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Abstract: This article provides a comprehensive overview of the transformative impact of Al for
investment management. We explore the various applications of Al, from algorithmic trading and portfolio
optimization to risk management and fraud detection. We also discuss the challenges and limitations of Al
in this field, including data biases, model interpretability, and regulatory considerations. Finally, we offer
insights into the future of Al for investment management, highlighting emerging trends and their

potential implications for investors and the financial industry.

1. Introduction: The Rise of Al in Investment Management

The financial industry is undergoing a significant transformation driven by the rapid advancements in
artificial intelligence (Al). Al for investment management is no longer a futuristic concept; it's a rapidly
evolving reality reshaping how investment decisions are made, portfolios are constructed, and risk is
managed. This article delves into the multifaceted role of Al, exploring its various applications, benefits,

challenges, and the future trajectory of this transformative technology within the investment landscape.



The adoption of Al for investment management is driven by the need for increased efficiency, enhanced

accuracy, and improved decision-making in an increasingly complex and data-rich market environment.

1. Applications of Al in Investment Management

Al's applications in investment management are broad and constantly expanding. Here are some key areas:

Algorithmic Trading: Al-powered algorithms execute trades at optimal speeds and frequencies, capitalizing
on fleeting market opportunities. These algorithms can analyze vast datasets to identify patterns and predict
price movements with greater accuracy than traditional methods. Al for investment management in this

context empowers high-frequency trading (HFT) and quantitative strategies.

Portfolio Optimization: Al optimizes portfolio construction by considering various factors, including risk
tolerance, investment objectives, and market conditions. Machine learning algorithms can dynamically
adjust portfolio allocations based on real-time market data and predicted future scenarios, leading to better
risk-adjusted returns. This advanced Al for investment management allows for more sophisticated and

responsive asset allocation.

Risk Management: Al algorithms can identify and assess various risks, including market risk, credit risk,
and operational risk, more effectively than traditional methods. They can analyze large datasets to detect
anomalies and predict potential financial crises, enabling proactive risk mitigation strategies. The improved

risk management offered by Al for investment management is crucial in reducing potential losses.

Sentiment Analysis: Al can analyze news articles, social media posts, and other unstructured data to gauge
market sentiment. This information can inform investment decisions by providing insights into investor
psychology and potential market shifts. Al for investment management leverages this to predict future

price movements based on sentiment.

Fraud Detection: Al algorithms can identify fraudulent activities, such as insider trading and market
manipulation, by detecting unusual patterns and anomalies in trading data. This enhances the integrity and

security of financial markets. Al for investment management contributes to robust regulatory compliance.

1. Challenges and Limitations of Al in Investment Management

Despite its potential, Al for investment management faces several challenges:



Data Bias: AI models are only as good as the data they are trained on. Biased data can lead to inaccurate
predictions and flawed investment decisions. Careful data curation and validation are crucial for mitigating

this risk in Al for investment management.

Model Interpretability: Many advanced Al models, such as deep learning neural networks, are "black
boxes," making it difficult to understand how they arrive at their predictions. This lack of transparency can
make it challenging to trust and regulate Al-driven investment strategies. Explainable AI (XAI) is crucial
for building trust in Al for investment management.

Regulatory Uncertainty: The regulatory landscape for Al in finance is still evolving, creating uncertainty
for firms using Al for investment management. Clear guidelines and regulations are needed to ensure

responsible and ethical use of Al in this field.

Computational Costs: Training and deploying complex Al models can be computationally expensive,

requiring significant investment in hardware and infrastructure.

1. The Future of Al for Investment Management

The future of Al for investment management is bright, with several emerging trends shaping its

development:

Reinforcement Learning: This type of machine learning allows Al agents to learn optimal strategies

through trial and error, potentially leading to more sophisticated and adaptive investment strategies.

Explainable Al (XAI): The development of XAl techniques will improve the transparency and

interpretability of Al models, increasing trust and facilitating regulatory compliance.

Hybrid Models: Combining Al with human expertise will leverage the strengths of both, leading to more

robust and reliable investment decisions.

Increased Data Integration: Integrating diverse data sources, such as alternative data and social media

sentiment, will enhance the accuracy and predictive power of Al models.

1. Conclusion

Al for investment management is transforming the financial industry, offering significant opportunities to



enhance efficiency, accuracy, and decision-making. While challenges remain, the ongoing advancements in
Al and the increasing availability of data are paving the way for a future where Al plays an increasingly
important role in investment strategies. The responsible and ethical development and deployment of Al for
investment management are crucial to ensuring its long-term success and benefits for all stakeholders. The
integration of human expertise with Al-driven insights will likely be the most effective approach to

navigate the complexities of the financial markets, maximizing returns while mitigating risks.

FAQs:

1. What is the difference between Al and traditional investment strategies? Al leverages algorithms
and machine learning to analyze vast datasets and identify patterns humans might miss, allowing for
faster, more data-driven decision-making compared to traditional methods relying heavily on human

intuition and historical analysis.

1. Is Al for investment management suitable for all investors? Not necessarily. The complexity and
potential risks associated with Al-powered strategies may not be suitable for all investors, especially

those with lower risk tolerance or limited understanding of the technology.

1. How can I mitigate the risks associated with Al in investment management? Careful due diligence is
crucial. Understand the underlying algorithms, the data used, and the limitations of the Al strategy.

Diversification is also key to managing risk.

1. What are the ethical considerations of using Al for investment management? Issues such as data bias,
model explainability, and potential for algorithmic manipulation need careful consideration.

Transparency and responsible development are essential.

1. What is the role of human expertise in Al-driven investment management? Human expertise
remains vital for overseeing the Al systems, interpreting results, managing risks, and providing

crucial context that algorithms might miss. It's a collaborative relationship.



1. How will Al impact the job market in investment management? Al will likely automate some tasks,
but it will also create new roles focused on developing, managing, and interpreting Al systems.

Adaptability and upskilling will be crucial.

1. What regulations are currently governing Al for investment management? Regulations are still
evolving, but authorities worldwide are focusing on transparency, accountability, and responsible use

of Al in finance.

1. What is the future of Al for investment management? Expect further integration of alternative data,
advancements in reinforcement learning, and increased focus on explainable Al. Hybrid models

combining human and Al intelligence will likely dominate.

1. How can I learn more about Al for investment management? Explore reputable financial
publications, academic journals, online courses, and industry conferences focused on fintech and

quantitative finance.

