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SCIENTIFIC RESEARCH
METHODOLOGIES AND TECHNIQUES

Unit 12: ROADMAPPING
AND FUTURE PLANNING (1)

Luis M. Camarinha-Matos
cam@uninova.pt

PhD PROGRAM IN ELECTRICAL AND COMPUTER ENGINEERING

1. FUTURES RESEARCH
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What is it?

Futures research - the science, art and practice of postulating
possible, probable, and preferable futures.

It includes analyzing the sources, patterns, and causes of
change and stability in the attempt to develop foresight
and to map possible futures

Some methods:
m Delphi method
m Trends identification and analysis
m Scenario development

= Roadmapping A good information source:

Q“‘ANa
H.. % 43 The Millennium Project
Q""Fuﬂ"‘ World Federation of UN Associations
www.unmillenniumproject.org
© T Ny ——— See also: www.ifla.org/IV/ifla61/61-weid.htm 3
e %%%
l 3 The aim

Long-term notions
of the good society

Probable futures
Likely temporal ealized but realisitic
development yossibilities of problem
of societal problems solutions

© L. M. Camarinha-Matos, 2009-2012 4




Introduction to the Futures Research
Evaluation and organization of Methods
Environmental Scanning

The Delphi Method

Real-Time Delphi

The Futures Wheel

The Futures Polygon

Trend Impact Analysis
Cross-Impact Analysis

9. Wild Cards

10. Structural Analysis

11. The Systems Perspectives

12. Decision Modeling

113. Substitution Analysis

14. Statistical Modeling

I15. Technology Sequence

16. Morphological Analysis

17. Relevance Trees

18. Scenarios

19. Interactive Scenarios (software)
20. Robust Decision making
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“Futures research” methodologies

. Participatory Methods
22.
23.
. Visioning for Strategic Planning
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
. Integration, Comparisons, and Frontiers

Simulation and Games
Genius Forecasting and Intuition

Normative Forecasting

TRIZ

S&T Road Mapping

Field Anomaly Relaxation (FAR)
Text Mining for Technology Foresight
Agent Modeling (demo software)
Prediction Markets

Forecasting By Artificial Neural Networks
State of the Future Index

SOFI Software System

Multiple Perspective Concept

A Toolbox for Scenario Planning
Heuristics Modeling

Personal Futures

Causal Layered Analysis

Linking Methods

[Glenn, 2008]

www.clingendael.nl/cscp/events/20081216/20081216_presentatie_glenn.ppt

© L. M. Camarinha-Matos, 2009-2012

15 Global Challenges
facing humanity

Sustainable development
and climate change

Global ethics (2) Clean water
Science and - : Population
technology (3) and resources

5 Democratization

I

Transnational A2) Long-term
organized crime i perspectives
Status of women Global

Peace and confiict (DS Rich - poor gap

Capacity to decide ~ Health issues

by The Millennium Project
www.millennium-project.org

www.iftf.org/system/files/deliverable/SR1293_IFTF2010TYF_MapoftheDecade_1.pdf

© L. M. Camarinha-Matos, 2009-2012
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Place your Cards.
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THE cRrBON
Economy

“Futures research” examples
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“The Delphi Method is based on a structured process for collecting and
distilling knowledge from a group of experts by means of a series of
questionnaires interspersed with controlled opinion feedback “

~+0gg120

Delphi method

“The Delphi method is a

systematic interactive Delphi pEE—

. Expert log in
forecasting method for .

arecastingprinciples cam

obtaining forecasts from a Welome to the Delphi Dacision Al

.

ini i Delphiis a data-gathering tool to aid in th f 1t jud its, obtained

panel of independent ¢ o] 215 sl 40 e s oy f s st s

111 following applications:
experts Related usetul links and texts: * Mew product farecasts

* Personnel selection
y . © ::5:;2“"9 # Estimating the effect of a change in a marketing pragram
A means of ellc't'ng and oS TTEET * Predicting outcomes in conflict situations

Delphi iz designed only for use with questions that yield either rankings or quantitative estimates

combining expert judgments while
avoiding the pitfalls of conference ettt o

- r7] * elect expe 5
room confrontations. [Glenn, 2008] * Develop questions and scales

# Obtain responses from the experts
* Summarize a report after each round

This site helps you to

It also allows access to relevant literature including, in some cases, full-text articles

If you wish to administer a session, please create a new administrator account.

Program development

Software example: ‘ onded 1, pat by he nemnational Incite o Fototasirs.
http://armstrong.wharton.upenn.edu/delphi2/ (IF)

© L. M. Camarinha-Matos, 2009-2012
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Formation of a team to undertake and monitor a Delphi.

“0g520°>

Delphi method ...

N =

Selection of one or more panels to participate in the exercise.
Customarily, the panelists are experts in the area to be investigated.

Development of the first round Delphi questionnaire

Testing the questionnaire for proper wording (e.g., ambiguities, vagueness)
Transmission of the first questionnaires to the panelists

Analysis of the first round responses

Preparation of the second round questionnaires (and possible testing)
Transmission of the second round questionnaires to the panelists

© O N O O o

Analysis of the second round responses
(Steps 7 to 9 are reiterated as long as desired or necessary to achieve stability in the results.)

10. Preparation of a report by the analysis team to present the conclusions
of the exercise

© L. M. Camarinha-Matos, 2009-2012
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Trends and drivers

I
+0g5 20

oS

y <
€OnsanonS"

= M B e 2007 Short term 2008 2009 Medium term 2011 | 2012 Long term 2015

Social: [1. Education & Skills (Technical) > MRSA ) [17. bemographics | Aging Population >

| 4. Public Cllpinion & Sector Perception) Aftracting Talent to UK

[3_Education (Leadership & Entrepreneurship) > | Atfract talent in / to UK
[20. safety ) [ Patient Power )
Lifestyle Therapies »
Technological: 7. Speed Time to Market 10. Personalised Medicine
[15_ Cross-Industry Knowledge Transfer Cell as the product

| 8. Increased use of Vaccines (due to Economic Drivers] = [ 19. Synthetic Biclogy »»

Nano )

