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Preface

This River Publishers Rapid book analyzes artificial intelligence (Al)
implementation  priorities, prospect domains as well as some new research
tendencies and trends for Al development and implementation. The book
consists of seven chapters in the Al field and may be conditionally divided into
two parts.

Part 1is devoted to the worldes priorities in Alss implementation and its main
components (Chapters 1 and 2) and is based on (a) analysis of the 50 national
strategies for Al development as well as the worldes and NATOss priorities
in Al implementation; (b) methodological aspects for creating the Ukrainian
Al conception and strategy, key priority areas for the introduction of Al in
Ukraine, the conscience approach to Al systems design, as well as a discussion
on new generation computer systems with embedded Al. Special attention is
paid to perspectives of Al implementation in education and interrelation and
inter-influence between Al and educational systems.

Part 2 (Chapters 3...7)s devoted to some new tendencies in Al development
and implementation. Many scientific results and discussions are directed to
some new trends in contemporary Al research: (a) Al systems and tools for
shipping and shipbuilding; (b) quantum computing and color optical fuzzy
computing in applied Al R&D; (c) Al for increasing the efficiency of the
decision-making processes; (d) neural networks for solving classification and
recognition tasks.

This book provides an overview of the recent developments in advanced Al
systems including new theoretical findings and successful examples of practical
implementation of the Al tools in different areas of human activities.

The monograph consists of research-analytic-oriented chapters presented
by invited high-caliber scientists from different countries (Ukraine, the United
States of America, Poland, Norway, and P.R. of China).



Preface

The chapter <Analysis of the Prospect Domains in Al Implementation:
Nationals, NATO and Ukraine Al StrategiesZ presents an overview of the
national Al strategies in different developed countries, NATO approaches and
Ukrainian Al conception and strategy with focuses on the perspective domains
of Al implementation. Special attention is paid to the analysis and example
demonstrations of Al advances, challenges, and dangers aswell ascurrent steps
in the Al regulation policy on the national and international levels.

The chapter eInterrelation and Inter-influence of Artificial Intelligence and
Higher Education SystemsZ analyzes recent developments, applications, and
perspectives of Al tools for increasing the efficiency of education processes. The
important role of Al academia and academia/lT-industry consortia in training Al
specialists, and sharing Al resources and qualified cadres is discussed in detail
with examples of successful such type consortia in the USA, United Kingdom,
Sweden, Thailand and Africa.

The chapter e<Multivariate  Information Systems and Polymetric Sensors:
Al Implementation Perspective in Shipping and ShipbuildingZ discusses the
increasingly global impact of Ales methods and instruments on accelerating
the dual transition of the maritime industry, including shipping, shipbuilding,
and critical maritime infrastructure. The purpose of the research is a concise
and structured review of some gaps in the development and implementation of
the concepts of e-navigation, Digital Twins, Industrial Internet of Things, etc.,
and their potential influence on the safety and overall efficiency of commercial
ships and onshore transshipment terminals.

The chapter <There is Still Plenty of Room at the Bottom: Feynmanes Vision
of Quantum Computing 65 Years LaterZ discusses the historical aspects of the
appearing quantum computing and interrelation of quark computing and color
optical computing as perspective tools (approaches) for creating advanced Al
systems with further speed up computation processes.

The chapter <Decision Support System for Maintenance Planning of
Vortex Electrostatic Precipitators Based on loT and Al TechniquesZ addresses
the issue of introducing an intelligent decision support system (DSS) for
efficient maintenance planning of vortex electrostatic precipitators (VEPS) in
industrial settings. Leveraging the integration of the Internet of Things and Al
techniques, the proposed DSSaims to significantly reduce equipment downtime
through the optimization of cleaning modes and schedules. In light of the
increasing importance of production efficiency and continuous improvement
of intelligent technologies, this study becomes particularly relevant asit offers
a comprehensive solution for optimizing VEP performance using Al.



Preface

The chapter sLeveraging Pre-trained Neural Networks for Image Classifi-
cation in Audio Signal Analysis for Mobile Applications of Home AutomationZ
presents an in-depth analysis of innovative approaches in the field of audio
signal classification using convolutional neural networks and their integration
with image processing techniques. The authors investigate the effectiveness
of transfer learning from image to audio domains, examining various neural
network architectures like VGG16, DenseNet201, MobileNetv3Small, and
EfficencyNet. Special emphasis is placed on the adaptability of these networks
to handle audio data, particularly through the manipulation of input sizes and
structures, such as Mel-frequency cepstral coefficients and short-time Fourier
transform spectrograms.

The chapter <Effectiveness Evaluations of Optical Color Fuzzy ComputingZ
describes the special Al technique for increasing the efficiency of fuzzy
information processing. The proposed by the authors approach consists of
representing input fuzzy information as color information quanta with the
ability to carry out logical operations with them based on the transformation
of light radiation. It is shown that the proposed approach provides obvious
advantages of increasing the speed of logical calculations due to direct
processing (without digitalization) of large fuzzy input data.

The chapters of the monograph have been structured to provide an easy-to-
follow introduction to the topics that are addressed, including the most relevant
references, sothat anyone interested in this field can get started in the area.

This book may be useful for researchers, policymakers, and students
who are interested in creating strategies for Al research, development and
implementation, and developing advanced Al tools and systems.

Let us express our deep appreciation to all authors for their contributions as
well asto reviewers for their timely and interesting comments and suggestions.
We certainly look forward to working with all contributors again shortly.

14 February, 2024
Yuriy P. Kondratenko

Anatolii |. Shevchenko

Xi
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Abstract

This chapter is devoted to the implementation aspects of artificial intelligence
(Al) based on the analysis of 50 national strategies for Al development in
developed countries. The different forms of national Al presentations and
prospect domains for Al applications are discussed. Special attention is paid
to NATO and Ukraine activities in Al development and implementation at the
current stage and in the future. The chapter focuses on the modern advantages
in Al development and challenges in Al implementation including moral-ethical
issues and dangers for human civilization. Some character examples of Al
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implementation in positive and negative aspects are considered asthe basis for
creating national and world policies in the regulation of Al development and
implementation.

Keywords: Artificial  intelligence, strategies, development, implementation,
advances, challenges, regulation policy.

1.1 Introduction

Artificial  intelligence (Al) plays a decisive role in the modern stage of
innovative development of technologically developed countries of the world.
Methods and means of artificial intelligence are widely used in various areas
of human activity [1, 2], such as medicine, manufacturing, agriculture, the
countryss defense, state administration, the space industry, and others.

Successful examples of the use of artificial intelligence in various countries
of the world [3] confirm the possibility of a significant increase in economic
indicators due to the creation of opportunities for a more effective solution for
complex technical, economic, social, and humanitarian tasks.

Al has enormous potential and is the engine of global progressive
development. This technology can help tackle challenges such as combating
climate change, fighting against terrorism, discovering and developing new
methods of diagnosis and treatment of oncological and cardiovascular diseases,
optimization of automated industrial processes, increasing efficiency in
education, and others.

Many publications are devoted to Al development and implementation in
different fields, to describing successful cases, Al advances and Al influence
on crucial decisions and shaping new perspectives on the future [4...7].Todayes
key goal is to ensure efficient and transparent research in human-centered
Al systems and an effective governance framework for Al implementation
processes.

The efforts of researchers, governors, and policymakers must be directed
to the adaptation of Alss potential to improve the lives of people and create a
corresponding atmosphere and innovative conditions for Al development and
implementation for a happy future of the people. The scientific community
needs to constantly analyze and understand not only advances but also the
challenges and dangers of wide Al implementation as well as develop and
standardize approaches for Al research to take into account potential threats
arising from unethical or uncontrolled behaviors of designers and users [3, 8].
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The aim and focus of this chapter is the analysis of (a) the strategic
plans in developing perspective Al technologies, (b) the main priority domains
in Al implementation in the different regions of the world, and (c) the
potential dangers and important ethical issues concerning Al development and
implementation.

The remainder of the chapter is presented in the following way. Section 1.2
discusses the different forms and peculiarities of the national Al strategies
for the main developed countries in the world. The NATO perspectives and
directions in Al development and implementation are considered in Section
1.3. The conception, main prospect domains and plans for creating and
implementing Al in Ukraine is discussed in Section 1.4. Section 1.5 is devoted
to the analysis of the advantages, challenges, and dangers of Al implementation
for people, countries, ecology, and others. The current state of creating
regulatory policy in the Al field is considered in Section 1.6. Finally, Section 1.7
concludes the study and suggests potential directions for forthcoming research.

1.2 Priorities in Al Implementation Based on National Strategies

Investment in Al development and implementation is growing year by year in all
regions of the world. According to experts, the implementation of Al is predicted
by 2030 to increase the gross domestic product (GDP) of China, in particular, by
26%, in North America by 14%, and in Europe by around 10% [2, 3].

The rank of Al implementation in the different domains of human activity
will play a significant role in the scientific-economical competition between
countries, companies, and regions on the global world level and their leadership.
Understanding this concept, the governments of different countries try to
underline the importance of Al development and implementation by creating
national Al strategies with a focus on the priorities in research, creation, and
application of Al systems, taking into account their national peculiarities,
national interests, and current state of science, education and the countriese
economy as a whole.

A list of 50 developed countries, which represent 90% of the global GDP, was
published by Holon IQ and included countries that officially presented their
national strategies for Al development and implementation [9, 10]. Practically,
the countries from all continents are presented in this list. It is very important
to underline that national Al strategies in different countries have different
forms, all national strategies were created without general unification and
standardization approaches and correspondingly all 50 national Al strategies
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can be divided into several groups depending on the forms of Al strategy
presentation. Some of them are in the form of an Al roadmap, plan, program,
initiative, white paper, executive order, etc. Table 1.1 presents information
about the form of the national Al strategies in different countries and groups
of countries.

Table 1.1: The form of national Al strategies in different groups of countries.

‘ Form of the national Al strategy ‘ Country

Al roadmap Australia, the Netherlands, the Philippines
Al national programme Finland, Singapore, Saudi Arabia
Al plan Argentina, China, Poland, United States of America
Al strategy Belgium, Brazil, Canada, Czech Republic, Denmark, Estonia, France,
Germany, Hungary, India, Indonesia, Japan, Kenya, Lithuanjia,
Luxemburg, Malta, Mexico, Norway, Qatar, South Korea, Spain,
Tunisia and others
Al white paper Italy
Al mission Austria
National Al initiative Portugal, South Africa
Al national approach Spain
Al policy Chile, Colombia
Presidential Al initiative Pakistan
Al report New Zealand, United Kingdom
Al framework Malaysia
Recommendation for Al strategy Sweden
Executive order on Al Russia

Canada and Japan were the first and second countries in the world,
respectively, that created and introduced their national strategies for Al
development and implementation [3, 9, 10]. Each national Al strategy reflects
the main domains and priorities in Al development and implementation,
taking into account the unique economic and geographical characteristics of
each country, the interconnection between industrial and agricultural sectors,
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the correlation between science and education, and expected and desired
transformations in corresponding areas of human activity.

Let us analyze the priority domains and priority goals for Al development
and implementation based on the national Al strategies of several countries
from different continents (Asia, Africa, North America, South America, Europe,
and Australia).

