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THE VALXPLORE METHOD 

How to Explore Desirability, Feasibility and Viability of Business and System 
Design under Uncertainty 



ValYOU	–	Towards	a	Design-to-value	approach	in	early	design	stages	

About me 
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I am a system engineer at 
Airbus Safran Launchers. 

2011-2013: I took part in the 
Single European Sky Air 
traffic management Research 
(SESAR) program. 

Since 2014, I am doing a 
Ph.D. on system design 



System 
Architecting 
processes 

Business 
processes 

Today	

Difficulty	to	iden=fy	added	
value	for	Customers	

Lack	of	communica-on	betw.	
Business	Dev.	And	Syst.	Eng.	

Lack	of	structured	
way	to	collect	info.		 Lack	of	mapping	between	

func-ons	&	added	value		

Lack	of	tool	to	manage	
func-onal	alterna-ves	

Lack	of	methods	&	tools	to	
elicit	Stakeholders’	needs	

Linking Business & System design in early stages 
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System 
Architecting 
processes 

Business 
processes 
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Business	model	

•  Rapid	business	model	itera=on	and	analysis	
•  Decision	support	
•  Common	language	and	models	
•  Aligned	frameworks	

Business	scenarios	

System	Architecture	

Tomorrow	

CAPELLA 

Desirable 

Feasible Profitable 

Linking Business & System design in early stages 



ValYOU 

ValSearch 
• Analyse the market by applying qualitative analysis 

based on the Business Model ontology 

ValUse 
• Design value propositions for systems and services 

with affordance-based design 

ValXplore 
• Explore Desirability, Feasibility and Viability of Business 

and System Design under Uncertainty 

Proposed 3-step Design-to-Value methodology 



Support 
problem 

definition & 
exploration 

under 
uncertainty 

Business 
problem 
definition 

   

Background 

•  If not clearly defined, miss better 
alternatives (Parnell 2016) 

•  Sometimes most important step 
(Blanchard and Fabrycky 2010) 

•  Problem def. and solutions id. are 
highly concurrent activities 

•  Exploring solutions help understand 
problem; and vice versa 



Support 
problem 

definition & 
exploration 

under 
uncertainty 

Business 
problem 
definition 

Decision-
making 
support 

  

Background 
•  Increasing interest in the decision support 

process (Tsoukiàs 2008) 
•  MCDM focus on alternatives’ exploration 

and evaluation, not problem formulation 
(Belton and Stewart 2002) 

•  Decision support process appears to be 
more important than the applied method 
(French 1993; Keeney 2009; Roy 2013) 

•  “a decision is not an act, but a process”, 
(Simon 1983)  



Background 
Endogenous 

Exogenous 

Support 
problem 

definition & 
exploration 

under 
uncertainty 

Business 
problem 
definition 

Decision-
making 
support 

Uncertainties 
modeling & 
estimation 

Weck et al., 2007 



Research design 

Research clarification 
•  Interviews of 2 business 

developers and 6 systems 
engineers, documentation 
analysis 

Descriptive study: 
understand design 
• Observation on concurrent 

engineering sessions, 
documents analysis 

Prescriptive study: 
develop design support 
•  The method was applied to an 

industrial project 



ValXplore is a two-stage decision support 
method 

Design Business 
Problem 

•  Exploration based 
upon expert appraisal  

Explore Design 
alternatives 

•  Preliminary multi-
disciplinary feasibility 
study 

LineUp Tableau 



ValYOU – Towards a Design-to-value approach in early design stages 

EXAMPLE: 
WHAT ARE THE BENEFITS & LIMITS 
OF SEMI-REUSABLE LAUNCH 
VEHICLES? 



Structure the 
Problem 

Inputs: 
Market research, 

interviews, 
focus group 

Business 
problem 

Objective 1 

Attribute A 

Sub-
attribute A.1 

Objective 2 … 



Inputs: 
Market research, 

interviews, 
focus group 

Business 
problem 

Objective 1 

Attribute A 

Sub-
attribute A.1 

Objective 2 … 

Model 
Preferences 

15% 35% Structure the 
Problem 



Structure the 
Problem 

Model 
Preferences 

Evaluate 
Alternatives 

Inputs: 
Literature  

review 



Structure the 
Problem 

Model Preferences 

Evaluate 
Alternatives 

Formulate 
Recommendations 



Challenges in defining the business problem 

•  “Not thinking broadly enough, 
• not thinking deeply enough” (Bond, et al. 2010)  Define Objectives 

• Fuzzy and evolving preferences 
• Conflicting preferences 
• Aggregated preferences difficult to interpret by decision-makers 

Model Preferences 

• Evaluate the alternatives with regard to the attributes 
• Interpret ranking 

Evaluate 
Alternatives 

• Not clear identification of uncertainties, and their impact 
• Decision makers lack of confidence on selected alternatives 

