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Key Points

• Roadmaps and Roadmapping
 Help people link, communicate and execute plans.
 Clarify the unknown future and provide information for 

intelligent decisions. 

• Science and Technology Roadmaps
 Enable teams to plot a future path, linking applications, 

technical challenges, and technology development.  
 Make clear communication with sponsors and 

stakeholders.

• Innovation with Roadmaps
 Coordinate across domains for sharing of technologies 

and collaboration in developing and adopting new 
technologies.

 Manage research and innovation portfolios.

Summary
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Roadmaps and Roadmapping

A Roadmap 
– is the view of a group of how to get where they 

want to go, or achieve their desired objective. 
(Discipline)

– helps the group make sure the capabilities to 
achieve their objective are in place at the time 
needed. (Focus)

Roadmapping 
– is a Learning process for the group.
– is a Communication tool for the group.
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Types of Roadmaps *

• Science and Technology 
Roadmaps

– Technology Futures, Bibliometric 
methods

• Industry & Government 
Roadmaps

– Semiconductor (SIA), NEMI 
Component Roadmaps 

– Industrie Canada
– Aluminum, Glass, Forging

• Corporate/Organization 
Roadmaps

– Manufacturing Roadmaps
– Component Roadmaps
– Product-Technology and Platform 

Roadmaps

*  Roadmaps can represent the need, current/planned 
capability or both

Identify or Set a 
Future Direction, 
Technology 
Assessment

Set Industry 
Direction,
Coordinate 
Execution

Set and Monitor 
Direction,
Coordinate Execution,
Portfolio Management

Key Objectives:
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Science and Technology Roadmap
A Science and Technology Roadmap includes:

How the elements fit together and interact.3. Architecture

Key indicators of risks to plans.  Track for need to 
change.

11. Risk Roadmap

Priorities of technology investments10. Technology Investment Map

Needs/barriers/actions to gain access, protect, 
influence.

9. Intellectual Property and 
Standards

Technology strategy, resources and timing of 
investments in technologies – the “to-do’s.”

8. Action Plan

Competitive approaches to challenges.  Competitive 
technologies.

7. Competitive Technical Position
The technology roadmap – the “hows.”6. Technology Element Evolution

Performance and growth trends, experience curves, 
potential disruptions.

5. Trends and Discontinuities

Objectives and performance targets for technology 
elements – the “whats.”

4. Challenges

Where and when the technologies will become 
innovations (be used) – the “whys.”

2. Technology Applications
Make up and define the scope of the field.1. Science and Technology Elements Definition 

& Strategy

Direction

Technology
Roadmap

Action 
Plan
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Science and Technology Roadmap

Technology 
Roadmap

(Know-how)

Competitive Landscape
Competitor 
(share; base) 

Strengths (+) and  
weaknesses (-) 

Core Competency Strategic Goals Value Proposition 

Company 
(x%; y%) 

    

Competitor 
#1 
(x%; y%) 

    

Competitor 
#2 
(x%; y%) 

    

Competitor 
#3 
(x %; y %) 

    

 

Map to Elements
Product Drivers

Architectural Fit

Ease of training and use

Value

Functionality

Interoperability

Service/Support  

Technology Roadmap
Product Elements
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TE7
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Challenges
Customer or Complementor

Drivers

Architectural Fit

Ease of training and use

Value

Functionality

Interoperability

Service/Support  

Product Drivers
(Attributes)

PD1

PD2

PD3

PD4

PD5

PD6

PD7

Prioritize  top to bottom

Architecture & 
Elements
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Research
Direction

(Know-what)

A template for a Science and 
Technology Roadmap:

Time
(Know-when)

Application 
Pull Technology 

Push

Definition
and Scope

(Know-why)

-1 0 1

O urCo rel.  position 

Competitor #2
Competitor #1
O urCo

OurCo LeadsO urCo Lags

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Applications
1. Nanostructured Materials “By Design;”
2. Nanoelectronics, Optoelectronics And Magnetics
3. Advanced Healthcare, Therapeutics And Diagnostics 
4. Nanoscale Processes For Environmental Improvement
5. Efficient Energy Conversion And Storage
6. Microcraft And Robotics.
7. Nanoscale Instrumentation And Metrology
8. Manufacturing At The Nanoscale.
9. Nanostructures For Chemical, Biological, Radiological, And 

Explosive (CBRE) Detection And Protection For Homeland 
Defense.

