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Abstract

The work provides enethod for classifying blockchains and cryjatesets, facilitating their comparison for business and regul
purposes. Blockchainsand more generally systems based on Distributed Ledger Technology {@ddpt different techrogic
configurations,each distinguished by the activities performed, technical characteristics, and governance strieiti@gar
noteworthy isthe dfferencebetween some DLTs, which integrate automated organizational procedures with traditional -d
making processeand others that adopt entirely algorithmic governance. Equally complex is the task of identifying types o
assets, also known as digital tokens, generated and transferred through this technology. The work outlines the pritesistich
of DLTsand crypteDVVHWY XWLOL]JLQJ pVZLWFKLQJ FLUFXLWVY WR YLVXDOO\ U
methodology applicable both in the EU and in the UBitanglesa givenDLT/crypto ecosystem and reassembles it throogic
maps, &cilitating the identification of the techlogic, economic, and legal features and overcoming the risk of a rigid and
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outdated taxonomy. The ultimate purpose of the paper is to propose a working method capable of accommodating every po

configurationof DLT anddigital tokenand their potential evolutionBractical examples of regulatory application and two case st
(Ethereum and Polkadot) are provided.
JEL codes: E42, G21 K23, 033, L86M15.

Keywords: blockchain, DLT (Distributed Ledger Technology), cryatssets, decentralized finan@eFi), banking and financig
regulation.

1. Introduction
Distributed Ledger Technology (DLT) is a computer system that enables the functioning and use of shared electronic

udies

recor

synchronized electronic devices (nodes) through the use of a consensus mechanism. Blockchains are a subset of DL§s, pos
two additional properties: (a) their ledger is structured in the form of transaction blocks (which constitute the elemestam) unit

updating the ledge§ state), and (b) the blocks are chained together through the use of specific cryptographic fultmtors tlze
ledger to be updated by adding new data without modifying previous blocks. In the following, the two terms will
interchangeably, as commonly used.

Identifying the characteristics of decentralized finargeHj) systems, which encompass financial services built on decentr

pe Uus

alizec

technologies such as blockchains, poses a significant chal@nglese include the degree of openness of the computer protgcol tc
the public, the presence or absence of a governance strpotdiefined by the algorithm, the degree of interoperability with ather

blockchains, and the ability to support a wide range of activities efficiently, securely, and flexibly.

Equally complex is the precise identification of types of crygeeets (also known as digital tokens) generated and trangferrec

through this technology. They can be fungible, transferable, traded bilaterally or through a multilateral market, asdigadile er
through a random or deterministic process, and finally, possess rights or, oalatk them.

The purpose of this work is to provide a tool for representing the tkxfiocharacteristics of a blockchain and its related cry,

pto

assets. The use of logic circuits (8itching circuits), allows the description of blockchains, including various bodies or collective
systems of management and operational control (developers, technical committees, executive committees, etc.), even in

configurations that are difficult to classify intaditional permissionless and permissioned categofie$i{e work also facilitate
the identification of various types of tokens and their possible hybrid forms from a legal perspective. This shouldtip
classification within the regulatory systems of different jurisdictions, including Europe andhitesl StatesWe believe that th
proposed methodology could facilitate the issuance of guidetinéschnical standard$or example, in the EU, by the Europe
Securities and Markets Authority (ESMA), following the provisions of the Regulation on Markets in &ygats (MiCA) and thg
Digital Operational Resilience Act (DORA)

The proposed methodology is multifactorial and fully flexible; it does not rely on a simple taxonomy, but takes into/acomusnt

qualifying factors.n doing so regulatory arbitrage risks arising from overly rigid or restrictive approaches, such as 'closed

identification, should be reduced. Finally, the purpose of the work is not to analyze the risks of blockchain-assgtpidut rathe
to identfy the variables that could be useful for discriminating and identifying differences tght be helpful for this purpose.

Furthermore, this paper introduces the fundamental difference betyeeennance tokenand managemenfor administrative)

1 The views expressed are individual and do not bind the associated institWiuite this paper represents a collaborative effort by all auth
sections 5, 5.1, 5.2, and 5.3 are attributed to Guido Befani, whose contribution has been developed within the inteydietipdtions of the
international research project3'LJLWDOL]DFLYQ 6RVWHQLELOLGDG \ '"HUHFKRVGH ORV &LXGI
12844708B, ILODQFLDGR SRUHO 0&,1 $(, )('(5 8( OHDG E\ WKH 8QLYHUVLW\orBedrix
Belando GarinThe paper was presented at the Artificial Intelligence in Banking and Capital Markets conference, hosted by the UnRens]
'‘La Sapienza Centre of the European Commission Faculty of Economics, Rome, on December 11th and 12th, 2023. The retotheai
gratitude for the comments received during the event. Special thanks are extended to Prof. Silvio Micali, PaymaiBaids) L F R 'Jp$Iq
Miller, and Ricardo De Boniand for their invaluable suggestions. The authors remain responsible for any potential errors or omissions

2 See, Auer et al., (2023); ESMA (2023).

3 0On these aspects, and more generally on the governance of blockchains, see (Gola, ed)al., 2023
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tokensthe former confer rights (implicit or explicit) to the owner for the management of the DLT and potentially also assotiated ¢

flows; the latter only provide the authority to administer it in ordinary management. The paper emphasizes that onhatari
analysis incorporating techlogic profiles, which are typically overlooked by regulators, can properly make this distinction.

The structure of the work is as follows First, themain characteristics of blockchains are presented (paragrapihe) are

consensus protocol, degree of decentralization, type of settlement; distinction between 'ndtiee matile’ tokens, irreversibility,
blockchain upgradability, distinction between algorithmic -biain) and traditional (of€hain) governance, interoperability,

traceability, transparency, privacy, notary functions, scalability, and finally, enviraahegficiency.A logic map is then provide
to identify various types of blockchains (paragraph 3): the abmemtioned characteristics are aggregated througgi@map along
three sets of features: type of activities and functions perfqieaes of cecentralizationtype of governance, including the distincti
between mechanisms for updating and managing the block&fnanalyzing the blockchain, the paper moves on to crapsets
(paragraph 4)In particular,after introducing the main characteristics of tokens (fungibility, transferability, negotiability),
functions are analyzed: purely speculative (s. 4.1), allocative and governance (s.4.2) and monetary (s.4.3). Thios#istansal
the peculiaties of 'stablecoins' and theiitaralities. A legal analysis is then proposed (paragrapdirhed atapturing the approach
followed in various jurisdictions (mainly the EU and the USA) leading them to a coherent and compatible framework. larp

after illustrating the definitions adopted in Europe by the MiCA regulation (s. 5.1), a broadewndnie proposed (s.5.2), whigh

integ

their
5
pS
articu

includes aspects not addressed by MiCA and which links to the notion of ‘financial instrument' adopted by MiFID Il (lzgsed c
‘closed list' of instrumen}, with other European regulations (AML/CFT, Pilot Regime, PSD2, etc.). The same analysis is done for

notion of 'public offering of financial investment,' particularly with referencin¢oUSAlegislation, mainly based on Howey's te
(s.5.3).The work then introduces a secdiedic map for digital tokens (paragraph 6), able to integrate in a granular yet co
manner all the aboveescribed elementBinaly, a egulatory application (paragraph 7) illustratesubeof gwitching circuitsfin a
regulatory context, integrating the two maps (one for DLT and the other for digital tokens) into togiied@mula. After providing
some final remarks, the methodology has been applied to case studies (Ethereum and Patkek)t)

2. Main Characteristics of a Blockchain

A blockchain is characterized by the following aspects: a high degree of decentralization (the faisoof dhis technology
efficiency (techntigic, economic, and environmental); system robustness (reliability, integrity, and resilience to externa

XtS
herer

attac

through the use of cryptographic techniqué$ere are various traetdfs among these three sets of features. In particular, a very high

degree of decentralization is often less efficient, while a reduction in the degree of decentralization is often asgbciatest
system robustness. These cgufiations reflect the needs and functionalities that the system must support.rBefarg on to he
description of théogic map capable of representing such configurations, it is useful to provide some information about the
characteristics of blockchaing.(

First and foremost, it is important to consider three aspects:

w

techn

i) Type of activities carried out by DLEome examples include the setting up of a shared ledger, the ability to perform settleme
activities (deterministic or probabilistic), the ability to deploy smart contréctthé creation of tokens with specific characteristics,

etc.

ii) Type of editing of the DLT algorithm: backward compatibl@onbackward compatibleAs we will see below, in the first

case, editing involves ordinary, purely administrative activities of the shared ledger, such as code corrections (begjsyuptive

improvements without significant effects for participants. In the second caseolites norordinary corrections with significant

impacts, even economic ones, for users.

iii) Type of governance (echain or offchain) and votingights.In the case of entirely echain governance (or fully algorithmig),

the computer protocol predefines decisioaking methods, coordination of designated entities, incentive and delegation mech
In the case of ofthain governance, decisions are mémteugh traditional governance processes, taking into account the powg
voting rights of participating entities (nodes) or group of entities (a consortium or federated system). In realityofteera imix of
onchain and offchain governace.

Below, we disentangle these elements and, through the @ségic map (or switching circuit), reassemble them in a ma
adaptable to any possible blockchain configuration. In this process, it is essential to simultaneously considertiygcestormmid
and legal nature of DTLs and related tokens, as we will see later on.

Let § now examine the components of a DLT:

Consensus Protocol:Firstly, it is necessary to mention that in blockchain systems there is a close relationship
decentralization and mutual trust. In a centralized system, a reliable agent accepted by all participants is requiread &ospere
function (for example, in finance, clearing and settlement functions by a central counterparty), while a decentralized ope

anisn
2rs an

nner

hetwe
)
n sys

requires an algorithm (called consensus protocol) capable of achieving the same result without relying on mutualntyust ar

participants.

An architecture of this kind is a distributed system compdsedodes(®) that interact with each other according to speg
properties and need to agree on the final state of a public I€}igEnerefore, decentralization could be defined as the ability to

40n blockchain technolog§¥aga, et al., 2018)nd its implications (Bains, P., 2028)n the crypteassets ecosystem, see (BIS, 2023).

5 Smartcontractsare selfexecuting pieces of codes that fulfil the terms and conditions of a transaction in an automated manner.

6 A noderefers to a device or a computer application that is part of a network and holds a partial (light node) or complete)(fdpgaaf the
records of all operations executed through the distributed ledger. Nodes are anonymous or pseudonymoussitheatifiatspecific investigation
on the IP address), numerous, and often equal.

" Theconsensus protocalf a blockchain is a set of mathematical and cryptographic rules aimed at ensuring agreement among a sufficig
of nodes on théstate” of the system (e.g., the state of updating a ledger of economic transactions).

ific
build

S

nt nur
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a state of mutual trust among parties who do not know each other without resorting to a trusted third party. In circuwhstanites

is not possible or desirable to identify one or more actors who can act as trusted third parties to manage the Isgistdiroon

participants, blockchain architectures offer a valid solution.

In the field of computer science, since the 1980s, the challenge of achieving consensus among different actors hasllzeen fra
determining how to reach &tate” of synchronization (&consensu§ among a discrete number of autonomous systems (nodes) with

a certain degree of tolerance. The objective was to establish under which conditions the system could operate coriretilg
presence of a certain number of nodes exhibiting anomalousibetsa(malfunctioning or resulting from malicious actied). It hag

even

been demonstrated that there are critical tolerance thresholds (for example, 2/3 of nodes operating correctly at a giyetoveme

which the system continues tunction correctly as a wholegmport, et al., 1982

One of the innovations introduced by the Bitcoin blockchain, thanks to the consensus mechanism knowro&s\Rirsofor
Nakamoto$§ protocol), was to show that it is possible to achigaibeit probabilisticallyta substantially similar result (i.e., consen
on a shared ledger) even in an open jiegreer system without requiring explicit communication among participants ieelnitif
advance(®). In DLTs adopting Proebf-Work (PoW) consensus mechanisms, the consamsuhing process is configured a:

suUsS

competition to solve a computationally expensive cryptographic problem; this corresponds to a high computational arehtégnsequ

economic cost

This computational cost discourages potential malicious participants to perforrtadlesbsybil attack(®). Notably, the

cryptographic problem involved is deliberately designed to be difficult to solve but easy to verify. This characterigg thagu

while participants engage in a competitive race to find a solution, the verification of the correcthessohitiorby all participants
is a quick and straightforward process, contributing to the security and efficiency of the consensus mechanism. T

e go

uncoordinated cooperation among nodes that are nade@néfied is thereforeachieved through an economic incentive assigned to

actively participating nodes in the process (theadedminerg, resulting in the creation of a naluplicable message (a pdefined

numberof native tokensfor examplebitcoins) awarded to hodes winning the compatitio solve the aforementioned cryptographic
problem. The incentive system is based on the assumption that the token has an economic value connected to stac#neity

maximum number of producible tokens is predefined by the algarithm

The algorithm is designed tealign incentives among nodegor group of nodes callegiining poot?), meaning that it is mor

e

advantageous to behave correctly than to attempt to compromise the ngintedgity. There is a wide variety of consensus protdcols

(in addition to Nakamot®§ proofof-work, thereis proof-of-stake, delegated proof-stake, pure proe$take, procof-authority, etc.
(*Y). Each usedlifferent incentive mechanisms aridoting " methodsIn particular, he proof of stakgPoS) model is based on t

he

idea that the more stake a user has invested into the system, the more likely they will want the system to succeedsdikelthe |

they will want to subvert it. Stake is often an amount of cryptocurrency that the blatketaiork user has invested irtee system
(through various means, such as by locking it via a special transaction type, or by sending it to a specific address

Permissionless, Permissioned, and HybridThere are different types of blockchainglassifiable into three broad categeri
permissionless, permissioned, and hybAidrmissionlesblockchains are managed through a network where all participangsg(

nodes) maySHUIRUP DOO UHOHYDQW DFWLYLWLHV U H D Gth&distribut&d ledyerevnidsioned Q J

blockchains require permission or authorization to perfim@rabovementioned activitiesr sulset of activitiesHybrid blockchains

combine elements of batn this case, only a subset of nodes has the powsgrform the abovementioned activities, or a subget

of them (see Table 1Blockchains are calleglublicwhen access fqrerforming some activitieis not limited to authorizedodes or
private otherwise As we will see extensively later on, access restmgican be dictated by traditionaff¢chain) or algorithmic én-
chain) governance rules

Deterministic or Probabilistic Settlement System: The consensus mechanism of the protocol that regulates the creati
finalization of transactions can be deterministic or probabilistic. In a blockchain pritibabilistic consensusystem, such as Bitcoi
once a block is propagated, it waits for confirmation. As more blocks are added to the chain, the probability of thairiy
changed decreases. In this way, the blockchain becomes more secure and reliable over time fisuailyuges). In dlockchain
with adeterministic consensisystem, the transition is valid and final when a certain consensus threshold among identified
reached (for example, twihirds of properly functioning nodes at a given moment). Subsequently, each network node up
ledger simultaneously, &s traditional payment systems.

Native and nonnative tokens In this work, we use the term crypéssets (otoken3 to refer to any digital representation
value transferable through this technology. It is important to distinguish between native armatinerokens.

Native tokensrre generated by the blockchaand are used to operate orfadt, instance tpaytransaction feeand transfer digita
tokens They aredntrinsic " to the underlying protocol and form an integral part of the sy$§téumctionality. These tokens allow f

8 The termpeerto-peerrefers to a distributed computer system in which all nodes perform the same functions on an equal footing. Th
contrasts with clienserver architectures, where some nodes take on the role of service providers (the servers), and others ébeadiests).
The latter model is the most common in tevelopment of distributed computer applications, while the former is historically known for its
platforms for data sharing and exchange.

9 A syhil attackis a type of attack on a computer network service in which an attacker subverts the§sepicgtion system by creating a la
number of pseudonymous identities and uses them to gain a disproportionately large influence.

10 A mining poolis a collaborative group of cryptocurrency miners who combine their computational resources over a network in ordeset
the chances of successfully mining a block and receiving rewards. When a block is successfully mined by any partieipaol,ithth reward
are distributed among all the contributors based on their contributed computing power or the number of shares theytte.elsiing a mining
pool does involve relying on a central entity (the pool operator). These entities ghavid&astructure and coordination needed for miners to

together effectively. Some of the wédhown mining pool operators include companies like F2Pool, Slush Pool, Antpool, and others, depe
the cryptocurrency being mined.

11 For a description of the main consensus mechanisms, see: Yaga et al. (2028)
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updating the blockchain and serve as a means of facilitating and securing transactions within the network. Exampletskrfrmi
include BTC on the Bitcoin or ETH on the Ethereum ledger.

tive

Nonnative token®perate as smart contracts atop the blockchain (as a second layer). These tokens adhere to a standardizec
rules, allowing for compatibility across various decentralized applications (DApps) within the ecosystem. On the Ethere

blockchain, the twgrimary token standards for norative tokens are the Ethereum ERCand ERE721, which respectively define
a common interface to create fungible tokens andfangible tokens (NFTs). Unlike native tokens, ERC tokens are not directly

integrated into the blockchathcore protocol but leverage the existing infrastructure for their functionality.

It $ worth noticing that Bitcoin has also evolved to support simple smart contracts, allowing for more advanced fungtione

beyond its original use case. Despite these advancements, Ethereum stands out for its comprehensive smart contrasg
enaliing the creation of intricate decentralized applications. Ethe®URC20 tokens, for instance, showcase the platfi
versatility by facilitating a wide array of use cases, giving them a broader utility value compared to Bitetive token. Whea

capa

m

Bitcoin § pure token remains fundamental to its role as digital cash, Eth§r&REG20 tokens exemplify a more expansive and

adaptable ecosystem within the blockchain space.

Table 1 +Role of nodes and type of activities

Bitcoin (1) Nodes: level of authorisation
Unrestricted -
. Limited accesgor
Activit ies performed access to all !
authorized nodes
nodes
Reading Yes No
Administrating (2) Yes No
Governing (3) n.a. No
Ethereum (1) Nodes: level of authorisation
S Unrestricted Limited accesgor
Activities performed access to all .
authorized nodes
nodes
Reading Yes No
Administrating (2) Yes (1) No (1)
Governing (3) No Yes

(1) = standard configuration

(2) = transactions validation or backwardmpatible editing of the DLT
(es. fixing abug’)

(3) = nm-backwardcompatible editing of the DLT (es. change of the
consensus mechanism)

Irreversibility of Transactions: This characteristic directly stems from tBsppendonly " nature of blockchains, i.e., the ability

to update their state only by adding new information (new blocks) and never by deleting or modifying previously addetibim

orma

(blocks already part of the chain), unless a parallel blockchain is created tharéarghSince the only way to update the ledger is by

adding new transactions, once a transaction is included, it becomes immutable. Immutability is-adipedblenvord: on one han
it makes it dificult to alter/falsify orchain data, making public and permissionigdsblockchains very interesting architectures

building systems resistant to external attacks; on the other hand, in the case of incorrect transactions (e.g., payentomecte

dl
for

addresses), it is impossible to correct errors without the coopewdtihird parties. Since a transaction cannot be deleted, the only

way to nullify its effects is to create a new one that is equal and opposite. Permissioned blockchains, having theadnidtyate
a subset of authorized and therefore identifialléas, can more easily address this issue.

Blockchain Update and Hard Fork Risk: Like all software, blockchains require updates to add features, fix programming errors

and reduce vulnerabilities. These updates can be problematic in the absence of a centralizedrddamgjqurocess. Two aspe
need consideration: the types of impements needed and what happens in case of disagreement among activieihodee$.

Updating a blockchain involves modifying the software code (the main blockchain or native protocol) while preservirnmyyh
and integrity of the distributed ledger. There are various types of updates. Some are simple programming error fixxzslandrare
compatible, while others are more significant changes, such as block size validation, validator fees, or structurabcties
consensus protocol.

In opensource systems, more radical change proposals with economic implications for participants can lead to diverg
In permissionless blockchain systems, if there is no agreement, a group of nodes may decide not to update the saffwase,
those opposed (often a minority) can continue to use the old standard, cre®dirkg’af the new software is incompatible with t
old one, a blockchain split occui®s process calleldard forking. Two networks are then created, each with itofedrs (nodes, en
users) and its own token. The price of the new token reflects the r§apkeference for the two standards, rewarding the
considered more valid (a concrete example is the split of Bitcoin into Bitcoin Cash or Ethereum into Ethereum Clasdig)inN
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some cases, a fork can be beneficial for the system, introducingatimmand improvements. Moreover, it can have positive effects

on the price dynamics of the two new tokens, offering opportunities for value creation and datersifieurthermore, during a hg

121n the case of private and permissioned blockchains, the presence of one or more-piatiaging nodes with a supervisory ratechnical or]
businesstmakes it easier to manage these scenarios, intervening to remedy errors in some way.
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fork, participants often acquire tokens from both the original and the forked blockchain. If the modification is backngadble,
and only some nodes need to be updated, it is caflefl fork In these casenpdes that do not update the protocol can still partici
in the network, although they may not have access to the new features introduced by the minor update. Soft forks @oar
blockchain split.

A nonforkableblockchain does not allow nodes to change the consensus rules of the network unless there is a procedu
the blockchain to be modified in predefined ways. For example, in the case of Polkadot, network nodes have the con
characteristic bbeing able to follow protocol rules without saving them on the node itself. The protocol rules are directly s
the Polkadot blockchain, which can only be updated througtham voting, and then read by various nodes that can aebuée
the rules. If blockchain variations are backwamipatible, the likelihood of a hard fork is much lower.

Non Y XOQHUDELOLW\ W RTRi®dvent Gecel WhHaotheRe kN Yemporary divergence in the blockchain's tran
history due to conflicting blocks being added to the chain by different nodes or miners. This can happen due to netwyo
During such forks, the principle thatery asset has a single owner could be violated; it is, therefore, fundamentally impo
finance. Indeed, one of the major concerns during a fork is the potential for double spending; if different braneHeskadi¢hep
conflicting transactions, it may be possible for a user to spend the same cryptocurrency units twice, exploiting theringomsite
network. Algorand is among the few blockchains designed to prevent "accidental forks", while renmagnpegmissionless settin

On-chain (algorithmic) and Off-chain (traditional) governance On-chain governanc@rocesses are defined as a set of r
related to the governance of the blockchain written in the native protocol. These complete algorithmic governance o
change the protocol rules according to predetermined forms and methods. In this colggxelated to voting mechanisms, blg
or transaction sizes, and interface methods (API/RPC) could, for example, be decided and directly inscribed in thelpe
decisionmaking process is predefined and immutable. Decigiomgosed, for exame| by developers operating on the network,
made through referendums according to procedures established by the computerized process. There may be superv
committees, aggregation groups, but such bodies do not have power over the fiah deetsthe Polkadot case in the Annex).

Off-chain governanc@rocesses are not directly written into the native blockchain protocol but interact with it after perf
organizational or decisiemaking functions outside of it. As in the previous case, there may be technical committees or bo
decisions tag& place offchain, as in a traditional organizational structure. Understanding these decigiorg processes, power a
responsibility allocations, delegation mechanisms, etc., is crucial. Indeed, at ttigaiofflevel, opacity, frality, distortions
(including excessive concentration of power) can occur, as the operational mode does not guarantee the transpareray
chain automated processes. On the other hanadhaff processes have the advantage of being able torrétgditional corporat
governance safeguards, including the allocation of responsibilities and accountability (see the Ethereum case in the Anne

Interoperability: In addition to aspects internal to the structure of a given blockchain (degree of openness to par
management and control methods of the protocol, security, etc.), an efficient ecosystem must haegitechamcteristics thd
allow different blockchains t&communicaté, interface, and bmteroperable Interoperability must involve both processes and
including those from external systems-¢adled oracles). This aspect is not only crucial to avoid fragmentation betystems tha
should interact efficiently but also to maintain high madgettestability(access by potential entrants even in the presence of sq
network economies). When interoperability is not initially designed in the blockchain architecture, it is often achiengbdstimeart
contracts known aridges These bridges act as connectors between different blockchains, facilitatexgttzage of informatio
and assets, and enabling a more seamless interaction between disparate blockchain networks.
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Traceability, transparency and privacy: These aspects refer to the property thatloain recorded data (through the native

protocol) must be accessible and verifiable, preserving, however, privacy. Transparency is essential to support sersiritytiod
the system: each node is autonosigicapable of inspecting and verifying the validity of blocks and transactions, without th
to rely on a third party to do so. This means that any transamtianpublic blockchain can be inspected for forepsiposes by
analysing the information stored on the shared leflgr below) On the other hand, this also implies that to preserve privacy
public blockchain, additional techniques are neces§&jy Moreover, as the size of the blockchain grows, it becomes
burdensome for a node to download the entire history of the system. Only nodes with expensive and dedicated hardvveaees
devices (called full nodes) have the capacity to verifyihfulness of all transactions.

Identification of the End User and Node$he identifiability of both the end user (e.g., one who purchases a @agpéh) anc
those validating transactions is an aspect with clear implications for combating illicit activities. In the presenceni$sioped
blockchain and/or a centralizedtity like a crypteasset service provider (e.g., an exchange or a wallet provider), it is posg
identify users. It is different when operating through a fiegreer permissionless blockchain oriarhosted \allet. In this case, th
only publicly available information is the wallet address (a string of numbers and letters), and only through markendatedh
police investigations is it possible to attempt to identify the owner of the eagstets. There arésa algorithmic systems (smalled
mixers or tumblers) that make it complex to associate the wallet with its owner or-asgetis (such as Monero), where it is
possible to link two transactions or determine the source or destination of fuhds€nas a public address).

Certification Function: A crucial aspect concerns the potential ability to provdgal certainty to the information recorded
various transactions (smalled notarization). This issue is particularly complex, especially in light of the effects of European pr
that introduce a legal framework for secure electronic identification, the reicogofitelectronic signatures, and related trust sery
within the EU (the elIDAS RegulatiorElectronic Identification Authentication and Trust Services, EU Regulation No. 94)/10

In particular, Article 41 of the regulation grants the following legal effects to blockchain records:

13 There are companies dedicated to this sector, knowrblagkchain forensics, with the most notable being probably Chainanal
(www.chainanalysis.cojnAchieving strong privacy goals, however, requires the adoption of specific techniques, also known as Privacy E
Techniques (PETS); for a detailed description of these techniques focused omdigitehts, see (ECB, Bank of Japan, 2020).
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1. The legal effects and admissibility as evidence in legal proceedings cannot be denied to electreatéipimg solely
because of its electronic form or because it does not meet the requirements of qualified electretaertjimg.
2. Qualified electronic timetamping enjoys the presumption of accuracy of the date and time it indicates and the integrity
the data to which that date and time are associated.
3. Qualified electronic timatamping issued in one Member State is recognized as qualified electronttameng in all
Member States.

In this sense, notwithstanding other legal challer@®sthe issue of guaranteeing the trustworthiness and authenticity pf the
substance of the data transcribed on the blockchain remains legally unresolved. The legal effects apply primafisgistiie
containerandQRW WR WKH SUHPLVWHUHG” FRQWHQW

Scalability: Another crucial aspect that has led to the development of complex blockchain configurasicadalidity. This is
defined as the systefhability to process a high number of transactions per unit of time and by numerou§fobiethis case, there
is a tradeoff, commonly referred to in the literature as thBockchain trilemma); as it is challenging to have a blockchain that
simultaneously achieves scalability, high decentralization, and se€yit§ince scalability is a necessary characteristic for vatious
practical uses of blockchains, especially in public and {aogde environments, different solutions have been proposed to address tr
problem. Broadly, these solutions can be grouped intacategories: (i)on-chain”or Layer 1 solutions (where Layer 1 is the ledger
itself), involving modifications to the blockchain by upgrading the underlying ledffarexample, supporting larger block sizeg or
different consensus algorithms than the original; %ff-chain” solutions, involving the addition of layers on top of the base ledger
for example, solutions based on Layenetworks or those involving the creation of sudains(*®).

Environmental Efficiency: Another aspect concerns theor energy efficiency of blockchains based on the podafork (PoW)
consensus mechanism. The issue is-edwn, and it is not necessary to delve into it I{&)e The crucial point is that the transition
to more efficient and environmentally friendly teckogic systems (e.g., based proofof-stakeor proofof-authority) requires g
governance system capable of managing this transition. Alternativelghaifi processes must be used, which, in turn, need|to be
managed and monitored.

3. Logic Map for Classifying Blockchains

We have observed that blockchains can possess highly diverse technical features to address various scalability,exftidigncy, s
and immutability requirements of the shared ledger & eeferred to three major classes, permissionless, permissioned, and |hybri
this last class reflecting a broad spectrum of configurations where certain nodes, users or administrators, have regeicitdd o
roles. There are also blockchains with various decisiaking and control bodies (which can operatecbainor off-chain). How
these powers are allocated, what the decisiaRing rules are, and to what extent some nodes are accountable for their actions ¢
crucial aspects of a clear and wedlsigned governance structure. The type of activity the blockchahpatform, either directly g
through parallel protocols, and the degree of decentralization are relevant considerations. To achieve this, it istoedeasgry
identify various types of blockchains, taking into account different technical, ecoraomdigovernance characteristics.

=

3.1 Various Types of Blockchains and Their Governance Structure

Below, alogic framework inspired byogic circuits is provided, capable of stylizing different possible blockchain configurdtions
and their governance structures. This can be accomplished through a function that, taking as input a series of corffiglatatipns
to the activities performed, tliegree of decentralization, and governance mechanisms), provides, as dotpofoamula capable
of describing that specific blockchain (see Figure 1).

Figure 1 xLogic Scheme for Mapping Blockchains

$FWLYS MWW PHG
E\ WKH '/7

( "HJUHH RI GHFHQWUDO
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PHFKDQLYPV

14 As highlighted by Consideration No. 5 of EU Regulation 2022/858 of 30 May 2022 on a pilot regime for market infrastrasxtdres Histributef
ledger technology (DLT Pilot regime}.. there are regulatory gaps due to legal, teldygig and operational specificities related to the use of
distributed ledger technology and cryqassets falling within the definition of financial instruments. For example, no transparency, reliabllity, ol
security requirements have been imposed on protacmiggmart contractswhich underlie cryptassets falling within the definition of financigl
instruments. The underlying technology could also pose new forms of risks that are not adequately addressed by exzisting. regul

150n this aspect, (Befani, 2021).

16 For a literature review, see (Hafid, 2020).

17 For a discussion of the blockchain trilemma and a possible solutiofiizmdi 2019).

18 By off-chain solution, it is meant a system that supplements the native blockchain (typically permissionless) with other bl@akchb
permissioned and sometimes private) that connect to the first layer after performing different function2@3¢HaS, 2023.

19 For a discussion on these aspects, see (Gola, Sedimeir, 2022)
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Thefirst partinvolves a traditional mapping of the activities carried out by a particular blockchain, indicated by {Ai} (see Tabl

2). In principle, each activity is associated with specific risks, manageable through a segoksatfance rules, both internal g

external, that should be adhered to in order to monitor and mitigate the risks associated with tHierotigreng of the blockchain.

