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  Preface




  We live in an increasingly accelerated environment. Technologies emerge, values evolve, borders are redefined, and what once took decades to change now transforms in a matter of months. In this context, understanding the forces shaping the present and the future, and knowing how to deal with them, is not merely an intellectual curiosity; it is a necessity.




  You may be a student uncertain about which career to pursue, someone seeking a new professional horizon, an entrepreneur looking for new opportunities, or simply someone trying to understand the transformations the world is undergoing and the direction they are taking us. Perhaps you are rethinking your values, questioning the impact of technology on everyday life, or seeking purpose amid so much change.




  Whatever your journey may be, if you have chosen to open this cover and made it this far, it is because you recognize the need to understand the transformations happening around us—and because you know that living with purpose requires vision, and that those with vision build paths where others see only uncertainty. Understanding the forces that shape the present and the future, and how to deal with them, is the first step toward consciously moving forward into the future.




  Powerful, interconnected forces, including rapid technological advances, dynamic geopolitical transformations, the urgency of climate change, and global-scale social and economic reconfigurations, are shaping the present and the future. They influence the way we live, think, and act. This scenario requires adaptability, well-informed decisions, and a strategic position in the face of change.




  This book starts with an essential question: how should we respond to the transformative forces already redefining work, the economy, and the way we live, relate to one another, and make decisions? In addition to inviting readers to understand the main transformative forces and reflect on their impacts on the labor market, the economy, and the behavior and well-being of society, it also proposes practical paths and recommendations for acting consciously and strategically in the face of the challenges these transformations pose.




  May this book serve your purpose by providing insights that broaden your perspective and inform your decisions. May it encourage you to explore the topics addressed in greater depth and inspire ideas, attitudes, and solutions to face, with greater clarity, confidence, and courage, the challenges that are already knocking at our door.




   




  Introduction




  Interconnected transformative forces are shaping the present and the future. They influence virtually everything around us, including the environment, the economy, and productive sectors. They also shape society's behaviors, dynamics, and lifestyles.




  Understanding these forces is essential to anticipating the social, economic, technological, and environmental transformations that affect our lives and decisions. In a global landscape marked by constant acceleration, complexity, and uncertainty, keeping pace with megatrends such as technological advancement, geoeconomic fragmentation, demographic shifts, and the green transition enables individuals and businesses to better prepare for challenges, identify emerging opportunities, and develop more effective strategies. This awareness not only supports a more agile response to change but also enables positive influence on the future by taking an active role in building a more just, resilient, and prepared society to meet the challenges ahead.




  These forces can be understood as vectors of transformation. They point to possible paths for the future and require individuals and businesses to reinvent themselves. Although they may generate tension, they also create opportunities for cooperation.




  In this context, an invitation to reflection arises: are we truly prepared to face the transformations affecting our present and the challenges appearing on the horizon? This question provokes, unsettles, and challenges us to step out of our comfort zones. The future is not a distant place; it is being built now through our ability to understand what is happening and through the choices we make individually and collectively.




  This book’s mission is to help you understand the present and prepare for the future. More than presenting information, it invites critical reflection on the forces operating on a global scale, whether technological, social, environmental, or economic. In this sense, the book is structured into four sections:




  Section I, entitled “Key Technological Forces Shaping the Present and the Future,” presents a synthesis of the key technological forces, highlighting Artificial Intelligence and its foundations, such as hardware, algorithms, and Big Data, as well as its key fields of application, including machine learning, natural language processing, computer vision, expert systems, and generative AI. It also addresses technologies for digital and collaborative infrastructures, such as high-speed connectivity, cloud computing, data spaces, and collaborative tools. In addition, it discusses innovations in simulation, interaction, and manufacturing, including digital twins, extended reality, robotics, and additive manufacturing. It explores the digital economy, emphasizing digitalization, blockchain, and Web3, and finally presents biological technologies, with a focus on biotechnology and bioengineering.




  Section II, entitled “Key Social, Environmental, and Geoeconomic Forces Shaping the Present and the Future,” examines economic and demographic dynamics, analyzing geoeconomic fragmentation and demographic transformations that impact supply chains, global flows, and the organization of societies. It also explores environmental and cultural dynamics, focusing on climate change, the transition to a green economy, and changes in cultural and social values.




