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INTRODUCTION
The development of human civilization is ongoing learning process. What distinguishes an ancient person from a modern one is the amount of accumulated knowledge. The complexity, versatility and volume of this knowledge has a direct impact on the entire world economy. The more diverse and advanced the knowledge that a person possesses, the more opportunities he or she has to satisfy their needs, which results in the growth of the well-being of all humankind. The volume of knowledge, its complexity and diversity has grown so fast in recent years that humanity has already come to the edge of assimilation and processing of such a volume of information by only the forces of human brain.
The economy develops cyclically through technological revolutions, in the process of which a change in technological paradigms occurs. Each technological paradigm implies three main components, namely a large amount of cheap resource, set of technologies used to work with this resource and a specific market structure. Humanity is entering a new technological paradigm, the founding of which will be high technology, which includes artificial intelligence (AI). The availability and growing level of computer development (computer facilities) is the first component necessary for a new paradigm.
Despite the fact that computers are becoming cheaper and more powerful, their capacities have not been realized yet. AI (namely Machine learning), being one of the main technologies of the second component of the new technological paradigm, should increase machine intelligence to the level of human and higher in the shortest possible time. Deep learning (another area of AI), already shows the first successes in fields such as computer vision, speech recognition, machine translation, and others reaffirming the conclusions made above. 
The new technological paradigm is also characterized by a new approach to doing business (the third component of the technological paradigm). In the digital world, individualization, in contrast to the past focus on the mass market, comes first. Leaders of the digital economy (companies such as Apple, Google, Microsoft, Amazon and Tencent) offer their customers personalized goods and services (using their digital footprint) through a new form of customer and business interaction, digital platforms. The stunning successes of these players are explained by the new success formula of the digital economy (new customers - more data - higher quality of service (through algorithms) - even more customers). Data becomes new oil, players who take possession of them quickly pull away and set new trends for the entire world economy.
The struggle for leadership in the new digital economy has led to a new arms race where artificial intelligence is the main weapon. Over the past few years, more than thirty countries have presented to the world their strategies for AI development. The leaders seem to be the United States and China, but more and more players are joining the race.
Despite all the positive aspects and prospects of the implementation of AI, the business refers to technology with caution and distrust. Traditional institutions are not ready to provide financial support due to too high risks, while many companies cannot afford to invest in such an expensive and fundamental technology, even at the level of simple solutions. This is where startups and venture capital funds come first. Their impact on the growing speed of implementation of AI-based solutions is difficult to overestimate.
Speaking more specifically about the scope of AI, it is worth noting that the Healthcare sector holds an honorable second place (after Financial Technologies (FinTech)) in terms of attracted funding. The demand for technological solutions in the field of healthcare is growing, which makes the use of AI in this area more appropriate, meeting the challenges of the time and having tremendous potential for further practical AI implementations.


CHAPTER I. ARTIFICIAL INTELLIGENCE, ITS APPLICATIONS IN HEALTHCARE AND INVESTMENT ISSUES
1.1.  Digital transformation and investing in Health Tech
Digital transformation (DT) is not a new phenomenon nowadays. Many researchers contributed their analyses and papers to the topic, with the amount of papers has raised significantly over the last decade. However, digital transformation did not occur from nowhere. The economy is developing cyclically. At the beginning of the past century, Russian famous scientist Nikolai Kondratiev presented his theory of long cycles.
[image: ]Prosperity[image: ]
Recession[image: ]
Improvement
Time
Depression

Figure 1. The structure of Kondratiev long cycles (created by the author of Master Thesis)
Each long cycle consists of four phases, namely depression, improvement, prosperity and recession (Figure 1). In addition, there are also two types of curves – upward and downward. At the upward wave of cycles, new technologies occur, and they are used as innovations. Clusters of new basic technologies lead to the emergence of new industries, and this in turn triggers another Kondratiev large cycle. It is worth mentioning that some innovations are coming out beyond Kondratiev cycle, forming a long trajectory of development, which is called an infratrajectory (for example, air transport and computers). These innovations are called stem innovations because they first create new markets, but then their potential grows, and they form a new infrastructure for the entire economy.
Nowadays, there are five technological cycles (waves) and the sixth is about to begin, which is schematically represented in Figure 2. Every technological system embodies a group of key innovations, and the temporal length of each subsequent structure decreases, while the interaction of different innovations within the cycle gives a sharp rise to the emergence of new sectors of the economy. Digital transformation (or digitalization) is one of these stem innovations.
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Figure 2. Six waves of Kondratiev cycles (Jonathan, 2013)
Despite the fact that there is enormous amount of various DT definition (according to Gregory Vial, around 230), scientists identify two different approaches to the definition of digital transformation (Gregory, 2019):
· At a high level, a process that aims to improve an entity by triggering significant changes to its properties through combinations of information, computing, communication, and connectivity technologies;
· At the organizational level, a process wherein organizations respond to changes taking place in their environment by using digital technologies to alter their value creation processes.
Almost all applications of digital technologies can be stated in the popular SMACIT acronym which includes social, mobile, analytics, cloud, and internet of things areas. Digital technologies from all mentioned above spheres can be divided into three dimensions, according to the direction of their disruptiveness, namely into consumer behavior and expectations, competitive landscape and the availability of data (Gregory, 2019).
Change in consumer behavior and expectations
Digital technologies have a direct impact on clients’ behavior and expectations since they provide them with an access to new information and communication capabilities (for instance, through social media, laptops or smartphones). The more customers cooperate with some services or products providers, the more their expectations grow.
Evolution of the competitive landscape
Digital technologies facilitate the recombination of existing and development of new products and by the way, mainly online offerings which makes companies to be more competitive and not lag behind. Digitalization does not only make well-established players to change to survive but also enable new firms to appear and grab the market through lowering barriers for entry. The emergence of digital platforms all around the globe is a good proof of this process.
Growth of the data availability
Digital technologies are based on data analysis and collection that is why they foster data collection and increase of computing power for its analysis. The more data a company has, the better services and products it can offer. The data itself is used as a product. Internet giants sell it to smaller companies to enable them test or improve their products.
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Figure 3. Five stages of Gartner Hype Cycle (Gartner, 2019)
All digital technologies are inherently disruptive and lead to the development of new paradigm in society. However, there is a long way from the emergence of a disruptive technology and the time when it generates commercial profit everywhere in the market. The most famous framework that describes this way was developed by Gartner. Gartner Hype Cycle specifies five key phases of a disruptive technology’ life cycle (Figure 3).
Innovation trigger
A new technology arises in the market. There are some early proof-of-concepts and some promises of success while media triggers public interest significantly. No product exists and commercial viability is unproven.
Peak of inflated expectations
The first successful stories arise but their number is limited, failures start to outperform win cases.
Trough of Disillusionment
More experiments and implementations occur in the market but a lot of them fail. Many projects using the technology fail. Investments go only to those who manage to improve existing products and satisfy early adopters.
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Figure 4. Gartner Hype Cycle for emerging technologies, 2019 (Gartner, 2019)
Slope of Enlightenment
New business models and approaches arise that really benefit companies and business processes and widely understood by all participants of the market. Providers present second- and third-generation products and services that are much better. More enterprises set up pilots, even conservative companies start to study the potential implementation of the technology.
Plateau of productivity
Everyone in the market adopts the technology. The commercialization of the technology is viable and clearly defined. Investments from early believers start to pay off.
The time a technology goes through all five stages varies from case to case but usually it is from two to more than 10 years. The most up-to-the-date 29 disruptive technologies are presented in Figure 4. These emerging technologies are classified into five major trends:
· Sensing and mobility (including 3D sensing cameras, AR cloud, Light-cargo delivery drones, Flying autonomous vehicles, Autonomous driving Levels 4 and 5);
· Augmented human (including Biochips, Personification, Augmented Intelligence, Emotional AI, Immersive workplaces, Biotech (cultured or artificial tissue));
· Postclassical compute and comms (5G, Next-generation memory, Low-earth-orbit satellite systems, Nanoscale 3D printing);
· Digital ecosystems (DigitalOps, Knowledge graphs, Synthetic data, Decentralized web, Decentralized autonomous organizations);
· Advanced AI and analytics (Adaptive machine learning (ML), Edge AI, Edge analytics, Explainable AI, AI PaaS, Transfer learning, Generative adversarial networks, Graph analytics).
All these technologies has an influence on digital transformation of the whole society. They change the way people behave and companies operate. New digital industries occur while obsolete are becoming extinct. There is also another type, the ones that  manage to transform and absorb all these digital technologies. Healthcare industry is an example of the last case.
Innovations in the Healthcare industry are often called Health tech, meaning the convergence of health care and technology. According to Deloitte, the Health care industry will fall into three distinct but interconnected archetypes in the upcoming years (Peter, 2020):
· Data and platforms (the foundational infrastructure that forms the backbone of tomorrow’s health ecosystem);
· Well-being and care delivery (made up of care facilities and health communities—both virtual and physical, and will provide consumer-centric delivery of products, care, wellness, and well-being);
· Care enablement (connectors, financers, and regulators that help make the industry’s “engine” run.).
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Figure 5. Well-being and care delivery innovators surpassed data and platform innovators to receive the most funding in recent years (Deloitte, 2020)
After almost steady growth from 2011 to 2018 (Figure 5), funding for well-being and care delivery innovators doubled in 2018 and reached more than $4 billion. Despite the fact that the funding dropped a bit in 2019, well-being and care delivery still attracts the majority of money.
Although the Healthcare industry is transforming rapidly, only half (52%) of organizations are using emerging technologies as a foundation for their products or services (Peter, 2020). Artificial intelligence, Machine learning and Deep learning as well as the Internet of Things received the biggest amount of funding in 2019, $1.8 billion and $1.6 billion respectively (Figure 6).
[image: ]
Figure 6. Of innovators that are using differentiating technologies, those leveraging AI, ML, and deep learning received the most funding in recent years (Deloitte, 2020)
No doubt, artificial intelligence in all its forms and spheres of implementation is a technology that has transformed, is transforming and will transform the Healthcare industry. The author of Master Thesis will go deeper into AI as a technology and unveil potential benefits of AI implementation in Healthcare.
1.2.  Artificial intelligence (AI) as a new technological paradigm
John McCarthy, the father of AI, and his team coined the term “artificial intelligence” at the science meeting at Dartmouth back in 1956. Artificial intelligence was defined as “the science and engineering of making intelligent machines” (Andy, 2017). More than 60 years passed from that time but scientists have no final AI definition yet. The main challenge in defining the concept of AI is speed of technological progress and appearance of new breakthroughs, which makes scientists to adjust the definition periodically. The author considered 14 various definitions of AI (can be found in Appendix 1).
It can be seen from Appendix 1 that on the one hand, researchers understand AI to some degree uniformly (almost all connect human intelligence and a machine, computer) but on the other hand, AI definitions vary significantly. The majority of definitions reflect the general concept more and reveal AI at the macro level (John McCarthy, Kazakov P.V, Yasnitsky L.N, NITI Aayog, Capgemini Consulting, World Intellectual Property Organization, Konrad Adenauer Foundation, Jatinder Bali, Rohit Garg, and Renu T Bali, The Future Today Institute, Academy of Medical Royal Colleges and Merriam-Webster Dictionary). However, there are also AI definitions that focus on concrete subtechnologies and practical, narrow areas (Oxford University Press and Roland Berger) and even unique cases where authors combine both approaches (Almanac).
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Figure 7. Narrow and general types of AI (NITI Aayog, 2018)
The author of Master Thesis favors the definition provided by Almanac (“Artificial Intelligence” (AI) is a set of technological and software solutions that lead to a result similar to human intellectual activity and are used to solve applied problems using computer vision systems, natural language processing, speech recognition and synthesis, recommendation systems and intelligent support systems decision making, as well as systems based on promising methods) since this definition both reflects the conceptual side of the issue at the theoretical level, and reveals the practical side of AI, listing the most common areas of AI application today. It is especially worth noting once again that with the development of AI technology, the definition itself is changing. That is why Appendix 1 for the most part contains the latest definitions that fully reflect the current state of the technology.
There are two types of AI, namely weak (narrow) AI and strong (general) AI (Figure 1). Weak AI represents simple and easy solutions that make our life more convenient. For example, recommendations in the Internet according to clients’ web history and preferences or various chatbots. Strong AI, in its turn, does not necessarily require human interference and can make decisions on its own, at least on a par with human intelligence, or even higher. More examples are presented in Figure 7. The development of general AI is at the beginning of its path.
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Figure 8. AI subtechnologies (WIPO, 2019)
Artificial technology is not a single technology; rather it consists of various AI techniques (subtechnologies). Despite the fact that different sources and organisations distinguish their own AI techniques due to methodological approaches, the most solid and universally accepted approach is provided by the World Intellectual Property Organisation (WIPO). As it can be seen from Figure 8, AI consists of five big groups of subtechnologies while some of them have their subdivisions (WIPO, 2019):
· Logic programming, including
· Logic programming (general) (uses facts and rules to make decisions, without specifying additional intermediary steps, in order to achieve a particular goal);
· Description logistics;
· Expert systems (computer systems solve complex problems within a specialized domain, usually requiring a high level of human intelligence and expertise).
· Fuzzy logic (a decision-making approach which is not based on the usual “true or false” assessment, but rather on “degrees of truth” (where the “true” value ranges between completely true and completely false));
· Probabilistic reasoning (an AI approach which combines deductive logic and probability theory to model logical relations under uncertainty in data);
· Machine learning, including
· Machine learning (general) (an AI process that uses algorithms and statistical models to allow computers to make decisions without having to explicitly program it to perform the task. Machine learning algorithms build a model on sample data used as training data in order to identify and extract patterns from data, and therefore acquire their own knowledge);
· Supervised learning (the most widely adopted form of machine learning. In supervised learning the expected grouping of the information in certain categories (output) is provided to the computer through examples of data (input) which have been manually categorized correctly and form the training dataset. Based on these examples of input-output, the AI system can categorize new, unseen data into the predefined categories);
· Unsupervised learning (a type of machine learning algorithm that finds and analyses hidden patterns or commonalities in data that has not been labeled or classified. Unlike supervised learning, the system has not been provided with a predefined set of classes, but rather identifies patterns and creates labels/ groups in which it classifies the data);
· Reinforced learning (an area of machine learning that uses a system of reward and punishment for learning how to attain a complex objective. This approach seeks to incentivize software agents to learn correct decisions by trial and error and to pursue a long-term reward);
· Multi-task learning (a machine learning approach where a single model is used to solve multiple learning tasks at the same time, exploiting commonalities and differences between the various tasks);
· Classification and regression trees (predictive models to support decision-making that use tree-like representations of facts and their possible consequences, sometimes referred to as decision trees. The outcome of a classification tree is a discrete value, such as the class to which data belongs);
· Support vector machines (a supervised learning algorithm that analyzes labeled/ grouped data, identifies the data points that are most challenging to group and, based on that, identifies how to separate the different groups and classify unseen data points);
· Neural networks (a learning process inspired by the neural structures of the brain. The network is a connected framework of many functions (neurons) working together to process multiple data inputs. The network is generally organized in successive layers of functions, each layer using the output of the previous one as an input);
· Deep learning (a machine learning approach that tries to understand the world in terms of a hierarchy of concepts. Most deep learning models are implemented by increasing the number of layers in a neural network);
· Logical and relational learning;
· Probabilistic graphical models (a framework for representing complex domains using distribution of probabilities, where the models use a graph-based representation for defining the statistical dependence or independence relationships between data);
· Rule learning (machine learning methods which identify and generalize automatically a set of rules to be used for prediction or classification of new unseen data);
· Instance-based learning (a family of machine learning algorithms that compare new problem with cases seen in training and can adapt the model to previously unseen data);
· Latent representation (the mathematical representation of variables that are inferred rather than directly observed. Latent representation is applied in natural language processing, for example, where it is usually inferred from the statistical distribution of words, and in deep learning, where it is often used for performing transfer learning);
· Bio-inspired approaches (a family of AI approaches inspired by biological systems, rather than a precise technique. These include genetic algorithms, which mimic genetic evolution mechanisms to better adapt decisions to new problems and new data, and swarm intelligence, where simple rules implemented by individual agents can lead to sophisticated and robust behaviour via interaction at group-level).
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Figure 9. AI techniques (WIPO, 2019)
One or more above mentioned AI techniques can be used for practical implementation of AI. WIPO identifies nine areas of AI functional applications (Figure 9):
· Knowledge representation and reasoning (the field dedicated to representing information about the world usable by a computer to solve complex tasks. These representations are usually based on the way humans represent knowledge, reason (for instance through rules and building relations of sets and sub-sets) and solve problems);
· Speech processing, including
· Phonology;
· Speech processing (general) (systems involving analysis of speech signals, including speech recognition, natural language processing and speech synthesis);
· Speech recognition (the identification of a person from the characteristics of their voice);
· Speech synthesis (the artificial production of human speech);
· Speech-to-speech (an end-to-end systems where the input and output are a raw audio voice signal, which can be different (another voice or another language) or enhanced (de-noised));
· Speaker recognition (the identification of a person from the characteristics of their voice).
· Predictive analytics (the process of making predictions about future or otherwise unknown events using a variety of statistical techniques to analyze current and historical facts);
· Distributed AI (systems consisting of distributed, multiple autonomous learning agents which process independently data and provide partial solutions which are then integrated, through communication nodes connecting the individual agents);
· Natural language processing, including
· Natural language processing (general) (use of algorithms to analyze human (natural) language data so that computers can understand what humans have written or said and further interact with them);
· Information extraction (the task of extracting structured information from unstructured or semi-structured textual sources);
· Machine translation;
· Dialogue;
· Natural language generation;
· Semantics (the automatic recognition and disambiguation of topics and concepts in raw text, image or video, and the application of reasoning for further identifying new associations and facts);
· Morphology;
· Sentiment analysis (the identification, extraction, analysis and categorization of affective state or opinion from text, social media activity, audio, video or biometric sensors information).
· Robotics (the design, construction and operation of machines able to follow step-by-step instructions or perform complex actions automatically and with a certain level of autonomy);
· Computer vision, including
· Computer vision (general) (an interdisciplinary field that deals with how computers see and understand digital images and videos. Computer vision spans all tasks performed by biological vision systems, including “seeing” or sensing a visual stimulus, understanding what is being seen, and extracting complex information into a form that can be used in other processes);
· Augmented reality (this computer vision application provides an interactive experience of a real-world environment, where elements from the real-world are “augmented” by computer-generated sensory information and layered over with the natural environment);
· Biometrics (deals with the recognition of people based on physiological characteristics, such as face, fingerprint, vascular pattern or iris, and behavioral traits, such as gait or speech. It combines computer vision with knowledge of human physiology and behaviour);
· Image and video segmentation (the process of breaking down a digital image into multiple segments or analyzing the images constituting a video, assigning a label to every pixel in an image, in order to simplify or change the representation of an image into something that is more meaningful and easier to analyze);
· Character recognition (the process of reading typed, handwritten or printed text and converting it into machine-encoded text. A subset of image recognition, it is also known as optical character recognition or reader (OCR));
· Object tracking (the process of locating one or more moving objects over time in a video);
· Scene understanding (the process, often in real-time, of perceiving, analyzing and elaborating an interpretation of a scene and objects in context with respect to the 3D structure of the scene, its layout, and the spatial, functional, and semantic relationships between objects).
· Control methods;
· Planning and scheduling (the realization of strategies or action sequences for execution by intelligent agents, such as autonomous robots and unmanned vehicles).
It is worth mentioning that WIPO’s approach and AI techniques and applications are not the only one. Some researchers, institutions and companies champion different methodologies. As examples, the author of the Master Thesis provides some of them in Appendix (Almanac’s 16 areas of AI applications (Appendix 2), Arjun Panesar’s 15 AI final applications (Appendix 3)) and Capgemini Consulting’s 8 AI applications (Appendix 4)).
AI technologies can be applied to many fields. WIPO identifies 20 main AI application fields, with many subdivisions in almost each of them (Appendix 5). However, since the focus of the paper is AI in Healthcare industry, the author will consider AI application in this specific area in detail below.
1.3.  Artificial intelligence in Healthcare: AI significance and key applications
AI impact on Healthcare today is impossible to overestimate. AI related technologies are applied to the wide range of health-related aspects and used in different medical spheres. Researchers identify five main AI technologies in Healthcare (Figure 10).
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Figure 10. Different types of Artificial intelligence in the medical field (Abid, 2019)
The variety of AI applications in Healthcare is tremendous. There are various classifications and approaches to identification of AI implications in Healthcare. One of approaches divides AI applications into three big categories (Deloitte, 2019), namely:
· Patient-oriented AI;
· Clinical-oriented AI;
· Administrative and operational-oriented AI.
Patient-oriented AI represents systems and models that allow patients to get access to functions such as scheduling appointments, paying bills, filling in various forms and documents, etc. These systems can be installed on different electronic devices, from smartphones to laptops. The switch to self-service approach results in number of benefits for both patients and health care providers (Figure 11).
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Figure 11. Patient self-service benefits (Deloitte, 2019)
Patient engagement and adherence is the kind of “last mile” problem in Healthcare that is solved by the whole set of AI technologies. In a survey of more than 300 clinical leaders and healthcare executives, more than 70% of the respondents reported having less than 50% of their patients highly engaged and 42% of respondents said less than 25% of their patients were highly engaged (Davenport T., 2018). AI provides two solutions. One approach is special programs (in the form of online platforms or chatbots) that could intervene and send alerts and relevant content in order to persuade a patient to stick to his or her plans of care. Another approach is electronic health record (EHR) systems, such as biosensors, watches, smartphones, conversational interfaces, etc. that can collect patient’s data, analyze it (compare to effective treatment pathways) and make adjustments/recommendations (not only to patients, but also to hospitals, care providers, doctors, etc.).
Many healthcare provides do their utmost to make patients’ service experience more convenient that is why they automate some chain sections of health care provision. AI through various apps or online programs distinguish patients according to their needs and set them to right registration desks or windows, saving time for both patients and health care providers and freeing personnel for more important, complicated and urgent tasks. The anonymous data collected from visitors can be used to make future predictions and better control doctors’ appointment time as well as patients’ flow in rush hours. 
Complicated and long payment processes at the beginning or the end of a visit to a medical institution can harm patients’ satisfaction level even if the quality of medical aid is high. AI has potential to be applied in payment collection through point of service (POS) approach. Money will deducted immediately after a finished appointment with a doctor and it will be done in the most convenient way for patients. Algorithms can be used to analyse data and present analytics for both patients and health care providers.
The room for Clinical-oriented AI applications is as wide as for patient-oriented AI. Computer-aided detection (CAD) systems are one of the best cases in this sphere. A large number of images and associated data are reviewed and then fed to CAD systems that use created knowledge to identify areas of abnormality on images and generate diagnoses. Mammography (to identify areas suspicious for breast cancer), pulmonology (to identify areas suspicious for lung cancer), dermatology (to diagnose skin lesions that are at high risk for being malignant) are fields where CAD systems are represented most of all. While no single AI algorithm outperforms radiologists right now, an ensemble of AI algorithms combined with radiologist assessment in a single-reader screening environment improved overall accuracy (Schaffter T., 2020). The best known CAD system is IBM Watson that up to 2017 have already analysed more than 30 billion medical images (Gusev A., 2017).
Another direction of Clinical-oriented AI is voice recognition analytical systems. Some studies point to the fact that voice analysis can be used as a non-invasive marker for some disease processes (Emily Mullin, 2017).
Drugs discovery has historically taken long time and a lot of money. There are tremendous amounts of potential molecules that can become therapeutic drugs (in addition to enormous amounts of existing medicines) which makes tests running expensive and time consuming. AI can be implemented to search for new drugs through analysis of thousands research results to accelerate the process and make it more efficient. The idea here is that AI algorithms can find connections among relevant data points and narrow candidate molecules discovering new drugs.
More informed and effective treatment plan design in oncology is additional area where AI can be applied. Treatment plans are often complicated and require the consideration of various factors such as treatment modality and the preservation of healthy tissue when targeting cancerous cells. The process itself is time-consuming and poses challenges due to great amount of data needed to be analysed. A computer system can read, study and interpret results of thousands factors within some minutes while it will take weeks for one physician to do the same job. Moreover, treatment delivery in oncology aimed at determining the way how specific cancerous cells can be targeted while no damage will be provided to surrounding healthy cells can be also developed by AI. The main challenge is relatively small spaces between cells, especially in head and neck cancers (Deloitte, 2019). It takes radiation oncologists hours to map the anatomical structures, calculating radiation absorption at various angles and beam strengths to plan the delivery of the best treatment plan.
The healthcare industry generates large amounts of data through keeping patients’ records in order to meet regulatory requirements and improve medicine aid services. AI in general and Big Data analytics (as a part of Machine learning) in particular have potential to find new fields of unknown correlations, market trends, patients’ preferences, etc. which can help medical care providers make more solid business decisions through medical care mining. The results of MIT Technology Review confirms this idea, with 93% of respondents agree that AI has improved the speed and accuracy with which patient data is analysed and share.
The field of genomics can benefit significantly from AI and Big Data. Precision health, a new trend in healthcare focused on improving a patient’s health by diagnosing, preventing and treating future illnesses through wellness and prevention interventions, is a good practical example (Deloitte, 2019). Diagnosing process requires the existence of patient’s electronic health record, the data for which is collected from as many sources as possible. These sources include but not limited to HER systems, clinical records, genetics, social media accounts and current life situation (work position, social status, marriage status, the level of stress, etc.). The pull of data generated is too big to be analysed by ordinary tools or humans alone that is where AI and Big Data can create additional value.
Physical robots are another AI application in healthcare. Surgical robots, initially approved in the USA in 2000, provide ‘superpowers’ to surgeons, improving their ability to see, create precise and minimally invasive incisions, stitch wounds and so forth. Common surgical procedures using robotic surgery include gynaecologic surgery, prostate surgery and head and neck surgery (Davenport T., 2019).
AI applications in administrative and operational-oriented spheres are not as rich and breakthrough as in two other groups mentioned above, although the potential of AI implication is not less. AI systems and various analytical tools can boost operational efficiency and result in cost reduction through deep analyses of performance metrics and key performance indicators (KPI).
Robotics Process Automation (RPA) systems are one of the most widely implemented examples of AI in administrative and operational sphere. For example, the average US nurse spends 25% of work time on regulatory and administrative activities (Berg S., 2018) that can be optimised by AI and RPA systems. Business staff empowered by AI has almost 30% more time to attract new patients and meet with their families instead of doing bureaucratic or simple written work (MIT Technology Review and GE Healthcare, 2019).
Despite all benefits, there are four potential threats concerning AI implementation in healthcare industry, which are transparency, accountability, ethical and privacy issues (Davenport T., 2019).
Perhaps the main challenge for AI today is transparency. It is often impossible to interpret how machine learning algorithms come to some conclusions (not to mention neural networks or even deep learning). Patients are not ready to trust and accept both conclusions and given diagnoses if they are not provided with some explanations and proofs.
The more AI is implemented in healthcare, the more mistakes AI algorithms will make which is a result that all participants will have to accept. The question of accountability will raise the same way as it is happening with autonomous vehicles now (after some Tesla and Uber death accidents).
Ethical issues should be taken into account since algorithms are written by people and people are subject to various biases. It is worth mentioning that in the majority of cases the result is biased not because programmers are unethical but simply because no one taught the algorithm to act in a correct manner.
The last but not the least aspect is privacy. Patients are extremely vulnerable to some leak of their healthcare data since it is connected with high level of intimacy. It has a diverse impact on the whole implementation of AI in healthcare since the more data you input, the more accurate output will be. Algorithms need data but patients have no willingness to share it which makes it a vicious circle problem.
All these four aspects should be taken into account to uncover AI potential in healthcare and lead to more benefits and breakthroughs, not to drawbacks and violation of one’s rights and freedoms. In order to do so all stakeholders of AI Healthcare ecosystem (Figure 12) should cooperate to adequately cope with upcoming challenges and boost AI potential in healthcare.
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Figure 12. The stakeholders of AI Healthcare ecosystem (Sethuraman A., 2019)
A lot of examples can be given to prove any of the above mentioned points. The author of Master Thesis would like to consider one case known for everyone right now, coronavirus or COVID-19. A new disease occurred in Wuhan, China and within a couple of months spread all around the world. Everywhere on the planet doctors are fighting against a new enemy and AI is becoming one of their main weapons right now. AI enables to identify potential victims and predict the number of new infected people and infection centers (through various techniques such as Machine Learning) which gives a chance to doctors and hospitals to prepare enough space and save more lives. It also helps interact with patients without risks to doctors (thorough various smart apps that can diagnose patients’ health conditions). There are much more potential implementations but perhaps, one of the most important is the fact that AI is finding a potential medicine. The use of AI allowed scientists to test thousands of substances within a week, which resulted in the dozen of substances that were considered as potential treatments and that are being tested on humans right now. AI accelerated and is accelerating the creation process of the first vaccine, which will save thousands of people all around the globe.
1.4.  Research methodology of the study
1.4.1. Research gaps
The author of Master Thesis considered digital transformation and investing in Health Tech, unveiled theoretical background of Artificial Intelligence and had a look at AI implementation in Healthcare, identifying not only potential benefits but also highlighting possible threats and concerns arising while talking about AI in Healthcare.
Talking about found research gaps, it is worth mentioning that international AI community uses no commonly accepted approaches to the identification of the most developed AI countries. The state of AI is so new that not only countries or companies but also international organizations have not set up general AI standards yet. All AI shareholders understand the technology, or namely speaking, the set of subtechnologies, differently (it can be easily seen from the analysis of AI application in Healthcare).
In addition, after analysis of the literature review, the author of Master Thesis concluded that there are no enough papers and research focused on studying the structure of AI Healthcare companies’ market. Perhaps, it happens since these companies are too new which does not enable to collect massive data set or the data cannot be easily found in the Internet (not available and out of free access for the majority of researchers).
Since investors’ interest in AI and its application in Healthcare is growing, more analytics and research needed for all participants, from governments and potential investors to AI Healthcare companies themselves.
1.4.2. Formulation of research questions
Taking into consideration the found research gap, the author of Master Thesis states the following research aim that is to consider AI Healthcare companies in AI leading countries, identify and analyze their and their investors’ unique features, and estimate how developed in terms of AI Healthcare companies AI leading countries are based on Crunchbase dataset.
In order to achieve the stated above aim, the following research questions are to be answered:
RQ1. What are the most developed AI countries? What are their policies and approaches to state regulation of AI?
RQ2. What are the most representative AI Healthcare companies, according to Crunchbase? What are their main features?
RQ3. What are typical investors of AI Healthcare leading companies in Crunchbase database (which type of investor and on what stage of funding)?
RQ4. Which AI most developed country is the leader in AI Healthcare sphere (based on the analysis of AI Healthcare companies in Crunchbase database)?
RQ5. How is investors’ location connected to the probability that they will put money into an AI Healthcare company from any out of five selected countries?
Chapter I conclusion
With the development of the upward phase of the sixth Kondratiev wave, or how Klaus Schwab called this phenomenon the Fourth Industrial Revolution, technologies significantly modify. Digitalisation became one of stem innovations that have changed the whole economy. Of course, the process is not over but it has already changed a lot and enabled the creation of completely new technologies such as artificial intelligence.
The more mature technologies are, the more investors from both business and governmental areas will put money to get potential benefits. Digital transformation in general and AI in particular made Healthcare a tidbit for all investors.
Despite all breakthrough discoveries made in the area of AI, humanity is only at the beginning of their way. Nowadays, we didn’t even manage to get closer to strong, smart AI, that will be equal to human brain power. However, even narrow AI can bring a lot of advantages in Healthcare. AI benefits and application areas are almost limitless. AI subtechnologies such as Machine learning, Artificial neural networks, Support vector machine, Natural language processing and heuristics analysis account the biggest part of AI application in Health.
Of course, nothing is perfect. There are four potential threats concerning AI implementation in healthcare industry, which are transparency, accountability, ethical and privacy issues. These issues should be solved by the whole community of shareholders to uncover AI potential benefits in Healthcare.
At the end of the first chapter the author of Master Thesis identified research gaps, based on which the aim of the research was formulated. In order to reach the stated aim, five research questions were raised that will be fully answered in the second and third chapters of the paper.