Source: US National Nanotechnology Initiative: “Grand Challenges” for 2003

-1 0 1

O urCo rel.  position 

Competitor #2
Competitor #1
O urCo

OurCo LeadsO urCo Lags

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Science&Technology
Elements
Nanotechnology
10-9 – 10-7 m
Understand Physical, chemical, 
biological properties, behavior
Innovations in materials, 
electronics, medicine, 
environment, biotechnology, 
computing.

1
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Risk Roadmap
NOW +2Q +4Q +6Q LONG-TERMRisk Categories

Schedule 
(deliverables)

Risk s1 [.3] Risk s2 [.1]

completion events

Economic
(cost, contract, budget)
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completion events

Resource
(e.g., organizational, 

execution)

Risk r1 [.1] Risk r2 [.6]

Risk r3 [.4]

completion events

Market 
(growth,strategy, 

product attributes, 
etc.)

Risk m1 [.4] Risk m2 [.5] Risk m3 [.2]

market events

Technical
(component or system 

performance)

Risk t1 [.2] Risk t2 [.1] Risk t3 [.5]

test events

Show StopperMajorMinorRisk Consequence:

NOW +2Q +4Q +6Q LONG-TERMNOW +2Q +4Q +6Q LONG-TERMRisk Categories

Schedule 
(deliverables)

Risk s1 [.3] Risk s2 [.1]

completion events

Schedule 
(deliverables)

Risk s1 [.3] Risk s2 [.1]

completion events

Risk s1 [.3] Risk s2 [.1]

completion events

Economic
(cost, contract, budget)

Risk e1 [.2] Risk e2 [.1]

completion events

Economic
(cost, contract, budget)

Risk e1 [.2] Risk e2 [.1]

completion events

Risk e1 [.2] Risk e2 [.1]

completion events

Resource
(e.g., organizational, 

execution)

Risk r1 [.1] Risk r2 [.6]

Risk r3 [.4]

completion events

Resource
(e.g., organizational, 

execution)

Risk r1 [.1] Risk r2 [.6]

Risk r3 [.4]

completion events

Risk r1 [.1] Risk r2 [.6]

Risk r3 [.4]

completion events

Market 
(growth,strategy, 

product attributes, 
etc.)

Risk m1 [.4] Risk m2 [.5] Risk m3 [.2]

market events

Market 
(growth,strategy, 

product attributes, 
etc.)

Risk m1 [.4] Risk m2 [.5] Risk m3 [.2]

market events

Technical
(component or system 

performance)

Risk t1 [.2] Risk t2 [.1] Risk t3 [.5]

test events

Technical
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Risk t1 [.2] Risk t2 [.1] Risk t3 [.5]

test events

Risk t1 [.2] Risk t2 [.1] Risk t3 [.5]

test events

Show StopperMajorMinorRisk Consequence:

Summary and Action 
Plan

(To-do)
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Action Summary
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• Links
• Learning
• Architecture
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Linking Applications to Challenges

.

.

Nanostructures for Chemical, 
Biological, Radiological, and 
Explosive (CBRE) Detection and 
Protection for Homeland Defense

Applications* 

Manufacturing At The Nanoscale

Nanoscale Instrumentation And 
Metrology

Microcraft And Robotics

Efficient Energy Conversion And 
Storage

Nanoscale Processes For 
Environmental Improvement

Advanced Healthcare, Therapeutics 
And Diagnostics

Nanoelectronics, Optoelectronics 
And Magnetics

Nanostructured Materials “By 
Design;”

Photovoltaic proteins in plants for solar 
energy conversion

Conductive organic molecules into electronic 
devices

Devices for monitoring environmental 
contaminants

Manufacturing methods at the nanoscale

Technical Challenges*

Terabit per sq in memory chip

3-D Modeling of nanostructures

Functionalized nanoparticles for biomedical 
imaging

Standards for nanocharacterization, 
manipulation, devices

Functionalized carbon nanotubes for targeted 
disease therapy

Bio-memetic paradigms for bio-nano-devices

New std reference materials for electronic 
application

Nanoscale metrology and manufacturing

(Source: US National Nanotechnology Initiative, 
FY 2003 Challenges and Objectives, June, 2002)