  Section III, entitled “Key Impacts of the Forces Shaping the Present and the Future,” explores the effects of technological, social, environmental, and geoeconomic forces, beginning with their impact on the labor market and the professional profile companies demand. It then examines the impacts of these forces on the economy and on society’s behavior and well-being.




  Section IV, entitled “Turning Challenges into Action: Practical Recommendations,” goes beyond describing ongoing transformations and offers concrete, strategic guidance so that individuals and businesses can not only respond to but also anticipate, confront, and turn these challenges into real opportunities for growth and innovation.




   




   




  Section I
 Key Technological Forces Shaping the Present and the Future




  Technological development has been responsible for significant advances in virtually all areas of knowledge. The speed with which new technologies are emerging or existing technologies are being improved is unprecedented. Below, we will discuss the main technologies driving major transformations in society and how we work and interact.




  Chapters 1 through 5 aim to present key information related to these technological forces. We will cover the main fields of artificial intelligence, such as machine learning, natural language processing, computer vision, expert systems, and generative AI. High-speed connectivity, cloud computing, data spaces, collaborative technologies, collaborative and participatory sensing, digital twins, extended reality, robotics, 3D printing, digitization of the economy, blockchain, Web3.0, biotechnology, and bioengineering will also be covered.




  .




   




  




   Chapter 1
 Artificial Intelligence




  






  Artificial intelligence (AI) is a field of computer science dedicated to developing computer systems that perform tasks that normally require human intelligence. It is used to simulate skills such as perception, reasoning, problem-solving, and language comprehension, enabling pattern recognition, decision-making, and learning from experience. The basis of AI is hardware, algorithms, and large databases (Big Data).




  1.1 Hardware


  Hardware designed for AI differs from traditional systems in that it needs to process large volumes of data and perform many calculations to train complex models with satisfactory performance. The main components are graphics processing units (GPUs), neural processing units (NPUs), and central processing units (CPUs):




  

    	GPUs: GPUs have a parallel architecture that enables them to perform numerous mathematical calculations simultaneously and process large datasets, which is essential for training neural networks. GPUs were developed to process graphics, an activity that requires the simultaneous execution of millions of simple and repetitive calculations. Thus, instead of using a few powerful cores to perform tasks individually, they use thousands of smaller, simpler cores to perform multiple calculations simultaneously. However, they consume a lot of energy and are inefficient for simpler AI tasks on mobile devices.




    	NPUs: These are microprocessors created specifically to accelerate AI tasks. They have multiple processing cores that work in parallel and are optimized for repetitive mathematical operations, which are the basis of machine learning algorithms. NPUs consume little energy, making them ideal for real-time AI tasks on battery-powered devices such as laptops and smartphones.




    	CPUs: CPUs play a secondary role in AI. Although they are the main component in conventional computers, they are not suitable for the parallel processing of large volumes of data. CPUs are general-purpose microprocessors, primarily designed for system management, sequential processing, and solving complex logical operations.


  




  In practice, in computers and mobile devices that feature all three processors, such as smartphones and tablets, the workload is distributed to the most appropriate chip. The CPU acts as the general manager, overseeing the system and the user interface; the GPU handles graphical processing; and the NPU handles artificial intelligence processing.




 

1.2 Algorithms




  AI algorithms can be classified into three categories, depending on how they learn from data and the types of problems they solve: supervised learning, unsupervised learning, and reinforcement learning.




  

    

      a) Supervised Learning

    


  




  A dataset and labels containing the correct answers are used to train the algorithm. For example, to train a model for a particular vehicle brand, input data (thousands of images of vehicles from different models in various contexts and positions) and the correct output data (labels indicating the model of each image) are provided. The algorithm is trained to associate visual characteristics with these labels, enabling it to identify the model type in new images. According to Ludermir (2021), the goal of the algorithm is to create a classifier capable of correctly classifying new examples that have not yet been labeled. This problem is called classification for discrete class labels and regression for continuous values.




