Software Requirements and the Software Requirements Document
Often when discussing analysis of the system we talk about requirements, but what is a requirement? The dictionary definition states that a requirement is a; 

re.quire.ment n : something required : a: something wanted or needed : NECESSITY b: an essential requisite : CONDITION
In software requirements can cover many areas at a number of levels, there may for example be requirements based on the needs of the user, or from legislation and even current hardware or infrastructure.  There may also be requirements which apply to the whole project, for example a minimum response time or for a particular part of the project such as the result of a specific input.  In order to understand these requirements and to group similar requirements together the requirements of the system may be split into a number of groups.  

Splitting things into different groups is useful as we can convey information relevant to different groups to those different groups using separate models. For example, the data input department may be extensively consulted about the usability of the data entry screens but not about formula used for calculations within the system. The following division of requirements is based on that given by Sommers [1]. 

We can begin by classifying the requirements into User Requirements and System Requirements.  User requirements are not necessarily what the user wants to see visually, this is the user interface requirement. User requirements are a high-level view of what the system should provide to the user and under what conditions it must operate.  Systems requirements set out the services, operational constraints in much more detail. These are sometimes called the functional specification, and may form a part of the contract between the system buyer (or producer) and software developers. 

We write the requirements in different ways as they will be used by different groups, typically the user requirements will be presented to the users. Typically the users will not have a high level of technical skill and so the document has to be presented at an appropriate level.  Those who have a more detailed knowledge of the system or are creating the d design from the analysis will require more detailed information, provided by the Systems Requirements. 

1.0 Systems Requirements

We can further divide systems requirements into functional and non-functional requirements. 

1.1 Functional and Non-Functional Requirements
1. Functional requirements:  These express what the system should provide, how it should react to certain inputs or combinations of conditions. These may also state what the system should not do.
2. Non-functional requirements: These are constraints on the services provided by the system. These can be time constraints, for example the system has to return a result within a given amount of time etc.  There may be constraints enforced on the whole system, such as a given architecture on which the system needs to be implemented, SGI workstations for example.  These may also include constraints imposed by external organizations such as government legislation. The constraints should not be considered as being negative, it may be that the system is being build to capitalize on some technology, such as blue tooth or a new games platform and the manufacture wishes to capitalize on this. 
3. Domain requirements:  Reflect the domain in which the system is working, an occasional slow response in a game may of greater concern than a similar problem in database.  In the case of sensitive data such as medical or financial records there may be a requirement to protect data from attack.  Domain requirements can by either functional or non-functional. 
1.1.1 Functional Requirements

Functional requirements describe what the system should do in some detail, and will probably be expressed in terms of inputs outputs and exceptions.  Imprecision in the specification of the requirements will cause problems for the software developer, misinterpreted requirements may lead to the system not being what the customer wants. 

In writing functional requirements we aim for completeness and consistency;

· Completeness – We have all the services required by the user. 

· Consistency – None of the requirements conflict with each other. 

Due to the scale of software projects both of these are almost never achieved it is easy to miss key requirements for a number of reasons these may be tied to the politics of the company or simply because the requirement was considered unimportant or considered so fundamental no one considered including it.  Consistency is hard to achieve due to conflicting demands from stakeholders, often internal politics will mean that individuals or groups attempt to hijack projects for their own ends. 

1.1.2 Non-functional Requirements
Non functional properties are not concerned with specific functions of the delivered system, more with the properties of the overall system. Such as reliability, response time, storage space, security etc. often termed emergent properties.  Alternatively they made define constraints on the system, such as hardware, I/O capabilities and data representations.  
Unlike functional requirements where users can often work around a problem or if possible ask for this feature the lack of a certain view or function for example.  If a system fails to meet a non-functional requirements there may mean that the system is useless, for example if an aircraft control system is not reliable or quick enough to detect failures or problems it is unlikely it will ever be put into service. 

We can broadly classify non-functional requirements as follows;

1. Product Requirements – Specify product behavior, how fast should the system be frame rates for games, perhaps retrieval rates for database systems. Acceptable failure rates, if a system cannot automatically route a call to its destination based on voice recognition requiring operator intervention once in every few hundred calls this is not a problem. However the same ratio for an airline landing system or operating system function may be unacceptable. 
2. Organizational requirements – Derived from policies and procedures in place in both the customer and developers organizations.  For example, the customer may have a certain hierarchy which dictates that management must have access to given functionality even if they will not normally use it. While the software company may require that a certain language is used or a stated design methodology or naming convention. 

3. External Requirements – Requirements defined by factors external to the system and its development process. Legislative requirements for example, the data protection act, disability act etc.  Ethical requirements and safety considerations, consider automatically screening employee emails or production line machine training. Such machines could cause injury and there may be procedures which need to be in place to comply with health and safety legislation. 