Example: Nanotechnology

* NNI “Grand Challenges”

* Selected NNI Objectives
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The Power of Learning and Experience

81%

51%

47%

46%

45%

39%

31%

27%

18%

0% 20% 40% 60% 80% 100%

Communications
& Computers

Defense

Materials
Biotech

& Agriculture
Environment

Health
& Human

Infrastructure
& Transportation

Lifestyle
AeroSpace

Percent of Forecasted Innovations Judged 
to Have Occurred by the End of the Century

Of One Hundred Technical Innovations Very Likely in the 
Last Third of the Twentieth Century (Herman Kahn & 
Anthony Weiner, 1967), Only the forecasts in Computers 
and Communications were better than 50% correct…  
Two interrelated drivers are identified.

The power of the fastest computers has 
grown exponentially since the 1940’s

100

101

102

103

104

105

106

107

108

109

1010

1011

1012

1013

1014

1015

Tera
FLOP

Giga
FLOP

Mega
FLOP

1940 1950 1960 1970 1980 1990 2000 2010

ENIAC

IBM 704
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Lawrence Livermore
National Laboratory

Intel ASCI Red
Sandia National 

Laboratory
Hitachi/Tsukuba
CP-PACS/2048 Fujitsu

'NWT' NAL
Intel XP/S140

Sandia National 
Laboratory

IBM 701

Driver 1: Sustained, long-term 
exponential trends of growth in 
capabilities and performance/cost…

R. E. Albright, What Can Past Technology Forecasts Tell Us 
About the Future?, Technological Forecasting and Social 
Change, Vol. 69 No. 5, pgs. 443 – 464, June, 2002.
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Exponential Trends Sustain Learning and 
Innovation

Driver 2: Sustained technology 
trends lower investment, 
creating a positive innovation 
loop.

Increased 
Contributions 

to Science and 
Industry 
Learning

Sustained 
Exponential 

Trends

Lower 
Investment for 

Innovation

Declining Costs

Widespread 
Activity

Innovations

For forecasting and target setting in Roadmaps…
Identify and characterize technologies that will sustain exponential growth
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Using Experience:
Example – Semiconductor Memory (DRAM)

Cum volume (DRAM  bits)
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Application of Learning to Chess
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Roadmap of Roadmaps Needed…

• Science driven technology fields are complex –
with many applications and technologies
(e.g., nanotechnology, biotechnology)

• Including many overlapping subfields.
• To manage the complexity, construct a nested 

framework, a “Roadmap of Roadmaps.”

Nanotechnology

Proteins Polymers
Carbon

Nanotubes

Materials electronics optics… Thin films …

Processes

DNA
structures

Assembly …

Illustration
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Why Roadmap Science and Technology?

• Roadmapping is just good planning. 
• Roadmaps link innovations and applications with research and 

technology decisions.
• Roadmaps reveal gaps in research, technology, and innovation 

plans.
• Roadmaps prioritize investments based on drivers.
• Roadmapping helps set better targets: more competitive and 

more realistic.
• Sharing roadmaps allows strategic use of technology across 

applications.
• Roadmapping communicates research, technology and 

innovation plans to team members, sponsors, and stakeholders.
• Roadmaps provide a guide to the team, allowing the team to 

recognize and act on events that require a change in direction.

Key points
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Summary:

Discipline & Focus

Learning & Communications
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Application of Learning: Computer Chess

Source: Monroe Newborn, 
Computer Chess: Ten 
Years of  Significant 
Progress, Advances in 
Computers, Vol.29, 1989, p. 
239.

C
he

ss
 R

at
in

g

Garry Kasparov vs. Deep 
Blue 

May, 1997

•

•
•

•
•

•

1970 1975 1980 1985 1990 1995 2000

15
00

20
00

25
00

30
00

Deep Thought

HITECH

Cray Blitz
Belle

Chess 4.9

KAISSA

Grandmaster Level (Kasparov)

28
00

Least-Squares Fit
19

97

10M

1K

100K

2

N
um

be
r o

f P
eo

pl
e 

R
at

ed
 H

ig
he

r

106 108 1010 1012

Fastest Computers of the Time
(Floating Point Operations Per Second)

Return