CHAPTER II. IDENTIFICATION OF THE MOST DEVELOPED AI COUNTRIES, REVIEW OF POLICIES AND APPROACHES TO STATE REGULATION OF AI
2.1. Identification of the most developed AI countries
While the value of artificial intelligence is widely recognized, there are no special models or frameworks of countries’ AI development assessment yet. However, artificial intelligence is a technology which development requires participation of all potential shareholders. The author of Master Thesis decided to apply some theoretical approaches from innovation ecosystem field since artificial intelligence represents an innovation itself. These models enable to study interactions among shareholders of artificial intelligence and highlight the most important areas needed to be researched further.
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Figure 13. Triple Helix model (created by the author of Master Thesis based on Alberto A., Cristina A and others (March, 2020))
The Triple Helix model, created by Henry Etzkowitz and Loet Leydesdorff, is perhaps one of the first models that explain forming successful innovation ecosystems through cooperation among all participant of this ecosystem. The model identifies government, university and industry as three main participants of every innovation ecosystem (Figure 13). The model is based on three basic rules or mechanisms:
· Universities play a crucial role in innovation and knowledge creation (almost all knowledge creation starts from them);
· Collaboration among three main shareholders is a must to succeed;
· Sometimes shareholders take others’ roles in areas where helices intersect.
Of course, cases are unique which makes scientists develop more complex and customized Helix models, sometimes even not triple but quadruple. As an example, the author of Master Thesis presents an example of a Quadruple Helix model by JinHyo Joseph Yun and Zheng Liu from Centre for Innovation and Development, Nanjing University of Science and Technology, China (Figure 14).
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Figure 14. Micro- and macro-dynamics of open innovation with a quadruple-helix model (JinHyo J. Y., Zheng L., June, 2019)
The scientists considered an innovation ecosystem from micro- and macro-perspectives but what is more important is the fact that they added society as the fourth main shareholder or helix. The industry adopts R&D and various open platforms while universities are engaged in multiple areas, from technology transfer to knowledge co-creation. The government role has changed from a strict regulator to an innovative facilitator. Society, which is represented by customers and ordinary clients, help form new concepts and stay at the beginning of new R&D commercialization channels, for example, shared economy.
Artificial intelligence is unique by its nature and status of maturity that is why the author of master thesis created its own Quadruple Helix model based on features needed to be taken into account while studying AI (Figure 15). The proposed model consists of four main helices, namely National vision of AI development (through AI national strategies), Government, Universities and research centers, and industry.
Despite the fact that AI is hot topic nowadays there is no international AI standards yet. International Organization for Standardization (ISO), International Electrotechnical Commission (IEC) and International Telecommunication Union (ITU) are three main organizations that have been working in the field of AI standardization for recent years. ISO and IEC became the first international standards organizations (SDOs) to set up a joint committee (ISO/IEC JTC 1/SC 42) that focuses on the development of AI standards back in 2017. The committee has formed five working groups (WG) with a leader-country (LC) in each of them:
· WG 01 “Foundational Standards” (LC – Canada) ;
· WG 02 “Big Data” (LC – the USA);
· WG 03 “Trustworthiness” (LC – Ireland);
· WG 04 “Use cases and applications” (LC – Japan);
· WG 05 “Computational approaches and computational characteristics of AI systems” (LC – China).
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Figure 15. AI Quadruple Helix model (created by the author of Master Thesis)
The documents that each WG develops are presented on Figure 16. The majority of these standards are to be developed late 2020 – early 2021. In addition to LCs, experts from all global leading countries and companies are participating in the work of the above mentioned five WGs. For example, Technical Committee for Standardization ТC164 "Artificial intelligence" was formed in Russia to be a part of the development process.
Since there are no international AI standards and legislation, with more AI products and solutions are coming to the world market, the whole regions and single countries are developing their own initiatives and regulations, so called “AI national strategies”, in order to react to changes and not stay behind, losing AI race. These AI national strategies should be taken into account since they represent countries’ vision and set the direction to AI development.
However, AI national strategies are plans and initiatives that will be fully implemented (if fully) in the future that is why it would be wrong to judge the level of AI development in a country based on only its AI national strategy. In order to assess other three helices the author of Master Thesis suggests that various AI indexes built on representative (to some extent) indicators should be considered. There are five most recent and well prepared AI indexes in order of their release, namely
· AI Readiness index by Capgemini Consulting (2018);
· AI Performance index by Capgemini Consulting (2018);
· Government AI Readiness index by Oxford Insights (May, 2019);
· Cambrian AI index by Konrad Adenauer Stiftung (June, 2019);
· The Global AI index by Tortoise (December, 2019).
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Figure 16. AI developing standards (Garbuk S., 2019)
Capgemini Consulting published both AI Readiness index and AI Performance index in the report “Artificial Intelligence Benchmark” in 2018. Although two indexes can be connected, they were developed through different methodologies and analyses that is why they will be considered separately.
AI Readiness index shows the extent to which a country and institutions & businesses have the ability to reap the benefits of AI (Capgemini Consulting, 2018). The index consists of three main clusters of indicators:
· Institutional Environment;
· IT Maturity;
· IT Skill Advancement.
The final results are presented for 35 countries (Figure 17). For each indicator in each group a reverse ranking is made, where a missing value is counted as having no value. The highest score is thus obtained by the country which has the highest original value of the indicator. The sum of every indicator score is then taken for every cluster which yields the cluster score. The cluster scores summed form the total score for AI Readiness index (Appendix 6). The clusters are not adjusted in weight for the number of variables to reflect on the importance of the clusters with a higher number of variables. A full list of the clusters and indicators can be found in Appendix 7.
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Figure 17. AI Readiness Benchmark (Capgemini Consulting, 2018)
AI Performance index shows the extent to which a country and its institutions & businesses have committed to the pursuit of a leading position in Artificial Intelligence (Capgemini Consulting, 2018). The index is formed by five clusters:
· Personnel;
· Monetary Impact;
· Competitiveness;
· Research & Education;
· Technology.
Capgemini Consulting finalizes results for 12 countries (Figure 18). For each indicator in each group a reverse ranking is made, where a missing value is counted as having no value. The highest score is thus obtained by the country which has the highest original value of the indicator. The sum of every indicator score is then taken for every cluster which yields the cluster score. The cluster scores summed form the total score for AI Performance index (Appendix 8). The clusters are not adjusted in weight for the number of variables to reflect on the importance of the clusters with a higher number of variables. A full list of the clusters and indicators can be found in Appendix 9.
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Figure 18. AI Performance Benchmark (Capgemini Consulting, 2018)
These two AI indexes can be combined to establish four groups of countries (Figure 19):
· Leaders (high readiness – high performance) that should continue the same way they are doing;
· Persecutors (low readiness – high performance/high readiness – low performance) that should fasten and fix some problems preventing them from achieving full success;
· Lagging behind (low readiness – low performance) that have to change and improve almost everything in their approach to AI if they want to catch up with others in AI race.
The next AI index is the 2019 Government AI Readiness index, produced with the support of the International Development Research Centre (IDRC), covers all UN countries (194). The index consists of four clusters:
· Governance;
· Infrastructure and Data;
· Skills and Education;
· Government and Public services.
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Figure 19. The combination of AI Readiness and AI Performance benchmarks (Capgemini Consulting, 2018)
The overall score is comprised of 11 input metrics. The data is derived from a variety of resources, ranging from Oxford Insight’s own desk research into AI strategies, to databases such as the number of registered AI startups on Crunchbase, to indices such as the UN eGovernment Development Index. (fully presented in Appendix 10). The top 30 countries of the index are shown below (Figure 20).
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Figure 20. 2019 Government AI Readiness index (Oxford Insights, 2019)
Konrad Adenauer Stiftung (English – Konrad Adenauer Foundation) presented their Cambrian AI index in June, 2019. The index assesses 13 countries on the basis of 26 indicators that are clustered in the following groups (the detailed list of indicators is presented in Appendix 11):
· General requirements;
· Research and development;
· Commercialisation of AI.
No weighting of the data is used in the index. The values of the different proxies are indexed from 0 to 1, with the USA representing the “benchmark” value 1 against which the other countries are measured. Due to the world leadership AI, the United States have been selected the AI benchmark country. Then the values of all indicators is summed and the countries are ranked with respect to their scores. The final score is presented below (Figure 21).
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Figure 21. Cambrian AI index (Konrad Adenauer Stiftung, Part 2, 2019)
Most recent AI index under consideration was published by Tortoise in December 2019. The Global AI index shows the stage of AI development in 54 countries through three clusters, namely implementation, innovation and investment (Figure 22).
The Global AI Index consists of 97 indicators distinguished into seven sub-pillars: Talent, Infrastructure, Operating Environment, Research, Development, Government Strategy and Commercial Ventures (Figure 23):
· The Talent sub-pillar focuses on the availability of skilled practitioners for the provision of artificial intelligence solutions;
· The Infrastructure sub-pillar focuses on the reliability and scale of access infrastructure, from electricity and internet, to super computing capabilities;
· The Operating Environment sub-pillar focuses on the regulatory context, and public opinion surrounding artificial intelligence;
· The Research sub-pillar focuses on the extent of specialist research and researchers; investigating the amount of publications and citations in credible academic journals;
· The Development sub-pillar focuses on the development of fundamental platforms and algorithms upon which innovative artificial intelligence projects rely;
· The Commercial Ventures sub-pillar focuses on the level of startup activity, investment and business initiatives based on artificial intelligence;
· The Government Spending sub-pillar focuses on the depth of commitment from national government to artificial intelligence; investigating spending commitments and national strategies.
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Figure 22. Three clusters forming the Global AI index (Tortoise, 2019)
It is interesting and worth mentioning that the Global AI index weights each pillar for importance (the importance was chosen after consultation with experts across the field) (Figure 24). A country’s total score is made up of the weighted normalised sum of its sub-pillar scores. The score for a sub-pillar is then in turn the normalised weighted sum of all the indicators within the sub-pillar.
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Figure 23. The seven pillars of the Global AI index (Tortoise, 2019)
The Global AI Index includes most quantitative data i.e. the number of Data Scientists, Artificial intelligence startups or GitHub Stars. For the purposes of scoring these values translated directly into comparable scores. In a small number of cases, qualitative data is included. In these cases e.g. IPSOS “I do not trust artificial intelligence survey” Response data, qualitative data is packaged a quantitative; showing the overall percentage results of the survey. The full list of 97 indictors is presented in Appendix 12.
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Figure 24. The weighting of the Global AI index (Tortoise, 2019)
The Global AI index splits all 54 countries into five groups due to their AI index score, namely power player, traditional champions, rising starts, waking up and nascent (Figure 25). The USA and China lead the world in terms of AI, top 30 countries can be found in Appendix 13.
To conclude, if we consider top 12 AI countries from all five AI indexes, analysed above, we will get the following result (Table 1). It is worth mentioning that since AI develops with great strides, more attention should be paid to the three most recent AI indexes due to their higher relevance.
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Figure 25. The results of the Global AI index (Tortoise, 2019)
The USA is absolute leader of AI in the world (two 1st places and one 4th) while, no doubt, China is the second (two 2nd places). The UK takes the third place (2nd, 7th and 3rd places). Germany receives the fourth place (3rd, 5th and 5th places). Singapore closes top 5 countries (1st, 6th and 7th places).
Table 1. The comparison of 12 leading AI countries from all five AI indexes
	Source
	Capgemini Consulting
	Oxford Insights
	Konrad Adenauer Stiftung
	Tortoise