Table 2 - List of Possible Activities Performed by the Blockchain

AO: Creation of a shared and readable ledger (e.g., for supervisory purposes)
Al: Creation of native or nomative tokens

A2: Implementation of smart contracts and atomic swas (

A3: Interface with other systems (interoperability)

Ad:Non Y XOQHUDELOLW\ WR 3DFFLGHQWDO IRUNV’
A5: Deterministic \probabilistic settlement

A6: Certification or notarial activity

AT7: Identifiability of the end useand respect of privacy

A8: The transaction complies with AML/CFT criteria

An: Other activities

The second partaddresses the degree of decentralization in blockchains. Simplistically, three configurations can be i
permissionegwhere usually there is a subject or node with a leadership role, and only authorized entities have access to dgt]
(e.g.Hyperledger Fabric, R3 Corflehybrid, for instance in the case of a polycentric system where only a limited number of
havespecial functionsbut where any entity has access to data in regdigg ICON, Dragonchain, and, to somdent, Ethereum
permissionlesswhich in generatorresponds to a decentralized system characterized by a high number of nodes operati
network without entry and exit constraints and in a generally equitable m@ngeBitcoin)

Thethird part of the map represents the governance mechanisms of the blockchain, denoted as {Ri}. Blockchains can in
a variety of governance and control mechanisms, including enabled groups of validators, technical committees, as wslase
protocol aevelopers interacting through more or less decentralized methods (e.g., a referendum). Governance mechanism
specified earlier, both eohain and offchain. Clearly, a¥obust” blockchain (whose robustness level is calibrated basethe
activities it needs to support) must simultaneously have good governance and effective risk management.

What has been said is represented in Figure 2. The map functions like a switdbigig circuit (note thegwitches \ ) (?9.
The circuit is traversed from left to right, starting with the relevant BLififormation and concluding with the white pa
(symbolized as WP), representing the illustrative document of the blockchain. Each blockchain operates by activatingatentes

nd
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or pctivitiesffAi} (see Table 2 for a full listas shown in the first part of the circuit; its configuration (degree of decentralizaﬂion of

nodes and consensus mechanism) is represented in the second part of the map; finally, the third part of the circuhiecsnte
internal processes and esl{Ri}. The entirecircuit closesf andonly if the circuits at the top, in the middle, and at the bottom o
map close simultaneously.

Thislogic map provides a structured approach to understanding and categorizing different blockchain configurations, cq
their activities, decentralization levels, and governance mechanisms. Each blockchain, with its unique combinatioheof ¢imés
fits into a specific category, allowing for clearer comparisons and assessments based on their intended use cases aniptiss
For example, in a simplified manner, fesee how the map represents the Bitcoin blockchain. In the top gaetadfcuit, it activate
three functionalities: creating a distributed cryptographic ledger (activity AO), generating the Bitcoin token (activignay
probabilistically finalizing transaction blocks (activity A5). In the middle part of the circoé, Switches corresponding to
permissionless public blockchain (P2) with a Pb@sed consensus mechanism (X0) are closed. The circuit does not invo
governance body (R0). Given its characteristics, Bitcoin is not predisposed to handle an ordeeyedimed upgrading process,
it may be subject to forks#. The Bitcoin blockchain can be represented by the following formulad§A@AS5) &(P2éX0) eérR0 e

Blockchains with more complex functionalities will activate other paths with more articulated governance structures.
shows, for illustrative purposes, two complex blockchains, Ethereum and Polkadot (described in the Annex). Also, &
requirenents imposed by the regulator, there might be the neath&gingthe native protocol. In this case, the circuit closes
in the presence of a consensus protocol predisposed for this purpose or capable of achissing tesult during the blockch&
lifecycle, through a recursive or adaptive prodgds

This property requires the presence of a consensus protocol and specific governance mechanisms. Tinigratenfof
Ethereum from PoW to PoS shows that changing the native protocol is poEsibleroperty necessitates the existence of a cons
protocol and specific governance mechanistush'migration' demonstrates that altering the native protocol is achievable, alf]
this process is highly complex, as the blockchain is not upgradgsiidol ( #; & 1 + < %0 —t *;and therefore, is subject to forkin
The suggested approach is very flexible and should be ahieaefevery type of blockchain, adapting the map appropriate
capture, even in detail, all possible configurations of blockchains. In fact, this methodology can be used to includg kgise
circuits having other activities or functions.

20 Atomic swaps are smacbntract protocols based on sequences of transactions executed on multiple DLTs that allow counterparts to
on the exchange of native tokens in a trustless environment and without intermediaries.

21 A logic circuit is based orwo-positiors switches(on-off), serving as #ogic representation of a necessary and sufficient condition for a sp
state to be trueSee Chapter 8 of (Mendelson, 1970).

220n this aspect, see (Gola, 2023a), paragraph 4.3.
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Figure 2 #A logic map for classifying blockchains
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3.2 Token Allocation for Updating and Managing the Blockchain

The logicmap can be furtherly expanded to classify voting mechanisms and token allocation. Indeeds¢gpanagraph 4) cal
be allocated through various methods, including random selection, and can confer different types of voting rights. dCthis
aspect can facilitate regulatory framing of tokens and the underlying IT infrastructure.

In particular, a blockchain can be designed for the allocation of tokens with voting rights to nodes participating agisraai;
The allocation of tokens serves both for the regular functioning of the blockchain (e.qg., transaction validation entdtheddare
ledger) and for carrying owxtraordinary activities (e.g., changing the technical parameters of the native protocol or ey
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consensus system). Only for this specific purpose, governance tokens (or voting right tokens) have been introduce
blockchains.

The logic underlying some blockchain voting systems I concentration not only during the project launch phase but
over time, and to strengthen incenti?esither through a reward or through a participatory mechars&imif-theegamg. This is
done through various means, such as the random allocation of participation rights in the initiative through voting (taordoimi
fact, an excessive concentration of voting rights not only has obvious governance implications but ateeghtigeeffect on the
security of the system through Sybil attacks. Another problem is the presence of a high number of voting rights holadensi
vote in decisions related to managing protocol changes. They are the equivalent of absentee or passidersharatagital
companies. Mechanisms tdmporary delegatiomassigned through random processes have been developed. It is also nece

maintain the involvement of the entity participating in the system over time. This is done thtakigh(collaterals), rewards in the
form of tokens that act as an incentive to provide intellectual or economic contribybgaky rewardsfand penalties for imprope

behaviourBox 1 lists some possible token allocation systems (not necessarily mutually exclusive).
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Box 1 £Voting Mechanisms and Token Allocation

V1: Vne or more tokens based on computing power (CRhBdecisionmaking power is linked to the possession of hardware
high computational power; this principle forms the basis of the PoW algorithm (mining). It does not provide any speadifto
manage the blockchain, but ortyvalidate transactions.

V2: One token, one votethe decisionmaking power is linked to the number of tokens owned and placed in deptaking¥ In
some systems, the vote can be repeated @nuuitid voting) orimed” (coin aging).

V3: One head, one voteall participants have the right to vote (only possible in permissioned DLT).
V4: 37ZR/WDJH ORWW H U trantdbb QuRiRe@)R N H Q
V5: Pure lottery: the right to vote is randomly distributed to a defined number of participants without constraints.

V6: Lottery only for active nodes in managemetike pure lottery, but the right can only be conferred to those actively invol
managing the blockchain (e.g., developers).

V7: dLottery with delegationt the right to vote is randomly conferred to participants, who can in turn delegate a limited nu
other nodes with specific skills. Over time, the delegate earns a reputation.

V8: Other voting mechanisms.
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4. Economic and Financial Characteristics of CrypteAssets

We have previously analysed the tedogic and functional characteristics of blockchains and the implications arising
different configurations. A second aspect concerns the various types of-apgets that a blockchain can generate or transfer.

There are various ways to describe the characteristics of eagpts(?%). A first method concerns the prevalent econo
function: monetary function, medium of exchange, allocative function (through, for example, financial instruments). Retleigd
context are the characteristics of fungibility, transferability, negditialoin an organized market.

A second method pertains to the legal characteristic of tokens: the ability to represent values, incorporate rights)gest,
promises, or contractual constraints. In this paragraph, we will address the first of these aspects, while in paragrdpprbyide
a legalfoundationto analyse the second. This will be done considering both the legal approach of the United States and th
in Europe. Later (paragraph 6), we will providéogic framework that allows for the integrated represémtadf thetechnologic,
economic, and legaspects considered

Before delving into the topic, it may be helpful to recall some definitions subsequentli#Jsed

Fungibility: An asset is fungible if it is interchangeable with other similar assets; it is homogeneous and divisible intq
units of account. Money is a typical fungible asset. Commodities (gold, oil, soy, etc.) are also fungible, having hom
characterigcs according to very precise standards; this makes them suitable for trading on organized markets.

Transferability: The ownership (property) of an asset is transferable through the blockchain without resorting tgart
trustee. In some cases, however, the blockchain makes the tokéramsferable focks” it) for a certain period, for example,
strengthen the us&rincentive to participate in a particular blockchain. The token is transferabléogesar (from one electron
wallet to another).

Negotiability: Negotiability refers to the legal ownership of the instrument that can be easily transferred from one owner t
through delivery or endorsement. Although any financial instrument can potentially be negotiated, only a security prograe
traded on an organized or owtine-counter (OTC) market ishegotiable€. The OTC market involves only the parties trading

security directly, while a security traded on an organized and regulated exchange has a price formation througteralranitla

transparent process.

2350 called®Pure Proobf-Stake” used by Algorand. It is a twphase process: in the first phase, a single token is randomly selected, and it
is the user who proposes the next block; in the second phase, a given (1000) number of tokens are selected amongradhtbkende system
the owners of such tokens are selected to be parfaofamitteefwhich approves the block proposed by the first user. Therefore, to belong
committee, one of the coins owned the active node must win a cryptographically fair lottery. See Micali (2019).

24 See(Gola, C., Caponera, A. 2019).

25 See (IMFBIS-ECB, 2015).
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As indicated by the IMF HandbooKThe criteria for a financial instrument to be considered negotiable are: (1) the ability
transferred to another pers$riegal ownership (or offset in the case of financial derivatives); (2) standardization (often evide
fungibility) and an eligible International Securities Identification Number (ISIN); and (3) no right of recourse againsisgneiders
of the rekvant asset(IMF-BIS-ECB, 2015.

Crypto-assets are often fungible, transferable, and in most cases, negotiable as well. Some tokens are transfera
negotiable, as is the case with certain classes of shares that only provide the right to participate in an entrepitetaidl fie
ownership of a single asset (such as real estate or a work of art) is transferable from one owner to another throughia|

transaction or a notarial deed but is not directly negotiable; it is only negotiable when associated with a teleirepoyenership,

This happens, for example, in real estate funds whose shares are negotiable on organized markdtsmgiblacioken (NFT
representing, for example, a digital artwork is not directly negotiable; it can become negotiable only whetedssith a smarn

contract that allows its fractionalization (i.e., the use by multiple parties of the same, as in the case of timeskatesstate)).

Negotiability on a¥requent and efficient market is crucial for the liquidity of the token (thaity to sell it at any time at a nefire-
sale price)?9).

4.1. Purely speculative function

3Pure tokens” u X QEDF N HBV NV HYVBANiRt and most widespread class of crygssets is that introduced in 2008
Nakamoto with the Bitcoin token. Its main characteristics are thedophcability of the token, its fixed producible quantity, and
transferability without resorting ta centralized third party. As we have seen, crgssets like Bitcoin (sometimes calleabacked
crypto-assetyare created through a process called mining and sengalglto operate the blockchain. They are not associated
ownership rights tother assets or financial instruments; they do not promise cash flows and do not provide administrative
the utility tokens); their value is primarily determined by market expectations of their future price.

These digital tokens are fungible and can be transferred, stored, and exchanged electronically-mpe@elavel. As will be
extensively discussed in paragraph 4.3, cngdsets like Bitcoin are not legal tenddiat money’), deposits, or other ¥unds”.
They are not a liability of an institution (bank or financial intermediary); nor are they a currency with intrinsic \vatyadikwhich,
due to this characteristic, was universally acceptethoneyn the past. None of the typical functionsmbney is fully satisfied by
Bitcoin or similar <rypto-currencies. Above all, two fundamental elements are missing: a law guaranteeing its integrity and in
generalized discharge power, often linked to acceptability as a means to pay taxes, and; it is not issued by a eentralityusiat,
by anchoring inflion expectations and regulating supply based on economic performance, promotes the stability of purchas
To date, Bitcoin is used to exchange goods and services only to a vgipahaxtent; its high price volatility, almost exclusivg
tied to market expectations, makes it unsuitable for this function. Instead, it is functional for speculative purposessfeioing
funds without going through traditional channels, oftenifficit reasons.

4.2. Allocative and Governance functions

In this context, the allocative function can be realized in two ways: through the use of financial instruments or mgalleeagdi

or administrative rights. The allocative function through other channels (such as credit or crowdfunding) is not dieceissei i
currently less developed.

Some crypteassets exhibit characteristics of financial instruments or financial products. In various jurisdictions and inte
organizationgtlocuments, there are different definitions dfinancial instrument 27). However, the essential element is the pres

of a contract that gives rise to a financial asset for one entity and a financial liability or an equity instrument éoeatiothThese

instruments must also be fungible, transferable, and tradeélaterally or through multilateral market infrastructures (regulg
markets). They can be either a primary or derivative financial instrument, meaning their value is tied to the price eryamgy
asset. Not considered financial instruments are means of payarterrks, real estate, and commodities (including gold). Howsg
contracts whose value is linked to the price of these individual goods or baskets of goods are financial instruments.

The following types of tokens can be distinguished.

Governance Tokens andManagementTokens 7KHVH WRNHQV FUHDWHG WKURXJK D VPDU
confer specific rights to the holder regarding the current or future management of the project (see Box 2). In our, defiaitimnen
tokens(contrary tomanagement tokensP D\ SURPLVH IXWXUH FDVK IORZY UHODWHG WR W
and/or equity rights. Asymmetric information issues arise if governance tokens are linked to a platform where dec
SUHGRPLQDQWXDRQ&GHOQKREISURMHFWIY SURPRWHU LV D WKLUG SDUW\ FR

Tokenized Financial Debt Instruments These tokens, created through smart contracts, represent commitments such
issued by companies or financial institutions. Holders of these tokens enjoy specific rights typical of the underlyimgnitsstsuch
as the right to periodic payments the repayment of the entire invested capital and accrued interest at a specified matuf
Regulatory measures may be necessary to protect subscribers due to pameipahformation asymmetries inherent ircts
instruments. This situation also appliestokenized shares of mutual funds or other financial products.

Non-Fungible Tokens (NFTs) and Utility Tokens Some crypteassets do not have financial characteristics as they are
fungible. For example, they may represent rights to artworks or are artworks themselves. Only securitization would m
tradable and, as such, classifiable tagenized financial instrumenfsOther tokens provide access to the use of specific ser

26 See (ISDA2022)

27 See: IAS/IFRS Accounting Principles (especially IAS 32); prudential regulation CRR (art. 4(1) (50); MiFID2 market redialdtid(k)). In the
United States, under the Securities Act of 1933, the decision of the SupremeXE0ry. W.J. Howey C4.(328 U.S. 293 (1946)) applies.
these aspects, see paragraph 5.
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such as gaming activities, the metaverse, issuance of coupotaarcurrencieSwithout general spendability. These tokens al
economic agents to access certain goods or services. Due to their legal nature, a more exhaustive analysis is pragidghib

Box 2 +The difference betweerGovernanceand ManagementTokens

Governance tokeray a crucial role in blockchain networks that employ decentralized governance models. Thes
provide holders with decisiemaking power ovefundamentalspects of the blockchaiAs such, they grant the own
rights (explicit or implicit) over any cash flows resulting from the good governance of the blockdaaimgement token:
on the other hand, are distributed in exchange for a service ("effort") provided by a miner, as a form of compens#fio
unlike purely speculative tokens, govenca tokens confer the right to participate in the decisiaing processes of th
blockchain network andinlike managemeithiey are not tied to the "ordinary" improvement of the blockchain or the si
updating of the shared ledger. They provide the holder not with compensation but rather a "lottery ticket" for teatftb
to the mining proces€nly an integrated analysis of the teclugic, economic, and legal aspects can allow for understar
these difference

The issuance and distribution of governance tokens are integral to the functioning of decentralized aut
organizations (DAOs) and other blockchain ecosystems that prioritize decentralized governance. Holders of g(
tokens often have voting tigs, enabling them to influence protocol upgrades, parameter adjustments, or other key di
The concept aligns with the broader principle of stakeholder participation in the governance of blockchain network|

The unique feature of governance tokens lies in their ability to represent influence rather than ownership or |
value. They serve as a means for participants to express their preferences and steer the direction of the blockcham
The mechaics of governance tokens vary across different blockchain projects, with some employing proportiong
mechanisms based on token holdings.

It is essential to note that governance tokens introduce a layer of complexity beyond the purely speculative natul
crypto-assets. Their value is tied not only to market dynamics but also to the perceived effectiveness of the gc
processeshey enable. Successful governance, reflected in sound demisiking and community alignment, can enhal
the value and credibility of governance tokens within the blockchain ecosystem. Conversely, governance failures ¢
may lead to fluctuationim token value and could impact the overall governance structure of the blockchain network|

In summary, while purely speculative tokens derive value, mainly from market expectations, governance toke
value also from their role in shaping the governance and degisiing processes of blockchain networks. TH
significance extends beyonfinancial considerations, contributing to the evolving landscape of decentralize(
communitydriven governance in the blockchain spatkis also differs frommanagement tokerns that the latter only
concern the noextraordinary management of the DLThe Bitcoin blockchain does not offer compensation in exchi
for upgrading the protocol (e.g. fixing a bug), but only a reward ('lottery") for nodes participating in updating thiedbar
(see paragrap8.2).

4.3 Monetary and payment function

Before delving into crypt@ssets with characteristics of money, it is necessary to recall some relevant aspects of the
function. As known, for something to be considered money, it must simultaneously fulfil three functions: a unit of auoeunicy
used as a metric for exchanges); a medium of exchange (a tool to avoid multiple barter transactions); -adraptible ang
constant store of valuesssuedby a thirdparty trustee (the central bank) that regulates its supply based on the ecoydmiMoney
is a highly liquid and low financial risk instrument that enhances social welfare through the aforementioned functiodsrn
monetary systems, there are two types of mofayblic “central bank money, consisting of circulatirfiggsh’) and reserves held |
banks at the central bank, agtivatefimoney provided by commercial banks through collecting activities (via deposits, som
remunerated, and by issuing bonds) and supplying liquidity (loans or credit lines). In doing so, banks perform liquiakitty Etyg
transformation activities. Thisansformation process is particularly risky, agum on the banfrequires the ability to liquidate
significant portion of the bar assets very quickly (typically within a day) and at sustainable prices. Note that evearsimdnigh
rated secuties can be challenging to liquidate in adverse market conditions. These aspects are emphasized because t
relevant to the activities of offering payment means (electronic money) or -@gpébs with similar characteristics.

For many years, a significant portion of transactions has occurred digitally, whether they are interbank transactiotisn
between banks and the public, or transactions involving specialized intermediaries. Electronic rmomegyeis a form ofprivate
money” provided by banks, payment institutions, or electronic money institutions that manage various retail payment in
(below), such as credit and debit cards, prepaid cards, ATMs, etc. In this context, liquidity and maturity transfareébir shoul
be) minimal, as the balance sheet assets of entities providing these services are based on liquietemd isistriments (cash
high-quality shoriterm bonds). Prudential supervision limits the risks of instability for these intéaries as well.

The following describes the characteristics of two classe¥o&Enized money(central bank digital currency antbkenized
private electronic money that uses DLT); then, a comparison is made withlso Stablecoins that aim to replicate the functio
of electronic money.

Central Bank Digital Currency (CBDC): CBDC is a form of digital currency for retail payments issued and regulated
central bank. There are twechnical ways to introduce CBDE) The first (secalled accounbased CBDC) relies on a traditior]
(centralized) payment system where every citizen can hold their own account with the central bank. The seebadgddCBDC
- of interest in this contextis based on Distributed LedgE&echnology (DLT) adapted accordingly. Beyond tedbgix aspects, stil
in the experimental phase, the literature on the subject has highlighted pros and cons in introducing CBDC. In pariisil

28 For asurvey of the topic, se&CB, 2020),(De Bonis Ferrero2022).
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introduction may be a response by central banks to a potential growing digitization process by a few major global playses\s (su

Google, Amazon, Facebook/X, Apple), resulting in excessive concentration in the global retail payment systems marke
reason is the need to keep a public payment system active as a support solution in case the private sector cannotcaysi/
demand peaks, as seen during the Gd¥ctrisis. A third reason is the need to avoid possible fragmentation resuttingtfe
development of different neimtegrated private systems (with poor interoperability). Among the negative aspects, the loss of n
sovereignty is emphasized, particularly for less developed countries or those with an unstable monetary systensuthstitutio
effect between domestic currency and the global digital token (e.g., denominated in dollars) easily accessible viaddgitesy
This effect (known as dollarization or euroization) reduces or makes it impossible to implemdettiwveahnonetary policy by th
central bank of the country subject to this phenomé#fpn

E-money Tokens:These are cryptassets that aim to maintain a stable value compared to an official currency, replica
characteristics ofelectronic money.The latter is defined as a monetary value electronically stored, represented by a credit
the issuer, and issued agaifsinds” to carry out retail payment operations.

In this context, it is also necessary to mention payment services. Payment services are a set of services that altmaod
withdrawing cash from a payment account (dedicated solely to such activities) and all the operations required for mian
account. It includes, among other things, the execution of payment transactions, such as transferring funds to a payrhai
the payment service provider or entering into payment transactions; money remittance; services for the initiatioendfopdgra
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account information services provided by third parties. A payment instrument is a personalized device or a set of @geestlires

upon between the user and the payment service provider and used to initiate a payment order. If an estity plevidie apayment
service, the digital token must strictly adhere to the criteria that defatectronic money In a traditional system, in the case
crossborder money remittance, funds are delivered by a payer without opening payment aiccthentsame of the payer or t
beneficiary. The crosBorder transfer of cryptassets occurs directly (without going through a central counterparty or a cus
bank). If, however, the fund transfer involves a traditional currency, the process cplatakérough a crypto asset that plays a
we could call avehicle tokern for transferring funds (including different currencies) between one country and another (as in
of Ripple, see Bo®).

Box 3 +The Case of Ripple and the Ruling of the New York Court

An example of avehicle tokeriis XRP. It is a token without an underlying asset, without assets and liabilities, bu
embedded rights. It is associated wile money transfer system developed by Ripple Labs Inc. The system is base
algorithm called Ripple Transaction Protocol (RTXP) and the RippleNet network. XRP is the native cryptocurrer
within this network. RippleNet facilitates the internatidtransfer of funds, including different currencies, through a nety
of financial institutions such as banks and payment service providers. The network is organized through a series ¢
service providers that act as entry and exit points foRipple network. These providers allow users to deposit mon
their local counterparts and receive XRP in return. When a payment is sent, the system automatically determine
efficient path through the network to convert the original currentty ¥XRP and then into the destination amount in
destination currency. Ripple uses blockchain technology to record and verify transactions. Once a transaction is
through a particular consensus protocol known as the Ripple Protocol Consegatithiil (RPCA), funds are transferre
from the sender to the recipient almost instantly.

It should be noted that on July,1323 the Southern District Court of New York (1) ruled on the accusation filed b,
Securities and Exchange Commission (SEC) against Ripple Labs Inc for conducting an unregistered securitie
through the sale of the XRP token. This accusation wsedian the assumption that XRP was a security, and therefg
sale without proper registration constituted a violation. The NY Court identified three modes of public XRP sales
through written contract@nd through Ripple subsidiaries of XRP tokens to institutional investors or hedge funds; ii) t
of XRP through exchange platforms using trading algorith®sogrammatic Sal€sthat operate through #lind bid/ask
transactions system; iii) the distribution of XRP to Ripple employees as compensation for their activities. According
Court, only the first method of offering would qualify (based on the Howey test) as the public saleectiaty” and, as
such, should be regulated. The court ddd find this in the other two offering methods. For further details, see para
5.3.

(1) Seehttps://www.nysd.uscourts.gov/sites/default/files/2QFISEC%20vs%20Ripple%2ali3-23.pdf

The economic features of stablecoingertain crypteassets are designed with the objective of maintaining a fixed price
relative to a reference currency (dollar, euro, eicg basket of asset/orth mentioning that,antrary to centralised finance, De
FDQQRW VXSSRUW ILDW FXUUHQFLHV V-IFKPH QYDWWPEOHGRLOY DUH QKW
of DeFi markets. They facilitate fund transfers between users and across Igrodoecused as deposits acallateral in DeF
protocols and eliminate the need for multiple conversions to and from fiat m@®yA, 2023, p. 5).

These instrumentmost of the timgossess assets and liabilities. In some cases, they replicate the economic structure o
net asset value (NAV) money market funds (MMFs), with the significant difference that MMFs are typically used to alldeatde
liquidity and not for smaltetail transactions. MMFs are special funds, essentially similar to demand deposits, which predo
invest in liquid assets (cash or shttm highquality securities, such as commercial paper, sovereign securities, repo cor
Despite these @racteristics, they may be subject to liquidity crises in adverse market condiiquising central bank interventio
as observed during the 26089 financial crisis and more recently during market turbulence following €X#/{#f). Some stablecoin

29 0On these aspects, s@amas, Singh, 2022).
30 See FSB, 2020)
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https://www.nysd.uscourts.gov/sites/default/files/2023-07/SEC%20vs%20Ripple%207-13-23.pdf

have a value anchored to that of the underlying basket of assets but with a variabtegpdee of these tokens fluctuates, as ig the

case with any variable NAV fund, contrary to what their name might suggest.

Crypto-assets known aagorithmic stablecoinglon't have underlying assets. They typically work by automatically adjusting the

coin's supply in response to changes in demand. For example, if the price of the stablecoin is above its target galitytheay)
increase the coin's supply by mintingw tokens or incentivizing users to create more coins (and vice eiga)ithmic stablecoins
have experienced difficulties during market turbulenesexemplified by projects like Iron Finance and Tetrana

5. Legal Characteristics

As anticipated in the previous paragraph, among the possible ways to describeassgi$o in addition to their predominant
economic functions, are their legal characteristics. The latter are not uniform and depend on the possibility of clagsifiqati

different categories based on legal characteristics adopted in various jurisdictions. In the following, we confineahelysgatag
the European Union, with particular reference to the classification of certain types of digital tokens withircélpg cba¥inancial

instrument.” Subsequently (paragraph 5.3), the analysis will also expand to the aspect related to the public offering of a token wi
investment function. This aspect, the latter, is particularly debated in the United States through a common law appta@achdéase

so-called Howey test (infra).

In purely economic terms, a token can be referred to genericallyamacial instrument;i.e., a negotiable asset on a market

with assets and liabilities. The same cannot be said on the legal level,-wahérast in Europethe notion of a financial instrument

is precisely defined by the MIFID Il directive, which providesciosed list of financial instruments without admitting extensions

%y analogy. Although some cryptassets, especially those already classifiable as financial instruments, fall fully within the

SCof

of the relevant legislative acts on financial services, other @igggets are excluded. Only by understanding their different

functioning, types and practical applications (fungible tokens;fangible tokens, financial tokens, utility tokens, etc.) and the ftype

of performance (right or claim) that @ncorporated; it is possible to provide a comprehensive and granular legal framework for the
phenomenon. The current possible regulatory gap exposes holders of this latter type edsggpto substantial risks to market

integrity, including market abuse and finas@rime, especially in sectors not governed by consumer protection regul@jons
5.1 MiCAR definitions

The EU Regulation 2023/1114 on markets in crygasets (MICAR) defines cryptassets as followsa digital representation of

a value or right that can be transferred and stored electronically, using distributed ledger technology or a similaytéghricle
3, paragraph 1, number 5). Although MICAR has provided in Recital 16 Xhatterms grypto-assetdland distributed ledgef
technologyfshould be defined in the broadest possible way so as to encompass all types afssgsohat currentlylfautside the
scope of Union legislation on financial servicerticle 3 of MICAR has delimited the scope to the following crypsets:

T *money tokens (EMT)": a type of crypteasset that aims to maintain a stable value by referencing the value of an pfficie

currency $9);

T 3Assetreferenced token (ART)" a type of crypteasset that is not an electronic money token and aims to mairgthle|
value by referencing another value or right or a combination of the two, including one or more official currencies;

T  Utility token " a type of crypteasset intended solely to provide access to a good or service provided by its issuer.

This regulation, in Recital 9 and Article 2, has excluded from its scope eagstis that can be classified asipancial
instruments as defined by Directive 2014/65/EU; idleposits ) as defined by Directive 2014/49, includistructured deposify

(®% as defined by Directive 2014/65/EU; iifunds” 3% as defined by Directive 2015/2366, except when they qualify as elecfronic

money tokens; ivpositions in securitization %) as defined by Regulation 2017/2402; v) #iiba or life insurance contracts, pensipn

31 For the legal approach to uncertdD[RQRP\ VHH 3DSSDQR GI$WUL %HIDQL =DQDUGR
32 Defined in turn as an official currency of a country issued by a central bank or another monetary authority. Netecthatic money

(traditional) is defined in Article 2, point 2, of Directive 2009/110/ECYasnetary value electronically stored, including magnetic. As explicitly
outlined in Consideration No. 19 of MiCAR, electronic money and crggiets with an official currency as the reference currency differ in some
crucial aspects. Holders of electromioney, as defined by Directive 2009/110/EC, always possess a credit against the electronic money {ssuer

have the contractual right to obtain, at any time and at face value, the reimbursement of the monetary value of toerelaetydrald. Conversgel
some crypteassets with an official currency as the reference currency do not provide their holders with such credit against ti¢hiesaenypto

assets and may not fall within the scope of Directive 2009/110/EC. Additionally, according to Mi@&Rcrypteassets with an official currengy

as the reference currency do not provide credit at the face value of the reference currency or impose limits on thepepagimeme fact that

holders of such cryptassets do not have credit againstiiseiers of the relevant crypsssets, or that such credit is not at the face value af the

reference currency of the crypéssets, could undermine the confidence of the holders of such-esgets.
33 Peposit” a credit balance resulting from funds deposited in an account or from transient situations arising from normal baakimg pwéich

the credit institution must repay according to applicable legal and contractual conditions, includingterfixdgbosit and a savings deposit, hut

excluding a credit balance when: a) its existence can only be proven through a financial instrument as defined in ArtmieD#gctive
2004/39/EC, unless it is a savings product represented by a certificate of tefpasity to a specific person and existing in a Member State o

2, 2014, b) its capital is not repayable in full; c) its capital is repayable in full only based on a specific guargnésenama provided by the credit

institution or a third party

July

34 Itructured deposit a deposit as defined in Article 2(1)(c) of Directive 2014/49, which is fully repayable at maturity based on terms where &

interest or premium will be repaid (or is at risk) according to a formula including factors such as: a) an index or d@ownfhindices, except for
variablerate deposits whose return is directly linked to an interest rate such as Euribor or Libor; b) a financial instrumemtboraéiaro of

financial instruments; ¢) a commodity or a combination of commaodities or other fengibgible, or intangible assets; or d) an exchange rate or a

combination of exchange rates.
35 Funds” banknotes and coins, scriptural money, or electronic money as defined in Article 2(2) of Directive 2009/110/EC.
36 Position towards a securitizatiGran exposure towards a securitization.
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products, or social security schemes falling within the scope of Directive 2016/2341 or falling within the insurancistéasses

Annexes | and Il of Directive No. 2009/138/EC.

