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Abstract:- The integration of Artificial Intelligence (Al) in
finance has received an increasing amount of attention in
the industry over the past few years, extending from back-
office trade automation to the more innovative robo-
advisors in the front office. This paper presents a thorough
review of the diverse landscape of Al in finance, covering
both traditional financial operations and the new and
exciting domain of FinTech. Unlike prior reviews that have
been confined to very specific paradigms within Al
methodologies, this review attempts to present a much
more holistic approach to Al in Data Science (AiIDS) in
finance, encompassing the last several decades of AiIDS
research. The research categorizes, classifies, and carefully
weighs the complete evolution of AIDS in finance. The
research also points out the directions of the research,
encompassing old and new challenges in finance. The
research also critically compares the classical and the
current Al in finance paradigms. In addition to its
capabilities, the article details Al applications across wide-
ranging financial sectors, including market prediction,
fraud detection, algorithmic trading, and consumer
behavior analysis.

I INTRODUCTION

Al in finance involves the use of Al methods in the
operations of financial companies. For many years, this region
has been the focus of significant interest, as both traditional
and modern Al methods have been used to address a growing
range of issues in finance, the economy, and society. Opposite
to previous reviews focusing on specific Al and data science
techniques in finance, this review provides a detailed overview
of the complex landscape of challenges, techniques, and
opportunities in AIDS research in the financial sector over
recent decades. The article details the initial challenges faced
by financial businesses and data, followed by a thorough
categorization and a detailed review of AIDS research in
finance over the years. An analysis and evaluation of
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traditional versus modern financial aid approaches will be
presented, including a comparison and critique. In conclusion,
the remaining issues and potential for future research in AIDS
financing and financial motivation for AIDS research are
examined.

Al in finance has been a topic of significant interest for
researchers for many years. The traditional use of artificial
intelligence in finance and economics, such as in financial
markets, banking, trading, insurance, risk assessment,
regulation, and marketing, has developed into the innovative
field of FinTech. This new generation of financial technology
supports digital currencies, lending, payment systems, asset
and wealth management, risk and regulation oversight, and
accounting and auditing. In this context, finance encompasses
a wide range of sectors such as capital markets, banking,
trading, insurance, lending, investment, risk management,
marketing, payment processing, contract management,
accounting, financial infrastructure, blockchain technology,
financial operations, and ethical standards in finance.
Furthermore, economics and finance, abbreviated as EcoFin,
are becoming more interconnected with each other and with
the wider Al field. The recent changes in EcoFin are largely
due to the advancements in Al and data science, which are
revolutionizing and integrating financial services, the
economy, technology, media, communication, and society.

> AIDS Includes

e Several traditional methods such as logic, planning,
knowledge representation, mathematical modeling,
optimization, autonomous systems, expert systems (ES),
decision support systems (DSS), simulation, pattern
recognition, image processing, and natural language
processing (NLP) are included in the field.

e Modern methods like the latest developments in
representation learning, machine learning, optimization,
data analytics, data mining, computational intelligence,
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behavior informatics, social media/network analysis, deep
learning, cognitive computing, and quantum computing.

As mentioned in [5], AIDS plays a significant role in
shaping the goals, offerings, and services of the modern
EcoFin and FinTech era, sparking a series of EcoFin changes
toward more  proactive,  personalized, intelligent,
interconnected, secure, and trustworthy products and services,
leading to the development of smart FinTech.

Figure 1 illustrates the integration of key AIDS strategies
and EcoFin enterprises, as well as the collaboration between
them. For this article, the reviews are related to the
applications of
e A particular approach or methodology, such as time series

analysis, text mining, natural language processing, data
mining, traditional machine learning, evolutionary
computing, quantum  computing, computational
intelligence, or deep learning.

o A variety of business challenges, such as predicting market
trends, forecasting stock prices, assessing credit scores,
identifying fraud, analyzing financial reports, determining
pricing and hedging strategies, understanding consumer
behavior, conducting algorithmic trading, engaging in
social commerce, and using Internet finance.

