibit the acceptability of today’s software applications. Hence, 
quality should be reviewed with respect to the requirements based on 

reliability, functionality, application performance and system performance. 
The Rational Unified Process assists you in the planning, design, 
implementation, execution, and evaluation of these test types. Quality 

assessment is built into the process, in all activities, involving all participants, 
using objective measurements and criteria, and not treated as an 

afterthought or a separate activity performed by a separate group. 
 
Control Changes to Software 

The ability to manage change is making certain that each change is 
acceptable, and being able to track changes is essential in an environment in 

which change is inevitable. The process describes how to control, track and 
monitor changes to enable successful iterative development. It also guides 
you in how to establish secure workspaces for each developer by providing 

isolation from changes made in other workspaces and by controlling changes 
of all software artifacts (e.g., models, code, documents, etc.). And it brings a 

team together to work as a single unit by describing how to automate 
integration and build management. 
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STRUCTURES OF THE RATIONAL UNIFIED PROCESS 
 
The RUP process describes who is doing what, when and how in the form 
of workers, artifacts, workflows and activities respectively.   

 
Worker 

A worker defines the behavior and responsibilities of an individual, or a group 
of individuals working together as a team. The responsibilities assigned to a 
worker include both to perform a certain set of activities as well as being 

owner of a set of artifacts.  
 

Activity 
An activity of a specific worker is a unit of work that an individual in that role 
may be asked to perform. The activity has a clear purpose, usually expressed 

in terms of creating or updating some artifacts, such as a model, a class, a 
plan. Every activity is assigned to a specific worker. The granularity of an 

activity is generally a few hours to a few days, it usually involves one worker, 
and affects one or only a small number of artifacts. An activity should be 
usable as an element of planning and progress; if it is too small, it will be 

neglected, and if it is too large, progress would have to be expressed in 
terms of an activity’s parts. Some examples of activities could be: 

• Plan an iteration, for the Worker: Project Manager 
• Find use cases and actors, for the Worker: System Analyst 
• Review the design, for the Worker: Design Reviewer 

• Execute performance test, for the Worker: Performance Tester 
 

Artifact 
An artifact is a piece of information that is produced, modified, or used by a 
process. Artifacts are the tangible products of the project, the things the 

project produces or uses while working towards the final product. Artifacts 
are used as input by workers to perform an activity, and are the result or 

output of such activities. In object-oriented design terms, as activities are 
operations on an active object (the worker), artifacts are the parameters of 

these activities. 
Artifacts may take various shapes or forms: 

• A model, such as the Use-Case Model or the Design Model 

• A model element, i.e. an element within a model, such as a class, a 
use case or a subsystem 

• A document, such as Business Case or Software Architecture 
Document 

• Source code 

• Executables 
 

Workflows 
A mere enumeration of all workers, activities and artifacts does not quite 
constitute a process. We need a way to describe meaningful sequences of 

activities that produce some valuable result, and to show interactions 
between workers. 
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A workflow is a sequence of activities that produces a result of observable 
value. In UML terms, a workflow can be expressed as a sequence diagram, a 

collaboration diagram, or an activity diagram. 
 

 
THE WORKFLOWS OF THE RATIONAL UNIFIED PROCESS 
 
There are nine core process workflows in the Rational Unified Process, which 
represent a partitioning of all workers and activities into logical groupings. 

 
The core process workflows are divided into six core “engineering” 

workflows: 
• Business modeling workflow  

• Requirements workflow 
• Analysis & Design workflow 
• Implementation workflow 

• Test workflow 
• Deployment workflow 

 
And three core “supporting” workflows: 

• Project Management workflow 

• Configuration and Change Management workflow 
• Environment workflow 

 
 
Business Modeling 

One of the major problems with most business engineering efforts, is that 
the software engineering and the business engineering community do not 

communicate properly with each other. This leads to the output from 
business engineering is not being used properly as input to the software 
development effort, and vice-versa. The Rational Unified Process addresses 

this by providing a common language and process for both communities, as 
well as showing how to create and maintain direct tracability between 

business and software models. 
In Business Modeling the business processes are documented using so called 
business use cases. This assures a common understanding among all 

stakeholders of what business process needs to be supported in the 
organization. The business use cases are analyzed to understand how the 

business should support the business processes. This is documented in a 
business object-model.  
 