18. Product Innovation [11. Productiity = Integration of R&D & Process Development > [ Bio- Pharming’

@ | Environmental:
® Environmental Legislafion >
‘£
g | {Growth of BioFuels (Spin-off Markets / Technolof ies}\/"
t
E [ Reduce waste in disposables >
Economic: Wea §> [2 Funding & Fiscal Environment | . . .
[8. Lack of Critical Mass of Bio Sector in UK { 13. Manufacturing Location = Low Cost Economies >

Globalisation of R&D »

[ 16. Demand for Lower Manufactured Cost of Goods = i i §
12. New Business Models / Scale Reduction)

Strong UK CM base >» 14 17 & Patents | Global Growth Opportunity

! 5. R&D & Approvals Costs to Market

Political & Legal:

[ 8. Need for Improved Regulation > | 20. Safety

© L. M. Camarinha-Matos, 2009-2012WWW.bioprocessuk-website.org/documents/bioProcessUKroadmapreportMBDRAF Tforwebsite.pdf
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Scenarios planning
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A scenario is a story with plausible cause and effect

links that connects a future condition with the

present, while illustrating key decisions, events,

and consequences throughout the narrative. [Glenn, 2008]

Scenario planning is a method for learning about
the future by understanding the nature and impact
of the most uncertain and important driving forces
affecting our world. www.well.com/~mb/scenario_planning/

4 Training in

Scenarios resemble a set of stories, written or

spoken, built around carefully constructed plots. g

Philosophy/ Reflection
Mathematics
(Forecasting/Probability)

Planning
(Sun Tzu's Art of
War)

. , . Roots of scenario thinking [Davis, 2002]
Scenarios: An explorer’s guide

www-static.shell.com/static/aboutshell/downloads/our_strategy/shell_global_scenarios/scenario_explorersguide.pdf
Scenarios as a Tool for the 21st Century
www.casin.ch/web/bulletinboard/geddavisscenariosastool2002.pdf

© L. M. Camarinha-Matos, 2009-2012
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Types of scenarios

emerge from discussion and choose two or more of those drivers
exploration of drivers and trends to structure scenario worlds

Scenario 1
@
Scenario 2 Scenario 1 Scenario 2
Scenario 3
@
g5 e
& Scenario 3 Scenario 4
Inductive Deductive
Alternative scenario Vision
Official
future
Incremental

Normative
similar to the official future - the the futures that we believe 'should' happen
[Davis, 2002] one written in our strategic plans -

but different enough to move the

organisation in a different direction

© Shell International Limited

© L. M. Camarinha-Matos, 2009-2012 "
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Basic steps in a scenario planning exercise are:
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Scenario building

Stage 1: determine a focal issue or critical decision to 'anchor' the process

Stage 2: identify and analyze the internal and external driving forces after the
decision

(these drivers are usually categorized into 'predetermined elements', those which we
have a good idea about how they will play out over time - for example, demographics,

and 'critical uncertainties', those which we have no real understanding of how they will
develop into the future)

Stage 3: build scenarios (using inductive or deductive approaches)

Stage 4: identify robust potential strategic options and implications, @
and determine strategic options

Stage 5: identify drivers and other issues that Bemogrllohic
need to be monitored over time (these are change
often called 'early warning signals' - to see Whether pgvancesimicts | mnanging atitude

A R e q A A . towards working at
something identified in a scenario is 'coming true' old age

or is less likely to happen). e oo !

proven experience
This last step is often neglected, but it is critical in terms of
embedding strategic thinking in the organization.

L

N
Today ’
© L. M. Camarinha-Matos, 2009-2012 12




A scenario in active ageing

José is apprehensive today. In fact he has been worried lately.
Everything was different two years ago when he and his friend
had this idea for an innovative low consumption air conditioning
device and started their FreshAir company. The two engineers
soon developed the new equipment thanks to their dedication
and enthusiasm. But now they are facing difficulties. They don’t
know much about marketing or internationalization, although
they understand the need to target a global market.
Unfortunately they spent all their resources in the start-up
phase and now cannot afford to get assistance from one of
those big consultancy companies ... Either something happens
or may have to close and fire their employees soon...

Three weeks later ...

José and his colleague are having a meeting with Carlos and
Ana, two members of the local branch of the Regional
Development Agency (RDA). After some initial contacts, Carlos
and Ana spent some time in the company making an analysis of
its problems and today they are presenting their conclusions.
The diagnosis seems logical to José. It is clear that FreshAir
needs some coaching and specialized guidance in two crucial
areas — focused marketing and internationalization.

But they cannot afford the high costs of such specialized
assistance. RDA, an organization funded by the local
government and that aims to promote local businesses, made
the analysis for free. Unfortunately they do not have the
expertise to help in the next phase ...

Guessing the worries passing through José’s mind, Ana told
them that there is a potential solution. Then she mentioned the
ActiveSeniors association ...

© L. M. Camarinha-Matos, 2009-2012

Scenario example

Pedro is a retired professional, member of ActiveSeniors. Based on
his specific expertise and experience in marketing, he was invited to
join a team involving 2 other members of ActiveSeniors with
competencies in internationalization and air conditioning. Together
with Carlos and Ana from RdA, this team started a temporary
collaborative network with people from FreshAir. After 3 months the
first results are starting to show up. The ActiveSeniors team not only
provided technical assistance and guidance, but also helped
FreshAir establish some contacts with a new market in India. Now
the business prospects for the young company started to seem
brighter...

Pedro is quite satisfied for having this opportunity to work on a topic
where his experience was a real added value. He very much
appreciated the diagnosis and preparatory work done by RDA, which
allowed him and his senior colleagues to focus on the core issues.
Working in a team was a great experience. The small payment Pedro
received is also great to complement his pension and give him some
better living conditions. FreshAir and RDA could mobilize some
resources to pay a small fee to the 3 members of ActiveSeniors, a
value much lower than the typical consultancy prices that could
never be afforded by FreshAir.

Carlos and Ana got a special recognition from their boss at RDA for
being successful in helping a local company and thus creating better
economic prospects for the region.

José and his friend re-gained their enthusiasm and they really
appreciated the value of this collaboration endeavor with RDA and
ActiveSeniors. They certainly plan to keep the contact and look
forward to using again this amazing pool of expertise and experience
available at ActiveSeniors.

[ePAL project, 2008]

13
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ROADMAPPING CONCEPT

14




NESIDADE

‘\2?3%
I

Roadmapping concept
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"A 'roadmap’ is an extended look at the future of a chosen field of inquiry
composed from the collective knowledge and imagination of the brightest
drivers of change in that field."