	Month, year
	2018
	May, 2019
	June, 2019
	December, 2019

	The title of the index
	AI Readiness index
	AI Performance index
	Government AI Readiness index
	Cambrian AI index
	The Global AI index

	Countries positions (top 12 countries)
	1. The Netherlands
2. Denmark
3. Sweden
4. The UK
5. Finland
6. France
7. Belgium
8. Luxembourg
9. South Korea
10. Japan
11. Spain
12. Germany
	1. The USA
2. Germany
3. The UK
4. China
5. France
6. Japan
7. South Korea
8. Canada
9. The Netherlands
10. Australia
11. Poland
12. Russia
	1. Singapore
2. The UK
3. Germany
4. The USA
5. Finland
6. Sweden
7. Canada
8. France
9. Denmark
10. Japan
11. Australia
12. Norway
	1. The USA
2. China
3. South Korea
4. Japan
5. Germany
6. Singapore
7. The UK
8. Canada
9. India
10. Israel
11. Finland
12. France
	1. The USA
2. China
3. The UK
4. Canada
5. Germany
6. France
7. Singapore
8. South Korea
9. Japan
10. Ireland
11. Australia
12. Israel


Source: created by the author of Master Thesis
Therefore, these five AI leading countries (the USA, China, the UK, Germany and Singapore) will be considered in the Master Thesis as the most developed AI countries and the author of the paper will use them in the methodology for further research. In order to study the fourth helix of the chosen model, the author of Master Thesis will consider AI national strategies of five AI leading countries.
2.2. AI national strategies of AI leading countries
The USA
The US President Donald Trump issued Executive Order 13859 “Maintaining American Leadership in Artificial Intelligence” launching the American AI Initiative on February 11, 2019. The Initiative represents an effort to promote and protect AI technology and innovation in the United States and implements a whole-of-government strategy in collaboration and engagement with the private sector, academia, the public, and likeminded international partners (The White House, 2019). The first directive in the Executive Order was for Federal agencies to prioritize AI research and development (R&D) in their annual budgeting. In order to meet this demand, the National Artificial Intelligence Research and Development Strategic Plan was issued in June, 2019. The plan identified the following eight strategic priorities (The White House, 2019):
Strategy 1: Make long-term investments in AI research. Prioritize investments in the next generation of AI that will drive discovery and insight and enable the United States to remain the world leader in AI.
Strategy 2: Develop effective methods for human-AI collaboration. Increase understanding of how to create AI systems that effectively complement and augment human capabilities.
Strategy 3: Understand and address the ethical, legal, and societal implications of AI. Research AI systems that incorporate ethical, legal, and societal concerns through technical mechanisms.
Strategy 4: Ensure the safety and security of AI systems. Advance knowledge of how to design AI systems that are reliable, dependable, safe, and trustworthy.
Strategy 5: Develop shared public datasets and environments for AI training and testing. Develop and enable access to high-quality datasets and environments, as well as to testing and training resources.
Strategy 6: Measure and evaluate AI technologies through standards and benchmarks. Develop a broad spectrum of evaluative techniques for AI, including technical standards and benchmarks.
Strategy 7: Better understand the national AI R&D workforce needs. Improve opportunities for R&D workforce development to strategically foster an AI-ready workforce.
Strategy 8: Expand public-private partnerships to accelerate advances in AI. Promote opportunities for sustained investment in AI R&D and for transitioning advances into practical capabilities, in collaboration with academia, industry, international partners, and other non-Federal entities.
There are two main groups of AI actions in the USA, namely the ones that are executed by the White House and those that are executed by Federal agencies. The whole set of initiative and additional activities is presented in Figure 26. In February 2020, to the anniversary of Trump's Executive order on AI, the White House issued the latest American AI document, American Artificial Intelligence Initiative: year one annual report.
American Artificial Intelligence Initiative: year one annual report specified what had been done for the passed year (the White House, 2020):
1) Invest in AI research and development: In 2019 the Administration updated its AI R&D strategic plan, developed the first progress report describing the impact of Federal R&D investments, and published the first-ever reporting of government-wide non-defense AI R&D spending.
2) Unleash AI resources: In 2019, the White House Office of Management and Budget established the Federal Data Strategy as a framework for operational principles and best practices around how Federal agencies use and manage data.
3) Remove barriers to AI innovation: The White House published for comment the proposed United States AI Regulatory Principles, the first AI regulatory policy that advances innovation underpinned by American values and good regulatory practices. In addition, the National Institute of Standards and Technology (NIST) issued the first-ever strategy for Federal engagement in the development of AI technical standards.
4) Train an AI-ready workforce: The National Science Foundation’s new National AI Research Institutes program will also contribute to workforce development, particularly of AI researchers.
5) Promote an international environment supportive of American AI innovation: Last year, the United States led historic efforts at the Organization for Economic Cooperation and Development (OECD) to develop the first international consensus agreements on fundamental principles for the stewardship of trustworthy AI. The United States also worked with its international partners in the G7 and G20 to adopt similar AI principles.
6) Embrace trustworthy AI for government services and missions: The General Services Administration established an AI Center of Excellence to enable Federal agencies to determine best practices for incorporating AI into their organizations.
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Figure 26. Timeline of United States actions to advance the American AI Initiative (the White House, 2020)
To sum up, the main focus of the US AI national strategy is to maintain the leadership in AI and improve the current AI status through high government investments and funding, domestic resources and cooperation among business, science and government.
China
Everything depends on Five-Year-Plans in China. The 13th Five-Year-Plan, issued by the Communist Party of China in February 2017, proposed further innovations and developments in China. Although AI was not mentioned there, the plan gave a new impulse for AI development. After half of a year, in July 2017, the State Council of China released the New Generation Artificial Intelligence Development Plan (新一代人工智能发展规划), Chinese AI national strategy, to seize the major strategic opportunities for the development of artificial intelligence (the State Council of China, 2017).
The New Generation Artificial Intelligence Development Plan set AI goals that are to be achieved within three steps (the State Council of China, 2017):
Step 1. By 2020, China is to keep up the overall technology and application of Artificial intelligence with the advanced level of the world.
Step 2. By 2025, China should achieve a major breakthrough in Artificial intelligence basic theory, and parts of the technology and application will be at a world leading level.
Step 3. By 2030, China must make Artificial intelligence theory, technology and application achieve the world leading level to be the major Artificial intelligence innovation centre of the world, intelligent economy, intelligent society achieve remarkable results, and lay an important foundation for China’s entry into the forefront of the innovative countries and economic powers.
Based on the AI development level, scientific and technological abilities to innovate as well as economic and social development, the plan identified the following key tasks and subtasks (the State Council of China, 2017):
· Build open and cooperative technology system of Artificial intelligence:
· Establish a new generation of basic theory of Artificial intelligence system;
· Establish a new generation of Artificial intelligence key common technology system;
· Establish the layout of Artificial intelligence innovation platform;
· Accelerate the training of high-end talent of gathered artificial intelligence.
· Cultivate a high-end and efficient intelligent economy:
· Significantly develop emerging industries in AI;
· Accelerate the promotion of industrial intelligence upgrades;
· Significantly develop Intelligent Enterprise;
· Take AI to new heights.
· Construct safe and convenient intelligent society:
· Develop convenient and efficient intelligent services;
· Promote social governance intelligence;
· Use AI to Improve Public Safety Measures;
· Promote social interaction and mutual trust.
· Strengthen AI in the field of military-civilian integration;
· Build a safe and efficient intelligent infrastructure system;
· Lay out a new generation of AI major science and technology projects.
Of course, each of these key tasks and subtasks were presented in detail in the plan with the mention of specific AI technologies that should be used to reach it.
It is worth considering another document that was issued as an additional guidance to the New Generation Artificial Intelligence Development Plan. In June 2019, the New Generation AI Governance Expert Committee (established by the Ministry of Science and Technology in March 2019) released the following Chinese eight principles of next-generation Artificial intelligence governance (Lorand and Graham, 2019):
I. Harmony and friendliness. AI development should begin from the objective of enhancing the common well-being of humanity; it should conform to human values, ethics, and morality, promote human-machine harmony, and serve the progress of human civilization; it should be based on the premise of safeguarding societal security and respecting human rights, avoid misuse, and prohibit abuse and malicious application.
II. Fairness and justice. AI development should promote fairness and justice, protect the rights and interests of stakeholders, and promote equality of opportunity. Through continuously raising the level of technology and improving management methods, eliminate bias and discrimination in the process of data acquisition, algorithm design, technology development, product R&D, and application.
III. Inclusivity and sharing. AI should: promote green development and meet the requirements of environmental friendliness and resource conservation; promote coordinated development, push forward the transformation and upgrading of all walks of life, and narrow regional disparities; promote inclusive development, strengthen AI education and popularization of science, improve the adaptability of disadvantaged groups, and strive to erase the digital divide; promote shared development, avoid data and platform monopolies, and encourage open and orderly competition.
IV. Respect privacy. AI development should respect and protect personal privacy and fully protect the individual's right to know and right to choose. In personal information collection, storage, processing, use, and other aspects, boundaries should be set and standards should be established. Improve personal data authorization and revocation mechanisms to combat any theft, tampering, disclosure, or other illegal collection or use of personal information.
V. Secure/safe and controllable. AI systems should continuously improve transparency, explainability, reliability, and controllability, and gradually achieve auditability, supervisability, traceability, and trustworthiness. Pay close attention to the safety/security of AI systems, improve the robustness and tamper-resistance of AI, and form AI security assessment and management capabilities.
VI. Shared responsibility. AI developers, users, and other interested parties should possess a strong sense of social responsibility and self-discipline, and strictly abide by laws, regulations, ethics, morals, standards, and norms. Establish an AI accountability mechanism to clarify the responsibilities of developers, users, beneficiaries, etc. The AI application process should ensure the human right to know and give notice of possible risks and impacts. Prevent the use of AI for illegal activities.
VII. Open collaboration. Encourage exchanges and cooperation across disciplines, domains, regions, and borders; promote coordination and interaction between international organizations, government departments, research institutions, educational institutions, enterprises, social organizations, and the public for the development and governance of AI. Launch international dialogue and cooperation; with full respect for each country's principles and practices for AI governance, promote the formation of a broad consensus on an international AI governance framework, standards, and norms.
VIII. Agile governance. Respect the natural laws of AI development; while promoting the innovative and orderly development of AI, search for and resolve risks that might arise. Continuously upgrade intelligent technological methods, optimize management mechanisms, perfect governance systems, and promote governance principles throughout the entire life cycle of AI products and services. Continue to research and anticipate potential future risks from increasingly advanced AI, and ensure that AI always moves in a direction that is beneficial to society.
To conclude, China understands that it is not the leader in AI yet that is why it focuses on all possible domestic resources provided by the Communist party and the people of China to first reach AI world leading countries by 2020 and then outperform them, moving forward to become an undisputable AI world leader.
Europe
Before considering the UK and Germany separately, the author of Master Thesis would like to say a few words about European AI initiatives. The growth of the USA and China made European countries to unite and start the development of their own AI strategy. It resulted in the formation of European AI Alliance. 25 European countries signed a Declaration of cooperation on Artificial Intelligence in April 2018, presenting the European strategy for AI. Although some countries also have their own AI national initiatives, they emphasized the importance of working together and fully participate in the European strategy for AI.
In February 2020, the European Commission released a White Paper on Artificial Intelligence: a European approach to excellence and trust, a new updated version of the European strategy for AI. It focuses on two main dimensions, namely building AI excellence and AI trust.
In order to build an ecosystem of excellence, the Commission suggests the following step up actions (the European Commission, 2020):
· Working with member states. The plan proposes some 70 joint actions for closer and more efficient cooperation between Member States, and the Commission in key areas, such as research, investment, market uptake, skills and talent, data and international cooperation. The plan is scheduled to run until 2027, with regular monitoring and review.
· Focusing the efforts of the research and innovation community. Europe cannot afford to maintain the current fragmented landscape of centres of competence with none reaching the scale necessary to compete with the leading institutes globally. Europe needs a lighthouse centre of research, innovation and expertise that would coordinate efforts and be a world reference of excellence in AI and that can attract investments and the best talents in the field.
· Skills. The European approach to AI will need to be underpinned by a strong focus on skills to fill competence shortages. The Commission will soon present a reinforcement of the Skills Agenda, which aims to ensure that everyone in Europe can benefit from the green and digital transformations of the EU economy.
· Focus on SMEs. While all Digital Innovation Hubs should provide support to SMEs to understand and adopt AI, it will be important that at least one innovation hub per Member State has a high degree of specialisation in AI.
· Partnership with the private sector. It is also essential to make sure that the private sector is fully involved in setting the research and innovation agenda and provides the necessary level of co-investment. This requires setting up a broadbased public private partnership, and securing the commitment of the top management of companies.
· Promoting the adoption of AI by the public sector. It is essential that public administrations, hospitals, utility and transport services, financial supervisors, and other areas of public interest rapidly begin to deploy products and services that rely on AI in their activities. A specific focus will be in the areas of healthcare and transport where technology is mature for large-scale deployment.
· Securing access to data and computing infrastructures. Improving access to the management of data is fundamental. Without data, the development of AI and other digital applications is not possible. Promoting responsible data management practices and compliance of data with the fair principles will contribute to build trust and ensure re-usability of data. Equally important is investment in key computing technologies and infrastructures.
· International aspects. The EU's work on AI has already influenced international discussions. When developing its ethical guidelines, the High-Level Expert Group involved a number of non-EU organisations and several governmental observers. In parallel, the EU was closely involved in developing the OECD’s ethical principles for AI25. The G20 subsequently endorsed these principles in its June 2019 Ministerial Statement on Trade and Digital Economy.
In order to build an ecosystem of trust in AI around all European states, the Commission welcomes seven key requirements identified in the Guidelines of the High-Level Expert Group (the European Commission, 2020):
· Human agency and oversight;
· Technical robustness and safety;
· Privacy and data governance;
· Transparency;
· Diversity, non-discrimination and fairness;
· Societal and environmental wellbeing;
· Accountability.
In addition to a White Paper on Artificial Intelligence: a European approach to excellence and trust, in February 2020, the European Commission published a report on the safety and liability implications of Artificial Intelligence, the Internet of Things and robotics to become the world leader in the stated technologies. The document considers the existing safety and liability frameworks, characteristics of AI, IoT and robotics technologies and opportunities created by these technologies.
There are much more documents, reports, white papers and recommendations issued by the European Commission and various European organisations to accelerate and fix legislatively the development of AI in Europe. However, the ones mentioned above, are the most important and they allow to conclude that the main focus of the European union in AI development is cooperation among countries, creation of strong legal base and focus on safety and ethical issues.
The United Kingdom
The UK started to develop AI politics back in September 2016 when the House of Commons Science and Technology Committee published a 44-page report on “Robotics and artificial intelligence,” which investigates the economic and social implications of employment changes; ethical and legal issues around safety, verification, bias, privacy, and accountability; and strategies to enhance research, funding, and innovation. Short after that, in January 2017, All Party Parliamentary Group on Artificial Intelligence (APPG AI) was established to address ethical issues, social impact, industry norms, and regulatory options for AI in Parliament.
The next step was the establishment of the Select Committee on AI by the Parliament in June 2017 to further consider the economic, ethical and social implications of advances in artificial intelligence, and to make recommendations. 
The UK Government’s Industrial Strategy was published in November 2017. It contains various sections but the author of Master Thesis suggest focusing on Grand Challenges section that featured AI. The document concludes that AI will create new good quality jobs and drive economic growth in the UK. The Industrial Strategy also describes a plan to take an international leadership role through investments in Data Ethics and Innovation.
In April 2018, the Select Committee on AI published a 183-page report, “AI in the UK: ready, willing and able?” which considers AI development and governance in the UK and is the latest AI document of the United Kingdom. The report concludes that it makes no sense to compete with the US and China in terms of funding and people resources, instead of that it suggests considering the development of AI ethics as a competitive advantage for the UK. The report urges to establish a national UK AI strategy and proposes an “AI Code” with five principles (the Select Committee, 2018):
· Artificial intelligence should be developed for the common good and benefit of humanity;
· Artificial intelligence should operate on principles of intelligibility and fairness;
· Artificial intelligence should not be used to diminish the data rights or privacy of individuals, families or communities;
· All citizens have the right to be educated to enable them to flourish mentally, emotionally and economically alongside artificial intelligence;
· The autonomous power to hurt, destroy or deceive human beings should never be tested in artificial intelligence.
The UK does not ask for AI world leadership in all spheres and do not apply for their positions because of the lack of funding and resources. However, the country has and is developing a strong legislation in the field of AI and wants to strengthen its positions in AI through improvement in AI ethics.
Germany
On November 15, 2018, the German Government released a national AI strategy (AI Made in Germany). The strategy was developed by the Economic Affairs Ministry, the Research Ministry, and the Labour Ministry. The strategy proposes the following 14 objectives (German Federal Government, 2018):
· “Artificial Intelligence (AI) made in Germany” is to become a globally recognized seal of quality;
· Germany should expand its strong position in industry 4.0 and become a leader in AI applications in this area. The strong German midmarket should also benefit from AI applications;
· Germany is to become an attractive location for the world’s brightest AI minds;;
· The focus should always be on the benefits of AI for citizens;
· In Germany, data are to be used exclusively for the benefit of society, the environment, the economy and the state;
· With a new infrastructure for real-time data transmission, the basis for new AI applications is to be created;
· AI in Germany is to be accompanied by a high level of IT security;
· AI research and use should be ethically and legally embedded in Germany;
· A European response to data-based business models and new ways of data-based value creation is to be found that corresponds to German economic, value and social structure;
· AI should always contribute to employed people in working fields;
· The potential of AI should make living and working areas safer, more efficient and more sustainable;
· AI is intended to promote social participation, freedom of action and self-determination for citizens;
· The potential of AI should be used for sustainable development and thus contribute to achieving the sustainability goals of Agenda 2030;
· For AI applications, framework conditions are set that create and maintain diversity and guarantee the space offered for the development of cultural and media freedoms.
The strategy covers the following 12 fields of actions (German Federal Government, 2018):
· Strengthen research in Germany and Europe to be a driver of innovation. This is to be achieved by establishing a strong, dynamic, flexible, broadly and interdisciplinary AI ecosystem in Germany that is internationally competitive. Excellent research, the recruitment of first-class experts and the creation of an innovation-friendly environment are central to this.
· Innovation competitions and European innovation clusters. Targeted AI competitions are intended to create freedom to stimulate disruptive ideas, to find new solutions, applications and business models, to initiate start-ups, to attract talent and to identify trends at an early stage and to receive multidisciplinary impulses from various directions.
· Transfer to business, strengthen medium-sized businesses. The German government will focus on measures that will enable German companies of all sizes — from start-ups to SMEs to large corporations — not only to use AI applications, but also to develop them and integrate them into their business processes.
· Fostering the founding of new businesses and leading them to success. The Federal Government will set new impulses for the stimulation of the start-up dynamics for AI-based business models and products. The key issue here is to improve access to venture capital as a whole, but also and especially in the growth phase, which is often particularly capital-intensive for AI-based business models. To this end, the government will create specific incentives for investors and encourage and promote a significantly higher number of spin-offs from research.
· World of work and labour market: shaping structural change. The use of Artificial intelligence will fundamentally change the everyday working lives of many people. The Federal Government will support all employees in this change with a variety of measures based on a national continuing education strategy. The government will promote, analyse, evaluate and critically accompany the use of AI, both in individual companies and through higher-level observatories, nationally and internationally.
· Strengthening vocational training and attracting skilled labour/experts. The Federal Government will use all its possibilities to improve the framework conditions for AI in Germany and will also encourage and support the Federal German states to do so. The government needs a broad public understanding of AI, especially among young people, and new content and ideas for initial, continuing and further training. Germany needs an even more attractive framework for research and teaching in order to attract and retain scientists and to create new chairs at universities.
· Using AI for tasks reserved for the state and administrative tasks. The Federal Government will take a pioneering role by using AI in the administration and will offer faster, better and more efficient administrative services for the citizens.
· Making data available and facilitating its use. With a variety of measures, the Federal Government will significantly increase the amount of usable, high-quality data in order to establish Germany as the world’s leading AI location without violating personal rights, the right to informational self-determination or other fundamental rights.