Related Articles:

1. "The Algorithmic Investor: How Al is Transforming the Financial Markets" This article explores the

various ways Al-driven algorithms are changing the landscape of trading and investment strategies.
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algorithms used for portfolio optimization and analyzes their performance under various market

conditions.



1. "Mitigating Bias in Al for Investment Management": This article focuses on the challenges of data bias

in Al models and discusses methods for mitigating this risk.

1. "The Role of Explainable Al in Enhancing Trust and Transparency in Finance": This paper delves

into the importance of XAl in building confidence in Al-driven investment decisions.

1. "Regulatory Landscape of Al in Investment Management: A Global Perspective": This article
analyzes the current and developing regulatory frameworks surrounding the use of Al in the

financial sector.

1. "Reinforcement Learning for Algorithmic Trading: A Case Study": This study presents a practical

application of reinforcement learning in developing an Al-powered trading strategy.

1. "Sentiment Analysis and its Application in Algorithmic Investing": This article explores the use of
natural language processing (NLP) techniques to analyze market sentiment and its impact on

investment decisions.

1. "The Impact of Al on Risk Management in Investment Banking": This paper examines how Al is

revolutionizing risk assessment and mitigation strategies within investment banking.

1. "Al and the Future of Asset Management: Opportunities and Challenges™: This article discusses the
broader implications of Al on the future of the asset management industry, considering both

opportunities and potential challenges.

ai for investment management: Artificial Intelligence for Asset Management and



Investment Al Naqvi, 2021-01-13 Make Al technology the backbone of your organization to
compete in the Fintech era The rise of artificial intelligence is nothing short of a technological
revolution. Al is poised to completely transform asset management and investment banking, yet its
current application within the financial sector is limited and fragmented. Existing Al
implementations tend to solve very narrow business issues, rather than serving as a powerful tech
framework for next-generation finance. Artificial Intelligence for Asset Management and Investment
provides a strategic viewpoint on how Al can be comprehensively integrated within investment
finance, leading to evolved performance in compliance, management, customer service, and beyond.
No other book on the market takes such a wide-ranging approach to using Al in asset management.
With this guide, you’ll be able to build an asset management firm from the ground up—or
revolutionize your existing firm—using artificial intelligence as the cornerstone and foundation. This
is a must, because Al is quickly growing to be the single competitive factor for financial firms. With
better Al comes better results. If you aren’t integrating Al in the strategic DNA of your firm, you're
at risk of being left behind. See how artificial intelligence can form the cornerstone of an integrated,
strategic asset management framework Learn how to build Al into your organization to remain
competitive in the world of Fintech Go beyond siloed Al implementations to reap even greater
benefits Understand and overcome the governance and leadership challenges inherent in Al strategy
Until now, it has been prohibitively difficult to map the high-tech world of Al onto complex and
ever-changing financial markets. Artificial Intelligence for Asset Management and Investment makes
this difficulty a thing of the past, providing you with a professional and accessible framework for
setting up and running artificial intelligence in your financial operations.

ai for investment management: The Al Book Ivana Bartoletti, Anne Leslie, Shan M. Millie,
2020-06-29 Written by prominent thought leaders in the global fintech space, The AI Book
aggregates diverse expertise into a single, informative volume and explains what artifical
intelligence really means and how it can be used across financial services today. Key industry
developments are explained in detail, and critical insights from cutting-edge practitioners offer
first-hand information and lessons learned. Coverage includes: - Understanding the Al Portfolio:
from machine learning to chatbots, to natural language processing (NLP); a deep dive into the
Machine Intelligence Landscape; essentials on core technologies, rethinking enterprise, rethinking
industries, rethinking humans; quantum computing and next-generation Al - Al experimentation and
embedded usage, and the change in business model, value proposition, organisation, customer and
co-worker experiences in today’s Financial Services Industry - The future state of financial services
and capital markets - what’s next for the real-world implementation of AlTech? - The innovating
customer - users are not waiting for the financial services industry to work out how Al can re-shape
their sector, profitability and competitiveness - Boardroom issues created and magnified by Al
trends, including conduct, regulation & oversight in an algo-driven world, cybersecurity, diversity &
inclusion, data privacy, the ‘unbundled corporation’ & the future of work, social responsibility,
sustainability, and the new leadership imperatives - Ethical considerations of deploying Al solutions
and why explainable Al is so important

ai for investment management: Artificial Intelligence in Asset Management Sohnke M.
Bartram, Jurgen Branke, Mehrshad Motahari, 2020-08-28 Artificial intelligence (Al) has grown in
presence in asset management and has revolutionized the sector in many ways. It has improved
portfolio management, trading, and risk management practices by increasing efficiency, accuracy,
and compliance. In particular, Al techniques help construct portfolios based on more accurate risk
and return forecasts and more complex constraints. Trading algorithms use Al to devise novel
trading signals and execute trades with lower transaction costs. Al also improves risk modeling and
forecasting by generating insights from new data sources. Finally, robo-advisors owe a large part of
their success to Al techniques. Yet the use of Al can also create new risks and challenges, such as
those resulting from model opacity, complexity, and reliance on data integrity.

ai for investment management: Machine Learning for Asset Managers Marcos M. Lépez
de Prado, 2020-04-22 Successful investment strategies are specific implementations of general



theories. An investment strategy that lacks a theoretical justification is likely to be false. Hence, an
asset manager should concentrate her efforts on developing a theory rather than on backtesting
potential trading rules. The purpose of this Element is to introduce machine learning (ML) tools that
can help asset managers discover economic and financial theories. ML is not a black box, and it does
not necessarily overfit. ML tools complement rather than replace the classical statistical methods.
Some of ML's strengths include (1) a focus on out-of-sample predictability over variance
adjudication; (2) the use of computational methods to avoid relying on (potentially unrealistic)
assumptions; (3) the ability to learn complex specifications, including nonlinear, hierarchical, and
noncontinuous interaction effects in a high-dimensional space; and (4) the ability to disentangle the
variable search from the specification search, robust to multicollinearity and other substitution
effects.

ai for investment management: Handbook of Artificial Intelligence and Big Data
Applications in Investments Larry Cao, 2023-04-24 Artificial intelligence (AI) and big data have
their thumbprints all over the modern asset management firm. Like detectives investigating a crime,
the practitioner contributors to this book put the latest data science techniques under the
microscope. And like any good detective story, much of what is unveiled is at the same time
surprising and hiding in plain sight. Each chapter takes you on a well-guided tour of the
development and application of specific Al and big data techniques and brings you up to the minute
on how they are being used by asset managers. Given the diverse backgrounds and affiliations of our
authors, this book is the perfect companion to start, refine, or plan the next phase of your data
science journey.