[Galvin 2002]

“Roadmapping is a popular metaphor for planning and portraying the
use of scientific and technological resources, elements and their
structural relationships over a period of time. The process of
roadmapping identifies, evaluates and selects strategic alternatives that
can be used to achieve desired objectives, and the resulting roadmaps
summarise and communicate the results of key business decisions”.

[Véhaniitty, et al. 2004]

© L. M. Camarinha-Matos, 2009-2012
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Example -
Sustainable
Well-founded models & theory CO||abOI‘a'EIVe
Reference models networks
Generic (invisible) infrastructures

Replicable breeding environments
Controlled emerging behavior

.
.

)
Re-utilizable toolbox o/
Social responsibility 7 d
NOWwW o)
Emergin
collaborative

networks

Ad-hoc experiments
e-Myths
No interoperability
No reference model
Ill-understood behavior
Lack of support services

© L. M. Camarinha-Matos, 2009-2012
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Types of roadmaps

*Science and research roadmaps
*Cross-industry roadmaps
*Industry roadmaps
*Technology roadmaps
*Product roadmaps
*Product-technology roadmaps
*Project and issue roadmaps

© L. M. Camarinha-Matos, 2009-2012
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Types of roadmaps ...

Roadmapping Topics

Definition and Straeg Direction Technology Action Plan
"Knowewh iy &D"Knowwhat" "Knowwehonwe! "To-dao"
Scienceand | - Scope of the Field = Technical =« Technology = Adion Programs
Technology |- Technology Challenges Elements and + Technology
Roadmaps Applications » Architecture Evolution Investment
» Trends, * Competitive « IP and Standards
Dicontinuities, Technologies and . Risk Roadmap
and Objectives Costs
Industry « Industry Structure = Technical » Technology « Adtion Programs
and and Pasition Challenges Elements and « Technology
Government | - Custormer Drivers - Architecture Evolution Investment
Roadmaps - Industry Direction - Trends and * Tech “°|_°9V - IP and Standards
Disruptiors Alternatives . Risk Roadmap
. Lea[ning and * Future Cost
Targek
Product — » Market Structure and | » Product Readmap | « Technology » Adtion Frograms
Technology Size « Architecture Elements and « Technology
and « Customer Drivers « Product Drivers E"-’°|'-'t'°""_ Investment
Platform « Competitive Strateqgy and Targets ) Corl?pettwe « IP and Standards
Roadmaps » Feature evolution Position * Rk Roadmap
» Target Costing

© L. M. Camarinha-Matos, 2009-2012

http://www.albrightstrategy.com/framework.html
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3. ROADMAPPING METHODOLOGY

© L. M. Camarinha-Matos, 2009-2012 19

THEN
Sustainable
collaborative
networks
<)
L b
L9
NOwW -0
Emergin
collaborative
networks
\J
“\o
¢ N
- °
*
 aka

NO < Q‘\\“ *
ESTABLISHED” / }
PROCEDUREWY 5<*

D
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Roadmapping procedure ?

One frequent approach: Organizing activities around a series of workshops

Example: eGovRTD2020 roadmapping workshops

ltera- € Itera- ltera-
tion on won
ion 1 £ tion 2 tion 3
____. E AT elttes
| o
e 8 ] ™ & o o
o] | £ = [ o
=50 12l U2l 121 |Bs g g
G E | s 25 3 &= 5 3 £
>0 > X 2 e g % o 2
s | g o = = c £
o £ = o =
o ] o '
o || | E 21| all| I £ T B =
@ o | £ o 3 =9 o @ "
e 2 22 o Se 2 i -
0 £ E =9 = R @ Q ?
@< = £ = = TO "< 3 2
R F E MU MELE
/ E { ! s | I & g | ;\
o o o =] T o
o = Eo = = c
3 ] E = & =
('S o a o = 3
| o 0 = L]
o = E = o = @
2 |8 gell 121 P& |2
T w = o 3 a %
= x o - o
=5 E 1]
3 | &
= Online consultation

http://www.uni-koblenz.de/FB4/Contrib/EGOVRTD2020/FinalBook.pdf

© L. M. Camarinha-Matos, 2009-2012

Difficulties:

Without a preliminary study,
initial workshops can be
quite innefficient

Some participants may
mislead the discussions

21
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A database of recent and
in-progress concrete
pavement-related
research was developed.

mE

Roadmapping
procedure ?
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An example in
Concrete Pavement Road Map

Issues identified at the
brainstarming events
were developed into
dozens of specific
research objectives.

The research objectives
were filtered through the
research database to

identify gaps in research.

Gaps in research became
the basis for 250 problem

Statements. fine-tuned, sorted, and

scheduled into phased
tracks of research.

-‘ ;& Dcr-i-ponmerf IL:i.Tlan-]poﬂulicn
ederal Aighway
-'U Administration

© L. M. Camarinha-Matos, 2009-2012

Problem statements were

Several hundred stakeholders identified critical
issues in design, mix and materials, construc-
tion, and pavement management/business
systems. In a reciprocal brainstorming process,
participants at each event fine-tuned and
added to previous discussions.

Pavement Managernirri/Dusineia Syitems

Cemntracrien

Track 1 Mix Design
Track 2 Design Guide

Track 3 Nondestructive Testing
Track 4 Surface Characteristics
Track 5 Equipment Advancements
Track & Innovative Jaints

Track7 Rehabilitation and Construction
Track 8 Long Life Concrete
Track 9 Data Collection

Track 10 Pavement Performance
Track 11 Business & Econamics
Track 12 Advanced Matenials

http://www.thwa.dot.gov/pavement/pccp/pubs/05047/ 22
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VOmap project

VOmap aimed at identifying and characterizing the

» key research challenges
) required constituency
) implementation model

for a comprehensive initiative to affirm the
European leadership on dynamic collaborative
virtual organizations