MICAR also excludes cryptassets that are unique and fiangible with other cryptassets, including digital art and collectib
whose value is attributable to the unique characteristics of each -@ygdd and the utility it offers to the token hol@er Recital
10). The regulation also does not apply to crygdsets representing services or tangible activities such as product guarantee
estate. MiCAR also excludes digital assets accepted only by the issuer or offeror and that are yaotpuealble to transfer direct

es

S Orr

to other holders (cf. Recital 17). An example of such digital assets is represented by loyalty programs where loyalanpgments

exchanged for benefits only with the issuer or offeror of such points.

Therefore, the correct legal classification must be carried out starting from the ec@ocialdunction pursued by the tok
holder and will depend precisely on the performance (claim) contained in it, i.e., the activities or rights represeime@riece

assets that do not fall within the scope of MICAR must be subject to existing Union legislative acts on financial semists or

remain regulated by the existing regulatory framework, regardless of the technology used for their issuanceror transf

5.2 A Possible LegaRegulatory Framework

Seeking to develop a regulatory framework capable of systematically and comprehensively coraidwpieg) of digital tokeng
it is necessary to integrate the previously considered economic functions with their potential legal nature in a gicéorjuiis
Europe, the following four autonomous and legally relevant categories seem to emerge:

i) Pure tokens(cryptocurrencies in the strict sense awtitual currencie$ %) under Directive 2018/843, the-salled 5th Anti
Money Laundering Directive), such as Bitcoin, which assumes the legal nature of movable property because, despite
independent and variable exchange value, it does not serve a monetary funeiamtdacorporate or confer any other utility, &
does not grant any right to the reimbursement of the nominal (#&)ue

if) Financial tokensrepresenting aparticipatory instrumeritin a financial activity of broader nature, potentially represen
dividends, shares, or units of investment funds falling within the definitio®bf financial instrument provided by Regulatio
2022/858 (the saalled DLT Pilot Regimeé?Y as the Jinancial instrument issued, registered, transferred, and stored using dist
ledger technology They fall within the scope of legislative acts on financial instruments.

Specifically, depending on various usage modes, the expectation of economic return, the possible production of intieee
¥ecognition” of the associated performance, there will be the following subcategories:

T Investment tokens, with a speculative purpose similar to financial instruments;
Asset tokens, representing titles of a specific fungible and listed/commodity in a regulated or OTC market;
Debt tokens, representing a debt similar to corporate bonds;

T
T
¥ Equity tokens: representing3®ahare’ in the issuing entity;
¥ Governance tokens, representing distributed votes to carrydeattaordinary activities on the reference blockcha
platform, conferring effective control prerogatives to the respective holders over the governance system df{lom EHig]

aspect, refer to the two cases described in the Annex);

iii) Utility tokens , to benefit from a good, service, or right to a specific performance. In addition to tokens representing
art, there are those that allow access to gaming platforms, metaverse, or other activities. They are comparable tkphgsic
couponsnot usable outside the issuing platform and without general spendability. Additionally, they do not generatd tiligye
tokens, by virtue of the general principle of tFeeedom of issuanceof securities, rather than being Idgaconfigured as mer
documents of legitimacy (such as a ticket for a show), can fall into the category of atypidalcenttalizearedit securities if thg
three characteristics of abstraction, literalness, and autonomy are §t9s€or example, we mention:

37 According to art. 1, par. 2 lett. d) of the 5th AMbney Laundering Directive¥irtual currencie$ means «a digital representation of value
is not issued or guaranteed by a central bank or a public authority, is not necessarily attached to a legally establisfiethdutoes not posse
a legal status of currency or money, but is acceptedahyral or legal persons as a means of exchange and which can be transferred, st
traded electronically».
38 See (Befani, 2019).
39 The DLT Pilot Regime introduces authorization and supervision requirements for financial market infrastructures (central securities de
+CSDs or multilateral trading facilitieaMTFs) based on DLT technology (DLT MI). This regime is anchdmetthe designated national compet
authoritieshrough sectoralegulations (MiFID Il and CSDR). The Pilot Regime allows DLT market infrastructure, unlike traditional infrastry
(MTFs and CSDs), to combine the offering of trading and settlement services for securities within a single DLT MI (DhTahddiattiment
system). The Regulation, in the experimental spirit of the rule, imposes strong restrictions on instruments (stockahéonaesaf private limite|
companies, units of UCITS) issued and transferred within a distributed ledger. It is notehatrttyritently, the Payment Services Directive (PS
does not include scalled payment tokens in the definition #finds.” However, to account for developments in digitalization applied to payn
and for the purposes of payment system surveillanc&uhesystenf V3 3 fraiiework” now refers to a more general concepfaflue transfef
(instead of¥unds transfef), thus paving the way for surveillancedigital payment tokens.

491t's worth noting that botgovernance tokerandequitiesmay possess ownership rights, voting rights, transferability, and negotiability,
with other typical aspects of financial instruments; however, while equities may entitle shareholders to dividendsamstioémpfofit sharing
depending on the agpany's profitability and dividend policy, governance tokens in some cases do not provide direct financial reward|
dividends. Instead, holders may benefit indirectly from the success of the protocol or platform through appreciatiomaiutmkereased usags
RU RWKHU PHFKDQLVPV ,Q RUGHU WR DYRLG FRQIXVLRQ LI D W RmMaHaQeBeRtHoOKED R W

41n legal terms, when defining thbaracteristics of a security, it is said to Bbstract; diteral, “and fautonomous.In particular: 1) a abstract
security is independent of the underlying contract or transaction that generated it. In other words, its value and aghtecitid independentl
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T Arttokens, which are nefungible and confer only the enjoyment of the digital work;

T Game tokens, with limited fungibility that enable only the enjoyment of entertainment offered on the gaming platfofm;

¥ Management tokens, representing computational capacity to perfantimary” blockchain operations, enabling or
participation in the functioning of the platform without attributing any specific power idetkteaordinary management g

ly
f

the blockchain (e.g., changing the consensus protocol; the number of generable tokens; fees for participants) but or

maintain the platfom and validate transactions (s&enex).

iv) Stablecoins which are pegged to an underlying value anchor. Depending on the type of underlying chosen, this c3
Stable tokenscan be categorized into the three subcategories below (or a combination of them):

¥ E-money tokens (a subspecies comparable to electronic money tokens if the reference is to a single official currern
T Tokenized financial debt instruments, configuratedtasarer debt instruments

T Asset tokens, configurated &ommodity representative securitigsommodities, such as gold) or algorithmic stablec
without underlying assets.

The distinction between the various types is determined by the different systems #tsdldtieralize  the underlying value, ofte|
expressed by a sum of money in function @federence currencyand by the different modes of binding the value reserve as coll
(with or without reimbursement of the nominal value), constituting a kind of irregular deposit certificate or abstrapréienting
goods. If these tokens are issued in serie®ligit financial investments from the mass of saverstlapgping with financial tokens
they would encounter additional limits resulting from the necessary controls exercised by competent supervisory augrusitie
the stability of the financial/credit system.

7KH /HIJDO &RQFHSW RI 3)LQDQFLDO ,QYHVWPHQW  LQ (XURSH D

The described legal taxonomy of tokens allows for the identification of a common element, given by the digital represfe
an ¥xternal valué that, in some cases, ar®t intrinsic to the token itself batre attributed by the involvegartiesbased on th
principle of supply and demand. This means that the value is subjective and based solely on the individual interegebttibd]
crypto-asset.

The economic and financial characteristics of the various forms of eagst&tso far describedverlook another relevant aspe
particularly the characteristics of tlimtial issuance offerThe legal consequences of the issuance phenomenon, in fact, (
depending on the type of token to be placed, and can be structured as follows:

¥ Initial Coin Offering (ICO) for the offer of pure tokens;
¥ Utility Coin Offering for the offer of utility tokens;

¥ Security Token Offering for all financial tokens and stable coins falling within the definition of financial instruments

Although the risks of these new resouragsing methods have already attracted the attention of various supervisory aut
(*9, the current state dfuropean legislation on cryptissets lacks specific regulations that can bind exchange platforms
information obligations provided for in the provision of financial services (with the exception of aspects considereitbinRlegime
DLT directive mentioned earlier).

MiICAR itself provides that the mere admission to trading or the publication of buying and selling prices should ndt,be
considered a public offering of cryptssetslUnder MICAR such admission or publication should constitute a public offerin
crypto-assets only if it includes communication that constitutes a public®ffer.

For a token to fall within the notion of a financial instrument, it should demonstrate being able to represent ristetamitgdital
money market or allowing the acquisition of other financial instruments or their indices.

In this sense, the exclusion of certain forms of crgasets from the category of financial instruments is enhanced |

regulation of MiCAR where (Recital 29) has provided that although some offers of-asgets other than tokens linked to actgiti

of any underlying transaction. This implies that, even if the main agreement were to be voided or breached, the abi$reahdezexercised ¢
transferred separatel?) aliteral security is based on the written words within the document itself. The provisions of the security are g
definitive, and the involved parties must adhere to the conditions set out in the document. This means that the meas@ngrif/tban beirectly
determined from the written text, without the need for external interpretat®nsn autonomoussecurity is seksufficient and can circulat
independently of the main contract or underlying transaction. In other words, the security has intrinsic value andieaido@ised without havin
to refer to the original agreement or any other relatamlichents Thesethreecharacteristics are crucial as they provide clarity and certain
financial transactions, facilitating smoother circulation of securities and enhancing legal security.

42 Of particular significance is the stance taken by the European Securities and Markets Authority in November 2017-1E&®&2850urging

issuers to assess whether their activities could fall under the Prospectus Directive, MiFID, AIFMD, or the RotttinAy Laundering Directive.

Notably, Directive 2003/71/EC aims to ensure that information provided to investors by companies raising capital in #ueglais, requirin
the prepublication of a prospectus approved by the competent authority eéooéfer of securities and financial products to the public.

43 Public offerings of tokens linked to activities in the Union or applications for admission to trading should only beifitteevemimpetent nationg
authority has authorized the issuer of such crgseets to proceed and has approved the relevant Régier on cryptassets. To ensure t
protection of retail holders, issuers of tokens linked to activities should always provide holders of such tokens with, Gooptate, clear, an
non-misleading information. The White Paper on crypssets relateto tokens linked to activities should contain information on the mecha

for stabilizing the value of the token compared to the value of the weighted average of the underlying assets, the polastroétiie reserve

assets, the custody arrangenseanftthe reserve assets, and the rights recognized to holders.
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(ART) or electronic money tokens (EMT) are exempt from various obligations of the 3ama legislative acts ensuring consumer
protection, such as Directive 2005/29/EC or Directive 93/13/EEC, including the information obligations contained theagin, rer

applicable to public offers of cryptassets when they concern relations between ess#s and consumérs

In order to ensure a clear distinction between crgsgets regulated by MiCAR and other financial instruments, Recital 14 anc
Article 2(5) of MiCAR have provided that the European Securities and Market Authority must issue, by December 30, 20@dsguide
on criteria and conditions for the qualification of cryatsets as financial instruments, and these guidelines should allow for a bette

understanding of cases where crypgsets that are otherwise considered unique andungible with other cryptassets could be

qudified as financial instrument$4;

Pending the adoption of these guidelines, it is useful to attempt to provide some operational indications on the legaf conce

investment in this working document, considering that the European system envisages a clear distinction bebhsese!
investments$ and ¥inancial investments

The search for a3bridge “ between the EU and US approachesThe connecting line and potential overlap between the nption
of offering ¥inancial instrumentsto the public and offering investment services is determined by the presence of three elements

configure aninvestment; namely:
1 The use of capital;
¥ The expectation of a return;
¥ The assumption of a risk directly connected and correlated to the use of capital.

In this sense, the possible demarcation line proposed here would like to shift the focus nofspedchkativeé use of capita
(which would be inherent in any type of economic activity) but only on the object of such activity, where the interglistatdti®n

can be resolved in the opposition between investmefiiniancial assetsand investment irfreal assetS(meaning goods and services

of the real economy). Because these latter activities, even if concluded with speculative intent, ardyeasratiat providing the

investor with the enjoyment of @ood of life.” In other words, as it is evident that investments in diamonds, stamps, precious

ancient coins, or works of art do not constitute financial products, as they are consumer investments, the same ideaticahagp

be followed for the describedassifications of tokens.

meta

For the proper legal delineation of the concepffsfancial investment,it is appropriate to refer to the American experience of

the Howey Test, as determined in the United States by the historic Supreme Court decision of 1946 (SEC vs. W.J. HaR#s
U.S. 293(*9), which applies to any contract, scheme, or transaction, regardless of whether it has the formal characteristics
securities.

The Howey Test- It represents the discretionary criterion used to determine whether a sgagiistment activity in the form
of an dnvestment contractcan be classified as a security subject to the prudential regulation of the Securities Act of 1933
Securities Exchange Act of 1934, in addition to the supervisory powers of the Securities and Exchange Commission.

The Supreme Court has identified the following four criteria to define and delinedtevastment contract

1. It must be an investment of money;

y Co
of ty

and

2. ,QYHVWRU ¥r§ lihked WwoetQd @ common enterpriseL H WKH\ KDYH D pF R$uEcRSQ ot f@ilveHad H \

one investor is tied to the success or failuretherinvestors in thesameenterprise
3. There must be an expectation of profit;

4. Profit must come from the efforts of parties other than the investors.

In this sense, although the Howey Test appears particularly useful to identify in detail whichaaggt® can be qualified gs

securities and therefore subject to existing financial regulations, it is not equally applicable to pure tokens likeMBitdoin, the
USA are defined as commodit$f) (which, for example, has never been funded through ICOs to promote or develop its tech
or Ether.

44 Consideration No. 14 of MiCAR further establishes th&t order to promote a common approach towards the classification of -aygpéts

nolog

EBA, ESMA and the European Supervisory Authority (European Insurance and Occupational Pensions Authority) (EIOPA), degtablishe
Regulation (EU) No 1094/2010 of the EurapeParliament ahof the Counci(the FEuropeD Q 6 XSHUY LV R U\ BSAdfisiowd prombtdy/ 1 R

discussions on such classification. Competent adibeshould be able to requegtinions from the ESAs on the classification of crypssets
including classifications proposed by offerors or persons seeking admission to trading. Offerors or persons seeking@athaitisgare primarily
responsible for the correct classificatimicrypto-assets, which might be challenged by the competent authorities, both before the date of py

blicati

of the offer and at any time thereafter. Where tlasgfication of a cryptassetappears to be inconsistent with this Regulation or other rel¢vant

Union legislative ats on financial services, tlESAs should make use of their powers under Regulations (EU) No 1093(EQ)ANo 1094/201(
and (EU) Nol1095/2010 in order to ensure a consistent and coherent approach to such classification.

45 The Howey Test originated from a 1946 U.S. Supreme Court case, SEC v. W.J. Howey Co. This case involved the saleraf &gritulitin
citrus groves in Florida owned by the Howey Company for investment purposes. Specifically, the contractual opesiatadna sale and leas

e
back formula, where investors, lacking agricultural experience or the ability to intervene in plantations, would purbbasedtrus groves and

then lease the land to the Howey Company, which would manage the cropshf@geaultural year, paying profits to the investors. In that g
the Court ruled that a transaction constitutes an investment contract (and therefore a security) since it involvedent ofvestiney in a commo|

ase,
n

enterprise with an expectation of fite primarily from the efforts of others. This contractual scheme was not registered as a security under U.S. I

therefore leading to regulatory intervention by the SEC.

46 At this purpose, it has to be considered that in an enforcement action ofl2aé Matter of: Coinflip, Inc., d/b/a Derivabit, and Francisgo
Riordan, CFTC Docket No. 1209) the U.S. Commaodity Futures Trading Commission defined Bitcoin and other virtual currencies as commaoditi
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Therefore, in addition to the Howey Test, it is particularly significant to refer to the European financial regulatorysiiste
precisely identifies the legal scope @hvestment services and activitieas defined in Article 4(1)(2) of MiFID Il Directiv
2014/65/EU asfany service or activity mentioned in Sectiorf*3 of Annex | related to one of the instrumeligsed in Section C o

$QQH[®).”

The importance of such a reference is evident for the various regulations that implement it and criminally sanction an
without authorization, provides investment services or activitiespfders at a distanceor Jromotes or places through distar
communication techniquéginancial instruments ofinvestment services or activities

In this way, the focus of supervisory authorities can shift from the individual token being the subject of investmerdr(ihere

for financial tokens would all current financial provisions be directly applicable) to the methods of promoting investhoketss
or promoting those tokens (e.g-jney tokens) that would constitute3savings collection, strictly prohibited and criminally

sanctioned for entities other than banks and legislatively understdadasring funds with an obligation of repagnt, either in the

form of deposits or in another forin

In other words, just as an intermediary who wishes to solicit and promote investment activities in diamonds or raifserng
savers must be subject to prior authorization, the same applies to intermediaries offering and promoting investmeiin acyipite
assets, whether they are in the form of pure tokens, utility tokens, or stable coins (and their various subcategafigsy elenot
pass the Howey Test to be directly classified as securities.

6. A Logic Framework for Classifying Crypto-Assets

In the initial part of this study, we conducted an overview of different blockchain types and prodogednaap capable d
representing various possible configurations of this technology; these can also be synthesized using simple formulas
methodology can be applied to represent various types of eagstts, their primary functions, and legal charéstics (Figure 3).

Figure 3 £Map of Crypto-Asset Characteristics
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[ e |
o eme L R e |

The aim is to capture the key aspects of the regulatory approach folbyveegive jurisdiction (for instance, the EU or theited
State$. Specifically, while the European Union tends to frame the phenomenon within the legal categonefal instruments
(characterized, as seen earlier, by their transferability, fungibility, negotiability, and the presence of an assigy)pirigid United

States, the differentiator seems to be related to the elements comprising the Howey test, orcasdroffitcoin, the resemblance

under the U.S. Commaodity Exchange Act (the CEA) because the Section 1a(9) of the Actdefimesdity” to include, among other thing3ll

services, rights, and interests in which contracts for future delivery are presently or in the future dédlt $1C. § 1a(9). The definition of|a

Fommodity”is broad. See, e.g., Board of Trade of City of Chicago v. SEC, 677 F. 2d 1137, 1142 (7th Cir. 1982). Bitcoin and dtherreintias
are encompassed in the definition and properly defined as commodities.

47 Related to 1) Reception and transmission of orders concerning one or more financial instruments. 2) Execution of ondéfrsforlidets. 3)

Trading on own account. 4) Portfolio management. 5) Investment advice. 6) Underwriting of financial instramaént placement of financip

instruments based on an irrevocable commitment. 7) Placement of financial instruments without an irrevocable commitpenticd) &
multilateral trading facilities. 9) Operation of organized trading facilities.

48 This attachment provides a list of considered instruments, including securities, money market instruments, units i Tollesttiven
undertakings, options, futures, swaps, contracts with derivative components, including contracts for difference.
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to commaodities. The map presented in Figure 3 relies again on thelogie operators (and/or) and switches thelbse” to repesent
a particular native or nenative token4®). As for the blockchains, the map can be enriched withnsaps representing second lay
and related tokens. Note that some characteristics are mutually ex¢kysiMaol X(R), while others are not. Of course, regulat
could enhance the map with additional specifications based on the introduction of new regulations and/or new classesAsf
an illustrative example, the following are tfermulas” that could represent some cryjatssets with very different characteristic

Bitcoin: (F1eF2 &F3) e(T5(i))
ETH-20: (F1e-2eF36F7) e(T2(iv) eT4(iii) eT5(i))
Ripple(XRP): {A} or {B} or {C}, where:
{A} = offered through exchangers = (RE2 &3 &4 &7) e(T5(i))
{B} = offered to institutional investors = (FF2 &3 &4 &6 &7) e(T5(i))
{C} = offered to developers as an incentive = @2 &3 &4 &7) e(T2>iv)e w:<;;
Tokenized bond issued by a ba(fKlL éF2 =3 &4 &5 &6 &7) e(T2(iii))
Tether (F1eF2 &3 &4 &5) e(T3(ii))
Algorand(ALGO) (*%): (F1eF2 eF3&7) e(T4 (iii) €r5(i))

Clearly the formula changes if the type of token supported by a given blockchain are different. For iEstereem is g
blockchain platform that supports the creation and deployment of smart contracts, allowing for the development of \egiof|
tokens. Here are some examples of token classes on the Ethereum blockchain:

ERG-20 Tokens: These are the most common standard for fungible tokens2@E#Kens follow a set of rules, allowing them
be easily exchanged with one another. Examples include DAI (a stablecoin), Chainlink (LINK), and Uniswapn(tid)case the
formula is reported above.

ERG 721 Tokens (NotiFungible Tokens NFTs): These tokens are unique and indivisible, often representing ownership g
of authenticity for digital or physical assets. Popular examples include CryptoKitties, Decentraland (LAND), and Crypitofhis
last case the formula would .béF1 &4 &5) +(T4 (i)

It is essential tonote that the formulas above must be combined with those related to the blockchain where the digita
generated or exchanged: two tokens with the same characteristics cogenkeated by two different blockchains, with evide
implications for their potential regulation.

7. Applying the switching circuits in a regulatory setting

The proposed methodology can be implemented by a hypothetical competent authority (privacy watchdog, monetary
AML/CFT authority, financial regulator, etcBelow, we provide three examples: the issuance of a piece of digwalrk (art token)
the issuance of a monetary tokemgeney token); and the issuance of a financial instrument.

The examples provided do not reflect regulatory guidance, nagasting regulation, but are intended purely to explain how
suggested method works

Art token £The token also callechonfungible token (NFT)can operate ithejurisdiction if and only if (Z ) the Distributed
Ledger Technology (DLT) compliesith the following featuresitis GHVLJQHG WR DYRLG 3DiFpraviziesQegal
certainty (hotary function) (A6); the user is identifiabland privacy is respectdd\ 7);the transaction complies with AML/CH
criteria (A8); and the token has the following characteristics: it is transferable (F1); it has an underlying claim (F4); it pribtyid
to the token holder (T4(i)Finally, the token can be either native (T5 (i)) or mative (T5(ii)).

Monetary token +The token can operate thejurisdiction if and only if

(i) The DLT has the following characteristiagsallows full interoperability (A3)itis GHVLIJQHG WR DYRLG 3D
it does not use a probabilistic settlement (= A5); it provides legal certdmitaty function) (A6); the user is identifiable and priva
is respected (A7); the transaction complies with AML/CFT criteria (A8); the system is permissioned (P0) and does netacfe
of-Work consensus protocol (= X0); it has a governance body (R1); it has an audR3)nithe protocol3 LV XSJUDG
Alternatively, the DLTcouldbe permissionless (P2), but in this case it should be"ioshO Q HU D EORHUW RTuBIQ B GD F
(A4).

(i) The token has the following characteristiitss transferable (F1); it is fungibl&®); it is negotiable (F3); it has an underlyi
claim (F4); it has assets and liabilities (F5); it is issued by a supervised entity as an electronic money intermedjaiy t{a4 (&g

49 The key distinction between native and native token relies in whether the token is integral part of the primary blockchain or creatast
leveraging the blockcha smart contract capabilities. Native tokens are typically the pla§arare currency, while nemative tokens are creatg
on top of the blockchain for specific purposes determined by smart contracts.
07KH $OJRUDQGTV IXO0O IRUPXOD ERWK D IRU '/7 DQG WRNHQ LV
(Li#a@Hts @Hig @ty @Htg@Htg @# 181 g@ 17, 8kds 4847845840150, 0p € 28> S& L& UG yj& Vicge® W

7R FODULI\ WKH FULWHULD EHKLQG WKH IRUPXOD LW LV XVHIXO Wsendu®©dalléd Puré/ iR
based on a random selection of the token of the node proposing the block and, on a subsequent ranolonofsalset of nodes chosen in eg
validation (individual cryptographically fair lottery); this latter aspect is represented by the symbol V4 (see boxtéxi). tieThe settlement i
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an underlying a basket, even composed of a single unit, consisting of a financial asset (@8(ijyemry (T3(ii)); both native tokerL
(T5 (i)) and nomnative token (T5(ii)) are allowed by this hypothetical regulator.

Financial token +The token can operatetimejurisdiction if and only if the DLT complies witthe samédeaturef the monetary
tokens (see abovand the token has the following characteristics: it is transferable (F1); it is fungible (F2); it is negotiable

(F3);

has an underlying claim (F4); it has assets and liabilities {f®)nvestors have a common interest (F6) and expected profit fram the
HITRUW RI D WKLUG SDUW\ ) WKH WRNHQ LV D GLIJLWIBDQLUHEUWYHQ WIKWDR

(A2). Both native token (T5 (i)) and nemative token (T5(ii)) are allowed by this hypothetical regulator.
Thethreeformulas would be, respectively:
Art token (NFT): compliantz (DLT: A4 eA6 eA7 eA8) e(Token: (F1eF4 eT4(i) e(T5(i) éT5 (ii))

Monetary token: compliantz (DLT: A3 €A4 é(- A5) eA6 eA7 eA8¢eP0 é(- X0) eR1 eR3 &( )) e(Token: F1eF2 e
F3 éF4 eF5 eT1(ii) e(T3(i; &3(ii)) &(T5(i) XOR T5(ii)).

Financial token: compliantz (DLT: A4 é(— A5) éA6 €A7 eP0 é(-~ X0) eR1 éR3 é( ) e(Token: F1éF2 éF3 éF4 ¢é
F5 eF6 eF7 eT5(ii) eT2(iii) e(T5(i) éT5(ii)).

Please note that the formulas do not describe the entire characteristics of the blockcha#mssstpteystem, (already illustrated

above), but rather only the necessary and sufficient conditions requireayppthetical regulator to operate within its jurisdictiop.

Two practical applications:

MICAR +The transliteration of MiCA into our framework would result as follows (we put in square brackets aspects we consi

LPSOLFLW 7KH UHJXODWLRQ GHILQHV FU\SWR DVVHWV &$ DV IROOBh

D

HODWLYWMRGQDIRYHY LL WRNHQV@ RU PULJKWVY )HungiElK tokeks Bré) ekcluei anel O |
WUDQVIHUDEOH YLD '/7 ) OL&$5 GRHV QRW DSSO\ WR pILQDQFLDO L& W U X

CASL:

EMT GHILQHG DV WKDW WRNHQ 3WKDW DLPV WR PDLQWDLQ D VWD ETsi))Y
ART GHILQHG DV WKDW WRNHQ 3WKDW LV QRW HOHFWURQLF PRQH\ o (

DO>
07

MYDOXHY RU pULIJKWY RU FRPELQDWLRQ WKHUHRI LQFOXGLQJ RQH RU VHYH

Utility token GHILQHG DV WKDW WRNHQ }LQWHQGHG VROHO\ WR SURYLGH D

FFF

SEC- In this case, the interpretation would be attributable to compliance with the Howey test described in paragraph 5(3: a t
falls into the category of publicly offered investments if investors having a common interest (F6) expect a profit geydrated

efforts of third parties (F7).
If the representation above is correct, the formulas, simplified from repetitions, would be:

- A{CA}is eligible under MiCAR iff: (T5 () €7 LL ) ) ) RWKHUZLVH LV uRXW RI
1y

- IF acrypteasset is: {CA} &(T1 (i) €T3 (ii)), =>is emoney token (EMT).

- IF acrypteasset is: {CA} e(-=EMT) e(T3(i) eT3(ii) eT3(iii) eT3(iv) €T3(v)) => is Assetreferenced token (ART).

- IFacrypteassetis: {CA}é v I'LY 8WLOLW\ WRNHQ DOVR FDOOHG p2WKHU WK

- IF acryptoassetisfF1&F2 &3 &4 eF5 eéF6 eF7,=> <+ f TE coc—cte "7 1 cofo  (fZ <o"te—ets

As mentioned beforegrepresentsiAND { indicating allconditiors in a list such as (F1, F2, F3) must daisfied while é
representsDR findicating at least oneonditionin a list like (T1, T2, T3, T4) needs to be true, @R denotes mutual exclusivit
for instance, Ti) XOR T5 (ii)). 7R FORVH WKH PFLUFXLWY KRZHYHU HLWKHg PHDQRUY
PHDQV pWKHQT

8. Conclusions

This work provides anethodfor classifying blockchains and their related crypssets based on techogic features, economic

VFF

DQ

—la

Q RI

functions, and legal nature. Each configuration can be visually represente@nap adepicting the blockchain through switching

circuitsandalogic formula.

Concerning the techiagic characteristics of the blockchain, the map considers the following aspects: 1) the degree

decentralization (permissionetlybrid, andpermissionless) and their consensus protocols; 2) activities performed by the p

(creation of a shared ledger, token creation, use of smart contracts; interoperability with other blockchains; basedinistidet

or probabilistic settlement syste forkablefor ponforkablef capable of supporting certifiaaly or notarial functionaties); 3) type

of governance (without any entity; with algorithmic governance structures embedded in the protocol or of a traditiasabiyipéed

with various voting mechanisms).

51 MiCAR also covers many aspects that go beyond the scope of this paper, such as the rules fas€tgpRervice Providers engaging
activities like trading, custody and administration, execution and transmission of orders on behalf of clients, etc.
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Economic and financial characteristics go beyond traditional criteria of fungibility, transferability, and negotiabilityingn
aspects that distinguish betweégure tokens (without incorporated rights and primarily used for speculative purposes); fin
and governancmstruments (having a contramt implicit agreementhat gives rise to a financial asset for one entity and a fing
liability or equityand related possible future cash flpyisstruments with other economic functions (such@sfungible tokens an
utility or managemertbkens); and, finally, instruments with monetary and payment functions.

Legal characteristics are outlined with particular attention to two jurisdictions (the European Union and the Unite8t&ttites).

from recent regulation on cryptssets (MiCAR), a broader and more granulapen and flexiblé taxonomy is proposed f
encompass various types of digital tokens currently observable, or others with different characteristics, using leged catd
possible economifinancial functions. An analysis of the legal concept of offering financialsimvent is conducted, atibgpting to
bridge the gap between the continental approach and the common law approach adopted in the United States. In thie
presence of a commitment of capital, with an expectation of profit by individual entrepreneurs having a commoriniree
entrepreneurial initiative managed by third parties, becomes decisive.

Understanding the mechanisms of governancedardinary” or %¥xtraordinary management of the blockchain becomes cru
In this regard, two case studies related to permissionless DLT (Ethereum and Polkadot) have been provided in the Angg
significant differences: the former associates decigiaking bodies and functialities that operate outside the main protocol
chain); the latter aims to develop algorithmic governance entirely embedded in the protadai(n

The intention of this work is to provide promoters of these initiatives witkaaily applicable scheme in the illustrative prospe
(White paper) through &isual map and alogic formula. The approach is flexible, as a change in the structure of the blockc
the economic and legal nature of a token can be represented by a variation in the formula. This facilitates an integaaitesh
between techrogic, economic, and legal profiles of various initiatives and their monitoring by reguleterspbelonging to differer
jurisdictions.
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ANNEX
Two Case Studies: Ethereum and Polkadof?)

Throughout the text, Ethereum and Polkadot DLTs have been mensiemexhl times. The reasons for selecting these two PLTs
are as follows: Ethereum is the second most widely used network globally after Bitaind it was chosen because its governance
model involves a balance betweendrain and offchain processes, like numerous other blockchains; Polkadot represents an €xamj

of a blockchain that aims to have a completely algorithmic governance.

