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Abstract

Research on cryptocurrency exchanges, consisting of both centralized exchanges (CEXs) and decentralized exchanges
(DEXs), has seen a significant increase in contributions in recent years, driven by growing interest in the conceptual design
of cryptocurrency markets. Through a comprehensive review of literature published between January 2019 and September
2023, I identify and analyze different dimensions of the ongoing CEX vs. DEX debate. While DEXs emphasize decen-
tralization, user control, and resistance to censorship, CEXs offer higher liquidity, advanced trading features, and a more
established track record. Regulatory challenges, such as Know Your Customer (KYC) and Anti-Money Laundering (AML)
compliance, also feature prominently in the literature and influence the choice of exchange for both traders and policymak-
ers. In addition, I observe a growing interest in the design of pricing functions for CEXs and DEXs, particularly in the area
of automated market makers (AMMs). Finally, based on my findings, I outline future research opportunities in this context

and derive research gaps as well as recommended actions for practitioners.
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Introduction

In recent years, the cryptocurrency market has undergone
a remarkable transformation, evolving from an obscure
realm of tech enthusiasts into a global financial ecosystem
of significant importance (Bouri et al., 2019). This evolu-
tion has been underpinned by technological advancements
and innovations, with both centralized exchanges (CEXs)
and decentralized exchanges (DEXs) emerging as critical
factors in shaping the market’s trajectory. With the sur-
passing of a monthly trading volume of over $4,000B on
CEXs and over $200B on DEXs in May 2021, spot trading
on CEXs and DEXs reached its peak, increasing more than
sevenfold within half a year, as can be seen in Fig. 1. In
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the subsequent months of the cryptocurrency bull run of
2021, DEXs experienced proportional more growth in their
share of trading volume on cryptocurrency markets then
their central counterpart, which could be attributed to the
launch of UniswapV 3, one of the most successful DEX now-
adays (Adams et al., 2021; Hashemseresht & Pourpouneh,
2022). Since the beginning of 2022, the volume appears to
be declining on both CEXs and DEXs, with DEXs showing
a comparatively smaller decrease in trading volume com-
pared to CEXs. One reason for this could be, in part, the
unexpected insolvency of the CEX FTX in November 2022,
which caused general uncertainty in the cryptocurrency mar-
ket (Yaffe-Bellany, 2022) and compelled CEXs to improve
the transparency in managing their customer funds in order
to regain or strengthen their customer’s trust (Li, 2023).
The inception of CEXs and DEXSs can be traced back to the
early days of cryptocurrency trading. Centralized exchanges,
like the infamous Mt. Gox (Greenberg, 2014; Mohan, 2022),
established the initial framework for trading cryptocurren-
cies against traditional fiat currencies. While these platforms
played a crucial role in the market’s inception, they displayed
vulnerabilities to security breaches, regulatory oversight,
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Fig.1 Spot trading volume on CEXs (left) and DEXs (right) from September 2020 to September 2023 based on data obtained from The Block

(2023a) and The Block (2023b)

and operational limitations (Caliskan, 2020; Chohan, 2022).
Concurrently, the concept of DEX emerged as a response to
the inherent limitations of CEX (Lo & Medda, 2020). The
core principle behind DEX was to create trusted, peer-to-
peer platforms that give users control over their private keys
and assets (Dai, 2020). However, it was not until the advent
of Ethereum’s smart contract functionality that DEX began
to demonstrate substantial viability. Uniswap, an Ethereum-
based DEX, emerged as one of the most successful projects
into this domain (Adams, 2018; Korolkovs & Kodors, 2022),
diverging from and evolving the automated market-making
(AMM) model previously implemented by the Bancor proto-
col (Hertzog et al., 2017; Ottina et al., 2023). Uniswap with
its V2 later became the first DEX to surpass a daily trad-
ing volume of over $1B on October 26, 2020 (Adams, 2018;
DefilLlama, 2023), and conducted one of the most successful
token airdrops to date (Makridis et al., 2023).

Meanwhile, the cryptocurrency exchange ecosystem in
the cryptocurrency markets has expanded considerably.
Notably, DEXs have surpassed their centralized counterparts
in numbers, with ~500 DEXs compared to~300 CEXs as
of October 2023 (CoinGecko, 2023). This trend can mainly
be attributed to the relative ease with which DEXs can be
distributed and established. For example, the once leading
DEX, SushiSwap, started as an emulation of its competitor,
Uniswap (Wang, 2022). Nevertheless, what sometimes began
with mere imitations has — like CEXs — since transformed
into a diverse range of distinct protocols, encompassing vari-
ous economic relationships such as cryptocurrency trading,
cryptocurrency barter, or even cryptocurrency banking. As
a result, categorizing and differentiating the complexities
represented by these protocols with the definitions provided
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by the existing academic literature often proves challenging
due to the evolving nature of the cryptocurrency exchange
industry. For instance, Xia et al. (2020, p. 2) define CEXs as
exchanges, which are “governed by a company or an organi-
zation” while DEXs “provide automated process [emphasis
added] for peer-to-peer trades.” However, there are a lot of
DEXs using their governance tokens like UNI, SNX, or BAL
to make decisions regarding the protocol and thereby act as a
decentralized autonomous organization (DAO) (Wang et al.,
2023) that could be categorized as CEXs with this defini-
tion. Additionally, there are also some CEXs like Binance
(2023) that offer P2P trades to their customers, which could
be automatized using API bots and therefore may apply as
DEXSs depending on the interpretation of automated process-
ing in the aforementioned definition. Some of the academic
works also list hybrid (cryptocurrency) exchanges (HEX)
as an alternative to the strict differentiation between CEXs
and DEXs (e.g., Luo et al., 2019; Qin et al., 2021). However,
they specify either not at all or only very imprecisely what
characteristics a cryptocurrency exchange must have to be
classified as a HEX. For instance, Luo et al., (2019, p. 48)
only give the information that “a HEX maintains a central-
ized database to provide matching services for the traders,
while all transactions are still executed by smart contracts
hosted in a blockchain.” With a definition like this, it raises
the question, especially, to what extent centralization of a
database suffices as a criterion to no longer be considered a
DEX, particularly since many DEXs also provide a certain
form of a central database through their user interfaces in
the form of a website, and sometimes, matching services
as well (Brasse & Hyun, 2023). For example, the exchange
linch offers traders the possibility to set limit orders using
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their web interface, which gets managed and operated by the
linch Foundation (1linch, 2023), a NPO and DAO. In accord-
ance with the previous definition, it would be necessary to
determine to what extent a DAO or NPO should indeed be
classified as a criterion for a HEX. In academic literature,
however, linch is classified as a DEX despite the presence
of a central database (Boonpeam et al., 2021; Cola et al.,
2023; Kitzler et al., 2023; Xu et al., 2023). The blurred dis-
tinction between CEXs and DEXs, especially HEXS, reflects
the diversity of exchange concepts in the cryptocurrency
market and academic literature. This calls for a systematic
elaboration of the characteristics and dimensions of crypto-
currency exchanges and the development of a classification
framework.