As far as we know, there are no in-depth reviews
covering all aspects of techniques and businesses within
ecosystems and their potential synergies. This is a difficult
task, but an important one to pursue. The review in [5]
provides a thorough summary of the extensive Al research in
finance and focuses on the financial application perspectives.
This review is considered to be the first comprehensive survey
that thoroughly examines and discusses the application
ecosystem. This article adds to the review by providing a
technical point of view to briefly outline, organize, evaluate,
compare, and discuss the essential business and data obstacles
in finance to aid techniques for using data to comprehend and
solve financial issues, as well as the technical deficiencies and
potential for future Al research in finance. It seems to be the
initial effort to create a thorough yet condensed summary of
the Al technical landscape in the finance industry.

1. AI-EMPOWERED FINANCIAL BUSINESSES
AND CHALLENGES

Numerous studies [5], have shown that AIDS techniques
have been extensively used to tackle prevalent business issues
and opportunities in the areas of EcoFin and FinTech. This
section provides a brief overview of EcoFin enterprises and
the challenges they face, highlighting how they can derive
greater advantages from AIDS.

» Economic-Financial Businesses

The application of advanced techniques in AIDS has
wide-ranging applications across both EcoFin and FinTech
industries, impacting various aspects of their systems and
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operations. This includes a broad range of businesses within
the EcoFin sector. Various classification techniques can be
employed to define and categorize EcoFin aspects and
industries, including the FinTech business sectors . There is a
wide range of financial products and services available. The
article discusses a summary and classification of the various
EcoFin businesses based on their usual financial products and
services, the key procedural aspects of the EcoFin ecosystem
or a specific market, and the available systematic alternatives.
Each category has its unique features and potential biases, but
all involve a significant amount of objects, entities,
interactions, activities, and lifetime data. Interested readers
can find more details in specific references. Each of them is
not only highly related to AIDS, but also has already
generated significant interest in research and innovation within
the broader AIDS and EcoFin communities. Firstly, there are
several key financial assets, products, instruments, and
associated operations and services related to finance that can
be beneficial with the use of AIDS.

e Stocks, bonds, and other securities, along with their
associated operations and services, are collectively referred
to as stock and services.

e Other financial instruments like futures, options, and OTC
derivatives, along with the services and operations that
support them, are known as derivatives and services.

e Commodities and services include both physical and
electronic goods such as metals, valuable metals, energy,
agricultural goods, and various types of commodities
trading contracts.

e The index and services refer to theoretical investment
portfolios used to evaluate market value, performance, and
attributes. These include well-known indicators like the
Dow Jones Industrial Average, S&P 500, Nasdaq
Composite, FTSE 100, and bond market index.

e Various forms of currency and digital currency, as well as
the associated operations and services, such as foreign
exchange markets and cryptographic currencies like
bitcoins.

e Retail banking and services refer to the banking sector that
serves individual customers, including various financial
services such as deposits, withdrawals, and loans. The
services available include online banking, credit and
savings accounts, cheque services, business and
commercial banking, as well as loans and insurance
options.

e Insurance and services include a wide range of financial
protections for various aspects such as automobiles, health,
income, liability, property, and credit, along with the
related operational and support services.

e \Wealth and services include financial planning, investment
management, accounting, and tax services, among others.
Financial services are used to handle the management of
money, property, and other physical and non-physical
assets, along with the necessary related services.

e Surveillance and adherence involve the use of accrediting
institutions, laws, standards, policies, and tools to enforce,
validate, and manage governance, operation, and
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regulation to achieve goals like transparency, integrity,
fairness, and efficiency.

