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Overview
Aim of this paper is to present to reader importance of requirement and how to review them. This document is aimed at providing an overview on what shall a tester look for in requirement in order to declare it acceptable for development of test cases. In order to discuss Requirement analysis we need to understand, what are various Types of Requirements, Defects in a Requirement & what a Quality model is. Because there is a relation to between the Quality model we select for our Product and writing effective Requirements.
The Problem
Normally when asked “What is a requirement?” answer is “Functionality desired by Customer”. On the contrary Functional requirement is only a part of various types of requirements that are required to develop an application.
Fact is that Customer is only able to explain the problem when asked about there requirement. Customer cannot tell his exact requirements. Hence here comes the job of Analysts to brainstorm the customer, see workflow of the customer’s organization, interview various users, take feedbacks and gather what is called the “Voice of the customer”. Customer for whom Application is being developed is not a single person. Customer here is a Manager, or a person handling invoices, or a person who prepares reports for Higher Management, a person who received goods. A person who manages Financial Accounts of the Organization.
The voice of the customer will vary from role to role which can be as follows:
Manager

a. I am concerned about the Productivity of the organization and existing system does not provide me with tools to measure productivity”.
b. I am occasionally on tours and I need to access daily transactions data.
c. I need to improve my sales.

Supervisor:
a. I have a big Customer database and often it is hard to locate Customer in the existing database.
b. Duplicate records of customers exist in the database, which makes it even harder for us to provide Customer Service to the customer.
c. Large orders take a lot of time to submit.
And the list will go on.

So, as we have seen above mostly the requirement is in form of a problem. 
Types of Requirements
Requirements are the details describing an application’s externally perceived functionality and properties. 

Requirements can be broadly subdivided into:

· Functional Requirement.

· Non Functional Requirement.
Additionally Prototype may be developed to provide a visual representation of the functionality. Prototype should be able to demonstrate UI and Business flows of the application.
Further Functional and Nonfunctional requirements can be further subdivided into:
	Functional Requirements
	Non Functional Requirements

	a. Functionality.

b. Boundary values.

c. Validations.

d. Error messages.

e. Concurrent behavior.

f. Real Time behavior.**
g. Interaction with 3rd parties.

h. Localization.

i. Internationalization.
j. Installer requirement(Server & Client)

· Installation Directory.

· Checking Disk space.

· Installer language.

· Installation success.

· Progress Bars.

· Uninstallation.

· Configuration Docs.

k. Assumptions.

l. Constraints.

	· Server, Client.

· OS 

· Platforms.

· Server, Client’s min, preferred H/W configuration.

· RAM

· CPU

· HDD

· Browsers supported (If applicable.)

· Architecture

· H/W

· S/w

· Database.

· Performance.




**Real Time behavior: e.g. what should be the behavior of application when at the back end a user has changed price of an  item and at the front end(e.g. e-store) a customer has selected this item with old price and is about to submit the order.
The Challenge
The Challenge here is to document these “Customer Voices” into requirements that are:
a. Clear.

b. Complete.

c. Correct.

d. Not ambiguous.
e. Testable.

f. Traceable.
g. Prioritized.
h. Not vague.

We shall further discuss these quality attributes of Document under section Requirement Review.
Quality model
Quality model is identifying all the Quality dimensions that must be addressed during documentation of the Requirement, Test Planning, Developing, Testing, and Release of the software application.
These dimensions shall govern whether application being developed has qualified to be deployable product or not.
Various Quality dimensions are:

1. Functional correctness (Does the system do what we want?)
a. Essential and critical features.

b. Desirable features.
2. Accuracy (Does it provide the correct results?)
a. Essential and critical operations.

b. Desirable operations.
3. Functional completeness (Does the system provide all the functional and features expected?)


a. Essential and Critical Features.