A +Ethereum: it is an opersource computer project launched in 2015 with the goal of creating a fully progran{Pigileblic
permissionless DLT (open in both writing and reading). Ethereum was designédistsilauted computing systerimot exclusively|

as a decentralized payment system; it was designed from the beginning to allow the execution of software in a decemtraized n

(smart contracts).

Until 2022, Ethereum used a PreaffWork consensus mechanism. However, to contain the high computational and, consequen

energy/environmental costs, and to improve protocol performance and lower fees, there has recently been a transitie

to a

environmentally friendly and efficient Proaff-Stake (PoS) protocd?®) . The planning and execution of this transition in Ethergum,

called the mergé, were managed offhain, analogous to the processes in Ethereum that govern the development and appl
changes to the DL¥ code.

The transition to the new consensus system required extensive preparation. It was necessary to ensure the robustnieis
achieving a more flexible and efficient system. The system used was a combination of introducing a security depogités

catior

of Po'
kin

game) and the random allocation of both tokens (rewards) and nodes with voting powers. Mining was replaced with fd?gilg, the

block creation process.

Nodes wishing to participate in the creation of transaction blocks were initially requirdatkoup” a minimum of 32 Ethe

r

(ETH) (about 53 thousand euros at AMdy 2023) in the protocol itself as a guarantee of the proper performance of their validatc

role. Although it is possible to deposit more ETH than the minimum amount required, this doeseasei@cnod$ chances of bein
selected as a validator but only its potential reward. Validators are chosen using a ré&addon{ized) process, whicltontains|

g

concentration phenomena among a few entities. Every 12 seconds, a validator is elected to create a new block. The inahssiction

block are further verified by a group of validators, also randomly selected, tasked with expressind@ti@iain their validity.
Blocks deemed correct by the majority of validators are then added to the blockchain, while other blocks are discarded.

The Ethereum upgrade required various interactions among stakeholders. The starting point was the formal pr
modification (called Ethereum Improvement Propos&lP (), which can be formulated and published on the web by any me
of the Ethereum community?). Before formally publishing the EIP, there was a discussion on the comn@@hiigrum to exclude

OPOSE
mber

weak proposals or those already explored in the past. After passing the peer review phase, the proposal was formatizeddnd s

by the community (including developers). The final version of the EIP was reviewed by protocol devetbpesscalled ore
Developers - and, after verification, included in an Ethereum network upgrade program. This governance model has the
of foreseeing long and uncertain processes with the risk of a blockchain fork. In fact, this occurred twidgrgeéwhen a minority
of nodes maintained the Preof-Work-based model, creating the minority netwcéBthereumPoW.”

Although the founder of the initiative, Vitalik Buterin, remains a charismatic figure, there is a significant differeneeezbto
what is observed in traditional opspburce projects, where often the founder continues to have substantial veto povwrange:
proposals emerging from the community.

B tPolkadot: Itis a protocol designed to facilitate interoperability between blockchains by sharing the same security me
It also aspires to develop a fully algorithmic, open, and democratic governance structure wheremegisigrprocesses, votin
mechaisms, and enforcement are executeetbain. Polkadot would allow blockchains with different characteristics (e.g., bag
PoW, PoS, PoA, permissionless, permissioned) to communicate with each other through connection to a central tédielkicties
Relay Chain. The goal is to create a global ecosystem where everp&etl project can interface securely and reliably due t
central role of the Relay Chain. To avoid excessive concentration of power while ensuring appropriate govetrtamtebbodies
various solutions have been introduced, including the distinct assignment of voting righterdimrary” and %xtraordinary
management of the DLT. Below are the essential lines of the project, still in development.

52 For a more irdepth analysis of these two DLTSs, refer to (Gola, et al. 2023b).

53 For updated statistics, reference can be matége://coinmarketcap.com

54 For this purpose, a model of a distributed virtual machine has been created among all nodes participating in the retivibik Fthlereum
Virtual Machine” (EVM); to develop code for this virtual machine, specific programming languages have been developed (Solidity an
Among the most representative members of the developer group that conceived Ethereum, a prominent role is played e Nfitatikdis still
one of the main leaders in the evolution of Ethereum, and Gavin Wood, who conceived the Solidity programming languageranablatd the
development of the Polkadot blockchain.

%5 The upgrade process, quite elaborate, took several years to solvddgichproblems and, above all, to find an agreement among the majo
network participants. It initially involved creating a separate network calle@tbacon Chainwith a PoS consensus mechanism; subsequg
the main Ethereum networkéainnet) was unified with the Beacon Chain. The unification of the two networks allowed, in simplified ten
resume the state of the first and the consensus mechanism of the second.

56 EIPs are technical standards for preparing proposals related to protocol changes such as the implementation of neangfectsses.

57 The community includes all ETH holders. However, given the high technical level required to submitraeeelEIP, usually, most authors
EIPs are application or protocol developers.

58 Ethereum Magicians Forurhttps://ethereuamagicians.org
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The Relay Chail$ consensus mechanism is entirelycbain and involves the election of validator nodes responsible for plock

creation, known as Nominated Proof of Stake (NP0S). It is a fofeBfake consensus algorithm, as potential candidates fq

r the

validator node pagon must lock up a certain amount of Polka§atative tokens, called DOT, which will be returned to them at the

end of their tenure, unless misconduct occurs, along with a reward for the work done. Unlike Ethereum, in addition te
validator nodes, there are alsealed hominator nodes, participating in the election of validators by financially supporting
of candidates through a security deposit of a certain amount of DOT.

If the validators chosen by the nominator are indeed elected and produce at least one block, a portion of th§ velidatbis
retroactively given to the nominators. Validators are elected based on their stake (a function of the amount and timeakup)
through an algorithm that ensures proportional representation of minorities (i.e., validators supporexst bgrféanators), provide
they are supported by a sufficient amount of DOT, and they remain in office for a defined period. This tomaiytaxpensive
algorithm is executed on a blockchain external to the main one to avoid slowing down the block creation process. Thefg
nominators ensures greater security and a more equitable distribution of decentralized voting rigptriitihent community.

Regarding governance, a significant innovation introduced by Polkadot compared to other blockchains like Ethere
management of protocol changes througkcbhain mechanisms. Changes to the Polkadot protocol can be proposed by af
holder or one bthe two governance bodies, the Council and the Technical Committee (see below). Changes are voted on
on-chain referendum mechanisf)( Referendums occur approximately every 30 days, with each associated with a single p

the prereferendum phase; onthe proposal with the most support becomes the subject of the referendum; ii) participat
referendum. The weight of the vote depends on the amount of DOT staked and the time it is decided to lock them upldh
the possibility for nodes witfew DOTSs to increase the weight of their vote by extending the lockup period. It is also possiblg
a vote without staking anything, but in this case, the vote has very little weight. A node can also choose to delegadeveotio
another nodeand in this case, the staking of the delegating node adds to that of the delegated node.

All DOT holders can exercise their voting rights by staking their DOT for a specified period to: i) support one or momlsp'mFo

As mentioned earlier, Polkadot has two governance bodies. The Council is a body composed chb®dii@ Tisers who remal
in office for a predetermined period (28 weeks) and serves to represdmassive nodes that do not actively participate
governance decisions. The Council has the power to propose referendums useful to the community, elect the technicalerat
cancel a referendum if 2/3 of the members agree. When Council members pariicipatferendum regarding proposals tf
themseles formulated, their votes are considered on anpamber basis and not based on the DOT staked,; this prevents m
from having control over the approval of such proposals in referendums with low turnout.

The Technical Committee is tasked with identifying any technical issues within the system (e.g., security issues) amgl
emergency referendums to address them. Any group that has successfully implemented at least part of the Polkadot puat
for membership in the Technical Committee, and such groups can be added or removed from the committesgoiiih \eote from
the Council ). An emergency proposal, to proceed to the referendum phase, needs the approval of at least 3/4 of the C
least 2/3 of the Technical Committee. The Technical Committee also has the power to cancel a referendum with unanimit

Currently, it is possible to delegate dhigoting power to only one third partdifferentiating the delegate based on the importa
of the referendum (socalled Multirole Delegation). In addition, referendums can be canceltbd iietwork of nodes votes in fav
of elimination. The Technical Committee will be replaced by the Fellowship, which will represent the technical coordilgtioi
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the protocol and will have less restrictive access conditions for developers who yant tbus expanding the pool of potentjal

participants. Each member of the Fellowship will be assigned a level of expertise that will influence the weight oéthéimeter
the methods by which levels will be assigned have not been defined, comsttiat the assignment must be done in such a way
the Fellowship or small groups of developers do not have voting power that allows them to control the entire network.

59 Alternating choice between the public proposal and the most supported Council proposal.
60 Any DOT-holding node can apply to be a Council member, and the election takes place in the same way as that of validatorss soi
chain, and users vote.
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Abstract
This study explores an innovative approach to portfolio optimization, bridging traditibtwalern Portfolio Theory (MPT) with

advancedMachine Learning techniqueg/e start by recognizintpe significance of Markowitzisiodel inMPT and quickly proceed

to focus orthe Hierarchical Risk Parity (HRP) method. HRP overcomes some of the limitations of Markowitz's model, particula

in managing complex asset correlations, by offering a more refined risk management strategy that ensures balancedtimk
acrosghe portfolio. The paperthen introduces an innovatilachinelL earning approach that employs the Logic Learning Mac|
(LLM) method to enhance the explainability of the Hierarchical Risk Pstrigegy.Such integrationis consideredhe coreresearch

part of the study, given thas applicatiormakes the output of the modaebre accessible and transparéntase study based oreth

Turkish stock market has been provided as an examplecdméination of traditional financial theories with modéiachine

distri
hine

Learning tools marks a significant advancement in investmanagement and portfolio optimization, emphasizing the importance

of clarity and ease of understanding in complex finargiatfolio models.

Key Words: Hierarchical Risk ParityHRP), Modern Portfolio TheoryMPT), Machine LearningML), Logic Learning Machine

(LLM), Asset Allocation, Portfolio Optimization, Turkish Stock Market
JEL code G11, C58, C63, F30

1) Introduction

The challenge of optimal asset allocation remains a fundamental pillar in the field of fimkivaey investors through th
uncertainties of continuously evolving financial markets. The quest for methodolalglie®f efficiently managing risk an

e
d

maximizing returns has led to the progressive overcoming of the limitations encountered in classic theories, suchpséthbyro

(Markowitz, 1952), and later enriched by (Maillaatal, 2010). While these theories have marked significant milestonestfoljwo
management development, they have revealed the need to adopt more dynamic and sophisticated approaches to addnegly3
complex and unpredictable market context.

In the current portfolio management landscape, our study starts from the premise that Hierarchical Risk Parity (HR&)
represents the state of the llachine Learning techniquer asset allocation. HRP, which surpasses the methodologies pre\
proposed bycholardike Markowitz, stards out forits ability to incorporate a more sophisticated understanding of asset corr
structures anébr better adajg to the evolving market dynamics. However, despite WBRg widely recognized andsed in the
financial community, limitations related to its explainability, or the ability to understand and interpret the underligiog-deaking
processes, persist.

Our paper introduces an innovative approach aimed at overcoming these obstacles, proposing a portfolio optimizatiorain
enhances explainability through theplementationof the Logic Learning Machine (LLM) developetthrough a low-code
development platform. This approach leverages alratdVachinelLearning method offering an alternative to traditional bia
box models. With the LLM, we significantly move towards a cleax approach, where portfolio allocation decisions are transp|
and the uderlying logics easily interpretable.

Hierarchical Risk Parity, introduced byg Prado, 2016), has marked a turning point in portfolio risk management, offeri
innovative approach beyond traditional methodologies. Using hierarchical analysis, HRP reduces portfolio volatility th
balanced risk distribution among assets, adjgdb market variations through advanced correlation analysis.

The evolution of HRP has seen significant contributions: (Raffinot, 2017) refined risk allocation by examiniagsateorrelations

improving the precision and effectiveness of HRP in risk management. (Lohre, Rother, Schafer, 2020) introdaitedrtailations,
increasing portfolio resilience to market shocks through better management of extreme asset dependencies. (Molybogptet]
HRP to offer more flexibility and customization, highlighting its applicability to various market conteaty | (MilleaandEdalat,
2022) integrated Deep Reinforcement Learning into HRP, combining advistazdnel earning techniques to optimize investm
strategies.

Despite these notable advancemé@isidici, Polinesi and Spelta, 2022) and (Ahelegbey and Giudici, 2@ )iterature has yet {o

deeply explore the decisiemaking mechanism underlying HRP, leaving explainability as a blind spot. Our study focuses
aspect, investigating the underlying decisions in HRP risk allocation.

In the continuation of our study, we will begin by exploring the evolutionary path that led to the development of HiéRisth
Parity, highlighting how it represents not only the last piece but also the culmination of broader research in adset alloedtl
revisethe technical mechanisms underlying HRP, outlining in detail how this methodology distinguishes itself for its abilipy
to market dynamics. We will then introduce tidgorithmof the Logic Learning Machine thaas beemevelogd usingalow-code
development platform. Finally, we will apply the LLM to a portfolio composed of major Turkish companies, using a hisitages
of stock prices from the Istanbul Stock Exchange to practically demonstrate the efficacy of our methodolaapplitaiton will
not only highlight the capabilities of the LLM in the context of hierarchical risk allocation but will also offer valusilgletsninto
interpreting the results in a remarket context.
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Excluding this first paragraph, which includes a literary review,thedconclusions, the paper is structured into four sections| The

first section briefly outlines the mathematical formulation that allows for the identification of optimal weights for ssichn &

portfolio according to the traditional Markowitz approatttus highlighting the pros and cons of this conventional method. The seconc

section points out, among all the optimal portfolios constituting the efficient frontier, the one whose optimization @ lzasekl

parity allocation, to compare the resuwtstained with this classic approach to the modern HRP. The two formulations are describe
along with the operating principle of the Machine Learning technique proposgelRnado in 2016, based on the following thfee

steps: Hierarchical Tree Clustering, Matrix Seriation, and Recursive Bisection. Once the results are obtained, i.ehighe teig

assigned to each asset in the portfolio, the question was posed aboufastoch most significantly influenced the choice of these
weightings. For this pungse, the lowcode platform Rulex was used to efficiently implement the LLM algorithm, capable of defining

in a highly intelligible manner the choice logics that led to the determination of the optimal portfolio weight configtitegiémurth
section impéments HRP on the same sample portfolio used for the previous analyses, but this time using the-hasduactware
architecture. After proving the exact equivalence of the results achieved with HRP (i.e., through the traditional Pyiiapoaxdic

and the lowcode approach), the section concludes with a description of the Logic Learning Machine method, which ajlows

significant interpretability of the obtained results. The final section shows a real market case: the optimal allocatioy f&co

Hierarchical Risk Parity was studied using the stocks listed on the Istanbul Stock Exchange as an example. This chalee was
because the opesource and downloadable dataset from Kaggle was used, allowing for easier scientific replicabilityesiiltse r

obtained in this studgfor comparison, seavww.kaggle.com/datasets/gokhankesler/bassanbutturkish-stockexchangedataset
Not only is the optimal portfolio proposed, but also the rules summarized by the LLM that allow for a great explainab#ity
outputs.

2) Before the Hierarchical Risk Parity algorithm

of

Whenwe deal with gortfolio optimizationproblem it is impossible not to mention Harry Markowitz, universally recognized as the

father of the "Modern Portfolio Theory" (MPT) and a fundamental figure in this field. Markowitz's model, presented Indvigidhf

article "Portfolio Selection" published 1952 in "The Journal of Finange&volutionized the approach to investment management.

This model focuses on optimizing the allocation of financial resources among a variety of instruments, takiogpurtb keoth
expected returns and the associated risk of each investment.

The classic Markowitz model, also known Hse mearvariance portfolid, is based on two key objectives: maximizing the expected

return of the portfolio, calculated as the weighted sum of the expected returns of the assets, and minimizing thesoakpressed

in terms of variance. This approach introduced the cerdralept of diversification, clearly demonstrating the benefits of constrycting

a portfolio composed of diversified assets.
In the context of the Markowitz model, the term "return” denotes the potential gain or loss that an investment canngelecttade,
concept of "risk” represents the degree of uncertainty or volatility associated with that investment. A fundamenfa\ipillais the

tradeoff between risk and return, suggesting that investors are willing to accept higher risk in exchange for potentialgtinigher

To address this tradaff, Markowitz introduced the concept of the "Efficient Fronfier Wigthé&urve generated by solvirthe
minimization problenin (1), where the goal is to minimize variance, or risk, as returnsxaykowitz, 1959)

ééeLo€Ao

, (1)
aaN S L §aAgs Syl saSyRr EE

The Efficient Frontier represents a series of optimal portfolios with minimal risk for a given level of fiégtarposition along this
curve depends on the individual investor's risk appetite -&iskse investors may prefer to position themselves in-gisbvportfolio,
even if the return is more modest, while those willing to tolerate higher risk may oppttfalio with the potential for highg
returns.

—

r

We now builda test portfolio specifically designed to provide a clear demonstration and explanation of the Hierarchical Risk Pa
(HRP) algorithmworking principles The test portfolio serves not only as a proof of concept for the HRP methodology but also as

crucial step in aligningraditional programmingvith the capabilities ofhe advancedachinelL earningplatform based on lowode
paradigm Furthermore,hie usigeof the test portfolio facilitates the subsequent steghetking the implementatiasf the algorithm
in the logicalblock oriented softwarewhich is designed to enhance the HRP's interpretabilityeapthinability of the algorithm
This alignment is essential to ensure that the HRP method can be effectively and transparently integratéddantonéleearning
environment, thereby leveraging the full potential of its -dlib@en insights for optimal asset allocation.

To highlight the differences between the Markowitz model and the Hierarchical Risk Parity (HRP) approach, we have carjstruc

portfolio consisting of 10 stockecurities This allows us to compare how the two methods allocate weights to diversifyadkave)

selected the 10 companies with the highest market capitalization in the United States to analyze allocation strategieskietrea
contexts. The stocks included are Apple (AAPL), Microsoft (MSFT), Alphabet (GOOG), Amazon (AMZN), NVIDIA (NVDA),
META (META), Berkshire Hathaway (BR#B), Tesla (TSLA), Eli Lilly (LLY), and UnitedHealth Group (UNH). The historical data
for these stocks was retrieved from Yahoo Finance and analyseétwareR, covering the period from January 2015 to December

2020. Table 1provides summary statistics dhedaily rate of return for each stock duritige analyzegeriod

Datareveals that tech stocks such as AAPL, MSFT, NVDA, and META have high volatility, indicating greater risks but also poten

for substantial returns. Particularly within the tech sector, NVDA is notable for its pronounced volatility, which hdg guiéied
the semiconductor industry. TSLA in the automotive sector also exhibits significant volatility.

In contrast, the financial and healthcare sectors, with stocks like BRI Y, and UNH, show lower volatility, signifying more
stability. This contrast may attract investors looking for more predictable and stablelongvestment options.

Also, the correlation matrix reflects the relationships between the returns of the selected stocks. Looking at the colof Biches)e

1, we can recognize that stocks from the same sector often exhibit higher correlations, as indicated by the redder spades

technology stocks like AAPL, MSFT, NVDA, and META. This is consistent withprerious analysiabout the high volatility in
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the technology sector, implying that these stocks might be affected by similar market factors and therefore exhibinetpriedg
movements.
In contrast, sectors such as finance and healthcare, represented 18, BRK, and UNH, typically display a lower correlation with
technology stocks.

The particularly low correlation between Eli Lilly and Tesla stands out, marking them as the least correlated pairtfiolibeapd
signaling a more pronounced risk diversification. The bluer shades denote a weaker correlation, suggesting tbaksheseld
respond differently to identical market events, thereby offering potential stability in-aliwelkified portfolio.

—

Summary Statistics of Daily Rate of Return

Stocks Mean SD Median Min Max

AAPL 0.13% 1.87% 0.09% i12.86% 11.98%
AMZN 0.18% 1.95% 0.14% i7.92% 14.13%
BRK-B 0.04% 1.31% 0.04% 19.59% 11.61%
GOOG 0.09% 1.70% 0.10% i11.10% 16.05%
LLY 0.08% 1.68% 0.06% i10.51% 15.68%
META 0.10% 2.01% 0.11% i18.96% 15.52%
MSFT 0.13% 1.75% 0.10% i14.74% 14.22%
NVDA 0.26% 2.87% 0.25% i18.76% 29.81%
TSLA 0.24% 3.47% 0.12% i21.06% 19.89%
UNH 0.10% 1.76% 0.09% i17.28% 12.80%

Table 1: Summanstatisticsof the test portfolio
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Figure 1: Correlation matrixof the test portfolio

Thus, after examining the historical trends of assets and their interrelationships, Markowitz posits that for selegjmgptfiate
position on the efficient frontier, grasping the investor's risk tolerance is crucial. Markowitz denotes the dégkeerefsion with

lambda, D KLJKHU YDOXH LPSOLHV WKH LQYHVWRU KDV D VWURQJ ULVN D|YHL

Heis inclined toward more secure investments, even at the casiseinghigher potential returns.

On theotherhard D ORZHU YDOXH LQGLFDWHY D SURSHQVLW\ WR HPEUDFH ULVYN |
,Q WKH H[ WUHPH FDVH ZKHUH HTXDOV JHUR WKH LQYHVWRU LV SUHGOKERHG W
for the risk of substantial losses
After reviewing the historical performance and correlations of assets, according to Markowitz, it is critical to ascenaistars
risk tolerance to select the optimal point on the efficient frontier. This choice heavily depends on the invksiorjsetsity, denoted
E\ WKH SDUDPHWHU

Once the investor's risk profile is established, the following optimization problem is addressed:
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Therefore, depending on the investor's risk preference, the construction of a portfolio will be oriented towards either|bigiie

volatility. As illustrated inFigure 2, with a low , indicative of a riskseeking investor, the tendency issilect a limited number of

securities, typically those with the highest volatility.
Conversely, when is high, signifying a strong risk aversion, the goal is to form a more balanced and stable pamtflich &

scenario, less volatile securities are favored, and the investment is spread across a wider array of assets to avwiEkpreass

to any single security and to mitigdte overall risk.

Figure 2: Portfolio allocation for the test portfolio

Since Harry Markowitz'ggroundbreaking work on portfolio theory, which laid the foundation for optimizing the balance be
return and risk in investments, many other methods have been developed to construct portfolios that maximize ret
minimizing risk.A significant example in this context is the Maximum Sharpe Ratio Portfolio Allocation apg®@atpe, 1966 an
1994)

3) Risk-Based Portfolio Optimization

Traditional portfolio optimization approaches, such as those proposed by Markowitz, entailliceitetions and drawbacks. Amor
these, the consideration of correlations between the returns of all assets in a portfolio leads to a highly compleaseachrass:
is connected to the others, making the computational process challenging siaecgréheorrelation matrix must be considered
the calculation. (Fabozzi et al., 2007) highlight this issue, emphasizing the complexity and computational difficultyoofitla
theory.

Another limitation is that not all assets in a portfolio are significantly correlated, making the consideration of a pogsiations
sometimes superfluous (Vyas, 2020).

The sensitivity to estimation errors in expected returns and covariances can lead to potentially suboptimal allocatios
(Michaud, 1989).

This model's rigidity also shows in its inability to adapt to market variations, making the allocation strategies lessieftyetamic
financial contexts (Ilmanen & Kizer, 2012).
The assumption of normality of returns often does not reflect the real market dynamics, especially in the presence bf
behaviours like heavy tails and asymmetries in asset returns (Rocco, 2014).
The focus on minimizing variance neglects other types of risk, such as systemic or extreme event risks, a limitati@upbin
(Mandelbrot, 1963), who underscores the need to consider a distribution of returns that more accurately represengdityarke
The limitations of Markowitz's portfolio theory have led to the exploration of alternative methodologies for portfolicajiimi
We examine here the Risk Parity Portfolio and Hierarchical Risk Parity (HRP), which stand out for their ability to diistkilbubee
evenly, reducing reliance on expected return estimates and better managing diversification, even in volatile mi&ideet.cond
Risk Parity focuses on equalizing the risk contribution of each asset in the portfolio, while HRP utilizes hierarchgialtamdéntify
clusters of assets based on their correlation, thereby improving the effectiveness of risk allocation andadiwersifi

These methodsffer a more resilient and adaptable portfolio composition, overcoming some of the criticisms associal
Markowitz's model.
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3.1) Risk Parity Portfolio Allocation
The risk parity portfolio allocation method focuses on the higheratfidsted returns of safer assets. This means equalizing th

allocation across assets and then overweighting safer assets and underweighting riskier assets (Asness, FrazrsemsrizDP2)]

A safe asset indicates an asset with lower volatility, whereas a riskynass®it has high volatility.There is a difference betwe
the Markowitz model and the risk parity approach.

The objective of Markowitz portfolios is to reach an expected return or to targettexolatility, on the othdrard, the risk parity
approach goal is to assign a risk budget to each @setalli, 2013).

Each asset's individual risk contribution must be defined in a way that makes conceptu#@semsaioned in the previous sectjd
the volatility of a portfolio can be defined as follows:

& L &:S;L STAS(3)
Since &;:S;is homogeneous, it is possible to apgi{ OHU TV WKHRUHP fuietibnK, RPRIHQHR XV
&:S; L A &y:S; (4

>

A G- A Ac LGS

&S L Sl £:S) L 5 O
So, &5 S; can be assumed as the contribution of asisethe portfolio to the overall risk of the portfolio. A
7KH JRDO RI WKH ULVN SDULW\ SRUWIROLR LV WKDW HDFK DV ¥sWW &: & -EGH

or in other termsg;S; L —&i Emvhere N is the total number of assets.
This problem caie solved by looking at the fixgubint problem

e

Sy L
or by solving the minimization problem

6
Cc

e
Aeds

Afgs BSyF

)
a Afg Syl saSyRr EE

As we can see from the chartFigure 3 the more volatile and therefore riskier securities are assigned smaller weights, whi
considered more stable and safee given larger weights.

This allocation is deliberate: the aim is to balance the portfolio so that each security contributes equally to thkefdled psertfolio.
Since more volatile securities are inherently riskier, even a small allocation to these securities can bring the sdmieleash
larger allocation to less volatile ones.

In this way, the strategy seeks to achieve a risk parity portfolio, where each asset contributes equally to the oilidyatifubkai
portfolio.

Risk Parity Portfolio Allocation

0.25

0.20

0.05 ~

AAPL AMZN BRE-B GOOG LLY META MSFT NVDA TSLA UNH
Stocks

0.00 -

Figure 3: Risk parity allocation for the tegbrtfolio.

3.2) Hierarchical Risk Parity Portfolio Allocation

This method addresses the issue arising from the lack of a hierarchical structure in the correlation matrix. HierakcRaatyH
(HRP), proposed bgle Prado in 2016, takes an alternative approach.

e risk

en

VUL

e tho

RiS
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HRP is an unsupervisédachinelLearning algorithm that aims to improve the negative aspects that are typically associated |with 1

traditional approach to portfolio optimization.

By usingthe hierarchical structure of clusters instead of the covariance structure, HRP fully capitalizes on the informatiod conta

within the covariance matrix and restores stability to the wei@Btsggraf, 2021)
The HRP algorithm has three major stepterarchical Tree ClusterindMatrix Seriationand Recursive BisectionWe proceed to
discuss these three steps in detail.

3.2.1) Hierarchical Tree Clustering

Hierarchical Tree Clustering divides investments into a hierarchical structure of clusters so that allocations can floeadgwns

through a tree graplit is calledHierarchicalRisk Parity because the first thing well do is assign the financial assets into clus

(dePrado, 2016)The first step of the process is the main difference between this method and the clas$iceofiess.step aims tp

ers

divide the assets of our portfolio into different hierarchical clusters, using the unsupervised Machine Learning algowthiaskn

Hierarchical Tree Clustering
Subsequently, every cluster will be subdividetbismaller clusters, until we get down to the individual assets. This proceg

therefore define a hierarchiye. a tree that represents the recursive process in which we divide the universe of msdeatstans that

will then be divided togVyas, 2020)
To be more gecific, we calculate the tree clusters based on€0 matrix of stock returns wherérepresents the timgeries of
the data and) represents the number of stocks in our portfolio.

We can analyse throcessstepby-step tounderstand how the clusters are formed

1) Giventhat HO PDWUL[ RI VWRFN UHWXUQV ZH FDOFXODWH WKH FRUUHODWL
an 0 H 0 matrix of these correlations which &

2) The ématrix is converted into a distance matrix between correlat®mnghere each element is defindthe original formulation
of &is:
&L ¥rav,:sF éy; (8

3) Subgquently, we calculate another distance mat&&in accordance with the original paper, its formulation is:

~ , ,— 6
QBF L SAS;k&: GE F &:GFo (9)

The calculation of the matri¥is basicallyformed by taking the Euclidean distance between all the columns in-aipaimanner.
The matrix &: EF represents the distance between two assets, \#AilgF, indicates the closeness in similarity of these assets
the rest of the portfolio.

s will

RQ

with

4) After calculating the distance between the assets, we begin to compose asset clusters using distances recursiveltharsgtienots

of clusters by7. The first clustera®is calculated agsee Table 2):

733?L =N C | R & BF (10)

Table2: Hierarchical Tree ClusteringtExample of the working principle $ource: Vyas (2020)

5) At this point we update the matriX.by calculating the distances of the other elements concerning the new cluster formg
step is called linkage clustering and there are multiple ways of executing this process.
Hierarchical Risk Parity uses sindiekage clustering which meatisatit evaluates the distance between two clusteass defined
by a pair of single elements of greatest proximity.

The columns and rows that correspond to the new cluster are rerttmredorejn our example, the rows and columns correspon
to assets=and >are omitted.

To calculate the distance of as€®utside this cluster, the "nearest point" method is .used

S0 E7>s? L |EX&Es & E;; (1])

Using the above formulgee Table 3)we calculate distances f& @and Afrom thecluster : =&>;

d. Tt

ding
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& @72 L |IEX& @ 80 @>; 0L s<o:usiv L us
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Table3: Hierarchical Tree ClusteringtExample of the working principle 3ource: Vyas (2020)

6) We proceed in this recursive way by combining assets in a cluster and updating the distance matrix until we are lefgheith a s

cluster of actions, as shownTable4, in which we combine@

& @772 L | EJKGE =&, 080 @GP, 0 @A AL s<o>usiz& L tz

Table4: Hierarchical Tree ClusteringtExample of the working principle Source: Vyas (2020)

In hierarchical clustering, the clusters are always vigeglin the form of a nice cluster diagram caketbndrogram. BeloyFigure
4 showshe hierarchical clusters fowr test portfolio.

TSLA LLY NVDA AMZN META AAPL GOOG MSFT BRK-B UNH

Figure 4: Dendrogram of theestportfolio

3.2.2) Matrix Seriation

This step is identified aQuasiDiagonalization of a matrix, but in practidgeis a serialization algorithm
The seriation of a matrix is a statistical technique, which is used to reorganize the dedar to show the inherent clusters clear
Using the order of thhierarchical clusters calculated in the previous step, we rearrange the rows and columns of the asset
matrix so that similar investments are positioned close together and dissimilar investments are positioned apart.

y
covar

With this step, the original covariance matrix of the assets is reorganized so that the largest covariances are posgithed al

diagonal.

The graph shows the correlation matrix of our selected portfolio after thedjagenalization.
Figure5 displays the seriated correlation matrix for our selected portfolio.