· Adapting the regulatory framework. The Federal Government will review and, if necessary, adapt the legal framework for algorithm- and AI-based decisions, services and products to ensure effective protection against bias, discrimination, manipulation or other misuse.
· Setting standards. Due to its national responsibility, the Federal Government will also work in cooperation with business representatives in the field of AI for standards and standard setting at national, European and international level through the national standards organizations DIN/DKE. This is not only about technical issues, but also about ethical ones.
· National and international networking. Sooner or later, cross-sectional technologies such as AI will affect all areas of science, business, administration and the everyday lives of citizens. Development is global, which is why politics also has to think and act across borders. The Federal Government will therefore increasingly expand international cooperation and bilateral and multilateral cooperation in the field of AI.
· Engaging in dialogue with society and continuing the development of the frame- work for policy action. In order to bring research, development and application of AI in Germany to a worldwide leading level, an educated and informed society is needed. This requires intensive social dialogues, participatory procedures and opportunities for everyone to participate in shaping the society. For this reason, the Federal Government will intensify the social dialogue and the education on artificial intelligence and transparently present and discuss both the opportunities of AI for each individual and the common good as well as possible risks and challenges.
German approach to AI is close to the UK version. The German Federal Government focuses on data protection and AI ethics, cooperation with other European countries and the world community while do not forgetting about German national interest and improving domestic AI science through attracting the best scientists and human resources to Germany. The German government considers AI not as a super power to win the world leading race of domination but as a tool to improve their citizens’ lives and rights.
Singapore
At the 2019 SFF X SWITCH conference, Singapore released its National AI Strategy (NAIS) that provides concrete action plans and timelines. The strategy also outlines how Singapore intends to engage with other countries, both private and public organisations as well as individuals (Figure 27). In order to co-ordinate the efforts across the various agencies to prevent each fraction from working in Silos, the new National AI Office (NAIO) was created to steer these efforts in the same direction.
The government decided to launch five National AI projects including transport and logistics, smart cities and estates, healthcare, education, and safety and security (Figure 28). These projects are intended to address key challenges that will help ensure Singaporeans experience successful and sustainable AI innovation and adoption. The national strategy calls for support from the private and public sectors, as well as international partners.
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Figure 27. Partners’ ecosystem of Singapore AI strategy (Singapore Government, NAIO, 2020)
To facilitate the testing and scaling of these five National AI projects, the strategy outlines five “Ecosystem Enablers” to drive AI innovation and adoption across the economy (Figure 29).
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Figure 28. Timeline & milestones of five key National AI projects (Smart Nation Singapore, 2019)
Triple Helix Partnership (the model closed to what the author of Master Thesis considered earlier) focuses on enabling rapid commercialisation of fundamental AI research and deployment of AI solutions. That is to be achieved through the following objectives:
· Deepen investments in AI-related R&D across the ecosystem;
· Drive partnerships between the research community and industry;
· Accelerate AI adoption in companies;
· Establish AI innovation testbeds.
The aim of AI talent and education dimension is to address the shortfall in the quantity and quality of talent across the entire range of AI-related job roles. The following objectives are stated:
· Train more Singaporeans for higher value-added AI jobs;
· Teach basic computing skills and computational thinking to all;
· Attract top-tier global AI-talent.
Data architecture should enable quick and secure access to high-quality, cross-sectoral datasets through the following actions:
· Establish frameworks for public-private data collaboration;
· Establish trusted data intermediaries for public-private data exchange.
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Figure 29. Ecosystem Enablers (Smart Nation Singapore, 2019)
Progressive and trusted environment dimension should help strengthen trust in AI technologies to enable an environment for test-bedding, developing, and deploying AI solutions. The following actions were recommended to execute:
· Establish citizens’ trust on the responsible use of AI;
· Provide a top-class IP regime and accelerated patent initiatives.
International collaboration is the last part from “Ecosystem Enablers” with the focus on cooperation with international partners to shape the international AI discourse and development of the other horizontal enablers. The results will be got through the following objectives:
· Contribute to global standards for AI-related policies and guidelines;
· Collaborate on multi-national AI projects.
Singapore AI national strategy is unique due to the size of the country (city) and the amount of resources that it has. Singapore agrees that it cannot compete with the USA or China in almost all measures. However, the government thinks that the country should do its utmost to attract the best possible human resources, train their current population and cooperate with partners worldwide to flourish AI development in the country.
To sum up, despite the fact that all five AI leading countries have similar national AI strategies, all of them are different to some extent. Some countries try to keep their positions (as the USA) while others directly say that they need to catch up with others (China). Political, geographical, natural and other resources make government to adapt their strategies to a unique case of each country. The current initial sage of AI development matters a lot as well. However, all countries understand the importance of AI development and negative consequences if they fail. All want to win AI leading race because they will get unimaginable gains.
2.3. Russia’s place in the world of artificial intelligence and its AI national strategy
Artificial intelligence became a hot and essential topic for Russian government just three years ago, in 2017. However, the theme of AI and its development was a logical continuation of various digital policies executed by the government. One of the first document that was Russian AI harbinger was the Address of the President of the Russian Federation to the Federal Assembly on December 4, 2014 where the President outlined the implementation of the National Technology Initiative (NTI) as one of core priorities of government policy. NTI is the program focuses on the creation of fundamentally new markets and creation of conditions for global technological leadership of Russia by 2035. NTI was considered as necessary changes in the rules and regulations, effective measures of financial and human resources development, and compensation mechanisms involving carriers of necessary competencies. Within the framework of the Initiative certain directions, technology markets were formed. Their number and filling changed a lot of times but nowadays there are 9 NTI markets (networks) (Agency for Strategic Initiatives, 2020):
· EnergyNet (distributed energy from personal power to smart grid);
· FoodNet (personal food and water production and delivery systems);
· SafeNet (new personal security systems);
· HealthNet (personal medicine and health care);
· AeroNet (distributed unmanned aerial vehicle systems);
· MariNet (distributed maritime transport systems without crew);
· AutoNet (distributed driverless vehicle control network);
· FinNet (decentralized financial systems and currencies);
· NeuroNet (distributed artificial components of consciousness and psyche).
Specific objectives were set for each of these markets, and road maps, kind of strategies and plans to achieve the targets, were adopted for 7 of the 9 areas (except for SafeNet and FoodNet) in late March – early April 2018. NTI states 14 end-to-end digital technologies (as of nowadays) that will form new markets (networks) mentioned above:
· Big Data Storage and Analysis Technologies;
· Artificial intelligence;
· Distributed registry technologies;
· Quantum technologies;
· Technologies for new and portable energy sources;
· New TechNet manufacturing technologies;
· Wireless and IoT Technologies;
· Biological Object Property Management Technologies;
· Neurotechnologies, Technologies of Virtual and Augmented Realities;
· Robotics and Mechatronics Component Technologies;
· Sensory technology;
· Machine Learning and Cognitive Technologies;
· Technologies for transportation of electricity and distributed intelligent power supply systems;
· Quantum Communication Technologies.
In addition to NTI, another government body was formed, aimed more at real production and its development, rather than at the formation and development of scientific centers and conducting researches, which was one of the main goals of NTI. For implementation of the Development strategy of information society in the Russian Federation for 2017 - 2030 approved by Decree of the Russian President on May 9, 2017 No. 203, Presidium of the Council on Strategic Development and National Projects under the President of the Russian Federation approved the Digital Economy of the Russian Federation Program on July 28, 2017. The objectives of the Programme were (the government of Russian Federation, 2017):
· Creation of an ecosystem of the digital economy of the Russian Federation, in which digital data is a key factor of production in all spheres of social and economic activity and in which effective interaction, including cross-border, of business, scientific and educational community, state and citizens is ensured;
· Creation of necessary and sufficient institutional and infrastructure conditions, removal of existing obstacles and restrictions for the creation and/or development of high-tech businesses and prevention of the emergence of new obstacles and restrictions both in traditional sectors of the economy and in new industries and high-tech markets;
· Increasing competitiveness in the global market of certain sectors of the economy of the Russian Federation and the economy as a whole.
The program focuses on six main direction (the government of Russian Federation, 2017):
· Regulation of the digital environment;
· Personnel for the Digital Economy;
· Information infrastructure;
· Information security;
· Digital technologies;
· Digital public administration.
The main end-to-end digital technologies within the framework of the Program are the following (the government of Russian Federation, 2017):
· Big data;
· Neurotechnology and artificial intelligence;
· Distributed registry systems;
· Quantum technologies;
· New production technologies;
· Industrial Internet;
· Robotics and sensory components;
· Wireless communication technologies;
· Virtual and augmented reality technologies.
In addition to the stated above, on May 7, 2018, the President of the Russian Federation signed a Decree On National Goals and Strategic Tasks for the Development of the Russian Federation for the Period up to 2024. Within the framework of the implementation of the Digital Economy program, the Government of the Russian Federation has been given the following tasks (the President of Russian Federation, 2020):
· A) Achieve the following goals and targets:
· Increase in domestic costs for the development of the digital economy due to all sources (by share in the gross domestic product of the country) not less than three times compared to 2017;
· Establishment of a sustainable and secure information and telecommunications infrastructure for high-speed data transmission, processing and storage, accessible to all organizations and households;
· Use of mainly domestic software by state bodies, local self-government bodies and organizations;
· B) Solve the following tasks:
· Establishment of a system of legal regulation of the digital economy based on a flexible approach in each sphere, as well as introduction of civil turnover based on digital technologies;
· Establishing a globally competitive data transfer, processing and storage infrastructure based primarily on domestic developments;
· Training of highly skilled personnel for the digital economy;
· Ensuring information security on the basis of domestic developments in data transfer, processing and storage, which guarantees the protection of the interests of the individual, business and the state;
· The creation of end-to-end digital technologies based mainly on domestic developments;
· The introduction of digital technologies and platform solutions in the areas of public administration and the provision of public services, including for the benefit of the population and small and medium-sized enterprises, individual entrepreneurs;
· Transformation of priority economic and social sectors, including health, education, industry, agriculture, construction, urban, transport and energy infrastructure, financial services, through the adoption of digital technologies and platform solutions;
· Establishment of an integrated financing system for digital and platform solutions projects, including venture funding and other development institutions;
· Development and implementation of the national mechanism for the implementation of the agreed policy of the member States of the Eurasian Economic Union in the implementation of plans for the development of the digital economy.
In order to create AI regulatory and technical framework and to promote Russian standards to the international level, the Technical Committee (TC) 164 was approved by Order No. 1732 of Rosstandart on July 25, 2019. TC 164 is a "mirror image" of SC 42 international subcommittee Artificial intelligence (considered by the author of Master Thesis in 2.2) and also serves as a standing national body in SC 42.
Finally, the President of Russian approved the National Strategy for the Development of Artificial Intelligence until 2030 in the Russian Federation, the first and only one Russian AI national strategy, on October 10, 2019. The strategy identifies the main principles of development and use of artificial intelligence technologies (the President of Russia, 2019):
· Protection of human rights and freedoms: ensuring protection of human rights and freedoms guaranteed by Russian and international legislation, including the right to work, and enabling citizens to acquire knowledge and acquire skills for successful adaptation to the digital economy;
· Safety: the inadmissibility of the use of artificial intelligence for the purpose of intentional harm to citizens and legal entities, as well as the prevention and minimization of risks of negative consequences of the use of artificial intelligence technologies;
· Transparency: explanation of the work of artificial intelligence and the process of its achievement, non-discriminatory product users’ access that is created using artificial intelligence technologies;
· Technological sovereignty: ensuring the necessary level of independence of the Russian Federation in the field of artificial intelligence, including through the preferential use of domestic artificial intelligence technologies and technological solutions developed on the basis of artificial intelligence;
· Integrity of the innovation cycle: ensuring close interaction of scientific research and development in the field of artificial intelligence with the real sector of the economy;
· Reasonable care: implementation and adaptation of existing measures aimed at implementation of state policy in scientific, technical and other fields as a matter of priority;
· Support for competition: development of market relations and inadmissibility of actions aimed at limiting competition between Russian organizations engaged in activities in the field of artificial intelligence.
The objectives of the development of artificial intelligence in the Russian Federation are to ensure the growth of the well-being and quality of life of its population, to ensure national security and law and order, to achieve the sustainable competitiveness of the Russian economy, including leading positions in the world in the field of artificial intelligence. The strategy defines the following tasks to achieve the stated objectives (the President of Russia, 2019):
· Support scientific research to advance artificial intelligence;
· Development of software that uses artificial intelligence technologies;
· Improving the availability and quality of data needed to develop artificial intelligence technologies;
· Increased availability of hardware needed to meet artificial intelligence challenges;
· Increase the level of provision of the Russian market for artificial intelligence technologies by qualified personnel and the level of public awareness of possible areas of use of such technologies;
· Creation of an integrated system of regulation of social relations arising from the development and use of artificial intelligence technologies.
The strategy provides two main mechanisms for the development of artificial intelligence (the President of Russia, 2019):
· Ensuring growth of supply of competitive in the world Russian products (services) created (provided) using artificial intelligence;
· Ensuring the growth of demand from Russian citizens, organizations and state bodies for products (services) created (provided) using artificial intelligence.
The main indicators characterizing the growth of the supply of products (services) created (provided) using artificial intelligence are (the President of Russia, 2019):
· Increasing the number of organizations developing technological solutions based on artificial intelligence and holding a leading position in the world;
· Increasing the number of results of intellectual activity in the field of artificial intelligence, which have been registered or otherwise accounted for in accordance with the generally accepted world practice and are used in industry.
The indicator characterizing the growth of demand for artificial intelligence technologies is the increase in the number of organizations, including social organizations, and state bodies using artificial intelligence to increase the efficiency of their activities (the President of Russia, 2019).
According to the strategy, AI technologies include computer vision, natural language processing, speech recognition and synthesis, and intelligent decision support. Related areas include robotics and unmanned transport control.
The development of artificial intelligence was given to Sberbank. The biggest Russian bank has prepared three policy documents on the development of artificial intelligence recently. The first document was the National Strategy for the development of artificial intelligence, prepared for Vladimir Putin's order. Within the framework of the national program Digital Economy the bank presented a roadmap for the development of artificial intelligence and neurosensory technologies. At the end of 2019, Sberbank developed a federal project Artificial Intelligence, which should become the seventh federal project of the Digital Economy national programs. This document has not yet been approved.
It is interesting to note that different documents include different figures of costs required for the development of artificial intelligence. Last year’s road map included investments in the amount of RUB 400 billion, of which RUB 50 billion should be allocated from federal budget, while RUB 350 billion from extra budgetary sources. The Artificial Intelligence federal project refers to costs in the amount of RUB 120 billion, of which RUB 90 billion will allocate the federal budget (here the amount coincides with the amount of costs from the federal budget from the current road map) and RUB 30 billion from non-budgetary sources.
In addition, to solve the problems of AI development, the business formed the Alliance of Artificial Intelligence, which includes the main market participants interested in the development of the industry (Sberbank, Yandex, Mail.ru Group, MTS, Gazprom Neft and the Russian Direct Investment Fund (RDIF).
As a part of the first steps towards AI, domestic standards the Federal Agency for Technical Regulation and Metrology (Rosstandart) approved in December 2019 the first national standards in the field of artificial intelligence - GOST R 58776-2019 “Means of monitoring the behaviour and forecasting the intentions of people. Terms and Definitions” and GOST R 58777-2019 “Air Transport. Airports. Technical means of examination. Methodology for Determining the Quality of Recognition of Illegal Attachments from Shadow X-ray Images”.
The first standard is intended to ensure effective communication of intelligent robotics systems (including unmanned vehicles) with humans. The second accepted standard, GOST R 58777-2019, establishes uniform requirements to systems and algorithms for recognition of illegal contents of baggage and hand luggage by X-ray images. The standards were developed by St. Petersburg Polytechnic University of Peter the Great and will come into force on September 1, 2020.
The latest news of AI in Russia is the restart of NTI that is planned to execute in 2020. Special Representative of the President of the Russian Federation for Digital and Technological Development, CEO of the NTI Platform Dmitry Peskov announced that the creation of new markets GameNet and EkoNet, the restart of HealthNet and FoodNet, the introduction of the principle of several working groups for existing markets, "live road maps" and other initiatives will become the basis for the restart of the National Technology Initiative - NTI 2.0. This statement was made during a press conference held online on April 7, 2020.
To conclude, Russia is at the beginning of its AI development way. Russian approach to AI development started as the part of an import substitution strategy for digital technologies and solutions and ended as AI independent national strategy; AI becomes one of the most important end-to-end technologies. The development of a special federal project Artificial intelligence is a good confirmation of that.
Comparing with other AI national strategies of five AI leading countries the author of Master Thesis wants to highlight the fact that one of key principles of AI development in the national strategy is ensuring technological sovereignty of the Russian Federation. Russian approach differs from European, British or German approaches which put a great emphasise on the active collaboration with the world community. Russia’s AI strategy is similar to American and Chinese strategies which mainly focus on domestic AI development without big intervention and reliance on the outside. These three countries have realized AI potential, its power and endless opportunities that is why they will think twice before sharing some AI researches and solutions with the outside world without any reasonable price.
Chapter II conclusion
Since the area of AI is quite new, there are no well-established frameworks or models to assess countries’ AI development level which made the author of Master Thesis to apply theoretical models from another but close field of knowledge (that allow to assess innovation ecosystem). AI can be definitely considered as an innovation and requires special conditions for development and commercialization, a special ecosystem of interested shareholders and their cooperation. The review of various Triple and Quadruple Helix models led to the modification and development of a model corresponding to the research needs and AI specifics. The model consists of four helices, namely universities, government, industry and AI national strategies.
Nowadays there are no international AI standards yet. Three main organizations are developing them, namely International Organization for Standardization (ISO), International Electrotechnical Commission (IEC) and International Telecommunication Union (ITU). The first AI international joint committee (ISO/IEC JTC 1/SC 42) for AI development was created in 2017. The standards should be ready by the end of 2021. However, both governments and business communities are not waiting. Companies study possible ways of AI implementation while governments release their AI national strategies. To study the interactions among four helices stated above the author of Master Thesis analysed the most up-to-the-date AI indexes and AI national strategies of these countries.
For identification of the most developed AI countries (through government, industry and universities helices), the author of Master Thesis chose the following five AI indexes: AI Readiness index and AI Performance index (both 2018) by Capgemini Consulting, Government AI Readiness index (May, 2019) by Oxford Insights, Cambrian AI index (June, 2019) by Konrad Adenauer Stiftung and The Global AI index (December, 2019) by Tortoise. Summarizing the results of these five AI indexes, the author identified AI leading countries which are the USA, China, the UK, Germany and Singapore.
In order to better understand the way how AI is developed in these five AI leading countries (to study AI national strategy helix), the author considered AI national strategies for all five AI leading countries. All of them are unique because of country’s features but two main approaches can be highlighted. The first group of countries that represents leaders, the USA and China, mainly focuses on domestic development of AI and AI potential to broaden their power while the second set of countries, the UK, Germany and Singapore, notes the importance and key role of international cooperation in AI development as well as AI benefits for ordinary citizens and all communities.
In addition to AI national strategies of five AI leading countries, the author studied Russian approach. Russia didn’t manage to reach top 5 or even top 10 AI countries due to various reasons but one of the most important is the fact that AI development started in Russia only in 2017. Of course, the first documents occurred in 2014 but some objectives were stated only from 2017. Moreover, the existence of various government bodies that sometimes duplicate their duties harm the speed of AI development in Russia. However, the release of Russian AI national strategy and latest news give a hope that the country will progress and the speed of that development will raise. In terms of development of the technology the country focuses on domestic AI market and remind American and Chinese approaches.

