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Objectives

• Materials extracted from course “Requirements Analysis & 
Design”

• Understand ‘product requirements’ classification and derivation. 
• Understand why we define product requirements and solution 

architecture
• Understand ‘requirements’ and ‘design’ and their 

complementary naturescomplementary natures.
• Describe the relationship between functional requirements and 

functions or activities.
• Apply basic logical architectural diagramming concepts• Apply basic logical architectural diagramming concepts.
• Apply an effective structure for organizing functional 

requirements.
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Categories of Requirementsg q

Contract Organizational 

Project Requirements

Contract

Policy Requirements

Military Regulations
g

Policy

Project Requirements

St t t f W k

y q

Agency Directives

Statement of Work

Technical RequirementsTechnical Requirements

i l

Originating Requirements
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Operational Concepts

Product Requirements



Technical Requirements Technical 
Requirementsq

Stakeholder MIRs
User 

InteractionUse Cases & ScenariosConstraining 
R i t

Requirements

Stakeholder 
Needs

Usage

O i i ti  

Requirements

How will the 
solution be used?

Operational ConceptsOriginating 
Requirements

What problem are we 
solving?

Product 

Source 
Requirements

“derived from” 
or “satisfies”

Product 
Requirements

A statement that identifies a 
product or process operational, 
functional, or design characteristic 
or constraint, which is 
unambiguous, testable, or 

bl  d  f  

What
must the solution do?
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measurable, and necessary for 
product or process acceptability.

IEEE Std 1220-1998



Why Define Product Requirements?

• Product requirements…
– Define the thing to be built – what are it’s expected capabilities & 

characteristics?
– Establishes an agreement/ understanding between you and your 

customer about the definition of your productcustomer about the definition of your product
– Establishes an agreement/ understanding between you and your 

design team about the definition of your product
– Defines the basis for product verification
– Reconciles your product definition (or product family) with a diverse 

collection of customer source requirements

?

AgreementAgreement

?
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Design EngineersSystems Engineer
Customers

“Analyst“



Why Define Solution Architecture & Design?

• Solution Architecture…
– Establishes the vision of the product solution – what are we 

building?
– Assigns project participants to individual components – who is 

responsible for what parts?responsible for what parts?
• Divide and conquer
• Ownership and control

– Bounds the context of each individual component – how does it fit 
into the greater whole?into the greater whole?

– Establishes common understanding of the solution to be created

Understanding Understanding
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Design EngineersSystems Engineer

“Architect“

Customers



Who Defines Product Requirements and Who Defines Product Requirements and 
Solution Architecture?

• Commonly – systems engineers
– Or any engineer on the project team serving in the role

• Analyst – expose the problem statement – what should be built?
• Architect – expose the solution space – how are we going to build it

M  S t

It’s in the lead 
engineer’s best interest My System

Lead Engineer

engineer s best interest 
to define the product 
requirements and 
solution architecture

• A lead engineer or any engineer assigned “ownership” of a product item
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Understanding Requirements & Design
• Product Requirements

– Express boundaries of the  
problem statement (what)

• Capability

• Product Design
– Define the solution to the problem 

(how)
• Formp y

• Behavior
• Characteristics
• Performance
• Quality 

• Structure
• Composition
• Relationships
• Interaction

Product 
Requirements Product Design

“derived from” 
or “satisfies”

Myth?
“One product’s design becomes another 
product’s requirement.”

Truth?
“One product’s design provides the context and 
constraints for another product’s requirements.”
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Requirements - Define the “Problem Space.”
Design – Defines the “Solution Space.”



Functional Analysis with Logical Design

Capture Originating 
Requirements Support Solution

y g g

Define Operational 
Concepts

Define Requirements Verify Solution

Validate SolutionDevelop Validation Cases & 
Procedures

Develop Verification Cases & 
Procedures

D l A tDesign Solution

Implement Solution

Integrate SolutionDevelop Acceptance 
Procedures

Define Interface 
Requirements
(what are the logical 

interfaces ?)

D fi I t f

Define Functional 
Requirements
(what does it do?)

Define Physical 
Requirements

(what are the characteristics of the 
physical product/ environment?)

Define Interface 
Design

(what is the interface 
design definition?)

Define Logical 
Architecture

(how does it  logically fit 
together?)

Define Physical 
Architecture

(what will the solution look 
like?)