Secondly, we identify 15 fundamental procedural
components and areas that are universally present in both the
overall EcoFin systems and the operations, processes, and
workings of a particular market.

e Innovative EcoFin solutions, including the development of
new market strategies, financial offerings, transaction
options, and loT advancements.

e EcoFin markets and their various mechanisms include both
physical and virtual organizations. These markets include
capital markets, e-commerce markets, and energy markets,
and involve the trading of products and services.

e Participants of EcoFin include a wide range of individuals
and organizations, including small-scale and large-scale
investors, financial service providers, and government
regulators.

e EcoFin services refer to the range of services provided by a
financial institution or market to meet its needs and add
value. These include retail banking, vehicle insurance,
peer-to-peer lending, funding, and internet-based
crowdfunding.

e Valuation and pricing within EcoFin involves estimating
the worth of marketable securities, credit, properties,
intangible assets, liabilities, and other goods and services
through modeling.

e EcoFin trading covers the structures, procedures and
regulations necessary for facilitating financing, investing,
order execution or cancellation, and other related activities.

e EcoFin payment refers to a range of payment systems and
services that facilitate transactions in various settings, such
as markets, corporate finances, and online, mobile, or
contactless platforms.

e The EcoFin systems and infrastructure include trading
systems used by stock exchanges, essential operational
support  systems, and blockchain-based distributed
accounting systems.

e Various EcoFin events and behaviors, including investors'
trading  actions, market fluctuations,  corporate
announcements, mergers, and economic downturns.

e EcoFin's marketing and relationship management involves
engaging with stakeholders for market campaigns, as well
as enhancing customer care, stakeholder relations, and
business partnerships.

e EcoFin operations and resource management involve
facilitating market processes, supporting financial
innovations, and overseeing the production and services of
facilities.

e EcoFin governance, risk, and compliance involve ensuring
the goals and operational rules of an organization or
market are upheld with integrity, efficiency, and fairness.

e Enforcement of regulatory laws, policies, and regulations
by independent regulatory and auditing authorities is a key
aspect of EcoFin regulation.

e FEcoFin security encompasses EcoFin system security,
information security, and cybersecurity.
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e Ethical considerations in EcoFin cover dealing with social,
political, and ethical concerns as well as respecting privacy
rights.

Finally, we present a range of organized, comprehensive
views and classifications that highlight opportunities for
exploration across various systems, markets, participants, and
processes within an enterprise or business.

e Whole-of-business involves linking all the products,
services, and operations of a company or market for
enterprise-wide exploration. For example, this could
include various banking, trading, lending, insurance,
wealth management, marketing, and payment services
offered by a comprehensive bank.

e Connecting all aspects and functions of a business from
start to finish, such as design, valuation, production, sales,
and marketing within a financial service organization.

e Connecting participants and entities in various markets, as
well as delving into the interactions between individual,
group, and sectoral customers, products, and services.

e Lifetime covers the integration of past, present, and future
services, as well as the connection of static, dynamic,
sequential, and real-time EcoFin events, behaviors, and
activities.

e The landscape includes combining individual, institutional,
international, and online elements for exploring
opportunities, risks, compliance, crises, and security.

e The business intelligence system includes the automation
and customization of design, pricing, packaging, financial,
marketing, and decision-making policies, procedures,
systems, services, and management support.

e Examining the intersections and effects of various social,
economic, ethical, and political goals and elements on a
particular FinTech platform or market. While these topics
have not been the primary focus of recent FinTech
research, they have been gaining more attention in the field
of FinTech innovation [1, 5, 32].

1. ECONOMIC-FINANCIAL DATA AND
CHALLENGES

The study of AIDS in finance heavily depends on the
availability of data, with a particular focus on comprehending
the characteristics, obstacles, and potential for enhancing
decision-making, operations, and management. This part
addresses the different sources of EcoFin data and the
difficulties they present in relation to the relevant AIDS
research.