Formulate 
Recommendations 



Define 
Objectives 

Model 
Preferences 

Evaluate 
Alternatives 

Framing the Business Problem 

Define 
Objectives 

Model 
Preferences 

Evaluate 
Alternatives 



Visual 
analysis with 
LineUp 
•  Create, visualize 

and explore 
ranking 

•  columns that can 
be freely re-
ordered using 
drag-and-drop  

LineUp (Gratzl et al. 2013) 



Term Notation Definition and equation 

Alternatives 𝑥⃗ 𝑥⃗ = $
𝑥1
𝑥𝑖
𝑥𝑚

( 

Attribute values 𝐴 𝐴 = +𝑎𝑖𝑗 .
1≤𝑖≤𝑚 ,1≤𝑗 ≤𝑛

 

Filter range 2𝑓𝑗 𝑚𝑖𝑛 , 𝑓𝑗𝑚𝑎𝑥 4 
Filters 𝑓𝑗 𝑚𝑖𝑛  and 𝑓𝑗𝑚𝑎𝑥  on the attribute vector 𝑎𝑗555⃗  to remove 
alternatives with attribute value 𝑎𝑖𝑗  outside the filter range 
2𝑓𝑗 𝑚𝑖𝑛 , 𝑓𝑗𝑚𝑎𝑥 4 from the ranking. 

Mapping 
function 𝑚𝑗  𝑚𝑗 ∶  𝑎𝑖𝑗 → 2𝑚𝑗 𝑚𝑖𝑛 , 𝑚𝑗𝑚𝑎𝑥 4 | 0 ≤  𝑚𝑗 𝑚𝑖𝑛 ≤  𝑚𝑗𝑚𝑎𝑥 ≤  1 

Mapped 
attribute values 𝐴’ 𝐴′ = 𝑚(𝐴) = +𝑎′𝑖𝑗 .

1≤𝑖≤𝑚,1≤𝑗 ≤𝑛
 

Hierarchy level 𝑙 Number of levels in the hierarchy 

Hierarchy level 
weights 𝑊𝑘  

𝑊𝑘  is the weight assigned to the aggregated attributes of level k: 
𝑊𝑘 = +𝑤𝑖𝑗 .

1≤𝑖≤𝑚,1≤𝑗 ≤𝑔𝑘−1
| 0 ≤  𝑤𝑖𝑗 ≤  1 ∧ ∑𝑤𝑖𝑗 =  1 

Where 𝑔𝑘−1 is the number of groups at level (𝑘 − 1) 

Alternative 
score 𝑠 𝑠(𝑥⃗) = 𝐴′ G 𝑊𝑙−𝑘

𝑙−1

𝑘=0
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Objective: indicates the direction to go 
Attribute: measures achievement of the objective. 

Identify attributes 

Generate alternatives 

•  Enable to compare apples and oranges 
•  Map attribute values to the interval [0,1] 
•  Exclude alternatives not compliant with 

constraints 
•  See the effect on ranking 

Normalize attribute values 



•  T r y  o u t  d i f f e r e n t 
hierarchies to structure 
the l ist of ident i f ied 
attributes in a meaningful 
way 

•  Interactively combine 
criteria and flexibly refine 
parameters to explore the 
effect of changes in the 
criteria combination 

Investigate the impact of attribute 
relations and aggregation 



•  Preferences can be captured through 
market , in terv iews, e tc . However, 
conflicting preferences may exist making 
hard to aggregate preferences and 
maximize value, and preferences may be 
fuzzy for unarticulated needs. 

•  We explore changes in stakeholders’ 
preferences that can occur in response to 
context shifts, like economic changes, 
market growth evolutions, threats, etc.  

Preference modelling 



Investigation of attribute importance onto 
system architecture selection 
•  Preferences are defined by weights 

associated to hierarchy level weights ​
𝑊↓𝑘  

•  To understand how the attributes 
influence the ranking of the 
alternatives, explore changes in: 
•  stakeholders’ preference 

•  stakeholders’ relative importance 



DEMO 
 Attributes & Preferences  
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VISUALIZATION OF A CONCRETE CASE 
STUDY: INFORMATION PROPAGATION 



Does the attribute impact the ranking? 

•  Change attributes weight and check if the ranking 
is impacted. 

•  How far to decompose the attributes (vertical 
extension)? Change of the lowest attributes 
weight (leaves) to see if it impacts alternatives’ 
ranking. 

•  For each attribute, does the selection of the 
alternative could be altered if the attribute was 
excluded? If not, withdraw the attribute. 



•  What is good or bad about each 
alternative? 

•  Are the strengths and weaknesses 
of the alternatives captured through 
the identified attributes? 

•  If not, identify missing attributes 
and add them. 

Are there holes in the 
hierarchy? 