Develop Detailed Design

Perform product analysis
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Functional Requirements
• Describe behavior: logical and 

mathematical
• Answer “What does this function 

do?”

fxInput Output

do?
• Must address each input / output 

interface introduced
• Derived from: A solution update SHALL be provided 

f l h f ll

Functional 
Requirement

• most important requirements (MIRs)
• use cases & scenarios
• source requirements
• stakeholder needs

for application to the following 
Navigation Solutions:  

• INU
• ---/A/H or DEAD RECKON

• architectural context
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Shout Out!

• What is a “function”?

• What is the difference between each of 
the following?
– Function
– Activity
– Use Case
– Scenario– Scenario
– Application
– Component

© Copyright 2008-2013 Rockwell Collins, Inc. 
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What is a Function?
Function:

• Logical construct that illustrates 
conceptual understanding of 
behavior – represents work, 

Functional 
Requirement

activity, action     
(not a physical or software 
component)

Function
Functional 

Requirementq

Functional 
Requirement

“realizes” or 
“defined by”

Functional Requirement

Requirement

Functional Requirement
• Defines behavior or capability
• Captures performance of the capability

Functional definition must be independent of the physical architecture or implementation

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Functional definition must be independent of the physical architecture or implementation

“Form Follows Function” 



Exposing Functionalityp g y

Use Case
Logical Interface or Function or 

Scenario
•Step 1

Scenario
•Step 1

Transaction

Scenario
•Step 1

S  2

Function or 
Activity

Function or Logical Interface or Step 1

•Step 2

•Step 3

•Step 2

•Step 3
…

•Step 2

•Step 3
…

Function or 
Activity

Function or 

Transaction

Logical Interface or 
… Function or 

Activity Transaction

Scenarios expose:
• Functions 
• Functional Requirements
• Functional Interfaces

U  I t f
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• User Interfaces



Deriving Functionalityg y

Stakeholder 
Need

Use Case
Source 

Requirement

Architectural 

Function

“derived from”

Functional 

Context

Function
“realizes” or 
“defined by”

Requirement

Which comes first?  The 
function … or the functional 

Where did the outline of the 
functional requirements 

i  f  i  
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requirement? section of your requirements 
document come from?



Functional Analysis - Hierarchical Relationship

Functional 
Requirement

y p

Function Functional 
R i t

FunctionFunctionFunctional 
Requirement

Requirement

Function Function Function Function

Requirement

Function Function

Functions are often associated within a 
functional hierarchy.   
Outline of functional requirements 
document often a functional hierarchy.

Functional 
Requirement

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Logical hierarchy provides the basis for organization 
and order of functional requirements.



Functional Analysis – Logical Hierarchyy g y

1.0 Function

1.1 Function 1.2 Function
“is part of”

1.2.1 Function1.1.2 Function1.1.1 Function 1.2.2 Function

1.2.1.1 Function 1.2.1.2 Function

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Functional Composition is a DESIGN activity –
Breaking down and grouping similar functions



Functional Analysis – Logical Architecturey g

1.1 Function

Function FunctionTransaction Transaction

Functional Design:
Within a layer of the functional hierarchy, 
the declaration of each function and the 
interrelationships between the different 

TransactionTransaction

p
functions is DESIGN.

FunctionFunctionFunction TransactionTrans Trans

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Functional Design – the relationships between each of the functions 
– provides the basis for the Logical Architecture
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Functional Definition

Function
“realizes” or 
“defined by”

For each function, a design 
definition is captured for 
further functional 
composition (as needed)

Design
Description

Functional 
Requirement

Commentary

composition (as needed) Description

Function

fx fx

fx

Clarifies

Rationale

Trade Study Each requirement may have one 
of more definitions that 
elaborate on that requirement:

fx

elaborate on that requirement:
• Comment
• Rationale
• Trade Study

A set of requirements defines a 

© Copyright 2008-2013 Rockwell Collins, Inc. 
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A set of requirements defines a 
function



Four key relationships 
between activities 

Logical Representation Diagrams
• Hierarchical Perspective– diagrams showing composition
• Chronological Perspective – diagrams showing timing, flow, or 

(functions)

sequence
• Transactional Perspective– diagrams showing object or transactional 

flows
• Allocation Perspective– diagrams showing allocation of function to p g g

physical element
act Logical Hierarchy

Compute Nav igation 
Solution

act Response Activ ity Progression

«Main_Course»
Update Degraded Nav igation Solution with Fixed Reference

A

«Swimlane» an :Operator «Swimlane» the :Nav  Solution Update

act Update Nav igation Solution

Determine Cursor Location

Update Nav igation 
Solution

Prov ide update fix 
reference

Determine Estimated 
Position

Calculate update v ector Apply updated nav igation 
solution

«RC_Activ ity»
Compute INU/GPS 

Nav igation Solution

«RC_Activ ity»
Compute GPS Smoothed 

Solution

«RC_Activ ity»
Computer Inertial (INU) 