» Economic-Financial Data

The EcoFin data and repositories consist of information
from both internal and external sources. Various types of
resources can be utilized in researching the financial and
economic impacts of AIDS.
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In this section, we group them into various types of data

and provide a brief explanation for each:
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Micro-EcoFin transactions: the small-scale dealings
within an EcoFin business, such as an investor trading
bonds in the market. These transactions typically involve
financial products, service time, actions, and other specific
details like price and volume.

Macro-EcoFin data: data related to large-scale economic
and financial transactions, as well as data on key economic
indicators such as GDP, CPI, employment rates, and petrol
prices within a country over a specific period.

Client data: includes details about the clients using a
product or service, such as the demographic profile of
investors in a foreign exchange market.

Operational data: all details related to the operations and
management of an EcoFin business, such as business
specifications, system configurations, security measures,
and monitoring logs for overseeing a product or service.
EcoFin events and behaviors: the various actions and
activities, both internal and external, that occur as a result
of a product or service, such as participant investment
activities, political events, natural disasters, and trading

manipulations, at different levels and in different
circumstances.
EcoFin news and announcements: press releases,

communication regarding new product launches, and
information about accidents involving a product, service,
or institution.

EcoFin reports: official statements regarding the status,
actions, financials, and incidents related to a product,
service, organization, or individuals. This includes various
types of reports such as reviews, audits, balance sheets,
cash flow statements, income statements, and statements of
equity and liquidity.

EcoFin social media and messaging data: includes
information shared on platforms like Facebook and
WhatsApp, regarding a product, service, organization, or
individuals. This can include discussions about unusual
changes in stock prices or news about a change in
company ownership.

EcoFin cognitive data: information about brain functions,
emotional reactions, and psychological states about a
product, service, or participants. This data can be gathered
from sources such as social media or customer service
interactions.

Accounting, taxation, and auditing data: pertains to a
specific market, product, service, or individuals involved.
EcoFin feedback and question/answering data: gathered
from call centers, service counters, physical or online
interviews, and questionnaires relating to a company,
product, or service.

Simulation data: information gathered from virtual
simulations that model the operations, actions, and
effectiveness of a market, item, or service. For instance,
this might include data obtained from a simulated
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cryptocurrency system or from testing a new product
before it is officially released.

Third-party data: data about a particular product, service,
institution, or individuals, such as Bloomberg event-driven
feeds or information about related third-party entities.

» Economic-Financial Data Challenges

The EcoFin businesses and data are closely

interconnected in practice. This presents different prospects
and challenges for using data to drive research on AIDS in the
fields of finance and economics. The following are the
perspectives that align EcoFin businesses and their data in
combination.
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Innovation challenges: such as developing new, efficient,
and sustainable methods, products, services, and platforms
for addressing AIDS.

Business complexities: involve the challenging task of
understanding, learning, and navigating the intricate
workings, structures, interactions, relationships, hierarchy,
uncertainty, dynamics, and exceptions associated with a
market, a product, or the participants.

Organizational and operational complexities: include
the need for techniques to better understand and serve
diverse individual customers and sector demands, as well
as the challenge of maintaining coherence and consensus
within departments and institutions.

Human and social complexities: include coping with the
diverse cognitive, emotional, and technical abilities of
participants, as well as enabling effective communication
and collaboration within a department and among
stakeholders, such as in the context of AIDS techniques.
Environmental complexities: such as the impact of
AIDS, require sophisticated methods for understanding
and navigating the interactions with contextual and
environmental factors and systems, and how they affect a
specific business system and its issues.

Regional and global challenges: understanding and
effectively managing the connections between an economy
and its financial systems with regional and global
counterparts and stakeholders, and how they impact
specific issues, poses significant challenges.

Data complexities: include the challenges of extracting,
representing, analyzing, and managing data quality issues,
misinformation, and complicated data characteristics, such
as high dimensionality, uncertainty, sparsity, asymmetry,
skewness, heterogeneity, and couplings (i.e. non-11Dness)
[2, 10].

Dynamic complexities: such as modeling, predicting, and
managing changing but not stationary behaviors, events,
and activities of individual and batch markets, products,
services, and participants.