We observe that, prior to seriation, the asset clusters are broken down into skselttitslt is only after quasdiagonalization
that the clustering structure becomes more evident.
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Figure 5: QuastDiagonalization of correlations

3.2.3) Recursive Bisection
This is the final and, in a sendke most important stepecausaveights are assigned to the assets in our portfolio.

1) First, we allocate the same weights for all issets 9 ;L S&EEL s& &

At the end of the tree clustering step, concerning clustering, there remained orausiaxiwith subsequent clusters nested wi
each otherln this step withatop-down logic, we divided each cluster into t&ab-clusters, starting from the highest grouping. ]
inversevariance allocation is optimal for a diagonal covariance matrix. We can take advantage of this fact by allocating-f
down through the tree structure, in which riskier clusters are gagsnflindingde Prado, 2016)

2) Hierarchical Tree clustering forms a binary tree in which each cluster has a lafigimdchild cluster. sand . g. For each of thes
subclusters, we calculate its variance,

x U O -
Sioomoi: 12
Where 8is the covariance matrix of the cluster members

3)The variance is calculated for both clusters

&L SlgsS; & L SigSs(19

4)The two factorsl and Usare used to rescale the cluster weights already allocated.

— dkLsF (19

E

WLSF

To understand how weach the above formula for the weighting factor, we need to start from classic podfiiization theory
in which we have the following optimization objective

«ce2sles
subject to:
stHSL s

: (15)
AL s

Here, Srepresents the portfolio weights a &lsignifies the covariance matrix of the portfolio. Through this lens, we deriv
minimum variance weights:

SL #g (16)

KHQ GHDOLQJ ZLWK D GLDJRQDO 1 RXU ZHLJKWV VLPSOLI\ WR

¢l
SL % ol 17)
Giventhatwe are focusing on a scenario with N=2 (two subclusters), this equation refines our weights further:

¢.
¢.>¢

S

SL LsF

— >
§.78

(18

thin
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5)The sum of the final weights which af L SgUand S; L SsUsshould be equal to 1.

We applied HRP to our selected portfolio. Figure 6 and Table 5 show the weight allocations of the HRP portfolio.

0.25 1

0.20 -

0.15 -

0.10 -

0.05 -

0.00 - . .

AAPL AMZN BRK-B GOOG LLY META MSFT NVDA TSLA UNH
Figure 6: HRP allocation for the test portfolio
Weights of the HRP and RP Portfolios

Stocks HRP RP Difference
AAPL 0.1066 0.0978 0.0088
AMZN 0.1116 0.0895 0.0222
BRK-B 0.2246 0.1987 0.0259
GOOG 0.0891 0.1185 -0.0294

LLY 0.0928 0.1204 -0.0276
META 0.0636 0.0846 -0.0210
MSFT 0.1209 0.1109 0.0100
NVDA 0.0629 0.0413 0.0216
TSLA 0.0430 0.0282 0.0148
UNH 0.0848 0.1100 -0.0252

Table5: Differences between the HRP and RP portfolio weights allocation.

4) Implementation of the HRP algorithm in a selfcoding platform

Self-coding is a method that combines the benefits o€ade platforms and custom code development, while overcomin
drawbacks of both approaches. Smifie platforms offer a usétiendly graphical interface, enabling users to construct mul
appications without writing code. This simplicity brings flexibility in dealing with specific business scenarios. Ttoadialj
platforms autonomously generate the optimized underlying code in the background while users manipulate data thianugh
dropbuild blocks and configure their tasks.
We have used the Rulex Platform for this model implementation. This software has two main parts: the Factory and thikeiSty
provide a draganddrop interface from the initial building of logical flows. The Factory is the central component of tfeemlg

where solutions are systematically developed in logical flows while offering the opportunity to check the underlyin@aimrﬁ at

phase. On the other hand, the Studio is the creative center of the Platform, where dashboards, reports, andiexecuidsecs
be createdThe Factory allows to examine the underlying data at each stage, eliminating the need for planning beforehand
until the entire solution is completed. In fact, the visual structure of theadilig platform allows to easily query the data ierg\
step of the pipeline and analyze it, which ensures a better understanding and control of every step leading from the they

desired outcome, even for end users who lack knowledge of programming languages. It attes @rovide range of Machine

Learning algorithms, including explainable Al and advanced optimization tools. Among them, differently from any othealsng
features the Logic Learning Machine (LLM) (Ferrari et al. 2023) classification and regresgoithat. This algorithm allows t
extract a rulebased model and, unlike competing techniques such as Decision Trees, the extracted rules can be overlappin
a richer representation of the problem at hand: the scoring engine is equipped t@sbivis @mong them and select a predig
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outcome taking into account the contribution of each of them. In order to implement the HRP algorithm we need to fakps/
shown in the scheme (Figurg

Data . Matrix Recursive

Figure 7: HRP algorithm block £hemefor its implementation in the saetbding platform

The first step in implementing Hierarchical Risk Parity requires importing relevant financial data into the softwaraaTgiisuld

the s

include the trading dateicker of the stock, and historical asset prices retrieved from Yahoo Finance for our selected portfo

consisting of the selected 10 stocks. Data quality is crucial in portfolio optimization. The data processing involves st

values, outliersand any other inconsistencies in the dataset. The Factory's data preprocessing is possible with the Data Manage

(Figure 8). The task has the capability to facilitate the identification of the potential problem of the dataset. ThenBgda tesk

enables various operations, including management of attributes calculation formulas, data querying, statistical cadculatatas,

visualization. For our HRP portfolio allocation, we need to calculate returns for each stock. Our dataset consgsflyiptiee of

WKH VWRFNV WKHUHIRUH FDOFXODWLRQ RI WKH UHWXUQV VKRXOG EH IRID®/M

function that gives us the opportunity to shift the prices one day by the group of the ticker. Then m@leareint the classic

percentage change variatidn.calculate the statistical measure, which is covariance, we need to duplicate the existing Data
and subsequently link it with the original one using the Join task. Establishing an identical Data Manager is a straighttaess

Mane

To elucidateconnecting the current Data Manager with an empty one results in the replication. Following this, the Join task cat

employed to merge these two identical Data Managers into a single one. After thag théhcovariance KH 'DWD 0D QD

function allows us to compute the Pearson correlation coefficient which gives the same resultstioathg as those estimated

using traditional coding. After these operations, we can compute distance matrieesdbib the cluster loop.

g @
i — B
) ° {BCID)
m @ towide... covMa...
“joinl datam... @0
datam. covMa.
-
textfilel B atam... - ( \& 0 ) e ©
B~ - B —Ha
— " e— s | — P
datam join2_c datam.. towide.. distMa

Figure 8: Data preparationflow

JHU

Clustering is a fundamental step in HRP that involves grouping assets with simiestuisk profiles. Software is able to employ

advanced clustering algorithms to categorize assets based on their historical performance and correlation (Figues &).dppdy]
hierarchical tree clustering explained in part 3.2.1, another flow can be created, and this flow implements a looifay. clirgt]
factory allows us to embed new flows into our main flow. By identifying clusters of assets, the portfiolizaiin process move
to the next step which is matrix seriation.

0 ﬁf)

e ‘~.H!‘ cTE— e em—
datam... towidel to_sort execut... datam...

Figure 9: Clusteringflow

Once the clusters are formed, there is the serialization algorithm step. In other words, the assets within each dusttbasedg

on their risk contributions. It is the same process that is demonstrated in sectiofitez@ftware provides blocks and tools
efficient sorting, allowing for the arrangement of assets within clusters in a way that aligns with the HRP methodoloey @
We can build this sorting algorithm in another flow and then again embed it intoaduiflow.

& & <
’-‘
BB
aggOr_.. tolong. .. initializ... cluster...

Figure 10: Matrix seriation flow

HRP portfolio employs a recursive bisection approach to build the hierarchical structure of the portfolio. The platforts thigp|
recursive process by iteratively creating clusters and subclusters, refining the portfolio structure to achieve egaictatai risk
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parity allocation (Figure 11). The final step of the HRP algorithm is applied, as described in section 3.2.3. This suemanﬁmei

final portfolio is welldiversified and exhibits balanced risk contributions across assets.

T —— i —— P — e
datam.. tolong... datam.. datam.. datam.. tolong.. rtvarsi..

Figure 11: Recursivebisectionflow

After the recursive bisection, the final output of the HRP portfolio implementation, i.e. theffisknt portfolio weights, can b
viewed on the Data Manager. Figure 12 shows the flow of the implementation of the HRP algorithm using the blocks.

Cluster

o

Recursive Bisection

Results

Data Processing Matrix Seriation

Figure 12: Hierarchical Risk Parityportfolio implementatiorilow

The results from the platformatch those estimated using the traditional approach in Python (Figure 13).

Havingachieved the successful calibration of the portfolio, we can now consider its extension arnichpodantly, take advantag
of the Logic Learning Machine (LLM) method. This step adds significant value: aidwe explainability of the model remain
constrained with the traditional approach, the integration of LLM allows us to overcome this barrier, ensuring greaiesrcy
and understandability of the asset allocation decisions within the portfolio.

Figure 13: HRP portfolio allocation using the lowcode platform

5) Case study: Logic Learning Machine application for the Turkish stock exchange market

In this paragraph, théogic Learning Machine (LLM) will be implemented to HRP portfolio allocation results from a new d4
The new dataset was imported from Kaggle (Kesler, 2022). The dataset contains historical daily prices of the Borsadsia
Exchange Market (BISTBIST stands as a pivotal financial institution in Turkey, playing a crucial role in the country's ecq
development and providing a platform for businesses to raise capital through the issuance oftstodhtaset includes the stq
prices from 2@5 until 2021. The dataset also contains detailed price information (open, close, high, and low), volume, marke
andother information about the stocks. The raw dataset had 507 stocks at the beginning. But to analyze it, each stockhaex
the same time period. In addition, some stocks were not operating on the market anymore. So, those stocks neededdd
from the dataset.

5.1) Descriptive Statistics of the Dataset

The total dataset consists of 507 stocks and after the data processing, 336 stocks remain in the dataset to be hesgree fiond
period. This reduction is attributed to the exclusion of stocks that were no longer operating in the market dspiecjfibe time
period, ensuring the analysis is focused on actively traded stocks. Understanding the trading volume of stocks on B4S
insights into market activity and investor sentiment. Highly liquid stocks often attract more attention éers thae to their abilit
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to be easily bought or sold without significantly impacting the stock price. Figuaiesthows the summary statistics of daily prices of
20 stocks which are sorted by average volume. The mean price of a stock within the top 20 highest average volume sémtks repi

the average closing price over the specified time period. It offers tasigb the typical valuation of these highlume securities.
The standard deviation of prices for each stock in the top 20 indicates the degree of variability in their closing gieestaddar

]

deviations suggest greater price volatility for these actively traded sfioksummary statistics of daily prices indicated that all of

the highly traded stocks experienced positive daily returns. But it is worth mentioning that Turkish Airlines (THYAORBI&&3
average return, and it is an extreme return compared to thef tbst stocks. Figure4lb shows thelsmmary statistics of the dai

a1
Y

rate of return of 20 stocks which are sorted by average volume. The mean daily rate of return indicates the averagegiencgatag
in the stock price on a daily basis. It provides insights into the typical daily perfazroftiese higlvolume securities. The standard

deviation of the daily rate of return measures the degree of variability in their daily price changes. Higher standart dledichte

increased daily price volatility for these actively traded stocke.mbdian daily rate of return is the middle value in the distribytion

of daily percentage changes. It provides a robust measure that is less influenced by extreme values, offering inkiglceningd t

tendency of the stock daily performance. The maxmdaily rate of return is the highest daily percentage change observed
the analyzed time period. It highlights peak daily performance and potential outliers in the rate of return for thederhayktocks
The minimum daily rate of return is tkmwvest daily percentage change observed during the specified time period. It provides

into the lowest daily performance of these stocks, aiding in risk assessment. The summary ctatistisily rate of return showed
that highly traded stocks performed mostly positive daily returns. Another fact about the daily return of these 20thtidkeys

ranged from 2 to 4 percent.

i EDCCEHEDCDHEEDEID
1 EKGYO  0017%  3.109%  0000% 44.348% -28.313% B EkGY0 e = ; TRED 5070
2 GARAN  0054% 3 -0.148%  48.511%  -34.895% T AR 88 12480 —
3 KRDMD = 0.155% 3.1 0.000% 31.313% -21.538% B KRDMD. | 4150 e i e
a8 YKBNK | 0.0%% | 2 0.000%. | S29067% | -95.961% 4 YKBNK  2.566 0.775 2.360 4850 530
5 PETKM  0037% 27 0.000%  17.970% -22.549% =B o A7 S ion 4556 T 2.800
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10 AKBNK  0.013%  3.0719 0.000% 45.848% -33.333% 10 AKBNK 6735 1 399 6.550 11.080 4690
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14 KARSN  0.136% 3.771%  0.000% 41.885% -31.541% 14  KARSN 2344 1.138 1.825 5.580 1.060
15 VAKBN = -0.020%  2997%  0.000% 39.831% -30.281% 15  VAKBN 4563 1.006 4.420 7.570 3.080
16 HALKB  -0.051% 2.792%  0000% 31.793%  -24.965% 16 HALKB 6.106 1.410 5710 11.020 4180
17 IHLAS = 0088%  4.163%  0.000% 44.000% -23.611% 17 HLAS 0.618 0.261 0.550 1.390 0.290
18 ZOREN  0.046%  20935%  0000% 22.222%  -16.234% 18 ZOREN 1.735 0.537 1.585 3.150 0.960
19 ISCTR = 0.046%  3.020%  0.000% 46.457% -32.357% 19 ISCTR 5.697 0.950 5.610 8.900 3.820
20 ALBRK = 0059%  3.039%  0000% 20.000% -19.811% 20  ALBRK 524 0.270 510 2.590 1.030

Figure 14: Summangtatistics ofdaily prices(a) and returns (bpf 20stocks from 2018 to 2021

5.2) Characteristic Features of the Stocks

Understanding the characteristasBIST stocks isthe core of the case studgy employingadvanced methodologi¢s the HRP|
portfolio allocation resultsspecifically LLM, we aim to uncover concealed patterns within these characteristicsL.Okusill pave

the way for the understanding of HRP portfolio allocation results in the dynamic environment of Borsa IStanbuharacteristics

of stocks have beeselected in order to apply LLM to the HRP portfolio allocation restiiese characteristics are listed below:

durin

insigt

- The market segment of the stook Borsa Istanbul provides a detailed classification within the exchange, indicating whether tt
stock falls into categories. The segments are BIST Stars, BIST Main, BISm&uet, Watchlist (WL), Structured Products and

Funds Market (SPFM), Commoditydvket, Venture Capital Market, or the Pviarket Trading Platform (PMTP). This segmentat

is crucial for understanding the stock's positioning and dynamics within the broader market structure. In our analysisevtieech

on

stocks that are listed in BISStars, BIST Main, and BIST Subarket to be more specific. The conditions are listed in the Market

Segments shown in Figulé.

Criteria for trading in . BIST
Market Segments BIST Stars BIST Main SubMarket
Market Cap (MC) >3 Billion TL > 450 Million TL

Market Cap of Shares in

Actual Free Float (MCFF) > 450 Million TL > 180 Million TL

Free Float Ratio (FFR) >% 10 >%10

Number of Domestic Retail Investors >1500 >750

Preference If preferred FFR<90%  If preferred FFR<90%

Domestic Funds >15 Million TL

Liquidity <0,5 <15

) If FFR> 5%; If FFR> 5%; Dividend>10%
MCFF>1,5 Billion TL and MCFF>180 Million TL or
and Liquidity<0,5 MCFF>250 Million TL and

Liquidity<1

Figure 15: BISTmarketsegmentonditions Source: BIST
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- Themain sector of the stocks categorized ahe Public Disclosure Platform in Turkey (KARgpresents the primary industry|or
business sector in which the company operates. This classification provides essential information about the core fatttasjties «
company, such as finance, technology, or manufactufing.main sectorlassificationallows investors to assess indusspecific
challenges and opportunities in stocks.

- Indexescould be another explanatory attribute for stocks. Indexedetermined by their market value by regulatory authorities.
Being part of these indices enhances the stock's visibility among investoreatisthat the stock is among the tpprforming
companies in terms of market capitalization and liquidity, making it more attractive to a broader range of ifBI&St8Bscomprises
the top 30 performing stocks, BIST50 includes the top 50, and BIST100 covers the top 100 stocks listethdatAge BIST100
index serves as the primary benchmark for the Borsa Istanbul Equity Market. It comprises 100 stocks chosen from congpianies |
on the Stars Market.

- Underlying Assets in the Derivatives Markekxamining whether a stock is actively traded in the futures and options roarkbg
anothercharacteristi¢o consider for the portfoliolhe availability of futures and options contracts enhances the overall liquidity of
the stock. This increased liquidity can attract a broader spectrum of investors and contribute to smoofivenatime Another fact
is that he availability of futures and options contracts allows market participants to protect th#gliggagainst adverse price
movementsThe futures and options of the stocks are not widely available in Turkey. There are 45 stocks in our dateséistthed
in the futures and options market.

- Average Return and Standard Deviatiofhe average return of the stogkovides a quantitative measure of its histor|cal

performanceStocks with positive average returns are generally viewed favourably, indicating that investors have experienced ¢
overthe period but the risk of the stocks should be considered. Moreover, considering the risk oftheststelndard deviation of
daily returns assesses the stock's volatilifygher standard deviation values indicate greater volatility, reflectirggeiaprice
fluctuations and increased riskhe average returand standard deviations of retwhthe stockare calculated on a daily basis from
the beginning of 2018 to the end of 2021

- Theaverage standard deviation ratie derived from the proportion of the average return to the standard deviation of the avera
return. The average standard deviation ratio quantifies the stock's risk relative to its average refighervatio maysuggest a
more favourable tradeff between potential return and risk, indicating that the investment may be more attractive in terms of its ri:
adjusted performanc@&his metric is essential for investors employing 1$&sitive strategies, allowingegm to assess the tradf
between potential returns and associated risks.

- TheAverage volumeerves as a key indicator of market liquidity, representing the average number of shares tradedesadys
oftenuse average volume in their strateg@sevaluating stock volatilityAn increase in volume during periods of price volatili
may indicate heightened market interest and the potential for more pronounced price movemogmes.fact is thatigher average
volumesmeanincreased liquidity, making the stock more accesgibleade. The average volume is calculatecataily basis for
the time period from 2018 to 2021 for our portfolio.

—

y

- Float Ratio of the Stocleloating stock means the number of shares available for trading of a particulastedloat ratio of the
stock measures the proportion of shares available for trading in the open market. A higher float ratio generally irefitastes gr
liquidity, making the stock more attractive to investétst our analysis, the float ratio of the stocks is the ratio on 31 December 202:
which is the last day of trading in our dataset. The float ratio information is retrieved from tlve$8riant.

- Theforeign ratio of the stockepresents the percentage of shares owned by foreign investors. A higher foreign ratio may| indic
increased exposure to international market dynangtscks with a substantial foreign ratio may exhibit sensitivity to currency

fluctuations and exchange rate movemelmsur dataset foreign ratio of the stocks is the ratio on 31 December 2021 which is th
last day of trading in our datas&te foreignratio informationis retrieved from théS Investment.

In short, looking into the characteristics of the stocks, we examined crucial attributes such as maiclassifarations, inde
inclusions, derivatives trading involvement, historical returns, volatility metrics, liquidity indicators, and foreign lopuriEngse
featureswill be thefoundation forthe next step of the case study which is the application of the Logic Learning Machine.

5.3) Logic Learning Machine
ThelLogic Learning Machine (LLM) is a rulbased method alternative to decision tréeplain wordsthe LLM transforms the data
into a Boolean domain where some Bool&arctions (namely one for each output value) are reconstructed starting from a pbrtion
their truth table witta methodthat isdescribed irthe paper of Muselli and Ferrari (2009).

The method creates a set of intelligible rules through Boolean function synthesis following 4 steps. These steps are:
1. Discretization

2. Latticizationor Binarization

3. Positive Boolean function

4. Rule generation

In order to analyze the process, each step is applied tolasksitoy problem, whose training set is demonstrated in Table 6.
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.5 | 0.07]0.11]| 0.22| 0.14| 0.23| 0.08 | 0.12| 0.21| 0.26 | 0.24

‘6| a | a| c | a| d | c | d|] a| a/|6b
% (% (% [ % (% % [ % % | % | %

Table 8 Toy example for describing the LLM working principle

5.3.1) Discretization

In this step, each continuous variable domain is converted into a ddome&n by a mappingdy +:v \  4where : yis the domain
of the Rh variable andixz L s& & is the set of positive integers up to A

The mapping must preserve the ordering of the datd; §Q T, then 8y: 7y Q 8y:Z,;, EEL s& &a@Dne way to describéyis that
it consists of a vectoby L : & 4} »5;so that:

sa TuvO Us

: N

dvizgL . 1&  Uas OTyOGa (19

O va ToP G ms

: )

There are several strategies for discretization and the simplest one is cteatitegval having the same length. LE{be the vectof

of all the Uyvalues for input variabldin ascending ordekly Q Ly g5 E HL s& a4, then the cutoff { 4is given by:

ap ~?ag

N ] o’ 26
Gal L E—p—1 (20)

This method is referred to d&qual Widthdiscretization. An alternative straightforwaagproach known as Equal Frequency

discretization, involves selecting cutoff points to ensure an equal distribution of examples from the traifiimyesath interval

However, these two discretization approaches are unsuitable for a classification problem, sirisregayd the output valug

whereas it iglesiredthat if ;M Wthenl F &4&4dy:Z; M 8y:Z,; otherwise, discretization brings on ambiguity in the train
set.

The problem of determining cutoffs can be approached as an optimization problem, aiming to minimize the total numbisr
while consideringthe constraint introduced in the preceding equafidre cutoffs can be chosen among the values. In ord
formalize the problemjy and :y gfor F D <s& &@and BG b s& & =and HD <s& d4=must be introduced: y gis the set of
indexes Huch thatT; vO éy ;0 T, vand iy @re Boolean values that assertéf gs a cutoff Rh variable:

T gdoP o
Iy el [f mrfcpuggzcl)

thenthe optimization problem is given by:
x 0
Y@ (@b
with: (22

I 1 wRSEEG &4&4EMG
Y@ ®Ng 60

If there are ambiguities in the training set, discretization must be able to minimize ambiguity and the number of ceisdfatidh
is to relax constraints by introducing a set of auxiliary variables, that control the violation of the startingrdenstrai

ing

of cu
er to

On the other hand, constraints may be enforced by imposing that examples belonging to the different classes are ssfeesied by

MP sdifferent variables. In any case, the problem stated above presents several variables and it could require excessigaalq
cost.

In order to find a neaoptimal solution, the possible practical approach is to use a greedy approach method, suétitidisutiee
Driven Incremental DiscretizatiofADID) (Ferrari and Muselli, 2010; Cangelosi al, 2013). ADID uses the concept of effect
distance @ (that is the number of inputs that separate two examples:

@up Ap L Aga: 8: g F 8: p; ;
(23

s, <QPTr
where a:Q L Ef &Y™ ey

given the effective distance, then two examplgé ,, are consdered separated in a determinant Wiay@ iy (2 p; R MFor each
candidate cutoff, it is possible to define:

mput
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- The sets&}%éﬂ}é}g including examples separated by the cutsff;
5L [ o+ Al D5AT;Q é/a (24)

55 L [ o+ @l D5auWP &(29)
- The counterRy that counts the number of examples separated in a determinant végy, by

Rab A g A o6 WF W &MF @up deis (26)
- The value S that measures the total effective distance between examples belonging to different classes that are sep

determinant way byé; v

Sudk A gix A i WF W &M @ub d@eii @ub @e: (27)
O x (o] O x

By using these definitions, ADID starts from an empty @etl at each steji adds the cutoff that maximize&gnd in suborder thg

minimizes Sy R @nd Sy @re recalculated accordingtteeadded cutoff and the process continues uRtiL r E éy 4

Once the cutoffs have been selected fr&mtheir positions can be refined by applying the midpoint between the two bol
examples as shown in the following equation.

Gob éva7 Gl =52 (29

Prior to applying binarization, it is necessary to convert nonaitiabutes. In this instance, the transformation is simpler compal
continuous attributesince it is sufficient to assign an integer to each possible nominal value.
For the example in Table 7 the mappin@isand d4found at this phase are the following:

S (TUBI-:

o S «Ts Qr&y o t «TglL >
Os: L\ o pray Ot UL L 2()

\ <~|—|]5L@

At the end of this step, the output must also be codified with 0 and 1. The resulting discretized dataset forabkeioys showr
in Table 7.

51 6] 5| 6] ;
1 1 0 1 3 1
1 1 0 1 4 1
2 3 0 2 1 1
1 1 0 2 1 1
2 4 0 2 2 1

Table 7 Toy Example discretized. Source: Muselli (2006)

5.3.2) Binarization
In this step each discretized domain is transformed into a binary domain through a miappiag \ < &= where Yg5is the
domain of theRh variable and<s &=%is a string having a bit for each possible valuesig

The mapping must maintain the ordering of dd@e® Rf and only if T : @ O T :Rwhere the standard ordering betweeand « D
< &=%%is defined as follows:

iF «—=-8M40S

e |fandonly|f\EHMF VQS

(30
"Q ifandonlyif W QS;EFL s& &

if the relation in the equation above holds, then it is said'tbavers .

A suitable choice fofi vis the inverse only coding, that for eahb 4ccreates a string B < &=having all bis equal to 1 excep
the Gth bit which is set to 0.

For example, lefly L uwith domain 4, theniy: o L ssrs.dnthiswayi: y L "gwhere "is obtained by concatenatirig;: ;
for FL s& &@

As aresult, the new training set38 L <"¢aJ; % with "y B &=where$ L A%E / « The training set obtained after binarizat
for the toy problem is shown in Table 8.

arate

at

ndary

ed to

—
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< ; < ;
010111 0 01 1101 1
010111 0 011110 1
101101 0 10 0111 1
010111 0 100111 1
101110 0 10 1011 1

Table 8 Toy Example after binarization. Source: Muselli (2006)

5.3.3) Synthesis of the Boolean function

The training se&’ obtained after binarization, can be divided into different subsets according to the outp@isidssset containing

e with Yy L swhereas( is the set containing the example for whichL r.
6and ( can be viewed as a portion of the truth table of a Boolean fun@&tisat must be reconstructed. Before proceeding with
method description, it is useful to give some definitions and notations.

- Each Boolean function can be written with operators, ,and that constitute thBoolean algebraf is not considered
then a simpler structure, called Boolean lattice, is obtained. From now on, only the Boolean lattice is consideredditganblyg
positioning "over if " P and by linking all the codps ", for whichan existssuchthat O O" An example for<s &=
is shown in Figurd6b.

-The sum: ;and product; ;of | terms can be denoted as follows:
leWL MEVE®EVL LV V% & \
WL V®E® ®L LVVAM LY M a U

- A logical product is called an implicant of a functi®@if the following relation holds:e 3@5 VW, Q B where each elemenyis called
literal. The product is called prime implicant if the relation no longer holds when a literal is removed from the implicant.

- The ordering in a Boolean lattice is defined by the equations above, according to this ordering, a BoolearB@méiign\ < &
is called positive if" Q implies B: ; QB:e ;foreach"a b< &=,

- A subset# ? 4 such that for each elemehs D # an ordering cannot be established (neith€ ,nor O"), then #is called
antichain.

- Given b<a &=, then the set.: ;L < D <&= " Q =is called lower shadow off whereas the set7: ;L
< P g&=> " R 4scalled an upper shadow ¢f The lower and upper shadows ferr s B < &= are shown in Figurek6.a and
16c.

- Given the subse6q B < &=, then 6is lower separated fron, if there are no elemerit b 6belonging to the lower shadow pf

some element of.

- Given the binary string, if there is a " B 6such that Q "thereisnota B (suchthat Q and for each O ,there is
B (suchthat Q ,then is called bottom point for the pai6{ ;.

- Every positive Boolean function can be written in its unique, not redundant Positive Disjunctive Normal Form (PDNF)rag

of its prime implicants:B:"; L € * vee: . 6 Where 2: ;is the subsett; containing eachEsuch that=; L s&#is anantichain of

< &= and each is called the minimum true point.

Forexample, the not redundant PDNB="; L \£\4 E \4is obtained fromantichain# L srs@&rrs=

From these definitions, it follows that a method for findiBmust retrieve the set of minimum true points to be used fé@nd (,

in order to represerin its irredundant PDNF and it follows that the set of all bottom points6@ ;is an antichain, which elements

are candidate minimum true points.

the

the ¢

The algorithm employed by LLM to produce implicants is called Shadow Clustering (Muselli and Quarati, 2005). It genera

implicants for Bby the analysis of the Boolean lattiee&=.

The algorithm selects a node in the diagram and generates bottom m@éatdy descending the diagram: the move down from a
node to another node is equivalent to changing a component from 1 to 0 and a bottom point is added to A when any further

down leads to a node belonging to the lower shadow of sont(.

In particular, the starting node is chosen between'ti26 ? < &= that do not cover any point B #such that Q "(in other
words the algorithm ends when each elemeridovers at least one element#

Once #has been found, it is possible that it contains redundant elements and consequently, it must be simplified in oraét to fir

to which derives PDNF of the positive Boolean function.
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(b) Boolean lattice for {0, 1)3

(a) Lower Shadow for 101 y ' (c) Upper Shadow for 101

Figure 16: Boolean Lattice diagram. Source: Muselli and Ferrari (2009)

Different versions of Shadow Clustering exist depending on the choice of the element to be switched from 1 to 0 atoéaich

step

diagram descent, for example, Exhaustive Shadow Clustering (ESC) retrieves all the bottom points deriving from theodtafting

Since ESC has a high computational cost, it is usually better to use greedy approaches that at each stepEhaigmémd of the

examined node in order to minimize the complexity of the final function, which is measured in terms of theafumbléants ang
number of literals in each implicant.

For example, Maximurecovering Shadow Clustering (MSC) at each step changes the element that maximizes the potential
associated with the element index, where the potential covering associated with switching oErimmiesto r, is defined as th
number of elements B 6for which \GL . )

As concerns the selection e/ ? # a possible choice is to subsequently adétthe element of¢that covers the highest numh
of points in 6that are not covered by any other elemen#9fThe application of the Shadow Clustering algorithm to the datase
binarization produces the implicants:

100011 which corresponds ¥4 & \4 é V

011100 which corresponds ¥4 € \, € \4
Then, the PDNF of the resulting Boolean function is the followiBg:; L :\, e\ éV; é :\f eV, e \4;

Algorithm1: Shadow Clustering algorithm

Data: T
Z =T,
A=0

while 4 = @ do

choosez € Z

add to A the bottom points for (T, F) obtained by descending from z the
diagram{0,1}?

remove from Z the elements that cover a bottom point in 4;

end
find A © A with minimal complexity such thatXx € T coverssomea € 47;

build from A" the not redundant PDNF of the positive boolean function f

5.3.4) Rule generation

In the last step, each implicant of the positive Boolean funcBantransformed into an intelligible rule, where, as said befo
function is generated for each output value, and then the consequent of the rules only defiends on

The transformation takes into account the coding applied during binarization. In partievdarobtaied by concatenating the resy
of the mappingt yv: ;for eachFL s& &@nd consequently it can be split into substrirdor each attribute, whose elemeyb
corresponds to a nominal value:ifis nominal, whereas it corresponds to an interval;ié ordered.

