2.5
Requirements Engineering
· The process of establishing the services that the customer requires from a system and the constraints under which it operates and is developed.

· The requirements themselves are the descriptions of the system services and constraints that are generated during the requirements engineering process.
Requirements:
· It may range from a high-level abstract statement of a service or of a system constraint to a detailed mathematical functional specification.

· This is inevitable as requirements may serve a dual function

· May be the basis for a bid for a contract - therefore must be open to interpretation;

· May be the basis for the contract itself - therefore must be defined in detail;

· Both these statements may be called requirements
Types of requirement
· User requirements

· Statements in natural language plus diagrams of the services the system provides and its operational constraints. Written for customers.

· System requirements

· A structured document setting out detailed descriptions of the system’s functions, services and operational constraints. Defines what should be implemented so may be part of a contract between client and contractor
· Definitions and specifications

· 
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2.5.1     Functional and non-functional requirements
· Functional requirements

· Statements of services the system should provide, how the system should react to particular inputs and how the system should behave in particular situations.

· Non-functional requirements

· constraints on the services or functions offered by the system such as timing constraints, constraints on the development process, standards, etc.

· Domain requirements

· Requirements that come from the application domain of the system and that reflect characteristics of that domain.

· Functional requirements
· Describe functionality or system services.

· Depend on the type of software, expected users and the type of system where the software is used.

· Functional user requirements may be high-level statements of what the system should do but functional system requirements should describe the system services in detail.
Ex:   The LIBSYS system

· A library system that provides a single interface to a number of databases of articles in different libraries.

· Users can search for, download and print these articles for personal study.

· Examples of functional requirements
· The user shall be able to search either all of the initial set of databases or select a subset from it.

· The system shall provide appropriate viewers for the user to read documents in the document store. 

· Every order shall be allocated a unique identifier (ORDER_ID) which the user shall be able to copy to the account’s permanent storage area.

· Requirements imprecision
· Problems arise when requirements are not precisely stated.

· Ambiguous requirements may be interpreted in different ways by developers and users.

· Consider the term ‘appropriate viewers’

· User intention - special purpose viewer for each different document type;

· Developer interpretation - Provide a text viewer that shows the contents of the document.

· Requirements completeness and consistency
· In principle, requirements should be both complete and consistent.

· Complete

· They should include descriptions of all facilities required.

· Consistent

· There should be no conflicts or contradictions in the descriptions of the system facilities.

· In practice, it is impossible to produce a complete and consistent requirements document.

2.5.2
Non-functional requirements
· These define system properties and constraints e.g. reliability, response time and storage requirements. Constraints are I/O device capability, system representations, etc.

· Process requirements may also be specified mandating a particular CASE system, programming language or development method.

· Non-functional requirements may be more critical than functional requirements. If these are not met, the system is useless
Non-functional classifications
· Product requirements

· Requirements which specify that the delivered product must behave in a particular way e.g. execution speed, reliability, etc.

· Organisational requirements

· Requirements which are a consequence of organisational policies and procedures e.g. process standards used, implementation requirements, etc.

· External requirements

· Requirements which arise from factors which are external to the system and its development process e.g. interoperability requirements, legislative requirements, etc.

· Non-functional requirement types
· 
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· Non-functional requirements examples
· Product requirement

· The user interface for LIBSYS shall be implemented as simple HTML without frames or Java applets.

· Organisational requirement

· The system development process and deliverable documents shall conform to the process and deliverables defined in XYZCo-SP-STAN-95.

· External requirement

· The system shall not disclose any personal information about customers apart from their name and reference number to the operators of the system.

· Goals and requirements
· Non-functional requirements may be very difficult to state precisely and imprecise requirements may be difficult to verify. 

· Goal

· A general intention of the user such as ease of use.

· Verifiable non-functional requirement

· A statement using some measure that can be objectively tested.

· Goals are helpful to developers as they convey the intentions of the system users.

· Examples:  
A system goal
· The system should be easy to use by experienced controllers and should be organised in such a way that user errors are minimised.

· A verifiable non-functional requirement
· Experienced controllers shall be able to use all the system functions after a total of two hours training. After this training, the average number of errors made by experienced users shall not exceed two per day.

· Requirements interaction
· Conflicts between different non-functional requirements are common in complex systems.

· Spacecraft system

· To minimise weight, the number of separate chips in the system should be minimised.

· To minimise power consumption, lower power chips should be used.

· However, using low power chips may mean that more chips have to be used. Which is the most critical requirement?

· Domain requirements
· Derived from the application domain and describe system characteristics and features that reflect the domain.

· Domain requirements be new functional requirements, constraints on existing requirements or define specific computations.

· If domain requirements are not satisfied, the system may be unworkable.

· Library system domain requirements

· There shall be a standard user interface to all databases which shall be based on the Z39.50 standard.