Integrative complexities: finding ways to effectively
model and control the interconnected aspects of the
complex EcoFin system, which are often closely or loosely
linked to each other.
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» Theories of Complex Systems

The concept of complex systems has been extensively
used in traditional Al and applied in EcoFin to understand,
simulate, and analyze the operational processes,
characteristics, and complexities of EcoFin systems, as well as
the emergence and impacts of problems within these systems
[3, 41]. Following are four methods of this nature.

o Complexity science methods

Complexity science methods are used to analyze an
EcoFin system, such as a bitcoin market, as a complex and
intricate system. This involves understanding its internal
mechanisms, global economic evolution, inter-regional and
inter-country  relationships, migration  patterns, crisis
transmission, conflict modeling, international trade, and
information flow. The usual techniques in this field involve a
combination of sociology and systems theory, including
complex adaptive systems, agent-based modeling, chaos
theory, and random fractal theory, among others [14, 38].

e Game theory methods

Game theory techniques are used to create mathematical
models that help in understanding and analyzing the various
interactions and dynamics present in complex EcoFin systems.
These models also aid in developing strategies for market
mechanisms, pricing, bargaining, and corporate finance,
among other things. They have the potential to represent the
clash of political systems, assess both rational and irrational
threats in regional conflict, and simulate the market dynamics
of blockchain and cryptocurrencies using ongoing game
theories, among other applications. Common methods include
various types of games such as zero-sum, continuous, and
evolutionary games. Additionally, other forms of games such
as combinatorial, differential, and stochastic games are also
utilized. Furthermore, there are strategic-form games,
Bayesian games, extensive-form games, bargaining,
communication, cooperation, and coalition in collective and
cooperative games [11, 30, 37].

e Agent-based modeling and simulation

Agent-based modeling and simulation are used to create,
test, and improve the functioning and interaction of entities
within EcoFin systems, allowing for a greater understanding
and validation of their dynamic processes and evolutionary
mechanisms. ABM constructs systems of multiple agents to
replicate the complexities of an EcoFin issue. It includes
various mechanisms such as perception, interaction, rules,
policy selection, reinforcement learning, and optimization to
simulate, optimize, and validate the functioning of these
systems.

ABM has been extensively studied in the fields of

economics and finance, as evidenced by numerous sources [6,
12, 16, 20, 27, 42].
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e Network science

Network science studies the relationships and
interactions between participants, products, and actor
behaviors, as well as the movement of entities, the formation
of communities, and the spread of influence and contagion in
EcoFin systems. This is achieved by modeling these systems
as complex social or information networks and using various
tools to characterize, model, analyze, and predict their directed
and undirected connections. Common methods often used in
this context consist of analyzing network linkages, graph
network structures, scale-free and power law concepts, small-
world phenomena, and the study of influence diffusion and
contagion theories and tools [19, 21, 23, 24, 36, 39]. These
techniques can be utilized to simulate how group investors
interact, communicate, and relate to each other within a
directed network. For example, such methods could be
employed to model these dynamics. Using Poisson
factorization-based Bayesian models to understand the
connections between market participants in an economic
market and to address issues in EcoFin systems, such as risks
of corruption in contracting markets [40].

V. CLASSIC ANALYTICS AND LEARNING
METHODS

Traditional analysis and learning techniques have been
essential in making EcoFin intelligent by examining EcoFin
data and identifying and fine-tuning the patterns, clusters,
categories, trends, and anomalies within EcoFin systems [4].
These are classified into six different methods: pattern mining,
kernel learning, event, and behavior analysis, document
analysis and natural language processing (NLP), model-based,
and optimization methods

» Pattern mining methods

Pattern mining methods create models and identify
patterns, behaviors, structures, and relationships that can be
found in EcoFin systems. The examples include finding
arbitrage trading patterns through frequent and high-utility
cross-market investment strategies, uncovering high-frequency
trading strategies, detecting periodic price or market
movements, and analyzing financial and social connections
between investors and companies. Common approaches
involve identifying regular occurrences, consecutive
sequences, graph structures, network layouts, tree
arrangements, entwined designs, interactive sequences,
simultaneous occurrences, and atypical trading behaviors [9,
15, 26].