Among the priority domains of Al implementation [3, 9, 10] are: health,
infrastructure  and natural resources (Australia); research and innovation,
society, ethics and labor market, qualification and training, Al governance,
security and law, Al in the public sector, infrastructure for industrial leadership
positions, Al in the economy (Austria); research and talent development
(Canada); human capital, fiber optic networks, computing infrastructure,
ethics, standards, security, and regulation (Chile); R&D, industrialization, talent
development, education and skills acquisition, standard setting and regulations,
ethical norms, and security (China); financial inclusion, cybersecurity, land
tilting, the election process, single digital identity, and overall public service
delivery (Kenya); Al in the public delivery (Kenya); Al in the public sector and
business based on regulation and data access, infrastructure and information-
communication technologies; realization of the ethical principles, protection
of data and security (Norway); education based on special training programs
and Al graduate schools, health, public safety, and defense based on funding
major projects, infrastructure based on Al semiconductors for autonomous
vehicles (South Korea); the education domain for training more skilled Al
professionals; the science domain for creating significant results in applied
and fundamental Al research based on ethical, safe, reliable, and transparent
Al developments (Sweden); transport, health, space, renewable energy, water,
technology, education, environment and traffic (United Arab Emirates).

Among the main goals for Al development and implementation are [1,
2,9, 10]: (a) policy support on ethics, regulation, skills, and competencies;
provide Al cartography; co-animate Belgian Al community; collect EU funding
and connect EU ecosystems; training in Al; implementation Al technologies to
the industries; new products and services based on Al technologies (Belgium);
(b) concentrate research on developing responsible and trusted Al, promote
digital transformation for SME (small and medium-sized enterprises), enhance
economic development, ensure equitable distribution of Al benefits (Czech
Republic); (c) to make digital transformation of business and providing
the necessary digital skills to people (Denmark); (d) advancing the Al
implementation in the public and private sector, developing Al R&D, education
and a legal environment for the Al introduction (Estonia); (e) enhance the
skills for searching the quality jobs, invest in research and domains that can
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provide the maximization of economic growth and social impact, and wide
introduction of Indian-made Al developments to other developing countries
(India); (f) increasing number of young researchers in Al fields and unifying
data formats and standards for different industrial sectors (Japan); (g) crime
prediction in the public sector, improving services for citizens and internal
government processes (Lithuania); (h) building up Al talent, integrating ethics
in Al frameworks, R&D investment, and balancing the role of man and machine
(the Netherlands); (i) creating job places and an Al ecosystem for equitable
and sustainable development (Tunisia); investing in Al research, unleashing
Al resources, setting Al governance standards, building the Al workforce, and
protecting the American Al advantages (United States of America).

As we can see, many priority goals and priority domains (transport,
education, health, and others) are common for the national Al strategies of
the corresponding groups of countries and, at the same time, many countries
demonstrate specific and unique goals and priority domains for Al development
and implementation.

Experts estimated [11] that by 2030 the contribution of Al to the global
economy will be $15.7 trillion (US dollars).

1.3 NATOes Priorities and Perspectives in Al Implementation

It is necessary to underline that Alss solutions have become asignificant integral
part of national security strengthening and an important component of warfare
operations [2], especially at the last stage of quick development of various
intelligent technologies and multidisciplinary  research.

Al can offer a wide spectrum of military applications for providing
strategic and tactical advantages. In particular, the war in Ukraine has
become the first high-tech war in human history, in which both sides of the
conflict began utilizing the capabilities of computational artificial intelligence.
Ukrainian forces, during the Russian invasion of Ukraine, implemented
modern Al technologies for battlefield intelligence, counterpropaganda, and
communication interception across various channels [12] and others.

The UK pays a lot of attention to using Al for the modernization of its
defense weapons [3]. The integration of Al is the basis for the implementation of
an upgrading strategy for the UK defense program, which was unveiled in June
2022. According to this strategy, a centralized defense Al center for research,
development, and implementation was established and a part of military capital
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funds is planned for direct financial support of civilian Al projects with dual
assignment.

Germany, for deployment and activation of scientific research and
technological investigations based on the Al development and implementation,
has dedicated euros 500 million (June 2022).

The US Department of Defense has asked (for the research and
development of advanced Al-connected technologies) for a sum of US $874
million as part of the 2022 US military budget.

Such examples of the organizational and financial activity and support of
USA, Germany and UK demonstrate that NATO member states have recognized
the significant potential of Al to transform their defense strategies, streamline
operations, and enhance military capabilites [1, 2]. Striving to maintain
a competitive advantage on the world stage, NATO countries prioritize Al
research and implementation to increase interoperability —and ensure a safer
and more sustainable future. NATO, in July 2022, announced a euros 1 billion
venture investment dedicated to technology investments, including Al [3].

Some publications consider the key priorites of Al research and
implementation in NATO countries [1, 2, 3, 13, 14], and analyze the challenges
and opportunities presented by this modern disruptive technology. Topics such
as strategic planning, force optimization, information advantage, and ethical
aspects are also discussed, highlighting how NATO members can effectively use
Al to strengthen their defenses and contribute to international security. When
considering the current landscape of Al in the military domain, an important
focus is also on cooperation and interaction between NATO allies to achieve
common goals and protect against potential threats.

To coordinate efforts in the field of Al technologies, the NATO Data
and Al Review Board (DARB) was created. DARB began its work on Al
standardization in February 2023 with the implementation of an initiative to
develop a comprehensive and accessible certification standard for artificial
intelligence. This standard aims to ensure that the industries and institutions
of the Alliance meet international legal standards, aswell asthe principles and
values of NATO [15].

The NATO Science and Technology Organization published <Science &
Technology Trends 2023...2043Zcross the Physical, Biological, and Information
Domains with the priorites of Al development and implementation for the
years 2023...204316].

Among the disruptive technologies, the authors of the overview in [16]
consider big data, information and communication technologies, artificial
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intelligence, robotics and autonomous systems, space, hypersonics, energy
and propulsions, electronics, and electromagnetics. Quantum, bio, and
human enhancement technologies are included in the group of emergent
technologies.

At the same time, the most disruptive and emergent technologies are
interconnected between each other based on convergence, inter-dependencies
and synergies, and special attention in [16] is paid to data-Al-autonomy, data-
quantum, space-hypersonics-materials, space-quantum, data-Al-biotechnologies,
data-Al-materials, and energy-materials Al. As another example, NATOes
Quantum Technologies Strategy talks about the need to take into account
the consequences of the development of data and artificial intelligence for
quantum technologies [17]. It is also necessary to underline that special
research should be directed at solving complex problems associated with
human...Al teaming and psycho-socio-technical issues.

NATO specialists usethe Al definition, which was published by the Air Force
Research Laboratory (AFRL) in [18], in particular:

*Al refers to the ability of machines to perform tasks that normally
require  human intelligence ...for example, recognizing patterns, learning
from experience, drawing conclusions, making predictions, or taking action
...whether digitally or as the smart software behind autonomous physical
systemsZ.

Al is seen by NATO analysts as a technology to improve operational
awareness by processing and integrating data from various sensors, platforms,
and intelligence sources in real time. Al tools can help a more complete
understanding and prediction of potential risks, adversary intentions, and
the impact of various strategic decisions as well as detecting anomalies or
suspicious activity, informing decision-makers on potential dangers, and laying
the groundwork for a faster and more targeted response.

Al can also be used to model the behavior of adversaries, giving NATO
countries a better understanding of their actions and reactions in various
scenarios.

The authors in [16] discuss some of the more exciting and potentially
disruptive Al applications concerning artificial social intelligence, automating
disinformation and cognitive warfare strategies, producing and identifying
«deep fakes,Z supplementing air or airweapons control, aiding in high-
resolution image recognition, creating images from text descriptions, navigating
human terrain, and providing universal (low usage) language translation.
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On the other hand, Al technologies are an organic ecosystem for analyzing
current NATO capabilities inside the NATO Defense Planning Process (NDPP)
[1, 2,13] and more effective identification of shortcomings.

NDPP [1, 2, 13] may be considered a key mechanism that manages the
development of NATOes military capabilities, ensuring the Alliancees readiness
and ability to respond to new security challenges. In this regard, processing
and evaluating data from various sources with the help of Al can provide a
comprehensive overview of the Alliancess strengths and weaknesses, indicating
areas that require improvement or investment. This can help NATO countries
make informed decisions about the development and prioritization of force
capabilities.

In addition, the identified gaps are the basis for specifying or forming
new requirements for the minimum capabilities of forces (minimal capability
requirements).

An effective tool that can help analysts in this process is the large language
models (LLM) of Al. As an example, their ability to generate relevant proposals
is illustrated in Figures 1.1 and 1.2, where the response of GPT-4 regarding the
lethality of the soldier is given and the distribution of the corresponding fire
lines according to the representation of GPT-4 is illustrated.

As everyone can see, the conclusions provided by GPT-4 are quite relevant
and can inspire the relevant thoughts of experts regarding the formalization of
requirements for the lethal capabilities of a unit or a platoon of soldiers.

This is quite important because now, the lack of analytical resources does
not allow to advance the NDPP process to the company and platoon level of
soldiers, limiting it to the battalion level.

Effective allocation of resources and optimization of military forces are vital
for NATO countries to maintain their strategic advantage. Al-based systems
can help streamline these processes, ensuring the efficient and effective use
of assets across various areas and branches of military command.

In particular, the use of Al can reduce the cognitive burden of commanders
with the help of personal LLM assistants [19]. On the tactical level, an
application of large language models such as GPT-4 can significantly enhance
the efficiency of various tasks performed by soldiers. For instance, LLMs can
automate reporting and documentation, generating situational reports and
filing out standard forms and documents, which greatly reduces time spent
on bureaucratic processes. They support decision-making by analyzing large
volumes of data, including combat reports, to provide recommendations and
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Figurel.l: Afragmenbfthe GPT-$roposalganswerfor thelethalityof asoldier:SW..expert
guestion.

Figurel.2: Ageneralizetesultof therecommende&PT-Aistributiondistance®f fire damage
from small arms.
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support commanders in decision-making. LLMs are also useful in creating
training materials and instructions and conducting virtual training sessions.

In terms of medical support, they can provide first-aid instructions, interpret
symptoms, and offer treatment recommendations. Their ability to translate
languages and texts facilitates communication with local populations or
international partners without alanguage barrier. LLMs are also instrumental
in planning and logistics, analyzing and optimizing logistical routes, task
planning, and resource allocation. They can be used for image recognition
and intelligent data analysis, identifying important objects such as enemy
equipment or changes in the landscape.

LLMs offer psychological support, including stress management and
counseling. They are capable of performing accurate ballistic calculations and
providing up-to-date weather information. Additionally, LLMs can be used
to create augmented reality (AR) applications for visualization and mission
planning.

As information superiority and strong cyber defense capabilities are critical
in an increasingly interconnected world, a priority for Al development is to
help NATO countries achieve these goals by strengthening their intelligence,
surveillance, and reconnaissance capabilities, as well as strengthening their
cyber defenses. Al-based systems can analyze massive amounts of data to
detect cyber threats and intrusions, respond in real time, and even predict and
prevent future attacks. Additionally, Al can support information operations,
such as disinformation campaigns and psychological operations, to counter an
adversaryss narratives and impact on target audiences.

With the increasing dependence of NATO countries on Al for military
purposes, they must inevitably face the ethical aspects and ensure the
responsible use of Al. The development and deployment of Al-based weapons
systems raises questions about accountability, transparency, and potential
unintended consequences. NATO countries cooperate to establish common
ethical standards and principles governing the use of Al in defense and invest in
scientific research to minimize bias, improve explanatory power, and ensure the
technologyss compliance with international humanitarian law and principles of
human rights.