For this reason, I conduct a secondary study in the form
of a review of the literature on cryptocurrency exchanges,
acknowledging the complexities of both CEXs and DEXs,
but focusing primarily on the marketized processes within
them as their most prominent use case. Here, a system-
atic review approach is particularly advisable due to the
diversity of published literature on the topic of CEXs and
DEXSs. In addition, it allows for a consolidation of the cur-
rent state of research and facilitates the drawing of conclu-
sions from a condensed pool of information, which is valu-
able due to the comprehensive insights it provides. First,
I identify and analyze existing papers on CEXs and DEXs
using a systematic method, focusing on their mentioned
characteristics as well as the dimensions explored by the
academic literature. This enables a downstream analysis
of popular topics and helps to identify promising research
gaps. A systematic literature review combines results from
different methodical approaches into a unified contribu-
tion, thereby reducing the impact of subjectivity associ-
ated with individual articles. To the best of my knowledge,
there are only two (systematic) reviews in the literature
that focus on CEXs and DEXs. Eigelshoven et al. (2021)
use a systematic approach to investigate the vulnerability
of the CEX and DEX to market manipulation. In their
conference paper, they identify seven manipulation meth-
ods and six indicators of the success of market manipula-
tion schemes. However, a detailed differentiation between
CEXs and DEXs and their characteristics is missing. The
final sample size of 38 is also rather limited. On the other
hand, Y. Chen et al., (2023b) focus their research report on
the cryptocurrency trading infrastructure, differentiating
between CEXs and DEXs. However, their work is primar-
ily focused on collecting survey results rather than system-
atically capturing current research in the cryptocurrency
exchange space. Consequently, it does not reach the depth
of a systematic literature review. Thus, there is a need for
a new, in-depth investigation to systematize the exchange
landscape in the cryptocurrency market.

The remainder of this paper is organized as follows. The
“Methodology” section provides an overview of the proposed
methodology, followed by a description of the design of the
conceptual framework. This framework uses several superor-
dinate terms to assess the current state of research on CEXs
and DEXs. The “Descriptive analysis of the literature sample”
section presents and analyzes the descriptive characteristics
of the literature in the literature sample. The “Discussion of
the secondary study results” section discusses the findings
in the context of the established framework, delving into the
characteristics, advantages, and disadvantages of different
cryptocurrency exchanges and formally defining CEXs and
DEXs. The “Open research questions and future directions”
section highlights the potential research directions that have
emerged from the analysis of the literature sample. Finally, the
“Conclusion” section summarizes the conclusions of the study
and discusses the implications and limitations of the research.

Methodology
Literature search and selection strategy

Secondary studies, such as literature reviews, require a com-
prehensive and reliable sample of literature to ensure that
readers can thoroughly evaluate and understand research
findings (Sauer & Seuring, 2023). The primary goal of a
literature review is to organize the existing literature on a
topic in order to examine the current state of research and
identify any existing research gaps (Grisar & Meyer, 2016).
Literature reviews are conventionally categorized into four
distinct types: narrative reviews, scoping reviews, system-
atic reviews, and meta-analyses, each distinguished by their
approach for assembling a literature sample (Hochrein &
Glock, 2012). Narrative reviews do not explain the develop-
ment of their literature sample and often fail to methodically
document the literature search process, making it difficult or
even impossible for readers to replicate the findings, espe-
cially when the research results depend on the selection of
reviewed articles within a particular research area (Mas-
saro et al., 2016). In contrast to narrative reviews, scoping
reviews aim to identify and describe the available evidence
on a particular topic, with a particular focus on clarifying
key concepts and definitions found in the relevant literature.
They delve into the methods used to research a particular
topic or field, and seek to uncover and analyze any prevailing
gaps in knowledge (Munn et al., 2018). Due to their explora-
tory nature, scoping reviews often serve as a precursor to
systematic literature reviews, which use a systematic method
to generate a literature sample (Paul et al., 2021). The fun-
damental aim of a systematic literature review is to provide
a structured, comprehensive, and truthful overview of the
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current state of the art. Consequently, systematic reviews
are considered to be the most unbiased form of literature
review. It is not uncommon for data from systematic reviews
to be extracted and subsequently used as the basic frame-
work for conducting a meta-analysis (Hégele et al., 2023).
Finally, meta-analyses primarily use statistical techniques to
evaluate an existing sample of literature, making them pri-
marily quantitative in nature (Snyder, 2019). My method is
designed to systematically identify the research dimensions
of CEX and DEX research in cryptocurrency markets. To
achieve this, I conduct a systematic literature search follow-
ing the methods outlined by Denyer and Tranfield (2009),
Stone and Rahimifard (2018), and Higele et al. (2023) to
identify relevant literature review articles. As shown in
Fig. 2, the approach follows five sequential steps that are
condensed into the systematic research method used to spec-
ify the literature sample.

1. Developing research questions: the first step focuses on
formulating research questions that will guide the sys-
tematic literature review. This is done with a particular
emphasis on the research objective, which is to deter-
mine the dimensions of research related to CEXs and
DEXs. Therefore, the following questions are specified:

RQ1: What is the current understanding of CEXs and
DEXs in the literature? Is there a common definition
or does the understanding vary widely?

RQ2: What CEX and DEX dimensions are addressed
in the literature? Is it possible to identify a particular
research focus or trending topics in the cryptocurrency
exchange literature? Are some dimensions less or not
focused on, thus creating research gaps?

RQ3: What are the pricing features currently used in
CEXs and DEXs? Are they similar, or are there varia-
tions that only exist on one of the two cryptocurrency
exchanges?

Database search and retrieval: the next step is to sys-
tematically search the current academic literature for
relevant papers. This is done by brainstorming and
defining appropriate keywords that are directly related
to the research topic, without claiming to be exhaustive.
Variations of the keywords are then added to the pool to
account for differences in spelling. Finally, the keywords
are divided into two groups and linked within each
group using the logical operator OR, while both groups
are linked together using the logical operator AND. The
resulting search string is then used in scientific databases
such as Ebsco Host, Elsevier, Emerald, Google Scholar,
Springer Link, Web of Science, and Wiley Online. The
search is conducted in October 2023 and includes all
publications up to September 2023. The groups defined
and the keywords used are shown in Table 1.

Screening and selection: in this step, the literature is
systematically reviewed for alignment with the research
objectives using the PRISMA approach (e.g., Rethlefsen

Developing Research Questions:
Step 1:

Defining the research objective and delineating the scope of the research questions.

Database Search and Retrieval:
Step 2:

searches across various databases.

Repeated definition and combination of selected search terms, along with the execution of systematic

Screening and Selection:
Step 3:

Carefully review and screening of the preliminary literature sample to identify studies that align with the
research objectives. Subsequent snowball searches possible, if necessary.

Data Extraction and Synthesis:
Step 4:

Extraction of descriptive as well as content-related characteristics of the literature sample.

Step 5:

Reporting and Critical Appraisal of Research Findings:

Comprehensive representation of the research results and discussion of research gaps.