Non functional requirements are often high on the customers list of priorities however they are often impossible to quantify and open to interpretation. This must be made clear to the customer.  Non-functional requirements often conflict with functional requirements. A embedded system must be developed using Ada (a language for critical and real time system) however it needs to fit into 4mb of ROM.  It may be impossible to deliver the desired functionality given the non-functional constraints placed on the system.  In practice it is difficult to separate functional and non-functional requirements however where possible they should be separated. 
1.1.3 Domain Requirements

Domain requirements are often the most complicated and are focused in the domain in which we are working.  These are often constraints on how processing should be carried out, for example in a library system we might insist that a given convention is used to catalogue the books.  In other system we may have specific equations which deal with areas of the system, or orders in which operations have to be applied.  Domain requirements are easily omitted a librarian for example may take it for granted that any library system would use the current cataloging system. 

2.0 User Requirements
The user requirements describe how the system should operate form the user’s perspective, it should contain no technical jargon or implementation details.  It should be written in simple language with simple terms, tables and diagrams.  It is good practice to separate user and system requirements so that users of the system are not overwhelmed by technical data. 

3.0 Requirement Documentation

Documenting user requirements is usually much easier than system requirements, while we can write both in natural language system requirements frequently become overcomplicated in natural language. This is coupled with problems relating to the over flexibility (ambiguity) of natural language and it is difficult to convey relationships between requirements. 
For this reason we consider other approaches for writing system requirements these include structured natural language, design description languages graphical notations and mathematical specification. 

3.1 User Requirements

Sommerville [1] recommends the use of the following guidelines when documenting user requirements;

1. Use a standard format for each requirement. Use a numbering system, so that related requirements can be grouped. 

2. Include a rational, explaining why the requirement exists

3. Include a source of the requirement, this is useful if the need arises to confirm any information about the constraint or to resolve conflicting requirements. 

4. Include a reference to the more detailed system requirements connected to this user requirement.

5. Use language consistently
a. ‘Shall’ for mandatory requirements

b. ‘Should’ for desirable requirements

c. ‘May’ for additional features

6. Use bold, italic or colored text to pick out parts of the requirement. 

7. Avoid technical jargon in the user requirements. 
Example – from Sommerville [1]
2.6.1 Grid facilities

The editor shall provide a grid facility where a matrix of horizontal and vertical lines provide a background to the editor window. This grid shall be a passive grid where alignment of the entities is the users responsibility. 


Rational: A grid helps the user create a tidy diagram with well spaced entities. Although an active grid (where entities snap-to) grid lines can be useful the positioning is imprecise. 

Specification: Section 5.6

Source: Ray Wilson, Glasgow Office. 
3.2 System Requirements
System requirements are more detailed versions of user requirements explaining how the system should provide the user requirements.  They are the requirements of the requirements in a way.  Ideally we should not consider any implementation details however these design elements frequently impact on the system and are in fact important requirements, for example a requirement to interface with an existing system. 
Natural language can be used to express system requirements but due to the problems inherent in this regarding the use of language, ambiguity and in expressing relationships between requirements natural language is more commonly used to supplement other techniques.  A number of alternative techniques exist, structure natural language, design description languages mathematical specifications etc.  These can be useful depending on the circumstances often approaches are tied to the environment they were intended for and difficult to extend into diverse domains.  Graphical notations have been widely used for some time, approaches such as SADT have been with us since the 70’s and the early 90’s spawned an array of new graphical notations which have collectively become known as UML. 
Example – based on earlier example
5.6.1 Grid Unit 
The editor should provide a gird in either centimeters or inches.  Default type should be centimeters
5.6.2 Grid Unit Toggle

The user should be able to toggle between unit types. 
5.6.3 Grid Representation

The number of lines showing the gird must be calculated based on the current magnification. Grid should not seem overcrowded the current scale of the gird should be indicated. 
There is no example of the graphical notations,  in later notes we will investigate the UML techniques applicable to analysis and design and discuss their use in great detail.  The mistake is often made of presenting models of the system alone without first identifying and documenting the requirements on which they are based. 
4.0 The Software Requirements Document
A number of agencies have suggested formats on software requirements documents examples include the US Department of Defense and the IEEE.  Sommerville #ref offers a structure which reasonably detailed while remaining general. 

Preface – This chapter should define the expected readership of the document.  Describe its version history, rational for this version and changes since the last version.
Introduction – A brief description of the need for the system, how it will work and how it fits into the existing system or market place. 

Glossary – Defines any technical terms which may be unfamiliar to the reader. 

User Requirements Definition – The services provided to the user, functional and non-functional requirements.

System architecture – A high level overview of the system, how it will interact with existing systems. The distribution of functionality across the architecture and components which will be reused should be highlighted. 

Systems requirements specification – Describes the functional and non functional requirements in more detail. 

System models – A set of one or more models describing the desired system, showing relationships between system components and between the system and its environment. 

System evolution – Describe the assumptions the system is based on and anticipated changes with regard to business needs, hardware evolution etc. 

Appendices – Detailed specific information about the system, such as hardware descriptions, database descriptions, minimal system requirements etc. 

Index – Indices of diagrams figures as well as an alphabetic index may be included. 
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