CHAPTER III. RESEARCH OF AI HEALTHCARE COMPANIES IN AI LEADING COUNTRIES
3.1. Data collection and description
All sets of data are taken from Crunchbase (www.crunchbase.com), a well-known online platform for data collection and its analysis. The platform provides information to more than 100 000 companies all around the world. In addition, the platform enables to analyse investors and other entities. The author attempted to use other platforms such as CB Insights and Y Combinator but the data provided there was not full-fledged and less than in Crunchbase, or was out of free access.
The author of Master Thesis used two-steps approach to data collection. First, the author selected data about AI Healthcare companies in five AI leading countries. The selection criteria consisted of headquarters location (in five identified AI leading countries) and specific industry (AI and Healthcare simultaneously). The presentation of selection criteria is presented in Figure 30. The platform presented dataset about 495 companies (on 17 March, 2020). The position of a company in the list depended on Crunchbase (CB) Rank that measures prominence of an entity. The CB Rank algorithm takes many signals into account including the number of connections a profile has, the level of community engagement, events such as product launches, funding rounds, leadership changes, news affect the company, etc.
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Figure 30. Criteria for selection of top 150 AI Healthcare companies (made by the author of Master Thesis on www.crunchbase.com)
Despite the fact that the initial list of data included information about 495 companies, the author collected information only about top 150 companies because of one main reasons. After top 150 companies some important data was missed for about 1/3 – 1/2 of companies which makes this data inappropriate for research and analysis. The dataset of top 150 AI Healthcare companies includes the following columns:
· Organisation name;
· CB Rank;
· Headquarters location (city);
· Headquarters location (country);
· Description (company);
· Founded year;
· Exit date;
· Website;
· Number of employees;
· Number of funding rounds;
· Funding status;
· Last funding amount;
· Last funding type;
· Last equity funding amount;
· Last equity funding type;
· Total equity funding amount;
· Total funding amount;
· Top 5 investors;
· Active Tech Count.
Active Tech Count is another proxy (in addition to CB Rank) that represents total number of technologies currently in use by the company, as detected by BuildWith.
After data collection of top 150 AI Healthcare companies and its short analysis, the author of Master Thesis found out that almost all AI Healthcare companies from the list (121 out of 150) was funded by venture capital. Since the first data collection approach does not provide any additional data about venture investors (consisting of Venture Capital (funds), Individual/Angels, Angel groups, Corporate Venture Capital (CVC) and Micro Venture Capital (Micro VC)), the author collected another 25 datasets. Each dataset focuses on showing whether and how venture investors from each out of five AI leading countries put money into AI Healthcare companies in each out of five AI leading countries. Figure 31 shows an example of selection criteria for the situation when venture investors from the US invest in AI Healthcare companies based in the US.
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Figure 31. Criteria for selection of US venture investors into AI Healthcare companies (made by the author of Master Thesis on www.crunchbase.com)
All datasets were collected on March 20, 2020 and have the following columns:
· Organization/Person name;
· CB Rank (investor);
· Location (city);
· Location (country);
· Description (investor);
· Founded year (absent for people);
· Website;
· Investor type;
· Investment stage;
· Number of exists (Initial Public Offering (IPO)).
It is worth mentioning that there are some missing values in almost all 26 datasets. However, the percentage of these missing values is insignificant which enables not to take them into account.
3.2. Analysis and presentation of research results
3.2.1. Study of top 150 AI Healthcare companies
Before analyzing top 150 AI Healthcare companies, let us have a closer look at data and identify their main features.
Among top 150 AI Healthcare companies the majority of them is headquartered in the United States (117) while the United Kingdom takes the second place with 18 companies. China, Singapore and Germany follows two above mentioned leaders with 6, 5 and 4 companies respectively (Figure 32). Considering the distributing of AI Healthcare companies in the US, San Francisco leads the list with 22 companies. New York and Boston follow it (14 and 8 respectively).

Figure 32. Distribution of top 150 AI Healthcare companies in five AI leading countries (made by the author of Master Thesis)
The majority of top 150 AI Healthcare companies can be classified as startups which can be proofed by various indicators:
· 114 out of 150 companies was set up in 2014 or later. Almost all companies in this range were created from 2014 to 2017 (96);
· Only five out of 150 companies is listed on some stock exchanges;
· The majority of companies does not have a big number of employees (Table 2);
Table 2. Distribution of companies by employees’ number
	Number of Employees
	Number of companies

	1-10
	38

	11-50
	70

	51-100
	18

	101-250
	9

	251-500
	1

	501-1000
	2

	1001-5000
	1

	5001-10000
	1

	Missing values
	10


Source: made by the author of Master Thesis
· Almost all companies did not conduct a lot of fund-raising rounds (Table 3).
Table 3. Distribution of companies by number of funding rounds
	Number of Funding Rounds
	Number of companies

	1
	36

	2
	28

	3
	31

	4
	22

	5
	17

	6
	6

	7
	4

	9
	3

	11
	2

	13
	1


Source: made by the author of Master Thesis
Therefore, the majority of top 150 AI Healthcare companies in AI leading countries is startups, aged 3 to 6 years. They are private companies (not listed on any stock exchange), with from 1 to 50 employees, that have carried out funding rounds not more than 4 times.
It is worth mentioning that almost all top 150 AI Healthcare companies are funded by venture capital. It can be concluded from the fact that 119 companies have either seed or early stage venture or late stage venture as their funding status (54, 53 and 12 companies respectively) (Table 4). In addition, it also shows that companies attract venture capital on early stages of funding rather than when they become more well-established.
Table 4. Distribution of companies by funding status
	Funding Status
	Number of companies

	Seed
	54

	Early Stage Venture
	53

	Late Stage Venture
	12

	IPO
	2

	Mergers & Acquisitions (M&A)
	3

	Private Equity
	2

	Missing values
	24


Source: made by the author of Master Thesis
Summing all mentioned above, the author of Master Thesis has mapped all top 150 AI Healthcare companies. The results are presented in 3 maps to make maps readable and show all companies in a nice manner. The first map includes top 23 companies; companies in the middle of the list (24-73) can be founded in the second map while the last, third map consists information about the balance of the list (74-150). Some companies were funded in national currencies. In order to compare and analyse funding volume, the author exchanged national currencies such as pound sterling, euro, Singapore dollar and yuan into US dollars at international exchange rate on March 24, namely pound sterling for 1.12 US dollar, euro for 1.08 US dollar, Singapore dollar for 0.69 US dollar and yuan for 0.14 US dollar.
The US AI Healthcare companies lead the list and CB Rank (except Babylon Health from the UK) both by the number of companies (20 out of 23) and funding value (Tempus with $ 620,000,000 funding volume) (Figure 33). The majority of companies has status of early stage venture (16 out of 23) and late stage venture (6 out of 23). One company (Digital Surgery) attracts money through M&A. It is worth mentioning that except 3-4 companies almost all AI companies have about the same funding volume (in general $ 50 m +- $ 20 m).
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Figure 33. Top 150 AI Healthcare companies in AI leading countries (part 1) (created by the author of Master Thesis)
The second set of companies are more various and heterogeneous (Figure 34). First of all, companies from all five AI leading countries are presented this time, with two in Germany, three in Singapore, two in China, three in the United Kingdom and the rest in the United States. Secondly, there are some missing values in data that makes it not possible to distinguish funding stage for 10 companies. In addition to Early Stage Venture, Late Stage Venture and M&A funding stages Private equity and Seed stages are added.
The US is the leader in the number of companies again with 40 out of 50 companies. However, in terms of funding volume Yitu Technology, one out of two Chinese companies in the map, leads the list with $ 381,800,418 funding volume. The second biggest (in terms of funding volume) is iCarbon, the second Chinese company in the list with $ 200,000,000. The majority of companies in the list has Early Stage Venture or Seed funding status (23 and 12 respectively). Jvion, the US company, is the only one attracted funds through private equity.
The third set of companies is the biggest among three built and consists of companies from 74 to 150 numbers in top 150 AI Healthcare companies in AI leading regions (Figure 35). The majority of companies is headquartered in the US and the UK (57 and 13 out of 77 companies respectively). The most funded company is US IDx with $ 52,131,984. However, there are two Chinese companies not far away, namely Shukun Technology and Deepwise ($ 47,848,012 and $ 46,900,000 respectively). Huimei Technology (China), Renalytics AI (the UK) and 12 Sigma Technologies (China) closes the list of giants ($ 30,000,000, $ 29,000,000 and $ 28,140,000 respectively). Although 14 companies do not provide information about their funding status and represent missing values, Seed funding stage is the most popular among companies (42 out of 77). There are also one (two) IPO (Renalytics AI and Nuance Communications), one M&A (Digitize AI) and one Private equity (RETINA-AI). One company (Nuance Communications, the US) was not shown on the map since there is no information about its total funding amount.
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Figure 34. Top 150 AI Healthcare companies in AI leading countries (part 2) (created by the author of Master Thesis)
After analysis of top 150 AI Healthcare companies in five AI leading countries considered above on three maps and based on some important measures chosen by the author of Master Thesis, the author decided to use Statistical Package for Social Sciences (SPSS) system to apply another approach. In addition to predicted influencing factors, the author conducted a two-step cluster analysis of the same variables in order to identify some other potential groups and factors that may have fallen out of the researcher's field of view.
The author built several dozen statistical models of cluster analysis and finally found the most suitable one, of course, as far as the quality and correlation of the data allows. The final model quality can be assigned an average status (“fair”) and consists of 6 data inputs:
· Funding status (string);
· CB Rank (numeric);
· Number of employees (string);
· Headquarters location (country) (string);
· Founded year (numeric);
· Number of funding rounds (numeric).
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Figure 35. Top 150 AI Healthcare companies in AI leading countries (part 3) (created by the author of Master Thesis)
The system identified two clusters among top 150 AI Healthcare companies. It is worth mentioning that they are close to each other in terms of their size (54% (81 companies) and 46% (69 companies) for cluster 1 and 2 respectively). Funding status, CB Rank (company) and Number of employees serve as three most important predictors which means they have the greatest impact on the clustering process.
Based on detailed analysis presented in Appendix 14 - 20, and the summary of comparison in Table 5, it is possible to state two following types of companies:
· (cluster 1 type) AI Healthcare company, quite young (was set up in 2015, on a Seed funding stage and had 3 funding rounds) and small (has 1-10 employees). The start-up is not so famous (only around 20 000 in CB Ranks) and is located in the United States.
· (cluster 2 type) AI Healthcare company, older than type 1 (was set up in 2014, on Early Stage Venture (goes after Seed stage) and attracted almost 3.5 funding rounds), bigger as well (11-50 employees). The start-up is also located in the USA and more well-known and mature (keeps higher position in CB Rank (around 8 500)).
Simply speaking, there are two types of companies which represent two consequent stages of venture capital funded start-up development with some unique features attributed to each one of them.