Fig.2 Literature search and review method adapted from Denyer and Tranfield, (2009), Stone and Rahimifard (2018), and Hagele et al. (2023)
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Table 1 Keywords used in the database search

Group A: search strings related to

Group B: search strings

CEXs or DEXs related to cryptocurrency
markets
“AMM” “Bitcoin”

“Automated Market Maker/ing”

“Bitcoin Exchange/s”
“CEX/s”

“Centralized”

“Centralized Exchange/s”
“Cryptocurrency Exchange/s”
“DEX/s”

“Decentralized”
“Decentralized Exchange/s”
“Exchange/s”

“Liquid/ity”

“Order”

“Order Book/s”
“Trade/ing”

“Volume”

“Blockchain/s”
“Coin/s”
“Cryptocurrency/ies”
“Cryptocurrency Market/s”
“DeFi”

“Decentralized Finance”
“Market/s”

“Market Quality”
“Marketplace/s”
“Token/s”

“Trade/s”
“Transaction/s”

et al., 2021), as shown in Fig. 3. For each paper sug-
gested by the database search, the first step is to check
whether it is already part of the literature sample. If
not, the abstract of the paper is reviewed to assess its
suitability for addressing one or more of the research
questions. If suitability cannot be determined from the
abstract, the full paper is read and a decision is made

whether or not to include it in the sample. After review-
ing the database results, the literature cited in the sample
papers is also reviewed for eligibility, thus initiating a
snowball research process. After reading the initially
identified 143 articles, 89 articles remained as the size
of the literature sample. Some articles were excluded
because they focused more on decentralized finance
(DeFi) rather than on DEXs or CEXs (e.g., Schueffel,
2021), or because they appeared to lack sufficient scien-
tific rigor.

Data extraction and synthesis: after selecting the arti-
cles, a critical review is conducted to capture the essen-
tial characteristics, central messages, and concepts of the
literature sample. Essential information for answering
the research questions is captured, while a framework
is developed to facilitate categorization and structur-
ing. This framework is iteratively adapted, revised, and
developed during the paper review process, ultimately
allowing for a systematic representation of the dimen-
sions of CEX and DEX research, as well as the identi-
fication of interrelationships, interactions, and research
gaps. In addition to content-specific aspects, descriptive
characteristics of the papers are also captured to provide
a systematic literature review; to gain insight into the
origin, distribution, and development of research on the
topic; and to provide a foundation for future research
building on this work.

Reporting and critical appraisal of research findings: in
the final step, the collected findings are integrated into
the framework and condensed for clarity. Information

)
g Records identified from Google Scholar searching
§ (n=327) Duplicate records removed before screening
'F': Records identified from other databases 7| (n=540)
g =356
2 | |[m=356)
L)
—
) *
Records screened (abstract) o | Records excluded (abstract)
(n=143) g (n =37, not CEX or DEX related)
) v
’qE) Reports sought for retrieval o| Reports not retrieved
$ | |m=106) =0
% ¥
Full text assessed for eligibility o Studies excluded, not relevant
(n=106) " (n =21, not CEX or DEX related)
—
)
P Studies included from forward-backward search
e A (n=4)
T:’ A
— Studies included in review
(n=89)
—

Fig. 3 Process of literature selection based on the PRISMA approach following Denyer and Tranfield (2009), Stone and Rahimifard (2018), and

Higele et al. (2023)
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is cross-referenced across research questions to identify
superordinate relationships. Finally, the findings are vis-
ually presented in an aesthetically pleasing manner for
a compact yet informative presentation. A summary of
all information collected is also included in Appendices
A and B.

Framework development

The goal of the framework development is to systematically
capture the dimensions of CEX and DEX research. To achieve
this, the first step was to identify and formulate appropriate
superordinate terms to facilitate a structured comparison of
the characteristics of CEXs and DEXs. The starting point
for this objective is to first establish a basic understanding
of CEXs and DEXs in cryptocurrency markets. For this rea-
son, all definitions of CEXs and DEXs mentioned in the lit-
erature sample are first recorded. Often, these are not explic-
itly labeled as definitions, which require a clear distinction
between characteristics and definitions. In addition, the papers
often lack precise or only vague definitions of DEXs and espe-
cially CEXs. Therefore, for better comparison, only those
papers with definitions that explicitly cover both CEX and
DEX are presented in Table 2. However, all identified defini-
tions of CEXs and DEXs can also be found in Appendix B.

When identifying definitions, only language that explic-
itly named or referred to CEXs or DEXs was considered a
definition. Definitions that were not specific to the exchange
models, such as “a cryptocurrency exchange is a marketplace
where users can buy and sell cryptocurrencies” (Xia et al.,
2020, p. 2), were also not included because the focus of this
paper is on addressing the research questions and differenti-
ating between CEXs and DEXSs. Interestingly, the papers in
the literature sample often define specific implementations
of DEXs, such as AMMs, without first explaining what a
DEX is. When DEXs are defined, it is often in the context of
distinguishing them from CEXs, without explicitly outlining
what defines a CEX (e.g., Berg et al., 2022; Falakshahi et al.,
2021; Fritsch, 2021; Jeong et al., 2023). Furthermore, there
are cases where terms such as DeFi and DEXs, although
conceptually related, are still used interchangeably (Aigner
& Dhaliwal, 2021; Shah et al., 2023). Overall, CEXs are
defined much less frequently than DEXs. Only 27 out of 89
papers, or about 30% of all papers in the literature sample,
provide a definition for CEXs. Conversely, at least 39 out
of 89 papers, or more than 44%, define DEXs. Reasons for
this could be the publication date of the papers in the litera-
ture sample and the relative novelty of DEXs compared to
CEXs. Therefore, the focus is often on the former, while the
understanding of the latter, which has been around longer,
is assumed to be known.

@ Springer

In addition to collecting and consolidating definitions of
CEXs and DEXs, an analysis of the keywords used in the
papers from the literature sample is also conducted as part
of the framework development. The aim is to gain insight
into the methodical focus of the papers and, more impor-
tantly, to gather information about their thematic focus in
order to identify possible research directions. A total of 306
keywords were extracted from the papers in the literature
sample, although not all papers used keywords. The average
number of keywords per paper is therefore approximately
3.4, reflecting considerable diversity in keyword selection.
After removing keywords that were used in multiple papers,
162 unique keywords remained, which were then further
condensed into appropriate categories (see Table 3).

Looking at the absolute frequency of keywords within
each category (including repetitions across papers), certain
research directions can already be deduced. The focus of the
papers from the literature sample seems to revolve around
some less surprising category emphases, such as cryptocur-
rencies, financial markets, or finance in general. However,
there is also a notable concentration of papers using key-
words related to market infrastructures such as DeFi pro-
tocols (e.g., Shah et al., 2023) or networks (Kitzler et al.,
2023), especially in the context of market design and, more
specifically, pricing functions (e.g., Aoyagi, 2020; Korolkovs
& Kodors, 2022).

After studying the definitions of CEXs and DEXs in
the papers from the literature review, I was able to deter-
mine both the current understanding of these terms in the
academic literature and identify initial trends and empha-
ses through the collection and consolidation of keywords.
The next step is to develop a structured and comprehen-
sible framework based on these findings. In the context of
the contribution, especially to answer research question 2,
superordinate terms are derived for the framework that allow
different perspectives on the study of CEXs and DEXs and
reflect the frequency of different keyword uses (excluding
methodical keywords). As keywords, particularly from the
financial domain, were mentioned more frequently, they
were subdivided into several superordinate terms: Mar-
ket Efficiency, Liquidity Provision, and User Experience.
From the category of cryptocurrencies and blockchain (see
Table 3), the superordinate term Technological was chosen
to allow for a broader and multifaceted categorization. The
aspects of security and ethics from the keyword categoriza-
tion are adopted with minimal changes as Security and Trust,
since “trust” and trust-related terms seem to be mentioned
more frequently in the literature sample. Finally, a certain
regulatory context can be derived from the definitions of
CEXs and DEXs. Therefore, the last superordinate term
introduced is Regulatory to cover all kinds of legal aspects.
Figure 4 provides a summary of the derived superordinate
terms for the dimensions of CEX and DEX research.
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“Decentralized exchanges are blockchain-based applications that facilitate direct

Definition of DEXs

“CeFi exchanges require users to transfer their crypto assets’ private keys to a

Definition of CEXs

Table 2 (continued)

18

Shah et al. (2023)

Authors

Springer

trading of crypto assets among users without relying on intermediaries.” (p.