Requirements 
The goal of the Requirements workflow is to describe what the system should 

do and allows the developers and the customer to agree on that description. 
To achieve this, the required functionality and constraints are organized and 

documented. A Vision document is created, and stakeholder needs are 
elicited. Actors are identified, representing the users, and any other system 
that may interact with the system being developed.  
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Use cases are identified, representing the behavior of the system. Because 
use cases are developed according to the actor's needs, the system is more 

likely to be relevant to the users.  
Each use case is described in detail. The use-case description shows how the 

system interacts step by step with the actors and what the system does. 
Non-functional requirements are described in Supplementary Specifications. 
The use cases function as a unifying thread throughout the system's 

development cycle. The same use-case model is used during requirements 
capture, analysis & design, and test. 

 
Analysis & Design 
The goal of the Analysis & Design workflow is to show how the system will be 

realized in the implementation phase. You want to build a system that: 
• Performs—in a specific implementation environment—the tasks and 

functions specified in the use-case descriptions. 
• Fulfills all its requirements. 
• Is structured to be robust (easy to change if and when its functional 

requirements change). 
 

Analysis & Design results in a design model and optionally an analysis model. 
The design model serves as an abstraction of the source code; that is, the 

design model acts as a 'blueprint' of how the source code is structured and 
written. 
 

The design model consists of design classes structured into design packages 
and design subsystems with well-defined interfaces, representing what will 

become components in the implementation. It also contains descriptions of 
how objects of these design classes collaborate to perform use cases.  
 

The design activities are centered around the notion of architecture. 
Architecture is represented by a number of architectural views. These views 

capture the major structural design decisions. In essence, architectural views 
are abstractions or simplifications of the entire design, in which important 
characteristics are made more visible by leaving details aside. The 

architecture is an important vehicle not only for developing a good design 
model, but also for increasing the quality of any model built during system 

development. 
 
Implementation 

The purpose of implementation is: 
• To define the organization of the code, in terms of implementation 

subsystems organized in layers. 
• To implement classes and objects in terms of components (source 

files, binaries, executables, and others). 

• To test the developed components as units. 
• To integrate the results produced by individual implementers (or 

teams), into an executable system. The system is realized through 
implementation of components.  
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The Rational Unified Process describes how you reuse existing components, 
or implement new components with well-defined responsibility, making the 

system easier to maintain, and increasing the possibilities to reuse. 
Components are structured into Implementation Subsystems. Subsystems 

take the form of directories, with additional structural or management 
information. For example, a subsystem can be created as a directory or a 
folder in a file system, or a subsystem in Rational/Apex for C++ or Ada, or 

packages using Java. 
 

Test 
The purposes of testing are: 

• To verify the interaction between objects. 

• To verify the proper integration of all components of the software. 
• To verify that all requirements have been correctly implemented. 

• To identify and ensure defects are addressed prior to the deployment 
of the software.  

The Rational Unified Process proposes an iterative approach, which means 

that you test throughout the project. This allows you to find defects as early 
as possible, which radically reduces the cost of fixing the defect. Tests are 

carried out along three quality dimensions reliability, functionality, 
application performance and system performance.  

 
Strategies for when and how to automate test are described. Test 
automation is especially important using an iterative approach, to allow 

regression testing at then end of each iteration, as well as for each new 
version of the product. 

 
Deployment 
The purpose of the deployment workflow is to successfully produce product 

releases, and deliver the software to its end users. It covers a wide range of 
activities including: 

• Producing external releases of the software. 
• Packaging the software. 
• Distributing the software. 

• Installing the software. 
• Providing help and assistance to users. 

• In many cases, this also includes activities such as: 
• Planning and conduct of beta tests. 
• Migration of existing software or data. 