  

    

      b) Unsupervised Learning

    


  




  No labels are provided for the algorithm, so it must recognize patterns and structures in the data on its own. Thus, instead of being trained on correct cases, the algorithm will need to recognize similarities and differences in the data and classify or organize it logically.




  Unsupervised learning has the advantage of identifying patterns and correlations that are imperceptible to humans. However, the lack of correct answers to support the algorithm's judgment makes it necessary for humans to evaluate the data, separating meaningful correlations and patterns from coincidences and inappropriate behaviors.




  An emblematic case of unsupervised learning is Tay, a chatbot launched in 2016 by Microsoft to interact with 18- to 24-year-olds on Twitter. The goal was for Tay to learn human behaviors by simulating the language and behavior typical of a teenager. Tay had to be deactivated 16 hours after its launch because it began to reflect the most negative aspects of online interactions. With the learning acquired from malicious users, who introduced offensive phrases and extremist ideologies, it began to write violent, racist, and sexist messages.




  

    

      c) Reinforcement Learning

    


  




  A reward-and-punishment system is used to train the algorithm. The algorithm interacts with the environment, based on its observations, selects a strategy, and performs the corresponding action. As a result, the environment changes. Based on the result, the algorithm receives feedback in the form of a reward or punishment (such as gaining or losing points). The algorithm uses the reward to adjust its strategy and thereby improve its decision-making. Reinforcement learning is widely used in games and robotics (Ludermir, 2021).




 

1.3 Big Data




  The term Big Data refers to extremely large, complex, and varied data, generated and processed at high speed, that is difficult to process and analyze with traditional tools. These tools, such as spreadsheets and traditional statistical analysis, have limitations when dealing with large-scale, real-time, or unstructured data.




  Three basic characteristics of Big Data are represented by the letter “V”:




  

    	Volume: Refers to the massive amounts of data (terabytes, petabytes, etc.) generated continuously from sources such as sensors, cameras, commercial transactions, and social networks. It requires systems to have a large storage capacity.




    	Velocity: Refers to the high speed at which data is generated, transmitted, and processed. A significant portion of Big Data is fed with real-time data that requires instant processing and analysis, as in image recognition and fraud identification. It requires systems with high processing capacity and high data transmission speed.




    	Variety: Refers to the variety of formats in which data is generated. Data can be structured, i.e., with a fixed and organized format, such as the rows and columns of a table in a relational database; semi-structured, which, although they do not have a rigid schema like structured data, still have some level of organization, such as emails and XML files; and unstructured, which do not follow any predefined structure, such as videos, audio, and social media texts.


  




  Chebbi et al. (2015) highlight that improved decision-making, personalized services, and increased operational efficiency are the main benefits of Big Data. On the other hand, they point to critical challenges, including the need for robust infrastructure, privacy and security issues, a shortage of qualified professionals, and difficulties in integrating heterogeneous data. In addition, they emphasize the importance of developing algorithms and tools capable of handling the scalability and diversity of data, enabling effective applications in areas such as health, transportation, finance, and public governance.




1.4 Main Fields of AI




  The main fields of AI are: machine learning, natural language processing, computer vision, expert systems, and generative AI.




  1.4.1 Machine Learning




  Machine Learning is a set of methods for building systems that learn from data. By using algorithms and a significant volume of data (a training dataset), mathematical models are generated that identify patterns and enable computational systems to autonomously, without being explicitly programmed for the task, perform specific functions and improve their performance over time. It can be applied in various contexts, such as prediction, classification, and clustering.




  Machine Learning is the technology that enables, for example, models trained on medical images to detect diseases, models trained on camera images to perform facial recognition, and models trained on suspicious behavior patterns to analyze banking transactions in real time and identify anomalies.




  Various methods can be used by algorithms, such as logistic regression, decision trees, Support Vector Machines, and Random Forests. However, artificial neural networks with multiple hidden layers stand out for enabling a special type of Machine Learning known as Deep Learning.




  Deep Learning simulates the functioning of the human brain, aiming to solve complex problems without direct human intervention. While traditional Machine Learning performs well with smaller datasets and typically requires humans to define the most relevant features for the algorithm, Deep Learning requires large volumes of data to achieve strong performance and automatically extracts features from data in a hierarchical manner.