Nav igation Solution

«RC_Activ ity»
Compute Radio 

Nav igation Solution

p
System

Select solution to be 
updated

Select update source for 
fixed reference

Update the Display Page

Prov ide update fix 
reference

[Navigation Solution = Degraded]

cursor :
Position

control :
Freeze
Select

Update Nav igation Solution

cursor :
Position

control :
Freeze
Select

estimate :Estimated

Display Nav igation Update Information

estimate :Estimated

solution set :Navigation
Solution Set

Compute Nav igation 
Solution

solution set :Navigation
Solution Set

control :Freeze 
Select

(from Instances)

Determine Estimated 
Position

cursor :Position

(from Instances)

Freeze the nav igation 
solution(s)

Accept the update to the 
degraded nav igation 

solution

Calculate update vector

Apply updated nav igation

Determine Estimated 
Position

[Update Fix Reference = Valid]

[Update Acceptance = Accept]

Calculate update v ector

computed :Update

Position

fix :Update Fix Reference

selected :Update
Source Select

selected :Available Nav
Solutions

selected :Freeze Select

entered :Update Fix
Reference

computed :Update

Position

fix :Update Fix Reference

selected :Update
Source Select

selected :Available Nav
Solutions

selected :Freeze Select

entered :Update Fix
Reference

Prov ide update fix 
reference

computed :Update 
V t

estimate :
Estimated 

Position

(from Instances)

reference :Update 
Fix Reference

(from Instances)

Plan Flight Route
Activ e :Waypoint

(from Instances)

fix :Update Fix 
Reference

(from Instances)

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Apply updated nav igation 
solution

Apply updated nav igation 
solution

co puted Update
Vector

provided :Updating
Solution

selected :Update Accept
Select

selected :Update
Reject Select

co puted Update
Vector

provided :Updating
Solution

selected :Update Accept
Select

selected :Update
Reject Select

applied :Update Vectorapplied :Update Vector

Vector

(from Instances)



Logical Representation – Hierarchical Perspectiveg p p

act Logical Hierarchy

Compute Nav igation 
S l tiSolution

Update Nav igation 
Solution

«RC_Activ ity»
Compute INU/GPS 

Nav igation Solution

«RC_Activ ity»
Compute GPS Smoothed 

Solution

«RC_Activ ity»
Computer Inertial (INU) 

Nav igation Solution

«RC_Activ ity»
Compute Radio 

Nav igation Solution

Prov ide update fix 
reference

Determine Estimated 
Position

Calculate update v ector Apply updated nav igation 
solution

Illustrates composition 
“is part of”

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Logical Representation – Hierarchical Perspectiveg p p

act Update Nav igation Solution
Hierarchy shown with 

Update Nav igation Solution

Hierarchy shown with 
superposition.

Prov ide update fix 
reference

Determine Estimated 
Position

Calculate update v ector Apply updated nav igation 
solution

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Logical Representation –
Chronological Perspective

act Response Activ ity Progression

«Main_Course»
Update Degraded Nav igation Solution with Fixed ReferenceChronological Perspective

• Illustrates sequence of 
activities

Update Degraded Nav igation Solution with Fixed Reference
A

«Swimlane» an :Operator «Swimlane» the :Nav  Solution Update
System

• Captures activity order –
parallel or serial work

Select solution to be 
updated

Select update source for 

Display Nav igation Update 
Information

[Navigation Solution = Degraded]

fixed reference

Freeze the nav igation 
solution(s)

Prov ide update fix 
reference

Determine Estimated

[Update Fix Reference = V

Determine Estimated 
Position

Illustrates sequence or 
control flow 
“…and then …”

Accept the update to the 
degraded nav igation 

solution

Calculate update vector

Apply updated nav igation 
solution

[Update Acceptance = Accept]

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Note also combined  “Allocation Perspective”



Logical Representation – Chronological Perspectiveg p g p

act Update Nav igation Solution - Sequential

Update Nav igation SolutionIllustrates parallel/ 
… and this one also includes 
Hierarchical Perspective.Update Nav igation Solution

Determine Estimated 
Position

p /
serial nature of 
work flow.

p

Prov ide update fix 
reference

Apply updated nav igation 
solution

ActivityInitial ActivityFinal

Calculate update v ector

  could include fork/join 

© Copyright 2008-2013 Rockwell Collins, Inc. 
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…  could include fork/join 
and/or decision nodes.