© L. M. Camarinha-Matos, 2009-2012 23
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i 3 10-step procedure
Egt :oll:lvdoc [ e ) 1 Characterize and consolidate the baseline
B communites | 2 Perceive trends and design scenarios
Kiowiedge knowledge 3 Elaborate first vision statement
and instantiations
4 Fill the GAP:
Elaborate Check Refine Where we are — to — Where we wish to go
IConsolidate\Perceive experts’ \Yeasibility .
baseline N vision = vision / 5 Propose a plan of actions
statement discipline mission (a fi.rst set of unordergd transition steps)
6 Verify the planned actions
‘ 7 Plan the timing and other characterization
e l Jof of actions
Baseline (15‘ Workshop on “ViSiOD ;:;::lms'g: 8 Finalize the definition of the roadmap chart
Report A 9 Perform consultation and refinement
m Instantiation 10 Perform consolidation
per major
1= Vision Set of Setof m
R storaten || At | " — " S
Instantiati | les | " i
Id::::rl:“ als, Verif.y _v.ision Identify Identify Assemble External Genefate Dissemination
feasibility & transform. Implement. draft : final
- / Threats, desirabilit tiviti 4 onsultation
Barriers esirability activities steps roadmap roadmap
— AL
——
2° Workshop (A) )C 2° Workshop (B) ) Draft Final
GAP Analysis Implementation approach roadmap roadmap
© L M. Camarinha-Matos, 2009-2012 [Camarinha-Matos, Afsarmanesh, 2004] 24
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VOmap roadmapping procedure

VO projects VOSTER .
experience | | portfolio Dl Industry Other
initiatives surveys roadmaps
Baseline consolidation process & workshop
R1

2 Baseline
Perceive trends
and de_S|gn THINKcreativ National Published Internal
scenarios Delphi initiatives scenarios scenarios

Trends characterization

Scenarios characterization

R3
Future
scenarios

2
Identified
trends
© L. M. Camarinha-Matos, 2009-2012

25

NESIDAD.

s,
g D
E\
)
> <
“+0gs 90

VOmap roadmapping procedure ...

3

Elaborate first vision statement and instantiations

R1 N
Baseline VOmap
goals
R2,
Preliminary Vision 1 dentified
trends
F{3F t
Preliminary Vision 2 S
scenarios

ﬁ recommendation

1st workshop on vision

R4
1st Vision
&

© L. M. Camarinha-Matos, 2009-2012
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@6 Building the vision
Rl

» Building the Vision is a main step in creating the roadmap

» Roadmap provides an active plan of how to reach the desired Vision
constellation for the future

- Vision building is not a mechanism to foresee the future !
- But to define the future state that we wish to reach

To establish a vision:

- Significant market and technology trends

- Expert’s recommended requirements for future success of the VOs
- The state-of-the-art & Consolidated baselines

- Elaboration and characterization of plausible future scenarios

Roadmapping is planning, not forecasting !

© L. M. Camarinha-Matos, 2009-2012 27
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o4 VOmap focus areas

5 <
Conisaons"

Vomap
Roadmap

/| \g

Multi-disciplinary contributions

© L. M. Camarinha-Matos, 2009-2012 28
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ﬁ VOmap roadmapping procedure ...

Filling the GAP: “Where we are” - to - “Where we go”

0Cio- 9 infra- uppo orma
economic Management Structures Services
area area

theories
area area & model
Instantiatiol
(Problem
Splitting)
Limitations Limitations Limitations Limitations Limitations
Baseline Strengths Strengths Strengths Strengths Strengths

Influence maps

Positive influence
Vi V2 V3 V4 V5 V6 - ];I"i;‘l"e”‘e
S1 - Positive influ
s — S iocerso
S3 High
S4
L1 _ Negative influence
L2 Moderate
L3 * _ High Negative influence
::g - Moderale
L6 High
L7
© L. M. Camarinha-Matos, 2009-2012 29
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‘ 3 VOmap roadmapping procedure ...
Propose a plan of actions (a set of unordered transition steps)
ocio- VO infra- uppor ormal
economic Management Structures Services theories
area area area area & models
Al A1l * Al A1 Al
A2 A2 A2 A2 A2
- A3 A3 * A3 A3 A3
A4 - A4 - A4 Ad - A4
* A5 A5 * A5 A5 A5
Verify the planned actions
Feasibility
Level of . A1
:nLF;?II;taat?:ee) Limitations | Feasibility ~ * ﬁg Moderat
check . ogerate
""""" Moderate UL -A4 Hard
—> High « A5 Very Hard
— V n
ery High

Covering the vision

© L. M. Camarinha-Matos, 2009-2012
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VOmap roadmapping procedure ...

7
Plan the timing and other characterization of actions
« Al
* A2 SCHEDULE OTHER ITEMS
* A3 + <Short term + +‘Who
* A4 *Medium term *Resources
* A5 sLong term

8

Finalize the definition of the roadmap chart

Focus |
Area

A Which

Inter-
-dependencies ?

Focus |
Area

B B1

Short term

Medium term Long term

© L. M. Camarinha-Matos, 2009-2012
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VOmap roadmapping procedure ...

9 10

Perform consultation and refinement Perform consolidation

2nd Draft
Roadmap

-
Written Workshop
assessments ‘- = = =
o o i)
® 2T,
c T c t c||E3let
25 caoles AR
= £||o E||§ E EQo|Ec|E 5
L ola Qs Q 9 |90
g SIS S g.E g. g. g.
Y S —
Mg 9o E ||E ||E
Consolidation
Integration woishop
workshop

2nd Draft RoFalgr“::a
Roadmap e

© L. M. Camarinha-Matos, 2009-2012
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How does a vision statement look like?

In 2015 the majority of organizations and individuals will be part of
sustainable collaborative networks that will act as breeding environments
for the formation of dynamic virtual organizations, in response to fast
changing economic and social conditions.