  Traditional Machine Learning easily handles simpler classification and regression tasks, whereas Deep Learning is better suited to complex problems, such as those involving generative AI and natural language processing.




  Machine Learning offers numerous benefits, including improved decision-making, the automation of routine, repetitive, and complex tasks, service and recommendation personalization, and predictive analytics, such as forecasting market trends. However, its effectiveness depends heavily on the quality and quantity of available data, requires substantial computational power, and demands highly skilled professionals. Issues highlighted by Jordan & Mitchell (2015) remain relevant, including ethical concerns, privacy, robustness, security, and the difficulty of interpreting models that operate as “black boxes,” making their decision-making processes challenging to understand.




1.4.2 Natural Language Processing




  Natural language processing (NLP) uses computational linguistics and deep learning to understand, interpret, and manipulate human language in spoken and written form. It aims to reduce the limitations of computers' mechanical understanding of the particularities and ambiguities of human communication.




  The processes used in NLP break language down into smaller, essential parts, interpret the connections between them, and explore how meaning is created from the relationship between these elements. It enables devices to automatically process this data, assess the intention or sentiment underlying the message, and respond appropriately in real time.




  NLP begins by reading a digital document. In the case of spoken language, it needs to be converted to digital text. The algorithm then uses various techniques to perform syntactic and semantic analysis. The main techniques used include:




  

    	Tokenization: The text is divided into smaller units (tokens), such as words, subwords, characters, or punctuation marks.




    	Lemmatization: Variations in gender, number, verb conjugations, and other word inflections are normalized into a single base form. For example, words such as “sing,” “sang,” and “will sing” are converted to the base form “sing.”




    	Part-of-Speech (POS) Tagging: POS tagging aims to reduce linguistic ambiguity caused by contextual usage, since many words can assume different grammatical classes. Each word is assigned a tag that classifies it by grammatical category, such as noun, verb, adjective, etc.




    	Named Entity Recognition (NER): The algorithm uses rules and patterns to identify words or phrases with specific meanings that can be categorized as entities, such as names, dates, locations, and numerical values. It also relies on sentence context to resolve ambiguities. For example, “capital” may refer to money or to a country’s capital city.




    	Parsing: The algorithm examines the grammatical structure of sentences, analyzing word order and the relationships between words to determine their functions and dependencies, to understand the sentence’s meaning. In other words, it analyzes grammar, the role of each word, and the hierarchical structure of the sentence.




    	Sentiment Analysis: The algorithm uses a lexicon of positive, negative, and neutral words (a sentiment lexicon) to classify the connotation of a word. A sentiment lexicon functions as a type of dictionary in which words are labeled according to their connotation—positive (+), negative (–), or neutral (0)—and assigned a score reflecting intensity. For example, for the basic positive meaning of “happiness,” “pleased” may suggest moderate happiness (value = +1), “happy” a stronger intensity (value = +2), and “ecstatic” a much stronger intensity (value = +3).




    	Natural Language Generation (NLG): While the techniques above aim to transform human language into structured data, NLG performs the inverse process: it uses structured data to generate conversational text similar to that produced by humans.


  




  Zhang et al. (2022) emphasize that advances in language models such as BERT, GPT, and T5 have enabled significant progress in machine translation, text generation, and semantic understanding.




  Among the benefits of NLP is its ability to automate tasks such as screening, classification, summarization, data extraction, and translation while preserving context and content nuances. It also enables sentiment analysis, automatic content generation, and allows virtual assistants to interpret voice commands and respond in a natural and context-aware manner.




  Regarding the social implications of NLP, Hovy & Spruit (2016) argue that they are profound, as the technology can be used as an instrument of power, influencing politics and social dynamics. They highlight important issues, such as exclusion, overgeneralization, and overexposure to certain topics, arising from a lack of diversity in training data. This lack of diversity leads to models that fail to represent minority groups, thereby exacerbating inequalities. Exclusion occurs due to demographic bias in datasets, particularly the predominance of Western samples, which makes language technologies less accessible or accurate for women and ethnic minorities. Overgeneralization, in turn, occurs when models infer attributes from non-representative data, leading to ethical errors such as misclassifying gender or sexual orientation. These issues remain relevant today.