ai for investment management: Artificial Intelligence in Finance & Investing Robert R. Trippi,
Jae K. Lee, 1996 In Artificial Intelligence in Finance and Investing, authors Robert Trippi and Jae
Lee explain this fascinating new technology in terms that portfolio managers, institutional investors,
investment analysis, and information systems professionals can understand. Using real-life examples
and a practical approach, this rare and readable volume discusses the entire field of artificial
intelligence of relevance to investing, so that readers can realize the benefits and evaluate the
features of existing or proposed systems, and ultimately construct their own systems. Topics include
using Expert Systems for Asset Allocation, Timing Decisions, Pattern Recognition, and Risk
Assessment; overview of Popular Knowledge-Based Systems; construction of Synergistic Rule Bases
for Securities Selection; incorporating the Markowitz Portfolio Optimization Model into
Knowledge-Based Systems; Bayesian Theory and Fuzzy Logic System Components; Machine
Learning in Portfolio Selection and Investment Timing, including Pattern-Based Learning and
Fenetic Algorithms; and Neural Network-Based Systems. To illustrate the concepts presented in the
book, the authors conclude with a valuable practice session and analysis of a typical
knowledge-based system for investment management, K-FOLIO. For those who want to stay on the
cutting edge of the application revolution, Artificial Intelligence in Finance and Investing offers a
pragmatic introduction to the use of knowledge-based systems in securities selection and portfolio
management.

ai for investment management: Powering the Digital Economy: Opportunities and Risks of
Artificial Intelligence in Finance El Bachir Boukherouaa, Mr. Ghiath Shabsigh, Khaled AlAjmi, Jose
Deodoro, Aquiles Farias, Ebru S Iskender, Mr. Alin T Mirestean, Rangachary Ravikumar, 2021-10-22
This paper discusses the impact of the rapid adoption of artificial intelligence (AI) and machine
learning (ML) in the financial sector. It highlights the benefits these technologies bring in terms of
financial deepening and efficiency, while raising concerns about its potential in widening the digital
divide between advanced and developing economies. The paper advances the discussion on the
impact of this technology by distilling and categorizing the unique risks that it could pose to the
integrity and stability of the financial system, policy challenges, and potential regulatory
approaches. The evolving nature of this technology and its application in finance means that the full
extent of its strengths and weaknesses is yet to be fully understood. Given the risk of unexpected
pitfalls, countries will need to strengthen prudential oversight.



ai for investment management: Artificial Intelligence in Financial Markets Christian L.
Dunis, Peter W. Middleton, Andreas Karathanasopolous, Konstantinos Theofilatos, 2016-11-21 As
technology advancement has increased, so to have computational applications for forecasting,
modelling and trading financial markets and information, and practitioners are finding ever more
complex solutions to financial challenges. Neural networking is a highly effective, trainable
algorithmic approach which emulates certain aspects of human brain functions, and is used
extensively in financial forecasting allowing for quick investment decision making. This book
presents the most cutting-edge artificial intelligence (Al)/neural networking applications for
markets, assets and other areas of finance. Split into four sections, the book first explores time
series analysis for forecasting and trading across a range of assets, including derivatives, exchange
traded funds, debt and equity instruments. This section will focus on pattern recognition, market
timing models, forecasting and trading of financial time series. Section II provides insights into
macro and microeconomics and how Al techniques could be used to better understand and predict
economic variables. Section III focuses on corporate finance and credit analysis providing an insight
into corporate structures and credit, and establishing a relationship between financial statement
analysis and the influence of various financial scenarios. Section IV focuses on portfolio
management, exploring applications for portfolio theory, asset allocation and optimization. This book
also provides some of the latest research in the field of artificial intelligence and finance, and
provides in-depth analysis and highly applicable tools and techniques for practitioners and
researchers in this field.

ai for investment management: The Digitalization of Financial Markets Adam Marszk, Ewa
Lechman, 2021-10-10 The book provides deep insight into theoretical and empirical evidence on
information and communication technologies (ICT) as an important factor affecting financial
markets. It is focused on the impact of ICT on stock markets, bond markets, and other categories of
financial markets, with the additional focus on the linked FinTech services and financial institutions.
Financial markets shaped by the adoption of the new technologies are labeled ‘digital financial
markets’. With a wide-ranging perspective at both the local and global levels from countries at
varying degrees of economic development, this book addresses an important gap in the extant
literature concerning the role of ICT in the financial markets. The consequences of these processes
had until now rarely been considered in a broader economic and social context, particularly when
the impact of FinTech services on financial markets is taken into account. The book’s theoretical
discussions, empirical evidence and compilation of different views and perspectives make it a
valuable and complex reference work. The principal audience of the book will be scholars in the
fields of finance and economics. The book also targets professionals in the financial industry who are
directly or indirectly linked to the new technologies on the financial markets, in particular various
types of FinTech services. Chapters 2, 5 and 10 of this book are available for free in PDF format as
Open Access from the individual product page at www.routledge.com. They have been made
available under a Creative Commons Attribution-Non Commercial-No Derivatives 4.0 license.

ai for investment management: AI Technology in Wealth Management Mahnoosh
Mirghaemi,

ai for investment management: Artificial Intelligence James Essinger, 1990

ai for investment management: Machine Learning for Asset Management Emmanuel
Jurczenko, 2020-10-06 This new edited volume consists of a collection of original articles written by
leading financial economists and industry experts in the area of machine learning for asset
management. The chapters introduce the reader to some of the latest research developments in the
area of equity, multi-asset and factor investing. Each chapter deals with new methods for return and
risk forecasting, stock selection, portfolio construction, performance attribution and transaction
costs modeling. This volume will be of great help to portfolio managers, asset owners and
consultants, as well as academics and students who want to improve their knowledge of machine
learning in asset management.