* Well founded models of collaboration

* Management systems for breeding environments replicable to a
large variety of sectors

» Generic and transparent infrastructure and re-utilizable service toolbox,
based on interoperability standardization

 Extensive use of pervasive computing

* VO management principles adapted to emerging behavior in complex
networks

» Accepted mechanisms to handle innovation and new value systems

+ Social responsibility, including “life maintenance”

+ Better understanding and handling of VO-related cultural/regional issues

« Definition of moral / ethical code for VOs

» Comprehensive (international) legal frameworks for VOs

As a result, a strong and cohesive social fabric is built in response to turbulence and
uncertainty.
7

© L. M. Camarinha-Matos, 2009-2012 38
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How does a roadmap look like? 0((\"’%&‘

; Education and Socio-economic [ Life gﬂgggg"ce ] TIME )
Socio- training schemas research
economic H

Focus institutions and
services

VO [ Business models & ]

ethical code

[ Legal framework & ]

Management financing schemes
Focus Plan. & performance Application of new
measurement tools value paradigms
Formal Define reference [ Models_evolution }
T(rileo”gsl models and maintenance
ana moaeils
Focus
Business models for VO’s inheritance
SS:rF\’I?g;; b [ support services J [ management ]
Focus Services for VO life cycle Hpcdls
support
ICT architecture [Bus_iness models f“} responsibility
Infrastructure inciple infrastructure
Focus Invisible, affordable Migration and [ “Do it yourself” J
infrastructure systems integration framework
Short term Medium term Long term

© L. M. Camarinha-Matos, 2009-2012 34
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How does a roadmap look like?

{(VOmap ROADMAP

35

.......... Today 2006 2010 2015
4 > -
A, Develop and establish education, training, and Broed deptoyment
accreditation schemes for VO working on different i P
professional lovels
A, Elaborate and pilot regional and professional Deployment/
communities as “social homes” for people T SuprOVSment
. A, Define ife maintenance schemes and related Brosddeployment
. Focus Area (providers, customers, public bodes) -
|m |e mentation A, Dovaiop Instiutions and services for VO suppori, and gy
regionally; i and continuous improvement
. and developments on European level
Mechanisms e e
company/VO and societal level
A, Support integrated socio-economic research in
networked economies
A, Provisan ofbusiness madsls an finncing schomes| g o) Broad deployment
R & D for VO setup and continuous improvement
i R&D Broad deployment
- concepts and tools with regard to tangible and and continuous improvement
I ria I S VO Management  intangible assets H
Focus Area A, Provision of concepts and practical guidelines for R&D Broad deployment
organizational design and implementation of VO and continuous improvement
De I ovme nt & A, Provision of methods for addressing critical “soft” Broad deployment
Issues (e.g. trust building) n VO collaboration and continuous improvement
R a fon, i pecifi 'Broaa depioyment
im provem ent e ot YO e et e
A, Develop mechanisms and tools for management Broad deployment
of and continuous improvement
a or VO f o HIN " Broad depioyment
support (e.g. distributed Business Process manage- %
Services Devel
lop mechanisms and tools for traceabilly,
Focus Area Knowiedge managemont and inter-vO transactions BT
(supporting products and services life cycle)
A, Elaborate mechanisms and tools to support VO's Br. deployment
“inheritance” management improvement
A, Elaborate business models for support service Broad deployment
systems and tools and continuous improvement
A, Establish the principles of reference i Broad deployment
architecture, d irity and continuous improvement
. N " Broad deployment’
technology migration and systems integration and improvement
A, Develop generic, user-friendly (invisible!), and ‘Broad deployment
ICT Infra- low-cost (free!) ICT infrastructure pi
structure 5 5
Develop a “do it yourself” framework to assist Br. Deployment/
Focus Area the development of VO support services. improvement
A, Detiea usiness mods o devlopers, - i deploymant
. ot e 2nd continuous improem
Elaborate approaches to handle reliability and
responsibility, when using multi-supplier
building blocks
A, Establish a formal 1 and metho- I
logy g dy Basic resear
A, Define basic formal reference models (including
ontologles) for collaborative networks at general
and focused-area levels
Formal Models
and Theories ™ 5 poth handie incomplete / imprecise knowledge and I Basic resea T
Focus Area capture ots I L
networks
A, Devise mechanisms for the evolution and mainte-
nance of ref ‘models for collaborative networks
a s
supporting multiple modeling perspectives (e.g. [ Basic resean
structure, .
©L M. Camarinha-Matos, 2009-2012 levels I WwWw.vomap.org
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A roadmap can be represented at several levels of detail.
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How does a roadmap look like?