• Formal acceptance. 
Although deployment activities are mostly centered around the transition 

phase, many of the activities need to be included in earlier phases to prepare 
for deployment at the end of the construction phase. The Deployment and 
Environment workflows of the Rational Unified Process contain less detail 

than other workflows. 
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Project Management 
Software Project Management is the art of balancing competing objectives, 

managing risk, and overcoming constraints to deliver, successfully, a product 
that meets the needs of both customers (the payers of bills) and the users. 

The fact that so few projects are unarguably successful is comment enough 
on the difficulty of the task. 
This workflow focuses mainly on the specific aspect of an iterative 

development process.  
It is not a recipe for success, but it presents an approach to managing the 

project that will markedly improve the odds of delivering successful software. 
 
Configuration & Change Management 

In this workflow we describe how to control the numerous artifacts produced 
by the many people who work on a common project. Control helps avoid 

costly confusion, and ensures that resultant artifacts are not in conflict due to 
some of the following kinds of problems: 
Simultaneous Update -- When two or more workers work separately on the 

same artifact, the last one to make changes destroys the work of the former. 
Limited Notification -- When a problem is fixed in artifacts shared by several 

developers, and some of them are not notified of the change. 
Multiple Versions -- Most large programs are developed in evolutionary 

releases. One release could be in customer use, while another is in test, and 
the third is still in development.  
This workflow provides guidelines for managing multiple variants of evolving 

software systems, tracking which versions are used in given software builds, 
performing builds of individual programs or entire releases according to user-

defined version specifications, and enforcing site-specific development 
policies. 
This workflow describes how to manage parallel development, development 

done at multiple sites, and how to automate the build process. This is 
especially important in an iterative process.  

This workflow also describes how to can keep an audit trail on why, when 
and by whom any artifact was changed. This workflow also covers change 
request management, i.e. how to report defects, manage them through their 

lifecycle, and how to use defect data to track progress and trends. 
 

Environment 
The purpose of the environment workflow is to provide the software 
development organization with the software development environment—both 

processes and tools—that are needed to support the development team. 
This workflow focuses on the activities to configure the process in the context 

of a project. It also focuses on activities to develop the guidelines needed to 
support a project. A step-by-step procedure is provided describing how to 
implement a process in an organization. 

The environment workflow also contains a Development Kit providing you 
with the guidelines, templates and tools necessary to customize the process.  
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PROCESS OVERVIEW OF THE RATIONAL UNIFIED PROCESS 

 
The process can be described in two dimensions, or along two axis: 

• The horizontal axis represents time and shows the dynamic aspect of 

the process as it is enacted, and it is expressed in terms of cycles, 
phases, iterations, and milestones. 

• The vertical axis represents the static aspect of the process: how it is 
described in terms of activities, artifacts, workers and workflows. 

 

 
 

 

 
 

 
 

 
 

 
 



 54

THE TEN ESSENTIALS OF RATIONAL UNIFIED PROCESS 

 
The following list describes the minimal set of items a project will have in 
place if they are truly following the “essence” of the Rational Unified Process: 

 
1. Vision 

2. Plan 
3. Risks 
4. Issues 

5. Business Case 
6. Architecture 

7. Product 
8. Evaluation 
9. Change Requests 

10.User Support 
 

 
Vision – Develop a Vision 
Having a clear Vision is key to developing a product that meets your 

stakeholders’ real needs”. The Vision captures the “essence” of the 
Requirements workflow in RUP: analyzing the problem, understanding 

stakeholder needs, defining the system, and managing the requirements as 
they change. 
The Vision captures very high-level requirements and design constraints, to 

give the reader an understanding of the system to be developed. It provides 
input to the project-approval process, and is therefore intimately related to 

the Business Case. It communicates the fundamental "why's and what's" 
related to the project and is a gauge against which all future decisions should 
be validated. 