174)
“AMMs are DEXs that allow buyers and sellers to immediately trade cryptocur-

third party to conduct payments and coin orders, creating intermediaries in

the transaction process.” (p. 171)

“Centralized exchanges (CEXs) represent more traditional book-keeping in the

Sylvester et al. (2022)

rencies with an institution that keeps a reserve of different coins.” (p. 3)

form of limit order books.” (p. 3)

“A decentralized exchange (DEX) is typically implemented as a smart contract,

“A centralized exchange (CEX), sometimes also called a custodial exchange,

Victor and Weintraud (2021)

which can allow for the non-custodial trading of cryptoassets.” (p. 24)

keeps a user’s assets in their collective exchange wallets.” (p. 24)

“Decentralized exchanges (DEX) (...) provide automated process for peer-to-

“Centralized exchanges (CEX) (...) is governed by a company or an organiza-

Xia et al. (2020)

peer trades.” (p. 2)

tion.” (p. 2)
“CEX, as the traditional trading mechanism, requires a central entity as the

“To facilitate free trading and eliminate the potential security and privacy issues,

Xia et al. (2021)

DEX is introduced to allow users to trade their cryptocurrencies without

intermediary to complete cryptocurrency trading between its users. There-

transferring the custody of their cryptocurrencies to the middlemen, thereby

fore, the trustworthiness of the middlemen plays a vital role in this trading

mitigating the security issues of CEX and providing better privacy by eliminat-

ing KYC verification.” (p. 2)

mechanism, as all the user activities and digital assets are under the control of

the central operators.” (p. 2)

Once the superordinate terms have been formulated, the
systematic and thorough research of the dimensions of CEX
and DEX can begin. To accomplish this, the literature sam-
ple is searched for statements related to the specified super-
ordinate terms, and these statements are assigned accord-
ingly. In the comprehensive summary of all statements on
the dimensions (see Appendix C), whenever the context
allows, a corresponding statement is captured as faithfully
as possible. When a verbatim categorization would not make
sense due to lack of context, the statement is paraphrased
and then recorded. Sometimes statements could theoreti-
cally be assigned to multiple categories, for example, “Users
can access that liquidity and exchange tokens based on a
pricing function dictated by their relative availability in the
pool” (Palit, 2022, p. 2). In such cases, these statements are
assigned to the category with which they most closely align,
even if they could also be assigned to another category.
This compromise is made to avoid duplication, although it
introduces a degree of subjectivity. After all papers in the
literature sample have been critically analyzed, the frame-
work is well populated and it is possible to proceed with the
cross-category and cross-exchange analysis. All steps of the
framework design, from the systematization of definitions
and keywords to the derivation of the superordinate terms
of the framework and the description of the assignment of
statements, are summarized once again in Fig. 5.

Descriptive analysis of the literature sample

The literature sample consists of 89 review articles on
CEXs and DEXs, all of which were published in the years
2019-2023 (or have yet to be published in the case of pre-
prints). At first glance, this narrow publication window
may seem unexpected, especially given that no specific
restrictions on publication years were imposed during the
database search. While the whitepaper for Bitcoin, the
first cryptocurrency, was published by Satoshi Nakamoto
in 2008 (Nakamoto, 2008), and the foundation for today’s
DEXs was laid with the Ethereum whitepaper in 2013
(Buterin, 2013), the initial breakthrough of CEXs, and in
particular DEXs, remained elusive to the general public
until the launch of Uniswap V2 in 2020 (Adams et al.,
2020). Consequently, the narrowed publication timeframe
of the papers in the literature sample can also be attributed
to a surge of scholarly interest in shaping and understand-
ing these novel marketplaces. During this specific publica-
tion period, a rapid increase in the number of publications
per year can be observed, as shown in Fig. 6, which sum-
marizes all the descriptive characteristics of the literature
sample. In addition to the rapid increase in annual publica-
tions on CEXs and DEXs, a diversity in the countries of
origin of the authors of the papers in the literature sample
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Table 3 Keyword categorization and usage in the literature sample

Category Keyword Keywords
frequency
Cryptocurrencies and blockchain 76 Altcoins, Bitcoin, Blockchain, Centralization, Centralized Cryptocurrencies, Crypto Tokens,

Cryptoassets, Cryptocurrencies, Cryptocurrency, Crypto-currency, Cryptocurrency Exchange,
Cryptocurrency Exchange Disclosure, Cryptoeconomic Systems, Cryptoeconomy, Cryptofi-
nance, Decentralization, Decentralized Cryptocurrencies,

ERC-20, Ethereum, Stablecoins, Terra-Luna, Token Economy, Tokenomics, Tokens

Financial markets and trading 58 Algorithmic Trading, Arbitrage, Asset Management, Automated Agent, Binance, Concentrated
Liquidity, Cyclic Arbitrage, Derivatives, Divergence (or Impermanent) and Slippage Losses,
Financial Markets, Financial Services, FTX, High-frequency Trading, ICO, Impermanent
Gain, Impermanent Loss, Limit Order Book, Limit Order Books, Liquidity, Liquidity Provider,
Liquidity Provider and Taker, Liquidity Provision, LP, Margin Liquidity, Market Maker,
Market Making, Market Manipulation, Market Microstructure, Market Quality, Optimal Trad-
ing, PFL, Portfolio Diversification, Portfolio Management, Portfolio Optimization, Predict-
able Loss, Profitability, Remain Active, Strategic Liquidity Provision, Trading, Transaction,
Uniswap, Volatility, Yield Farming

Technology and methods 31 Agent-based Simulation, ARMA-GARCH Copula, Classification, Composability, Data Mining,
Deep Learning, Deep Reinforcement Learning, Domain Typosquatting, Dynamic Program-
ming, Forecasting, Interactive Theorem Proving, Machine Learning, Measurement, Mechanism
Design, Predictive Automated Market Making Architecture, Smart Contract, Smart Contract
Verification, Smart Contracts, Stochastic Control, Stochastic Optimal Control, Systematic
Literature Review, Taxonomy, Zero-intelligence

Finance and economics 54 Asymmetric Information, Auction, Cross-Listing, Crypto Finance, Decentralised Finance,
Decentralized Finance, Decentralized Finance (DeFi), DeFi, FinTech, Frequent Batch Auction,
Information Efficiency, Interest Rate, Investment Models, Lending and Borrowing, Market,
Market Design, Market Efficiency, Money, Price Discovery, Risk, Signals, Welfare Loss