Toplevel
roadmap

" | Supporting

roadmaps

Supporting
reports

© L. M. Camarinha-Matos, 2009-2012

Single page

Single page
per view
or per driver

Document
per relevant
subject

Poster

part of many presentations

Poster

part of many presentations

[Muller, 2008]
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4 How does a roadmap look like?
> <3
Automofive supply base roadmap
Past 20.% Shori-term (+ 5 years) 2010 Medium-term (+10 years) 20.15 Lang-ferm [+15 years) 020 yigion
+ Social
* Techrological CEnergeessT
+ Economic: R AR G S AR
@ |+ Environmental
g + Political & Legal
:g + Vehicle producer perspective
o Giobal & Local
w
=1
S | * Supply base perspeciive
= Local & gonal compesior positioning
+Body:  -Cimsiecob - Passive ey
= Irkewel im - Door 8 heiches:
- Body zhel - Eximr i
* Chassis: - Pltform: -Comers
2 Rt
-g . Drmel'ne:-ﬁy'wl ~Tanamizzn _ ______ -
E N I ot - M~ eS| I — B e rmtove fosl = S Iniresiruciure for slemative fusls | Fael Golla b p. $10W 2090
@ | - Elecincal eemtovsions: -Deinton ; N - :
b egerent -Lgng1 iy i
© o, ! B Dropretary v open sysema. 10| SW integration & et 3
2 |- Contral - rereeret-mor e i
- Comer managerat- Ackue smbely 1
a = Clirate conirol. = L R N S e i———————————————————
Q. | +Engineering services:
3 -Tachnadagy ~Tasing B approvsis
w - - I i o i et ton v lowecost source | N integrated software development . [
* Manufactuning & logistics services:
s . oy
i et reieeereoeee e P EETTIT TN T T — | By
* Through-life support
~Sales - Spares § Semice
- Accdent recair - End of e/
* Dperational: - dusiy
2 -Coat
k]
S Dy
-1
w - Responsiveness | Agiity
B |7 Technology. -imeration NAL med
8 -Performance
S oy D R - CR—— e - Ry
@ trategic. - Aisk! Firancial sccurity
E - Resourte acsess.
.*g - Neswork & cupply chain
5 B L S IO Tr g T T e . 1 e O S T T Y 1 Tl Sl i1 o W T N NN NN L N ¥ N0 e i e e Ty v FUP TR T e TN TET NNNT T eI
= Other:
8 * Infrastructure:
e « Skills { education: P
= | -Finance: Investment in the image of Engineering to aid recruitment. a e
g * Govemment support | regulation: — —. - - 1
& | - Allances | academic insfutins: Supply base intervention: MAS / IF extension. :
=Oter L -
© L. M. Camarinha-Matos, 2009-2012 http://www.ifm.eng.cam.ac.uk/ctm/trm/documents/automotive_supply_1.pdf 37
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i’ How does a roadmap look like?
“IT Road Map” of Web 2.0 Technology Up Until 2011
FY 2005 - FY 2007 | FY 2008 | FY 2008 | FY 2010 | FY 2011
1
Use of bloos and SNS for cus e of lifelogs for
- Use gz marketing fools J -ilre a5 markefing fools
Use of technologies ;mﬁqgt%g.?ug (wp;::a?;: bgnl:va:s]
& .
aimed at consumers ard Wil Hretians ta partl Faneganentranet Dlogs'S
by companies Adqudags Partal lplarsomgaiian shanmg wfvn
ta add blag ahd Wiki 4 comoany
. ta partd fungtians) -Enawledge managemeps
L= af intran=t bhgs/SMN5: NTT Eapt, Japan Tel=canl. =ts.
- - Mabile Web 2.0 |
Technalogies aimed at consumers
& Fegistratians in blag Jit=s Exseeded 3 fmllian in Japan
M Padzasting & Baage Odcs raleassd
A PES 20 davaa Alindaws Wista (sgparting RS S as sdandard function)
Web 2.0 & Atom 1.0 davelaped & Goagle acquired FouTube
|nft|_:||_rma::t|nn Use of blogs/SNS Usze of lifa»
utilization - .
b rehad acquired Flisker ZiMdgle SNE EZ G faul |
A Caagle start=d mabile Web mal s=rvic= Mohile Web 2.0
A 250 mabily broadband Uze of Web 2.0 zervices on mobile phones
& 0P 5 as standa A Super 3EYNTT Dadala)l
an 3G mabile phanes .
veapment af “Ulps 307ikoDg | A5t el et
Terminal ] Several dozen Meoabps
natworks Several Megabps mobile networks mahile broadband "
lil-—I'TH sl.lbsa’iber# axceadad 3 nalign in Japan | Era of ubiguitous
100Mops aptical nef Gigabps optical net
A | Gbps wit=d netwares (K-Cpticam) | |
http://www.nri.co.jp/english/news/2006/061110.html
© L. M. Camarinha-Matos, 2009-2012 38
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Utility Wind Detailed Roadmap (California)

Wind resource and

generation
Key bariers for repowering and developing ~ database
new wind sites identified and prioritized (06) accessible to PIER

& industry (‘07)

60% of CA aging wind fleet is repowered (e.g.
Altamont Pass)* (10)

Low wind speed technologies

/'on and off-peak generation) (08,

Cost effective storage technologies

How does a roadmap look like?

nd deployed ('20)

Shaped or firmed renewable prodigts available to
provide the necessary flexibility for fenewable
generators to structure their contract

ion technologies with different

Building integrated urban
wind technologies mature

r mature and deployed ('12)
Production
Resources and
Technolo i i . ]
ay Existing wind resource areas ?wag:g;ggy':;duced at  Viability of off-shore wind )
_—~" are expanded in land area ey (12) opporiunities in CA reassessed ("15)
- and optimized for performance ools/techniques for mitigating
:&ﬂ:ﬁi’?m Egu'ié‘:ﬁfﬁ {e.g expanding the Tehachapi |avian mortality validaled and used
developed (07) wind resource area) {'08) by industry (08)
Reliable forecasting tool developed and made
available to Cal 1SO and utilities for integratior
Wind transmission access Impact of variable into resource planning * (08)
plan integrated with other resources
renewables ('07) understood (D7) Utilities recognize and manage vanous types of
capacily values (e.g. evaluate resource adequal
Grid Integration
Intermitiency management o Utility scale
capabilities demonstrated Ig;sigemasse&m D|;npa|:1 of storage technclogy  facilitate dispatchability of wind
and T&D benefits quantified intermittent resources demonsfrated and  resource ("15)
(08 developed (09 T&D benefits
oped (109) quantified” (10)
Shaped and firmed products (e.g. pumped
End Use hydro and system power) identified and
developed to help meet RPS (08)
Electricity market structure
Periodic market assessment of “accommodates” variability of
Assess favorable contract technology and grid integration needs ~ wind resources at high
mechanisms available to eNCOUrage  for meeting future policy goals (€.g., penetration (15)
repowering and development of wind 330 by 2020) (10)
Market projects (08) LN, f _
LEnsiomapon T Significant progress on land-use ar{avian \eriodil: market assessment of

© L. M. Camarinha-Matos,

Public education / benefits of wind
communicated (e g_, stakeholder

issues, among others, addressed to reduce

: g , "I technology and grid integration needs
public opposition to siting new technology wind  for meeting new policy goals (e.g.,

workshops, open-fouse tours, facilities (e g , low wind speed) (14) 33% by 2020) ('15)
training sessions) ('07)
2006 2010 2015 2020

2009-2012

http://www.energy.ca.gov/2007publications/CEC-500-2007-035/CEC-500-2007-035.PDF
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TECHNOLOGIES ROADMAP TO 2050

CYBERNETICS / AGRO&INDUSTRY / INFORMATION ACQ&DELIV / EMISSIONS ABATEMENT / PARADIGMS&FUNDAMENTALS / BIOLOGY&GROWTH / MATERIALS&MANUFAGTURING

KEY:  TARGET/GOAL®

STATISTIC # PROCESS ¢ FINANCES

TOOL/GADGET ~

How does a roadmap look like?