ai for investment management: The Al Advantage Thomas H. Davenport, 2019-08-06



Cutting through the hype, a practical guide to using artificial intelligence for business benefits and
competitive advantage. In The Al Advantage, Thomas Davenport offers a guide to using artificial
intelligence in business. He describes what technologies are available and how companies can use
them for business benefits and competitive advantage. He cuts through the hype of the Al
craze—remember when it seemed plausible that IBM's Watson could cure cancer?—to explain how
businesses can put artificial intelligence to work now, in the real world. His key recommendation:
don't go for the “moonshot” (curing cancer, or synthesizing all investment knowledge); look for the
“low-hanging fruit” to make your company more efficient. Davenport explains that the business
value Al offers is solid rather than sexy or splashy. Al will improve products and processes and make
decisions better informed—important but largely invisible tasks. Al technologies won't replace
human workers but augment their capabilities, with smart machines to work alongside smart people.
Al can automate structured and repetitive work; provide extensive analysis of data through machine
learning (“analytics on steroids”), and engage with customers and employees via chatbots and
intelligent agents. Companies should experiment with these technologies and develop their own
expertise. Davenport describes the major Al technologies and explains how they are being used,
reports on the Al work done by large commercial enterprises like Amazon and Google, and outlines
strategies and steps to becoming a cognitive corporation. This book provides an invaluable guide to
the real-world future of business Al. A book in the Management on the Cutting Edge series,
published in cooperation with MIT Sloan Management Review.

ai for investment management: Investment Analytics In The Dawn Of Artificial Intelligence
Bernard Lee, 2019-07-24 A class of highly mathematical algorithms works with three-dimensional
(3D) data known as graphs. Our research challenge focuses on applying these algorithms to solve
more complex problems with financial data, which tend to be in higher dimensions (easily over 100),
based on probability distributions, with time subscripts and jumps. The 3D research analogy is to
train a navigation algorithm when the way-finding coordinates and obstacles such as buildings
change dynamically and are expressed in higher dimensions with jumps.Our short title ‘ia#ai'
symbolizes how investment analytics is not a simplistic reapplication of artificial intelligence (AI)
techniques proven in engineering. This book presents best-of-class sophisticated techniques
available today to solve high dimensional problems with properties that go deeper than what is
required to solve customary problems in engineering today.Dr Bernard Lee is the Founder and CEO
of HedgeSPA, which stands for Sophisticated Predictive Analytics for Hedge Funds and Institutions.
Previously, he was a managing director in the Portfolio Management Group of BlackRock in New
York City as well as a finance professor who has taught and guest-lectured at a number of top
universities globally.Related Link(s)

ai for investment management: Artificial Intelligence for Asset Management and
Investment Al Naqvi, 2021-02-09 Make Al technology the backbone of your organization to
compete in the Fintech era The rise of artificial intelligence is nothing short of a technological
revolution. Al is poised to completely transform asset management and investment banking, yet its
current application within the financial sector is limited and fragmented. Existing Al
implementations tend to solve very narrow business issues, rather than serving as a powerful tech
framework for next-generation finance. Artificial Intelligence for Asset Management and Investment
provides a strategic viewpoint on how Al can be comprehensively integrated within investment
finance, leading to evolved performance in compliance, management, customer service, and beyond.
No other book on the market takes such a wide-ranging approach to using Al in asset management.
With this guide, you’ll be able to build an asset management firm from the ground up—or
revolutionize your existing firm—using artificial intelligence as the cornerstone and foundation. This
is a must, because Al is quickly growing to be the single competitive factor for financial firms. With
better Al comes better results. If you aren’t integrating Al in the strategic DNA of your firm, you're
at risk of being left behind. See how artificial intelligence can form the cornerstone of an integrated,
strategic asset management framework Learn how to build Al into your organization to remain
competitive in the world of Fintech Go beyond siloed Al implementations to reap even greater



benefits Understand and overcome the governance and leadership challenges inherent in Al strategy
Until now, it has been prohibitively difficult to map the high-tech world of Al onto complex and
ever-changing financial markets. Artificial Intelligence for Asset Management and Investment makes
this difficulty a thing of the past, providing you with a professional and accessible framework for
setting up and running artificial intelligence in your financial operations.

ai for investment management: Intelligent Asset Management Frank Xing, Erik Cambria, Roy
Welsch, 2019-11-13 This book presents a systematic application of recent advances in artificial
intelligence (AI) to the problem of asset management. While natural language processing and text
mining techniques, such as semantic representation, sentiment analysis, entity extraction,
commonsense reasoning, and fact checking have been evolving for decades, finance theories have
not yet fully considered and adapted to these ideas. In this unique, readable volume, the authors
discuss integrating textual knowledge and market sentiment step-by-step, offering readers new
insights into the most popular portfolio optimization theories: the Markowitz model and the
Black-Litterman model. The authors also provide valuable visions of how Al technology-based
infrastructures could cut the cost of and automate wealth management procedures. This inspiring
book is a must-read for researchers and bankers interested in cutting-edge Al applications in
finance.

ai for investment management: Smart(er) Investing Elisabetta Basilico, Tommi Johnsen,
2019-12-11 This book identifies and discusses the most successful investing practices with an
emphasis on the academic articles that produced them and why this research led to popular
adoption and growth in $AUM. Investors are bombarded with ideas and prescriptions for successful
investing every day. Given the steady stream of information on stock tips, sector timing, asset
allocation, etc., how do investors decide? How do they judge the quality and reliability of the
investment advice they are given on a day-to-day basis? This book identifies which academic articles
turned investment ideas were the most innovative and influential in the practice of investment
management. Each article is discussed in terms of the asset management process: strategy, portfolio
construction, portfolio implementation, and risk management. Some examples of topics covered are
factor investing, the extreme growth of trading instruments like Exchange Traded Funds, multi-asset
investing, socially responsible investing, big data, and artificial intelligence. This book analyzes a
curated selection of peer-reviewed academic articles identified among those published by the
scientific investment community. The book briefly describes each of the articles, how and why each
one changed the way we think about investing in that specific asset class, and provides insights as to
the nuts and bolts of how to take full advantage of this successful investment idea. It is as timely as
it is informative and will help each investor to focus on the most successful strategies, ideas, and
implementation that provide the basis for the efficient accumulation and management of wealth.