 
Plan – Manage to the Plan 

In RUP, the Software Development Plan (SDP) gathers all information 
required to manage the project. It may enclose a number of separate 

artifacts developed during the Inception phase and is maintained throughout 
the project. 
The SDP is used to plan the project schedule and resource needs, and to 

track progress against the schedule. It addresses such areas as: Project 
Organization, Schedule (Project Plan, Iteration Plan, Resources, Tools), 

Requirements Management Plan, Configuration Management Plan, Problem 
Resolution Plan, QA Plan, Test Plan, Test Cases, Evaluation Plan, and Product 
Acceptance Plan. In a simple project, these may include only one or two 

sentences each.  
 

Risks – Identify and Mitigate Risks 
An essential precept of RUP is to identify and attack the highest risk items 
early in the project. The risk list is intended to capture the perceived risks to 
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the success of the project. It identifies, in decreasing order of priority, the 
events which could lead to a significant negative outcome. 

Along with each risk, should be a plan for mitigating that risk. This serves as 
a focal point for planning project activities, and is the basis around which 

iterations are organized.  
 
Issues – Assign and Track Issues 

Continuous open communication with objective data derived directly from 
ongoing activities, and the evolving product configurations are important in 

any project. In RUP, this is done through regular status assessments, which 
provide the mechanism for addressing, communicating, and resolving 
management issues, technical issues, and project risks. In addition to 

identifying the issues, each should be assigned a due date, with a responsible 
person who is accountable for the resolution. This should be regularly tracked 

and updated as necessary. 
These project snapshots provide the heartbeat for management attention. 
While the period may vary, the forcing function needs to capture the project 

history and resolve to remove any roadblocks or bottlenecks that restrict 
progress. 

 
Business Case – Examine the Business Case  

The Business Case provides the necessary information, from a business 
standpoint, to determine whether or not this project is worth investing in. 
The main purpose of the Business Case is to develop an economic plan for 

realizing the project Vision. Once developed, the Business Case is used to 
make an accurate assessment of the return on investment (ROI) provided by 

the project. It provides the justification for the project and establishes its 
economic constraints. It provides information to the economic decision 
makers on the project's worth, and is used to determine whether the project 

should move ahead. 
 

Architecture – Design a Component Architecture 
In the Rational Unified Process, the architecture of a software system (at a 
given point) is the organization or structure of the system's significant 

components interacting through interfaces, with components composed of 
successively smaller components and interfaces. What are the main pieces? 

And how do they fit together? 
RUP provides a methodical, systematic way to design, develop and validate 
software architecture. This is the “essence” of the Analysis and Design 

workflow in RUP: defining a candidate architecture, refining the architecture, 
analyzing behavior, and designing components of the system. 

To speak and reason about software architecture, you must first define an 
architectural representation, a way of describing important aspects of an 
architecture. In the RUP, this description is captured in the Software 

Architecture Document, which presents the architecture in multiple views. 
Each architectural view addresses some specific set of concerns, specific to 

stakeholders in the development process: end users, designers, managers, 
system engineers, maintainers, and so on. This serves as a communication 
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medium between the architect and other project team members regarding 
architecturally significant decisions, which have been made on the project. 

 
Product – Incrementally Build and Test the Product 

The “essence” of the Implementation and Test workflows in RUP is to 
incrementally code, build and test the components of the system, with 
executable releases at the end of each iteration after inception. 

At the end of the elaboration phase, an architectural prototype is available 
for evaluation; this might also include a user-interface prototype, if 

necessary. Throughout each iteration of the construction phase, components 
are integrated into executable, tested builds that evolve into the final 
product. 

Key to this essential element is an integrated set of test activities that 
accompany the building of the product – as well as ongoing Configuration 

Management and review activities. 
 
Evaluation – Regularly Assess Results 

The Iteration Assessment captures the results of an iteration, the degree to 
which the evaluation criteria were met, the lessons learned and process 

changes to be implemented. The Iteration Assessment is an essential artifact 
of the iterative approach. Depending on the scope and risk of the project and 

the nature of the iteration, it may range from a simple record of 
demonstration and outcomes to a complete formal test review record. 
 

Change Requests – Manage and Control Changes 
The “essence” of the Configuration and Change Management workflow is to 

manage and control the scope of the project, as changes occur throughout 
the project lifecycle, while maintaining the goal of considering all stakeholder 
needs and meeting those, to whatever extent possible. 