PLACE #

2010 2015 2020 2025 2030 I 2035 2040 | 2045 |
> L 20dgenbioiuels G 10% UK nonOECD2/3 ol demand@ majer shiflio 8 biohased economy C|
& 20khabiofuelcrops ® —ploduation of bisynthetic ntural gasC india>>US Cf reduce carbon footprint to_1 planet economy(
L china == US G oal orice cifecive markelsfor 0N S® jimateC: I
= el wide scale use of mi ion C | solar PVC artificial photosynthesis systems™.
= —CommercialCCs ¢ 20%0al{gasnasCLS@ L 30%0f uanspor Dy alluels®
=) wind power uplick# nucleagrowin G 50% newevehicles elecorhudiogen® 30 of liquid fuels biofuels®:
= egbiofuels® | non OECD using 2/3 world energy i Jimale adaplalion measures® worlg |
w hybridsC: Juel LY total aytomated manuf.C (<]
ol DA, q sensors A, capiaion. 1uLLCA Tor e e C | veticle limelemaike! minifized (140)®
o ide coniigr, profitable$ [ 50% reduclionn (aliguerelaled accidents © “environnentall et tagion G
T pedesilan sensors —dadach | solveniirea manul.C: |—modular yehicles |
= | 0 A adapiive sysiems for older drivers™, 00 paint shop manui,C:| engine manul nay 50% of 02®
1 i [t il —suichabie oining
solid state lidon batteries, switchable monitoring BIISSIONs 5% 01026 |
=) ! (o] —seduceliallichoise d0B@ icnoi nexten el cells . | | average fuel economy 50% of 2009 levels®
é% diesel 40%cff © 5o : Giese) 5% ¢ff.@ glob: i " @
o= minimumcostroutingC infrastructure/vehicle coooperation C: 30%allcansport by alt fuel (Shell?)®
29  hDbusieas® | 26
ém switchable H2 lanks/fuel siations ™ Aulomaled Iy Systems . 1l authori i (e} |
= —_lome Generaleg 12 C: ‘
CAFE325mpa® _____CAFE396mpa® CAFE432mpg @
= loragC LED greennouse™s foragC | medelingol robolicsfor 0.4a@bleacies/cap#
= DigsenEos®, I i macine lamG: sleclioniclags ™, modeling G |
T _lowcamonrecipes & 0.5b.ages botecn # A (90l mogeling C: |
5 automaled remate spesiesidentification™ large-scale sensor networks < _purpose-made ‘informed matiér'™, general unified theory or equivalent disproof &
= LHE switch-onft research data machine readable G | global c (c]
w st minant C' ‘datadeluge’ i | single cell simulation G comprehensivgcodiication of biological knowledge G
R mulation medicineC modelling based vacinesC olecular-compuler ‘smart drugs'™,
_molecularcomauier diagnosis availablec: molecular-compyler diagnosis viainjection s _organferaanism simulationC'
of . mai i higgs.
= paislel c i G wepdOf
= N —lansacliogalmemony ™. “aclive xL{gLubiouilous dalaC'
2 jc web G _congiuren o |
=  moore’s law re-defined: move to web3 O Rt _personalagents™.
=) e cloud compuling C |
o +—multfunciongl biosensors™: |artifigial immune systems % | artficipl organ systems™ |
= —aniixitalconcer agenisC: —nostsilcon eXiension of moore's law grownG: exalloplapion compuiers®
= e , e —— ;
1 cells.and solar. high QUaniumyie solarphotovoltaics S, | | removal of greenhol <
antfigialprodugiive panosystemsC: | | next:generalion oroduclive 0anosystems, | manufacty nosystems G
REFERENCES ! 2 g g o
Develping A Bvéntrgy Roadnap For The Uk Fusight Vel “AeatstioRoatnap | Food Teshnooy “Produti Nandsyses, A Tchnobogy Roadinzo”
i 12007 Japan Socielyof Applied Physics Viyat Foundaton, Batel,Foresight Nanolech Instiue, 2007
Woking Pagr 2000 Towasds aCyber b Ectogy e Vison Reiewig Wirking ioup, 2006 1
Bil Sharpe. 5 50 by 50 Giobal Fuel Ecanomy It
PulesorGal Taya, UK Enegy estarh Gl ISBN:DS00685514 Tan Hodgsm nap i
P Foundaton, EA AL et Transput Foum, EP
miteigi.ru
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%4  ePAL project
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ePAL aimed at:

- Introducing new approaches and ways to create
actively contributing professional communities in society

- supporting framework for leveraging elderly’s talents
and expertise

- creates value for the benefit of the Europe’s economy.

- Supporting a balanced transition towards retirement

- Placing Europe as the leader in promoting active ageing /
ageing well worldwide.

Retired o
professionals Mediation role
community

Dkt

v / " Start-ups &
ki 3 (\\! 4 micro
— S enterprises
Intermediary ”
entities m
o BN

ICT-supported E

© L. M. Camarinha-Matos, 2009-2012
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ePAL focus

areas and drivers

2. Social
driver

1. Technological

driver
Technology &

Support services

Human factors &
Social aspects

3. Organizational driver

Economy &
Government policies

© L. M. Camarinha-Matos, 2009-2012
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1.b Support services

+/- New basic user-friendly tools as freeware

- Training is required for general elderly
+/- Management of information by SPs is

possible but challenging

ePAL key drivers and trends

2.a Human factors

1.a Technology

+/- Increased reliance on technology

+ Development of new technology to
support SPs

+/- pervasive inexpensive computing

3.a Economy

ePAL’s

KEY DRIVERS)—

+ Recession & world state of economy
+ scarcity of expert human resources
+ Growth in developing countries

+ Change in “age” perception

+/- Social support and public
health improvement

+/- Demographic shift and tax
money for pension

2.b Social aspects

+ Importance of prestige and
being active

- Continuation of social (age)
discrimination in companies

+/- monetary gains are attractive

3.b Government Policies

+ Policies towards silver economy

© L. M. Camarinha-Matos, 2009-2012

+ Concerns to support baby boomers
- Lack of laws to support CASPs
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ePAL refinement - GAP analysis

o _ | Strengths Weaknesses
53
‘ED = « Strength 1 + Weakness 1
'g 2 « Strength 2 * Weakness 2
£3
Opportunities Threats
* Opportunity 1 *Threatl
* Opportunity 2 *Threat2
Technological Social Organizational
perspective perspective perspective
GAP Instantiation
Analysis (Problem Splitting)
. Limitations Limitations Limitations
Synthesis of
Baseline Strengths Strengths Strengths

© L. M. Camarinha-Matos, 2009-2012
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Vision statement:
Perspective Z

Vision statement:
Perspective Y

Vision statement:
Perspective X

ePAL refinement —- GAP analysis

BASELINE:
Perspective Z
BASELINE: 12
Perspective Y
! nt 2.1
BASELINE:
Perspective X nt 3.1

« Desired facet 1
« Desired facet 2
« Desired facet 3

* SoA element 1.1 i
Aspect 1 | .soAelement 1.2

* SoA element 2.1

Aspect2 | .°

* SoA element 3.1

Aspect 3 ..