Security and ethics 20 Compliance, Crime, Fairness, Fake App, Fake Volume, Fraud Detection, Front-running, General
Order Manipulations, Miner Extractable Value, Money Laundering, Regulation, Regulations,
Scam, Scam Cryptocurrency, Security, Self-trades, Trust-trading, Wash Trading

Market infrastructure 67 AMM, Automated Liquidity Providers, Automated Market Maker, Automated Market Maker
(AMM), Automated Market Makers, Automated Market Making, Automatic Market Maker,
Automatic Market Makers, Centralized Exchange, Centralized Exchanges, CEX, Circuits of
Exchange, Constant Product Market Makers, Decentralized Application, Decentralized Block-
chain, Decentralized Exchange, Decentralized Exchange (DEX), Decentralized Exchanges,
Decentralized Exchanges (DEXes), DeFi Protocols, Dependency, DEX, Digital Exchange,
Exchange, Network Science, Networks, Oracles, Payment Channel, Platform, Social Relation-
ships, Stock Exchange, Token Exchange

Technological Regulatory Technological Regulatory

Decentralized
Exchanges

Centralized

Exchanges Security and Trust

Security and Trust) (Market Efficiency

User Experience Liquidity Provision, User Experience Liquidity Provision,

Fig.4 Superordinate terms for the dimensions of CEX and DEX research

can also be observed. The literature sample includes more UK, China, Switzerland, and Canada. The diversity of
than 280 authors from more than 30 different countries,  countries of origin, including smaller nations such as St.
with the majority coming from the USA, followed by the  Lucia, reflects the international importance of research on

@ Springer
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Search for CEXs and DEXs
Definitions:

Step 1a: Development of a conceptual under-

standing of CEXs and DEXs in the

Collection and Summation of
Keywords:

Step 1b: Identification of research emphasis on

CEXs and DEXs in the literature sample.

literature.

2

Step 2:

Derivation of Superordinate Terms for the Dimensions of CEX and DEX Research:

Using the conceptual understanding and research emphasis on CEXs and DEXs to create a framework by
formulating superordinate terms for the dimensions of CEX and DEX research.

.

Step 3:

Identification of CEX and DEX Research Dimensions and Allocation in the Framework:

Critical Analysis of the literature sample to investigate dimensions of CEX and DEX research.

Fig.5 Summary of the framework development steps

Fig.6 Descriptive characteris-
tics of the literature sample
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CEXs and DEXs and underscores the timeliness and rel-
evance of the topic. All countries of origin with at least 10
authors are also shown in Fig. 6.

The novelty of the papers is also reflected in the type of
publication. More than a third of the papers in the literature
sample are preprints, most of which have been published
either on SSRN or arXiv. While the scientific quality of
these papers is not necessarily guaranteed, they have the

@ Springer

0 10 20 30 40 50 60 70 80

highest degree of timeliness that a paper can have. In the
selection of preprints, care was also taken to ensure their
professionality and active further development. In contrast to
preprints, and in terms of quantity, the second and third most
common types are journal articles and conference papers.
They make up more than half of all papers in the literature
sample and attest to the scientific quality of the results of the
literature search. In addition, the relatively high proportion
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of conference papers again supports the timeliness of the
subject, as it appears that a significant part of scientific dis-
course is still conducted within conference communities.
Similarly, the limited number of book chapters, let alone
book publications, reflects the early stage of research on
CEXSs and DEXs in cryptocurrency markets.

Finally, the methods of the papers in the literature sam-
ple were examined in more detail and classified into seven
categories (see also Fig. 6 for reference). These categories
do not claim to cover all possible scientific methods, but
rather attempt to provide a finer distinction than the classi-
cal distinction between quantitative and qualitative methods.
Therefore, it is also possible for a paper to be associated
with more than one method. Since cryptocurrency mar-
kets as a research discipline tend to be at the intersection
of several scientific disciplines, I refrain from differentiat-
ing the methods of the papers in the literature sample into
more distinct theoretical approaches belonging to different
scientific disciplines, as such a differentiation may not be
helpful and consistent if no more than half of the papers
could be categorized by it. However, I acknowledge that
there are different, more fine-grained economic approaches
(neoclassicism, ANT approach, behavioral economics, ...)
to the study of markets that could be differentiated and are
applied by some of the papers in the literature sample. Look-
ing at the categorization used, the first thing that stands out
is the very high proportion of quantitative research com-
pared to qualitative research. More than three quarters of all
papers use a mathematical approach, which in most cases is
also related to modeling, the second most common research
method. The reasons for this can be attributed to the finan-
cial nature of the subject matter. As the categorization of
keywords has already shown, CEXs and DEXs are primarily
financial constructs, and their conception is therefore pre-
dominantly quantitative in nature. In addition, there may be
a monetary aspect to the design of CEXs and DEXs. The
recent success of many companies or projects using CEXs
and DEXs has made it easier to investigate the reasons for
the success or failure of individual CEX and DEX models.
Furthermore, a closer look at the content of the literature
sample reveals that, especially in the case of DEXs, their
design is still actively researched, with a focus on optimiza-
tion (e.g., Bergault et al., 2023; Krishnamachari et al., 2021).
This thesis is further supported by the high proportion of
conceptual methods in the literature sample, which involve
the development of innovative approaches that advance cur-
rent research. These papers are typically highly technical
in nature and aim to advance existing approaches through
detailed and innovative solutions. Another significant pro-
portion of the papers in the literature sample, in contrast to
the methods discussed so far, use existing historical data to
gain new insights. These papers often try to identify indica-
tors from market data of a certain period, based on specific

events such as the insolvency of the CEX FTX or the col-
lapse of the stablecoin TerraUSD (e.g., Milunovich & Lee,
2022; Vidal-Tomas et al., 2023), with the aim of improving
the predictability of the occurrence of such disasters in the
future. In contrast to conceptual papers, empirical papers
primarily serve the purpose of deriving policy recommenda-
tions and concepts, but do not focus on demonstrating their
actual implementation. One of the least prevalent methods
in the literature sample is qualitative, especially in litera-
ture reviews such as this one. While there may be numer-
ous approaches to advancing the current state of research
based on the high proportion of conceptual and quantitative
research, this advancement is rarely qualitatively grounded,
possibly due to the novelty of the research topic. This, in
turn, reinforces the purpose of this paper.

Finally, special attention should be paid to those papers in
the literature sample that are of high importance for research
in the field of CEXs and DEXSs, either because of their high
number of Google Scholar citations or because they are
particularly well-founded through their extensive literature
references. The papers with the most Google Scholar cita-
tions at the time of the literature review include (in order
from most to least cited) Schir (2021), Daian et al. (2020),
and Lee (2019). While the early appearance and fundamental
orientation of all these papers may be the reason for their
high citation rate, in the case of the middle one it is certainly
due to the systematic discovery of opportunistic behavior of
market participants on the DEXs and the associated practice
of front-running at the expense of other market participants,
which had not been observed to this extent until then. Nev-
ertheless, all of these articles can be considered highly rel-
evant to the study of CEXs and DEXs. Xu et al. (2023), Qin
et al. (2021), and Sai et al. (2021) have the most extensive
literature base among the papers in the literature sample. The
research approach of all three papers is to conduct a thor-
ough literature review. By delving into the existing literature,
they build a solid foundation of knowledge that allows them
to place their work firmly in the context of CEX and DEX
research. Researchers building on these foundational refer-
ences can use the insights and critical analysis provided to
further their own investigations and contribute to the ongo-
ing advancement of knowledge in the field.

