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Chapter five 

Software engineering 

Requirements Engineering 

 The process of establishing the services that a customer requires from a system and the 

constraints under which it operates and is developed. 

 The system requirements are the descriptions of the system services and constraints that 

are generated during the requirements engineering process. 

What is a requirement? 

 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. 

Requirement’s abstraction (Davis) 

“If a company wishes to let a contract for a large software development project, it must define its 

needs in a sufficiently abstract way that a solution is not pre-defined. The requirements must be 

written so that several contractors can bid for the contract, offering, perhaps, different ways of 

meeting the client organization’s needs. Once a contract has been awarded, the contractor must 

write a system definition for the client in more detail so that the client understands and can validate 

what the software will do. Both of these documents may be called the requirements document for 

the system.” 

Types of requirements 

 User requirements 
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▪ 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. 

User and system requirements 

 

Readers of different types of requirements specification 

 

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. 
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▪ May state what the system should not do. 

 Non-functional requirements 

▪ Constraints on the services or functions offered by the system such as timing 

constraints, constraints on the development process, standards, etc. 

▪ Often apply to the system as a whole rather than individual features or services. 

 Domain requirements 

▪ Constraints on the system from the domain of operation 

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. 

 Functional system requirements should describe the system services in detail. 

Requirement’s imprecision 

 Problems arise when functional requirements are not precisely stated. 

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

 Consider the term ‘search’ in requirement 1 

▪ User intention – search for a patient name across all appointments in all clinics; 

▪ Developer interpretation – search for a patient name in an individual clinic. User 

chooses clinic then search. 

Requirement’s completeness and consistency 

 In principle, requirements should be both complete and consistent. 

 Complete: They should include descriptions of all facilities required. 
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 Consistent: There should be no conflicts or contradictions in the descriptions of the 

system facilities. 

 In practice, because of system and environmental complexity, it is impossible to produce 

a complete and consistent requirements document. 

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 IDE, programming 

language or development method. 

 Non-functional requirements may be more critical than functional requirements. If these 

are not met, the system may be useless. 

Types of non-functional requirement 

 

Non-functional classifications 

 Product requirements 
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▪ 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. 

Metrics for specifying nonfunctional requirements 

Property Measure 

Speed Processed transactions/second 

User/event response time 

Screen refresh time 

Size Mbytes 

Number of ROM chips 

Ease of use Training time 

Number of help frames 

Reliability Mean time to failure 

Probability of unavailability 

Rate of failure occurrence 
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Availability 

Robustness Time to restart after failure 

Percentage of events causing failure 

Probability of data corruption on failure 

Portability Percentage of target dependent statements 

Number of target systems 

 

Requirement’s specification 

 The process of writing down the user and system requirements in a requirements 

document. 

 User requirements have to be understandable by end-users and customers who do not 

have a technical background. 

 System requirements are more detailed requirements and may include more technical 

information. 

 The requirements may be part of a contract for the system development 

▪ It is therefore important that these are as complete as possible. 

Ways of writing a system requirements specification 

Notation Description 

Natural language The requirements are written using numbered sentences in natural language. Each 

sentence should express one requirement. 
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Structured natural 

language  

The requirements are written in natural language on a standard form or template. 

Each field provides information about an aspect of the requirement. 

Design description 

languages 

Uses a language like a programming language, but with more abstract features to 

specify the requirements by defining an operational model of the system.  

Graphical 

notations 

Graphical models, are used to define the functional requirements for the system; 

UML use case and sequence diagrams are commonly used. 

Mathematical 

specifications 

These notations are based on mathematical concepts such as finite-state machines 

or sets.  

 

Natural language specification 

 Requirements are written as natural language sentences supplemented by diagrams and 

tables. 

 Used for writing requirements because it is expressive, intuitive and universal. This 

means that the requirements can be understood by users and customers. 

Guidelines for writing requirements 

1. Invent a standard format and use it for all requirements. 

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

desirable requirements. 

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

4. Avoid the use of computer jargon. 

5. Include an explanation (rationale) of why a requirement is necessary. 

Problems with natural language 

 Lack of clarity: Precision is difficult without making the document difficult to read. 
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 Requirement’s confusion: Functional and non-functional requirements tend to be mixed-

up. 

 Requirement’s amalgamation: Several different requirements may be expressed together. 

The software requirements document 

 The software 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 

 

Requirement’s validation 

 Concerned with demonstrating that the requirements define the system that the customer 

really wants. 

MSI-PC
Highlight

MSI-PC
Highlight

MSI-PC
Highlight

MSI-PC
Highlight

MSI-PC
Highlight
عدد الخمسة مع شرح ثلاثة فقط

MSI-PC
Highlight

MSI-PC
Highlight
فراغ requ... val.



9 
Prof. Iman Qays Abduljaleel 

Software Engineering (third stage)                                                                             Computer Science Dept.  

 Requirements error costs are high so validation is very important 

▪ Fixing a requirements error after delivery may cost up to 100 times the cost of 

fixing an implementation error. 

Changing requirements 

 The business and technical environment of the system always changes after installation.  

▪ New hardware may be introduced, it may be necessary to interface the system 

with other systems, business priorities may change (with consequent changes in 

the system support required), and new legislation and regulations may be 

introduced that the system must necessarily abide by.  

 The people who pay for a system and the users of that system are rarely the same people.  

▪ System customers impose requirements because of organizational and budgetary 

constraints. These may conflict with end-user requirements and, after delivery, 

new features may have to be added for user support if the system is to meet its 

goals. 

 Large systems usually have a diverse user community, with many users having different 

requirements and priorities that may be conflicting or contradictory.  

▪ The final system requirements are inevitably a compromise between them and, 

with experience, it is often discovered that the balance of support given to 

different users has to be changed. 

Requirement’s evolution 
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