b. Desirable features.
4. Usability (Easy to learn, availability of online help, available workarounds, configure, customize system to individual need).
5. Performance.
6. Loading.
7. Reliability.
8. Data Integrity.
9. Maintainability.
10. Robustness.
11. Recoverability.
12. Confidentiality and Security.
13. Stability (Do existing features, which have not been changed, perform the same as they did in earlier version of the system, after an unrelated feature has been changed?).
14. Compatibility.
15. Efficiency (Does the system make efficient use hardware, network and human resources).
16. Interoperability (Does the system interface correctly with the other systems it is expected to work with?).
17. Testability. (Can the system be validated i.e. shown to work in acceptable manner?)
18. Reusability (Can some of the components be reused in other system?)
19. Scalability.
20. Upgradeability.
21. Operation documents etc.
Before a QA team proceeds to Test and certify a product, the team needs to set a quality model for the product i.e. selecting quality dimensions that must be satisfied for the product. There are various quality models one can choose from viz.
· Boehm's Model

· Cavano & McCall’s Model

· FURPS+

· Garvin & Plesk’s “Dimensions of Quality”.

· ISO 9126

· SEI Model
These models have the quality dimensions placed under them which must be addressed to follow that particular model.

For Instance following is an ISO 9126 Quality model:

	ISO 9126 
Category
	ISO 9126
Sub Category
	ISO 9126 Definition

	Functionality
	Suitability
	Presence and appropriation of a set of functions for specified tasks.

	 
	Accuracy
	Provision of right or agreed results or effect.

	 
	Interoperability
	Ability to interact with specified systems.

	 
	Compliance
	Adheres to application related standards or Conventions or regulations in laws and similar prescriptions.

	 
	Security
	Provides unauthorized access, whether accidental or deliberate, to program and data.

	Reliability
	Maturity
	Frequency of failures by faults in the software.

	 
	Fault Tolerance
	Maintains a specified level of performance in case of Software faults of infringement of its specified interface.

	 
	Recoverability
	Capability to reestablish its level of Performance and recover the data directly affected in case of a failure, and time and effort needed for it

	Usability
	Understandability
	User's effort for recognizing the logical concept of and its applicability.

	 
	Learn ability
	User's effort for learning its application (e.g. operation, control, input, output).

	 
	Operatibility
	User’s effort for operation and operation control.

	Efficiency
	Time behavior
	Response and processing times, and throughput rates.

	 
	Resource behavior
	Amount of resources used and duration of such use.

	Maintainability
	Changeability
	Effort needed for modification and, fault removal, or for environmental changes.

	 
	Analyzability
	Effort needed for diagnosis of deficiencies or causes of failures, or for identification of parts to be modified.

	 
	Stability
	Risk of unexpected effect of Modifications.

	 
	Testability
	Effort needed for validating the modified softwares.

	Portability
	Adaptability
	Opportunity for adoption to different specified environments.

	 
	Install ability
	Effort needed to install the software in a specified environment.

	 
	Conformance
	Adheres to standards or conventions relating to portability


Testing team can develop a Quality model of its own incorporating various attributes from different models. One may also add there own attributes that are not mentioned in above mentioned quality models e.g. I incorporate Real time behavior, Concurrent behavior of the application as quality attributes in the model I use.(for Client server Applications).
Selection of quality dimensions and setting a quality model depends on the type of application that is going to be developed. This is illustrated with the help of two examples mentioned below:
Application 1:

An email system




Integrity of the messages address 








And content.








Confidentiality & security.








