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REQUIREMENT IMPORTANCE
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Importance of having good requirements

• Requirements tell you what the system needs to do 
(functional requirements).

• How well the system needs to do it (performance 
requirements)

• What environment the system has to work in 
(environmental requirements).

• What the system must do to fit into the bigger system 
(interface requirements).

• What lower level subsystems/assemblies/components 
must do to fit into the system and make it all work 
(allocation of requirements/resources).

• What you need to do before you fly (verification activities).

• And basically, when you are done   (requirements are met).
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Requirements are essential to:

• To show results the user want from the system.

• To show traceability back to sources and the history of changes.

• To show what the organization needs.

• To show what the system must do.

• To form a basis for the design and design optimization.

• To enable a logical approach to change management

• To partition the work out to contractors.

• To act as a foundation for testing and payment.

• To test the system or any of its parts during development.

• To communicate the basis about the system in non-technical terms to all 
participants.
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Class example so we can start: functions to 
requirements
• NEED STATEMENT: PORTABLE AUTOMOTIVE VEHICLE FOR OFF-ROAD

• Use Case: Camping Trip
• Ops: Load Camping Gear On To Vehicle

• Function: Provide Space To Store Camping Gear
• Requirement: The vehicle shall be designed with a minimum cargo storage area of 11 cubic feet.
• Rationale: Estimated calculation of space needed to accommodate customer’s camping equipment

• Ops: Load Personnel On To Vehicle
• Function: Provide Capability To Carry Up To 4 People

• Ops: Drive To Camp Site
• Function: Provide Capability To Drive 20 Miles Roundtrip

• Requirement: The vehicle driving range shall be a minimum of 40 miles.
• Rationale: Customer stated the maximum range (out and back) of use as being 20 miles after getting the 

vehicle to where it would be used.
• Function: Provide Capability To Utilize GPS

• Ops: Get Stuck
• Function: Provide Vehicle Capability To Get Un-Stuck

• Ops: Unload Camping Gear/Camp
• Function: Provide Electrical Interface For DC Powered Camp Eq.

• Requirement: The vehicle shall provide, 12 VDC +/- 1.5 VDC, 12 Amps maximum, auxiliary utility ports.
• Rationale: Based on power draw assessment of the connecting equipment
• Requirement: The vehicle shall provide two utility ports for connecting DC powered camping equipment.
• Rationale: Customer desired two specific ports to connect equipment simultaneously
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• Remember the requirements definitions

• Be able to recognize functional / non-functional requirements

Learning Objectives of today



References for today’s Learning Objectives
[02] INCOSE's Needs and 
Requirements Manual -
https://erau.primo.exlibrisgroup
.com/permalink/01ERAU_INST/1
5kv1ds/alma995949588205946 
• Chapter 02

[10] Mastering the Requirement 
Process - Suzanne Robertson / 
James Robertson -
https://erau.primo.exlibrisgroup
.com/permalink/01ERAU_INST/1
5kv1ds/alma995930159005946
• Chapter 01, 10 and 11 

https://erau.primo.exlibrisgroup.com/permalink/01ERAU_INST/15kv1ds/alma995949588205946
https://erau.primo.exlibrisgroup.com/permalink/01ERAU_INST/15kv1ds/alma995949588205946
https://erau.primo.exlibrisgroup.com/permalink/01ERAU_INST/15kv1ds/alma995949588205946
https://erau.primo.exlibrisgroup.com/permalink/01ERAU_INST/15kv1ds/alma995930159005946
https://erau.primo.exlibrisgroup.com/permalink/01ERAU_INST/15kv1ds/alma995930159005946
https://erau.primo.exlibrisgroup.com/permalink/01ERAU_INST/15kv1ds/alma995930159005946


Puzzling (questionable / 
uncomfortable) truths
From the book: “Mastering the Requirements Process”



• Truth 01 - Requirements are not really about 
requirements.



• Truth 02 - If we must build a system, then it must be 
optimally valuable for its owner.



• Truth 03 - If your system does not have to satisfy a need, 
then you can build anything. However, if it is meant to 
satisfy a need, then you have to know what that need is 
to build the right system.



• Truth 04 - There is an important difference between 
building a system and solving a business problem. The 
former does not necessarily accomplish the latter.



• Truth 05 - The requirements do not have to be written, 
but they have to become known to the builders.



• Truth 06 - Your customer won’t always give you the right 
answer. Sometimes it is impossible for the customer to 
know what is right, and sometimes he just doesn’t know 
what he needs.