Discussion of the secondary study results

A critical analysis of the papers in the literature sample goes
beyond just capturing descriptive characteristics; it delves
into the multifaceted landscape of research dimensions on
CEXs and DEXs. These dimensions are thoughtfully catego-
rized under their corresponding superordinate terms within
the framework and organized in a tabular format, as you
can see in Appendix C. However, in an effort to present the

@ Springer



33 Page 12 of 21

Electronic Markets (2024) 34:33

findings in a clear and concise manner and to answer the sec-
ond research question, I have further condensed the dimen-
sions under each superordinate term into highly aggregated
statements, as shown in Table 4. These statements have been
carefully formulated to ensure that they encompass the full
range of dimensions identified, while maintaining clarity
and eliminating redundancy. The exact references are still
included in Appendix C. However, for the sake of brevity, I
will refrain from including them here. As I proceed, the fol-
lowing sections will examine each dimension in more detail
under its respective superordinate term, providing a com-
prehensive examination and comparison of the dimensions
of research on CEXs and DEXs. Based on the results of the
secondary analysis, I will then derive precise definitions for
CEXs and DEXs, using the newly gained insights and the
underlying rationale of these dimensions within the CEX
and DEX research landscape.

Looking at CEXs and DEXs from a technological per-
spective, there are distinct features and characteristics that
set these two approaches apart. CEXs provide an easy-to-
use, centralized platform for cryptocurrency trading. A nota-
ble advantage lies in their order-book-based system, which
simplifies trading by allowing users to trade cryptocurren-
cies against traditional fiat currencies untethered from the
underlying blockchain (Aigner & Dhaliwal, 2021). This
streamlining of the trading process is further supported by
the use of “hot” wallets for faster access to funds (John-
son, 2020). It is important to note, however, that CEXs are
not without their drawbacks, including occasional technical
delays and server outages that can hinder the seamless exe-
cution of trades (Lim, 2023). On the other hand, DEXs are
emerging as an innovative alternative. They operate without
central authorities and enable peer-to-peer trading by using
smart contracts for transactions, all without requiring users
to relinquish custody of their tokens (e.g., Aoyagi & Ito,
2021). This is a notable advantage, as it aligns with the ethos
of decentralization and puts users in control of their assets.
DEXs also employ automated market-making functions,
typically in the form of constant function market makers
(CFMMs), which emphasize efficiency and reduced storage
requirements (Angeris, et al., 2022a). Nevertheless, DEXs
may face problems related to front-running, where traders
with advanced knowledge can use the order of transactions
to their advantage (Park, 2021).

From a regulatory perspective, CEXs’ adherence to fed-
eral and state laws seems to provide a sense of legitimacy
and security. However, it is important to recognize that
these regulations are often focused on traditional financial
instruments and may not be perfectly suited to the rapidly
evolving landscape of cryptocurrencies. Furthermore, the
inherent anonymity of traders and the lack of official over-
sight create a breeding ground for activities such as wash
trading and price manipulation (Alexander et al., 2023). This

@ Springer

not only compromises the integrity of these exchanges but
also exposes users to a higher risk of financial loss (Aspris
et al., 2021). In contrast, DEXs prioritize global accessibil-
ity and anonymity, bypassing Know Your Customer (KYC)
and Anti-Money Laundering (AML) regulations (Aspris
et al., 2021). This approach can be seen as a double-edged
sword. On the one hand, it opens the door to a wider range
of listings and cross-border trading opportunities (Dewey
& Newbold, 2023). On the other hand, it raises concerns
about potential money laundering and illicit financial activi-
ties (Dai, 2020). The increased anonymity of DEXs may
make them an attractive platform for individuals seeking to
engage in these activities.

When trading cryptocurrencies, aspects of security and
risk are of high importance. Traders on CEXs are exposed to
a number of vulnerabilities, making it imperative to entrust
assets to the infrastructure of the CEX (Lim, 2023). These
risks include concerns such as insider trading, hacking inci-
dents, price manipulation, fraud, data breaches, and even
outright theft (Johnson, 2020). The need for trust in the oper-
ational integrity of the CEX becomes a central element of
any transaction. On the other hand, DEXs prioritize security
and privacy by eliminating centralized control and providing
greater transparency and the ability to retain full custody
of assets, effectively reducing counterparty risk (Alexander
et al., 2023; Lin, 2019). DEXs facilitate peer-to-peer trading,
allowing participants to exchange on-chain assets without
relying on a centralized authority (Angeris & Chitra, 2020).
However, DEXs have also increasingly become a preferred
platform for liquidating stolen tokens due to the anonymity
and trustless nature of smart contract transactions (Aspris
et al., 2021). This, in turn, presents a different type of secu-
rity concern within the DEX environment.

Providing liquidity on a CEX and a DEX presents differ-
ent sets of advantages and disadvantages, each catering to
different preferences and risk tolerances. On a CEX, as the
primary marketplace, it provides an easy way for users to
transfer currencies with high liquidity (Y. Chen et al., 2023b).
This liquidity is primarily driven by the constant interaction
between buyers and sellers. However, it is worth noting that
CEXGs, in an effort to maintain market integrity, often impose
strict criteria for listing assets (Qin et al., 2021). This can lead
to delays in the cryptocurrency listing process and limit the
range of tokens available for liquidity provision (Lin, 2019).
On the other hand, when it comes to DEXs, liquidity pro-
viders take on a unique role. They earn fixed commissions
per trade, accepting market risk in the process, making it an
enticing opportunity for those who thrive on the decentraliza-
tion ethos (Aigner & Dhaliwal, 2021). The process of adding
tokens to DEXSs is significantly more accessible, with fewer
barriers compared to CEXs (Dewey & Newbold, 2023). In
fact, any token holder can become a liquidity provider simply
by depositing tokens. However, the provision of liquidity in
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AMMs on DEXs works differently. It is determined by the
ratio of tokens in the pool and does not actively contribute to
price discovery (Y. Chen et al., 2023b). Unlike CEXs, where
price formation and especially discovery is primarily driven
by order book dynamics, DEXs rely on the inherent token
ratios in the pools.

Trading on a CEX is, from a user’s experience, a struc-
tured process in which assets move from a user wallet to
a wallet managed by the exchange (Victor & Weintraud,
2021). This arrangement has both advantages and disad-
vantages. On the positive side, CEXs offer relatively fast
transaction speeds, enriched trading functionalities, and a
user-friendly interface (Lim, 2023). These aspects make
for an efficient and convenient trading experience, allow-
ing users to execute their transactions with ease. However,
trading on CEXs is also associated with high transaction
fees, which reduce the overall returns (Dai, 2020). In addi-
tion, CEXs tend to have limited transparency. Users may
find it difficult to obtain comprehensive information about
the inner workings of the exchange, which can lead to trad-
ers’ discomfort. In addition, CEXs often require complex
registration procedures, which can deter potential users and
complicate the onboarding process (Lin, 2019). In contrast,
DEXSs allow users to engage in asset exchanges without the
involvement of intermediaries and guarantee that transac-
tions are recorded on a public ledger (Aspris et al., 2021).
This open and decentralized approach ensures a transparent
and secure environment for users. However, DEXs are sus-
ceptible to transaction-ordering attacks, which can affect the
order and thus the profitability of trades (Han et al., 2022).
AMM aggregators provide flexibility by not requiring spe-
cific pairings for transactions, but they can occasionally lead
to suboptimal pricing (Park, 2021). Despite these challenges,
DEXs offer an attractive advantage in reducing trading costs,
especially for large orders (Lin, 2019).