· Because of copyright restrictions, some documents must be deleted immediately on arrival. Depending on the user’s requirements, these documents will either be printed locally on the system server for manually forwarding to the user or routed to a network printer.

· Train protection system
· The deceleration of the train shall be computed as:

· Dtrain = Dcontrol + Dgradient 

· where Dgradient is 9.81ms2 * compensated gradient/alpha and where the values of 9.81ms2 /alpha are known for different types of train.

· Domain requirements problems
· Understandability

· Requirements are expressed in the language of the application domain;

· This is often not understood by software engineers developing the system.

· Implicitness

· Domain specialists understand the area so well that they do not think of making the domain requirements explicit.

2.6
User requirements
· Should describe functional and non-functional requirements in such a way that they are understandable by system users who don’t have detailed technical knowledge.

· User requirements are defined using natural language, tables and diagrams as these can be understood by all users.

Problems with natural language
· Lack of clarity 

· Precision is difficult without making the document difficult to read.

· Requirements confusion

· Functional and non-functional requirements tend to be mixed-up.

· Requirements amalgamation

· Several different requirements may be expressed together.

· LIBSYS requirement
· 4..5  LIBSYS shall provide a financial accounting system that maintains records of all payments made by users of the system. System managers may configure this system so that regular users may receive discounted rates. 
· Editor grid requirement
2.6 Grid facilities To assist in the positioning of entities on a diagram,  the user may turn on a grid in either centimetres or inches, via an  option on the control panel. Initially, the grid is off. The grid may be turned on and off at any time during an editing session and can be toggled between inches and centimetres at any time. A grid option  will be provided on the reduce-to-fit view but the number of grid lines shown will be reduced to avoid filling the smaller diagram  with grid lines.

· Requirement problems
· Database requirements includes both conceptual and detailed information

· Describes the concept of a financial accounting system that is to be included in LIBSYS;

· However, it also includes the detail that managers can configure this system - this is unnecessary at this level.

· Grid requirement mixes three different kinds of requirement

· Conceptual functional requirement (the need for a grid);

· Non-functional requirement (grid units);

· Non-functional UI requirement (grid switching).

· Guidelines for writing requirements
· Invent a standard format and use it for all requirements.

· Use language in a consistent way. Use shall for mandatory requirements, should for desirable requirements.

· Use text highlighting to identify key parts of the requirement.

· Avoid the use of computer jargon.

2.7   
System requirements
· More detailed specifications of system functions, services and constraints than user requirements.

· They are intended to be a basis for designing the system.

· They may be incorporated into the system contract.

· System requirements may be defined or illustrated using system models 
· Requirements and design
· In principle, requirements should state what the system should do and the design should describe how it does this.

· In practice, requirements and design are inseparable

· A system architecture may be designed to structure the requirements;

· The system may inter-operate with other systems that generate design requirements;

· The use of a specific design may be a domain requirement.

Problems with NL specification
· Ambiguity

· The readers and writers of the requirement must interpret the same words in the same way. NL is naturally ambiguous so this is very difficult.

· Over-flexibility

· The same thing may be said in a number of different ways in the specification.

· Lack of modularisation

· NL structures are inadequate to structure system requirements.

· Structured language specifications

· The freedom of the requirements writer is limited by a predefined template for requirements.

· All requirements are written in a standard way.

· The terminology used in the description may be limited.

· The advantage is that the most of the expressiveness of natural language is maintained but a degree of uniformity is imposed on the specification.

· Form-based specifications
· Definition of the function or entity.

· Description of inputs and where they come from.

· Description of outputs and where they go to.

· Indication of other entities required.

· Pre and post conditions (if appropriate).

· The side effects (if any) of the function.

· Tabular specification

· Used to supplement natural language.

· Particularly useful when you have to define a number of possible alternative courses of action.

· Graphical models

· Graphical models are most useful when you need to show how state changes or where you need to describe a sequence of actions.

· Sequence diagrams

· These show the sequence of events that take place during some user interaction with a system.

· You read them from top to bottom to see the order of the actions that take place.

· Cash withdrawal from an ATM

· Validate card;

· Handle request;

· Complete transaction

· Sequence diagram of ATM withdrawal
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2.8     Interface specification
· Most systems must operate with other systems and the operating interfaces must be specified as part of the requirements.

· Three types of interface may have to be defined

· Procedural interfaces;

· Data structures that are exchanged;

· Data representations.

· Formal notations are an effective technique for interface specification.

· The requirements document
· The requirements document is the official statement of what is required of the system developers.

· Should include both a definition of user requirements and a specification of the system requirements.

· It is NOT a design document. As far as possible, it should set of WHAT the system should do rather than HOW it should do it

· Users of a requirements document

3 
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2.9    
IEEE requirements standard
· Defines a generic structure for a requirements document that must be instantiated for each specific system. 