Finally, Al offers NATO countries enormous potential for revolutionary
changes in military strategies and capabilities. By prioritizing strategic
planning, force optimization, information dominance, and ethical aspects,
NATO will be able to realize the full potential of Al and strengthen collective
security. Collaboration and cooperation among NATO allies to confront complex
challenges and threats will be crucial along the way.
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Among 10 countries in the world (100%) with the highest level of Al
development and implementation according to STEAM analysis for 2018...2021
are 6 countries that are NATO members [16], in particular, United States of
America (41%), United Kingdom (11%), Germany (10%), France (5%), Canada
(5%) and ltaly (4%).

Among the 10 leading institutions in the world [16] in the Al field
according to a STEAM analysis for 2018...2021are 7 institutions from the
NATO-member countries [16], in particular, Max Planck Society, Harvard
University, University of Cambridge, Stanford University, University of Oxford,
Massachusetts Institute of Technology and University of Michigan.

NATO has perspective relations with Ukraine and constantly supports
Ukraine in this wartime during the Russian invasion of this independent
country. In May 2023, the Minister of Digital Transformation of Ukraine,
Mykhailo Fedorov, during a meeting in Brussels with Deputy Secretary General
of the Alliance David van Wiel, announced [20] that NATO scientists will help
Ukrainian developers in the field of military innovations.

1.4 Conception and Strategy of Al Development in Ukraine

Ukraine holds an active position in the global market for Al technologies.
Ukraine is among the top three countries in Eastern Europe for the number
of operating Al companies.

The conception for Al development and implementation in Ukraine [21]
was created based on the initiative of the Ministry of Digital Transformation
of Ukraine and approved by the Cabinet of Ministers of Ukraine in December
2020. This conception describes the main purpose, principles, and tasks of the
development of artificial intelligence technologies in Ukraine as one of the
priority directions in the field of scientific and technological research.

Implementation of the conception is foreseen for the period until 2030.
The priority domains for Al implementation according to the conception
for Al development and implementation in Ukraine are: (a) increasing
contribution of Ukraine and occupying a significant segment of the world
market of Al technologies and leading positions in international rankings;
(b) active participitation in the implementation of international initiatives
on Al development, regulation and standardization; (c) implementation of Al
technologies in the field of education, economy, public administration, cyber
security, defense and other areas to ensure the long-term competitiveness
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of Ukraine on the international market; (d) providing access to information
(databases, electronic registers, etc.), its use during the development of Al
technologies for the production of goods and the provision of services; (e)
promoting the dissemination of research results in the field of Al and improving
their quality; (f) increasing the level of professional training of specialists
to ensure the field of Al technologies has qualified personnel; (g) protection
of the information space from unauthorized intervention, ensuring the safe
functioning of information and telecommunication systems; (h) increasing the
level of public safety through the use of Al technologies during the development
of resocialization measures for convicted persons and the risk of reoffending;
(i) bringing the legislation in the field of using Al technologies into compliance
with international legal acts.

The main priority areas for Ukraine in which the tasks of the state policy
for Al development and implementation are [21]: education and professional
training, science, economy, cyber security, information security, defense, public
administration, legal regulation and ethics, and justice.

The Institute of Problems of Artificial Intelligence of the National Academy
of Sciences and the Ministry of Education and Science of Ukraine [22] became
the initiator and main organization for the implementation of the project on
the creation of the Strategy for the Development of Artificial Intelligence in
Ukraine, which was carried out in 2020 and 2021 with the involvement of leading
specialists and scientists in the field of artificial intelligence from all over
Ukraine.

During the work on the project, various proposals of the project participants
were born and optimized, the introduced concepts and definitions were
polished, critical remarks and comments were made regarding the structure
of the document and the content of individual sections, the conclusions of the
experienced experts involved in the examination of the project, who were not
the authors of the project, were processed.

The main sections of the final version of the project Strategy for the
Development of Artificial Intelligence in Ukraine are the following:

(1) Paradigwofartificiahtelligence.

(2) Basiconcep@nddirectionsfresearah thefieldofartificiahtelligence.

(3) ThepurposandbijectivestheNation&@tratedprtheDevelopmefArtificidhtelligence
inUkraine.

(4) Thestatefdevelopmenfiartificiahtelligenda Ukraine.

(5) Worldsstandardsfartificiaihtelligence.

(6) Systerafmanagememdegulatioofartificiahtelligenda Ukraine.
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(7) Scientifipersonneindmateriauppomfthenationacosysteafartificiahtelligence.
(8) Artificiaihtelligenda priorityareasfdevelopmesfiUkraine.
(9) Assessmaerfichangeis thelabomarkean Ukrainandetheinfluencefthedevelopment
ofartificiahtelligence.
(10) FinaprovisionsftheStratedgprtheDevelopmefArtificidhtelligendeUkrainin2026...
2030.

Public discussion around the project eStrategy for Artificial Intelligence
Development in UkraineZ [22, 23] commenced towards the end of 2021.

Besides the abovementioned priority domains described in the Al
conception, the project of the Al strategy includes such priority areas
as medicine, agriculture, industry and energy, transport and infrastructure,
ecology, and environmental protection.

At the current time, Ukraine actively implements advanced Al technologies
in the different domains, for example: (a) for creating Al-based autonomous
drones and robots [24, 25, 26, 27, 28, 29, 30]: (1) Highland Systems, a company
founded by Ukrainians, presented a prototype of the radar-invisible electric
unmanned submarine Kronos [25], the drone can move silently at speeds of up
to 50 km/h and launch torpedoes; (2) more than 200 Ukrainian companies are
involved in the production of UAVs [26]; (3) on 24 October 2023, the ground
kamikaze robot Ratel S, created by Ukrainian developers Bravel, successfully
passed field tests and was put into mass production [27]. The Ukrainian Defense
Forces will use the Ratel S asa mobile warhead carrying anti-tank mines or a
combat module. An operator from a safe location can blow up an enemy tank
or dugout. The maximum speed of the drone reaches 24 kilometers, and the
range of use is 6 kilometers. Ratel Scan work up to 2 hours without recharging;
(b) Railway Company sUkrzaliznytsiaZ [31] has begun to use ChatGPT to
analyze passenger appeals. During the day, the app receives an average of 1300
travel ratings from passengers. About 300 of them are text reviews about the
railway. Artificial intelligence will distribute passenger appeals on 21 topics,
from service quality to delays. Currently, ChatGPT correctly determines the
category of the request in 90% of cases; (¢) The Ministry of Digitization is
developing a virtual assistant in <DiyaZ [32], the task of which is to quickly
find answers to userse questions. In addition, Al will help the State Statistics
Service to process and analyze data; (d) Some benefits of Al implementation
are in military technologies [32] as Al helps to record the movement of
enemy equipment and personnel, to shoot down missiles, to target UAVS more
effectively, etc.; (e) Ukraine usesAl technologies (face recognition) to search for
missing citizens during the full-scale Russian war [33]; (f) the National Agency
for the Prevention of Corruption has decided that artificial intelligence will
help verify the declarations of officials [34]. All submitted declarations will
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undergo a risk assessment. Those declarations that will have the lowest risk
rating indicator and can be checked automatically will be able to be checked by
artificial intelligence ..an automated check mechanism.

The <Strategy for Artificial Intelligence Development in UkraineZ
pays special attention to such a sbreakthroughZ direction of Al research as
designing Al systems based on the concept of consciousness and conscience
(Figure 1.3) [1, 2, 3, 35, 36, 37].

Figure 1.3: Components of the new generation computer system based on embedded Al

Figure 1.3 presents the main components of the integrated Al system,
which is the basis for further research on Al in a personal context [38], for
getting and preliminary processing sensor information, formation of patterns,
and interaction with different memory units for real-time control of system
functioning based on existing laws, rules and moral-ethical norms of the human-
centered society [1, 2, 3, 24, 35, 38].
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$FTXLVLWLRQ DQG $GYDQFHG &RPSXWLQJ 6\VWHPV 7HFKQROR
'"RUWPXQG *HUPDQ\ SsS GRL '$$&6

" /HLW¥R 3 6DOHLUR 0 $ 7 )LIXHLUHGR 3 %L]DUUR &+
ODNLQJ %H\RQG /HDUQLQJ WR 'HIHU& DU;LY KWW SV

< 3 .RQGUDWHQNR 1 < .RQGUDWHQNR &5HGXFHG OLEUDU\
IRU DULWKPHWLF RSHUDWLRQV ZLWK DV\PPHWULFDO IX]]\ QXP
OHWKRGYV DQG $SSOLFDWLRQV $ &DVH\ (G 129% 6FLHQFH 3X
Ss
< .RQGUDWHQNR 1 .RQGUDWHQNR &5HDO 7LPH )X]]\ 'DWD 3
&RPSXWDWLRQDO /LEUDU\ RI $QDO\WLF ORGHOVA 'DWD 9ROXF
GRL GDWD
2 .R]JORY * .RQGUDWHQNR = *RPROND < .RQGUDWHQNR
*UHHQ )X]]\ &RQWUROOHUV IRU WKH 5SHDFWRUV Rl WKH 6SHFLD
HW DO HGV *UHHQ ,7 (QJLQHHULQJ 6RFLDO %XVLQHVV DQ
6\WWHPV 'HFLVLRQ DQG &RQWURO YRO 6SULQJHU &KDP
KWWSV GRL RUJ B
= *RPROND ( 'XGHN '\GXFK < .RQGUDWHQNR &)URP KRPRJ
ZLWK IUDFWLRQDO GHULYDWLYH PHFKDQLVP4 ,QWHUQDWLRQE

&RPSXWLQJ ,&$,6& 5XWNRZVNL / HW DO (GV 3DUW , =
/1%, 6SULQJHU &KDP SS "2, KWWSV GRL R
B

0 *DXOW &(ULF 6FKPLGW 7KLQNV $, ,V DV 3RZHUIXO DV 1XNH"

4)URP (LQVWHLQ WR $, KRZ \HDUV KDYH VKDSHG VFLHQFH#

'"HFHPEHU S

0 *KDVVHPL $ %LUKDQH O %LODO 6 .DQNDULD & ODORC
a&KDW=*37 RQH \HDU RQ ZKR LV XVLQJ LW KRZ DQG ZK\"a 1DW.