For each implicant, arule in F form is generated by adding a condition for each attribyses follows:

-if \§L rforeach\{;B y then no condition relative toyis added to the rule;

-if :yis nominal, then a conditiony B 8is added to the rule, whe@is the set of values associated with e3glh. r B

- if :vis ordered, then a condition; b 8is added to the rule, whei@is the union of the intervals associated with edgh r B «

D

Cove

er
after

re, a

Its
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For the implicant 100011 obtained in the previous stepl. s rleads to the conditions D:r&y&xe+ior :s Pr&yand gL rrss
leads to the condition ¢ B <<&=Then the rule relative to 100011is::5 P r&y i D<<d= ; L%

For the implicant 011100 obtained in the step described previousli, r sleads to the conditions D:Fc<ea & y?or :5 Qr&y|
and ; L ssrteads to the condition g B <?4@ Then the rule relative to 011100 is::5 Qra&y 16 D <P&0r ; L%

Notice that conventionally the upper bound, if finite, is always included in the condition, whereas the lower boundad.exclud

In order to generate the rule for the other class it is sufficient to Fbeith sand %swith r. In the case of the multiclass problem,

it is sufficient to decompose the problem into severaldds problems according to the OVR strategies described so far, for each ¢

the subproblems the target class is labelled witand all the remaining with.

5.3.5) Rule guality and class prediction

The process described in part 5.3.3 ensures that each elegpéttte training set only satisfies rules associated with the output
of ;butsince data are affected by noise, usually it is preferable to admit some errors in order to make the model ablz¢o

classes. When it happens, the output class is established accordingetevhieceof the rules satisfied by.it
In order to present relevance, the following quantities relative to a inlhe OLNAIE®A O0?KJOAM QAlodf are
introduced:

- 62 ;is the number of training set examples that satisfy both the premise and the consequence of, the rule

- (2: ;is the number of training set examples that satisfy the premise but do not satisfy the consequence of the rule
- 60: ;is the number of training set examples that do not satisfy either the premise or the consequence of the rule

- (0: ;is the number of training set examples that do not satisfy the premise and satisfy the consequence af the rule

Notice that an examplesatisfies the premise of the ruléf it satisfies all its premise conditions, whereagdoes not satisfy th
premise of the rule if it does not satisfy at least one among its premise conditidombining these quantities, it is possible
compute 2 quality measures for a rule

¢E

Covering % ; L fE>(,Q(31) andError: ' @ ;L ig>¢|i:(32)
It is evident that the greater the covering, and more relevant the rule is; on the other hand the smaller the erroe|aheanietse
rule is. Then relevance of a rulés obtaned by combining% ;and': ; 4: ; L % ;:sF"': ;;

Once the relevance of the rule is defined, it is possible to use it in order to compute & sgé?dor each class?that measures ho
likely it is that YL 2

5 @ L Agod: (33

with 1 §L < bia Q @l: ; L ?=wherei is the complete ruleset, Q denotes that satidies the premise of theand
1: ; L 2denotes the consequence giredct class? Theni His the seof rules satisfied by ¢that predtt class 2
From the scores of each output class, it is possible to define the probability, the?

I &0
2:7 Lﬁ(S@

Ace
Thenthe selected output is the one that maximizes the output probaltlity:e é §2:? . Since it is not guaranteed that Q

5:N Q sand in some cases it is preferable to have a single very relevant rule than a large set of little relevant ruleposbshld
to compute5: @;in an iterative way as shown in the algorithm below.

Algorithm2: Scores computation

Data: R, X;

R = R;

force Cdo
S(x;,¢)=0;

end

while R* =+ @ do
r* = argmax {R(r) | r € R}
Sx;,0(r)) = (1 -5(x;, 0(r)R([x);
R =R \{r'}

end

[¢]
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In order to permit a fraction of error, the descent of the diagram does not stop when a further move down leads tcstzstwe
of some D (, but allows it to go on until a further move leads to a node belonging to the lower shadow of a percentage elen

b ( greater than a regularization parametexerror Then, it is usual that an element of the training set covers the rule of differen

S



By applying this algorithm, the score is incremented at each step by adding the relevance of the best rule normaleetgireuth
value that can be added to the score without exceedimgatidition to the rule relevance, it is also possible to define the rele
of a condition Nwhich denotes the increase of error obtained by deleting condifiom rule : 4:N L ' "% F ' :™;where ~fis
the rule obtained by removing conditid¥irom

5.4) Application of Hierarchical Risk Parity and Logic Learning Machine
This partdelves into a comprehensive exploration of key attributes that define a stock's behavior, focusitigpoadtsristics whic

are explained in part 5.Before applying the LLM, results from HRP portfolio allocation for our dataset are shown in Figure
1 YGGYO | 2.424% 7 TUPRS  0.961 13 ISYAT 19 AKMGY = 0.773%
2  ENKAI 1.431% 8  ULKER 0.93 14 MAVI 20 OZRDN = 0.767%
3 TAGY 1.362% 9  SELEC 0.877% 15  SANFM 21  TCELL 0.749%
4 AGESA  1.259% 10  ULUSE 0.869% 16 PETKM 22 SNGYO = 0.736°
5  ANSGR 1.105% 11 BLCYT 0.851% 17  OYAKC 23 CCOLA 0.730%
6 TOASO  1.096% 12 SARKY  0.834 18  SEKFK 24 ANHYT = 0.711°

Figure 17: HRPallocation results for Turkiststocks(tickers versus weights)

After implementing the HRP allocation algorithm it can be merged with the characteristics explained in pae &r&t step in the

L

Vance

LLM algorithm involves feature extraction from the dataset, encompassing both static characteristics features and dpniaalic his
performance metrics of the 336 stocks. The static features, such as market capitalization agydsewosty offer a snapshot of the

fundamental attributes of each stock. Simultaneously, the dynamic features, including historical retwolatiityd capture the
temporal dynamics of the mark&w facilitate supervised learning within the LLM framework, a set of labels is defined based

on th

performance of each stockhe first 24 stocks selected from the results which have a higher percentage than 0.7 are labellec

selectedThe LLM is a symbolicMlachineLearning model that combines decision trees and-ogsed rule learning. It employs

a

hierarchical structure to create rules that capture the relationships between input featatgglardbels. The model's architectlire

allows it to generate humamderstandable rules while maintaining the flexibility of traditiaviachinelLearning techniquegigure

18 shows the Rule Generation workflow. The dataset is divided into training and test sets in order to train the mottaimimghe

set and perform the classification rules on the test set.

Dataset
(336 Stocks)
243 stocks | 93 stocks
Training Set Test Set
v
LLM
A 4
Classification Rules
\ 4
Performance
Evaluation

Figure 18 Rule generation workflow

The important thing about the datasetthat our selection criteria make it unbalancethbalanced datasets tend to bias |the
performance towards the most represented class (Blagus and Lusa, 2010). In the context of unbalanced datasets, |a We
Classification System is a technique used to address the issue of unequal class distributlancéthdatasets occur when one dlass

(the minority class) has significantly fewer instances than another class (the majority class).

In our dataset, the selected stocks were more frequénE€lected, 9% of Not Selected). Therefore, the Weighted Classification

System (WCS) was applied to our dataset before the process started. We can imagine this system as if each sampleedi

the «

class were repeated more times, to enhance the importance ottiat mathe learning phase. The more important and representative

samples are the one with the highest allocation in the "selected class" and the one with the lowest allocdtiot Beteeted” one
that is the samples for which the decision (positive or negative) iscleare
Classification weights, thedgepend on the HRP portfolio allocation results: selected stocks with a higher allocation of capital

hav

higher classification weightompaedto selected stocks with a lower allocation of capital. On the contrary, for the not selected clas

lower weighted stocks have a higher classification weight than the higher weighted stocks.
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As concerns the parametrization of the Logic Learning Machine algorithm, we set the maximum number of conditions to |3 anc

maximum error allowed for each rule to 5EAM generated 9 rules, but 3 of them had a very low covering (< 20%). T@lslgows
the set of the 6 main rules (> 20 %) numbered from 1 to 6 (n).
Two rules predict selected stocks and 4 rules for not selected ones. Two parameters Tholed estimatehe quality of the ruleg;

’

1) covering, measuring the generalityd 2) error measuring the ambiguity. The covering has two different ratios for the selecte

stocks which are 83.19% and 21.01%. On the contrary, covering ranged from 29.84% to 78.23% for the not selected stocks.
As mentioned previously, the maximum error rate should betlbétefordt ranges from 0 to 5% for all the rules.
As expected, all the rules are associated with standard deviation. The first rule for selected stocks says that SDosheutd |be
equal to 3.06.
This suggests that lower variability of the returns of a stock makes it a more stable and predictable investment. Alestatiemd
of 3.06 or lower indicates a tighter range of potential returns, signifying less risk and volatility in the stock'sgreréo
Investors often consider lower standard deviations desirable, reflecting a more consistent historical pattern of retdimg, pro
confidence in the stock's future performance.

This rule can be read as a risk management tool, guiding investors towards stocks with lower price fluctuation and,tyoressequel

higher likelihood of meeting their investment objectivEse second rule for chosen stocks specifies that the average return mu
exceed 0.17. Additionally, the standard deviation of the stock’s returns should be equal to or less than 4.12, andglt&tdekati
Rate should surpass 22%.

This implies a preference for stocks that, on average, generate positive returns. Furthermore, a lower standard dgeistspn su

reduced volatility or variability in the stock's returns. Lastly, a significant Floating Stock rate is preferred as ie®tigaitity,
ensuring a higher availability of shares in the market.

On the side of not selected stocks, rule 3 suggesta 8tatk will not be selected for inclusion in the portfolio if its SD exceeds 3.02,
indicating a preference for stocks with lower volatiliddditionally, the condition for the AVG SD Ratio being less than or equal to
8.11emphasiesthe importance of consistency in the average return pattern
Moreover, the requirement of an FRR greater than 0.19 suggests that foreign owneastiglotaraffect the investment decision
in stocks with lower standard deviatiofiRule 4 dictates that a stock will not be included in the portfolio if its SD exceeds| 4.02
signalling a preference for avoiding stocks with very high volatility.
Notably, the error rate is zero, signifying tetdcksmeeting this condition are accurately identified and classifietlas This aligns
with the objective of excluding stocks with excessively high standard deviation from the portfolio

n Outcome 15t condition 2" condition 39 condition Covering Error
(%) (%0)

1 Yes 6' " 83.19 4.03

2 Yes Mean > 0.17 SD " FLR > 22 21.01 5.00

3 No SD > 3.02 AVG 6' 5DWLI FRR> 0.19 78.23 4.35

8.11
4 No SD > 4.02 72.90 0
5 No MSGin Starsor SD > 2.82 AVG 6' 5DWLI 41.13 4.49
SubMarket 6.56
6 No MSCin FI, WRT SD > 3.62 20.84 0

SD = Standar@eviation, MSG = Market Segment, MSC = Main Sector, FI= Financial Institutions, WRT = Whole:
and Retail Trade, Tech = Technology, IC = Information and Communication, MFG = Manufacturing, FLR = Float
FRR = Foreign Ratio

Table 9 Classification rules for 336 stocks

A comparison with a competing, rdl&sed, technique (Decision Trees) has been inserted, highlighting that Logic Learning Machil

achieves a better performance on theaftgample set.
The confusion matrix in TabllDIUHIOHFWYV WKH SHUIRUPDQFH RI WKH //0 PRGHO LQ SUHGL
The high True Positive rate of 95.83% indicates that the model accurately identified the majority of the selected stoekotOn
selected class, a True Naiye rate of 90.38% suggests effective identification of the not selected stocks.
If we enter into more detail, the training set of the model demonstrated notable performance with a True Positive2a¢é ah€p.
a True Negative rate of 92.59% effective identification of the two outcomes. On the test set, the model accuratelygliretticies
with a rate of 100% for the selected stocks.

The True Negative rate of approximately 90.80% reveals the model's proficiency in correctly identifying not selectadstdick
actual 'No' cases. Figul® presents a plot of the overall performance of LLM.

Selected Forecast No Yes

°
—

Actual 336 312 24
No 283 282 (90.38%) 30 (9.62%)
Yes 53 1(4.17%) 23 (95.83%)

Table 10 Confusion matrix of LLM results
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Figure 19: Confusion plot of LLM results

Overall, the model exhibited strength in accurately predicting both selected and not selected stocks. The confusidombaittiq
the training and the test sets show the model's effectiveness in classifying selected and not selected stocks, wéHPloigjtive

es

and True Negative rates. Notably, the model achieved a perfect True Positive rate of 100% in the test set for seledfadestock

set the continuous weight as an output and run a regression problem on the same split, we can verifg ttedrhow Maching
also exhibits a quantitative advantage compared to a competingasgel approach, the Decision Tree. More specifically, the

of-sample median absolute error on the prediction of the (percentage) weight assigned by HRP to ea¢h3fockogic Learning

out

Machine and 0.7 for Decision Tre&fter having considered each stock (selected or unselected) individually, let us also consider st
groups of stocks and the degree to which each of thesgraups is selected. To this end,stkringstands out as a primary approach
to gaining a deeper understanding of the inherent patterns of data. The primary goal of clustering is to group a dategetsnto

where elements within each cluster share similarities and differ from those in otterslAmong the commonly utilized cluster
algorithms, kmeans stands out due to its simplicity in result interpretation and ease of implemgféterOrtegaet al, 2020)
For this reason, we use therkeans clustering method for our datas@e attributes considered for clustering were Average Re
Standard Deviation of Average Return, Floating Stock Ratio, and Foreign Ownershig-Ratie.20 showdie elbow methodhich
is employed to determine the optimal number of clusters. The results indicated that the dataset could be effscinegdinto 5
clusters.

AveClustDisp

=

0.1

' ' ' '
2 3 4 5 6

NumCluster

Figure 20: Elbowmethod forclustering 336stocks

Table 11 showthe results ofheclustering analysjshowinghow stocks ardistributed based on our selection critefiae percentag
column within the clustering results indicates the concentration of selected stocks within each cluster
It is important to note that Cluster Brtsists of 8 selected stocks out of a total of 25 elements, represghdigo of thecluster.

Cluster # Selected Stocks # Elements Percentage (%)

0 8 25 32.00
1 3 27 11.11
2 5 106 4.71
3 4 93 4.30
4 4 85 4.70

Table 11 Clustering results

Moreover, b understand the distinct characteristics of each cluster, boxplots were generated for each attribute within every

ng

turn,

(1]

clus
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Figure21 shows the average return and standard deviation of each chisttly, if we consider average returns, the wide ran

ge of

average returns within Cluster 0, coupled with the absence of negative returns, signifies a diverse mix of modest aneltyiostiv

Another fact, Cluster 0 distinguishes itself with a notably lower and tighter range in standard deviation comparecdetocthstetis

Figure 22 shows the boxplot for the attributes of foreign ownership and floating stock of each Thestdyservation that Clusten 0

has the highest range BbreignRatio indicates a pronounced level of international investor interest.

This not only points to the cluster's potential global appeal but also suggests that stocks within Cluster 0 may bedigt$spm

market dynamics influenced by international trends and sentiments.
On the other hand, the lowest range of Floating Stock Ratio within Cluster 0 signifies lower liquidity levels.

This might pose challenges in terms of ease of trading positioligrom another point of vievit, also implies a potential scarcity

factor, which could be attractive to certain investors seeking unique investment opportunities.

In short the distinctive features of Cluster 0, including its diverse range of positive average returns, lower standard digh
foreign ownership, and lower float ratio, collectively makaifterent than the other clusters

It offers the potential for substantial gains with a stable risk profile, global market integration, and a unique inleastiseEage.
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Figure 22: Boxplot ofclusters forforeign andfloat ratio
6) Conclusions
Throughout this research, the application of the Logic Learning Machine (LLM) within the Hierarchical Risk Parity (HRR®pfiql

ation,

me

has shown significant results in portfolio allocation analysis and understanding. Through the analysis of an extemsimmtrse
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to the Istanbul Stock Exchange, covering daily historical data of 336 stocks from 2015 to 2021, we have observe
implementation of LLM has brought greater transparency and clarity to investment decisions.

In fact, HRP's unsupervised Machine Learning method allows the user to know the optimal allocation of weights amorgdh
the analyzed portfolio by basing its aggregation criterion between clusters on the statistical value of correlationtiatmeyi it
is able to recognize the optimal configuration among assets but no indication is given as to which market factors rgaifiozogtys
affect this choice. The addition of market features related to the Turkish stock market interpretedlliyl #ilows not only an
optimal level of integration between different Machine Learning methodologies, but also an optimal level of interpreftdbéi
result thus provided.

The LLM's ability to identify and interpret significant patterns in asset characteristics, such as sector affiliatiopréadege
activity in the derivatives market, and other financial features, has enabled a more informed and interpretablesdlaaighting

d tha

€ ass

ty

of assets in the portfolid.ooking ahead, there are several research directions that could further expand the field of portfolio allocat

and enhance current methodologies:

- Alternative Methods for Estimating Correlations: Exploring the use of alternative techniques to calculate or estimatensjrrela

between assets, such as applying neural networks or-gesegld models, could offer new insights into portfolio construetimhrisk
management.

- Dynamic Portfolio Optimization: Considering portfolio allocation in a dynamic context, where the portfolio composition
adjusted periodically based on evolving market conditions, could provide a more realistic and applicable perspectivg iertine
- Robustness Testing in Market Stress Scenarios: Evaluating the resilience of proposed allocation strategies throughltive
in market stress scenarios, such as financial crises or economic shocks, could provide further evidence of their sffauti
stability.

Exploring these themes could contribute to further enhancing portfolio allocation methodologies, making them more atapti
and capable of addressing the challenges of a continuously evolving market environment.
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Abstract

This study analyses the evolving landscape of digital risk management within the banking sector. Based on response=$en
group of Italian banks, the research sheds light on key trends and strategic priorities in risk management. By sadjlotsrfgoinms
professionals and decisignakers across various financial institutions, this research seeks to provide a snapshot of current p
challenges, and opportunities in the realm of digital risk management. Notable findings include a stnmitgneatrto cloud
adoption, a focus on areas like cyber risk and model explainability. The study underscores the industry's readineasofgr
advancements. These insights provide valuable guidance for banking institutions navigating the comipleof w@igaal risk
management in the modern era.

Keywords: Digital risk management, banks, innovation, artifigiélligence, cloud, banking.
JEL Codes G21, G32

1. Introduction

In recent years, the financial sector has undergone a profound digital transformation that has reshaped the landsedipe
industries, including banking. This shift towardsiare dynamic and complex financial environment places risk management &
forefront of ensuring the stability and sustainability of financial institutions. As technology rapidly evolves andtice miidata
driven decisiormaking increases, risk magement is entering a new era marked by both significant opportunities and formi
challenges.

The integration of digital innovation and Artificial Intelligence (Al) technologies is redefining traditional financialgrasad his

evolution compels banks to adapt to the digital era, an adaptation that involves aligning strategies and operations with
technological advancements (Cucari et al., 2022). Consequently, the integration of these transformations into bank ma
strategiesespecially in risk management, becomes crucial. Such integration necessitates a deep understanding of the be
efficiencies that digital technologies bring, particularly in enhancing deeisaling quality in risk management.

However, the digital revolution also presents new challenges for risk managers, such as cyber risk and operationahsieks
and Torriero, 2022).

This paper explores three primary dimensions of this change: processes, data, and governance. To leverage the bandfit
digital technologies fully, financial intermediaries must ensure that their processes and systems are suitably tditreddoded
purposes, which requires meticulous planning and definition. The quality and availability of data are vital for accentifgindgg
measuring, and managing digital risks. Moreover, risk governance and professional contributions arkire$sstatiang a culture
of innovation within institutions, particularly those adapting to rapid technological changes. Operational structurassttbe,
redesigned to fit the new digital context.

The objective of this paper is to analyze the current landscape of Artificial Intelligence and digital risk managematibapjitic
banks and evaluate their future prospects to guide intermediaries in identifying best practices to adopt.

This paper presents the findings of a questionnaire survey conducted within the financial industry. The survey aiméghto g
on the evolving landscape of risk management, particularly the integration of digital solutions, advanced analyticsByang
soliciting insights from professionals and decisioakers across various financial institutions, this research seeks to prov
snapshot of current practices, challenges, and opportunities in the realm of digital risk management.

By examining the current landscape of Al applications and digital risk management practices in banks, this research
illuminate the path forward for financial intermediaries The ultimate goal is to offer a comprehensive understandinigitelthg
revolution's challenges and opportunities, guiding banks in identifying and adopting best practices for navigating lthis
evolving environment effectively.

The structure of this paper includes three sections, each focusing on different stakeholders involved in Al applicatibaskifit
intermediation. The analysis begins with a review of the regulatory framework, providing insights into the evolailg
governance landscape. It then transitions to a review of current academic research, offering a comprehensive overléely of
trends and insights. Finally, the paper discusses the practical aspects faced by banks, including organizationap besso
integration, and skill development essential for effective digital age risk management.

The survey, consisting of ten key questions, was designed to probe into critical aspects of digital risk managememnamdgthin
institutions. Respondents were asked to rate their institutions' strategies and attitudes towards digitalizatiors teiveieavs
on emerging technologies such as cloud computing, Al, and quantum computing.

We thoroughly examine the questionnaire results, with a particular focus on several critical themes. These themes érco
current state of digitalization within financial institutions, the utilization of cloud solutions for risk managementyahmges
perceived in using cloud solutions, the influence of BCBS239 principles on degisking, the adoption of innovative technique
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in risk management, their application to specific risk categories, the state of preparedness for addressing modelil@/xplzliinabi

overcoming shorterm adoption constraints, the presence and role of dedicated structures for digital risk management,

and 1

existence of structures dedicated to innovation and the introduction of advanced analytics models in risk managemerd. Throug

detailed analysis of these themes, we gain insights into the evolving landscape of digital risk management within f{
institutions.

inanc

The insights gained from this survey are useful in understanding the current state of digital transformation in risk manageme

identifying areas of strength, and recognizing where further investments and developments are needed. Ultimatelycthig
contributes to the ongoing dialogue on how financial institutions can navigate the evolving landscape of risk manageme
digital age.

2. Regulatory Framework

The financial industry has long been subject to a complex web of regulatory oversight designed to ensure stabilitygreEairity

practice. As the digital revolution and the adoption of Al technologies have permeated the banking sector, reghlatibigsayt
worldwide have faced the formidable task of adapting established frameworks to address new challenges and opportunities.

In response to the rapid digitization of banking operations and the increasing prominence of Al, regulatory bodies akenur)
significant efforts to update and modernize the regulatory framework governing financial institutions. This evolutian aef
recognition of the pivotal role played by technology in reshaping the financial landscape.

The regulatory landscape has evolved in several key dimensions:

rese
nt in

’

der
lect

x Data Governance and Privacyith the exponential growth in data volumes and the integration of Al, authorities have
introduced stringent data governance and privacy regulations. These measures aim to safeguard customer data, uphgitsprivacy r

and ensure responsible data hamglpractices within the banking sector.

X  Cybersecurity and Operational Resilien€he proliferation of digital technologies has heightened concerns over cybersegurity

and operational resilience. Regulatory agencies now place greater emphasis on banks' ability to protect their systdyas fi
threats and maintain uninterrupted seevin the face of disruptions.

om C

x  Algorithmic and Al GovernanceAs Al systems increasingly inform critical decisions within banks, regulators have issued

guidelines andlirectives to ensure the ethical and responsible use of Al. This includes requirements for model transy
explainability, and fairness to prevent bias and discrimination in algorithmic deaisikimg.

arenc

X Anti-Money Laundering (AML) and Fraud DetectioAll has been harnessed to enhance AML and fraud detection efforts.
Regulatory authorities have issued guidelines to ensure thpowéred AML and fraud detection systems meet established

compliance standards.

Recognizing the global nature of the banking industry, regulatory authorities have intensified efforts to coordinateamzeha

regulations across borders. Initiatives such as the Basel Committee on Banking Supervision's discussions on thefusenaial in

services and the European Union's harmonized approach to data protection (GDPR) exemplify this trend.

Indeed, in April 2021, the European Commission proposed the Al Act and in December 2023 the European Union polic
agreed on a draft version in order to ensure that all the new Al systems implemented are safe, transpadisamiymigstory and

environmentally complaint. It has been introduced to set common rules for all the European players and in particular, adilthe]
purpose Al (GPAI) models have stringent requirements since they could have significant impact at systemic level adsptir
based approach.

Despite these advances, the integration of Al and digitization into the banking sector presents regulators with a hersges.ch
Striking the right balance between fostering innovation and ensuring risk mitigation remains a persistent dilemmarsfagala
several challenges. One major challenge is the pace of technological change, which often outpaces regulatory adaptgten
regulatory gap and leaving emerging risks unaddressed. Additionally, banks may exploit regulatory differences |
jurisdictions, requiring coordinated global action to establish consistent standards. Ethical concerns related to Aicerschipoers
accountability in cases of Aklated mishaps are ongoing topics of debate, necessitating careful consideragiguldtyrrs.

The regulatory landscape for Al and digital risk management in banking is expected to remain dynamic and responsivego
challenges. Regulatory bodies will continue to collaborate, adopting a feleaitig approach to address issues of technelog
driven disruption, data governance, and Al ethics.

It's critical to highlight a significant shift in the stance of regulatory authorities. Traditionally skeptical about gdoptinear

models in the financial sector, the authorities are now showing increased openness to such models. This skt ig reftamt

studies that indicate a change in perception and acceptance of innovative and complex risk management methodologies.
represents an important lateral reference in the context of evolving regulation and ethics in the use oflkédidn uraerscoring
the need to adapt to new technological realities for effective and transparent risk management.

In this evolving regulatory environment, financial institutions must remain vigilant, adapt their practices, and engégelyro
with regulators to ensure compliance while harnessing the transformative power of Al and digitization.

3. Literature review

The integration of Al into the financial sector, particularly in risk management, underscores a pivotal shift in requdagtnical
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paradigms, and the emergence of new methodologies and frameworks that enhance safety, explainability, and trangparency |

applications. This synthesis delves into recent scholarly contributions that have significantly advanced our understan
implementation of Al within banking risk management.

ding
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In the domain of Al and digital risk in banking, recent literature underscores the transformative role of artificiabivtelliy

fostering business model innovation and enhancing customer relationships through customized digital finance solutitatis. ¢

ucc

and Recanatini (2022) highlight how-élfiven process automation leads to significant improvements in service efficiency and cost

reduction. This body of work not only sets the stage for further empirical studies but also aligns with earlietisystéavas that

have explored different dimensions of Al in finance. For instance, Hentzen et al. (2022) and Biju et al. (2020) offererttamylem

perspectives, focusing respectively on custefaeing financial services and the technical aspects of éthanisms, including
machine learning and deep learning, in financial predictions and risk assessments.

The application of machine learning and artificial neural networks (ANNs) has notably surpassed traditional statistizdegppro

in various banking operations, as illustrated by Le and Viviani (2018). However, these advanced techniques often suféakfrg
RI WUDQVSDUHQF\ 7R DGGUHVYV WKLV 'XUDQJR(*XWLpUUH] HW DO layer
perceptrons (MLP), enhancing the explanatory power of financial decision support systems (FDSSs). Abedin et disd@64.9
how Al-enhanced FDSSs are crucial in averting global financial crises, comparing traditional-drgeAlconsumer credit risk
models. Moreover, advanced machine learning tools, such as support vector machines (SVM) and random forestsnhtave
be effective predictors of credit card delinquency and fraud detection (Khandani et al. 2010; Kumar et al. 2019).

Furthermore, Al's role extends to systemic risk monitoring and macroprudential strategies, where it aids in detecting
financial activities through sophisticated neural network models (Holopainen and Sarlin 2017; Huang and Guo 2021),
predictive front, Al methodologies outperform conventional time series models in foreign exchange management, providir
accurate and profitable trading insights (Galeshchuk and Mukherjee 2017; Amelot et al. 2021). Lagasio et al. (2022)eex
main deterrmants of bank defaults using various ML algorithms, including Graph Neural Networks, usiegrs and SMOTE.

They provide insights into bank management to inform financial authorities about critical variables impacting bank stability].

Recent studies, such as those by Giudici, Centurelli, and Turchetti (2024), highlight innovative methodologies for nidas
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risks, emphasizing the importance of developing robust assessment tools to navigate the complexities of Al in financ

environments. This work aligns with the broader academic focus on ensuring model robustness and reliability amidst evol
landscapes, as explored by Carlini and Wagner (2017).

Parallel to this, Giudici and Raffinetti's (2023) work on SAFE Artificial Intelligence in Finance discusses comprehemsiwveifks
aimed at ensuring the safety and reliability of Al systems. These frameworks are crucial for aligning Al deploymegtsawitt d
regulatory requirements and ethical standards, areas which continue to attract significant academic inquiry (Waa20gt al

The literature review is fraught with challenges and complex questions:

X Regulatory and Ethical Consideratioidhe ethical labyrinth of Al in risk management, underscored by theexadring
regulatory landscape, continues to be a dynamic realm where academics seek to harmonize pringpesiodtimplementation
(Wachter et al., 2017). Moreover, the application of explainable Al methods in managing cyber risks, as examined bydiy
Raffinetti (2022), underscores the necessity for transparency and trust in Al systems. This pesqldiodbility is not only a
response to technical demands but also a reflection of the ethical imperative to demystify Al operations for staketheloers
echoed by Chen et al. (2020) in their exploration of making Al models more interpretable.

x  Data Quality and AvailabilityThe literature also acknowledges the challenges of data quality and availability, with con
about data privacy and bias remaining at the forefront of academic discussions (Dignum et al., 2020). Furthermoreyrth
interdisciplinary collaboratio is increasingly pertinent as the complexity of integrating Al within financial systems reqt
cohesive approaches that bridge finance, computer science, ethics, and social sciences (Arner et al., 2019).
X  Model Robustnes€nsuring the robustness and reliability of Al models in the face of complex and evolving risk landg
remains a formidable challenge, as explored by Carlini and Wagner (2017) and Dr@didarand Lichtenstein (2021) (Carlin
& Wagner, 2017; Drachst-Cohen & Lichtenstein, 2021).

X Interdisciplinary Collaboratiarin an era of interdisciplinary synergy, researchers are increasingly converging at the crog
of finance, computer science, ethics, and social sciences, fostering holistic solutions (Arner et al., 2019).

Looking forward, academic research in Al and digital risk management within banking is set for significant expansiooand p
influence. Future studies will delve deeper into enhancing the explainability of Al models, aiming to make these systen
transparent and interpretable. This endeavor will not only tackle issues related to model opacity but also build tnustliatéd
decisions (Chen et al., 2020).

In adapting to the changing regulatory environment, academia will play a pivotal role in ensuring Al systems complyewit
dynamic regulations, exploring innovative methods to automate compliance processes to keep banks within legal bg
(Dellermann et al., 2021). The optimization of hum@&hcollaboration will also remain a central theme, aiming to augment
synergy between human expertise and Al capabilities for more effective risk management andmegisigprocesses (Pellizzar
and Rapp2020).

Advancements in predictive analytics will continue to be a prominent focus. Researchers will develop innovative strategies
prediction and prevention using Al, empowering banks to proactively identify and mitigate risks (Bao et al., 2017).