Change attribute values 
•  Adopt an alternative-focused 

thinking  
•  Look at the s t rengths and 

weaknesses of the relevant 
alternatives 

•  Explore the effect of changes in 
attribute values  

•  Optimize the values and weights to 
find the best possible ranking of a 
particular alternative 



Synthesize insights 

•  What attributes combination and 
weight ing affects the f inal 
ranking? 

•  What attribute values highly 
impact the ranking?  
–  These values may require a more in 

depth evaluation of the alternatives’ 
attribute values. 



Pre-select alternatives 

•  Select a shortlist of the top-ranked alternatives 

Toss back Fly back 



Benefits of ValXplore  
Stage 1 – Problem Definition 

• Structure the problem iteratively 
• Understand the influence of attributes on ranking 
• Identify missing attributes 

Define Objectives 

• Gain insight on preferences’ impact 
• Model preferences of multiple decision makers Model Preferences 

• Compare alternatives’ ranking 
• Interpret ranking 
• Discuss attribute values 

Evaluate 
Alternatives 

• Assess robustness of alternatives selection 
• Involved decision makers in the exploration of the problem definition 

Formulate 
Recommendations 



Design 
Business 
Problem 

Explore 
Design 

alternatives 

ValXplore is a two-stage decision support 
method 



What is the launch of the fleet wrt market 
demand?

Launch 
cost 

Jettisoned 
part value 

engine reuse 
cycles, nb of 
engines, … 

Nb of stages 

Commonality 
of the stages 

Complexity of 
structure 

cost of 
refurbishment 

propellant 
type 



ALTERNATIVES EXPLORATION 
CHALLENGES 

System T/
O 

System 
Attribute A 

System 
Attribute B 

System 
Attribute C 

Difficult to make 
the link between 

market 
scenarios and 

alternatives 

System design 
variables 

Missing link with
 exogeneous  
uncertainties  

(market demand, etc.) 

Focus on technical  
feasibility. 

What about economic 
viability? 



Design Structure Matrix 

STAGE 2 - Exploration 
  

Bes
t 

cas
e Wo

rst 
cas
e 

  

Define possible futures 

Define the Business & 
System design variables 

Understand design 
variables correlations 

Identify the feasible 
design alternatives 

Evaluate design 
alternatives’ performances 

Explore problem space 

Explore solution space 

Business variables added 

Business 
problem 

Attribute A Attribute B Attribute C 

Business 
problem 

Attribute A Attribute C 

Business 
problem 

Attribute 
A 

Attribute 
B 

Attribute C 



Define the possible futures 

Purpose: Characterize exogenous uncertainties 
•  Define scenarios to explore critical future 

uncertainties. Identify most impactful factors 
•  What is assumed in this scenario? 
•  What assumptions need to be made to arrive to 

this scenario but are missing? 
•  How good are these assumptions? 
•  What-if an alternative assumption is made? 



Define the Business & System design variables 

•  Consider both business and system 
design variables: 
– value proposition, 
– customer segments 
– profit margin 



Understand how the variables are correlated 



Understand variables correlation with 
scatter plot matrix 

A scatter plot displays the correlation 
between a pair of variables. 
•  Positive: variables tend to move in 

the same direction 
•  Negative: variables tend to move in 

the opposite directions 

The scatter plot matrix helps to 
understand the correlation between 
several variables. 



SCREEN ALTERNATIVES 



Evaluate performances 

•  Develop performance and cost models to 
evaluate the performances of the design 
alternatives 



Investigate the uncertainties related to design 
parameters onto identified solutions 

•  Perform sensitivity analysis on the design 
variables 



Investigating the impact of combination of 
exogenous uncertainties onto solution space 
Change the exogenous uncertainties to understand the impact on the 
design alternatives: value proposition, target customers, etc.  



Provide recommendations 

•  Give recommendations to select the best 
design alternative with regard to changing 
contexts. E.g.: 
•  Change the value proposition 
•  Optimize A design alternative 
•  Refine a performance or cost model. 



Limitations 
•  Attribute interdependencies have not been considered (weighted 

sum) 
•  Data quality is a limitation factor with regard to results 
•  Data gathering took 6 months (increased time related to data 

gathering) 
•  Uncertainty types related to this decision have to be validated in 

additional case studies 

Future work 
•  Collaborative decision-making process not yet considered and 

investigated 

 



Conclusion: ValXplore helps to…. 

Design Business 
Problem 

Investigate 
Business 
Scenarios 

Compare 
Concepts to 
Competing 

Offers 

Understand 
Design Variables 

Correlations 

Explore Problem 
Space 

Explore Solution 
Space 

Identify Most 
Valuable Design 

Alternatives 



Thank you for your attention 



www.incose.org/symp2017 



Sources of uncertainty in early stages 
Uncertainty 

Exogenous 
Uncertainty 

Use Context 

Markets 

Political and 
Cultural 
Context 

Endogenous 
Uncertainty 

Product 
Context 

Corporate 
Context 

de Weck Olivier et al., 2011 

Endogenous 

Exogenous 


