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Scientific and technological forecasting is on the agenda of leading
international organizations

« European Commission. Large-scale foresight studies (since the 1990s) are the basis for justification of the
priorities of the EU Framework Programs (RP), financing from the structural funds of the European Commission.
In the 9th RP "Horizon Europe" (2021-2027), 6 priority areas of research, as well as 5 strategic goals are
identified. The European Commission has created a special unit: Foresight, Modeling, Behavioral Insights &
Design for Policy.

% OECD. International Expert Group “Government Foresight Community” (since 2014) under the auspices of

the Secretary General of the OECD: analysis of global trends, policy recommendations, identification of best

practices. In 2021, the OECD initiated an international project on technological foresight.

« UNESCO organizes an international network of departments for the dissemination of future research
competencies (UNESCO Futures Literature Chairs) and world summits on future research. In 2021, the UNESCO
Chair for Future Studies was established at the Higher School of Economics.

“ UNIDO Global Technology Foresight Support Program (since 2000). Trainings, regional projects, a network
of technology foresight centers in different regions of the world (the CIS center has been at the HSE since 2007),
methodological materials for technological foresight

“ BRICS. All BRICS countries are developing S&T forecasts. Annual Seminar on BRICS Technological
Foresight (based at the HSE). Experience exchange program, comparative studies, internships. Joint reports
(BRICS Competitiveness Report).




Scientific and technological forecasting and priorities are also gain
attention in the leading countries

Forecasts of science and technology are a tool to set priorities in the field of STI and justifyingg policy instruments in dozens of developed
and developing countries (updated on a regular basis every 4-6 years)
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Country National forecasts Examples of.strateglc do_cuments and priority
implementation tools
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The first forecast up to 2000 was published in 1971, and the 11th forecast in 2021, being
developed every five years. On their basis priorities for the Basic Plan in the field of science
and technology are formed

The forecast is developed every five years since 2001 in accordance with the special law
(Framework Act on Science and Technology). Currently, the 5th national forecast is
developed. The forecast is approved by the government, its results are included in the Basic
Plan for the Devel of Sci and Technology (Science and Technology Basic
Plan). Based on the results of the forecast, a list of key technologies is formed, on the basis
of which the N | Program of Sci and Technology is being developed

The forecast is developed every four years under the auspices of the Ministry of Science
and Technology. The priorities of the Forecast form the basis of the State Program for the
long- and medium-term Development of Science and Technology. Currently, the 7th
forecast is being developed

The results of the Foresight study are part of the German High-Tech Strategy (approved by
the government). Thematic scientific and technological priorities are selected on the basis of
foresight. Within the framework of the last cycle, 12 priority areas have been identified,
taking into account which science and technology support programs are being formed

The list of critical technologies (Led technologies clés) is formed every 5 years (since
1995), based on it an Investment Program for the future (Program d'investissements
d'avenir), national strategies and plans for industries support are developed. The latest
list, adopted in 2016, included 46 directions (currently being updated).

« National 5-year plans for scientific and technological
development "Innovation - 25" - prospects of Japan innovative
development for the period up to 2025

«Japan’s 6th Science, Technology and Innovation Basic Plan -
Society 5.0

+Long-term vision for the development of science and
technology until 2025

*National five-year plans for scientific and technological
development

+Selection of strategic initiatives in the most important
technological areas

4! Science and Technology Plan (2018-2022)

*Research and Development Program in High-tech Industries
(Program 863)

«Integrated National Technological Roadmap

*The National Medium and Long-Term Plan for the
Development of Science and Technology (2021-2035)

+High-Tech Strategy 2025: directions of financing initiatives to
support the most important technologies

*Taking into account the current activities of ministries in the
development of strategic documents and policy instruments

«Priorities in the distribution of grants and subsidies of the
National Research Agency

*National programs to support technological and industrial
clusters

«Second French Plan for Open Science (2021-2024) 3
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World examples Russian cases

. . . . . v National Development Goals until 2030
Mission-oriented: Digital economy / Advanced manufacturing v Strategy of scientific and technological
Clean and efficient energy development of the Russian Federation

ACh|eVement Of Iarge l|\3/|0dern ?Qrigl-:]'turﬁh v National Project "Science and Universities”
A ; ersonalised healthcare v State Program "Scientific and
SOcClo-economic goals Connecting territories (transport & communication) Technological Development”

v' Comprehensive scientific and technical
programs (projects) of the full innovation

cycle
FunCtlonaI: Research universities o™ "Priority-2030"

: Innovation infrastructure at universities © program “Eriority-
Restructuri ng S&T National research centres v' Federal project “Personnel”
System Centres of excellence v Federal project "Infrastructure"

(development of mega-science, etc.)
Thematic: Information and telecommunication systems
P . . Living systems v The Lists of perspectives directions and
Pr'IOI’Ity dlreCtIOI‘]S, Industry of nanosystems critical technologies (2011)
e H i v Federal science and technology program of
Cri t| ca | teC h no | Og Ies y 'Igr:t?:::;r:]astleogfannaC:uarerSpace systems genetic technologies, etc.
. . v Federal project "Artificial Intelligence"
S&T programmes Energy efficiency and energy saving

™% Trends: Digital technologies penetration rate — broader and quicker

Among every 100 individuals
in the world there are...