As soon as the first prototype is put before the users (and often even before 
that), changes will be requested. In order to control those changes and 

effectively manage the scope of the project and expectations of the 
stakeholders, it is important that all changes to any development artifacts be 
proposed through Change Requests and managed with a consistent process. 

Change Requests are used to document and track defects, enhancement 
requests and any other type of request for a change to the product. The 

benefit of Change Requests is that they provide a record of decisions, and, 
due to their assessment process, ensure that impacts of the potential change 
are understood by all project team members. The Change Requests are 

essential for managing the scope of the project, as well as assessing the 
impact of proposed changes. 

 
User Support – Provide Assistance to the User 
At a minimum, this should include a User’s Guide, perhaps implemented 

through online help, and may also include an Installation Guide and Release 
Notes. Depending on the complexity of the product, training materials may 

also be needed, as well as a bill of materials along with any product 
packaging. 
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In RUP, the “essence” of the Deployment workflow is to wrap up and deliver 
the product, along with whatever materials are necessary to assist the end-

user in learning, using, operating and maintaining the product. 
 

 

INTEGRATION OF RUP WITH TOOLS 

 
A software-engineering process requires tools to support all activities in a 
system's lifecycle, especially to support the development, maintenance and 

bookkeeping of various artifacts—models in particular. An iterative 
development process puts special requirements on the tools to be used, such 

as better integration among tools and round-trip engineering between 
models and code. Tools to keep track of changes, to support requirements 
traceability, to automate documentation, as well as tools to automate tests 

to facilitate regression test are required. The Rational Unified Process can be 
used with a variety of tools, either from Rational or other vendors. However, 

Rational provides many well-integrated tools that efficiently support the 
Rational Unified Process. 
 

Some of Rational's tools that support the Rational Unified Process are listed 
below. 

 
 
Rational Requisite Pro 

Overview  
  

• Rational RequisitePro is an easy-to-use requirements management 
solution.  

• Combines the familiarity and ease of Microsoft Word documents with 

powerful database capabilities for more effective requirements 
management.  

• Gives you the freedom to understand the impact of change so you can 
better manage it.  

• Integrated requirements across tools and teams keep everyone 
informed of the most current requirements information.  

 

 
Rational SoDA 

Overview  
  

• Familiar interface leverages well-known, powerful publishing tools.  

• Generates documents by extracting the requested data directly from 
the tool's data repositories.  

• Automatically generates documents and reports in HTML format.  
• Templates encourage the standardization of document types within a 

project or throughout a company; customizable to comply with 

individual project's standards.  
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• Regenerates precise, up-to-date documents easily; preserves 
additional data entered directly into the document.  

• Because it is a project-wide documentation automation tool, IBM 
Rational SoDA is part of the supporting foundation -- the IBM 

Rational® Team Unifying Platform -- in all IBM Rational Suite® 
solutions 

 

Rational ClearQuest 
Overview 

 
• Provides activity-based change and defect tracking.  
• Manages all types of change requests, including defects, 

enhancements, issues and documentation changes with a flexible 
workflow process.  

• Enables easy customization of defect and change request fields, 
processes, user interface, queries, charts and reports.  

• Out-of-the-box provides predefined configurations and automatic e-

mail notification and submission.  
• Works with Rational ClearCase to provide a complete SCM solution.  

• "Design once, deploy anywhere" capabilities automatically propagate 
changes to any client interface (Windows, Linux, UNIX and Web).  

• Deep integration with IBM WebSphere Studio, Eclipse and Microsoft 
.NET IDEs for instant access to change information.  

• Supports Unified Change Management for proven change management 

process support.  
• Scales easily to support projects regardless of team size, location or 

platform.  
• Included and integrated in IBM Rational Suite and IBM Rational Team 

Unifying Platform for lifecycle change management. 

 
 

Rational ClearCase 
Overview 
 

• Rational ClearCase provides software asset management (SAM) for 
medium- to large-size teams.  