ai for investment management: Pioneering Portfolio Management David F. Swensen,
2009-01-06 In the years since the now-classic Pioneering Portfolio Management was first published,
the global investment landscape has changed dramatically -- but the results of David Swensen's
investment strategy for the Yale University endowment have remained as impressive as ever. Year
after year, Yale's portfolio has trumped the marketplace by a wide margin, and, with over $20 billion
added to the endowment under his twenty-three-year tenure, Swensen has contributed more to
Yale's finances than anyone ever has to any university in the country. What may have seemed like
one among many success stories in the era before the Internet bubble burst emerges now as a
completely unprecedented institutional investment achievement. In this fully revised and updated
edition, Swensen, author of the bestselling personal finance guide Unconventional Success,
describes the investment process that underpins Yale's endowment. He provides lucid and
penetrating insight into the world of institutional funds management, illuminating topics ranging
from asset-allocation structures to active fund management. Swensen employs an array of vivid
real-world examples, many drawn from his own formidable experience, to address critical concepts
such as handling risk, selecting advisors, and weathering market pitfalls. Swensen offers clear and
incisive advice, especially when describing a counterintuitive path. Conventional investing too often



leads to buying high and selling low. Trust is more important than flash-in-the-pan success.
Expertise, fortitude, and the long view produce positive results where gimmicks and trend following
do not. The original Pioneering Portfolio Management outlined a commonsense template for
structuring a well-diversified equity-oriented portfolio. This new edition provides fund managers and
students of the market an up-to-date guide for actively managed investment portfolios.

ai for investment management: Fail Fast, Learn Faster Randy Bean, 2021-08-31 Explore
why — now more than ever — the world is in a race to become data-driven, and how you can learn
from examples of data-driven leadership in an Age of Disruption, Big Data, and Al In Fail Fast, Learn
Faster: Lessons in Data-Driven Leadership in an Age of Disruption, Big Data, and Al, Fortune 1000
strategic advisor, noted author, and distinguished thought leader Randy Bean tells the story of the
rise of Big Data and its business impact - its disruptive power, the cultural challenges to becoming
data-driven, the importance of data ethics, and the future of data-driven Al. The book looks at the
impact of Big Data during a period of explosive information growth, technology advancement,
emergence of the Internet and social media, and challenges to accepted notions of data, science, and
facts, and asks what it means to become data-driven. Fail Fast, Learn Faster includes discussions of:
The emergence of Big Data and why organizations must become data-driven to survive Why
becoming data-driven forces companies to think different about their business The state of data in
the corporate world today, and the principal challenges Why companies must develop a true data
culture if they expect to change Examples of companies that are demonstrating data-driven
leadership and what we can learn from them Why companies must learn to fail fast and learn faster
to compete in the years ahead How the Chief Data Officer has been established as a new corporate
profession Written for CEOs and Corporate Board Directors, data professional and practitioners at
all organizational levels, university executive programs and students entering the data profession,
and general readers seeking to understand the Information Age and why data, science, and facts
matter in the world in which we live, Fail Fast, Learn Faster p;is essential reading that delivers an
urgent message for the business leaders of today and of the future.

ai for investment management: Competing in the Age of Al Marco Iansiti, Karim R. Lakhani,
2020-01-07 a provocative new book — The New York Times Al-centric organizations exhibit a new
operating architecture, redefining how they create, capture, share, and deliver value. Now with a
new preface that explores how the coronavirus crisis compelled organizations such as
Massachusetts General Hospital, Verizon, and IKEA to transform themselves with remarkable speed,
Marco Iansiti and Karim R. Lakhani show how reinventing the firm around data, analytics, and Al
removes traditional constraints on scale, scope, and learning that have restricted business growth
for hundreds of years. From Airbnb to Ant Financial, Microsoft to Amazon, research shows how
Al-driven processes are vastly more scalable than traditional processes, allow massive scope
increase, enabling companies to straddle industry boundaries, and create powerful opportunities for
learning—to drive ever more accurate, complex, and sophisticated predictions. When traditional
operating constraints are removed, strategy becomes a whole new game, one whose rules and likely
outcomes this book will make clear. Iansiti and Lakhani: Present a framework for rethinking
business and operating models Explain how collisions between Al-driven/digital and
traditional/analog firms are reshaping competition, altering the structure of our economy, and
forcing traditional companies to rearchitect their operating models Explain the opportunities and
risks created by digital firms Describe the new challenges and responsibilities for the leaders of both
digital and traditional firms Packed with examples—including many from the most powerful and
innovative global, Al-driven competitors—and based on research in hundreds of firms across many
sectors, this is your essential guide for rethinking how your firm competes and operates in the era of
Al

ai for investment management: Artificial Intelligence for Managers Malay A. Upadhyay,
2020-09-17 Understand how to adopt and implement Al in your organization Key Features 7
Principles of an Al Journey The TUSCANE Approach to Become Data Ready The FAB-4 Model to
Choose the Right AI Solution Major Al Techniques & their Applications: - CART & Ensemble



Learning - Clustering, Association Rules & Search - Reinforcement Learning - Natural Language
Processing - Image Recognition Description Most Al initiatives in organizations fail today not
because of a lack of good Al solutions, but because of a lack of understanding of Al among its end
users, decision makers and investors. Today, organizations need managers who can leverage Al to
solve business problems and provide a competitive advantage. This book is designed to enable you to
fill that need, and create an edge for your career. The chapters offer unique managerial frameworks
to guide an organization's Al journey. The first section looks at what Al is; and how you can prepare
for it, decide when to use it, and avoid pitfalls on the way. The second section dives into the different
Al techniques and shows you where to apply them in business. The final section then prepares you
from a strategic Al leadership perspective to lead the future of organizations. By the end of the book,
you will be ready to offer any organization the capability to use Al successfully and responsibly - a
need that is fast becoming a necessity. What will you learn _ Understand the major Al techniques &
how they are used in business. Determine which AI technique(s) can solve your business problem. _
Decide whether to build or buy an Al solution. Estimate the financial value of an Al solution or
company. Frame a robust policy to guide the responsible use of Al. Who this book is for This book
is for Executives, Managers and Students on both Business and Technical teams who would like to
use Artificial Intelligence effectively to solve business problems or get an edge in their careers.
Table of Contents 1.Preface 2.Acknowledgement 3.About the Author 4.Section 1: Beginning an Al
Journey a. Al Fundamentals b. 7 Principles of an Al Journey c. Getting Ready to Use Al 5.Section 2:
Choosing the Right AI Techniques a. Inside the Al Laboratory b. How AI Predicts Values &
Categories c. How Al Understands and Predicts Behaviors & Scenarios d. How Al Communicates &
Learns from Mistakes e. How Al Starts to Think Like Humans 6.Section 3: Using Al Successfully &
Responsibly a. Al Adoption & Valuation b. Al Strategy, Policy & Risk Management 7.Epilogue