Compliance with email standards








Scalability
Application 2:

An animated video




Usability

Game for children




Compatibility







Install ability


One can ask following questions while preparing a Quality Model:
a. Which ones are most important to your project or system?
b. Why are these selected dimensions the most critical ones?

c. Are there any other dimensions then those listed?

d. Would the key user, managers agree with your selection?

e. Did the sequence of the quality dimensions on the list influence your selection?
Let us illustrate with the help of examples. We will compare two applications and there Primary quality factors that are most critical:
Reviewing Requirements
A good requirement shall describe both types of requirements i.e. Functional, Non functional and these documented requirements should explain quality dimensions that are applicable to it. 
Hence:




         Good Requirement



Functional Requirement




Non functional requirement












Quality dimensions from quality model


[image: image1]Now let us take some examples:
Functional Requirement 
Suppose two requirements are provided:


Requirement version 1.0

Requirement 1: “Customer creation module shall support functionality to create a customer whose details shall be stored in a database”
Requirement 2: “Module shall also provide functionality to search a Customer record in order to handle his queries”.

Let us analyze second requirement. This is a very High level requirement. Is it enough to derive test cases?
Answer is clearly “No”.

What is missing here? 

I would say this requirement has most of the defects. It is Incomplete, Not Testable, Unclear. Also it does not address Performance related issue of quality attribute.
So I would raise a Doc Issues:
a. UI needs to be explained. 
(UI part of the functional requirement is not explained). Incomplete Requirement.
b. What are the attributes that can be used to search a Customer?
(Functionality is not explained properly). Incomplete Requirement.
As a result of these Doc Issues I get a new version say version 1.1 of Requirement document explaining:

Requirement Version 1.1
Search module shall provide following fields to execute search:

1. Customer #.
2. First Name.

3. Last Name.

4. Address.

5. Zip.

6. Phone.

7. A button “Find” shall be provided” to execute search.
8. User can enter values in one or combination of the fields to execute search.
9. Search results shall be populated in a grid in he same User interface.
Requirement is clearly better now. But still it is not completely testable. I need further information to derive test cases hence I raise some more Doc issues:
a. What are various columns that will be visible in the grid?
(More info on UI required).Incomplete requirement.
b. What about the sorting operations on the search results i.e.

i. How will the search result be sorted be default?
ii. How can user sort the results as per his choice?

(More info in Functionality required).Incomplete requirement.
c. What are the maximum records that can be shown in the search result?

(More info in Functionality required).Incomplete requirement.
d. Will it be and ‘AND’ search or an ‘OR’ search?

(More info in Functionality required).Incomplete requirement.
e. How will the UI look?

(More info on UI required).Incomplete requirement.
f. What is the performance requirement of search?

(More info on Non Functional requirement required).Incomplete requirement.
g. How many concurrent users shall be supported on this application?
(More info Concurrency requirement required).Incomplete requirement.
h. What are invalid values that various fields should not accept?

(More info on Validations required).Incomplete requirement.
i. What are the boundary values for each field?

(More info on Boundary Values required).Incomplete Requirement.
j. Which are the most critical searches for the User?

(Info on Priority required).

k. Can I give a part of the string for search e.g. if the first name is “Michael”. Can I enter “icha” (part of the string)?
l. Can I use wild characters for search?

m. Will Soundex search be implemented?

n. What are the error messages that will be thrown and under what conditions?

Once all the above questions are answered in the form of detailed Use case, tester is in position to derive test cases for most of the quality dimensions set by QA team.
Most of the Doc Issues above fall into the Category of Incomplete requirement. Let us analyze some cases of Vague, Ambiguous, Inconsistent, Incorrect Not Feasible requirement.

1. Example of Vague requirement:

Requirement 3: “The wording of the billing reminder notice must comply with all pertinent State regulation”
Requirement 4: Ensure that the billing notice is promptly sent.
Requirement 3 is too vague: There can be 1000s of regulation that could possibly be pertinent.
Requirement 4 is too vague: What doe promptly mean 2 seconds, 2 minutes, 2 months?
2. Example of Ambiguous requirement:


Requirement 5: “If the bill was never sent to the customer and a reminder notice has been generated, ensure that the sales representative reviews and approves it before it is sent out.
Requirement 5 is ambiguous: The word “it” may refer to either original bill or the reminder notice.
3. Example of Inconsistent requirement:


Requirement 6 is inconsistent: You don’t generate reminders for exempted customers.