• Manage all artifacts in the development process from design models to 
code to tests.  

• Unified Change Management for out-of-the-box process support.  

• Developer productivity features include:    
o Parallel development support.  

o Advanced workspace management including dynamic views.  
o Deep IDE integration including WebSphere Studio and Microsoft 

.NET.  

o Build management features including mainframe connectors.  
• Broadest platform support available:    

o Windows  
o UNIX  
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o Linux  
o Mainframe 

 
 

Rational Rose Data Modeler     
Overview  
  

• Accelerates your database design by providing:    
• A sophisticated modeling environment.  

• Flexible transformation between the logical and physical models, and 
advanced visual modeling capabilities for databases   

• Allows database designers to see how the application plans to access 

the database, so problems are escalated before deployment.  
• Connects database designers using ER Modeling with the rest of the 

team developing OO applications through one common tool and one 
common notation, the Unified Modeling Language. 
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STRUCTURED QUERY LANGUAGE 

 

What is SQL? 

• SQL stands for Structured Query Language  
• SQL allows you to access a database  
• SQL is an ANSI standard computer language  

• SQL can execute queries against a database  
• SQL can retrieve data from a database  

• SQL can insert new records in a database  
• SQL can delete records from a database  
• SQL can update existing records in a database  

SQL Database Tables 

A database most often contains one or more tables. Each table is identified 

by a name (e.g. "Customers" or "Orders"). Tables contain records (rows) 

with data. 

Below is an example of a table called "Persons": 

LastName FirstName Address City 

AAA BBB 123 Street New York 

CCC DDD 456 Street Princeton 

EEE FFF 789 Street Trenton 

The table above contains three records (one for each person) and four 

columns (LastName, FirstName, Address, and City). 

SQL Queries  

With SQL, we can query a database and have a result set returned.  
A query like this:  

 
SELECT LastName FROM Persons 
 

Gives a result set like this:  
 

LastName 
AAA 

CCC 
EEE 
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SQL Data Manipulation Language (DML) 

SQL (Structured Query Language) is a syntax for executing queries. But the 

SQL language also includes a syntax to update, insert, and delete records. 

These query and update commands together form the Data Manipulation 

Language (DML) part of SQL: 

� SELECT - extracts data from a database table  
� UPDATE - updates data in a database table  

� DELETE - deletes data from a database table  
� INSERT INTO - inserts new data into a database table  

SQL Data Definition Language (DDL) 

The Data Definition Language (DDL) part of SQL permits database tables to 

be created or deleted. We can also define indexes (keys), specify links 

between tables, and impose constraints between database tables. 

The most important DDL statements in SQL are:  

� CREATE TABLE - creates a new database table  

� ALTER TABLE - alters (changes) a database table  
� DROP TABLE - deletes a database table  

� CREATE INDEX - creates an index (search key)  
� DROP INDEX - deletes an index  

 

 

The SELECT Statement 

The SELECT statement is used to select data from a table. The tabular result 

is stored in a result table (called the result-set). 

 
Syntax 

SELECT column_name(s) FROM table_name 
 

Select Some Columns 

To select the columns named "LastName" and "FirstName", use a SELECT 

statement like this: 

SELECT LastName,FirstName FROM Persons 

 

Select All Columns 
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To select all columns from the "Persons" table, use a * symbol instead of 

column names, like this:  

SELECT * FROM Persons 

 

 
The Result Set 

The result from a SQL query is stored in a result-set. Most database software 

systems allow navigation of the result set with programming functions, like: 

Move-To-First-Record, Get-Record-Content, Move-To-Next-Record, etc. 

 

 

The SELECT DISTINCT Statement 

The DISTINCT keyword is used to return only distinct (different) values. 

The SELECT statement returns information from table columns. But what if 

we only want to select distinct elements? 

With SQL, all we need to do is to add a DISTINCT keyword to the SELECT 

statement: 

 

Syntax 

SELECT DISTINCT column_name(s) FROM table_name 

 

 

The WHERE Clause  

 

To conditionally select data from a table, a WHERE clause can be added to 

the SELECT statement. 