• Truth 07 - Requirements do not come about by chance. 
There needs to be some kind of orderly process for 
developing them.



• Truth 08 - You can be as iterative as you want, but you still 
need to understand what the business needs.



• Truth 09 - There is no silver bullet. All our methods and 
tools will not compensate for poor thought and poor 
workmanship.



• Truth 10 - Requirements, if they are to be implemented 
successfully, must be measurable and testable.



• Truth 11 - You, the requirement engineer, will change the 
way the user thinks about their problems, either now or 
later.



Truth 12 - Requirements are a human issue

• Each requirement written is a collected/agreed statement.

• A requirements document has the force of a contract behind it, but the 
needs that it expresses come from people. 

• Systems’ developers and engineers work in close relationship with key 
stakeholders to find out more about the 
• Problem to be solved
• Systems capabilities and performances
• Systems and Project constraints
• Etc.

** we are going to do some experiments w/ AI, but in the end, YOU ARE 
THE RESPONSIBLE FOR THE REQUIREMENT STATEMENT / 
REQUIREMENT SET (DOC) BE CORRECT.23



INCOSE’s point of view
A more “structured eye”



Flow of expectations/needs into the 
requirements



Remember that we also have different types / 
levels of stakeholders



Needs level vs Requirements level



“Traditional” ISO/IEC/IEEE 15288 sequence



General ontology



Each statement is not alone… 



•A need set is a well-
formed set of agreed-to-
need expressions for the 
entity and its external 
interfaces.
•A requirement set is a 
well-formed set of 
agreed-to requirement 
expressions for an entity 
and its external 
interfaces.

We end-up w/ the “whole”











What are requirements anyway?
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Definitions from IEEE STD 1220-1994.

• Requirement. A statement identifying a capability, physical characteristic, 
or quality factor that bounds a product or process need for which a 
solution will be pursued.

• Constraint. A limitation or implied requirement that constrains the design 
solution or implementation of the systems engineering process, is not 
changeable by the performing activity, and is generally non allocable.

• Specification. A document that fully describes a physical element or its 
interfaces in terms of requirements (functional, performance, constraints 
and physical characteristics) and the qualification conditions and 
procedures for each requirement.
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• Functional Requirements describe what the system should do and Non-
functional Requirements place constraints on how these functional 
requirements are implemented.
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TO DO OR NOT TO DO



• Functional requirements specify what the system must do - the actions it 
must perform to satisfy the fundamental reasons for its existence.

• The <system> shall predict which road sections will freeze within the 
selected time parameters.

Functional Requirements (FR)



From CONOPs (1/2)

Takeoff 
with cargo

Transport 
Cargo

Lower 
Cargo Deploy 

Cargo
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From CONOPs (2/2)

Raise 
Empty Tray

Load 
Cargo

Land with 
Cargo

Lower 
Empty Tray
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• The non-functional requirements describe the qualities 
that your system must have or, to put that another way, 
how well it does the things it does. 

• Such requirements make the product attractive, or usable, or fast, or 
reliable, or safe. 

• You use non-functional requirements to specify response times, or 
accuracy limits on calculations. 

• You write non-functional requirements when you need your product to 
have a particular appearance, or be used by people in particular 
circumstances, or adhere to laws applicable to your kind of business.

Non-Functional Requirements (NFR)
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Some Nonfunctional requirement types



R
EQ

U
IR

EM
EN

T 
TY

PE
S

47



R
EQ

U
IR

EM
EN

T 
TY

PE
S

48



R
EQ

U
IR

EM
EN

T 
TY

PE
S

49



R
EQ

U
IR

EM
EN

T 
TY

PE
S

50



51

Other taxonomies
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•Functional requirements are simply the function
without any quantitative value for the function.

•Performance requirements is a measure of the
extent to which a system performs a function.R
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•The system shall illuminate in the passenger seat trays.

•The system shall provide illumination in the passenger seat trays.

•The minimum illumination level at passenger seat trays during 
night operations shall be of 300 lux.

•The system shall provide a minimum illumination level of 300 lux at passenger seat 
trays during night operations



Characteristics of Needs / 
Requirements
INCOSE



• The need or requirement statement defines an essential capability, 
characteristic, constraint, or quality factor needed to satisfy a concept, 
need or parent requirement. If it is not included in the set of needs and 
requirements, a deficiency in capability or characteristic will exist which 
cannot be fulfilled by implementing other needs or requirements in the 
set.

• Each requirement, individually or in combination with other requirements 
in the set, must be sufficient to satisfy a specific stakeholder need or 
parent requirement, including applicable conditions.