2016 2021 Time to ha‘:: r:II:\?vII:Ie“Ion users

Internet users 44 60 Pokemon Go 28 days 2018

Mobile broadband

subscribers 47 67 Instagram 2 yeers, 4 months 2010

Active social media 31 55 Whats Up 3 years, 4 months 2009

users Apple App Store 2 years, 2 months 2008

Facebook 4 years, 6 months 2004
Things that didn’t exists 15 year ago iTunes & years, 5 months 2003
1. iPhone 8. Uber
World Wide Web 7 years

2. iPad 9. Airbnb ¢ ¥ 1950
3. Instagram 10. Kindle Mobile phone 1979
4. TikTok 11. Dropbox Telophone 1878
5. Bitcoin/blockchain 12. Samsung Galaxy Year of creation
6. WhatsApp 13. Netflix
7. Zoom 14. Slack...




The amount of information is growing exponentially, their processing "manually” is no longer possible
Big data mining systems are increasingly being used for scientific and technological forecasting
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HSE, Russia (2015)

« Technological landscapes

« Significance and trend
dynamism assessment

« Structural changes analysis

« Technology lifecycle analysis

» And much more

>500 min documents

Analysis
Decision
making
Risk
assessment

Policy
measures
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FUTURES PLATFORM,

Finland (2019)
« Tracking competitors
* Opening of new markets

« Identification of weak signals

and fundamental
breakthroughs

>400 000 NEWS & ALERTS

O 0000

Digital Science, United
Kingdom (2013)

« Cross-links between data of
different origin

» Own metrics based on
citation of publications

>106 min documents

®O © 0 00

MergeFlow, Germany
(2007)

« Discovering new companies

« ldentification of new
technologies

* Market assessment

+15 000 at week

Q0000

intelligent FOResight Analytics system iFORA ®

'7i£|'T ORA

Over 500 million sources

Research Research |nternational Patents Analytical
articles grants conferences reports
Job Legal Professional Educational Public

vacancies documents media

= 30,000 documents uploaded daily

Technologies

programmes procurement

» Computational Linguistics and Natural Language Processing

» Machine Learning and Atrtificial Intelligence
« Big Data Analysis and Data Mining
« Supercomputer Data Cluster

iFORA is based on a modular approach
and llows combining specialized

modules for specific tasks

Functional modules

Education and Skills
Benchmarking

and Risk Assessment
Policy Analysis

Project Management

In 2018 the OECD noted iFORA
1 as a successful initiative in the

! field of digitization of science
(OECD Science, Technology and
Innovation Outlook 2018)

Languages

« English
¢ Russian

« + Other Cyrillic
& Roman
languages

« Chinese

Clients

« Companies

« Public agencies
« Universities

« Research
centres

In 2020, iFORA was

effective decision
support tool (Nature,
2020, Vol. 583)
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featured in Nature as an




Regular frontiers monitoring could serve as information base for the
development of S&T forecasts and priority lists

Science and technology frontier — cutting edge of the global science, that covers the most significant topics over the past year.

Areas of research and development (OECD
classification — Fields of Research and Development

3. Frontier analysis - 1. Natural Sciences

2. Identification of the basis for the

1. Mapping world

science

Cluster of each field of
science with the help of
the iFORA system
(~20)

Develop a list of key
scientific and
technological directions
based on the results of
clustering, including
interdisciplinary (~100)

Reveal topics - specific
technologies, methods,
research objects, etc.
(~15 000)

Structure of the world
science

frontiers

Identify the topics
related to the first
decile in terms of
significance over the
past year

Define frontiers within
each direction

Reveal
interdisciplinary topics

Frontiers

forecast

Assessment of the
Russian positions

Impact assessment of
the frontiers on the
national goals,
economic and social
sectors