 
Syntax 

SELECT column FROM table WHERE column operator value 
 

With the WHERE clause, the following operators can be used: 

Operator Description 

= Equal 

<> Not equal 

> Greater than 

< Less than 

>= Greater than or equal 

<= Less than or equal 

BETWEEN Between an inclusive range 

LIKE Search for a pattern 
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Using the WHERE Clause 

To select only the persons living in the city "New York", we add a WHERE 

clause to the SELECT statement:  

 

SELECT * FROM Persons WHERE City='New York' 
 
 

 
Using Quotes 

SQL uses single quotes around text values (most database systems will also 

accept double quotes). Numeric values should not be enclosed in quotes. 

 
 

The LIKE Condition  

 

The LIKE condition is used to specify a search for a pattern in a column.  

 
Syntax 

SELECT column FROM table WHERE column LIKE pattern 

 

A "%" sign can be used to define wildcards (missing letters in the 

pattern) both before and after the pattern. 

 
Using LIKE 

The following SQL statement will return persons with first names that start 

with an 'A': 

 

SELECT * FROM Persons WHERE FirstName LIKE 'A%' 

 

The following SQL statement will return persons with first names that end 

with an 'A': 
 

SELECT * FROM Persons WHERE FirstName LIKE '%A' 
 
 

 
The INSERT INTO Statement 

The INSERT INTO statement is used to insert new rows into a table. 
 

Syntax 

INSERT INTO table_name VALUES (value1, value2,....) 

 

You can also specify the columns for which you want to insert data: 
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INSERT INTO table_name (column1, column2,...) 

VALUES (value1, value2,....) 

 
 

The Update Statement 

The UPDATE statement is used to modify the data in a table. 

 

Syntax 
UPDATE table_name 

SET column_name = new_value  

WHERE column_name = some_value 
 
Update one Column in a Row 

We want to add a first name to the person with a last name of "AAA": 
 

UPDATE Person SET FirstName = 'XXX' 

WHERE LastName = 'AAA' 

 
 

The Delete Statement 

The DELETE statement is used to delete rows in a table. 

 
Syntax 
DELETE FROM table_name 

WHERE column_name = some_value 
 

Delete All Rows 

It is possible to delete all rows in a table without deleting the table. This 

means that the table structure, attributes, and indexes will be intact: 
DELETE FROM table_name 

or 

DELETE * FROM table_name 

 

 

The ORDER BY keyword is used to sort the result. 

SELECT * from Persons Order By LastName 

 

AND & OR 

AND and OR join two or more conditions in a WHERE clause. 

The AND operator displays a row if ALL conditions listed are true. The OR 

operator displays a row if ANY of the conditions listed are true. 

 



 73

Syntax 

Use AND to display each person with the first name equal to "AAA", and the 

last name equal to "BBB": 

SELECT * FROM Persons 
WHERE FirstName='AAA' 

AND LastName='BBB' 

 

Syntax 

Use OR to display each person with the first name equal to "AAA", or the last 

name equal to "BBB": 

SELECT * FROM Persons 
WHERE firstname='AAA' 

OR lastname='BBB' 

 

 
IN 

The IN operator may be used if you know the exact value you want to return 

for at least one of the columns. 

 
SELECT column_name FROM table_name 

WHERE column_name IN (value1,value2,..) 

 

 

BETWEEN ... AND 

The BETWEEN ... AND operator selects a range of data between two values. 

These values can be numbers, text, or dates. 

 
 

SELECT column_name FROM table_name 
WHERE column_name 

BETWEEN value1 AND value2 

 

 
ALIASES 

With SQL, aliases can be used for column names and table names. 
Column Name Alias 

The syntax is: 

 

SELECT column AS column_alias FROM table 

 
Table Name Alias 

The syntax is: 

 



 74

SELECT column FROM table AS table_alias 

 
 
Joins  

Sometimes we have to select data from two or more tables to make our 

result complete. We have to perform a join.  

Tables in a database can be related to each other with keys. A primary key is 

a column with a unique value for each row. The purpose is to bind data 

together, across tables, without repeating all of the data in every table.  