The Al systems are becoming a key driver in the model risk management, as it is for the model validation but, as mémtigne
these new technologies could hide relevant risk for the user, that should be considered in the model itself. This franeé\werk
very challenging by the regulatory point of view.

As Al increasingly becomes integral to model risk management and validation, it is crucial to consider the hidden risk
technologies might pose. Future models must also incorporate external factors such as economic conditions and envi
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impacts, which could be critical regressors in risk assessments. In this context, banks will need to monitor and atzg|ther
embrace all potential evolutions (Cosma et al., 2023).

Future research is encouraged to explore more nuanced predictive models that incorporate both market détnaaroiahosk
factors like regulatory, strategic, and management aspects (Jones et al. 2017; Wei et al. 2019).

4. Financial institutions overview

In the digital age, the scope of risk in banking intermediaries has undergone a profound expansion. As financial iestibuéioas
digitalization, they are exposed to an array of new and dynamic risk categories, including but not limited to Cylgerssicuri
Operational Risk, Reputation Risk, Compliance and Regulatory Risk (BCBS, 2019; IIF, 2020).

Looking ahead into the medium term, several developments are anticipated to shape the landscape of risk managem
banking intermediaries.

ent w

In the realm of Alaugmented risk assessment, banks are anticipated to deepen their integration of Al into the risk asgessm

process. This integration will involve leveraging-pdwered insights to enhance human decisi@king. Looking ahead, the

mediumterm is poised to bring about a significant development in regulatory compliance within the banking sector. We can expe

regulatory frameworks to converge with Al applications, thereby demanding dynamic and adaptive compliance solutions.

Another crucial aspect of risk management in the banking industry pertains to cybersecurity. In response to the eskslating r
associated with cyberattacks, banks will continue their investments in advanced cybersecurity measures and threat.intelligenc

Cloud computing offers the scalability and flexibility required for-piwered risk management. Banking intermediaries are

migrating risk management operations to cloud platforms, enabling elastic scalability aeffexiste access to computational

resairces (Amazon Web Services, 2021). Cldaded solutions facilitate parallel processing, allowing banks to analyze |
datasets and perform complex computations rapidly (Google Cloud, 2021).

arge

Identifying digital risks is a multifaceted challenge, encompassing a spectrum of potential threats and vulnerabilitigs. Ri

assessment and quantification in the digital realm require innovative methodologies (-BribataRisk Assessment, Scenari
Analysis and Stress Testing (BCBS, 2020)).

Furthermore, a notable trend in risk management is the increasing emphasis on sustainability factors. This emphadis &l
Environmental, Social, and Governance (ESG) principles and involves the integration of sustainability consideratioks i
assessment models.

These trends collectively underscore the evolving landscape of risk management in the banking sestdrrase Al, adapts to

D

igns
nto ri

changing regulatory environments, fortifies cybersecurity measures, and integrates sustainability concerns into issmgtgse

frameworks.

The digital transformation of banking intermediaries entails significant organizational changes, process enhanceme
acquisition, and a culture of collaboration.

NS, S

X  Organizational Adaptation®Banks are incorporating agile frameworks to respond promptly to dynamic risk environments.

Strong digital governance ensures the alignmedtgifal risk management with organizational objectives. A cultural shift towa
fostering mindsets that embrace technology, prioritize-daten approaches, and maintain awareness of risks is imperative.
X  Process Integration and AutomatioBndto-end automation streamlines risk processes, enhancing efficiencytirReal
monitoring tools and AHdriven analytics detect and mitigate risks in 1ixale.

rds

x  New Skills and ExpertiseSkills in data science, Al, machine learning, and cybersecurity are essential (Davenport & Harris

2017; Chollet, 2018; ISACA, 2021). Staying informed about evolving regulatory requirements is vital (BCBS, 2020).

X  Collaboration and CrosBunctionality Interdisciplinary teams and thighrty partnerships enhance risk management.

Adopting an ecosystem mindset considers risk within broader industry contexts.

These adaptations, processes, skills, and collaborative approaches are essential for effective risk management erahé loégita

empower banks to navigate evolving landscapes and build resilience in managing digital risks.

In conclusion, digital risk management within banking intermediaries is an intricate endeavor that encompasses rigkidtentjfic

assessment, quantification, mitigation, and continuous monitoring. As the digital landscape evolves, banks must rantandigil

proactive in adapting their risk management strategies to address emerging digital risks effectively.
5. Methodology

The methodology employed in this research involved the distribution of a structured questionnaire designed to gathietans

ghts

the adoption of digital solutions and advanced analytics in risk management within Italian financial institutions. Theasiryey

developed with careful consideration of the research objectives and key themes related to digital risk management.

The survey was distributed to a targeted group of 40 Italian banks. These banks were chosen to repressatiooro$she
Italian financial industry, including institutions of varying sizes and scopes. 10 banks provided responses.

The survey was administered ensuring the privacy and anonymity of respondents. Participants from the selected banteziwere in
to complete the questionnaire voluntarily, and responses were collected over a defined period to allow for a compressatsive da

The questionnaire aimed to gain insights into various aspects of risk management in the digital age. It covers topittsesych as

identification of emerging risks, the adoption of advanced analytics and machine learning, organizational aspectsegnatitwe in

of digital risk management. The survey was designed to provide a comprehensive overview of the current state andtfohge
of risk management practices within the banking sector.

direc
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Respondents were asked to rate their institutions' current practices and future plans on a scale of 1 to 10, witlyXhedma#st
relevance or adoption and 10 signifying the highest relevance or adoption-e@esh questions were also includedyagher
qualitative insights and additional comments from respondents.

Quantitative data analysis was conducted on the available responses. Quantitative data were processed using statiistical to
calculate averages, percentages, and other relevant metrics. Qualitative responses from the 10 participating banksedere revi

and categorized to identify recurring themes and provide context to the quantitative fifdirgsesearch adhered to ethical

guidelines throughout the survey process. Respondents were informed of the research's purpose and their voluntapnpa
and their confidentiality was maintained. The research team ensured that the data collected would be used solely fo
purposes and would not be shared with any third parties.

rticipa
rese

The most notable limitation of this study is the low response rate, with only 10 out of the 40 surveyed Italian bankg providi

responses. This limited sample size may impact the generalizability of the findings to the broader Italian banking
Additionally, the survey's scope was limited to specific themes related to digital risk management, and other relevant asp
not have been covered.

Despite these limitations, the methodology employed in this research provides insights into the current state of dig
management practices within a subset of Italian banks. The combination of quantitative and qualitative data analysisailo
initial understanding of the digital transformation landscape in risk management within this specific context.

5.1 Demographics

The first set of questions (Q1.4Q1.3) focused on demographic information, including the name of the bank, the regu
framework under which it operates, and the total assets it manages. This data helps provide context for the respotwseskel

sect
ects |

ital ri

ws f

atory
ated

managemet practices. Before delving into the intricacies of risk management practices and strategies, it is essential tchestablish

foundational context of the banking institutions participating in this study.

In this section, we collect information about each banking institution, including its name, regulatory framework (e.g.thdeth
are Significant or Less Significant Institutions), and the total assets (Figure 1 and Figure 2). This information adyaekdisp
against which we can assess and interpret the responses to subsequent sections of the questionnaire.

Understanding the unique identities and regulatory contexts of the surveyed banks allows us to appreciate the diyensaycEeX
and challenges they face. It also helpgaitoring our analysis to account for the varying sizes and regulatory constraintg
influence the risk management landscape within the banking sector.

Despite the low numbers of respondent, it is important to consider that the Italian banking framework is constituted dmsattq
of 3.070 bn as of the third quarter of the 2023. However, at the end of the 2020, 2.400 bn were concentratptayeb Excluding
these by the framework there were 17 financial groups with over 10 bn in assets and about 65 under this thresholde In
respondent banks under considerations can be considered well representative of the Italian banking system.

The data presented in Table 1 indicates a sample of branches and employees across different geographical regionpamdthly
to the total numbers in each region. Despite the small number of respondents in the sample, we can still gain valuslitans
the representativeness of the sample.

In the North West and Center regions, the sample's representativeness is quite robust, with 31.29% and 31.42% of ludesthg
in the sample, respectively. This is complemented by a strong representation in employee numbers, accounting for 26
53.33% in these regions. These percentages suggest that the sample captures a significant portion of the banking/gieston
in these densely populated and economically significant areas of Italy.

However, in the North East and South regions, the sample's representation is lower. For the North East, the sampld 83%6lu
of branches and 5.89% of employees. In the South, the percentages are slightly higher, with 8.85% of branches and 1
employees. While these figures are lower than those for the North West and Center, they still provide a meaningful per
especially considering regional differences in economic activity and the banking sector's presence.

Overall, the sample covers 18.12% of branches and 23.86% of employees in Italy, offering a substantial overview ofghe
sector. Despite the small number of respondents, the sample distribution suggests that it can still reflect the dyriartties \
Italian banking system, albeit with varying degrees of representation across different regions. This variance can after
insights into regional banking operations, which could be beneficial for more localized analysis.

Table 1. Sample representativeness.

Branches| Employees
Geographical setting
Italy Sample % Italy Sample %
North West 6,145 1,923 31.29% 11,0257| 28,673 26.01%
North Est 5,430 170 3.13%| 64,552 | 3,800 5.89%
Center 4,138 1,300 31.42% 48,938 | 26,100 53.33%
South 4,448 260 8.85%| 37,683 | 3,800 14.98%
Totale 20,161 3,653 18.12% 261,430| 62,373 23.86%
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Figure 1. Regulatory Framework Figure 2. Total assets
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5.2Risk Scope, Assessment Models, and Expected Developments in the Medium Term

The second section of the questionnaire (QZ2.4) isrelated to the identification and assessment of emerging risks, the nu
of internal models in use, and the bank's orientation toward evolving or maintaining credit and financial risk modelase tes
regulatory changes.

In this section, we delve into the dynamic landscape of risk management within the banking industry. It centers offithéaten
of emerging risks, the utilization of assessment models, and the strategic considerations for thetenedfutnre. Baning
intermediaries operate within a constantly evolving environment, shaped by economic shifts, regulatory changes, anatédch
advancements. As such, understanding how these institutions perceive and respond to emerging risks, while adajistng
assessment models and strategies, provides insights into their resilience and adaptability.

This section seeks to uncover the-tidfgmind concerns, strategic orientations, and readiness of banking intermediaries a:
navigate the complex terrain of risk management. It explores their preparedness to confront emerging challenges arigspp
shedding light on the pivotal role that risk assessment and management play in ensuring the stability and sustaimegibitglof
institutions in the medium term.

The results for the question on emerging risks (R1, R2, R3) provide insights into the varying priorities and concernsean
surveyed banking institutions. The percentages in Figure 3 represent the relative importance placed on each risk ¢hteg
respondents.

The first column reflects the importance assigned by the banks to each risk category in the short term. Notably, ESG&iigeat
is identified as the most significant concern, with 50% of the respondents ranking it as a top priority. Cyber risk ttidfep
Risk also receive substantial attention, with 20% of respondents considering them as significaatrsirmks.

In the second column, we see the medienm perspectives on these risks. ESG/Climate Change remains a prominent co
though its importance appears to decrease slightly to 20%. Cyber risk, on the other hand, gains significance in thermmed
with 60% of respondents viewing it as a critical risk. Transition Risk also becomes more pronounced, with 30% of resp
considering it a key mediwterm challenge.

The third column represents the letggm outlook on these risks. Here, ESG/Climate Change maintains its relevance, albe
lesser extent, with 10% of respondents still recognizing it as a significant risk. Data Management and Business cor@iuit
emerge as concerns for the long term, each with 30% of respondents viewing them as important. Transition Risk also 1
significance, with 30% of respondents identifying it as a{targ challenge.

These results indicate that ESG/Climate Change, Cyber risk, and Transition Risk are prominent concerns for risk massag
the surveyed banking institutions, albeit with varying degrees of importance in the short, medium, and long termotesattiayn
that the perception of these risks may evolve over time, reflecting the dynamic nature of risk management in the bastiing i

The analysis reveals a diverse spectrum of engagement with internal model validations across the sector, highlighity t
maturity and sophistication of risk management practices.

A small percentage of the surveyed institutions, about 10%, report having no validated internal models, indicating g
vulnerabilities within their risk management frameworks. This lack of validations highlights areas that could benefijftataryre
attention and internal development to ensure effective and compliant risk management practices.

Conversely, the majority of respondents, 40%, have fewer than 10 validated models. This suggests that many institiltions
the early stages of integrating model validations, possibly testing and gradually adopting these systems within #veiiskro|
management operationgleanwhile, another 20% of institutions have a moderate level of nvatidhtions, between 10 and 20
which suggests more established processes and a systematic approach to managing risk.

Further, an equal segment of 20% demonstrates a high degree of sophistication in risk management, with more than 20
internal models integrated into their operations.

This advanced level of integration indicates robust capabilities in leveraging complex models to manage various type
effectively.

The remaining 10% of respondents did not provide data on this aspect, pointing to potential areas for improved engag
communication. This gap in data may reveal issues such as resource limitations or a lack of awareness.
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Figure 3. Ranking Emerging Risks

13. Model Risk 10,00%
12. Supply Chain
11 Digital Currency
10. internet of Things, Al & Robotization 10,00%
9. Business continuity Model 20,00%
8. Condud/Legal/Regulatory Compliance _ mR1
ER2
7. Data Management 30,00% R3
6. External fraud _ 10,00%
5. Financial Risk _

3. Climate Litigation

Figure 4 illustrates the broad range of approaches to interodé! validation within the sector, emphasizing the disparity in {
number of validations which may reflect differing levels of investment in risk management resources and technologyrsityis
not only provides insights into individual organizatibstategies but also serves as a benchmark for the industry, helping ide
best practices and areas needing attention.

Figure 4. Distribution of internal model validation

= None

<10

= Between 10 and 20
= >20

No response

5.3Credit risk

In addressing the dynamics of credit risk within the context of digital transformation, it's essential to clarify tHeavgeéblers'
and 'new data sources' as they relate to the integration of artificial intelligence and machine learning texhxelegeablers in
this context refer to technological advancements such as blockchadniyva&h analytics platforms, and advanced simulation to
that enhance the predictive accuracy and efficiency of credit risk models. New data sources, on tlamathertain to non
traditional data (e.g., digital footprints, transactional data from digital channels, social media behavior patternsyhehicl
processed through sophisticated Al algorithms, can provide deeper insights into borrower behavior@amddegisiormaking
processes. Integrating these technologies allows banks to better manage and predict credit risk by enabling more ¢yimaenig
risk assessments and providing a granular view of risk factors that traditional models might overlook.

The survey presents a detailed look at how financial institutions are adapting and refining their internal models fay ereslss
risk factors such as Probability of Default (PD), Loss Given Default (LGD), and Exposure at Default (EAD). The résgimases
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a diverse range of strategies employed by banks to enhance their risk assessment capabilities in response to evaiving
standards and technological advancements.

A substantial 40% of the institutions are proactively evolving their internal models. These organizations are incorpoeatiadpn

regul

sources and leveraging new technological enablers such as artificial intelligence and machine learning. This not origtéemonst

a commitment to continuous improvement but also indicates a forthanking approach to integrating cuttiagige technologge
in risk assessment practices.

Another 30% of respondents are choosing to retain their existing internal models while enriching them with new managem

indicators. This approach suggests that these institutions value the stability and reliability of their tested modelsdlddineg
to expand their analytical capabilities to better understand and manage risk.

A smaller group, accounting for 10%, is focused on fortifying their existing standard models and enhancing controlshdthis

underscores a strategic priority on ensuring the reliability and robustness of current methodologies, emphasizavgraerisk

approach to model management that prioritizes security and compliance.

Th 10% of institutions are in the process of validating their current internal credit risk models. This step is crumiapfiance
with regulatory standards and underscores an ongoing commitment to maintaining the integrity and accuracy of thealsisk

As illustrated in Figure 5, the varied strategies across the sector reflect a dynamic approach to risk managemennsidatalleo
number of entities are embracing advanced analytical practices to enhance their risk assessment capabilities)tather$avias

met

on optimizing their current systems. This balance between innovation and stability is indicative of a sector that i$y cautiou:

embracing technological advancements while ensuring that core risk management practices remain robust and reliable

These findings highlight the complex landscape of risk management within financial institutions, where the adoptiontfeinrjova
practices and the enhancement of existing methodologies coexist. This dual approach allows banks to navigate the obadlenges |

by an increasingly complex financial environment, ensuring they remain both competitive and compliant. The strategic
made by these institutions reflect their diverse priorities and capacities, illustrating a comprehensive and nuancedap
managing credit risk in the modern financial landscape.

Figure 5. Credit risk - evolving/maintaining credit models

40,00%

I 30‘00%

10,00% 10,00% 10,00%
Evolving internal models with new  Maintaining current internal models Strengthening existing standard Validating the current internal aredit No response
data sourcesand enablers but adding new management models and controls risk model

indicators

5.4Financial risk

The data from Figure 6 reveals a spectrum of strategies that banks are employing to enhance their risk models, higglig
diverse approaches taken to navigatedbeplexities of modern risk management. Each strategy represents a different le
engagement with technological innovation and risk management evolution.

A significant 30% of the respondents are actively incorporating new technological enablers into their risk managememké.an
This group is demonstrating a proactive stance towards innovation, utilizing advancements such as artificial intelligeinee,
learning, and big data analytics. This approach is aimed at increasing the sophistication and accuracy of their rishtgss|
suggesting that these banks are eager to leverage new technologies to gain a competitive edge and enhance thei
capabilities.

Conversely, 20% of the banks are opting to maintain their current models while integrating new management indicatottsod hi
indicates a more conservative approach to model adaptation. These banks are cautiously updating their systems, aduang |
metrics without a complete overhaul of their foundational models. This strategy may be driven by the perceived rekislitygf
models or by resource constraints that limit the scope of transformation.

The largest proportion of respondents, 40%, is focused on strengthening their standard models and controls. This invgve
algorithms, enhancing data quality, or bolstering regulatory compliance measures. The emphasis here is on fortifyistndssr
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and reliability of existing risk management systems to ensure they remain effective amidst a rapidly changing risk landscalpe.

However, 10% of the participants chose not to disclose their strategies. This lack of response could reflect uncesttiuity, s
of information, or ongoing internal deliberations about the best path forward in their risk management practices.

This diversity in approach underscores the complexity of risk management across different banking organizations and

en

conte

While a substantial portion of banks is focused on strengthening existing models and controls, others are seizing epporiuniti

evolve their models with new technological enablers or to supplement existing models with fresh management indicatq
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variation in strategies reflects the broad spectrum of how risk management is currently being transformed in the financi:LI se

driven by both external technological advancements and internal strategic decisions. Each bank's approach to thedtectsan
its unique circumstances, strategic priorities, and the specific challenges it faces in the risk management domain.

Figure 6. Financial risk - evolving/maintaining credit models

10%

0% .

Evolving internal models with Maintaining current internal  Strengthening existing standard Validating the current internal No response
new data sourcesand enablers models but adding new models and controls credit risk model
management indicators

5.50rganizational Aspects, Processes, and New Skills for Risk Management

As digital transformation reshapes the banking sector, there is a critical need to create new offices such as digibal fuirs/g
or dedicated Al risk analysis teams should be explicitly connected to their roles in harnessing digital tools and@jiteshoo
manage financial risks more effectively. Similarly, the roles linked to sustainability and digitalization need to beddisziuase
peripheral elements but as integral to the banks' overarching digital risk management strategy. These roldsdesidecialists

in digital ethics, data protection officers, and digital transformation strategists, whose responsibilities directlyeintheenc

management of digital risks.

ges re

—

The third section (Q3.1Q3.5) explores how changes in organizational structures impact risk management roles and responsibilitie

the creation of new offices or areas within banks, and the consideration of roles related to sustainability andidigitalést

investigates the integration of sustainabifitgused committees and the profiles of professionals needed in risk management.

In this pivotal section, we delve into the intricate web of organizational dynamics, process adaptations, and the erfneegen
skill sets within banking institutions. As the financial landscape evolves in response to digitalization, regulatory ahdishédtng
market dynamics, banks must continuously adapt their internal structures and skill requirements to remain agile and\égfe
seek to uncover how banking institutions are restructuring their organizational frameworks in responsettantfesmative
forces. We explore whether they are redefining roles, creating new departments, or realigning existing functions tevok@ighe
demands of risk management. Moreover, the section delves into the strategic decisions regarding tt@mtwbdaw roles and

areas of focus, such as Chief Sustainability Officers and committees dedicated to sustainability and digitalization.

developments reflect the banks' recognition of the growing importance of sustainability considerationisadmthdigation in risk
management practices. Additionally, we inquire about the profiles of professionals being integrated into risk managenmest g
and their educational backgrounds, providing insights into the evolving skill sets deemed dadhigialerchanging landscape.

The results for theuestion regarding the evolution of organizational roles and their interactions in the coming years (Fig
suggest that the majority of respondents expect changes in the roles and interactions of key organizational posit®tise s
CFO, Chief Leding Officer, Chief Digital Officer, and Chief Operating Officer. This reflects the evolving landscape of
management and financial services, where these roles are likely adapting to new challenges and opportunities.

Figure 7. Evolution of organizational roles and their interactions

70%
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The survey results shed light on how organizations are strategically prioritizing the establishment of new offices\aeapearse
to evolving risk landscapes. The findings illustrate a strong commitment across the sector to address both trediioeagizng
risks, reflecting a proactive approach to maintaining resilience in a dynamic envirornsiginificant majority of 70% of
respondents are actively addressing cyber risks, either by already having dedicated offices or planning to establibimttee
next two years. This high level of engagement highlights the acute awareness within the financial sector of the esealatin
posed by cyber vulnerabilities and the need for specialized structures to mitigate these risks effeStvagsues, along with
climate change, are another major focus, with an overwhelming 90% of respondents indicating moves to establish dezhsat|
or areas. This reflects a broader shift within the financial industry towards sustainability and ibdsgmrsness practices,
recognizing the critical importance of integrating ESG factors into core business strédegdies.front of advanced risk solutiong
although a smaller proportiédn10% of respondengare focusing on this area, it indicates a strategic investment in eattm
technologies and methodologies. This commitment suggests that these organizatmrisragdd leverage advancements such
artificial intelligence, machine learning, and big data analytics to enhance their risk managerakititiea. Emerging and non
financial risks are also being recognized, with another 10% of respondents preparing to establish new offices to addr
challenges. This indicates an acknowledgment of the broadening spectrum of risks that organizations fas¢ctodiag, beyond
traditional financial risks to include areas such as operational, reputational, and stratedis fiklstrated in Figure 8, the diversity
and breadth of these strategic initiatives underscore the comprehensive efforizatiayes are making to adapt to and proactive
PDQDJH WKH FRPSOH[ ULVN HQYLURQPHQW RI WRGD\YV ILQDQFLDO VH$kW,
dimensions, these organizations are not only enhancing their ability to makageut are also positioning themselves to capitali
on new opportunities for growth and innovation. This strategic foresight and adaptability are crucial for maintainingvemegsti
and achieving longerm sustainability in an increasingly intenceected and rapidly changing world.

Figure 8. New offices or areas that are already initiated or planned to be initiated
90%

70%

= = o
N 2 J N ©
L %(\Qc & =N &
& (& N @ S
(}b & P I
e o &
& < s
> &
b% 2}\9 \g
@ 3 &
¥ &
&

The survey reveals a varied landscape of committee structures witbig#mzations, with a significant focus on different strateg
areas. Notably, 40% of the organizations have an activemogress Sustainability Committee within their Board of Directo
reflecting the increasing prioritization of environmental antlad@overnance issues in corporate oversight. In contrast, there i
indication of any organization having a committee solely dedicated to Digitalization, suggesting a potential area fas gligitah
transformation becomes more criticAbout 10%of respondents are in the process of establishing a risk committee, indicatif
emerging focus on formalizing risk oversight within their governance structures. Similarly, another 10% of the orgahizgtio
a committee that integrates internal corgralsks, and sustainability, highlighting a comprehensive approach to managing
interconnected areas within a single governance framewbsdse findings, illustrated in Figure 9, underscore the evolving na
of corporate governance as organizagi@dapt to emerging challenges and priorities, balancing specialized focus area
integrated management strategies.

Figure 9. Establishment of new committees within the Board of Directors

40%

10% 10% 10% 10% 10%

&

10%

&

) 2
X% X & e N .
& & & & & ® ° QOQ
A S S . R &
C C \%(, (\’b ,\\\\\ (\‘é eo
& & & e & &
Ao & e O N »
F (\2‘ \'\\/" & /S\Q/ 4 \@
N oD 3 N & 2
> N ) e N
& ) Q & &
R N o) < &
2 Q O &
X

gth

ed off

as

ess fl

ly
RU
ze

ic
SI
S no

g an
ns
these
ure

5 with

RISK MANAGEME NT MAGAZINE +Volume 19, Issuel +Page59



The survey reflects a diverse range of academic qualifications deemed suitable for roles within Risk Management st‘ructw

Graduates in Physics, favored by 60% of respondents, are highlighted for their potential contributions, possibly dug t
analytical skills inherent to their field of study.

Mathematics graduates are also considered valuable assets by 30% of participants, likely due to their proficiencytimequ
reasoning, which is crucial in risk evaluation.

Furthermore, 40% acknowledge the importance of Computer Engineering expertise, aligning with the increasing reli
technology and data analytics in risk management practices.

In parallel, individuals with a background in Statistics are equally recommended by 60%, underscoring the role of atatigsisal
in risk assessment and management.

A 10% segment recognizes the importance of considering a broader spectrum of academic disciplines for integration

Management, indicating that interdisciplinary skills are appreciated and that there may be other relevant areas ofiativéytcond

effective risk management beyond those listed.

For this question, the respondents could choose multiple options and the results (Figure 10) highlight that thereeisca foefe

candidates with backgrounds in Physics, Mathematics, Computer Engineering, and Statistics when considering intedrégion
Management structures. Additionally, there may be other relevant degree courses not covered in the provided options.

Figure 10. Profiles to be integrated into Risk Management structures

Other
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5.6 Technological Enablers and Al in Risk Management

The fourth section (Q4.14Q4.10) examines the adoption of machine learning models in credit risk, financial risk, and operg
risk management.

It also explores the use of cloud solutions, the impact of BCBS239 principles, and the consideration of innovative tchikelg
guantum computing. Additionally, it assesses the importance of model explainability in risk management.

The technological transformation within the banking industry has ushered in a new era of risk management, wirdrenda
insights and artificial intelligence (Al) play a central role.

In this section, we delve into the adoption of technological enablers and the integratiedrivieAlsolutions in risk managemen
practices.

As banks navigate the digital landscape, they are confronted with the imperative to harnesedagktiterhnologies to enhanc
their risk assessment capabilities. This section of the questionnaire is designed to unravel how banking intermedidriasiage
technological advancements, particularly in the context of credit risk, financial risk, and operational risk management.

We inquire about the current status of Al model adoption and machine learning across various facets of risk managamesy. T
also explores the integration of cloud solutions, the impact of regulatory principles such as BCBS239, and the conside
emerging technologies like quantum computing.

Furthermore, the section examines the banks' perception of the advantages and challenges associated with the adoqtio
advanced analytics within risk management. It delves into the potential applications of Al, from optimizing credit risktmno
enhancing operational efficiency.

By dissecting the survey responses in this section, we gain insights into the technological strategies of bankingsiastitthiein
readiness to embrace Afiven solutions in their ongoing quest for effective risk management in a rapidly evolvargifih
landscape (Table 2, Table 3, Figure 11).
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Table 2. Current status of Al model adoption and ML for credit risk

To be started and| Planned for
Type of Activty We_II- not yet included in| the current Not
established expected
a plan year
1. Evolution of PD models 10% 30% 10% 50%
2. Evolution of LGD models 0% 30% 10% 60%
3. Evolution of EAD models 0% 10% 10% 80%
4. Credit decision engine 10% 20% 30% 40%
5. Credit Monitoring models 20% 40% 10% 30%
6. Optimization of Il level controls framework 10% 30% 0% 60%
7. Danger &ecovery rate 0% 30% 10% 60%
8. Optimization of credit recovery strategies 0% 40% 20% 40%
(private, small size, small ticket)
9. Optimization of collateral assessment models 10% 10% 10% 70%
throughout the credit lifecycle
10.Forecasparameters (i.e. sensitivity analysis, 10% 20% 0% 70%
business plan, etc.)
11.Stress test 10% 10% 30% 50%
12. Optimization of Back Office activities using 10% 30% 20% 40%
artificial intelligence and RPA models
13. Optimization in thenanagement of document 10% 20% 20% 50%
workflow (protocol, checklists, automatic reading
of contents, ete)
14. Profiling and targeting of current customers 10% 20% 10% 60%
and prospects (e.g., new business)
15. Evolution of credit policies (e.gredit risk 10% 0% 20% 70%
appetite, strategy, and credit risk limits, e.g., ES
16. Estimation and monitoring of the NPL plan 0% 10% 30% 60%
(default rate, cure rate, risk, and recovery rate)

The results in Figure 12 and Figure 13 indicate ttsig@aificant percentage of respondents (80%) are already using Cloud solu
and have an evolution roadmap in place with their Chief Information Officer (CIO). Additionally, the majority of resp@@ints
see greater flexibility in managing and storilagge volumes of data as a key advantage of using Cloud solutions for
management. Other benefits, such as analytics integration and cost reduction, are also recognized, but to a lesser extent.

Table 3. Current status of Al model adoption and ML for financial risk

To be started| Planned
: : and not yet | for the Not
Type of Activty Wellestablished included in a | current | expected
plan year

1. Reconciliation processes between risk and front of 10% 10% 0% 80%
(e.g., NPV, Sensitivity, etc.)
2. Dataguality on market data 10% 10% 0% 80%
3. Data quality on historical series 10% 20% 0% 70%
4. Indipendent Price Verification 10% 10% 0% 80%
5. FRTBNon Modellable Risk Factor 10% 0% 0% 90%
6. FRTH Eligibility Test 0% 10% 0% 90%
7. FRTHB PnLAttribution 10% 0% 10% 80%
8. Liquidity: Behavioral Models 0% 30% 10% 60%
9. Monitoring of 1st and 2nd Level limits (Market, | 0% 20% 0% 80%
Liquidity, etc.)
10. Monitoring of credit lines for derivative operatio 0% 20% 0% 80%
(Counterparty Risk)
11. Model calibration (Market & Counterparty) 20% 0% 0% 80%
12. Validation process (e.g pricing, models, etc) 20% 0% 0% 80%
13. Pricing models 20% 0% 0% 80%
14. Stress testing 10% 20% 0% 70%

tions

risk

RISK MANAGEME NT MAGAZINE =*Volume 19, Issuel *Page61



To be started| Planned
. : and not yet | for the Not
IS @AY bt HEe included in a | current | expected
plan year
15. CCAR (comprehensive capital analysis and review 10% 0% 10% 80%
16. Early warning system 10% 10% 10% 70%
17. Collateral management 10% 0% 10% 80%
18. Scoring & rating 10% 0% 10% 80%
19. Reporting 0% 10% 10% 80%

Figure 11. Current status of Almodel adoption and ML Operational and nonfinancial risk

2 And money . undering _ 30%
1. Fum dete(:tion _ 20%

B Well-established mTo bestarted andnot yetincluded in aplan = Planned for the aurrent year

Not expected

Figure 12. Greater usage of the cloud in the evolution plan with the CIO

20%

- 0%

Already using Cloud solutions and have an Not at the moment, but evaluations are ongoing Not currently foreseen

evolution roadmap in place

Figure 13. Benefits in using Cloud solutions for risk management

80%
30%
I . =

Greater flexibility inthe  Full integration and power of Reporting and data Cost reduction
management and storage of analytics visualization component
lar ge volumes of data

20%

no response
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The results from Question 6 reveal a vargsessment of BCBS239 principles and their impact on the redesign of applid
architectures for risk measurement and reporting. Only 10% of the respondents consider these principles as very ietirant,
a significant influence on their decisiomaking processes. A notable 40% find them relevant, suggesting that these principle

ation
ind
s play

a considerable role, albeit not decisive for everyone. An additional 20% see them as moderately relevant, implying ssime leve
influence that does not dominate thsfrategic planning. Conversely, 30% do not view these principles as relevant to their work,

highlighting a divergence in their applicability across different organizations, as shown in Figure 14.
Figure 14. Influence of BCBS239 principles on RDAR

40%

30%

10%

Very relevant Relevant Moderately relevant Not relevant

Regarding Question 7, which focused on the use of innovative techniques like Quantum Computing for handling @
optimization problems, the findings are quite straightforward. A majority, 70%, currently do not employ such techng
suggesting eithea lack of need or capability at present. On the other hand, 30% are in the process of evaluating these &
techniques, reflecting a proactive stance towards exploring new solutions that could enhance their computational cajskcit
managementRemarkably, none of the respondents have fully implemented theserdgtechnologies in their operations, 3
indicated in Figure 15. This illustrates a stage of cautious consideration rather than widespread adoption among tlenstiegeys

Figure 15. Application of innovative techniques

70%

30%

0%

Currently evaluating the Yes
possibility of using these

techniques

For Question 8, which probed the specific risks addressed using innovative technigues by those respondents implemer
approaches, the data reveals a focused use on certain risk types.