Logical Representation –
Ch l i l P ti

act Logical Architecture - Temporal Decision

ActivityInitial

Chronological Perspective
«RC_Activ ity»

Activ ity or Function aka 
f(x)

«RC_Activ ity»
Another Activ ity

Decision Activity

Il lustrates a decision 
point with two or more 
optional paths to 
proceed forward.

[False][True]

«RC_Activ ity»
and then we do this ...

«RC_Activ ity»
or we do this...

«RC_Activ ity»
and end doing this

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Manage Human Machine Interface

«Swimlane» the :Nav  Solution Update System
«Swimlane» an :Operator

Select solution to be

A

display :Nav  Solution Page :

Logical 
Representation 

Note hierarchy 
expression with 

Update Nav igation Solution

Select solution to be 
updated

Display Nav igation Update 
Information

entry :Update Select :
Update Select

(from Instances)

Display Nav  Solutions 
Information

p y g
Nav  Solution Page

(from Instances)

display :Update 
Page

[activate]

Representation 
– Transactional 
Perspective

With i li d 

p
nesting

Select update source for 
fixed reference

selected :
Update Source
Select

selected :
Update Source
Select

Prov ide update fix 
reference

reference :Update

entry :Update 
Source Select

(from Instances)

display :Update Fix fix :Update Fix

Page• With implied 
sequence/order

• With 
hierarchical 

Freeze the nav igation 
solution(s)

fix :Update Fix Reference

selected :Freeze
Select

fix :Update Fix Reference

selected :Freeze
Select

Determine Estimated 
Position

reference :Update 
Fix Reference

(from Instances)

entry :Freeze 
Select

(from Instances)

display :Update Fix 
Reference

(from Instances)

fix :Update Fix 
Reference

(from Instances)

nesting

Illustrates transaction or 

Accept the update to the 
degraded nav igation 

solution

estimate :Estimated
Position
estimate :Estimated
Position

Calculate update v ector

estimate :
Estimated 

Position

(from Instances)

display :Estimated 
Position

(from Instances)

object flows

computed :Update
Vector
computed :Update
Vector

computed :Update 
Vector

(from Instances)

entry :Update

display :Update 
Vector

(from Instances)

© Copyright 2008-2013 Rockwell Collins, Inc. 
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selected :
Update Accept
Select

selected :
Update Accept
Select

Apply updated nav igation 
solution

entry :Update 
Accept Select

(from Instances)

Exit Nav  Solution Updates
entry :Page Return

(from Instances)
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cursor :Position

Determine Cursor Location

Transactional Perspective
Composite view of many 
object flows from all scenarios

cursor :
Position

Update Nav igation Solution

cursor :
PositionDisplay Nav igation Update Information

Compute Nav igation 
Solution

(from Instances)

Illustrates transaction or 

j

… with hierarchical 
nesting.

control :
Freeze
Select

control :
Freeze
Select

estimate :Estimatedestimate :Estimated

solution set :Navigation
Solution Set
solution set :Navigation
Solution Set

control :Freeze 
Select

(from Instances)

Determine Estimated 
Position

Illustrates transaction or 
object flows

Position

selected :Update
S S l t

selected :Available Nav
Solutions

Position

selected :Update
S S l t

selected :Available Nav
Solutions

Prov ide update fix 
reference

estimate :
Estimated 

Position

(from Instances)

Plan Flight Route
Activ e :Waypoint

Calculate update v ector

fix :Update Fix Reference

Source Select

selected :Freeze Select

entered :Update Fix
Reference

fix :Update Fix Reference

Source Select

selected :Freeze Select

entered :Update Fix
Reference

reference :Update 
Fix Reference

(from Instances)

(from Instances)

fix :Update Fix 
Reference

(from Instances)

computed :Update
Vector

provided :Updating
Sol tion

computed :Update
Vector

provided :Updating
Sol tion

computed :Update 
Vector

(from Instances)

( )(from Instances)
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Apply updated nav igation 
solution

Solution

selected :Update Accept
Select

selected :Update
Reject Select

Solution

selected :Update Accept
Select

selected :Update
Reject Select

applied :Update Vectorapplied :Update Vector
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Functional Requirements Referencing Logical 
I t f  Obj tInterface Objects

Functional requirements should consider inputs and outputs, 
and how the product acts on the inputs to produce the outputs

[When <input> <conditional clause>,] the solution shall <function, action, behavior> [<output> 
<conditional clause>]

When an interface identifier 
name is referenced within a 
requirement statement, the 
reference should be made 

Functional 
Requirements

directly to the actual logical 
interface object.