0 +XWVRQ &:LOO 6XSHULQWHOOLJHQWDL 6QHDN 8S RQ 8V" 6\

-DQXDU\
' &DVWHOYHFFKL &4'HHSOLQG $, 2XWGRHV +XPDQ ODWKHPDWL
1IDWXUH 9RO Ss -DQXDU\

6 +DL -HZ &*HQHUDWLYH $, LQ WHDFKLQJ DQG OHDUQLQJ4
KWWSV ZZZ VFRSXV FRP UHFRUG GLVSOD\ XUL"HLG
RULJLQ UHFRUGSDJH
/ :HVHPDQQ 4&47KH SURPLVH DQG SHULOV RI $, LQ DFDGHPLD#
KWWSV ZZZ \RXWXEH FRP ZDWFK"Y L ,P\D% V+
4&KDW*37 FDXJKW 1<& VFKRROV RIlI JXDUG 1RZ ZH&UH GHWHU
KWWSV Q\ FKDONEHDW RUJ FKDWJS W Q\F V|
46HRXO (GXFDWLRQ 2IILFH WR ,QWURGXFH 5RERWV IRU (QJC
ZRUOG NEV FR NU VHUYLFH QHZVBYLHZ KWP"ODQJ H 6HTB&RGF
0 .O\PNRYHWVN\L &7KH OLQLVWU\ RI 'LJLWL]DWLRQ DQG *RRJ
DUWLILFLDO LQWHOOLJHQFH IRU 8NUDLQLDQVA 0D\ KWW
]JDSXVND\XW GO\D XNUD\LQFLY EH]SODWQLM NXU V SUR VKWXF
" %XODYLQ &7KH OLQLVWU\ Rl (GXFDWLRQ DQG 6FLHQFH KDV
LQWHOOLJHQFH ZKLFK FDQ KHOS VWXGHQWY GHWHUPLQH WKH
KWWSV KURPDGVNH XD SRVWV PRQ ]JDSXVWLOR WHVW QD R V
GRSRPRJWL XFKQ\DP YL]QDFKLWL PDMEXWQ\X SURIHVL\X
$ -RVKL 0 9LQD\ 3 %KDVNDU &,PSDFW RI FRURQDYLUXV S
VHFWRU SHUVSHFWLYHV Rl WHDFKHUV RQ RQOLQH WHDFKLQJ
DQG 6PDUW (GXFDWLRQ 9ROXPH ,VVXH SS 2,
$ , 6KHYFKHQNR O 6 .O\PHQNR &'HYHORSLQJ D ORGHO RI ¢
,QWHUQDWLRQDO 6FLHQWLILF DQG 7THFKQLFDO &RQIHUHQFH R
7HFKQRORJLHV &6,74 9RO 6HSWHPEHU /IYLY =ED
47RS :D\V $UWLILFLDO ,QWHOOLJHQFH ,V 8VHG LQ (GXFDWLR(
' &DVWHOYHFFKL &+RZ ZLOO $, FKDQJH PDWKHPDWLFV"a 1D\

2 BWULXN < .RQGUDWHQNR &*HQHUDWLYH $GYHUVDULDO 1|

6XFFHVVIXO &DVHV DQG $GYDQFHG $SSURDFKHVA ,QWHUQDWL

,VVXH SS

5 'XUR DQG < .RQGUDWHQNR (GV &4$GYDQFHV LQ ,QWHOOLJ}

$XWRPDWLRQ& 5LYHU 3XEOLVKHUV $DOERUJ

9 0 .XQWVHYLFK 9 ) *XEDUHY < 3 .RQGUDWHQNR ' 9 /H
(GV 4&RQWURO B\WWHPV 7KHRU\ DQG $SSOLFDWLRQVA 5LY

, SWDPDQ\XN HW DO &&RPSXWDWLRQDO PHWKRG RI WKH FDU

RQ D JHQHUDOL]JHG QRQOLQHDU FDQRQLFDO GHFRPSRVLWLRQ

9RO KWWSV GRL RUJ v

0 7THW\DQD < .RQGUDWHQNR , B6LGHQNR * .RQGUDWHQNR

IRU (GXFDWLRQ 8VLQJ $XJPHQWHG 5HDOLW\ 7THFKQRORJ\4 -RX
SS

< .RQGUDWHQNR , $WDPDQ\XN , B6LGHQNR * .RQGUDWHOQI
7HFKQLTXHV IRU ,QFUHDVLQJ (IILFLHQF\ Rl WKH 5RERWAV 6HQ"
6HQVRUV YRO QR -DQ KWWSV GRL RUJ Y

$ 1 7NDFKHQNR HW DO &(YROXWLRQDU\ DGDSWDWLRQ RI FR
VWDWLRQDU\ HQYLURQPHQWVa& OHFKDQLVP DQG ODFKLQH 7KH!
Ss P ‘2, ;

& %DVJLHU 6 6KDUPD &6KRXOG VFLHQWLVWY GHOHJDWH W
s "HFHPEHU

6 &DQDOL ) %DURQH $GHVL &&DQ $, GHOLYHU DGYLFH WKD
IDWXUH YRO s "HFHPEHU

5 6KDUPD &+RZ *HPLQL 1DQR LV 5HGHILQLQJ ORELOH &DSDEL
KWWSV PDUNRYDWH FRP EORJ JHPLQL QDQR

A6WDEOH/0 =HSK\U % **8)a -DQXDU\ KWWSV  KXJJILQJI
JHSK\U E **8)

6 &KDXKDQ &5DEELW 8QYHLOV ,QQRYDWLYH 9LUWXDO $VVLV\
KWWSV EQQEUHDNLQJ FRP WHFK UDEELW XQYHLOV LQQRYDW



4)UHH $, 7THDFKLQJ $VVLVWDQW DQG $, 7XWRU 3RZHUHG E\ &KL
1RYHPEHU KWWSV FDPSXVWHFKQRORJ\ FRP DUWLFOHYV
DQG DL WXWRU SRZHUHG E\ FKDWJSW DVS["DGPJDUHD 1HZV
4%, LQ 'LILWDO /HDUQLQJ %HQHILWY $SSOLFDWLRQV DQG &KL
6HSWHPEHU
9 3DUDGNDU &7KH 1H[W /HDS LQ $, 2SHQ$,4V -RXUQH\ 7RZDU
KWWSV PHGLXP FRP #YLUDMVSDUDGNDU WKH QH[W OHDS LQ I
I DG G G
4*37 ,V &RPLQJ ,Q " 6DP $OWPDQ $QQRXQFHV 8SGDWHV DW
KWWSV ZZZ \RXWXEH FRP ZDWFK"Y TI3\9X[I R
* RQGUDWHQNR HW DO  &)X]]\ 'HFLVLRQ ODNLQJ 6\VWHP IR
&RRSHUDWLRQ 8QLYHUVLW\ 3UHIHUHQFHVA LQ %HUJHU 9DFK
BROXWLRQV DQG &KDOOHQJHV LQ (FRQRPLFV ODQDJHPHQW DG
'"HFLVLRQ DQG &RQWURO YRO 6SULQJHU %HUOLQ +HLGHC
< .RQGUDWHQNR HW DO &48QLYHUVLW\ &XUULFXOD ORGLILFE
,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQRORJLHV& &(85 :RU
SS b
<3 .RQGUDWHQNR HW DO &.QRZOHGJH %DVHG 'HFLVLRQ 6X
)X]]\ 5XOH %DVH IRU ORGHO 2ULHQWHG $FDGHPLF ,QGXVWU\ ,Q
DO HGV $SSOLHG ODWKHPDWLFV DQG &RPSXWDWLRQDO ,QW
,QWHOOLJHQW B\WWHPV DQG &RPSXWLQJ YRO 6SULQJHU
4*RYHUQRU +RFKXO 8QYHLOV )LIWK 3URSRVDO RI 6WDWH R
ODNH 1HZ <RUN WKH 1DWLRQDO /HDGHU LQ $, 5SHVHDUFK DQG ,
1< KWWSV ZZZ JRYHUQRU Q\ JRY QHZV JRYHUQRU KRFKXO XC
HPSLUH DL FRQVRUWLXP PDNH QHZ \RUN
$ 7D\ORU &$0OEDQLD WR VSHHG XS (8 DFFHVVLRQ XVLQJ &KD\
KWWSV ZZZ HXUDFWLY FRP VHFWLRQ SROLWLFV QHZV DO
FKDWJSW
4$UL]JRQD 6WDWH 8QLYHUVLW\ 3DUWQHUV ZLWK 2SHQS$, WR ([S!
&DPSXV 7THFKQRORJ\ -DQXDU\
KWWSV FDPSXVWHFKQRORJ\ FRP $UWLFOHYV $UL]RQD ¢
2SHQ$, WR ([SORUH *HQ $, 3BRWHQWLDO LQ (GXFDWLRQ DVS]
4&DPEULGJH DFDGHPLFV MRLQ e PLOOLRQ FRQVRUWLXP WR G
&DPEULGJH 8QLYHUVLW\ -XQH KWWSV ZZZ FDP DF XN U
DFDGHPLFV MRLQ SV PLOOLRQ FRQVRUWLXP WRGHYHORS WU;
45HVSRQVLEOH $, ,QVWLWXWH /DXQFKHV ,QDXJXUDO &RQVRUW
,QGXVWULHV& ,QVLGH%,*'$7$ -XO\ KWWSV LQVLGHELJG
LQVWLWXWH ODXQFKHV LQDXJXUDO FRQVRUWLXP RSHUDWLRQ
A$XEXUQ 8QLYHUVLW\ OHDGLQJ 6(& FRQVRUWLXP WR DGYDQFH
$XEXUQ 8QLYHUVLW\ $XJIXVW
KWWSV RFP DXEXUQ HGX QHZVURRP QHZVBDUWLFOHV
WHDFKLQJ FRQVRUWLXP SKS
41RUZHJLDQ $UWLILFLDO ,QWHOOLJHQFH 5HVHDUFK &RQVRUWI
41HZ $, LQ ODWK SURJUDP LV IXQGHG E\ WKH 8 6 'HSDUWPHQW
-DQXDU\ KWWSV FRQFRUG RUJ EORJ WDJ DUWLILFLDO L
$ +HOUHJHO 41&6$% +HOSV )RXQG 7ULOOLRQ 3DUDPHWHU &RQ
KWWSV ZZZ QFVD LOOLQRLYV HGX QFVD KHOSV IRXQG WULOOL
2 BKXUELQ HW DO &&RPSXWHUL]JHG V\VWHP IRU FRRSHUDW
IX]]\ WHFKQLTXH& &(85 :RUNVKRS 3URFHHGLQJV SsS
0 BROHVYLN HW DO A&4$UFKLWHFWXUH IRU &ROODERUDWLYH
9 .KDUFKHQNR HW DO HGV *UHHQ ,7 (QJLQHHULQJ 6RFLDC
BWXGLHV LQ 6\VWHPV 'HFLVLRQ DQG &RQWURO YRO BSULC
KWWSV GRL RUJ B
9 BKHEDQLQ HW DO &HYHORSPHQW RI WKH ODWKHPDWLFDO
'LVWDQFH /HDUQLQJ 6\VWHP& LQ 2 &KHUWRY HW DO HGV
DQG ,QWHOOLJHQW $QDO\VLV Rl ,QIRUPDWLRQ 3URFHHGLQJV
'DWD 6FLHQFH DQG ,QWHOOLJHQW $QDO\VLV RI ,QIRUPDWLRQ
$GYDQFHV LQ ,QWHOOLJHQW 6\WWHPV DQG &RPSXWLQJ YF
3XEOLVKLQJ SS b 2, B