4. Example of Incorrect statement:


Requirement 7: “Customer shall be able pay online by Credit Cards and cheques.”
Requirement 7 is incorrect: Payment by cheque cannot be online.
Some other points to keep in mind during Requirement reviews:
a. Are we able to derive integration, system level test cases from various requirements provided?
b. Are we able to easily trace continuity of one Use cases from another to design integration and system level test cases?
c. Does requirement provide us with requirements to modify, revert an action where ever necessary? (There should be no dead ends in Business flows)
d. Is the requirement “modification history’ maintained?

e. Are requirements grammatically and spelling wise correct?
Non Functional Requirement:

Must address Client, Server’s S/W & H/W requirements. This is important to plan for Hardware, Software required for testing in advance, plan performance testing and execution of test cases.
I shall elaborate a little on “planning execution of test cases”:

Let us take an example. Product management provides Client Server’s H/W, S/W requirement as follows:
a. Server:

OS: Window 2000 Enterprise, Window 2000 Professional, Solaris 8.0, Solaris 9.0.

b. Client:
OS: Window 2000, XP, Mac 10.x, Application shall work on IE 5.0 and above.
Now imagine we have estimated that there will be 2000 test cases for the application to be tested.
Now we have 4 server platforms, 2 Client Platform and 3 IE browser on which application is to be tested. Hence we have 24 permutations of Browser, Client and server, which results in (2000 X 24 Test cases to be executed). Hence we know that we have to plan an efficient Test case rotation plan to ensure testing on all the platforms.
Managing Requirement Review

When Requirements are being reviewed it is important to track issues.
Ideally all the defects should be reported in Defect tracking system and a report is prepared on daily basis.

 This can be done using matrix described below.
Here we have listed all the use cases in first columns and header of the first row lists all the possible types of defects. While reviewing we leave the cell blank if Use case does not have any defect, enter x if we have found minor problems with use case and X if Major problems have been encountered. Then we describe actual problem below the matrix. These problems are then logged into Defect tracking system and there Doc issue number entered.
	Use Case
	Incomplete
	Not Clear
	Not Testable
	Vague
	Ambiguous
	Un Prioritized

	1.1
	x,X
	 
	 
	x
	x
	X

	2.3
	 
	 
	 
	 
	 
	 

	2.5
	 
	 
	X
	 
	X
	 

	3.3
	 
	X
	X
	 
	 
	 

	5.1
	x,X
	 
	 
	x
	x
	 

	7.1
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	x
	Minor problem
	
	
	
	

	X
	Major problem
	
	
	
	


 Blank cell Use case is OK
Please note that above matrix is Use cases status at a glance, it indicates which requirements have “Open” major and minor problems. But they do not indicate count of problems open for that separate reports are to be prepared.
Metrics

This section describes various kinds of metrics that can be used during and after requirement review is over:

·  % Requirement complete = Total # of requirement complete /Total # of Estimated requirement.

· % Requirement Accepted = Total # of accepted requirement/Total # of requirement.

· Post mortem metrics:

Requirement stability Index = (I - |N|)/I

· Where I = # of requirements.

· N = # of suggested changes in requirement Because of Doc issues).

· Gap analysis at the end of the project i.e. Gap between Customer actual requirement and requirement documented. And at which stage was it addressed

Summary
Through this paper I have tried to concentrate on “How” rather then “What” i.e. concentrating on how requirement analysis activity is done rather then describing requirement analysis in terminology which would just give one definitions and high level concepts and theories used in requirement analysis.
************************THE END************************************
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Should explain quality dimensions applicable to that particular requirement.





Should explain quality dimensions applicable to that particular requirement.
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“NO REQUIREMENT IS COMPLETE UNTILL ITS TEST CASES HAS BEEN DEFINED”





Requirement 6: For Customers, who are exempted from receiving billing reminder notices, ensure that two notices are generated.”
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