ai for investment management: Behavioral Finance: The Second Generation Meir
Statman, 2019-12-02 Behavioral finance presented in this book is the second-generation of
behavioral finance. The first generation, starting in the early 1980s, largely accepted standard
finance’s notion of people’s wants as “rational” wants—restricted to the utilitarian benefits of high
returns and low risk. That first generation commonly described people as “irrational”—succumbing
to cognitive and emotional errors and misled on their way to their rational wants. The second
generation describes people as normal. It begins by acknowledging the full range of people’s normal
wants and their benefits—utilitarian, expressive, and emotional—distinguishes normal wants from
errors, and offers guidance on using shortcuts and avoiding errors on the way to satisfying normal
wants. People’s normal wants include financial security, nurturing children and families, gaining
high social status, and staying true to values. People’s normal wants, even more than their cognitive
and emotional shortcuts and errors, underlie answers to important questions of finance, including
saving and spending, portfolio construction, asset pricing, and market efficiency.

ai for investment management: Al Technology in Wealth Management Mahnoosh
Mirghaemi, Karen Wendt, 2024-11-16 This book explores Al technology in wealth management,
including what it is, how it changes the wealth management and private banking landscape, its
advantages, and how it democratizes wealth management. Specifically, this book investigates topics
such as Hyper-personalized investment strategies Combined quantitative analysis with sentiment
analysis to create prescriptive and predictive scenarios Expandable and transparent Al algorithms in
wealth management Customer experience and client engagement Tailored financial content
Providing a clear and concise description of how Al driven wealth management differs from
traditional investing, asset management, and wealth management offering new opportunities for
investing, this book is ideal for students, scholars, researchers and professionals interested in
accessible wealth management applications for investing in the 21st century.

ai for investment management: Robo-Advisory Peter Scholz, 2020-12-28 Robo-Advisory is a
field that has gained momentum over recent years, propelled by the increasing digitalization and
automation of global financial markets. More and more money has been flowing into automated
advisory, raising essential questions regarding the foundations, mechanics, and performance of such




solutions. However, a comprehensive summary taking stock of this new solution at the intersection
of finance and technology with consideration for both aspects of theory and implementation has so
far been wanting. This book offers such a summary, providing unique insights into the state of
Robo-Advisory. Drawing on a pool of expert authors from within the field, this edited collection aims
at being the vital go-to resource for academics, students, policy-makers, and practitioners alike
wishing to engage with the topic. Split into four parts, the book begins with a survey of academic
literature and its key insights paired with an analysis of market developments in Robo-Advisory thus
far. The second part tackles specific questions of implementation, which are complemented by
practical case studies in Part III. Finally, the fourth part looks ahead to the future, addressing
questions of key importance such as artificial intelligence, big data, and social networks. Thereby,
this timely book conveys both a comprehensive grasp of the status-quo as well as a guiding outlook
onto future trends and developments within the field.

ai for investment management: ARTIFICIAL INTELLIGENCE AND BUSINESS
TRANSFORMATION IN FINANCIAL SERVICES CLARA. DURODIE, 2019

ai for investment management: Al and the Future of Banking Tony Boobier, 2020-04-09
An industry-specific guide to the applications of Advanced Analytics and Al to the banking industry
Artificial Intelligence (AI) technologies help organisations to get smarter and more effective over
time - ultimately responding to, learning from and interacting with human voices. It is predicted that
by 2025, half of all businesses will be using these intelligent, self-learning systems. Across its entire
breadth and depth, the banking industry is at the forefront of investigating Advanced Analytics and
Al technology for use in a broad range of applications, such as customer analytics and providing
wealth advice for clients. Al and the Future of Banking provides new and established banking
industry professionals with the essential information on the implications of data and analytics on
their roles, responsibilities and personal career development. Unlike existing books on the subject
which tend to be overly technical and complex, this accessible, reader-friendly guide is designed to
be easily understood by any banking professional with limited or no IT background. Chapters focus
on practical guidance on the use of analytics to improve operational effectiveness, customer
retention and finance and risk management. Theory and published case studies are clearly
explained, whilst considerations such as operating costs, regulation and market saturation are
discussed in real-world context. Written by a recognised expert in Al and Advanced Analytics, this
book: Explores the numerous applications for Advanced Analytics and Al in various areas of banking
and finance Offers advice on the most effective ways to integrate Al into existing bank ecosystems
Suggests alternative and complementary visions for the future of banking, addressing issues like
branch transformation, new models of universal banking and ‘debranding’ Explains the concept of
‘Open Banking,” which securely shares information without needing to reveal passwords Addresses
the development of leadership relative to Al adoption in the banking industry Al and the Future of
Banking is an informative and up-to-date resource for bank executives and managers, new entrants
to the banking industry, financial technology and financial services practitioners and students in
postgraduate finance and banking courses.

ai for investment management: OECD Sovereign Borrowing Outlook 2021 OECD, 2021-05-20
This edition of the OECD Sovereign Borrowing Outlook reviews developments in response to the
COVID-19 pandemic for government borrowing needs, funding conditions and funding strategies in
the OECD area.

ai for investment management: Managing Investment Portfolios John L. Maginn, Donald L.
Tuttle, Dennis W. McLeavey, Jerald E. Pinto, 2007-03-09 A rare blend of a well-organized,
comprehensive guide to portfolio management and a deep, cutting-edge treatment of the key topics
by distinguished authors who have all practiced what they preach. The subtitle, A Dynamic Process,
points to the fresh, modern ideas that sparkle throughout this new edition. Just reading Peter
Bernstein's thoughtful Foreword can move you forward in your thinking about this critical subject.
—Martin L. Leibowitz, Morgan Stanley Managing Investment Portfolios remains the definitive
volume in explaining investment management as a process, providing organization and structure to



a complex, multipart set of concepts and procedures. Anyone involved in the management of
portfolios will benefit from a careful reading of this new edition. —Charles P. Jones, CFA, Edwin Gill
Professor of Finance, College of Management, North Carolina State University