Kernel learning methods are used to examine the
distributions, numerical connections, and similarities among
EcoFin indicators, like markets, securities, or firms, using
single or multiple kernel functions and their combinations,
whether they are linear or nonlinear. Common techniques
include linear and nonlinear kernels, vector space kernels, tree
kernels, sequence kernels, support vector machines, Fisher
kernels, spectrum kernels, multi-kernel learning, and graphic
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kernels [26, 28, 34]. These approaches can illustrate the
connections between small-scale market factors like stock
price and trading volume, large-scale economic indicators like
GDP, currency exchange rates, and gold prices, and financial
data using multi-distributional kernel functions.

» Event and behavior analysis

The study of events and behaviors involves examining
the occurrences, causes, development, and impacts of actions
and behaviors performed by an EcoFin object. It also
identifies and forecasts unusual, unforeseen, and evolving
events and behaviors [7, 8, 17]. Identifying unusual patterns in
the movements of a stock, its derivative products, and the
company's announcement releases by analyzing their activity
sequences using a combination of machine learning and
coupled behavior analysis. Numerous other applications are
available, such as studying group/pool manipulation [7],
analyzing connections in cross-market behavior [10],
examining market herding behaviors [44], and monitoring
information security events [18]. Common methods such as
studying historical events, analyzing sequences, using Markov
chain processes, examining non-occurring behaviors, studying
high-impact and high-utility behaviors, analyzing group
behaviors [35], and employing deep recurrent neural networks
are used [25].

» Document analysis and NLP methods

Document analysis and NLP techniques can identify,
extract, summarize, search, classify, and compare rule-
violating, suspicious, concerning, and risky statements,
announcements, claims, price and market movements,
concepts, and topics, emotions, entities, and misinformation.
Among EcoFin documents, reports, and news, both within and
across them [22, 130, 31, 33, 43]. The examples include the
detection and comparison of inaccurate descriptions, financial
data like revenue and budget numbers, as well as misleading
or incorrectly categorized reports and review comments in the
monthly financial review reports using Transformer and
BERT-based neural models [13].

» Model-based methods

Advanced methods in document analysis and NLP can
detect, extract, summarize, search, classify, and compare
instances of rule-breaking, doubtful, alarming, and risky
statements, claims, announcements, price and market
movements, emotions, entities, concepts and topics, and
misinformation [22, 29, 31, 33, 43]. Examples of using
Transformer and BERT-based neural models in the monthly
financial review reports include identifying and comparing
incorrect descriptions, financial figures such as revenue and
budget numbers, and misguided or improperly classified
reports and review comments.

» Optimization methods

Optimization methods are used to model EconFin
systems and issues as optimization problems or to apply
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optimization methods to characterize, analyze, and suggest the
best possible solutions for EcoFin.

V. CONCLUSION

Al in the financial sector has been a significant area of
research for many years, with growing collaboration between
Al, data science, machine learning, finance, and economics.
This pattern has been strengthened in recent years due to the
rapid progress of advanced Al and data science technologies,
which have been applied to a wide range of financial
applications. This article provides a thorough and detailed
examination of the pros and cons of traditional and
contemporary financial strategies for managing AIDS.

Specifically, we examined and provided feedback on the
use of data-driven techniques in financial services. The review
also prompts talk about the unresolved issues and potential
prospects of modern financial AIDS and their combined
effects. This review effectively draws from numerous other
reviews that specifically concentrate on Al methods or
financial issues. Additionally, it supplements our previous
systematic review of the various financial uses that benefit
from both traditional and contemporary Al research.
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