  Natural Language Processing also faces several technical challenges, including semantic ambiguity, the grammatical complexity of natural languages, difficulty in interpreting context, especially when it involves irony or sarcasm, and high computational costs.




1.4.3 Computer Vision




  Computer vision aims to enable machines to simulate the human ability to see, interpret, and understand images and videos. Deep learning algorithms are typically used to identify and classify objects or unstructured data. The main actions performed by computer vision algorithms are:




  

    	Image Acquisition: Images are obtained from sources that capture or transmit images and videos, such as cameras, camcorders, and satellites, or from existing databases. Images are stored as pixel matrices, in which each cell contains a numerical code representing the color intensity of the corresponding pixel. For example, an image with a resolution of 1024 × 768 pixels is represented by a matrix containing 786,432 numerical values.




    	Pre-processing: Images are processed to improve their quality, enabling more accurate extraction of meaningful information. It may include pixel normalization, standardizing image dimensions, noise reduction (random variations that do not provide useful information), brightness and contrast adjustment, and color conversion.




    	Analysis and Classification: The images or identified objects are processed to extract meaningful features, such as texture and shape, and are then classified and segmented. First, the image is classified: the system determines what it depicts and assigns it a single category (e.g., a cat or a person). To achieve this, the algorithm is trained on thousands of images belonging to the same category. Next, the algorithm outlines the contours of each object it detects in the image. Finally, it performs image segmentation by assigning a mask to each identified object; in other words, each pixel is classified into a specific category.




    	Decision-Making: The algorithm makes a decision and performs an action based on its analysis and the intended application of Computer Vision. For example, if the objective is to identify cats in an image, the system triggers an action when a cat is detected. If the objective is autonomous vehicle safety, the vehicle may brake upon detecting an obstacle.


  




  To improve the reliability of results, a specialized neural network, a Convolutional Neural Network (CNN), is used, specifically designed to process visual data. When dealing with video processing, it is necessary to consider how elements behave across frames, i.e., incorporate temporal context into the analysis. For this purpose, Recurrent Neural Networks (RNNs) are employed, as they can use information from previous time steps to influence the processing of the current time step.




  Computer Vision has benefited numerous sectors by enabling machines to interpret images and videos quickly and precisely, enhancing efficiency and transforming visual data into strategic decisions. This technology automates repetitive tasks, such as quality inspection in Industry 4.0, reducing costs and minimizing human error while optimizing production. In healthcare, it improves diagnoses and surgical interventions by analyzing medical imaging, increasing safety and accuracy. It also plays a key role in security and surveillance systems, supporting applications such as facial recognition, real-time monitoring, and the identification of suspicious behavior. In precision agriculture, it enables pest detection and soil condition analysis, while in retail and logistics, it enhances consumer behavior analysis and improves inventory management.




  Beyond its use in healthcare, Lindroth et al. (2024) identified applications of Computer Vision in 24 additional fields, including animal control, art security, automotive, digital design, education, engineering, food service, gaming, government, insurance, law enforcement, manufacturing, medical, military, film, retail, robotics, social media, space, sports, and technology. The authors also found that Computer Vision applications can be grouped into four main categories: work augmentation, surveillance and monitoring, automation, and augmented reality.




  Computer Vision also faces significant challenges, which limit its large-scale implementation. From a technical perspective, accuracy is often affected by sensitivity to real-world variations, such as lighting conditions, environmental changes, and object occlusion. The technology requires large volumes of high-quality labeled data to train models. This process is costly, time-consuming, and computationally intensive, limiting deployment on devices with lower processing capacity. Another challenge is improving model generalization so that systems can perform robustly in contexts different from those in which they were trained. From an ethical standpoint, biased data can lead to discrimination, particularly in facial recognition systems. In addition, privacy concerns and the difficulty of interpreting algorithmic decisions remain significant obstacles.




1.4.4 Expert Systems




  Expert systems aim to simulate the reasoning and decision-making of a human expert in a specific domain, using a knowledge base and a set of rules. They are used in areas where knowledge is well defined and does not change frequently.