ai for investment management: In Pursuit of the Perfect Portfolio Andrew W. Lo, Stephen
R. Foerster, 2021-08-17 Is there an ideal portfolio of investment assets, one that perfectly balances
risk and reward? In Pursuit of the Perfect Portfolio examines this question by profiling and
interviewing ten of the most prominent figures in the finance world,Jack Bogle, Charley Ellis, Gene
Fama, Marty Liebowitz, Harry Markowitz, Bob Merton, Myron Scholes, Bill Sharpe, Bob Shiller, and
Jeremy Siegel. We learn about the personal and intellectual journeys of these luminaries, which
include six Nobel Laureates and a trailblazer in mutual funds, and their most innovative
contributions. In the process, we come to understand how the science of modern investing came to
be. Each of these finance greats discusses their idea of a perfect portfolio, offering invaluable
insights to today's investor

ai for investment management: The Front Office Tom Costello, 2021-02-05 Getting into the
Hedge Fund industry is hard, being successful in the hedge fund industry is even harder. But the
most successful people in the hedge fund industry all have some ideas in common that often mean
the difference between success and failure. The Front Office is a guide to those ideas. It's a manual
for learning how to think about markets in the way that's most likely to lead to sustained success in
the way that the top Institutions, Investment Banks and Hedge Funds do. Anyone can tell you how to
register a corporation or how to connect to a lawyer or broker. This isn't a book about those 'back
office' issues. This is a book about the hardest part of running a hedge fund. The part that the vast
majority of small hedge funds and trading system developers never learn on their own. The part that
the accountants, settlement clerks, and back office staffers don't ever see. It explains why some
trading systems never reach profitability, why some can't seem to stay profitable, and what to do
about it if that happens to you. This isn't a get rich quick book for your average investor. There are
no easy answers in it. If you need someone to explain what a stock option is or what Beta means, you
should look somewhere else. But if you think you're ready to reach for the brass ring of a career in
the institutional investing world, this is an excellent guide. This book explains what those people see
when they look at the markets, and what nearly all of the other investors never do.

ai for investment management: Artificial Intelligence in Banking Introbooks, 2020-04-07
In these highly competitive times and with so many technological advancements, it is impossible for
any industry to remain isolated and untouched by innovations. In this era of digital economy, the
banking sector cannot exist and operate without the various digital tools offered by the ever new
innovations happening in the field of Artificial Intelligence (Al) and its sub-set technologies. New
technologies have enabled incredible progression in the finance industry. Artificial Intelligence (Al)
and Machine Learning (ML) have provided the investors and customers with more innovative tools,
new types of financial products and a new potential for growth.According to Cathy Bessant (the
Chief Operations and Technology Officer, Bank of America), Al is not just a technology discussion. It
is also a discussion about data and how it is used and protected. She says, In a world focused on
using Al in new ways, we're focused on using it wisely and responsibly.

ai for investment management: Private Debt Stephen L. Nesbitt, 2019-01-14 The essential
resource for navigating the growing direct loan market Private Debt: Opportunities in Corporate
Direct Lending provides investors with a single, comprehensive resource for understanding this
asset class amidst an environment of tremendous growth. Traditionally a niche asset class pre-crisis,
corporate direct lending has become an increasingly important allocation for institutional
investors—assets managed by Business Development Company structures, which represent 25% of
the asset class, have experienced over 600% growth since 2008 to become a $91 billion market.
Middle market direct lending has traditionally been relegated to commercial banks, but onerous
Dodd-Frank regulation has opened the opportunity for private asset managers to replace banks as
corporate lenders; as direct loans have thus far escaped the low rates that decimate yield, this asset
class has become an increasingly attractive option for institutional and retail investors. This book



dissects direct loans as a class, providing the critical background information needed in order to
work effectively with these assets. Understand direct lending as an asset class, and the different
types of loans available Examine the opportunities, potential risks, and historical yield Delve into
various loan investment vehicles, including the Business Development Company structure Learn how
to structure a direct loan portfolio, and where it fits within your total portfolio The rapid rise of
direct lending left a knowledge gap surrounding these nontraditional assets, leaving many investors
ill-equipped to take full advantage of ever-increasing growth. This book provides a uniquely
comprehensive guide to corporate direct lending, acting as both crash course and desk reference to
facilitate smart investment decision making.

ai for investment management: Innovative Technology at the Interface of Finance and
Operations Volodymyr Babich, John R. Birge, Gilles Hilary, 2022-01-01 This book examines the
challenges and opportunities arising from an assortment of technologies as they relate to Operations
Management and Finance. The book contains primers on operations, finance, and their interface.
After that, each section contains chapters in the categories of theory, applications, case studies, and
teaching resources. These technologies and business models include Big Data and Analytics,
Artificial Intelligence, Machine Learning, Blockchain, 10T, 3D printing, sharing platforms,
crowdfunding, and crowdsourcing. The balance between theory, applications, and teaching materials
make this book an interesting read for academics and practitioners in operations and finance who
are curious about the role of new technologies. The book is an attractive choice for PhD-level
courses and for self-study.

ai for investment management: Asset Management: Tools And Issues Frank ] Fabozzi,
Francesco A Fabozzi, Marcos Lopez De Prado, Stoyan V Stoyanov, 2020-12-02 Long gone are the
times when investors could make decisions based on intuition. Modern asset management draws on
a wide-range of fields beyond financial theory: economics, financial accounting,
econometrics/statistics, management science, operations research (optimization and Monte Carlo
simulation), and more recently, data science (Big Data, machine learning, and artificial intelligence).
The challenge in writing an institutional asset management book is that when tools from these
different fields are applied in an investment strategy or an analytical framework for valuing
securities, it is assumed that the reader is familiar with the fundamentals of these fields. Attempting
to explain strategies and analytical concepts while also providing a primer on the tools from other
fields is not the most effective way of describing the asset management process. Moreover, while an
increasing number of investment models have been proposed in the asset management literature,
there are challenges and issues in implementing these models. This book provides a description of
the tools used in asset management as well as a more in-depth explanation of specialized topics and
issues covered in the companion book, Fundamentals of Institutional Asset Management. The topics
covered include the asset management business and its challenges, the basics of financial
accounting, securitization technology, analytical tools (financial econometrics, Monte Carlo
simulation, optimization models, and machine learning), alternative risk measures for asset
allocation, securities finance, implementing quantitative research, quantitative equity strategies,
transaction costs, multifactor models applied to equity and bond portfolio management, and
backtesting methodologies. This pedagogic approach exposes the reader to the set of
interdisciplinary tools that modern asset managers require in order to extract profits from data and
processes.