< .RQGUDWHQNR * .RQGUDWHQNR , 6LGHQNR &,QWHOOLJ
6HOHFWLQJ WKH 8QLYHUVLW\ ,QGXVWU\ &RRSHUDWLRQ ORGHO

OHWKRG&a LQ - OHGLQD HW DO HGV ,QIRUPDWLRQ 3URFHVYV
.QRZOHGJH %DVHG 6\VWHPV 7KHRU\ DQG )RXQGDWLRQV WK

&DGL] 6SDLQ -XQH b SURFHHGLQJV 3DUW ,, &&,6
3XEOLVKLQJ $* SS p KWWSV GRL RUJ

0 BROHVYLN HW DO 4&-RLQW 'LJLWDO 6LPXODWLRQ 30DWIRU
HGV &RRSHUDWLYH 'HVLJQ 9LVXDOL]DWLRQ DQG (QJLQHHUI

&RPSXWHU 6FLHQFH YRO 6SULQJHU &KDP SS b
KWWSV GRL RUJ B

9 BKHEDQLQ HW DO &$SSOLFDWLRQ RI )X]]\ 3UHGLFDWHYV D
,QIRUPDWLRQDO 5HVRXUFHV ORGHOLQJ4 3HUVSHFWLYH 7HFKQ

3URFHHGLQJV Rl WKH ,QWHUQDWLRQDO &RQIHUHQFH 0(067(&+
PSS ‘2, 0(067(&+

"HVW (G KWWSV ZZZ ZHVWHG RUJ

4$Q 028 VLJQLQJ FHUHPRQ\ ZDV KHOG E\ 7KDLODQG $ , 8QLYF

8QLYHUVLW\ &RQVRUWLXP 'HFHPEHU KWWSV WK DL RUJ

4%, $IULFD &RQVRUWLXP4 KWWSV DLDIULFD DF |D

7 + 7ULQK HW DO &6ROYLQJ RO\PSLDG JHRPHWU\ ZLWKRXW

Ss b KWWSV GRL RUJ v

OXOWLYDULDWH ,QIRUPDWLRQ 6\VWHPV DQG 3F
PSOHPHQWDWLRQ 3HUVSHFWLYH LQ 6KLSSLQJ

b
+ [/HH - 5RPHUR &OLPDWH &KDQJH 6\QWKHVLV 5HSRUW

., DQG ,,, WR WKH 6L[WK $VVHVVPHQW 5HSRUW RI WKH ,QWHUJ
,3&8& *HQHYD 6ZLW]JHUODQG SS GRL ,3&& $5

KWWSV ZZZ LSFF FK UHSRUW DU V\U GRZQORDGVY UHSRUW ,3
3 J)RUVWHU HW DO 7KH (DUwKaVv (QHUJ\ %XGJHW &OLPDWH )H
3XEOLVKHG RQOLQH E\ &DPEULGJH 8QLYHUVLW\ 3UHVV -XQH
KWWSYV Z27Z FDPEULGJH RUJ FRUH VHUYLFHY DRS FDPEULGJH
FRUH FRQWHQW YLHZ $( & ( )) & & ('") & ( VWDPSHG
F B SGI WKH HDUWKY HQHUJ\ EXGJHW FOLPDWH

VHQVLWLYLW\ SGI

&LRYV HW DO 'DWD 0LQLQJ .QRZOHGJH GLVFRYHU\ DSSURDFI

' 9 S

, :LWWHQ HW DO 'DWD OLQLQJ 3UDFWLFDO ODFKLQH /HDUQLQ
ORUJDQ .DXIPDQ 6HULHV LQ 'DWD ODQDJHPHQW 6\VWHPV O0RUJ
, '"HYLFL .RFDNRF 0 3XODW (YROXWLRQ DQG 2SWLPL]DWLRC
$QDO\WVLVY DQG 6WUDWHI\ 2YHUYLHZ $XWKRUHD 6HSWHPEHU

D X Y
(8 $, $FW )LUVW UHIJXODWLRQ RQ DUWLILFLDO LQWHOOLJHQFF
KWWSV ZzZZ HXURSDUO HXURSD HX SGIV QHZV H[SHUW A

72 BHQ SGI /IDVWDFFHVVHG

& 6WRNHO :DONHU 5 9DQ 1RRUGHQ 7KH SURPLVH DQG SHUL
JHEUXDU\ SS

© ;X < /X HW DO ,QGXVWU\ DQG ,QGXVWU\ RBLQFHSWLRQ

0DQXIl 6\VW 2FWREHU KWWSV GRL RUJ M
'HPLU HW DO 7KH QH[W LQGXVWULDO UHYROXWLRQ LQGXV'
0,6 3HUVSHFW -DQXDU\ Ss p

$ *HRUJH HW DO 7KH (YROXWLRQ RI 6PDUW )DFWRULHV +RZ ,

ODQXIDFWXULQJ 38,53 3XEOLFDWLRQV Ss GRL

KWWSV ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ B7KHB |

B,QGXVWU\B BLVB5HYROXWLRQL]LQJBODQXIDFWXULQJ
$UWLILFLDO ,QWHOOLJHQFH ODUNHWYVY DQG ODUNHWV 6HPLFR
KWWSV ZZZ PDUNHWVDQGPDUNHWYV FRP ,QGXVWU\ VHPLFRQG



$UWLILFLDO ,QWHOOLJHQFH ODUNHWYV DQG ODUNHWYV ,QIRUPE
KWWSV ZZZ PDUNHWVDQGPDUNHWYVY FRP ,QGXVWU\ LQIRUPDW!
$UWLILFLDO ,QWHOOLJHQFH ODUNHWYVY DQG ODUNHWV $XWRPR
KWWSV ZZZ PDUNHWVDQGPDUNHWYV FRP ,QGXVWU\ DXWRPRWL
$UWLILFLDO ,QWHOOLJHQFH ODUNHWY DQG ODUNHWV $HURVS
KWWSV ZZZ PDUNHWVDQGPDUNHWYV FRP ,QGXVWU\ DHURVSDF
$UWLILFLDO ,QWHOOLJHQFH ODUNHWY DQG ODUNHWYV (QHUJ\
KWWSV ZZZ PDUNHWVDQGPDUNHWYVY FRP ,QGXVWU\ HQHUJ\BDC
(PHUJHQFH RI $, EDVHG EXVLQHVV PRGHOV OHJD 7UHQGV $U
00 GRL KWWSV ZZZ IDFHERRN FRP ILPEDSHVDUR
6KLSEXLOGLQJ *OREDO $QDO\VLV ,QVLJKWV DQG )RUHFDVW
GRL KWWSV ZZZ IRUWXQHEXVLQHVVLQVLJKWV FRP

+RVVLQH HW DO OHWURORJ\ IRU V OLGGOHVH[ 8. 1DWLR
$ +DVDQ HW DO (PHUJLQJ 7THFKQRORJLHV LQ 'LJLWDO 0DQXID
$GYDQFHV LQ /RIJLVWLFV 2SHUDWLRQV DQG ODQDJHPHQW 6FL
3XEOLVKHU -DQXDU\ s
$ *DUF D 'RP QJXH] ORELOH $SSOLFDWLRQV &ORXG DQG %LJ
,QFUHDVHG 6DIHW\ RQ ODULQH 7UDIILF D 6PDUW 6KLS 3URMHF

87& IURP ,((( ;SORUH SS

0 O\YL]KL HW DO 6XVWDLQDEOH 6XSSO\ &KDLQ ODQDJHPHQW L
$GGUHVVLQJ &KDOOHQJHV &DSLWDOL]LQJ RQ 2SSRUWXQLWLH
60,- 9RO KWWSV GRL RUJ 60,-
3 &HQWREHOOL 5 &HUFKLRQH HW DO 6DLOLQJ WKURXJK D G
FKDLQ $Q HPSLULFDO LQYHVWLJDWLRQ -RXUQDO RI %XVLQHV

KWWSV GRL RUJ M MEXVUHV

$ 4D]JL - 4XLJOH\ HW DO &RVW (IIHFWLYHQHVYV DQG ODQDJHI

&KDLQ 5LVN OLWLIJDWLRQ 6WUDWHJILHYV ,Q 6XSSO\ &KDLQ 5LV
SS KWWSV GRL RUJ B

$ . *XSWD )UDPHZRUN IRU WKH VHOHFWLRQ RI VXVWDLQDEO
FRPSHQVDWRU\ IX]]\ $+3 7236,6 PXOWL FULWHULD DSSURDFK
,QGXVWULDO (QJLQHHULQJ DQG (QJLQHHULQJ ODQDJHPHQW ,(
Ss b KWWSV GRL RUJ L ((0
* +DSLVKNR , 6LGHQNR * .RQGUDWHQNR < =KXNRY < .R
7236,6 %DVHG RQ 9DULRXV 3UR[LPLW\ &RHIILFLHQWYV OHWULFYV
$QWRQLRX * HW DO ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HF
L QGXVWULDO $SSOLFDWLRQV ,&7(5, &RPPXQLFDWLRQV O
3RO\PHWULF 6HQVRUV LQ &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQ
GRL KWWSV GRL RUJ B
< .RQGUDWHQNR 6 B6LGRUHQNR 6KLS 1DYLJDWLRQ LQ 1DUU
8QFHUWDLQ &RQGLWLRQV ,QWHOOLJHQW 'HFLVLRQ 6XSSRUW
6SDQQLQJ &RQWURO DQG &RPSXWDWLRQDO &\EHUQHWLFV )RX
6\WWHPV 'HFLVLRQ DQG &RQWURO YRO 6SULQJHU &KDP
KWWSV GRL RUJ B
9 7LPFKHQNR HW DO 'HFLVLRQ 6XSSRUW 6\WWHP IRU WKH 6D
2SWLFDO &RORU /RJLF *DWHV &(85 :RUNVKRS 3URFHH®KQJV 9
,QWHUQDWLRQDO 6FLHQWLILF &RQIHUHQFH ¢,QIRUPDWLRQ 7HF

9LUWXDO 2QOLQH 1RY "HF

$ &R]DU HW DO 30DVWLF '"HEULV LQ WKH 2SHQ 2FHDQ 8

-X 0\ YRO QR Ss P

- %RXFKHU HW DO 3ULPDU\ OLFURSODVWLFV LQ WKH 2FHDQV

*ODQG 6ZLW]HUODQG S

0 (ULNVHQ HW DO 30DVWLF SROOXWLRQ LQ WKH ZRUOGAV RF
H Ss b

( +RZHOO HW DO 2Q 1RUWK 3DFLILF FLUFXODWLRQ DQG DVVR
3ROOXW %XOO SS [

1 %YHOORX HW DO *OREDO DVVHVVPHQW RI LOQOQRYDWLYH VRO
6XVWDLQDELOLW\ 9RO -XQH SS p GRL KWWSYV



( OXUSK\ HW DO $ GHFLVLRQ IUDPHZRUN IRU HVWLPDWLQJ WK
LOQWHUYHQWLRQV &RQVHUYDWLRQ %LRORJ\ SS b KWW
6 7DIIHO &RPPXQLFDWLYH &DSLWDOLVP 7HFKQRORJLFDO 6R
30DVWLF /HIJDFLHV 3ROOXWLRQ 3HUVLVWHQFH DQG 3ROLWLF
SS GRL KWWSV GRL RUJ DXSUHVV

, 1DSSHU HW DO ODULQH /LWWHU $UH 7KHUH 6ROXWLRQV WR
30DVWLF /HIDFLHV 3ROOXWLRQ 3HUVLVWHQFH DQG 3ROLWLF
SS GRL KWWSV GRL RUJ DXSUHVV

$ YDQ *LH]JHQ HW DO B6SRLOW 2FHDQ &OHDQXS $OWHUQDWL
ZDVWH UHF\FOLQJ $Q HFRQRPLF HYDOXDWLRQ 7UDQVSRUWDYV
3HUVSHFWLYHV Ss b

<X =KXNRY HW DO 23866 3URMHFW )LUVW 5HVXOWY DQG 5RD!
&RQIHUHQFH RQ ,QQRYDWLRQV LQ 6KLSEXLOGLQJ DQG 2FHDQ °

6KLSEXLOGLQJ O\NRODLY 6HSW 2FW SS
- +RSHZHOO HW DO 3ODVWLFV UHF\FOLQJ FKDOOHQJHV DQG
/IRQGRQ 6HU % %LRO 6FL 9 SS =)

5HF\FOHG FDUSHWLQJ DQRWKHU ZD\ WR VXSSRUW SODVWLF U
KWWSV 7zZZ SODVWLFVPDNHLWSRVVLEOH FRP SODVWLFV UHF\
FDUSHWLQJ $FFHVVHGGDWH