A relationship should exist 
between the reference and 
th  i t f  it lf

Logical 
Interface 
Object 

Logical 
Interface 
Object 

Function

© Copyright 2008-2013 Rockwell Collins, Inc. 
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the interface itself.

Functional 
Requirements



Functional Requirements: Logical Interface Objects Functional Requirements: Logical Interface Objects 
Reference

Reference Logical Interface Objects explicitlyg j p y

Use a technique to call attention to the referenced logical 
interface object – bold, italics, different font, etc.

1. When a CURRENT Inventory Request is requested, the solution 
shall present a Current Inventory report listing.

2. When a SHORTAGE Inventory Request is requested, the 
solution shall present an Inventory Shortages report listing.

3. When an Updated Item inventory modification is submitted, the 
Current Inventory will be updated to account for the adjusted 
item.

© Copyright 2008-2013 Rockwell Collins 
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Functional Analysis Publication

Functional 

y

3.0 Function

Functional 
Requirement

Product 
DocExport Report

Functional 
Requirement

3.2 FunctionFunctionFunctional 
Requirement

Function Function 3.2.1 Function Function

Requirement

3.2.1.2 Function 3.2.1.3 Function
Functional 

Requirement

Design

3.2.1.1 Function

Design
Description

Function

fx fx

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Logical architecture provides the foundation for publishing
the functional requirements and logical design information. fx



Functional Requirements Publicationq

3.0 Functions

…

3.0 Functions
…

3.2  <Function Name>

3.2 Function

Functional 

…

Constraints (boundary)
Limits imposed by external 
actors on the function aka 
“Constraining Requirements”

Functional 
Requirement

3 2 1 Function

Functional 
Requirement

Functional 
Requirement Functional Requirements

(what)
Capability definition, incl
commentary

P f  R i t3.2.1 Function

Functional 
Requirement

Functional 
Requirement

Functional 
Requirement

Performance Requirements
(how well)
Performance definition, incl
commentary

Logical Design (how)

3.2.2 Function

q Logical Design (how)
Design definition –
architecture diagrams with 
description

3.2.1 <Subfunction Name>
How far down … for a 

system?   subsystem? 

© Copyright 2008-2013 Rockwell Collins, Inc. 
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3.3 Function

3.2.1 <Subfunction Name>
Same structure

3.2.2 <Subfunction Name
3.2.3 <Subfunction Name>

system?  … subsystem? 
… software?  … 

electrical/mechanical 
component?



Functional Analysis & Logical Design

Capture Originating 
Requirements Support Solution

y g g

Define Operational 
Concepts

Define Requirements Verify Solution

Validate SolutionDevelop Validation Cases & 
Procedures

Develop Verification Cases & 
Procedures

D l A tDesign Solution

Implement Solution

Integrate SolutionDevelop Acceptance 
Procedures

Define Interface 
Requirements
(what are the logical 

interfaces?)

D fi I t f

Define Functional 
Requirements
(what does it do?)

Define Physical 
Requirements

(what are the characteristics of the 
physical product/ environment?)

Define Interface 
Design

(what is the interface 
design definition?)

Define Logical 
Architecture

(how does it loigically fit 
together?)

Define Physical 
Architecture

(what will the solution 
look like?)

Develop Detailed Design

Perform product analysis

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Perform product analysis



Summary

• Understand ‘product requirements’ classification and derivation. 
• Understand why we define product requirements and solution 

architecture
• Understand ‘requirements’ and ‘design’ and their 

l t  tcomplementary natures.
• Describe the relationship between functional requirements and 

functions or activities.
• Apply basic logical architectural diagramming concepts• Apply basic logical architectural diagramming concepts.
• Apply an effective structure for organizing functional 

requirements.

© Copyright 2008-2013 Rockwell Collins, Inc. 
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Conclusions

• Definite synergy between functional requirements, functions 
(activities), and logical architecture (functional composition)

• Consider the following:
– Where did the outline of your functional requirements come from?

H     ff i l   h   f  • How can you more effectively express the structure of your 
requirements?

• Functional requirements more effectively expressed within 
context of the logical architecturecontext of the logical architecture

© Copyright 2008-2013 Rockwell Collins, Inc. 
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