  The process of creating expert systems began in the 1970s, making it one of the oldest subfields of AI. Its characteristics differ significantly from contemporary AI. While expert systems use explicit rules defined by humans and perform logical and symbolic reasoning, with knowledge updates made manually by experts, machine learning-based AI learns automatically from training data, employs statistical and probabilistic reasoning, and offers greater flexibility, enabling it to generalize across domains.




  An expert system consists of a knowledge base containing facts and rules that a human expert would use to solve a problem, an inference engine that applies the rules to the facts to reach a conclusion and deduce new facts, and a user interface that enables user interaction with the system.




1.4.5 Generative AI




  Although generative AI is not precisely a subfield of Artificial Intelligence, but rather a category of AI models, such as classification and regression models, its purpose and applications are so unique and significant that it is already being considered an independent field.




  Generative AI differs from traditional AI because, while the latter is trained with large amounts of data to recognize patterns and perform specific tasks, generative AI focuses on creating new content from existing data, generating information that is similar to the original data but not identical. Generative AI is typically used for:




  

    	Code generation: The AI model uses natural language processing to interpret the user’s request, which typically involves generating a new script, correcting or completing a partially written script, or converting code from one programming language to another. The model learns what constitutes functional code consistent with the request through training on large volumes of code written in different programming languages, available on open platforms such as GitHub, as well as from sources that demonstrate how code works and is applied, such as technical documentation, tutorials, and developer forums. Although it may seem that the AI model uses existing code by copying and pasting segments from different scripts, this is not the case. Based on sequence-prediction logic, it writes code instruction by instruction, predicting the most likely next instruction from numerous parameters learned during training.




    	Natural language text generation: Generative AI uses language models trained on large datasets to produce coherent, creative textual content that simulates human expression. This technology is used for various purposes, such as writing, editing, summarizing, and translating texts (including scientific articles), creating scripts and stories, and developing virtual assistants that simulate conversations. Initially, the AI model decides which information to include in the text by interpreting which input data is most relevant. To do so, it relies on the user's objective and context, as well as on rules and associations between textual elements previously defined from large collections of unstructured data. It then organizes the information coherently, selects the most appropriate words, defines the grammatical structure, and establishes a logical order for sections, paragraphs, and words. In other words, the model transforms data into coherent and meaningful sentences, enabling ideas to be communicated clearly and accurately.




    	Image and video generation: The process of creating images and videos uses neural network–based methods, such as generative adversarial networks and diffusion models, to generate static and moving images, typically from a natural language description of the image elements. The AI model does not copy images or parts of images from the training database; rather, it generates static and moving images by learning from large datasets containing numerous media files and their captions or descriptions. During training, the model establishes concepts and relationships by correlating images with their descriptions; that is, it learns to associate text with visual patterns that represent the main characteristics of a given image, such as the legs and the top of a table, or the colors in a color palette. In addition, the model can associate patterns, such as a black table with four legs.




    	Creation of musical compositions: The process is similar to generating images and videos. The AI model uses recurrent neural networks, generative adversarial networks, and diffusion models to generate musical compositions based on user-provided instructions. The model is trained to identify patterns of melody, harmony, rhythm, structure, and instrumentation in musical styles through learning from databases containing numerous scores and songs from various genres. 


  




  AI can be considered the main force that is transforming the way we live and work. It has accelerated development in all areas of knowledge, enabling both the improvement of what already exists and the generation of new solutions and possibilities. Among the transformations brought about by AI, the following stand out: intelligent automation, improved decision-making, the development of new products and services, the enhancement of scientific production, the acceleration of the innovation process, the personalization of the consumer experience, and the improvement of quality of life and well-being.




  

    

      a) Intelligent automation

    


  




  AI expands the capabilities of traditional robotics by adding learning and decision-making capabilities based on new data and experiences. Thus, tasks that were always performed in the same way can now vary depending on conditions, such as those arising from the work environment. It can also be used to automate chatbots to offer personalized responses, detect faults, and perform tasks in hostile or dangerous environments. AI enables the automation of tasks in many areas, mainly by replacing human action in repetitive and complex tasks.
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