Table 5. Summary of two clusters
	Name of predictor
	Cluster 1 (54%)
	Cluster 2 (46%)

	Funding status
	Seed (63%)
	Early Stage Venture (73.9%)

	CB Rank
	18 990.12
	8 530.22

	Number of employees
	1-10 (46.9%)
	11-50 (49.3%)

	Headquarters location (country)
	United States (76.5%)
	United States (79.7%)

	Founded year
	2015.16
	2014.35

	Number of funding rounds
	3.02
	3.46


Source: created by the author of Master Thesis based on SPSS analysis
3.2.2. AI leading countries venture investors’ review
The analysis of top 150 AI Healthcare companies resulted in the fact that the majority of these companies was funded by venture investors. The author of Master Thesis decided to analyse five AI leading countries from venture investors’ perspective as well. Since some countries have too many investors, the author will create 8 maps (3 for the USA), each of which will be analysed and constructed separately. Venture investors will be located in accordance with their CB Rank (investor), the country where their investments go, number of investments and coloured by the number of exits (IPOs). In addition, the author will analyse the regions by venture investors’ types (Venture capital (firm or fund), Micro VC, Corporate Venture Capital, Investment bank, Accelerator, Co-Working space, Government office, Private equity firm or Secondary Purchaser). It is worth mentioning that a lot of venture investors correspond to various groups.
Moreover, since the sample size of venture investors from the USA is 133 (about 400 venture investors that put money into AI Healthcare companies located in the US, out of which the author will consider top 100, plus investors giving money to AI Healthcare companies located in other four AI leading countries, namely 33 venture investors), the author of Master Thesis will conduct additional cluster analysis in SPSS to identify potential groups of venture investors in the USA. Other countries have less than 100 venture investors which makes a clustering analysis unsuitable for them since 100 is the minimum recommended sample size (to make the analysis representative and receive high accuracy of results).
The United States
The majority of all venture investors from all five AI leading countries are located in the USA. There are about 400 venture investors in the USA that invest into the USA companies. The author chose top 100 venture investors and analysed them, presenting the results in three pictures to make the analysis more readable.
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Figure 36. United States venture investors (part 1) (created by the author of Master Thesis)
The first USA map (Figure 36) represents leading US venture investors (up to 1000 CB Rank (investor)). Almost all venture investors shown on the map put money into the US companies. Only three venture investors (two of them invest into the US as well) invest into AI Healthcare companies located in the United Kingdom, Germany and Singapore (one per each). Concerning the number of investments and exists, it can be seen that there are a lot of giants that do thousands of investments and have more than 200 IPOs. The venture investors on the map can not be classified to a special type of IPOs group, all groups are presented almost equally.
The second US map (Figure 37) consists of the US venture investors into AI Healthcare companies from two countries, namely the US and the UK. Comparing with the first US venture investors map (Figure 36), there are less IPOs giants and more middle venture investors (from 0 to 100 IPOs). The majority of venture investors gives money to the US companies, although the UK looks attractive as well. The UK AI Healthcare companies draw more middle venture investors’ attention (from 0 to 50 IPOs).
The last US venture investors map (Figure 38) shows the balance of the US venture investors into AI Healthcare companies. The majority represents small venture investors (from 0 to 10 IPOs) and some companies do not disclose this information which makes them presented as missing values. It is worth mentioning that China appears here for the first and last time. The US venture investors in AI Healthcare companies are not prone to put money into Chinese AI Healthcare companies, the UK takes almost all money outside the US.
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Figure 37. United States venture investors (part 2) (made by the author of Master Thesis)
In addition to these three maps, the author suggest analysing venture investors by their investor types (Table 6). The Table shows that almost all venture investors can be classified as Venture Capital firms or funds (114) or Micro VC (23). It is worth mentioning that many venture investors specialize in various types of investments that is why they are put into more than one investor type groups.
In order to better understand venture investors in AI Healthcare companies from the USA, the author conducted a cluster analysis in SPSS. Silhouette measure of cohesion and separation which is used to analyse the quality of the model has almost reached “good” mark. The program separated the whole set into two main clusters.
Table 6. Distribution of companies by investor type
	Investor type
	Number of companies

	Venture Capital (company/fund)
	114

	Private Equity firm
	1

	Venture Debt
	1

	Micro VC
	23

	Individual/Angel
	7

	Angel group
	3

	Investment partner
	2

	Accelerator
	5

	Investment bank
	1

	Corporate Venture Capital
	5

	Secondary purchaser
	1

	Co-working space
	1

	Government office
	1


Source: made by the author of Master Thesis
The following inputs were used to group venture investors:
· Where to invest (country) (string);
· CB Rank (numeric);
· Number of exists (numeric);
· Number of investments (numeric);
· Investment stage (string).
The system excluded 13 venture investors and formed two clusters (80.8% (97 venture investors) and 19.2% (23 venture investors)). The most important predictors are the country where venture investors invest and CB Rank.
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Figure 38. United States venture investors (part 3) (made by the author of Master Thesis)
Based on detailed analysis presented in Appendix 21 - 26, and the summary of comparison in Table 7, it is possible to state two following types of venture investors in the USA:
· (cluster 1 type) Well-known (CB Rank – 1 455.90) venture investors the majority of which invests only into domestic AI Healthcare companies (97.9%). The venture investors put money into many potential companies (number of investments – 399.22) and are very successful (number of exits – 70.24). In general, they prefer to invest into young start-ups, on Early or Seed stages (34%).
· (cluster 2 type) Less well-known but still well-established venture investors (CB Rank – 6 532.78) that mainly invest into AI Healthcare companies located in the United Kingdom (69.6%). They put money into smaller number of companies (number of investments – 122.09) and succeed less (number of exits – 14.30). The majority puts money into start-ups on Seed stage (30.4%).


Table 7. Summary of two clusters
	Name of predictor
	Cluster 1 (80.8%)
	Cluster 2 (19.2%)

	Where to invest (country)
	United States (97.9%)
	United Kingdom (69.6%)

	CB Rank
	1 455.90
	6 532.78

	Number of exists
	70.24
	14.30

	Number of investments
	399.22
	122.09

	Investment stage
	Early Stage Venture, Seed (34%)
	Seed (30.4%)


Source: created by the author of Master Thesis based on SPSS analysis
The United Kingdom
There are 42 venture investors in the United Kingdom (10 invest into AI Healthcare companies in the United States and the rest into the ones located in the United Kingdom) (Figure 39). There are no such big players as there are in the USA, although there are some investors with the solid number of investments, namely Seedcamp, Balderton Capital, Innovate UK and Amadeus Capital Partners (329, 292, 267 and 216 respectively). The majority of UK venture investors has either from 0 to 10 or from 11 to 50 number of exists (23 and 12 respectively). The rest is missing values in term of the number of IPOs. The biggest part of UK venture investors is Venture Capital firms or funds (37, Table 8).
Table 8. Distribution of companies by investor type
	Investor type
	Number of companies

	Venture Capital (company/fund)
	37

	Micro VC
	7

	Individual/Angel
	3

	Angel group
	3

	Accelerator
	2

	Investment bank
	1

	Corporate Venture Capital
	4


Source: made by the author of Master Thesis
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Figure 39. United Kingdom venture investors (made by the author of Master Thesis)
China
Chinese venture investors are presented by 44 companies that invest into AI Healthcare companies in China, the United States and the United Kingdom (Figure 40). Chinese venture investors focus on domestic market more (35 out of 44 venture investors invest into Chinese AI Healthcare companies). The second place of attention is the USA with 9 companies and the third place is given to the United Kingdom with 2 companies. There are some giants of investments as Qiming Venture Partners, ZhenFund, Sequoia Capital China and Matrix Partners China (554, 504, 480 and 397 number of investments respectively). Despite the fact that there is the champions of IPOs, namely Sequoia Capital China with 58 IPOs, some big players (from 10 to 50 IPOs) and lower, the majority of companies cannot be classified by the number of exists that is why 19 companies represent missing values.
Considering Chinese venture investors types, all investors can be assigned to Venture Capital firms / funds (44, Table 9). It is worth mentioning that two venture investors, namely Sunland Fund and Chang Development, are not shown on the map (Figure 40) since their CB ratings are too law (70710 and 77971 respectively) which would make the creation of map less readable.


Table 9. Distribution of companies by investor type
	Investor type
	Number of companies

	Venture Capital (company/fund)
	44

	Fund of Funds
	1

	Private Equity
	1

	Micro VC
	2

	Corporate Venture Capital
	1


Source: made by the author of Master Thesis
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Figure 40. Chinese venture investors (made by the author of Master Thesis)
Singapore
There are only 15 venture investors in Singapore (Figure 41). The majority invests into AI Healthcare companies in Singapore (9), although five companies specialize on investments into AI Healthcare companies located in the USA and one company (FengHe Group) on Chinese ones. Wavemaker Partners is the only one big venture investor (390 number of investments). Considering number of exists, four venture investors have from 11 to 50 IPOs, four have from 0 to 10 IPOs and the rest represents missing values. Venture Capital firm/fund is the main type of investors for venture investors in Singapore (12, Table 10).
Table 10. Distribution of companies by investor type
	Investor type
	Number of companies

	Venture Capital (company/fund)
	12

	Family Investment Office
	1

	Angel Group
	1

	Individual/Angel
	2

	Corporate Venture Capital
	1


Source: made by the author of Master Thesis
[image: ]Figure 41. Singapore venture investors (made by the author of Master Thesis)
Germany
There are 13 venture investors in Germany that invest into AI Healthcare companies in Germany (9 out of 13), the United States (1 out of 13), the United Kingdom (2 out of 13) and Singapore (1 out of 13) (Figure 42). High-Tech Grunderfonds is the only one German giant venture investor (has 620 investments). The majority of venture investors provide no information about their number of IPOs and represent missing values (7 out of 13). Considering German investors’ type, Venture Capital firms/funds lead with 6 companies (Table 11).
Table 11. Distribution of companies by investor type
	Investor type
	Number of companies

	Venture Capital (company/fund)
	6

	Corporate Venture Found
	1

	Government Office
	1

	Individual/Angel
	2

	Corporate Venture Capital
	2

	Accelerator
	1

	Micro VC
	2

	Investment Partner
	1

	Investment Bank
	1


Source: made by the author of Master Thesis
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Figure 42. German venture investors (made by the author of Master Thesis)
The analysis of venture investors in five AI leading countries showed that the United States are the champion and out of reach for rivals. The United States are the leader not only by the number of venture investors but also by other metrics such as the number of venture investors’ investments and number of IPOs. The US venture investors occupy the top positions of CB Rank (investor). After analysis of venture investors by their types it can be concluded that the majority of them is Venture Capital firms or funds. It is interesting and worth mentioning that it is true for all AI leading regions.
3.3. Managerial application
The author of Master Thesis decided to summarize all potential points concerning managerial application at this subchapter through creation of two formulas that can be used by both AI Healthcare companies in five AI leading countries seeking venture investors from five AI leading countries and venture investors located in five AI leading countries looking for AI Healthcare companies headquartered in five AI race leading countries as potential investments. It is worth mentioning right away that two data sets collected by the author of Master Thesis do not allow to prove the accuracy and completeness of these formulas since their creation was not stated as a research question or a part of the aim of research. However, the author of Master Thesis believes that they will add value to the overall picture and can be used as subjective instruments for AI Healthcare companies and venture investors’ attractiveness assessment.
The first formula (for assessment of AI Healthcare companies) is presented in Figure 43. It represents the sum of six measures or proxies based on recommended value presented in Table 12.
The maximum possible sum value is 6 while the minimum is 0.75. Of course, the higher value, the more attractive AI Healthcare company in five AI leading regions is but the author of Master Thesis thinks that companies that get 3 or more out f 6 are worth considering for investments for venture investors in five AI leading countries and require additional in-depth analysis.

Figure 43. The formula for AI Healthcare companies’ attractiveness assessment (created by the author of Master Thesis)
where xn represents a coefficient for the following measures:
· x1 - “When was the company created?”;
· x2 – “Private or public?”;
· x3 – Number of employees;
· x4 – Number of fundraising rounds already conducted;
· x5 – Funding status;
· x6 – Headquarters location.
Table 12. Values of coefficients for venture investors
	Recommended value
	When was the company created?
	Private or public?
	Number of employees
	Number of fundraising rounds already conducted
	Funding status
	Headquarters location

	1
	2016 or later
	Private
	11-50
	1-3
	Early Stage Venture
	The same residence as the investor

	0,75
	2014-2015
	-
	1-10
	4-5
	Seed
	Not the same residence as the investor and the USA

	0,5
	2012-2013
	-
	51-100
	6-8
	Late Stage Venture
	Not the same residence as the investor and the UK

	0,25
	2010-2011
	-
	101 and more
	9-11
	Others
	Others

	0
	2009 or earlier
	Public
	-
	12 and more
	-
	-


Source: created by the author of Master Thesis
The same methodological approach was used to create a formula of venture investors’ attractiveness headquartered in five AI leading countries for AI Healthcare startups in AI race leading countries. The formula consists of four proxies which is explained by smaller number of venture investors’ data (Figure 44). The result of the formula is the sum of four measures based on recommended values shown in Table 13.

Figure 44. The formula for venture investors’ attractiveness assessment (created by the author of Master Thesis)
where yn represents a coefficient for the following measures:
· y1 – Headquarters location;
· y2 – Number of investments;
· y3 – Number of exits (IPOs);
· y4 – Investment stage the venture investor mainly focuses on.
Table 13. Values of coefficients for AI Healthcare companies
	Recommended value
	Headquarters location
	Number of investments
	Number of exits (IPOs)
	Investment stage the venture investor mainly focuses on

	1
	The same residence as the company
	500 and more
	200 and more
	Early Stage Venture or Seed

	0,75
	Not the same residence as the company and the USA
	300 - 499
	100-199
	Late Stage Venture

	0,5
	Not the same residence as the company and the UK
	100-299
	50-99
	-

	0,25
	Others
	25-99
	10-49
	Others

	0
	-
	0-24
	0-9
	-


Source: created by the author of Master Thesis
The maximum possible sum value is 4 while the minimum is 0.5. Of course, the higher value, the more attractive a venture investor in five AI leading regions is but the author of Master Thesis thinks that venture investors that get 2 or more out f 4 are worth considering for cooperation and funding rounds for AI Healthcare companies in five AI leading countries and require additional in-depth analysis.
Of course, the stated above formulas have various limitations. For instance, the founder(s) of AI Healthcare company (his or her charisma, knowledge and expertise), the team itself, the range of networks and personal connections and many others should be also taken into account while assessing an AI Healthcare company. On the other hand, stories of successful IPOs, availability of mentors and experts in the industry, investments schemes and many others are important for assessment of venture investors. There is no fixed formula to cover all these aspects and much broader data base needed to analyse these metrics with the data from failed cases as well.
Chapter III conclusion
At the end of Chapter I the author of Master Thesis raised five research questions that were to be answered. After analysis of both top 150 AI Healthcare companies and venture investors in five AI leading countries the following results were achieved for RQ2-RQ5:
RQ2. What are the most representative AI Healthcare companies, according to Crunchbase? What are their main features?
The majority of AI Healthcare companies is startups with the following features:
· Was set up in 2014 and later;
· Not listed on stock exchange;
· Has from 1 to 50 employees;
· Did not conduct a lot of fund-raising rounds.
In addition to it, the author conducted a cluster analysis in SPSS and identified two main groups of AI Healthcare companies:
· AI Healthcare company, quite young (was set up in 2015, on a Seed funding stage and had 3 funding rounds) and small (has 1-10 employees). The start-up is not so famous (only around 20 000 in CB Ranks) and is located in the United States.
· AI Healthcare company, older than the one described above (was set up in 2014, on Early Stage Venture (goes after Seed stage) and attracted almost 3.5 funding rounds), bigger as well (11-50 employees). The start-up is also located in the USA and more well-known and mature (keeps higher position in CB Rank (around 8 500)).
RQ3. What are typical investors of AI Healthcare leading companies in Crunchbase database (which type of investor and on what stage of funding)?
The majority of investments into AI Healthcare companies were done by early and late stage venture investors. There are various types of venture investors but Venture Capital firms and funds account for the biggest number of venture investments in all five AI leading countries.
RQ4. Which AI most developed country is the leader in AI Healthcare sphere (based on the analysis of AI Healthcare companies in Crunchbase database)?
The United States is an undisputed leader in AI Healthcare industry. Deeper research showed that the US AI Healthcare companies lead among their peers from other four AI leading countries. It can be stated after the analysis of AI Healthcare companies occupying top positions in CB Rank (company) and their funding volume. Moreover, the US venture investors dominate among others from five AI leading countries in a wide number of measures such as CB Ranks (investor), the number of investors, the number of investments and the number of IPOs.
RQ5. How is investors’ location connected to the probability that they will put money into an AI Healthcare company from any out of five selected countries?
There is a direct correlation between investors’ (venture) location and the probability that these investors will put money into AI Healthcare companies, located in five AI leading countries. Venture investors from all five AI leading countries are more prone to invest into AI Healthcare companies in their motherland than outside. In addition, despite the fact that investors from some five AI leading countries do not invest into some five AI leading countries, investors from all five AI leading countries put money into AI Healthcare companies located in the United States. This fact can prove one more time the US leading positions in AI in general and in AI Healthcare industry in particular.