Description of the
frontiers

Priorities identification
based of the revealed
frontiers

Priorities

1.1. Mathematics
1.2. Computer and information sciences
1.3. Physical sciences
1.4. Chemical sciences
1.5. Earth and related Environmental sciences
1.6. Biological sciences
2. Engineering and Technology
2.1. Civil engineering
2.2. Electrical engineering, Electronic engineering,
Information engineering
2.3. Mechanical engineering
2.4. Chemical engineering
2.5. Materials engineering
2.6. Medical engineering
2.7. Energy and environmental management
2.8. Industrial biotechnology
2.9. Nano-technology
2.10. Other engineering and technologies
3. Medical and Health Sciences
4. Agricultural Sciences
5. Social Sciences
6. Humanities

g

@ Clustering of computer science and information technologies

b
%

Dots with
inscriptions — specific
technologies

Wireless communication technologies

Quantum technologies

according to publications in
the world 's leading scientific
Journals for 2014-2020

Advanced
manufacturing
technologies

Robotics
and sensorics

Neurotechnologies
and artificial intelligence

Colored groups of dots
(clusters) are a set of
technologies with closely
related thematic areas

Location of the dots show
the relationship of the
directions

The central spot in the global agenda is occupied by technological trends related to digital manufacturing — advanced manufacturig technologies, robotics and sensorics.
Among most signifi cant technologies — machine learning, computer vision, additive manufacturing technologies, satellite and wireless communication technologies,
blockchain, virtual and augmented realities.

Source: intelligent FOResight Analytics System (ISSEK HSE) 10




Artificial intelligence: the global scientific and technological landscape
(1882 directions)

Countries' conlrilzution to the global Al
. research agenda (top-45)
Computer vision (174) Artificial neural 0% 5% 0%  15%  20%

Neurocomputer
/ networks (172)

interfaces(166)
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Neuroengineering
technologies (131)
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Intelligent systems (222)
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Machine learning (269)

South Africa
Norway
Indonesia
Denmark
Columbia
Israel
Pattern recognition figeria
(219)
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Source: intelligent FOResight Analytics System (ISSEK HSE)

Artificial intelligence: key development trends

Growing directions

4 Stable directions
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«Weak signals» (average annual growth rate of significance) Emerging directions
10 thematic areas: Dynamic
Natural Language )
Computerision Artifcial neural networks | st [l Machine learing Neuroengineering
Al algorithms and methods . Pattern recognition . interface .
. o Speech recognition Intelligent systems

The fastest growing areas are: (i) deep learning; (i) multimedia data recognition (images, sound, video); (iii) reinforcement learning for self-learning intelligent
systems and robots. Emerging trends include (iv) unsupervised learning and generative-adversarial networks; (V) augmented intelligence systems. (V1) speech
recognition technologies are steadily developing; (VII) brain-computer interfaces. "Weak signals" are primarily associated with (VIIl) linguistics and (IX) new
systems of technical vision.

Source: intelligent FOResight Analytics System (ISSEK HSE)




Russia’s presence in the world frontiers in the field of computer science
and information technology

Directions
. Technology direction 2.1 r12
; I
Technology direction 2.2 136

Technology direction 2.3

Technology direction 2.4
. Technology direction 2.5
. Technology direction 2.6
. Technology direction 2.7
. Technology direction 2.8
. Technology direction 2.9
. Technology direction 2.10
. Technology direction 2.11
. Technology direction 2.12
. Technology direction 2.13

Technology direction 2.14
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* at least 10 scientific publications by Russian authors
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Distribution of the frontiers according to the TRL and market demand

Priorities for
commercialization

Stimulating demand for promising
technologies, creating new markets

Directions Technological The level of
readiness level market demand 1000
. .
2132 276
Technology direction 2.1 I 202 |1 274 v1a 0,27587, © 2.10.12410’
. 2109 o . 234 ® 57
Technology direction 2.2 . 307 Hl 38 . 2108 ; o 2103 L4 L N
273 _ ¢ 2305
2
Technology direction 2.3 B 58 14 138
Ve 21016
Technology direction 2.4 . 187 13 1-5-4 2107
100
Technology direction 2.5 W o4 [
Technology direction 2.6 514 . 42
irecti |
Technology direction 2.7 . 345 124 "
Technology direction 2.8 - 328 18 23.16
10 e

Technology direction 2.9 . 141 I 238 2.3.20
Technology direction 2.10 220 . 56 2'3.'17

122 0 2.13.10 2133
Technology direction 2.11 .

I 241 8
Technology direction 2.12 ! 23.30

o W 83 14

Technology direction 2.13 1

78 |1 0,001 001 0.1 1 10 100 1000

Technology direction 2.14

*Axes have a logarithmic scale
**Conditional boundaries are based on average values

Support for applied research
and development

Support for fundamental and
exploratory research




