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What is a Requirement?

• A Requirement is:

– A statement which translates or expresses a need and 

its associated constraints and condition. 

[ISO/IEC/IEEE 15288, ISO/IEC/IEEE 29148]

– A statement that identifies a system, product, or 

process characteristic or constraint, which is 

unambiguous, clear unique, consistent, stand-alone 

(not grouped), and verifiable, and is deemed 

necessary for stakeholder acceptability. [INCOSE SE 

Handbook v4]

– The result of a formal transformation of one or more 

needs or parent requirements into an agreed-to-

obligation for an entity to perform some function or 

possess some quality. [INCOSE SE Handbook v5]
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What Requirements Look Like
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Why Requirements Exist
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(201) An Introduction to Requirements | Systems Engineering, 

Part 4 - YouTube

• Requirements…

– communicate to the system developers what the 

stakeholder is expecting.

– support decision-making (criteria for trade of 

options, architecture decisions).

– define how project success is determined.

– document legal agreements between 

buyer/supplier.

– ensure conformity to law (regulations).

– ensure conformity to industry standards 

(quality).

https://www.youtube.com/watch?v=Iblo2Il-pOA
https://www.youtube.com/watch?v=Iblo2Il-pOA


Requirements Ensure the “Right” System is Developed
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• Requirements are the mechanism to translate the stakeholder “needs” perspective to a perspective of what the 

system does to accomplish those needs; these are used as input to the design process.  

• Poor requirements could result in a system that does not meet the stakeholder needs, resulting in the wrong 

system being developed (the system does not meet validation).

• Requirements are only as good as the Needs they are transformed from; capturing an “Integrated Set of Needs” 

identifies the stakeholder needs as well as the system lifecycle concepts (usage, maintenance, etc.), constraints, 

interfaces, risks, and business objectives to ensure all perspectives and use cases are considered at the starting 

point for the system development.

“The consumer 

needs hot coffee.”

“When commanded, the Coffee 

Maker shall heat water from an 

initial temperature of 13C+/-5C 

to 96C+/-5C.”

Integrated Set 

of Needs

Design Input 

Requirements

Design Realized System

Validation



What comes first, Architecture or Requirements?

• This is an iterative and recursive process!

• As part of the architecture development process, a starting set of requirements are applied.

• As the architecture matures, continued analysis provides further definition of required 
capabilities and functions.

• This is referred to as the “Systems Engineering Sandwich” [Dick, 2017], where the modeling 
layer is the refinement of the architecture (elements, behaviors, performance and capabilities) 
and produces additional data, functions and features to support further requirement 
decomposition.
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When are Requirements Not Needed? 

• Risk and Complexity can determine when requirements may 
not be needed, such as:

– A low risk development

– Simple products

– Small teams

– Dictated solutions (fabrication effort only)

– Pre-existing products (COTS)

– Lack of law/regulations

• Data has shown that for complex systems, there are costs 
associated with poor, or lack of, requirements (next slide).
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• Complex projects which spend less than 5% of total project 
costs on the requirements engineering process experienced 
an 80% to 200% cost overrun, whereas those that invested 
8% to 14% were able to meet their costs or incur less than 
60% overrun (Gruhl, 1992). 

• A 2018 Engineering.com survey report noted impacts to 
project success based on poor requirements development 
and management (Engineering.com, 2018). 

• Research into software safety found that most accidents
related to software in the aviation industry stem from 
requirements problems, particularly related to incompleteness 
of the requirements (Howard & Anderson, 2002).

8

Types of Failures due to Poor Requirements Management.

(Engineering.com, 2018)

Example Outcomes of Poor / No Requirements



Why Are Requirements Difficult to Get Right?

• Based on system complexity, there could be hundreds (or thousands) of 
requirement statements used as input to the design and production 
efforts.

• Requirements are only effective if developed, communicated and 
managed correctly. 

– Poorly written, errors in derivation, conflicting, and challenges with 
management using difficult tools have all contributed to a negative results from 
requirements.

• There are multiple approaches, textbooks, methods, tools to guide the 
SE practitioners, it can be overwhelming!

• There is not one single method that works for all industries and 
applications, and if a method is misapplied it may result in poor 
outcomes.

• Examples of different methods are highlighted in the following slides to 
highlight various approaches and their limitations.
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Requirements get a bad reputation when poor efforts are used – let’s address the processes and methods!



Communicating Requirements (Documents)

• One method to capture and communicate a set of requirements is through 
a document or spreadsheet.