CONCLUSION
The world does not rest on its laurels. It is changing and the speed of changes is growing fast. The old technological cycle is being replaced by a new one, full of disruptive technologies. Last technological cycle gave the birth to computers, the Internet and various digital tools. However, humans are limited due to their nature to use these devices. With the increase in computing power and drop in their production costs, a new technological cycle will be driven by a completely new set of technologies, Artificial intelligence is one of them.
Artificial intelligence is not a single technology, it consists of a big set of subtechnologies. Since there is no international AI standard yet, everyone understands AI differently. Although it creates some confusion, it cannot change the fact that everyone realizes AI potential in almost all industries and areas. While international organizations and governments are developing AI strategies and implement various AI initiatives, business community actively sponsors AI companies.
One of prospective areas for AI benefits is Healthcare. Companies started to invest into this market from the time when simple digital tools occurred and the number of their investments grows steadily. AI brings the industry limitless opportunities despite the fact that Healthcare is a very segregated area, which requires the development of unique complicated solutions that cannot be simply transferred to somewhere else.
Of course, AI Healthcare companies cannot be found everywhere. They are mainly located in countries that serve as leading AI development and implementation centers in the world. After conducting analysis of five latest AI indexes prepared by various firms and organizations, five AI leading regions were identifies, namely the US, China, the UK, Germany and Singapore. The US are the world leader in AI while China is the only worthy rival who is catching up with the leader.
These five AI leading countries did not end up on top by accident. They were the first to specify AI importance, which led to development of AI national policies (strategies) and implementation of various AI projects and initiatives. Although every AI national strategy is unique because of each county’s features, there are two various general approaches to AI development. The first group of countries focuses on their own, domestic AI development placing AI world collaboration on the second place (the US and China). The second group makes the most of their collaboration and uses it as the basement for their AI national strategies (Europe, the UK and Germany).
Despite the fact that Russia did not manage to get into five AI leading countries due to its germ state of AI development, the author could not help considering Russian AI national strategy and the overall state of AI development. Although Russia is a new player on the world AI market, it is serious about AI technology and holds to the leaders approach of self-development (followed by the US and China). Russia has good chances to reach top 10 or even top 5 if it will keep treading the same line.
After identifying five AI leading regions the author of Master Thesis decided to study AI Healthcare companies there in detail. The data were collected from Crunchbase database and analysed through excel and SPSS programs. No surprise, the US turned out to be the leader here as well. While analysing AI Healthcare companies that are mainly startups, the author found out that the majority of them is sponsored by venture investors. This conclusion led to the second analysis of venture investors of AI Healthcare companies in the same five AI leading countries.
The majority of AI Healthcare companies is startups that was set up 2014 or later. They are private (not listed on stock exchange) and have from 1 to 50 employees. Moreover, they did not conduct a lot of fund-raising rounds. AI Healthcare companies can be also separated into two groups:
· AI Healthcare company, quite young (was set up in 2015, on a Seed funding stage and had 3 funding rounds) and small (has 1-10 employees). The start-up is not so famous (only around 20 000 in CB Ranks) and is located in the United States.
· AI Healthcare company, older than the one described above (was set up in 2014, on Early Stage Venture (goes after Seed stage and attracted almost 3.5 funding rounds), bigger as well (11-50 employees). The start-up is also located in the USA and more well-known and mature (keeps higher position in CB Rank (around 8 500)).
The majority of investments into AI Healthcare companies were done by early and late stage venture investors. There are various types of venture investors but Venture Capital firms and funds account for the biggest number of venture investments in all five AI leading countries.
The United States is an undisputed leader in AI Healthcare industry. Deeper research showed that the US AI Healthcare companies lead among their peers from other four AI leading countries. It can be stated after the analysis of AI Healthcare companies occupying top positions in CB Rank (company) and their funding volume. Moreover, the US venture investors dominate among others from five AI leading countries in a wide number of measures such as CB Ranks (investor), the number of investors, the number of investments and the number of IPOs.
There is a direct correlation between investors’ (venture) location and the probability that these investors will put money into AI Healthcare companies, located in five AI leading countries. Venture investors from all five AI leading countries are more prone to invest into AI Healthcare companies in their motherland than outside. In addition, venture investors from all five AI leading countries put money into AI Healthcare companies located in the United States. This fact can prove one more time the US leading positions in AI in general and in AI Healthcare industry in particular.
The paper has various potential areas of managerial application. AI Healthcare existing companies and start-ups can benefit from studying the most AI developed countries (as both a potential place to move or set up a company and get expertise from the most developed markets and players) and unique features of their AI national strategies and startups. Investors (both venture and other) can better understand AI Healthcare market and companies operating there to broaden their investments portfolio or go into new areas of potential growth. Government authorities can study the paper to realize the potential of AI technology in Healthcare and get familiar with approaches from AI leading countries to improve their own ecosystem.
In order to add more value to managerial application, two formulas were created, namely the formula for AI Healthcare companies’ attractiveness assessment and the formula for venture investors’ attractiveness assessment. Both formulas represent the sum of special variables’ values suggested by the author of the paper and can be considered as subjective instruments for both AI Healthcare companies and venture investors’ analysis.
Of course, the research has some limitations and areas of improvement. Sometimes there is no direct correlation among country’s position in AI development rank and degree of AI development in Healthcare (the best example is Israel). Another potential limitation is the fact that although Crunchbase dataset is the biggest accessible resource of AI Healthcare companies and investors' raw data, more available data will improve the quality and accuracy of research.
Nowadays we are only at the beginning of AI development in the world. However, the first results are seen even know. I believe that AI technology and its development will be applied in all industries, including Healthcare, and will enable the whole humanity to enter a new era or prosperity.
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APPENDICES
Appendix 1. Various definitions of AI
	The author of the definition
	AI definition
	Year of publication

	John McCarthy
	Artificial intelligence is the science and engineering of making intelligent machines.
	1956

	Oxford University Press
	The theory and development of computer systems able to perform tasks normally requiring human intelligence, such as visual perception, speech recognition, decision-making, and translation between languages.
	2006

	Kazakov P.V.
	Artificial intelligence is scientific area focused on development of modeling methods for individual functions of human intelligence using computer software and hardware.
	2007

	Yasnitsky L.N
	Artificial intelligence is a science aimed at studying and modeling the main human feature which is thinking.
	2012

	NITI Aayog
	AI is a constellation of technologies that enable machines to act with higher levels of intelligence and emulate the human capabilities of sense, comprehend and act.
	2018

	Capgemini Consulting
	Artificial Intelligence (AI) is the capability of a machine to replicate intelligent human behavior and human decision-making capabilities.
	2018 

	Roland Berger
	AI is a product or service utilizing machine learning, deep learning, image recognition, natural language processing, or other frontier AI technology.
	2018

	World Intellectual Property Organization
	AI systems are viewed primarily as learning systems; that is, machines that can become better at a task typically performed by humans with limited or no human intervention
	2019

	Konrad Adenauer Stiftung
	AI is the ability of machines to learn, to think, to plan and to perceive (i. e., the qualities that we primarily identify with human cognition). This ability is achieved by digital technologies or hybrid digital-physical technologies, which imitate the cognitive and physical functions of humans
	2019

	Jatinder Bali, Rohit Garg, and Renu T Bali
	Artificial intelligence (AI) refers to a computer mimicking “intellectual processes characteristic of humans, such as the ability to reason, discover meaning, generalize, or learn from past experience” to achieve goals without being explicitly programmed for specific action.
	2019

	Almanac
	“Artificial Intelligence” (AI) is a set of technological and software solutions that lead to a result similar to human intellectual activity and are used to solve applied problems using computer vision systems, natural language processing, speech recognition and synthesis, recommendation systems and intelligent support systems decision making, as well as systems based on promising methods.
	2019

	The Future Today Institute
	Artificial intelligence is a system that makes autonomous decisions.
	2019

	Academy of Medical Royal Colleges
	Artificial intelligence describes a range of techniques that allow computers to perform tasks typically thought to require human reasoning and problem-solving skills.
	2019

	Merriam-Webster Dictionary
	Artificial intelligence is 1) a branch of computer science dealing with the simulation of intelligent behavior in computers; 2) the capability of a machine to imitate intelligent human behavior.
	2020


Source: made by the author of Master Thesis, authors of AI definitions are mentioned in Reference


Appendix 2. Areas of AI application
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Source: Almanac (2019), translated by the author of Master Thesis from Russian


Appendix 3. Components of AI
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Source: A. Panesar (2019)

Appendix 4. Artificial intelligence
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Source: Capgemini Consulting (2018)
Appendix 5. AI application fields
[image: ]
Source: WIPO (2019)


Appendix 6. AI Readiness index results
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Source: Capgemini Consulting (2018)


Appendix 7. AI Readiness index indicators and clusters





















Source: Capgemini Consulting (2018)


Appendix 8. AI Performance index results
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Source: Capgemini Consulting (2018)
[image: ]Appendix 9. AI Performance index indicators and clusters







































Source: Capgemini Consulting (2018)
[image: ]Appendix 10. AI Government AI Readiness index indicators and clusters
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Source: Oxford Insights (2019)
Appendix 11. Cambrian AI Index clusters and indicators
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Source: Konrad Adenauer Stiftung, Part 2 (2019)




Appendix 12. The Global AI Index Indicator Table
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Source: Tortoise (2019)


Appendix 13. The Global AI index top 30 countries
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Source: Tortoise (2019)
Appendix 14. The comparison of Top 150 AI Healthcare companies and two clusters
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Source: created by the author of Master Thesis
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Source: created by the author of Master Thesis
Appendix 15. Cell distribution of Funding status
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Source: created by the author of Master Thesis
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Source: created by the author of Master Thesis
Appendix 16. Cell distribution of CB Rank
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Source: created by the author of Master Thesis
Appendix 17. Cell distribution of Number of employees
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Source: created by the author of Master Thesis
Appendix 18. Cell distribution of Headquarters location (country)
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Appendix 19. Cell distribution of Founded year
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Source: created by the author of Master Thesis
Appendix 20. Cell distribution of Number of funding rounds
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Appendix 21. The comparison of US venture investors and two clusters
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Appendix 22. Cell distribution of Where to invest (country)
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Appendix 23. Cell distribution of CB Rank (investor)
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Source: created by the author of Master Thesis
Appendix 24. Cell distribution of Number of exits (IPO)
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Appendix 25. Cell distribution of Number of investments
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Appendix 26. Cell distribution of Investment stage
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Distribution of top 150 AI Healthcare companies in five AI leading countries
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FIGURE 1

Well-being and care delivery innovators surpassed data and platform innovators
to receive the most funding in recent years
Venture funding, by value proposition, 2011-19
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S.no__Technologies Description
i Machine learning (ML) '+ Machine learning systems are programs which are sell-improving and learing with no experi-
ence or being trained over some time
« They can evaluate the medical results automatically and present them with a probabilistic degree
of accuracy.
« MLalgorithms can make decisions with the ollowing algorithms and methods such as supervised
learning, unsupervised learning, semisupervised learning and reinforced learning
« In the medical field, ths technology is used to identify the probability of isease.
« MLis helpful to save the record of the patient for better treatment
2 Artificial neural network (ANN) « Artificial neural network works and is inspired by the neural structure of the human brain
‘working on the concept of backpropagation and layers (input layers, hidden layer, output layers)
« ANN functions similar to neurons as each neuron is connected similarly to each ANN neuron has
weight and are connected
« Through the training of ANN with large sets of data, the best weight equivalent to bond strength in
human brain neurons makes sure that the best path is procured throvgh ANN
« Helpful in forecasting the incidence of disease and in decision-making
3 Natural language processing (NLP) » NLP refers to the speech recognition and evaluation of languages with different techniques
« There are many independent NLP algorithms such as parsing, POS, tagging using Hidden Markov.
model (HMM)
« Inthe medical feld, this technology s useful for clnical decision trials and supports and analyses
the unstructured dataf
« Itis also used for automated coding and maintains clinical documentation of the patient
a Support vector machine (SVM) « A support vector machine determines the class groups of data for the given input data
« It solves the problem of data classification i the primary basis
« They are used in e-mail spam flters when an SVM classifer is trained; it can be used to see new
and unseen data points for future correlations
« Used for collection and processing of medical data
« Appropriately manage patient and are helpful in making an evidence-based decision
5 Heuristics analysis (HA) « This technique uses a tral and error method for detection and discovery to solve a problem

‘The basic algorithm on which heuristic analysis works i by using such a practical solution which
may not yield the optimal goal but works sufficiently to fulfil that goal
Heuristic analyss s best to approach for patient safety and efficiently dentify different problems
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government)  Development Index e-govemment: online services, telecommunication
2018 connectivity and human capacity. This measures

governments’ e-capability, so acts as a proxy for
in-govermment tech/Al skill. It should be noted that
this double counts the UN online service index (used
s an indicator of digital services), but this does not
significantly affect the rankings
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CLUSTER: SKILLS AND EDUCATION

Technology skills

Private sector
innovation capability

Number of Al
startups

‘Sub-indicator in WEF

Pillar in WEF Global

Crunchbase

Score out of seven for perceptions of the extent of
digital skills among the active population from the WEF
Executive Opinion Survey. This measure is included as
 proxy of Al skills in the general population, which is
important both as an indication of skills in the public
sector, and the available pool of local talent

Combined measure of: diversity of workforce, state
of cluster development, international co-inventions,
multi-stakeholder collaboration, scientific publications,
patent applications, R&D expenditures, research
institutions prominence, buyer sophistication, and
trademark applications. This is a measure of private
sector innovation capability, which is a proxy for how
ready the private sector is to develop the Al tools
needed by govenment

Number of Al startups per country as registered on
Crunchbase, as a proxy for the size of a country's

Al sector. Similarly to the previous indicator, this is
included to measure how ready the private sector is to
develop Al tools and solutions for government
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CLUSTER: INFRASTRUCTURE AND DATA

Data availability ~ OKFN Open Data Index  Scores for open government data publication, which is

17 a proxy for the availabilty of open govemnment data at
large. This suggests how much government data might
be available to train algorithms on

Government  (Sub-indicator in) WEF  Score outof seven in response to the question ‘i your

procurement of  Networked Readiness country, to what extent do govermment purchasing decisions

advanced technology  Index 2016 fosterinnovation?, from the WEF Execuive Opinion Survey.
products Thisis a proxy for both govemmentinnovation, as well as

technical capacity to buid and run Al tools

Data/Al capability (in N eGovernment A composite measure of three dimensions of
government)  Development Index e-govemment: online services, telecommunication
2018 connectivity and human capacity. This measures

governments’ e-capability, so acts as a proxy for
in-govermment tech/Al skill. It should be noted that
this double counts the UN online service index (used
s an indicator of digital services), but this does not
significantly affect the rankings
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CLUSTER: SKILLS AND EDUCATION

Technology skills

Private sector
innovation capability

Number of Al
startups

‘Sub-indicator in WEF

Pillar in WEF Global

Crunchbase

Score out of seven for perceptions of the extent of
digital skills among the active population from the WEF
Executive Opinion Survey. This measure is included as
 proxy of Al skills in the general population, which is
important both as an indication of skills in the public
sector, and the available pool of local talent

Combined measure of: diversity of workforce, state
of cluster development, international co-inventions,
multi-stakeholder collaboration, scientific publications,
patent applications, R&D expenditures, research
institutions prominence, buyer sophistication, and
trademark applications. This is a measure of private
sector innovation capability, which is a proxy for how
ready the private sector is to develop the Al tools
needed by govenment

Number of Al startups per country as registered on
Crunchbase, as a proxy for the size of a country's

Al sector. Similarly to the previous indicator, this is
included to measure how ready the private sector is to
develop Al tools and solutions for government
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CLUSTER: GOVERNMENT AND PUBLIC SERVICES

Digital public services

Effectiveness of
government

Importance of IT to
‘government's vision
of the future

UN online service index
from UN eGovernment
Survey 2018

Word Bank Government
Effectiveness 2017

‘Sub-indicator in WEF
Networked Readiness
Index 2016

Scope and quality of online services. This is a proxy for
both will and capacity to innovate in government and
public service delivery

Perceptions of the quality of public services, the quality
of the civil service and the degree of ts independence
from political pressures, the quality of policy
formulation and implementation, and the credibility

of the government's commitment to such policies. An
effective government, in theory, will be more capable of
delivering change in public service delivery

Score out of seven in response to the question ‘to
what extent does the government have a clear
implementation plan for utilising ICTs to improve your
country’s overall competitiveness?, from the WEF
Executive Opinion Survey. This also acts as a proxy for
the level of innovation in government, and desire to use
new technologies as part of  vision for the future
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Component _ Proxy Survey Method/Source
Framework  Network Readiness Index Survey based on a scale from
require  conditions  Value (2016) 1 (worso o7 (st
ments Explanation: The index provides
insights about the performance of | World Economic Forum:
nationaleconomies inthe useof weforum.or
information and communication 2016/
technologies to enhance compet-
tveness,Inovation and well-being.
Thus it serves 25 proxy for the
framework conditons of AL
Data ‘OpenData Barometer (2016) The datafor the OpenData barom-
Explanation: I additon to ndividu. ete s collected through expert ner-
als with interet occessand busi.  views, sel-assessmens by govern-
nesses,the puble sector ishe third  ments and secondary datasources
important source of Abrelated data.
The OpenData barometer assesses  World Wide Web Foundation:
governments worldwide intheir wil-  hups:/opendatabarometer o
ingness t implement OpenData in-
ativs. I also measures the impact
of OpenData o business, pliics
and e sociey.
Number of Internet users (2016)  World Bank:
Explanation: Internet users are https:/idata werldbankorg/
persons who have used the iter.  indlcator/ITNET.USERZS
net from anywhere) via comput-
ers, mobile phones,personal digial
assistants, gaming machines,digial
television, tc.in the st 3 months.
“This proxy measures interet users
in absolute numbers rather than
252 percentage of the population,
since the quantiy of data s what
counts for AL
Computing Number of 500 most powerful The websie Tops00.org counts and
power supercomputers per country (2018) lsts the top super computers that
Explanation: venif computing are publicy known and commercally

power can be used across borders,
the availabilty of supercomputers to
cope with large amounts of data and
Increasingly complex algorithms is a
Strategic factor for a nation.

avaiable worldwide in semi-annual
surveys (une and November).Itis
possible that military high-perfor-
mance computers exist which are:
not known,

Topso.org:
wwwtopS00.org
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Segment __ Component __Proxy Survey Method/Source
T Topso0org:
Supercomputers per country 2018)  ww10pSOD g
Explanation The Top 10.fthe 500
most powertul supercomputers
shows thatin some countries .5.