7KH SURMHFW RI D VSHFLDO SXUSRVH YHVVHO IRU WKH FROOH
SROOXWLQJ WKH ZDWHUV RI RFHDQV VHDV DQG ODNHV 3/

(QHUJ\ VDYLQJ DSSDUDWXV IRU FROOHFWLQJ DQG VRUWLQJ OI
PHWKRG IRU FROOHFWLQJ DQG VRUWLQJ ODUJH PDULQH GHEU

% % % % ( % SXEOLVKHG
'HYLFH IRU FROOHFWLQJ SODVWLF ZDVWH IURP WKH ZDWHU VX
<H 9 SXEO

(QHUJ\ VDYLQJ DSSDUDWXV IRU FROOHFWLQJ DQG VRUWLQJ OI
PHWKRG IRU FROOHFWLQJ DQG VRUWLQJ ODUJH PDULQH GHEU

( % SXEOLVKHG
&DWDPDUDQ YHVVHO IRU SODVWLF ZDVWH FROOHFWLRQ 6FKHF
$8 $ ,3& % % % % SXEO

OXOWLIXQFWLRQDO YHVVHO IRU FROOHFWLQJ SODVWLF ZDVWH
3& % % ( % SXEO

$ PRELOH YHVVHO IRU FROOHFWLQJ PLFUR SODVWLF ZDVWH D¢
&KLQD 3DWHQW 'RFXPHQW &1 $ .3& % % ( % +

)XOO VXUIDFH WZR KXOO YHVVHO IRU FROOHFWLRQ RI IORDWL
&1 $ ,3& % % % % ( % SXEO

9HVVHO IRU JDUEDJH FROOHFWLRQ -DSDQHVH 3DWHQW 'RFXP
LVVXH

6KLS IRU UHF\FOLQJ SODVWLF ZDVWH .RUHDQ 3DWHQW 'RFXP

% % % - ( % LVVXH

< =KXNRY HW DO 6\WWHP Rl YHVVHOV DQG RU IORDWLQJ VWU
WKH ZRUOG&YV RFHDQV ZDWHUV 3&7 :2 $ % % %
( % SXEOLVKHG B

< =KXNRY HW DO 6\WWHP Rl YHVVHOV DQG RU IORDWLQJ VWU
WKH ZRUOG&V RFHDQV ZDWHUV 3&7 :2 $ % % %
( % SXEOLVKHG B

< =KXNRY HW DO 9HVVHO RU IORDWLQJ VWUXFWXUH IRU XWLC
RFHDQV ZDWHUV 3&7 :2 $ % % % % % %
SXEOLVKHG B

0 +,\KW\! - +XXVNR HW DO &RQQHFWLYLW\ IRU $XWRQRPRX\

5SHVHDUFK &KDOOHQJHV WK ,QWHUQDWLRQDO &RQIHUHQFH R
2FWREHU ‘2, L&T&

0 %DNNHU HW DO $ PRGHO SUHGLFWLYH FRQWURO DSSURDFK
VXEPHUJHG GUHGJLQJ 2FHDQ (QJLQHHULQJ > @
KWWSV GRL RUJ M RFHDQHQJ



$XWRQRPRXV GUHGJLQJ UHTXLUHV RYHU OHVV HQHUJ\ WKD
$UFKLWHFWV %9 :HE 6LWH KWWSV F MRE FRP ZS FRQWHQW X
SDSHU SGI /IDVWVHHQ

8QFUHZHG 6XUIDFH 9HVVHO '(0&21 8QPDQQHG 6\WWHPV 2QOL
XQPDQQHG QO FDVHV /DVWVHHQ

*OREDO /HYHO *DXJH ODUNHW E\ 7\SH 7DQN /HYHO *DXJHV )X}
*DXJHV OHFKDQLFDO /HYHO *DXJHV E\ 7HFKQRORJ\ 0DJQHWL
E\ (QG XVHU .QGXVWU\ 2LO DQG *DV &KHPLFDO :DWHU 7UHDW
2SSRUWXQLW)\ $QDO\VLV DQG ,QGXVWU\ )RUHFDVW

KWWSV Z2ZZ DOOLHGPDUNHWUHVHDUFK FRP OHYHO JDXJH PDL
< .RQGUDWHQNR HW DO 60LS GLVSODFHPHQW VHQVRUV IRL

LQ 3URFHHGLQJV RI WKH ,((( WK ,QWHUQDWLRQDO &RQIHL
DQG $GYDQFHG &RPSXWLQJ 6\VWHPV ,'$$&6 YRO DUW (
GRL ,'$$&6

$ 7RSDORY * .RQGUDWHQNR 2 *HUDVLQ 2 .R]JORY 2 =LY

DXWRPDWLF SODQQLQJ RI OLTXLG EDOODVW GLVWULEXWLRQ

RQ ,QIRUPDWLRQ &RPPXQLFDWLRQ 7HFKQRORJLHVY (PEHGGHG

8NUDLQH &(85 :RUNVKRS 3URFHHGLQJV 9RO SsS
SDSHU SGI

< =KXNRY HW DO 3RO\PHWULF VHQVLQJ RI LQWHOOLJHQW URH

&RQIHUHQFH RQ ,QWHOOLJHQW 'DWD $FTXLVLWLRQ DQG $GYDC

SsS "2, KWWSV GRL RUJ '$5&6

<X =KXNRY HW DO ,QWHOOLJHQW 3RO\PHWULF 6\WVWHPV ,QGX)

,QWHUQDWLRQDO :RUNVKRS RQ ,QIRUPDWLRQ &RPPXQLFDWLRC

,&7(6 O\NRODLY 8NUDLQH SS KWWS FHXU ZV

2 =LYHQNR HW DO /HYHO PHDVXUHPHQW SULQFLSOHV VHQVE

YHGHFNR SUDFNWLFND FRQIHUHQFH ¢9HGD D WHFKQRORJLH N

7HFKQLFNH YG\ 3UDJXH S

=LYHQNR 2 /3* DFFRXQWLQJ VSHFLILFLW\ GXULQJ LWV VWRUD.

(TXLSPHQW DQG OHWURORJ\ ,VVXH 1R Ss

KWWSV GRL RUJ LVWFPWP

< .RQGUDWHQNR HW DO ODFKLQH /HDUQLQJ 7HFKQLTXHV IRU

6HQVRU DQG &RQWURO ,QIRUPDWLRQ 3URFHVVLQJ 6HQVRUYV

v

5 %RXWH HW DO $, LQ /RIJLVWLFV DQG 6XSSO\ &KDLQ ODQDJH!

&KDLQ 6WUDWHJILHV IRU WKH V 9LWDO 6NLOOV IRU WKH 1H]|

. &]DFKRURZVNL 0 6ROHVYLN < .RQGUDWHQNR &7KH $SSC

WKH ODULWLPH ,QGXVWU\ & 6WXGLHV LQ 6\WWHPV 'HFLVLRQ D
Ss '2, KWWSV GRL RUJ B

7KHUH LV 6WLOO 30HQW\ RI 5RRP DW WKH %RW
4XDQWXP &RPSXWLQJ <HDUV /DWHU

5 'XUR DQG < .RQGUDWHQNR (GV $GYDQFHV LQ ,QWHOOLJH
$XWRPDWLRQ 5LYHU 3XEOLVKHUV $DOERUJ 'HQPDUN

5 )H\QPDQ ¢7KHUH&V SOHQW\ RI URRP DW WKH ERWWRPe& (Q.
1R SS

5 )H\QPDQ 5 /HLJKWRQ DQG O 6DQGV 7KH )H\QPDQ /HFWX
‘"HVOH\ %RVWRQ ODVVDFKXVHWWYV

9 0 .XQWVHYLFK 9 ) *XEDUHY < 3 .RQGUDWHQNR ' 9 /H
(GV  &RQWURO 6\WWHPV 7KHRU\ DQG $SSOLFDWLRQV 5LYHU
'"HOIW 1HWKHUODQGV

0 $ 1LHOVHQ DQG , / &KXDQJ 4XDQWXP &RPSXWDWLRQ DQG
8QLYHUVLW\ 3UHVV &DPEULGJH 8 .

. 6 7TKRUQH DQG 5 ' %ODQGIRUG ORGHUQ &ODVVLFDO 3K\VL
(ODVWLFLW\ 5HODWLYLW\ DQG 6WDWLVWLFDO 3K\VLFV 3ULQI



9 7LPFKHQNR <X .RQGUDWHQNR 2 .R]JORY DQG 9 .UHLQR"
RQ RSWLFDO ORJLFDO DUFKLWHFWXUHé /HFWXUH 1RWHV LQ 1

9 7LPFKHQNR <X .RQGUDWHQNR DQG 9 .UHLQRYLFK ¢'HFL
VKLS QDYLJDWLRQ EDVHG RQ RSWLFDO FRORU ORJLF JDWHVe
Ss
9 7LPFKHQNR <X .RQGUDWHQNR DQG 9 .UHLQRYLFK ¢7KH
FRORURLG ZLWK IX]]\ FRPSXWLQJé &(85 :RUNVKRS 3URFHHGLQ
9 7LPFKHQNR <X .RQGUDWHQNR DQG 9 .UHLQRYLFK ¢,PSC
EDVHG RQ FRORU ILOWHUVé /HFWXUH 1RWHV RQ 'DWD (QJLQH
SS
9 7LPFKHQNR <X .RQGUDWHQNR DQG 9 .UHLQRYLFK ¢,QW
H[WHQVLRQV RI GLVFUHWH IX]]\ ORJLFV %HOQDS ORJLF DQG

I1RWHV LQ &RPSXWHU 6FLHQFH 9RO SS
9 7LPFKHQNR <X .RQGUDWHQNR DQG 9 .UHLQRYLFK ¢:K\ |
6WXGLHV LQ &RPSXWDWLRQDO ,QWHOOLJHQFH 9RO S

'"HFLVLRQ 6XSSRUW 6\VWHP IRU ODLQWHQDQFH
(OHFWURVWDWLF 3UHFLSLWDWRUV %DVHG RQ

5HQIUHZ 9 9DVLODNL ( .DWVRX &,QGLFDWRU EDVHG PXC
ZDVWHZDWHU WUHDWPHQW SODQWV & 6FLHQFH Rl 7KH 7RWDO
KWWSV GRL RUJ M VFLWRWHQY
4 0D + /L &% GHFLVLRQ VXSSRUW V\VWHP IRU VXSSOLHU TX
DJJUHJDWLRQ DQG PDFKLQH OHDUQLQJ & ([SHUW B6\VWHPV ZLW
KWWSV GRL RUJ M HVZD
+ +X HW DO &'HYHORSPHQW RI WKH KHDOWK GHFLVLRQ VXS
LPSOLFDWLRQV LQ &KLQD 4a WK ,QWHUQDWLRQDO &RQIHU!
6\WVWHPV DQG .QRZOHGJH 'LVFRYHU\ ,&1& )6." &KDQJVKD &KL
GRL )6."