Finally, market efficiency at CEXs depends on several
key factors. First and foremost, despite their comparative
efficiency, CEXs often face constraints, particularly limited
trading volume and liquidity. This can hinder the seamless
execution of trades, making them less efficient at handling
large order flows (Wang & Krishnamachari, 2022). In addi-
tion, price determination on CEXs relies solely on the order
book trading process and trader control, resulting in poten-
tially significant price volatility (Ciampi et al., 2022). The
control factor can lead to potential price manipulation and
erratic fluctuations that can undermine market stability. Con-
versely, CEXs also have some advantages. They encourage
the active participation of market makers, an essential com-
ponent in maintaining order flow and liquidity. This, in turn,
encourages a diversified range of cryptocurrency transactions
and provides traders with a degree of predictability and ease
in executing their trades (Schir, 2021). DEXSs, on the other
hand, contribute to price discovery by facilitating the listing
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and trading of new tokens (Aspris et al., 2021). However,
prices on DEXSs tend to be less efficient, resulting in incon-
sistencies and variations across DEX platforms (Barbon &
Ranaldo, 2021). This inconsistency can pose challenges for
traders seeking price transparency and accurate execution.
DEXSs primarily support crypto-to-crypto transactions and
rely on arbitrageurs to balance prices, which can lead to longer
execution times and potential inefficiencies (Krishnamachari
etal., 2021). However, DEXs do offer unique benefits by more
efficiently allocating risk among traders with different risk
preferences, resulting in distinct trading advantages.

In summary, the findings on the dimensions of CEX and
DEX research, as determined in this manner and viewed
from multiple perspectives, can be summarized as follows,
in accordance with the previously explored definitions and
keywords identified to answer the first research question:

Centralized exchanges (CEXs) are cryptocurrency trad-
ing platforms that provide a user-friendly and centralized
environment for buying and selling digital assets. They use
an order book-based system to simplify the trading process
and allow users to trade cryptocurrencies against traditional
fiat currencies. However, technical delays and server outages
can occur, potentially disrupting the smooth execution of
transactions. CEXs primarily comply with federal and state
regulations, providing users with a sense of authenticity and
security. However, the anonymity of traders on some CEXs
raises concerns about activities such as wash-trading and
price manipulation, which can undermine the integrity of
these exchanges.

Decentralized exchanges (DEXs) operate without a cen-
tral authority and enable peer-to-peer cryptocurrency trad-
ing by using smart contracts for transactions, allowing users
to retain custody of their tokens. DEXs include automated
market-making functions, typically in the form of constant
function market makers (CFMMs), which increase efficiency
and reduce the need for extensive on-chain storage. DEXs
face challenges such as front-running, where traders with
advanced knowledge take advantage of the transaction order.
In addition, they prioritize global accessibility and anonym-
ity, bypassing KYC and AML regulations, which can expand
the scope of listings but also raise concerns around money
laundering and illicit financial activity.

Open research questions and future
directions

Within the vast landscape of cryptocurrency exchanges, it
has become clear that researchers are actively engaged in
exploring a variety of aspects, each of which offers unique
insights. One of the key areas of research is the concept
of pricing functions that underpin the operation of these
exchanges (e.g., Park, 2021, 2023). These vary not only
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between CEXs and DEXs but also within the emerging cat-
egory of HEXs, such as EtherDelta, dYdX, and IDEX (dos
Santos et al., 2022; Falakshahi et al., 2021; Korolkovs &
Kodors, 2022; Schir, 2021). In Fig. 7, I provide a visual
systematization of the different exchanges and categorize
them according to their pricing functions mentioned in the
literature sample to answer the third research question. In
addition, I also provide implementation examples that exist
in cryptocurrency markets for each different implementation
variant. To the best of my knowledge, it is the first differen-
tiation of such pricing functions and therefore may not cap-
ture all possible concepts already implemented in practice.
However, it attempts to capture the most prominent ones.
As shown in the figure, the pricing mechanisms of an
exchange can first be differentiated by considering whether
price discovery takes place on-chain, specifically on a cryp-
tocurrency’s blockchain using smart contracts, or off-chain.
While the on-chain method has the well-known advantages
and disadvantages associated with a blockchain, such as a
high level of transparency but increased storage costs and
slower transaction processing, an off-chain implementa-
tion offers speed but tends to be more centralized and less
transparent. In addition to the well-known central limit order
book (CLOB), which “is a method to facilitate an exchange
between market participants, where two sorted lists are
maintained including the price and amount that traders
are willing to buy (bid side) or sell (ask side)” (Khakhar &
Chen, 2022, p. 1), and traditional auction trading, a family
of pricing functions based on the logarithmic market scor-
ing rule developed by Hanson (2003, 2007) has received
increasing attention in research. These pricing functions
were first proposed for implementation on Ethereum by
Vitalik Buterin in a 2016 Reddit post (Buterin, 2016) and
can be subsumed under the term of AMMs. Unlike CLOB
pricing functions and auctions, which are less prepared
for on-chain use due to the associated blockchain storage
costs (Zatonatska et al., 2022), but can still be implemented

on-chain, AMMs are only implemented on-chain. Therefore,
by definition, they are used exclusively by HEXs and DEXSs.
In the category of AMMs, there are a variety of models,
such as constant function market makers (CFMMs), which
further branch into liquidity sensitive logarithmic market
scoring rule (LS-LSMR), constant product market maker
(CPMM), constant sum market maker (CSMM), constant
mean market maker (CMMM), and proactive market maker
(PMM). Although these models differ in minor details, they
all aim to optimize liquidity provision and price discovery in
the context of DEXs. The diversity of approaches and meth-
ods is a testament to the volatility of concepts in this area
of research. Many trades on DEXs currently occur under
suboptimal conditions (Berg et al., 2022), imposing nega-
tive externalities on other DeFi applications (Capponi & Jia,
2021). While the current research focus is on the develop-
ment of new on-chain pricing mechanisms (Bergault et al.,
2023; Krishnamachari et al., 2021), off-chain settlement is
increasingly taking a back seat, and thus, a clear research
need can be identified.