© L. M. Camarinha-Matos, 2009-2012 45
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i 3 ePAL refinement - implementation models
In order to define a research plan it is also necessaqry to identify promissing
organizational structures
Individual Stakeholder: <ldentification> — o
— Organizational Structure: <ldentification>
Description: .
Description:
Participants:
Characterizing —
dimensions: Characterizing
d1. <dimension>: <description> dimensions:
d1. <dimension>: <description>
d2. <dimension>: <description>
d2. <dimension>: <description>
(Potential) role(s) related to extending
professional active life of seniors:
46
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Initiative: <ldentification>

Organizational form:

Characterizing dimensions:

di1. <dimension> Relevant aspects of the organizational form

regarding this dimension

d2. <dimension>

ePAL refinement - implementation models ...

Stakeholder: <ldentification>

Offers:

Constraints:

Needs:

<Which “value” can be
contributed by this
stakeholder for a future
silver economy?>

<Contsraints that might affect
the delivery of “value” by this
stakeholder>

<Needs / expectations this
stakeholder has regarding
a future silver economy>

© L. M. Camarinha-Matos, 2009-2012
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Classical scientific method

“0ggn 20>

Adopted roadmapping method

Roadmapping method - A scientific approach

* Research question

! 0. Define roadmap objectives & scope

/ Problem

» Background /

| 1. Charaterize and consolidate the baseline
| 2.a Perceive trends

Observation

Formulate
hypothesis \

2.b Design scenarios

3. Elaborate 1st vision statement
and instantiations

Design experiment

4. Gap analysis
5. Propose a plan of actions

Test hypothesis /
Collect data

6. Verify the plan of actions
7. Perform consultation and refinement

Interpret / Analyze
results

N OO O B O =

Publish findings

| 8. Refine vision and plan of actions
9. Finalize roadmap chart - timing, resources
10. Consolidate roadmap

11. Dissemination & impact creation

© L. M. Camarinha-Matos, 2009-2012

[Camarinha-Matos, Afsarmanesh, 2009]
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ePAL ROADMAP -

2010
—-

IMPLEMENTATION PLAN

T1: Developing conceptual
models
Technological T2: Generating adaptive solutions

perspective T3: Building collaboration

platforms

T4: Building collaboration tools
T5: Leveraging legacy

T6: Elaborating behavioural
models

R&D Broad deployment

and continuous improvement

Brod deployent
and mprovement

Broad dployment

R : and continuous improvemnt
ployment/
: mprovemen
R Broad deployment

and continuous improvement

Deployment/
improvement

T1.1 - Establish a reference model for extension of professional active
and active ageing.

T1.2 - Elaborate common ontologies for communities of senior
professionals.

T1.3 - Develop contractual and business models for communities of sei
professionals.

T2.1 - Develop self-adaptive interface systems.

T2.2 - Develop self-customizable collaboration enviro
seniors to better use ICT.

T2.3 - Develop technology assistance wizards.

T2.4 - Increase involvement of seniors in the design of new technologies for

life

nior

empowering

seniors.

T3.1 - Develop advanced functionalities and sy for mar t of
communities of senior professionals.

T3.2 - Develop affections / emotions manag t systi for ities

of senior professionals.

T3.3 - Design and support reference governance systems for communities

of senior professionals.
T3.4 - Develop trust building 9
senior pEpfessionalsana-\iatos, 2009-2012

for cc ities of

1 sy

T4.1 — Develop marketing and brokeiage support tools for communities of senior
professionals.

T4.2 - Develop tools for virtual team creation, negotiation and e-contracting.

T4.3 - Develop tools for virtual team manag 1t and collaborative problem solving
support.

T4.4 - Develop models and tools for g 1t of Intellectual Property and
performance.

T5.1 — Define conceptual models of talents and develop user-centred knowledge
acquisition tools

T5.2 - Create reward mechanisms (system of incentives) to attract user-generated
knowledge.

T5.3 — Develop knowledge 1t and ir tual property models.

T5.4 - Mechanisms to promote inter-generational inheritance.

T6.1 — Develop a conceptual base for behavioural modelling.
T6.2 - Develop data-mining / machine learning approaches for
behavioural patterns discovery.

T6.3 - Develop forecasts and simulation methods and tools for
behavioural analysis.

T6.4 - Develop models and tools for emotional health management. 4°
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ePAL ROADMAP - IMPLEMENTATION PLAN ...

2010 2020
— —>|
S1: Value identification Broad de.(,ymem
and communication R and contiruous improvement
S2: Leveraging skills and talents ggzﬁ:“;fg",‘gyn’;‘;:‘
Societal S3: European Senior Space i Broad deployment
perspective facilitation A and continuous improvement
S4: Facilitating inter-generational | ;
interaction 1 —
S5: Improving working practices ‘ R&D fﬁﬁiﬁﬁﬁfﬂeﬁmwemem
S6: Dexeloping training il Broaddeloyment ) )
and awareness
2010
—
01: Enhancing policy and =
legislation
02: Keeping links R&D
Organlzatlonal 03: Creating organizational mon ; ! Broad deployme
perspective structures : , ; and continuo pro
0O4: Improving mediation R& q' Deplo
and brokerage . . pro
05: Guiding career transition R&D SHRECSp .
06: Meeting and creating market Rab Deplo

demand

© L. M. Camarinha-Matos, 2009-2012
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http://www.bled-forum.org/materiali/ppt/petek/ana_jakil.ppt

http://horizon.unc.edu/projects/seminars/futuresresearch/
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www.casin.ch/web/bulletinboard/geddavisscenariosastool2002.pdf

Muller, G. (2008). Roadmapping - http://www.gaudisite.nl/RoadmappingPaper.pdf

California Energy Commission - PIER RENEWABLE ENERGY TECHNOLOGIES
PROGRAMRESEARCH DEVELOPMENT AND DEMONSTRATION ROADMAP
http://www.energy.ca.gov/2007publications/CEC-500-2007-035/CEC-500-2007-035.PDF

Roadmap examples: http://emi-web.inel.gov/roadmap/examples.html
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