0 -LVNDQL HW DO &4%$Q LQWHJUDWHG IX]]\ GHFLVLRQ VXSS
SDWKZD\V WR SURPRWH JUHHQ DQG FOLPDWH VPDUW PLQLQJ ¢

KWWSV GRL RUJ M HVZD
0 6ROHVYLN < .RQGUDWHONR * .RQGUDWHONR , 6LGHQN
4)X]]\ GHFLVLRQ VXSSRUW V\VWHPV LQ PDULQH SUDFWLFH & LC
((( , QWHUQDWLRQDO &RQIHUHQFH RQ )X]]\ 6\VWHPV SS
» (((
/ -LDQJ HW DO &$ IUDPHZRUN Rl HPHUJHQF\ FOLQLFDO GHFI
UHVRXUFH PRGHO a4 3URFHHGLQJV RI WKH ((( WK ,QWHUQ
6XSSRUWHG &RRSHUDWLYH :RUN LQ 'HVLJQ &6&:' +VLQFKX 7
GRL &6&:"
< 3 .RQGUDWHQNR 6 % (QFKHYD ( 9 6LGHQNR &46\QWKH\
VIVWHPV IRU WUDQVSRUW ORJLVWLFV & LQ 3URFHHGLQJV RI V
. QWHOOLJHQW 'DWD $FTXLVLWLRQ DQG $GYDQFHG &RPSXWLQJ
‘2, '$$&6

< .RQGUDWHQNR $ 6KHYFKHQNR < =KXNRY * .RQGUDWHQ
&KDOOHQJIHV RI $SUWLILFLDO ,QWHOOLJHQFH 'HYHORSPHQW DQ

K ,((( . QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHOOLJHQW 'DW
6\VWHPV 7HFKQRORJ\ DQG $SSOLFDWLRQV ,'$%$&64 9RO

'RUWPXQG *HUPDQ\ 6HSWHPEHU ‘2, ,'$$&6
) &DPDVWUD HW DO 4% )X]]\ '"HFLVLRQ 6XSSRUW 6\VWHP IRU
RI *HQHWLFDOO\ ORGLILHG 2UJDQLVPV &4 LQ %DVVLV 6 (VSR
$GYDQFHV RI 1HXUDO 1HWZRUN ORGHOV DQG $SSOLFDWLRQV
7HFKQRORJLHV YRO 6SULQJHU &KDP SS #HH#KW\
B



( % 7LUNRODHH 1 6 $\GLQ &4,QWHJUDWHG GHVLJQ RI VXVW
QHWZRUN XVLQJ D IX]]\ EL OHYHO GHFLVLRQ VXSSRUW V\VWHP
ZLWK $SSOLFDWLRQV 9RO KWWSV GRL RUJ

2 ODODQFKXN HW DO &% 1HXUDO 1HWZRUN ORGHO EDVHG 'H
ODQDJHPHQW LQ 3HGLDWULF 'LDEHWHYV &DUH 3URMHFWYV & LQ

RQ &RPSXWHU 6FLHQFH DQG ,QIRUPDWLRQ 7THFKQRORJLHV &6,
GRL &6,7

$ S5LNDORYLF HW DO & ,QWHOOLJHQW 'HFLVLRQ 6XSSRUW 6\
%DVHG +LHUDUFKLFDO 1HXUR )X]]\ $SSURDFK & LQ ,((( 6\VWHP

GRL -6<67
6 OXWKXNDUXSSDQ O - (U &$ K\EULG SDUWLFOH VZDUP RS\
IRU WKH GLDJQRVLV RI FRURQDU\ DUWHU\ GLVHDVH & ([SHUW ¢
KWWSV GRL RUJ M HVZD

29 .RJORY &2SWLPDO 6HOHFWLRQ RI OHPEHUVKLS )XQFWLRQ

'"HFLVLRQ ODNLQJ 6\VWHPV & LQ 3URFHHGLQJV Rl WKH QG ,QW

,QIRUPDWLRQ 7HFKQRORJLHV 6\VWHPV Rl ,QIRUPDWLRQ 6HFX

NUDLQH ,QWHO,76,6 &(85 :6 9RO SS KWW ¢
SDSHU SGI

< 3 .RQGUDWHQNR $ 9 .R]JORY &3DUDPHWULF RSWLPL]DWL

K\EULG SDUWLFOH VZDUP DOJRULWKPV ZLWK HOLWH VWUDWHJ

6FLHQFHV 9RO ,VVXH 1HZ <RUN %HJHO +RXVH ,QF SS

2, -$XWRPDW,QI6FLHQ Y L

3 &KDWWHUMHH HW DO &,R7 EDVHG GHFLVLRQ VXSSRUW V\\

FDUGLRYDVFXODU GLVHDVHV 4 LQ WK ,QWHUQDWLRQDO &

DQG 1HWZRUN 7HFKQRORJLHV &617 1DJSXU ,QGLD SS

GRL &617

< .RQGUDWHQNR 2 *HUDVLQ 2 .R]JORY $ 7RSDORY % .LC(

FRQWURO V\WVWHP ZLWK UHPRWH ,R7 EDVHG GDWD WUDQVPLVV

LVVXH CORELOH &RPPXQLFDWLRQ DQG &RPSXWLQJ IRU ,QWHUQ

9RO vV Ss "2, KWWSV GRL RUJ MPP

< 3 .RQGUDWHQNR 2 9 .RURENR 2 9 .R]JORY A&)UHTXHQF\

/IRXGVSHDNHU 'ULYHQ 7KHUPRDFRXVWLF 5HIULJHUDWRU 2SWLF

,QIRUPDWLRQ 3URFHVVLQJ ORGHOLQJ DQG 6LPXODWLRQ LQ (Q

P . - (QJHPDQQ $ 0 *LO /DIXHQWH - 0 OHULJR (GV 9RO
6SULQJHU 9HUODJ SS KWWSV GRL RUJ
9 0 .XQWVHYLFK 9 ) *XEDUHY < 3 .RQGUDWHQNR ' 9 /H

4&RQWURO 6\WWHPV 7KHRU\ DQG $SSOLFDWLRQVA 5LYHU 3XE
KWWSV ZZZ ULYHUSXEOLVKHUV FRP ERRNBGHWDLOV SKS"ERR
5 'XUR < .RQGUDWHQNR (GV &4$GYDQFHV LQ LQWHOOLJHQ"
5LYHU 3XEOLVKHUV $DOERUJ GRL KWWSV GRL RUJ

< 7LDQ HW DO &'HYHORSPHQW DQG H[SHULPHQWDO LQYHVW
HOHFWURVWDWLF SUHFLSLWDWRU ZLWK D VKLHOG SUH FKDUJI
3XULILFDWLRQ 7HFKQRORJ\ 9RO KWWSV GRL Rl
+ 6KHQ + -LD < .DQJ &(OHFWULFDO &KDUDFWHULVWLFV D
(OHFWURVWDWLF 3UHFLSLWDWRU RI 6L[ 6KDSHG 'LVFKDUJH (O
OHFKDQLFV 9RO 1R Ss "2, MDIP

7 6RQJ =KHQ HW DO &3DUDPHWULF RSWLPL]DWLRQ RI + W\S
JHQHUDWRUV E\ UHVSRQVH VXUIDFH PRGHO DQG JHQHWLF DOJ

& SS 2, M DSHQHUJ\

1 *UDVV $ =LQWO ( +RIIPDQQ &4(QKDQFHG 3HUIRUPDQFH I
OHDQV RI &RQYHQWLRQDO DQG )X]]\ /RJILF &RQWURO & LQ ,
$QQXDO OHHWLQJ (GPRQWRQ $% &DQDGD SS GRL

5 0 .QLJKW HW DO &'HYHORSPHQW DQG RSWLPLVDWLRQ RI |
SUHFLSLWDWRUV LQ D ODERUDWRU\ IRU SDUWLFXODWH PDWW|

(QJLQHHULQJ 9RO Ss KWWSV GRL RUJ M E
1 *UDVV $ =LQWO ( +RIIPDQQ &4(OHFWURVWDWLF 3UHFLSL
$SSOLFDWLRQV 0DJD]JLQH YRO QR Ss GRL

2 .R]JORY * .RQGUDWHQNR = *RPROND < .RQGUDWHQNR

*UHHQ )X]]\ &RQWUROOHUV IRU WKH 5HDFWRUV RI WKH 6SHFLD



.RQGUDWHQNR < .DFSUJ\N - HGV *UHHQ ,7 (QJLQHHULQJ 6F
$SSOLFDWLRQV 6WXGLHV LQ 6\WVWHPV 'HFLVLRQ DQG &RQWUR
KWWSV GRL RUJ B

< 3 .RQGUDWHQNR 2 9 .R]JORY &0DWKHPDWLFDO ORGHO RI
3DUDPHWULFDO ,GHQWLILFDWLRQ & 5SHFHQW 'HYHORSPHQWV D
JRXQGDWLRQV DQG $SSOLFDWLRQV 6WXGLHV LQ )X]]JLQHVV DQ
(GV  %HUOLQ +HLGHOEHUJ 6SULQJHU 9HUODJ 9RO SS

KWWSV GRL RUJ B

/HYHUDJLQJ 3UH WUDLQHG 1HXUDO 1HWZRUNYV
$XGLR 6LJQDO $QDO\VLV IRU ORELOH $SSOLFD\

< .RQGUDWHQNR $ 6KHYFKHQNR < =KXNRY * .RQGUDWHQ
&KDOOHQJHV RI $UWLILFLDO ,QWHOOLJHQFH 'HYHORSPHQW DQ
,(((, QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHOOLJHQW 'DWD $FT
6\WWHPV 7HFKQRORJ\ DQG $SSOLFDWLRQV ,'$$&64 9RO
'RUWPXQG *HUPDQ\ 6HSWHPEHU
$ 6KHUHPHW < .RQGUDWHQNR , 6LGHQNR * .RQGUDWHQN
RQ OHGLFDO ,PDJHV 8VLQJ $UWLILFLDO 1HXUDO 1HWZRUNVa
(OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ 8.5&21 3URFH
< .RQGUDWHQNR , BLGHQNR * .RQGUDWHQNR 9 3HWURY\
1HXUDO 1HWZRUNV IRU 5HFRJQLWLRQ RI %UDLQ 7XPRUV RQ 05
,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7THFKQRORJLHV LQ (GXFDV
$SSOLFDWLRQV ,&7(5, &RPPXQLFDWLRQV LQ &RPSXWHU D¢
6SULQJHU &KDP SS "2, KWWSV GRL RUJ
- '"HQJ : 'RQJ 5 B6RFKHU HW DO &,PDJHQHW $ ODUJH VFD
((( FRQIHUHQFH RQ FRPSXWHU YLVLRQ DQG SDWWHUQ UHF
2, &935
9 60\XVDU HW DO &,PSURYHPHQW RI WKH REMHFW UHFRJQL
FRQYROXWLRQDO QHXUDO QHWZRUN& (DVWHUQ (XURSHDQ -RX

SS ‘2,

$ *X]KRY ) 5DXH - +HHV $ 'HQJHO &$XGLR&/,3 ([WHQGLC
$XGLR4& “XQH KWWSV DU[LY RUJ DEV Y
< *RQJ < $ &KXQJ - *ODVV 4%$67 $XGLR 6SHFWURJUDP 7U
KWWSV DU[LY RUJ SGI SGI
* *ZDUG\V ' 0 *U]J\ZF]DN &'HHS LPDJH IHDWXUHV LQ PXVLF |