DEXs are still dependent on external prices (Jensen et al.,
2021a; Sylvester et al., 2022), which is why there is a growing
focus on improving market efficiency and price discovery of
DEXs (e.g., Alexander et al., 2023; Barbon & Ranaldo, 2021;
Berg et al., 2022; Pourpouneh et al., 2020). New and innovative
pricing functions are already being actively researched (e.g., Y.
Chen et al., 2023b; Kim et al., 2022; Lin, 2019; Schir, 2021).
One solution could be the use of oracles (Berg et al., 2022;
Dave et al., 2021), which is still an object of active develop-
ment. Another topic of particular interest in current research
is the design of front-running resistant AMMs (e.g., Barto-
letti et al., 2022; Ciampi et al., 2022; Zhou et al., 2021a, b).
Front-running, or the act of exploiting advance knowledge of
upcoming transactions, remains a concern in DeFi. Research-
ers are actively investigating ways to improve security mecha-
nisms to protect users from such unfair trading practices. The
sequencing of transactions within DEXs is also of paramount

’ Cryptocurrency Exchanges |

‘ Centralized Exchanges (CEXs) | ‘

Hybrid Exchanges (HEXSs)

| ‘ Decentralized Exchanges (DEXs)

1 1
1 1

[
CLOB

CLOB. Auctiorlzs . Aumo’.” Automated Market
(off-chain) (off-chain) (on~chain) (on-chain) Maker (AMM)
e.g. Binance e.g. Kraken Dark Pool e.g. Serum e.g. Bounce
[ I
CLOB CLOB Auctions Aggregators Constant Function
(off-chain) (on-chain) (off-/on-chain) (on-chain) Market Maker
e.g. IDEX e.g. Loopring e.g. Airswap e.g. linch (CFMM)
[
[ [ [ [ |
LS-LSMR CPMM CSMM CMMM PMM
(on-chain) (on-chain) (on-chain) (on-chain) (on-chain)
e.g. Gnosis e.g. Uniswap e.g. Curve Finance e.g. Bancor e.g. Dodo

Fig. 7 Pricing functions of cryptocurrency exchanges
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importance, as it affects the fairness and efficiency of order
execution. Researchers are actively working to improve the
algorithms that govern the execution of trades in DEXs (e.g.,
Gong & Kate, 2023). It is important to make DEXs resilient
to order-routing and front-running in order to maintain their
competitiveness with CEXs. For this reason, future research,
while already very active, needs to focus on advancing existing
approaches to ensure this.

AMMs are at the forefront of research and offer the poten-
tial to provide liquidity more efficiently than CEXs. Liquid-
ity providers on DEXs must balance potential adverse selec-
tion with fee income, raising questions about their strategies
and returns (Lehar & Parlour, 2021). Quantifying the returns
of liquidity providers is another topic that has received much
attention in the literature (e.g., Aigner & Dhaliwal, 2021;
Bergault et al., 2023; Khakhar & Chen, 2022; Milionis et al.,
2023b). Among other things, liquidity provision on DEXs
has been found to be influenced by other liquidity providers
(Aoyagi, 2020) and other markets (e.g., CEXs) (Aoyagi &
Ito, 2021). However, it remains to be clarified to what extent
providing liquidity on DEXs is advantageous compared to
providing liquidity on CEXs or not providing liquidity at all.
For this reason, there are already approaches to measure the
returns of liquidity providers on DEXs (e.g., Milionis et al.,
2023c). However, most of them are still the subject of open
discussion, so there is still room for further approaches to
measuring the returns to providing liquidity on DEXs that
can be explored in future research.

While adoption of DEXs is gradually increasing, it is
important to note that it is evolving at a relatively slow
pace. Researchers are actively investigating strategies to
accelerate adoption and make DEXs more user-friendly
and accessible (Heimbach et al., 2021). For many of them,
the prevailing shift toward centralization is a major con-
cern (Vidal-Tomas et al., 2023). For example, some of them
observe a shifting behavior of traders switching between
DEXs and CEXs in response to new token listings (Aspris
et al., 2021) or a trend toward the monopolization of indi-
vidual CEXs in general (Vidal-Tomés et al., 2023). The
dominance of a small number of exchanges in handling a
significant portion of transactions underscores the impor-
tance of exploring mechanisms to maintain a decentral-
ized ecosystem (Sai et al., 2021). A significant amount of
research focuses on Uniswap as an empirical starting point
for DEX research, taking advantage of its position as the
leading DEX (e.g., Fritsch, 2021; Ghazzawi & Yanovich,
2023; Korolkovs & Kodors, 2022; Lo & Medda, 2020; Xia
et al., 2021). The detection and prevention of fraudulent
tokens in platforms such as Uniswap and the broader DeFi
ecosystem remain areas of active research to improve the
security and integrity of these platforms (Trozze et al.,
2023; Xia et al., 2021). CEXs, acting as choke points, can
play a critical role in detecting criminal activity within
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the DeFi/DEX space by enforcing Know Your Customer
(KYC) regulations (Caliskan, 2020; Trozze et al., 2023).
However, because not all CEXs comply with the regula-
tory requirements imposed on them, or deliberately move
their operations overseas where there are little to no require-
ments, CEXs often fall victim to phishing or other cyber-
security attacks, often with catastrophic consequences for
their users. As a result, the research community is focus-
ing on developing indicators for CEXs that can predict and
prevent insolvency, recognizing the potential impact on
users and the overall market. This emphasis on security
and compliance is critical to maintaining the integrity of
these platforms and reinforces the need for further research
in this area.

The presented and identified research focus areas are only
a glimpse of possible open research questions and future
research directions perceived in the area of CEXs and DEXSs.
Especially with regard to the dimensions of user experience
and technological aspects, there is still a need for optimiza-
tion, which requires further research. The potential research
directions are thus diverse, multi-perspective, and interdisci-
plinary, leaving ample room for further development.

Conclusion

This paper conducts a comprehensive literature review of
CEXs and DEXs to provide a thorough analysis of their
respective research dimensions. After identifying definitions
and keywords, a framework is systematically constructed
and enriched with appropriate superordinate terms to sup-
port this endeavor. The analysis reveals a diverse range of
current research in this systematic literature review, with
notable quantitative and conceptual contributions from dif-
ferent countries. This compilation of research highlights the
contemporary relevance of the topic and provides a multi-
faceted view of the field. Within the dimensions of research
on centralized and decentralized cryptocurrency exchanges,
the secondary analysis reveals two distinct market models
that exhibit significant differences. These distinctions pro-
vide valuable insights into the diverse and complex world
of crypto exchanges. The formulation of comprehensive
definitions in this context provides a strong foundation for
future research. Current research trends go beyond the devel-
opment of pricing functions for CEXs, HEXs, and DEXGs.
These topics include front-running in decentralized markets,
optimizing transaction sequencing, quantifying returns for
liquidity providers, and addressing regulatory concerns such
as preventing fraudulent tokens and regulating cryptocur-
rency exchanges.

While this literature review has taken a systematic and
comprehensive approach, it is not without limitations.
Despite efforts to cast a wide net by including multiple
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databases and outlets, the possibility of missing noteworthy
papers remains. The selection and extraction process, which
was guided by specific criteria, nevertheless retained ele-
ments of subjectivity. In addition, the quality and relevance
of the literature serve as inherent limitations. The constant
evolution of the cryptocurrency exchange landscape, com-
bined with the mismatch between the pace of academic
research and market operations, could potentially lead to
the neglect of inventive methods that have not been subject
to academic scrutiny. These aspects underscore the dynamic
nature of the cryptocurrency exchange sphere and the urgent
need for ongoing research and analysis.

The identified research directions are relevant not only
for researchers, but also for practitioners, as they actively
contribute to the evolution of CEXs and DEXs through the
creation of innovative protocols. Therefore, all the research
questions and directions mentioned in this paper can also be
seen as an inspiration for practitioners to invent new, innova-
tive protocols that try to address the problems and issues that
currently persist in cryptocurrency markets, thereby advanc-
ing research in this area as well.
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