· Introduction.

· General description.

· Specific requirements.

· Appendices.

· Index.

· Requirements document structure
· Preface

· Introduction

· Glossary

· User requirements definition

· System architecture

· System requirements specification

· System models

· System evolution

· Appendices

· Index

Role of a system analyst

The analyst starts requirements gathering and analysis activity by collecting all information from the customer which could be used to develop the requirements of the system. He then analyzes the collected information to obtain a clear and thorough understanding of the product to be developed, with a view to removing all ambiguities and inconsistencies from the initial customer perception of the problem. The following basic questions pertaining to the project should be clearly understood by the analyst in order to obtain a good grasp of the problem:

• What is the problem?

• Why is it important to solve the problem?

• What are the possible solutions to the problem?

• What exactly are the data input to the system and what exactly are the data output by the system?

• What are the likely complexities that might arise while solving the problem?

• If there are external software or hardware with which the developed software has to interface, then what exactly would the data interchange formats with the external system be?

· After the analyst has understood the exact customer requirements, he proceeds

to identify and resolve the various requirements problems. The most important requirements problems that the analyst has to identify and eliminate are the problems of anomalies, inconsistencies, and incompleteness. When the analyst detects any inconsistencies, anomalies or incompleteness in the gathered.requirements, he resolves them by carrying out further discussions with the end-users and the customers.

Parts of a SRS document

• The important parts of SRS document are:

· Functional requirements of the system

· Non-functional requirements of the system, and

· Goals of implementation

Functional requirements:-

 The functional requirements part discusses the functionalities required

from the system. The system is considered to perform a set of high-level

functions {fi}. The functional view of the system is shown in fig.

Nonfunctional requirements:-

 Nonfunctional requirements deal with the characteristics of the system which can not be expressed as functions - such as the maintainability of the system, portability of the system, usability of the system, etc. 
 Nonfunctional requirements may include:

# reliability issues,

# accuracy of results,

# human - computer interface issues,

# constraints on the system implementation, etc.

Goals of implementation:-

The goals of implementation part documents some general suggestions regarding development. These suggestions guide trade-off among design goals. The goals of implementation section might document issues such as revisions to the system functionalities that may be required in the future, new devices to be supported in the future, reusability issues, etc. These are the items which the developers might keep in their mind during development so that the developed system may meet some aspects that are not required immediately. 

 Identifying functional requirements from a problem description

The high-level functional requirements often need to be identified either from an informal problem description document or from a conceptual understanding of the problem. Each high-level requirement characterizes a way of system usage by some user to perform some meaningful piece of work. There can be many types of users of a system and their requirements from the system may be very different. So, it is often useful to identify the different types of users  who might use the system and then try to identify the requirements from each user’s perspective. Here we lis t all functions {fi} that the system performs. Each function fi as shown in fig.3.2 is considered as a transformation of a set of input data to some

Correspondin g output data. 
Example:-

Consider the case of the library system, where -

F1: Search Book function 

Input: an author’s name

Output: details of the author’s books and the location of these books in the library

So the function Search Book (F1) takes the author's name and transforms it into book details.

Functional requirements actually describe a set of high-level requirements, where each high-level requirement takes some data from the user and provides some data to the user as an output. Also each high-level requirement might consist of several other functions.

Documenting functional requirements 
For documenting the functional requirements, we n eed to specify the set of functionalities supported by the system. A function can be specified by identifying the state at which the data is to be input to the system, its input data domain, the output data domain, and the type of processing to be carried on the input data to obtain the output data. Let us first try to document the withdraw-cash function of an ATM (Automated Teller Machine) system. The withdraw-cash is a high-level requirement. It has several sub-requirements corresponding to the different user

interactions. These different interaction sequences capture the different scenarios.

Example: - Withdraw Cash from ATM

R1: withdraw cash

Description: The withdraw cash function first determines the type of account that the user has and the account number from which the user wishes to withdraw cash. It checks the balance to determine whether the requested amount is available in the account. If enough balance is available, it outputs the required cash, otherwise it generates an error message.

R1.1 select withdraw amount option Input: “withdraw amount” option

Output: user prompted to enter the account type

R1.2: select account type
Input: user option

Output: prompt to enter amount

R1.3: get required amount

Input: amount to be withdrawn in integer values greater than 100 and less than

10,000 in multiples of 100.

Output: The requested cash and printed transaction statement.

Processing: the amount is debited from the user’s account if sufficient balance is

available, otherwise an error message displayed.

Properties of a good SRS document

• The important properties of a good SRS document are the following:

 Concise. The SRS document should be concise and at the same time unambiguous, consistent, and complete. Verbose and irrelevant descriptions reduce readability and also increase error possibilities.