QR Ss ‘2, HOHWHO
* 7]DQHWDNLV 3 &RRN &0XVLFDO JHQUH FODVVLILFDWLRQ
$XGLR DQG 6SHHFK 3URFHVVLQJ YRO Ss "2,

4*7=$1 'DWDVHW OXVLF *HQUH &ODVVLILFDWLRQ#

85/ KWWSV ZZZ NDJJOH FRP GDWDVHWVY DQGUDGDROWHDQX J
FODVVLILFDWLRQ

. 3DODQLVDP\ ' 6LQJKDQLD $ <DR &5HWKLQNLQJ &11 PRG
KWWSV DU[LY RUJ DEV

$ *X]KRY ) 5DXH - +HHV $ 'HQJHO &(65HVIHW (QYLURQ!
EDVHG RQ YLVXDO GRPDLQ PRGHOVA ,&35 SS

2, ,&35

5 0XOOHU ) 5LW] 6 ,00LXP & /LQQKRII 3RSLHQ &$FRXVV
VRXQGYV EDVHG RQ LPDJH WUDQVIHU OHDUQLQJ4 85/ KWW:
$ $ /LVRY $ = .XOJDQDWRY 6 $ 3DQLVKHY &8VLQJ FRQY
DFRXVWLF EDVHG HPHUJHQF\ YHKLFOH GHWHFWLRQ& ORGHUQ
7HFKQRORJLHV YRO SS 2, WUDQVV\VW
$ 'RVRYLWVNL\ / %H\HU $ .ROHVQLNRY ' :HLVVHQERUQ
'"HKJKDQL 0 OLQGHUHU * +HLJROG 6 *HOO\ - 8V]NRUHLW
[ ZRUGV 7UDQVIRUPHUV IRU LPDJH UHFRJQLWLRQ DW VFDO
KWWSV DU[LY RUJ DEV



9 7 7UDQ : + 7VDL &$FRXVWLF %DVHG (PHUJHQF\ 9HKLFOH
1HXUDO 1HWZRUNVA ,((( $FFHVV 9ROXPH $&&(66

9 60\XVDU HW DO &,PSURYLQJ D QHXUDO QHWZRUN PRGHO
PRQLWRUHG REMHFWV LQ DHULDO SKRWRJUDSKVa& (DVWHUQ (.
YRO SS 2,

(ITHFWLYHQHVV (YDOXDWLRQV RI 2SWLFDO &RC

< - -XQJ HW DO &45HFRQILJXUDEOH DOO RSWLFDO ORJLF $1
JDWHV LPSOHPHQWHG E\ SKRWRQLF FU\VWDO QRQOLQHDU FDY
2SWLFV 7KH 3DFLILF 5LP &RQIHUHQFH& 6KDQJKDL &KLQD S¢S
GRL &/(235

6 0D = &KHQ 1 . 'XWWD &4%$00 RSWLFDO ORJLF JDWHYV ED'
VHPLFRQGXFWRU RSWLFDO DPSOLILHUVA 2SWLFV &RPPXQLFDV
KWWSV GRL RUJ M RSWFRP

9 -DQGLHUL 5 .KRPHULNL HW DO &)XQFWLRQDO DOO RSWL
SURFHVVLQJ LQ QRQOLQHDU SKRWRQLF FU\WWDO ZDYHJXLGHYV

b KWWSV GRL RUJ 2(

© :DQJ HW DO &+LJK SHUIRUPDQFH VSLUDO DOO RSWLFDO O

RI YDOOH\ SKRWRQLF FU\VWDO&4& DU;LY KWWSV G

/ &DEDOOHUR HW DO &3KRWRQLF FU\WWDOLQWHJUDWHG OR
SsS b KWWSV GRL RUJ 2(

= =KX - <XDQ / -LDQJ &0XOWLIXQFWLRQDO DQG PXOWLFK

WKH LQ SODQH FRKHUHQW FRQWURO RI ORFDOL]HG VXUIDFH S
p KWWSV GRL 2/

. ORULWDND 7 .DZDQR Aa6SHFWURVFRSLF DQDO\VLV RI WKH

Rl &,(/$% EDVHG RSWLFDO ORJLF JDWHVa ,&,& ([SUHVV /HWWH
b

= /LQ 0 +RQJ &)HPWRVHFRQG /DVHU 3UHFLVLRQ (QJLQHHUL

1DQRVFDOH& 8OWUDIDVW 6FLHQFH 9RO $SUWLFOH ,°

>y

& &ROH &2SWLFDO DQG HOHFWULFDO SURJUDPPDEOH FRPSX\

([SUHVV 9RO ,VVXH SS b

- +RQJ HW DO &d%RNRU ([SHULPHQWDO WHVW RI /DQGDXHU:

QDQRPDJQHWLF PHPRU\ ELWVA BFL $GY H

- ' OHLQGO - $ 'DYLV &7KH )XQGDPHQWDO /LPLW RQ %LQD

,QWHJUDWLRQ 76, &4 ,((( -RXUQDO RI 6ROLG 6WDWH &LUFXLWYV
GRL

9 1LNXO $ 'UR]JG - 'UR]G 9 2]HUDQVN\ &(IILFLHQF\ RI Wk

)3*$ EDVHG FRPSRQHQWYV RI VDIHW\ UHODWHG V\VWHPVA 7HFK

HTXLSPHQW QR Ss b KWWS MQDV QEXY JRY XD DU

3 /| OFODKRQ &7KH SK\WVLFV Rl RSWLFDO FRPSXWLQJ4a DU;LY

-X 0\

0 ODWXV]HZVNL $ 3U\WWXSLXN $ 2SDOD &7KH UROH RI DQ

DU;LY Y >FV (7@ -XQH
/| =DGHK &@7KHUROH RIIX]]\ ORJLFLQ PRGHOOLQJ LGHQWLILFD
DQG &4RQWURO 9RO SS b KWWSV GRL PL

9 .UHLQRYLFK HG 48QFHUWDLQW\ ORGHOLQJ4 6SULQJHU 9F
5 'XUR < .RQGUDWHQNR (GV &4$GYDQFHV LQ LQWHOOLJHQ"
5LYHU 3XEOLVKHUV $DOERUJ

$ , 6KHYFKHQNR &1DWXUDO +XPDQ ,QWHOOLJHQFH 7KH 2EN
,QWHOOLJHQFH &UHDWLRQ& ,QWHUQDWLRQDO 6FLHQWLILF DQ
DQG ,QIRUPDWLRQ 7THFKQRORJLHV SS ;:9,b;;,; &€
BHSWHPEHU

<3 .RQGUDWHQNR 29 .R]JORY 29 .RURENR &7ZR ORGLILF
6\QWKHVLV IRU )X]]\ &RQWURO DQG 'HFLVLRQ ODNLQJ 6\WWHPYV



,QIRUPDWLRQ 3URFHVVLQJ DQG ODQDJHPHQW RI 8QFHUWDLQW!
DQG )RXQGDWLRQV WK ,QWHUQDWLRQDO &RQIHUHQFH ,308
3URFHHGLQJV 3DUW ,, &&,6 6SULQJHU ,QWHUQDWLRQDO 3
KWWSV GRL RUJ B

% :HUQHUV % HW DO &$OWHUQDWLYH )X]]\ $SSURDFKHV IR
9HKLFOH 5RXWLQJ 3UREOHP LQ &RQGLWLRQV RI 8QFHUWDLQ 'F
HGV &RPSOH[ 6\VWHPV 6ROXWLRQV DQG &KDOOHQJIHV LQ (F
(QILQHHULQJ 6WXGLHV LQ 6\WWHPV 'HFLVLRQ DQG &RQWURDO
,QWHUQDWLRQDO 3XEOLVKLQJ SS b KWWSV GRL RU
< .RQGUDWHQNR 6 6LGRUHQNR &6KLS 1DYLJDWLRQ LQ 1DU!
8QFHUWDLQ &RQGLWLRQV ,QWHOOLJHQW 'HFLVLRQ 6XSSRUWA4
HGV &RPSOH[ 6\VWHPV 6SDQQLQJ &RQWURO DQG &RPSXWDW

6WXGLHV LQ 6\VWHPV 'HFLVLRQ DQG &RQWURO YRO 6SUL
KWWSV GRL RUJ B

9 7LPFKHQNR <X .RQGUDWHQNR 9 .UHLQRYLFK &:K\ &ROR
&RPSXWDWLRQDO ,QWHOOLJHQFH SS p KWWSYV
B

9 7LPFKHQNR <X .RQGUDWHQNR 9 .UHLQRYLFK &, QWHUYEL
"LVEUHWH )X]]\ /RILEV %HOQDS /RJLF DQG &RORU 2SWLFDO &
6FLHQFH LQFOXGLQJ VXEVHULHV /HFWXUH 1RWHV LQ $UWLILF
%LRLQIRUPDWLFYV /1&6 SS p

9 7LPFKHQNR <X .RQGUDWHQNR 9 .UHLQRYLFK &'HFLVLRC
IRUWKHVDIHW\RIVKLSQDYLJDWLRQEDVHGRQRSWLFDOFRORUOR

)

9 7LPFKHQNR <X .RQGUDWHQNR 2 .RJORY 9 .UHLQRYLFK
RSWLFDO ORJLFDO DUFKLWHFWXUH& /HFWXUH 1RWHV LQ 1HW:

9 7LPFKHQNR <X .RQGUDWHQNR 9 .UHLQRYLFK &7KH $UF}
ZLWK )X]]\ &RPSXWLQJ4 &(85 :RUNVKRS 3URFHHGLQJV SS
9 7LPFKHQNR <X .RQGUDWHQNR 9 .UHLQRYLFK &,PSOHPH
RQ &RORU )LOWHUVA /HFWXUH 1RWHV RQ 'DWD (QJLQHHULQJ I
SsS b
1 6XODLPDQ = $ 2EDLG O + ODUKDEDQ O 1 +DPLGRQ 4&
'"HVLJQ DQG $SSOLFDWLRQV b D 5HYLHZ& ,$&6,7 ,QWHUQDWLR(
7HFKQRORJ\ 9RO 1R SS b '"HFHPEHU
< .RQGUDWHQNR ( *RUGLHQNR &,PSOHPHQWDWLRQ RI WKH
VIVWHP RQ )3*$a $QQDOV RI '$$$0 IRU 3URFHHGLQJ RI WK
¢, QWHOOLJHQW ODQXIDFWXULQJ DQG $XWRPDWLRQeé& 9RO 1
"$$$0 ,QWHUQDWLRQDO 9LHQQD $XVWULD (8 SS b
9 2SDQDVHQNR $ 3DODKLQ 6 =DY\DORY &7KH )3*$ EDVHG
SURFHVVRU& 3URFHHGLQJV RI WKH WK ,((( ,QWHUQDWLRG
$FTXLVLWLRQ DQG $GYDQFHG &RPSXWLQJ 6\VWHPV 7HFKQROR
Ss b
4&RUWH[ 0 LQVWUXFWLRQVA $50 '"HYHORSHU
KWWSV GHYHORSHU DUP FRP GRFXPHQWDWLRQ GGL E &+'",
- <LX &6\WWHP RQ &KLS 'HVLJQ ZLWK $UP &RUWH[ 0 3URFHVYV
b b b b KWWSV ZZZ DUP FRP UHVRXUFHV HERRN V\VW|
$ )RJ &,QVWUXFWLRQ WDEOHV /LVWV RI LQVWUXFWLRQ ODW
EUHDNGRZQV IRU ,QWHO $0' DQG 9,$ &38V4
KWWSV ZZZ DJQHU RUJ RSWLPL]H LQVWUXFWLRQBWDEOHV SG
0 *ULWVHQNR &3K\VLFV RI /LTXLG &U\VWDOV 7DUDV 6KHYFKI
HUSXE FKQSX HGX XD MVSXL KDQGOH