• Requirements in textual forms can use a structured, natural language 
following an agreed-to convention, and can be used to formalize 
agreements between buyers/suppliers (or any type of interfacing 
organizations).

• Attributes can be used to provide additional information on the 
requirements (identifier number, short title, trace to source, priority, 
verification method, etc.) [INCOSE NRM, 2022]

• Document-based methods have limited capability to capture trace of 
requirements to their source, to the architecture, to verification artifacts.

• Requirements could be generated and placed in a software-based 
requirements management tool, and then exported to a document form, 
enabling a more data-centric approach of managing the requirements 
while still using textual formats for communication.
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Communicating Requirements (Models)
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• Model Based Systems Engineering (MBSE) enables the 

development and modeling of requirements, tracing them to 

use cases, stakeholder needs, architecture and functions.

• This data-centric approach enables the project to understand 

how the requirements connect to many aspects of the 

system, assessing completeness and impacts of any 

changes.

• Model-only requirements have limitations; diagrams, and 

models focus on functional, performance, and interfaces, and 

are not often suited to specify quality (-ilities), environments, 

regulations, standards, and physical characteristics.  

• Depending on what is being developed and communicated, 

both textual requirements and modeled requirements could 

be used to maximize communication and trace of the 

requirements for the system.[INCOSE NRM, 2022]



Requirements in Software Agile Development
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• There are some who advocate that requirements have no 
place in a fast, Agile approach to software development.

• Agile development still utilizes the concept of 
requirements, but they may be communicated as user 
stories with acceptance criteria, versus a formal 
documented specification.

• Changes to the requirements are expected as the system 
matures and the organization establishes methods to 
enable quick requirement updates and associated 
configuration control.

• Formalization of these requirements may look different 
than on other system development, but the intent is still 
the same: Communicate what the system must do to 
accomplish the stakeholder needs.

(201) Agile Requirements Documentation: Tips and Tricks 

for Modern Teams - YouTube

https://www.youtube.com/watch?v=MVhMfdIGMFg
https://www.youtube.com/watch?v=MVhMfdIGMFg


How Important is Requirement Syntax?

• Requirements need to be constructed in a way that they are Necessary, 
Appropriate, Singular, Correct, Conforming, Unambiguous, Complete, 
Feasible, and Verifiable. [INCOSE GtWR, 2022]

• The INCOSE Guide to Writing Requirements (GtWR) provides guidance to 
construct textual need and requirement statements, offering 
characteristics and rules.

– The GtWR syntax has been incorporated into requirement management tools 
for quality check of the requirement phrasing, to help uncover requirements 
which do not meet the characteristics noted above.

• This syntax may not apply to all situations! 

– Based on industry conventions, other syntax approaches may be more 
applicable (use of “must”, model parameters, tabular parameter and value, 
etc.)

• It is important that the team define terminology to be used and incorporate 
approaches which follow conventions that are agreed upon by the 
organizations involved.
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Bottom line: Use an agreed-to set of conventions that clearly communicate the requirements between giver/receiver organizations.



Requirement Best Practices

• The Requirements are based on an Integrated Set of Needs, which are determined from an analysis of stakeholders, 
lifecycle concepts, constraints, business goals and risks.

• Do not just copy paste requirements from a similar project, perform the due diligence to ensure the Needs are fully 
understood before transforming them into the correct requirements for the system of interest.

• Based on the industry, there are different conventions of requirements communication and management – it is best to 
investigate what works well for the type of system being developed; a consumer product has different approaches than a 
space system!

• For best results, the Needs and Requirements should be Necessary, Appropriate, Singular, Correct, Conforming, 
Unambiguous, Complete, Feasible, and Verifiable.

• Attributes can be used to supplement requirement statements and add additional information.

• Data-centric approaches are valuable for needs / requirements development (and management) to enable trace to other 
parts of the system and project records.
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Reference the Guide to Writing Requirements v4 for recommended approaches.



Where to Learn More!
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• INCOSE Requirements Working Group (RWG)

– INCOSE RWG YouTube

– Technical Products

• Needs and Requirements Manual

• Guide to Writing Requirements (v4 just released!)

• Guide to Needs and Requirements

• Guide to Verification and Validation

• Available for free download from INCOSE Store for INCOSE members

• Open RWG Meeting: Wednesday, July 19, 1:30 pm, room 305A

https://www.incose.org/incose-member-resources/working-groups/process/requirements 

https://www.youtube.com/@incoserwg891/featured
https://www.incose.org/incose-member-resources/working-groups/process/requirements
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