 Structured. It should be well-structured. A well-structured document is easy to understand and modify. In practice, the SRS document undergoes several revisions to cope up with the customer requirements. Often, the customer requirements evolve over a period of time. Therefore, in order to make the modifications to the SRS document easy, it is important to make the document well-structured. 

 Black-box view. It should only specify what the system should do and refrain from stating how to do these. This means that the SRS document should specify the external behavior of the system and not discuss the implementation issues. The SRS document should view

the system to be developed as black box, and should specify the externally visible behavior of the system. For this reason, the SRS document is also called the black-box specification of a system.  
Conceptual integrity. It should show conceptual integrity so that the reader c an easily understand it. 

 Response to undesired events. It should characterize acceptable responses to undesired events. These are called system response to exceptional conditions.

Verifiable. All requirements of the system as documented in the SRS document should be verifiable. This means that it should be possible to determine whether or not requirements have been met in an implementation.

Problems without a SRS document

• The important problems that an organization would face if it does not develop an SRS document are as follows: 

· Without developing the SRS document, the system would not be implemented according to customer needs. 
· Software developers would not know whether what they are developing is what exactly required by the customer. 

· Without SRS document, it will be very much difficult for the maintenance engineers to understand the functionality of the system. 

· It will be very much difficult for user document writers to write the users’ manuals properly without understanding the SRS document.

Identifying non-functional requirements

Nonfunctional requirements are the characteristics of the system which can not

be expressed as functions - such as the maintainability of the system, portability

of the system, usability of the system, etc.

Nonfunctional requirements may include:

# reliability issues,

# performance issues,

# human - computer interface issues,

# interface with other external systems,

# security and maintainability of the system, etc.

Problems with an unstructured specification

• It would be very much difficult to understand that document.

• It would be very much difficult to modify that document.

• Conceptual integrity in that document would not be shown.

• The SRS document might be unambiguous and inconsistent.

Decision tree

A decision tree gives a graphic view of the processing logic involved in decision making and the corresponding actions taken. The edges of a decision tree represent conditions and the leaf nodes represent the actions to be performed depending on the outcome of testing the condition.

Example: -

Consider Library Membership Automa tion Software (LMS) where it should support the following three options:

 New member

 Renewal

 Cancel membership

New member option-

Decision: When the 'new member' option is selected, the software asks details

about the member like the member's name, address, phone number etc.

Action: If proper information is entered then a membership record for the

member is created and a bill is printed for the annual membership charge plus

the security deposit payable.

Renewal option-

Decision: If the 'renewal' option is chosen, the LMS asks for the member's name

and his membership number to check whether he is a valid member or not.

Action: If the membership is valid then membership expiry date is updated and

the annual membership bill is printed, otherwise an error message is displayed.

Cancel membership option-

Decision: If the 'cancel membership' option is selected, then the software asks

for member's name and his membership number.

Action: The membership is cancelled, a cheque for the balance amount due to

the member is printed and finally the membership record is deleted from the

database.

.Decision tree representation of the above example -

The following tree (fig. 3.4) shows the graphical representation of the above

example. After getting information from the user, the system makes a decision

and then performs the corresponding actions.
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Fig. 3.4: Decision tree for LMS

Decision table

A decision table is used to represent the complex processing logic in a tabular or a matrix form. The upper rows of the table specify the variables or conditions to be evaluated. The lower rows of the table specify the actions to be taken when the corresponding conditions are satisfied. A column in a table is called a rule. A rule implies that if a condition is true, then the corresponding action is to be executed.

Example: -

Consider the previously discussed LMS example. The following decision table (fig. 3.5) shows how to represent the LMS problem in a tabular form. Here the table is divided into two parts, the upper part shows the conditions and the lower part shows what actions are taken. Each column of the table is a rule. 
Fig. 3.5: Decision table for LMS
     condition
	 Valid selection
	No
	Yes
	Yes
	Yes

	New member
	--------
	Yes
	No
	no

	Renewal - 
	-------
	No 
	Yes
	no

	Cancellation
	-------
	No 
	No
	yes

	Actions

	Display error message 
	X
	---
	---
	---

	Ask member's details 
	---
	X
	---
	---

	Build customer record 
	----
	X
	---
	---

	Generate bill - 
	----
	X
	X
	---

	Ask member's name & membership number 
	-----
	-----
	X
	X

	Update expiry date 
	-----
	-----
	X
	----

	Print cheque 
	----
	----
	----
	X

	Delete record
	----
	----
	----
	X


From the above table you can easily understand that, if the valid selection condition is false then the action taken for this condition is 'display error message'. Similarly, the actions taken for other conditions can be inferred from the table.

User output





Ask for member’s name, address, etc.


Create membership details 


Print bill etc.








Ask for membership details .


Update expiry date.


Print bill etc.








Ask for member’s name, address, etc.


delete membership record


Print cheque etc.








Display error message
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