C1 - Necessity



• The specific intent and amount of detail of the need or requirement 
statement is appropriate to the level (the level of abstraction) of the entity 
to which it refers.

• Needs are not requirements. They are stated from the perspective of the 
stakeholder’s expectations for the SOI. Requirements are stated from the 
perspective of what the system needs to do to implement the needs.

• Requirements may be imposed at any level; however, as a rule, a 
requirement should be expressed at the level of the entity to which it 
refers.

C2 - Appropriate



• Need statements must be written such that the stakeholder intent is clear. 
Requirement statements must be stated such that the requirement can be 
interpreted in only one way by all the intended readers.

• An ambiguous need is not correct nor able to be validated. An ambiguous 
requirement is not correct nor verifiable.

• Due to the limitations of language, it may prove difficult to completely 
remove all ambiguity. In this case the use of the rationale attribute, may 
provide additional insight of the intent to remove the ambiguity. The 
inclusion of contextual information with the requirement statement may 
help to reduce ambiguity. 

C3 - Ubiquitous



• The requirement statement sufficiently describes the necessary capability, 
characteristic, constraint, or quality factor to meet the need without 
needing other information to understand the requirement.

• An agreement is not useful unless the obligation is complete and does not 
need further explanation. A well-formed requirement needs no further 
amplification to implement its intent.

• To be complete, functional/performance requirements must have 
observable functions (“what”), measurable performance (“how well”) and 
a statement of conditions (“under what conditions”, for example, 
triggering events, environments, states and modes).

C4 - Complete



• The stakeholder need or requirement statement should state a single 
capability, characteristic, constraint, or quality factor.

• Keep the need or requirement statement limited to one quality, 
characteristic, capability, function, or constraint. Understand how the 
statements fit into the allocation and traceability philosophy for the 
project.

• Avoid the use of the word “and” when it ties together multiple thoughts 
(phrases in the sentence), each of which may be allocated and verified 
differently. The presence of the conjunction “and” in a need or 
requirement statement should always prompt the writer to consider 
whether or not the statement is singular.

C5 - Singular



• The need or requirement can be realized within entity constraints (for 
example: cost, schedule, technical, legal, ethical, safety) with acceptable 
risk.

• There is little point in agreeing to an obligation for a need or requirement 
that is not feasible. Agreeing to a need or requirement that cannot be 
realized with acceptable risk within constraints often results in project cost 
overruns and schedule slips. Inherently unachievable needs and 
requirements, such as 100% reliability, are at best a waste of time, and at 
worst lead to needlessly expensive solutions.

• A good tool for assessing risk is the use of Technology Readiness Levels 
(TRLs) to determine and compute the maturity of a critical technology—a 
lower TRL represents more risk to the project than a higher TRL.

C6 - Feasible



• The requirement is structured and worded such that its realization can be 
proven (verified) to the customer’s satisfaction at the level the 
requirement exists.

• A requirement is considered to be verifiable if:
• 1) a verification case can be determined from the requirement statement that 

allows for complete examination of all aspects of the requirement and precise 
determination of all values, including tolerances, such that success or failure can be 
determined, and

• 2) the requirement content is adequate to completely define the expected 
behavior, characteristics, conditions, and success criteria for the actual verification 
activity.

C7 - Verifiable



• The need must be an accurate representation of the concept from which it 
was transformed. A requirement must be an accurate representation of 
the need from which it was transformed.

• Needs must be traceable to a source: concept, stakeholder expectation, 
drivers and constraints, goals, objectives, risks, etc. defined as part of the 
scope definition activities during the pre-concept and concept life cycle 
stages. The resulting needs transformed from these sources must be 
evaluated to determine the accuracy of the transformation.

C8 - Correct



• The individual needs and requirements should conform to an approved 
standard pattern and style guide or standard for writing and managing 
needs and requirements.

• Conforming to standards or templates for needs and requirements will 
help to identify missing information resulting in the characteristics of 
complete, unambiguous, and verifiable.

• Organizations must have well-defined standards and processes for needs 
and requirements development and management. In many instances, 
there are applicable government, industry, and product standards, 
specifications, and interfaces with which compliance is required.

C9 - Conforming



Final Considerations



• Read w/ care the INCOSE Needs/Requirements Guide – Chapter 02 (2.3.1 
and 2.3.2)

• Fast reading of the Mastering the Requirement Process – Chapter 01 / 10 / 
11

• Read extra papers added on the Canvas

Strongly recommend to
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