ai for investment management: Reframing Finance Ashby Monk, Rajiv Sharma, Duncan L.
Sinclair, 2017-08-08 Since the 2008 financial crisis, beneficiary organizations—like pension funds,
sovereign wealth funds, endowments, and foundations—have been seeking ways to mitigate the risk
of their investments and make better financial decisions. For them, Reframing Finance offers a path
forward. This book argues that institutional investors would better serve their long-term goals by
putting money into large-scale, future-facing projects such as infrastructure, green energy,
innovation in agriculture, and real estate development. At the same time, redirecting long-term
investments would close significant financial gaps that government cannot. Drawing on key



contributions in economic sociology, social network theory, and economics, the book conceptualizes
a collaborative model of investment that is already becoming increasingly common: Large investors
contribute more directly to private market assets, while financial intermediaries seek to foster
co-investment partnerships, better aligning incentives for all. A combination of rich case studies and
rigorous theory enables asset owners to move toward more efficient, private-market investing, while
also laying groundwork for research at the frontier of finance.

ai for investment management: Asset Management Andrew Ang, 2014 Stocks and bonds?
Real estate? Hedge funds? Private equity? If you think those are the things to focus on in building an
investment portfolio, Andrew Ang has accumulated a body of research that will prove otherwise. In
this book, Ang upends the conventional wisdom about asset allocation by showing that what matters
aren't asset class labels but the bundles of overlapping risks they represent.

ai for investment management: Al and Financial Markets Shigeyuki Hamori, Tetsuya
Takiguchi, 2020-07-01 Artificial intelligence (AI) is regarded as the science and technology for
producing an intelligent machine, particularly, an intelligent computer program. Machine learning is
an approach to realizing Al comprising a collection of statistical algorithms, of which deep learning
is one such example. Due to the rapid development of computer technology, Al has been actively
explored for a variety of academic and practical purposes in the context of financial markets. This
book focuses on the broad topic of “Al and Financial Markets”, and includes novel research
associated with this topic. The book includes contributions on the application of machine learning,
agent-based artificial market simulation, and other related skills to the analysis of various aspects of
financial markets.

ai for investment management: Disrupting Finance Theo Lynn, John G. Mooney, Pierangelo
Rosati, Mark Cummins, 2018-12-06 This open access Pivot demonstrates how a variety of
technologies act as innovation catalysts within the banking and financial services sector. Traditional
banks and financial services are under increasing competition from global IT companies such as
Google, Apple, Amazon and PayPal whilst facing pressure from investors to reduce costs, increase
agility and improve customer retention. Technologies such as blockchain, cloud computing, mobile
technologies, big data analytics and social media therefore have perhaps more potential in this
industry and area of business than any other. This book defines a fintech ecosystem for the 21st
century, providing a state-of-the art review of current literature, suggesting avenues for new
research and offering perspectives from business, technology and industry.

ai for investment management: Principles Ray Dalio, 2018-08-07 #1 New York Times
Bestseller “Significant...The book is both instructive and surprisingly moving.” —The New York
Times Ray Dalio, one of the world’s most successful investors and entrepreneurs, shares the
unconventional principles that he’s developed, refined, and used over the past forty years to create
unique results in both life and business—and which any person or organization can adopt to help
achieve their goals. In 1975, Ray Dalio founded an investment firm, Bridgewater Associates, out of
his two-bedroom apartment in New York City. Forty years later, Bridgewater has made more money
for its clients than any other hedge fund in history and grown into the fifth most important private
company in the United States, according to Fortune magazine. Dalio himself has been named to
Time magazine’s list of the 100 most influential people in the world. Along the way, Dalio discovered
a set of unique principles that have led to Bridgewater’s exceptionally effective culture, which he
describes as “an idea meritocracy that strives to achieve meaningful work and meaningful
relationships through radical transparency.” It is these principles, and not anything special about
Dalio—who grew up an ordinary kid in a middle-class Long Island neighborhood—that he believes
are the reason behind his success. In Principles, Dalio shares what he’s learned over the course of
his remarkable career. He argues that life, management, economics, and investing can all be
systemized into rules and understood like machines. The book’s hundreds of practical lessons, which
are built around his cornerstones of “radical truth” and “radical transparency,” include Dalio laying
out the most effective ways for individuals and organizations to make decisions, approach
challenges, and build strong teams. He also describes the innovative tools the firm uses to bring an



idea meritocracy to life, such as creating “baseball cards” for all employees that distill their
strengths and weaknesses, and employing computerized decision-making systems to make
believability-weighted decisions. While the book brims with novel ideas for organizations and
institutions, Principles also offers a clear, straightforward approach to decision-making that Dalio
believes anyone can apply, no matter what they’re seeking to achieve. Here, from a man who has
been called both “the Steve Jobs of investing” and “the philosopher king of the financial universe”
(CIO magazine), is a rare opportunity to gain proven advice unlike anything you’ll find in the
conventional business press.

ai for investment management: Artificial Intelligence for Audit, Forensic Accounting, and
Valuation Al Naqvi, 2020-08-25 Strategically integrate Al into your organization to compete in the
tech era The rise of artificial intelligence is nothing short of a technological revolution. Al is poised
to completely transform accounting and auditing professions, yet its current application within these
areas is limited and fragmented. Existing Al implementations tend to solve very narrow business
issues, rather than serving as a powerful tech framework for next-generation accounting. Artificial
Intelligence for Audit, Forensic Accounting, and Valuation provides a strategic viewpoint on how Al
can be comprehensively integrated within audit management, leading to better automated models,
forensic accounting, and beyond. No other book on the market takes such a wide-ranging approach
to using Al in audit and accounting. With this guide, you'll be able to build an innovative, automated
accounting strategy, using artificial intelligence as the cornerstone and foundation. This is a must,
because Al is quickly growing to be the single competitive factor for audit and accounting firms.
With better Al comes better results. If you aren’t integrating Al and automation in the strategic DNA
of your business, you're at risk of being left behind. See how artificial intelligence can form the
cornerstone of integrated, automated audit and accounting services Learn how to build Al into your
organization to remain competitive in the era of automation Go beyond siloed Al implementations to
modernize and deliver results across the organization Understand and overcome the governance and
leadership challenges inherent in Al strategy Accounting and auditing firms need a comprehensive
framework for intelligent, automation-centric modernization. Artificial Intelligence for Audit,
Forensic Accounting, and Valuation delivers just that—a plan to evolve legacy firms by building
firmwide Al capabilities.
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