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1. Background

Blended Wing Body
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1. Background

Metro Bus
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Need/Purpose 
Capture

Function 
analysis

Requirement 
analysis

·  functional needs
 ·  usage scenario

·  functional structure
 ·  functional interface

Product 
specification

·  Physical architecture  
·  Physical interface 

Stakeholder 
statements

- Product lifecycle management
- Project control process
- Agreement process

Design 
synthesis

Non-functional needs

Input/Output Requirement 
validation

Design 
Verification

Interaction between process feedback

Safety assessment
Design for Manufacturability
Design for Maintenance
Design for affordability
…… 

Stakeholder 
lists

A general Top-down design process model

COMAC systems engineering handbook, 2017

1. Background
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1. Background

Purpose/Need Function

Background in a social-cultural
environment

Background in a techno-physical
environment

Described concretely in a context Described in a high level abstraction

Usually represented in a informal
manner, natural language

Usually represented in a formal manner,
verb-noun pair or input-output flow,
syntactic language

Customer-oriented, stems from the
statements of customer needs

Designer-oriented, depends on designer’s
perception of the needs

Difference between ‘Purpose’ and ‘Function’
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1. Background

From Purpose to Function  transition

mechanics
electrics

hydraulics

optics

thermotics

energy

Product requirements

Stakeholder needs/purpose

Designer
a cognitive process in early design 



www.incose.org/symp2018 8

1. Background

NASA systems engineering 
handbook

Axiomatic Design, Nam. Suh, 1998

Adaptive F-B-S model, Gero J, 2002



www.incose.org/symp2018 9

Scenario-based purpose to function transition
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                                       scenarios

Clarified 
requirements

Semi-formal
/formal 

requirements

(formal)
Function 
structure

customer designer
Interaction

P F
Initial 

purpose 
/needs

clarify refine abstract

Validation Validation

P → F transition process model

2. Scenario-based approach

needs needs

solution-neutrally representing a 
design problem 
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2. Scenario-based approach
What is an artifact scenario?
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2. Scenario-based approach

Identify Actors

Identify Actors’  
Relationships

Specify Additional 
Constraints

Purposes/Needs
statements

 list of actors

main content
 of a scenario

complete 
scenario

When and Where a
 scenario happen?

Who participants?

What role?

What actions of a actor?

How state change?

Scenario creation
1.

2.

3.

The process to create an artifact scenario:
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2. Scenario-based approach

Clothes (dirty)         
Wash water ≡  dissolved {Detergent, Water (warm)}     
soaked {Clothes (dirty), Wash water}

Clothes (dirty)     
Water (warm)     
Detergent                
separated {Clothes (dirty), Water (warm), Detergent}

   mix [Clothes, Water, Detergent]

 State1:
     A (Pa1, Pa2 , Pa3 )…
     B (Pb1, Pb2 , Pb3 )…
     R1 {A(Pai), B(Pbj),… }  i, j=1,2 ...    
    C(A), C(B)  …

action [A, B,…]

 State2:
     A (Pa'1, Pa'2 , Pa'3 ) …
     B (Pb'1, Pb'2 , Pb'3 ) …
     R'1 {A(Pa'i), B(Pb'j),… }  i, j=1,2 ...
    C’(A), C’(B)  …  

Formal representation of an artifact scenario:
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An illustrative case
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3. An illustrative case
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3. An illustrative case
Scribble scenario graph of a washing machine
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3. An illustrative case
Formal scenario graph of a washing machine
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3. An illustrative case
Preliminary function abstraction
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3. An illustrative case
Function structure of the washing machine
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Discussion & Conclusion
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Informal scenario

Formal scenario

Function abstraction

4. Discussion
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4. Conclusion

n Facilitate the communication as information carrier ;

n Pre-decomposes the initial needs/purpose in a certain level before 

the function abstraction;

n From the creation of informal scenario hierarchy to the formal 

scenario hierarchy, and then to the function structure is a stepwise 

process, and the latter is built on the basis of its former, then the 

traceability of requirements are established as well.
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Thank you!

liuzelin@comac.cc

mailto:liuzelin@