China, the mest supercompuers are
inscalled, but they are ot the most
poertl.
Turnover ofleading semi- china:
conductor manufacturing Hisiicon Technologles
companies i billons (2017) UniGroup
Explanation: Turove from sermcon-  Sanechips
ductor companies per counrygies Huaca
information about the dominance  Goodie
and thus innovaton power n this
Industrysegment. Even thoughthe  Japan:
production ofsemiconductors ot Toshiba
indicatve ofth useofsemiconduc.  Renesas lectronics
tors, producton capaciies are asra-  Sony
tegcfactor for anaion ROMM Semiconductor
Republcof Korea:
Samsung tecronics
SKrynic
usw:
el
Micron Technology
aroadcom
‘Qualcomm
Toas nstruments
nvida
Skyworks Solaions
SanDisk/ Western Dighal
naog Devices
‘ON Semiconductor
reascalesemiconductor
o
Stoistas

v statista.com/
‘Statsticy27155worldwide-
Fevenue-ofsemiconductor-suppliers-

Since-2009

‘Supplemented by the evaluations of
individual annual financialstatements.
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Component _ Proxy Survey Method/Source
Framework  Network Readiness Index Survey based on a scale from
require  conditions  Value (2016) 1 (worso o7 (st
ments Explanation: The index provides
insights about the performance of | World Economic Forum:
nationaleconomies inthe useof weforum.or
information and communication 2016/
technologies to enhance compet-
tveness,Inovation and well-being.
Thus it serves 25 proxy for the
framework conditons of AL
Data ‘OpenData Barometer (2016) The datafor the OpenData barom-
Explanation: I additon to ndividu. ete s collected through expert ner-
als with interet occessand busi.  views, sel-assessmens by govern-
nesses,the puble sector ishe third  ments and secondary datasources
important source of Abrelated data.
The OpenData barometer assesses  World Wide Web Foundation:
governments worldwide intheir wil-  hups:/opendatabarometer o
ingness t implement OpenData in-
ativs. I also measures the impact
of OpenData o business, pliics
and e sociey.
Number of Internet users (2016)  World Bank:
Explanation: Internet users are https:/idata werldbankorg/
persons who have used the iter.  indlcator/ITNET.USERZS
net from anywhere) via comput-
ers, mobile phones,personal digial
assistants, gaming machines,digial
television, tc.in the st 3 months.
“This proxy measures interet users
in absolute numbers rather than
252 percentage of the population,
since the quantiy of data s what
counts for AL
Computing Number of 500 most powerful The websie Tops00.org counts and
power supercomputers per country (2018) lsts the top super computers that
Explanation: venif computing are publicy known and commercally

power can be used across borders,
the availabilty of supercomputers to
cope with large amounts of data and
Increasingly complex algorithms is a
Strategic factor for a nation.

avaiable worldwide in semi-annual
surveys (une and November).Itis
possible that military high-perfor-
mance computers exist which are:
not known,

Topso.org:
wwwtopS00.org
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Segment __ Component __Proxy Survey Method/Source
T Topso0org:
Supercomputers per country 2018)  ww10pSOD g
Explanation The Top 10.fthe 500
most powertul supercomputers
shows thatin some countries .5.

China, the mest supercompuers are
inscalled, but they are ot the most
poertl.
Turnover ofleading semi- china:
conductor manufacturing Hisiicon Technologles
companies i billons (2017) UniGroup
Explanation: Turove from sermcon-  Sanechips
ductor companies per counrygies Huaca
information about the dominance  Goodie
and thus innovaton power n this
Industrysegment. Even thoughthe  Japan:
production ofsemiconductors ot Toshiba
indicatve ofth useofsemiconduc.  Renesas lectronics
tors, producton capaciies are asra-  Sony
tegcfactor for anaion ROMM Semiconductor
Republcof Korea:
Samsung tecronics
SKrynic
usw:
el
Micron Technology
aroadcom
‘Qualcomm
Toas nstruments
nvida
Skyworks Solaions
SanDisk/ Western Dighal
naog Devices
‘ON Semiconductor
reascalesemiconductor
o
Stoistas

v statista.com/
‘Statsticy27155worldwide-
Fevenue-ofsemiconductor-suppliers-

Since-2009

‘Supplemented by the evaluations of
individual annual financialstatements.
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Segment  Component _Proxy Survey Method/Source
Number of leading semiconductor  Statist, supplemented by
manufacturing companies (2017) further research (see above)
Explanation: Complementing the
proves stated above, the number of
Semiconductor companies provides
Information about te strength of a
country’s semiconductor environment.

Revenues from FPGA chips EE Times:
in million USD (2016) hitps /o eetimes.com/authr.
Explanation; Intel and Microsoft are  asprdoc_id=1331443
confident that FPG chips will b the
‘dominant Al harcware in the future.  Nurvitadhi, ; Venkatesh, G Sim |
A paper recenty published by intel
engineers ted “Can FPGAS Beat
GPUs in Accelerating Deep Neu- ‘Subhaschandra, S.; Boudoukh,
ral Networks" provides some of the G, (2017): Can FPGAS Beat GPUS in
technical reasons for thisspecula-  Accelerating Next-Generation Deep.
ton. t should be noted that the. Neural Networks?
Industry has developed strongly Hjpewoor ubs/fpga1z-
since 2016 (see chapter on China).  next-generation-dnns pdf
Human Number of students enrolled in all  UNESCO:
resources tertiary education programs, both  hitp/data.uis.unesco.org
sexes (2016)
Explanation; Alis considered to be
basic research technology, which
is why the number of students per

country s a proy for the amount of
qualified human resources.

Estimated number of Master's
graduates in Al-relevant fllds, at
‘computer sclence institutes with
actively researching teachers
Explanation: Master graduates in
the above-mentioned areas provide
nformation on the siz of the pool
of young talents for Al research and
commeraalization. In contrast, the.
Index assigns the number of doctoral
Students o the “Research and Devel-
‘opment segment.

‘The estimate is based on the num-
ber of scholars at computer science
Institutes who have been actvely
researching arifcal inteligence,
computer vision, machine learning &
‘data mining, natural language pro-
cessing and roborics since 2016, e
whose publications have been pre-
Sented a relevant conferences.

norder to determine the annual
number of Master's graduates, the
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Segment  Component _Proxy Survey Method/Source
Number of leading semiconductor  Statist, supplemented by
manufacturing companies (2017) further research (see above)
Explanation: Complementing the
proves stated above, the number of
Semiconductor companies provides
Information about te strength of a
country’s semiconductor environment.

Revenues from FPGA chips EE Times:
in million USD (2016) hitps /o eetimes.com/authr.
Explanation; Intel and Microsoft are  asprdoc_id=1331443
confident that FPG chips will b the
‘dominant Al harcware in the future.  Nurvitadhi, ; Venkatesh, G Sim |
A paper recenty published by intel
engineers ted “Can FPGAS Beat
GPUs in Accelerating Deep Neu- ‘Subhaschandra, S.; Boudoukh,
ral Networks" provides some of the G, (2017): Can FPGAS Beat GPUS in
technical reasons for thisspecula-  Accelerating Next-Generation Deep.
ton. t should be noted that the. Neural Networks?
Industry has developed strongly Hjpewoor ubs/fpga1z-
since 2016 (see chapter on China).  next-generation-dnns pdf
Human Number of students enrolled in all  UNESCO:
resources tertiary education programs, both  hitp/data.uis.unesco.org
sexes (2016)
Explanation; Alis considered to be
basic research technology, which
is why the number of students per

country s a proy for the amount of
qualified human resources.

Estimated number of Master's
graduates in Al-relevant fllds, at
‘computer sclence institutes with
actively researching teachers
Explanation: Master graduates in
the above-mentioned areas provide
nformation on the siz of the pool
of young talents for Al research and
commeraalization. In contrast, the.
Index assigns the number of doctoral
Students o the “Research and Devel-
‘opment segment.

‘The estimate is based on the num-
ber of scholars at computer science
Institutes who have been actvely
researching arifcal inteligence,
computer vision, machine learning &
‘data mining, natural language pro-
cessing and roborics since 2016, e
whose publications have been pre-
Sented a relevant conferences.

norder to determine the annual
number of Master's graduates, the
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Segment  Component Proxy _Survey Method/Source
umber of scholars was multiplied
by afactorof 7. This factor was
etermined by Mark Nitzberg, Chief
Scientistfor Cambrian and Head
of UC Berkeley CHAL on the basis
of arandom sample survey of top
Alreserch aboratories n the USA
(potentis regionalinatonsl difer-
ences were not considered)

S Ranking:
tpicsrankings.org/#/indexinone

Research  General RED  Gross domestic expenditure. “The data are avalabl in the respec-

and Develop- on and ment tve national currency. For compara-

ment conditions in 000 USD (2016) bilty, all values have been converted

Explanation: The gross domestic to USD (average exchange rate of
expenditure comprises the R&D 2016). The 2016 expendiures from
Investments of the prvate sector, Singapore and Indiaare not avala-
the government, higher education ble,which s why they were projected
nstitutions and cii society. T based on historicalvalues.
oy is presented in absolute terms.
inUSD as opposed to the percentage  UNESCO
ratio of GDP to reflect the global and  htpidata.uis.unesco.or.
mobile value chains o AL
Number of researchers per unesco
A milion inhabitants (2016) hitpidata s unesco org
Explanation: The "density”of
researchers i a proxy for the ser-
endipity in researchin a country.
The importance of serendipity inthe
fed of AL high, since Al a basic
technology with practicaly uniim-
ted applcation areas.

Abrelevant  Number of computer science Number of scholars at computer

RAD(Input)  institutes with actively research.  science instftutes who have been

ing teachers in ALrelevant areas
Explanation: The number of com-
puter science institutes provides

information abou the size of the-
relevant R&D ecosystem.

actively researching arficial inel-
Iigence, computer vison, machine
learning & data mining, natural
language processing and robaics
since 2016 L e. whose publications
have been presented at relevant
conferences.

€S Ranking 2016-201
esranki dexinone
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Segment  Component Proxy _Survey Method/Source
umber of scholars was multiplied
by afactorof 7. This factor was
etermined by Mark Nitzberg, Chief
Scientistfor Cambrian and Head
of UC Berkeley CHAL on the basis
of arandom sample survey of top
Alreserch aboratories n the USA
(potentis regionalinatonsl difer-
ences were not considered)

S Ranking:
tpicsrankings.org/#/indexinone

Research  General RED  Gross domestic expenditure. “The data are avalabl in the respec-

and Develop- on and ment tve national currency. For compara-

ment conditions in 000 USD (2016) bilty, all values have been converted

Explanation: The gross domestic to USD (average exchange rate of
expenditure comprises the R&D 2016). The 2016 expendiures from
Investments of the prvate sector, Singapore and Indiaare not avala-
the government, higher education ble,which s why they were projected
nstitutions and cii society. T based on historicalvalues.
oy is presented in absolute terms.
inUSD as opposed to the percentage  UNESCO
ratio of GDP to reflect the global and  htpidata.uis.unesco.or.
mobile value chains o AL
Number of researchers per unesco
A milion inhabitants (2016) hitpidata s unesco org
Explanation: The "density”of
researchers i a proxy for the ser-
endipity in researchin a country.
The importance of serendipity inthe
fed of AL high, since Al a basic
technology with practicaly uniim-
ted applcation areas.

Abrelevant  Number of computer science Number of scholars at computer

RAD(Input)  institutes with actively research.  science instftutes who have been

ing teachers in ALrelevant areas
Explanation: The number of com-
puter science institutes provides

information abou the size of the-
relevant R&D ecosystem.

actively researching arficial inel-
Iigence, computer vison, machine
learning & data mining, natural
language processing and robaics
since 2016 L e. whose publications
have been presented at relevant
conferences.

€S Ranking 2016-201
esranki dexinone
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Component

Proxy

Survey Method/Source

‘Number of scholars actively doing.
research in areas relevant to Al
Explanation: The numberof teaching.
staffis a proxyforresearch and ran-
ingof qualiied human resources of a
country.

Estimated number of doctorate

Number of scholars at computer sc-
‘ence nsttutes who have been actvely
researching arifcialitelgence, com-
puter ison, machine learning & data
mining natural language processing
and robotic since 2016, .e. whose
publcations have been presented at
reevant conferences.

€S Ranking 2016-2018:
hutpcsrankings org/#indexznone

“The estimate is based on the num-

students supervised by
actvely engagad n research in
Areievantareas
Explanation:The umber of doc-
{orat students provides nforma-
o about the RED reevant human
resurces ofacountry.

ber o at computer
institutes in universites who have
been actively researching artf-
cilintelligence, computer vison,
machine learning & data mining,
natural anguage processing and
robotcs since 2016, . &. whose pub-
liations have been presented at
relevant conferences.

To determine the annual number of
doctorate students, the number of
‘scholars was multipled by a factor
o 4. This factor was determined by
Mark Nitzberg, Chief Scientit for
Cambrian and Head of UC Berke-
ley CHAL, on the basis of arandom
sample survey oftop Al research
Iaboratories in the USA (potential
regionlnationsl differences were
ot considered),

CSRanking 2016-2018:

tpcsrankings.org/#iindexdnone
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Component

Proxy

Survey Method/Source

‘Number of scholars actively doing.
research in areas relevant to Al
Explanation: The numberof teaching.
staffis a proxyforresearch and ran-
ingof qualiied human resources of a
country.

Estimated number of doctorate

Number of scholars at computer sc-
‘ence nsttutes who have been actvely
researching arifcialitelgence, com-
puter ison, machine learning & data
mining natural language processing
and robotic since 2016, .e. whose
publcations have been presented at
reevant conferences.

€S Ranking 2016-2018:
hutpcsrankings org/#indexznone

“The estimate is based on the num-

students supervised by
actvely engagad n research in
Areievantareas
Explanation:The umber of doc-
{orat students provides nforma-
o about the RED reevant human
resurces ofacountry.

ber o at computer
institutes in universites who have
been actively researching artf-
cilintelligence, computer vison,
machine learning & data mining,
natural anguage processing and
robotcs since 2016, . &. whose pub-
liations have been presented at
relevant conferences.

To determine the annual number of
doctorate students, the number of
‘scholars was multipled by a factor
o 4. This factor was determined by
Mark Nitzberg, Chief Scientit for
Cambrian and Head of UC Berke-
ley CHAL, on the basis of arandom
sample survey oftop Al research
Iaboratories in the USA (potential
regionlnationsl differences were
ot considered),

CSRanking 2016-2018:

tpcsrankings.org/#iindexdnone
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Segment _ Component  Proxy Survey Method/Source
Alrelevant  Number of citable publications  Scimago Journal & Country Rank:
RD(Input)  in the subject area of Al (2017) hutpsiwwscimagojecom
Explanation: The number of ctable
publications in the fied of Al pro-  CX.the methodology used there
vides information about the scien-
ific productiity of a country i the
feldof AL
Influence of publications in “The nfluence of publications s meas-
the subject area of Al 2017) ured onthe basisof the H index. The
Explanation: Th influence of publi  fgure is based on bibliometric anahy-
cations i a oy for the qualtyand ses,.e-on citatons o the scentists
innovative power o researchinthe  publications,
feld of A
Scimagojournsl & Country Rank:
tis unknown whether theindex sl rcom
takes into account co-authors and
thei nationaly.
Commercial- dge ol among executves:
zation andtechnol- ties and industry on research and I your county, to what extentdo.
gy transfer  development (2017-18) business and universiies cooperate.

‘Explanation: This prosy delvers.
nformation on the knowledge and
technology transfer between univer-
sites and the priate sector.

Public procurement of cutting:
edge technology (2017-18)
Explanation: his prosy provides
nformation about the incenties that
the public sector creates by demand
for certan technologies and thus
innovations.

in research and development (REDP
(1= notatal; 7= ntensively)

Weighted aerage.

Word Econami Four:

ups e etorumrgirepors/
oba

report 20172018

‘Opinion pols among executives: To
what extent do government purchas-
ing decisions promate innovation in

your country? (1 = not at all; 7
large extent). Weighted average.

World Economic Forum:
htpsmweforum.org/reports/
foba

report20i7-2018
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Component

Proxy

Survey Method/Source

Alstartup.
Iandscape

Al patents (with international
enforcement expectations) by
assignee country in % (average
of the years 2015, 2016 and 2017)
‘Explanation: This proy provides.
information on the patent acthvtes
of a country's companies. Neverthe-
less,this proxy is subject o resenva-
ton, since the patents are ot indic-
ative of the quaity of an innovation
and are often merely incrementalin

Number of Al startups (2017)
Explanation: The number of Al start-
ups provides nformation about

the diersity ofthe potentials o Al
and the innovative strength of the
ationsl economies.

The 100 most influential
Al startups (2017)

Explanation: While the above proxy
reflectsthe quantityof A startups,
the number of Al statups inthe st
ofthe 100 most influental A start.
ups per country is a proxy for the
qualtyand future potental o the
companies.

Although various sources suggest
that China has overtaken the US n
terms of Abrelated patent applica-
tons, most Chinese patents have o
Internationalequialents and are
therefore unenforceable outside.
china.

The patents cover A as wellas
Machine Learning and Deep Learning.

Notice: The process of patent appl-
cation for patent publicaton s
‘associated with a consicerable time.
elay which s why the fgures may
also vary retroactvey.

Research by M-Cam:
hitpssvm.m-cam com

“The data collecion focused exclu-
sively on startups active inthe Al
technology industry and ignored
companies dealing with other digtal
topics and technologies. These are.
startups that produce Al soutions
and expressly excludes startups.
that use exsting Al soluions on the.
market to develop new services or
products.

‘Asgard und Roland Berger/Lemare,
A; Lucazeay, H; Carly, £ Romain;
Rappers, T Westerheide, . (2018}
silasgardciglobalsi

The companies were slected from
2 poclof mre han 2000 sartups
based o several s, inclucing
investor rof, technologcl -
vation, eam trengih, patent actty,
fnancinghistory,valuation and busi
ness model.

o nsights:
hitpsivonn cinsights comy
fesearchiartiicalinteligence-op-

startups
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Component __Proxy Survey Method/Source
Share of Al pivate equity 8 nsights:
deals n al Al private equity sl chinsights comy
deats worldwide (2016) researchvantifdatinteligence-
Explanation: This proxy provides  startup-funding
nformation about the countries with
the startup landscapes with the high-
estfuture potential in Al a seen by
investors.
Number of most active venture 8 Insights:

capitalinvestors (2012-2016)
‘Explanation: This prosy indicatesin
which countries the most Al-sawy
investors are based and thus have.
the largest inluence interms of Al
startups.

Number of industrial obots
installed per 10,000 employees in
the manufacturing industry (2016)
Explanation: his prosy provides
nformation about th automation
of the manufacturing industry and
the consumption and implementa-
tion of robot technology, and thus s
indicative of the level of experience.
of the labor market n nteraction
with machines.

Number of manufacturers
producing service robotics (2016)
Explanation: Complementing the
proxy, specified above, the number
of manufacturers of service robots.
provides information about the size

hutpsivnn cinsights comy
researchiarticalinteligence-
Startup-funding

InternationalFederation of Robolics:
wwirorg

“The data only represent the indid-
sl figures for the eleven countries
withthe largest number of such
companes. The other thirteen coun-
ries in which companies produce

of the ecosystem n tis future tech-
nology.

have been.
ated inthe category “Rest of the
word”,with an average of four com-
panies per country.

Statista:
hutpsivn statsta coms
Statistics/658048/senvice-robotcs-
manufacturers-by-country
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both open source and ex
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Alesa MOOC Webste Rark (Alesa)
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