 

In the "Employees" table below, the "Employee_ID" column is the primary 

key, meaning that no two rows can have the same Employee_ID. The 

Employee_ID distinguishes two persons even if they have the same name.  

When you look at the example tables below, notice that:   

• The "Employee_ID" column is the primary key of the "Employees" 
table  

• The "Prod_ID" column is the primary key of the "Orders" table  

• The "Employee_ID" column in the "Orders" table is used to refer to the 
persons in the "Employees" table without using their names  

 

Employees: 

Employee_ID Name 

01 AAA, BBB 

02 CCC, DDD 

03 EEE, FFF 

04 GGG, HHH 

 

Orders: 

Prod_ID Product Employee_ID 

111 Printer 01 

112 Monitor 03 

113 Mouse 03 

114 Keyboard 04 

 

 
 

Referring to Two Tables 

We can select data from two tables by referring to two tables, like this: 

Example 

Who has ordered a product, and what did they order? 

 
SELECT Employees.Name, Orders.Product 
FROM Employees, Orders 
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WHERE Employees.Employee_ID=Orders.Employee_ID 

 
Example 

Who ordered a keyboard? 

 

SELECT Employees.Name 
FROM Employees, Orders 
WHERE Employees.Employee_ID=Orders.Employee_ID 

AND Orders.Product='Keyboard' 
 

 
 

BUILT-IN FUNCTIONS IN SQL 
SQL has a lot of built-in functions for counting and calculations. 
Function Syntax 

The syntax for built-in SQL functions is: 

SELECT function(column) FROM table 

 

Types of Functions 

There are several basic types and categories of functions in SQL. The basic 

types of functions are:  

• Aggregate Functions  
• Scalar functions  

 

 
 

Aggregate functions 

Aggregate functions operate against a collection of values, but return a single 

value. When used among many other expressions in the item list of a SELECT 

statement, the SELECT must have a GROUP BY clause. 

 

Some of the most commonly used Aggregate functions are 

Function Description 

AVG(column) Returns the average value of a column 

COUNT(column) Returns the number of rows (without a NULL 

value) of a column 

COUNT(*) Returns the number of selected rows 

FIRST(column) Returns the value of the first record in a specified 
field 

LAST(column) Returns the value of the last record in a specified 
field 

MAX(column) Returns the highest value of a column 

MIN(column) Returns the lowest value of a column 

SUM(column) Returns the total sum of a column 
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Scalar functions 

Scalar functions operate against a single value, and return a single value 

based on the input value. Scalar functions differ from database to database. 

 

Some of the most commonly used Scalar functions in MS Access are 

Function Description 

UCASE(c) Converts a field to upper case 

LCASE(c) Converts a field to lower case 

MID(c,start[,end]) Extract characters from a text field 

LEN(c) Returns the length of a text field 

INSTR(c) Returns the numeric position of a named 

character within a text field 

LEFT(c,number_of_char) Return the left part of a text field requested 

RIGHT(c,number_of_char) Return the right part of a text field requested 

ROUND(c,decimals) Rounds a numeric field to the number of decimals 

specified 

MOD(x,y) Returns the remainder of a division operation 

NOW() Returns the current system date 

FORMAT(c,format) Changes the way a field is displayed 

DATEDIFF(d,date1,date2) Used to perform date calculations 

 

 
GROUP BY... 

GROUP BY... was added to SQL because aggregate functions (like SUM) 

return the aggregate of all column values every time they are called, and 

without the GROUP BY function it was impossible to find the sum for each 

individual group of column values.  

 

The syntax for the GROUP BY function is: 

SELECT column,SUM(column) FROM table GROUP BY column 
 

 
HAVING... 

HAVING... was added to SQL because the WHERE keyword could not be used 

against aggregate functions (like SUM), and without HAVING... it would be 

impossible to test for result conditions.  

 

The syntax for the HAVING function is: 

SELECT column,SUM(column) FROM table 
GROUP BY column 

HAVING SUM(column) condition value 
 