Only a small fraction, 10% each, applies these techniques to manage credit risk, cyber risk, and fraud risk. This tadjedéss
adoption rather than a broad application across various risk categories. The vast majority, 70%, indicated thag iecbwidives
are not applicable to any specific risk category, suggesting that either these techniques are not yet integrated igko
management strategies or they are used for general purposes rather than specific risks.

In response to Question 9 on the preparedness for managing aspects of model explainability, which is crucial for ugde
model outputs, the responses vary. A significant 70% of respondents are still evaluating their strategies for explsiuailgy,
that this is an area under active consideration.

Meanwhile, 20% have already established mechanisms to manage explainability, and a smaller portion, 10%, has not &dd
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aspect at all. This distribution underscores the evolving nature of model management practices in the industry, reflewing va

levels of adoption and understanding.
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These insights, summarized in Tables 4 and 5, paint a picture of an industry that is cautiously navigating the integhadioceof
technologies and methodologies.

While there is interest and some initial steps towards using innovative techniques for specific risks and improving
explainability, there remains substantial work to fully integrate these elements into regulatory models and everydaggeskenar
practices.

Table 4. Risks for whichinnovative techniques are adopted

Risks for which innovative techniques are adopted 1/2|3|4(5|/6|7|8(9|10| %

Market risk 0%
Conterparty Risk 0%
Credit risk 10%
Cyber risk 10%
AML 0%
Fraud risk 10%
Not aware 0%
None 0%
No applicable 70%

Table 5. Preparation for managing aspects of model explainability

Prepa_rano_r_m for managing aspects of mo( 11213lalslel7l8l9l10l 9%
explainability

Yes 20,00%
Not at the moment, but evaluations are ongoing 70,00%
No 10,00%

5.7 Digital Risk Management

Thefinal section (Q5.% Q5.7) focuses on digital risk management, addressing the presence of structures or programs ded
digital risk management, innovation in advanced analytics, perceptions of Al's utility, and priorities for digitalizdtiorcevié
risk management areas. This section will present and analyze the responses to each set of questions, providing itegh
practices, strategies, and future directions of risk management in the banking industry.

In this era of digital transformation, banking institutions are confronted with a unique set of challenges and oppretatates
digital risk management. This section of the questionnaire delves into the strategies, structures, and perceptialirsgsdigdal
risk within the surveyed banks.

Digital risk management encompasses a wide range of considerations, including cybersecurity, data privacy, and the
implications of digitalization on traditional banking operations. As the banking landscape evolves, institutions must
effectvely mitigate and navigate these risks while leveraging digital innovations to their advantage.

This section delves into how banks are managing digital risks in an era of rapid digitalization, exploring whether tegideted
structures in place and their engagement with innovation and advanced analytics to enhance risk management practices.
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It also examines the role of artificial intelligence in this context and how banks are adapting their risk manageméss &irateg

align with the evolving expectations and behaviors of customers in the digital "New Normal."

The responses indicate a mixed approach among banks concerning the establishment of dedicated structures for g
management.

Twenty percent of the banks report having structures that, while present, do not focus specifically on risk managemet
suggesting an existing awareness but a potential misalignment in strategic focus. Forty percent are considering tioé c
specialized structures, pointing to a proactive shift towards more tailored risk management solutions that can bettédread
unique challenges posed by digitalization.

However, another forty percent have no plans to establish such structures, possibly relying on existing frameworksdmitzna
risks, or perhaps underestimating the need for specialized approaches in the face of digital threats.

These insights, illustrated in Figure 17, highlight a varied landscape where some banks are moving forward with diettegsc i
to enhance their digital risk management capabilities, while others may not yet fully recognize the need for sucheatdgancen
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This variance underscores the broader challenges and opportunities within the banking sector as it navigates the cohaple
technologydriven financial environment, striving to meet the changing demands of customers and the market.

Figure 16. Presence of structures or programs dedicated to digital risk management

No

Not yet, but we intend todo so

Yes, and we are launching programs for
updates and experiments

Yes, but it does not deal with risk
management issues

I |
~N
F -

Figure 17. Existence of a structure responsible for innovation to support risk management

No 50%

Not at the moment, but evaluations are

ongoing 30%

Yes, andthere are active collaborations and - io#
experiments
Yes, but it does not focus onrisk management - 10%

For Question 3 regarding the reputation of using Al techniques within risk management, the majority of respondents €086)
more benefits than costs, indicating a positive reception towards Al integration in risk management practices.

However, a small fraction (10%) believes that Al implementation incurs more costs than benefits. A significant numbext¢409
not to respond, which could suggest reservations about Al or a lack of sufficient information to form an opinion.

Figure 18. Reputation of using Al techniques within risk management

Prefer ot respond _ 40100%
s beneﬁts than BE _ SOIOO%
Mor e costs than benefits - 10,00%
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In response to Question 4, which examined the application of risk management models across different customer geserations

evident that there is a greater focus on newer generations. Millennials and Generation Z are the primary focus, receining

50%

40% of responses respectively, indicating that risk management models are being tailored to the preferences and behavio

younger, more digitalhnative customers.

Interestingly, there were no responses indicating a focus on older generations such as the Baby Boomers or the Gerjeratic

Reconstruction, highlighting a potential shift in targeting towards younger demographics.

Figure 19. Customer clusters forusing risk management models

GenerationZ (years post-19%) ||| ||k 2o

Millennials (years 1981 - 1996) 50%

GenerationX (vears 1965 -1980) [l 10%

Baby boomers (years 1946-1964) 0%

Generation of reconstruction (years 1926 -
1945)

Regarding Question 6, which addresses the areas where digitalization initiatives will first be implemented, Credit Riskaamerg

the dominant area with 90% of respondents identifying it as a priority.
This suggests that Credit Risk is seen as the most beneficial area for digitalization efforts. Other areas like Opetdilaniadta

Risk also received considerable attention, but to a lesser extent, while Compliance Risk was noted by the fewestgespande

focus for initial digitalization.

Figure 20. Core areas of risk management where the first digitalization will be initiated

Liquidity Risk 30%

Stress Testing 30%

Market Risk

40%

10%

Compliance Risk

Operational Risk 40%

Credit Risk

90%

Finally, the summed ratings for different risk categories provided in Figure 21 show that Operational Risk, with théotédhest

sum (1.0), is considered a key priority among the surveyed entities.

This is followed closely by Liquidity Risk and Stress Testing, both with a sum of 0.8. Compliance Risk received thaieastifo¢

a sum of 0.6, indicating it might be viewed as less critical compared to other areas.
Please note that the numbers in the table represent the sum of responses across the different ratings (R1 to Rk)datezpuly.ri

These findings collectively offer insights into the evolving landscape of risk management within the banking sectortjighlig
strong inclination towards newer technologies and approaches, particularly in addressing the needs of younger custotaer
and in managing Credit and Operational Risks.
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Figure 21. Priorities for Business Evolution

90%
80%

70%
|
60% R
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50%
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Credit Risk Operational Risk Compliance Risk Market Risk Liquidity Risk Stress Testing

Conclusion

In this study, we endeavored to explore the state of digital risk management practices within the Italian banking s¢
administering a questionnaire to 40 listed Italian banks. Despite the low response rate, with only 10 banks providiag, rémp(
findings offer insights into the adoption of digital solutions and advanced analytics for risk management in this context.

Upon analyzing the survey results, several noteworthy trends and insights have emerged:

The survey indicatessirong commitment among responding banks to modernize their infrastructure. A significant majority
have already embraced cloud solutions or have concrete plans for future adoption. This reflects a proactive approagh
competitive in the digal era.

Respondents recognized the advantages of cloud solutions, particularly in terms of data management flexibility and
integration with analytics tools. A substantial 80% of participants rated these aspects as highly relevant to theirgéskanan
strategies, emphasizing the value of cloud technology. The BCBS239 principles, which guide decisions related to datmag
within architectural redesign for risk measurement and reporting, were considered important by 70% of respondentslifigis U
the significance of regulatory compliance and adherence to industry standards in risk management practices. Whileythe
(70%) of respondents are not currently using innovative techniques like Quantum Computing for complex optimization pr
it's noteworthy that 30% are actively evaluating these cuédge technologies. This suggests a growing interest in pushing
boundaries of risk management capabilities.

Cyber risk, fraud risk, and credit risk were identified as the primary areas where innovative techniques are beingeppligdsT
with the evolving landscape of threats in the digital age, with 70% of respondents confirming their focus on tkleseaiisk
Respondents displayed an acute awareness of the importance of model explainability in risk management. A significan
participants indicated that they were either evaluating or actively working on enhancing the explainability of their n
underlining the need for transparency in decisitaking processes.

Interestingly, our study revealed that none of the surveyed banks reported constraints in adopting advanced regulatotheno
short term. This suggests that the banking sector ispsgflared and adaptable to forthcoming regulatory developments.

Credit risk emerged as the central focus for the initial digitalization efforts, with a substantial 90% of banks diesctitigmition
toward this critical aspect of risk management.

In the context of digital risk management within the banking sector, the responses from the questionnaire provide a siomp
overview of current practices, perceptions, and strategic priorities. These insights are crucial for understanding hares b
navigating the complexities introduced by digital transformation and how they are preparing to address associated eighs in
evolving financial landscape.

To summarize, the findings reveal:

- Alin Risk Management: The adoption of Al technologies in risk management is viewed positively by a majority of respo
who see more benefits than costs. This reflects a growing confidence in Al's ability to enhance-detigigrand efficiency in
risk assessment processes. However, the reluctance or ambiguity expressed by a significant portion of the respondeiceteo
a need for clearer demonstrations of Al's ROI or concerns about its integration complexities and regulatory implications.

- Customer Segmentation: The focus on Millennials and Generation Z suggests that banks are keenly aware of th
demographics and are aligning their risk management strategies to cater to a younger, rsakyemistomer base. This strateg
focusis indicative of banks' responses to changing consumer behaviors, particularly in the context of digital engagen
expectations.
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- Digitalization Priorities: The emphasis on digitalizing Credit Risk management ahead of other areas suggests that banks v

this as a crucial entry point for leveraging digital technologies to enhance traditional risk management functionsrifyhisgyrio
stem from the direct impact of credit risk on banks' financial stability and the potential for digital tools to impraetheyaand
timeliness of credit assessments.

- Risk Category Focus: Operational Risk receiving the highest focus underscores its complexity and the increased cha
presents in a digital environment. Operational risks, exacerbated by digital transformation, necessitate robust manzigg®en
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to mitigate threats from cyber incidents, data breaches, and system failures.This study has its limitations, primarnily stmm]i

the low response rate, which may limit the generalizability of the findings to the entire Italian banking sector. $edtck should
aim for a broader and more representative sample.

The findings hold several implications for the Italian banking industry. Banks should continue to explore the poteiotia o
solutions and innovative techniques to enhance risk management capabilities. Furthermore, the focus on model exphaing
readiness for shoterm regulatory changes suggests a proactive approach to compliance.

In conclusion, while this study provides a snapshot of digital risk management practices in Italian banking, furtheisrasealeth
to comprehensively understand the evolving landscape. As technology continues to shape the industry, stayingranthaf fq
digital innovation in risk management will be essential for banks to effectively navigate the complex challenges ofdiaé fi
landscape.

This study has its limitations, primarily stemming from the low response rate, which may limit the generalizability rafitigs fi
to the entire Italian banking sector. Future research should aim for a broader and more representative sample.

The Italian banking sector is both cautious and optimistic about the integration of advanced technologies. Therendicatiear
that while banks are gradually embracing digitalization, they are also acutely aware of the new types of risksitiiesnsoch
as cyber and dateelated vulnerabilities.

The responses suggest that while Al and digital tools offer substantial benefits, their adoption must be carefully mgmnag
adequate attention to building appropriate infrastructures and competencies. This evolving landscape offers both amglle
opportunities for banks to redefine the paradigms of risk management in the digital age.
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Abstract

Recently, there has been a growing focus on sustainability issues within the financial sector. However, quantitativef analgbis

and governance aspects has been challenging due to difficulties in data modelling. With the recent regulatoryr gtaiatesdise

disclosure, the next step could be the implementation of stress tests, given their widespread use in the supervisoenemhenm

article analyses the possibility of borrowing certain aspects of rating agency methodologies for adutise. dt identifies commo|
elements that need to be analyzed and highlights areas where institutional intervention will be necessary.

Keywords
ESG; Sustainability; Regulation; Social Risk&vernance Risks; Stress Test.

1 Introduction

In the years following the great financial crisis, and particularly in the aftermath of the pandemic period, environoe@itahd
governance factors have clearly become an issue for the financial world, and for banking in particular. Indeedntsaniéaigiries
have a key role to play in the transition to a sustainable future, in line with, inter alia, the Sustainable Developmeat Bp#he
United Nations. At the same time, financial institutions are at the forefront of supporting theustawability risks, which in tur
are the proponents of financial risks that could undermine the soundness of the intermediaries themselves.

There are two possible implications of these factors fob#mking sector: the first will be intrinsic to the institutions, which
have to update their objectives, integrate the information to be disclosed, revise the risk managemerarsicsbesiderall the
prudential implications that this entails. The secasgect pertains to credjtanting, which is by definition one of the pillars
banking activity, along with the collection of savings from the public, and which must encourage and guide the emiitieses
towards compliance with ESG factorsarder to generate and radiate positive effects for society as a whole. In this contex
are being encouraged to pursue these objectives through increasing and increasingly pervasivelrddddtishaspect on whig
work has focused is that of disclosure; transparency of informatiamuigal in providing all market participants, includi
supervisors, with more elements for understanding exposure to ESG risks. Since 2014, large companies in the European
already been required to produce a-fioancial statement dedicated, among ottiengs, to the disclosure of the sustainabi
policies and results implemented and achieved during the padher evidence of the commitment of regulators and supervis
ESG risks is reflected in the three mandates given to the EBAe@RID V/CRR |l package, one for each pillar

Although banks are widely recognized as being relevant in terms of their exposure to risks and their role within the theva
is still much debate surrounding the understanding and modalities of how these risks are grafted and the correspondiitig®
for intermediarie’ It is therefore clear that the contribution of third parties in the market environment, such as rating age
necessary for the integration and normalisation of the assessment of such risks, knowing also the relevant role theyaigylg
in credit risk, where they can be exploited for the determination of capital requiretdemtsver, currently, they appear unable
provide reliable support due to the inconsistesfound by various researcherstead, the developed expertise could assist regu
in creating specific indicators to manage ESG risksdarattingstress tests on social governance risks. The significance of th
in the context of European banking swgsion is widely acknowledgedven when dealing with 'new’ typesridk, such as the rece
tests conducted for climate and environmental risks, it is possible to infer how they could also be conducted for Suasg
However, this may not be feasible in the short term as their size is currently not very quantifiable.
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The aim of this paper is to explore the potential for European institutions to create a stress testing methodologyeéstiigan m

the impact of S and G risks based on the experience gained by rating agencies in evaluating these issues in recegit gt
will be made to identify common points based on the methodologies published by various rating dligatwikdelp structure 3
test that is as acceptable as possible and determine the benefits that a regulatory impulse could bring.

The following section briefly reviews the literature on the roleCoédit Risk AgenciesGRAS) in ESG issues, highlightin
inconsistencies between ratings and areas for improvement. The third section emphasises the fundamental role ofist
prudential ratings. The fourth section outlines the various rating methodologies that CRAs furbiSG ratings. Finally, th
conclusions highlight the shared characteristics that can be considered in a systemic approach, as well as the mas differe

1 For example, the regulatory constraints of the CSRD and CSDD could encourage companies, especially the largest chesote ptagctive
role. In fact, the rules will move from a mere disclosure regime to one that, thanks also to the inclusimtidrssegime, determines behavi
specifically aimed at contributing to a sustainable transition.

2 Article 449bis CRR 1l requires the disclosure of information on ESG risks, Art. 98(8) of CRD V highlights the need for an asses#nes
integration of ESG risks into the SREP, with an analysis of governance and risk management issues, andifitabgAjuater of CRR Il callg
for an investigation into the possible need to include a specific treatment for environmental and social aspects withoaithh requirements
with specific reference to credit risk, this wowdtail a change ipracticesegardingthe entire credit process and the assessment of the relatg
with the aim of 'reorienting capital flows towards sustainable investments in order to achieve sustainable and inclusive growth'.

3 The current situation in the Italian banking system was also captured by an AIFIRM analysis (2021b) carried out in 282plench 31 Italia
banks (including 16 LSIs), which showed that currently 6% of LSIs and 20% of Sls have integrated spetifécatmms related to ESG factq
into their lending process. Overall, the analysis shows that, while the path taken is the right one, further policiesedukpneed to h
implemented to adequately integrate sustainability risks into current riskgmaent practices, and there is also a gap in technical availabili
resources between Sls and LSls.
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2 Literature Review

Currently, it is widely accepted among market participants that integrating sustainability risk analysis into a bankrsagsknant
framework is necessary from a financial perspective, not just a reputational one (Grippa et al., 2019). The literateziges the
challenges of implementing this integration, which can be sanmsed as follows: (iuncertainties regarding when the effects will
manifest and how institutional activitiesll impact them; (ii)insufficient data on ESG factors that aréeitirrelevant, unreliable, or
too complex to use for future predictions; (iii) Methodological constralvasks have based their risk management mode|s on
historical data, which may not be sufficient to include sustainability risks among the varegtldstermine traditional risks(iv)
misalignment of the time horizon compared to the stesrh planning in which banking intermediariase spacialised, indeed t
assess ESG risks, an evaluation over a longer time horizon, longer than 30 years, is required (Neisen et al. 2021 tteeconsic
manifestation of all possible effects.

Recognising the challenges that banks face in quickly implementing effective risk management practices, the literasare has
explored the involvement of other market actors in developing reliable methodologies for measuring and rating counESgdrties.
rating agencies aim to provide market participants with information on a company's ESG programme and potential riskalfrom s
or environmental exposures (Larcker et al-22). Among the first to study this issue Esefigmedo et al. (201Q)rovide a overview
of the evaluation criteria used by six sustainability indices and ten agencies. Although the information provided isénaddqua
heterogeneous, the study highlights the absence of eastiiret evaluation methodologye to the varying weights assigned to the
analysis criteria and the differees between the scoring systemseash index and agency expresses the results with a di
structure Subsequently, Stubbs et al. (2013), based on the case study of the ratings formulated taken/fagency, identify th
main shortcomings of ESG rating calculation methodologies, whichare also due to reduced objectivity, uniformity anchitgnspare
also due tdhe lack of specific regulatioms previous theories suggesdf the three aspects, transparency of rating methodolpgies
could help address the issues of objectivity and uniformity by allowing stakeholders to understand the underlying msbudivit

compare the ratings of different providers. However, subjéctivould remain unavoidable and desirable as a harbinger of innovption.

In the following yearsnumerousstudies have focused on direct comparisons between different agencies, Chatterji et al. (2014) fol
a surprising lack of agreement in the ratings of six major rating agencies, which remains even after "normalising" th€&gopte

definitions, which wou imply a reduced validity of the scores assigned, since by eliminating the sources of divergence they shc
have been idiosyncratically valid. This view is supported by the recent findings of Lopez et al. (2020), who show haowedi
arise even wherating agencies use similar definitiépwith some agreement on the worst perforrharsl on the measurement|of
governance risksAccording to the authors, attention should first be focused on standardising published data and then on transpa
of methodologies. The results of Capizzi et al. (2021) are partially inconsistent, for whom the S and G pillars aretaifthreosy
of the divergences: although the social categories address the same issues, the main differences would be due to thigneeights a
whereas for governance both the weights and the criteria differ, which would be explained by a higher degree of sitbjbet|vity

assessments adopted. Extending the previous analyses, Berg et al. (2022) used an inductive approach to trace théndisoregancy
back to the scope of the evaluator, the measurement and the weighting in the scores, to which the rateréfieellwbe addet!
The analyses of Dorfleitner et al. (2015) also point to a possible bias related to larger companies, which consistdathetigavi
judgements.

Gibson et al. (2021) analysed firm size as part of their investigation into whether rating discrepancies are corretétsel vetie
firm characteristics,hey found that more profitable firms have lower discrepancies, while firms with no credit rating (NCR) an
larger firms have higher discrepancies in ESG ratings. Moreover, companies with greater physical assets generallysexhibi
disagreement regardirgnvironmental ratings, which tends to in@eawith institutional ownership whileompanies witha high
bookto-market ratio tend to have greater disagreement regarding social ratings. These disagreements would not be neutral, &
found a positive relationship between disagreemamiscompanies' stock returnach uncertainties are priced by investors as a risk

premium, which would lead to a higher cost of capital for companies, especially if the disagreement is related to eralirgsuasht
However, Billio et al. (2021) demonstrate that observed ESG disagreaveakens the effect of invessfmeferences on asset priges
to such an extent that even when there is agreement, it has no impact on the financial performance of ESG portfolios.

Moving from a micro to a macro perspectigeme studies have analysed the dynamics of the CRA market and identified a trer
towards consolidation among players tietharacteristic of a young and growing market. However, it is not reflected in othen area
such as the adoption of compatible rating scales or an agreement on the factors to be included in the rating (Ch2022¢t al.,

Consolidation could result ithe provision of more standardized services, but it may also lead to a decrease an aordstence,
who may prefer a more competitive mark@tvetisyan et al., 2017);oncerns arise from the fact that the ratings of indiviglual

companies remain unchanged despite being integrated into a larger organization. Another potential issue that couldresadéitrus

institutions is the possibility of a conflict of interest argsfrom the owners' involvement in rating assignments. Tang et al. (2021)
used causal inference analysis to demonstrate that rating agencies tend to assign higher satisgigries ownebly the same
major shareholdershis effect is particularly pronounced when the institutional investor is more involved and holds a larger stal
Recent research suggests that disclosing ESG activities by companies does not necessarily promote convergence battveen c
ratings.The more data provided, the greater the scope for subjective interpretation by analysts; this is particularly prontwenced i

4 For example, in credit risk calculation, ESG factors could affect the variables PD and LGD.

5 See Chatterji et Al., 2009; Fowler et Al., 2007; Scalet et Al., 2010.

6 In particular, the authors examine 3 ratings produced by primary agencies.

7 In contrast, this relationship would be reversed according to the research of Christensen et al. (2021) and Liu et al. (2022)
8 Specifically, on aspects of CSR strategies and management: The former reflects communication practices related to the integratioie,qf ecor
social and environmental aspects into decisi@king. The latter includes variables that measure a company's commitmeffeatideaess in
following best practices and principles of corporate governance.

9 Scope refers to the criteria and hierarchies considered, measurement involves calculation methods, and the raterseffeenqeerformance
in one category influences the judgement of others.
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E and S domains, where discussions have only recently developed, while shared beliefs about governance are highen ¢
al., 2021).

Therefore, achieving an alignment of metrics and outcomes based on the same information will require time or extemtainn
Another empirical study on Chinese listed companies (Liu, 2022) found a strong positive relationship between qudistiagive:
and rating diversity, the authossiggesthat a possible solution could be the adoption of a purely standardized and quat
disclosure system. However, it is important to note that unknown factors may still exist, particularly in relptieaté informatior
provided directly by the company to the audit agency. Kotsantonis et al. (2019) also reached the same conclusion,

significant linguistic differences among intermediaries that could hinder-camspany result comparisort§imbrough et al. (2022
present a different perspectjthey conducted a textual analysis and found that companies that voluntarily publish ESG repg
lower contrasts between ratings, particularly in terms of environmental and social expectationbea they receive thindarty
assurance or comply with GRI reporting standards.

The main challenges facing ESG rating agencies can be summarised in three main elements: (i) completeness of infoah;
requires decisions on how to deal with missing public data, (ii) standardisation of published information using medreadh
directly comparable, and (iii) consistency of models, which needs to be systematically tested, including through backtysts
(Larcker et al., 2022). Understanding the underlying reasons for disagreement between rating agencies isefhénfidgtfising
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potential remedies and plausible consequences of divergence (Christensen et al., 2021). Divergence between assigadteneight:

particularly relevant, as it indicates a conflict over the importance attached to different ESG perforrdahegelationship betweg
the pillars.As a result, even if a company receives the same score for its ESG performance, the ratings they generate
significantly (Capizzi et al., 2021).

The shortcomings and inconsistencies identified in the literature so far have also been confirmed at institutional &wey by
the European Commissithwhich also formulates eight recommendations for overcoming them. These recommendations
with the findings of the literatutg focus on standardising data to at least partially reconcile evalugfitanting from a commo
disclosure that reduces the reporting burden while increasing the quality of information and the transparency of ratinigpgreth
would indeed make stakeholders more aware of their ch&cespean regulators have already moved in this direction by adg
a number of pieces of legislation aimed at creating an environment in tahgefted and comparable information is fully avail&bl
In any case, a recent study (Serafaim et al., 2022) already recognises, res sic stantibus, the predictive capacitingé B8i@cta
would reflect the commitments made by an organisation to achieve a sustainability outcome, with respect to fufpositiegrsr
negative) on sustainability issues. These could then be used by investors as a possible input into themdkitigipnocess.

3 Stress ésts: characteristics and uses in the context of supervision

Stress testing can be broadly defined as simulation exercises designed to measure a firm's ability to copeefiftbdoseenario
of varying severity and probability of occurrence. For banks, this involves analysing how institutions would cope atitbticgh
adverse scenarios, such as recessions or financial crises, and the results are represented by the determination @nthiee
variables analysed in order to determine what the EBA calls "resilience”, i.e. the institution's ability tenaitiral possibly recove
This tool, which has been a cornerstone of the prudential supervisory infrastructure, has evolved in recent yearsing§tveas
initially conducted by banks for internal risk management purpbséseregulatory adoption of thisractice was formalised in 194
with the amendment of the Basel Accords to include a stressed component in the calculation of market risk capital reqQingn
later, with the publication of Basel Il, were such tests extended to credft risk

The financial crisis of 2007 was a mimg point for this instrumet; as tle market turmoil revealed that the belief in the existeng
'too by to fail' firms was unfoundedoreover there is evidence that bank balance sheets are more apagqufose of industrig
firms and thathis lack of transparency is exacerbated in times of crisis. Furthermore, publicly disclosed supervisory meas
as regulatory capital ratios, were considered only slightly informative aadiheiscounted by the marketerefore, supervisof
needed new tools to allow the market to 'check the math' (Schuermann, 2014).

The first example of this new wave of tests was the US Supervisory Capital Assessment Programme (SCAP) conducted al
Reserve in early 2009, while in Europe the Committee of European Banking Supervisors (CEBS) conducted a first 'coresar
test, followed by another one the following year, on 91 European banks, of which only seven required capitallihjec0dg, 97
banks were again subject to stress teatsed ouby the newly established European Banking Authority (EBA)

10 European Commission (2020). In summary, the panel identified the following barriers to market development: the neeat foarggpatency,
accuracy, timeliness and reliability edluations, the presence of bias, conflicts of interest and reduced correlation. In addition, there is @
materiality between the different indicators and comparability of company disclosures, including through clear and temsistngy.

11 See, among othersBerg et £2022) e Lopez et Al. (2020).

121ncluding the emphasis given to the different topics, which may be the reason for the different weights.

13 See, inter alia, Implementing Regulation 2022/2453.

14 This practice began to spread in the 1990s to complement the techniques adopted to assess market risk exposures ([2eGae whiah
were essentially based on the use of historical data that did not predict the occurrence of future streshielesftenvdid not occur in the san
form several times.

15 The regulatory update required, among other things, the adoption of stress tests to support the validity of institutiahshaalels, which

N
may

a
5, in i
n
D
pting
e
1

mpac
r.
tes
)6
nent

e of
1
Lres,
S

the F
rent’

need

ne

n

calculated capital requirements according to IRB models. However, at the onset of the financial crisstréssksddels were still being developed

to capture both credit and market risk (BCBS (2009)).

16 Prior to that crisis, only a few supervisors had conducted tests, which turned out to be mere exercises with littlpatitem ithe policie
adopted in the banking sector (Dest et Al, 2016).

77KHVH GLG QRW SURYH WR EH IXOO\ HIITHFWLYH DQDO\VHV FDUULH @lioR jomridh \baBks
that had requested support from the EU and the IMF. These banks had previously passed CEBS tests.

18 EBA was given responsibility for conducting BAdde stress tests by its founding regulation (Regulation (EU) No 1093/2010, Article 3
which gives it the power to initiate and coordinate stress tests in cooperation with the European Systemic R{ESB&)r This includes th
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For the 201 ktresgest, the authorities had already developed a structured $yateapplied scenarios according to a-size-fits-
all logic®. This first stress test was a milestone for the exercise, as most features oftfideEStress test have remained unchari
since its inception.

It is a solvency test based on a bottomapproach anderformedat the highest consolidation levé@he exercise requires banks

ged

to

provide projections that are subject to constraints and a static balance sheet assiMaptgement actions taken to mitigate the

impact of shocks are not taken into account to prevent banks from making overly optimistic projections and to ensuneycand
comparability of results.

The balance sheet simulation is conducted over a-freaeperiod, and the adverse scenario is based on the main system
identified for the banking sector during that tihe

ste

ic risl

The initial aim of a bottorup approach was to engage banks in risk identification through the use of their models, thereby pfomot

the development of efficient risk management practigeite havingthe advantage of producing tadorade data and models.
addition, bottorrup models aim to evaluate the effect of stress on individual banks and then analyze its implications for tke

Another important feature is the provision of detailed disclosure, including data on exposursk &amtais broken down by ban
which promotes market discipline and improves public information on banks' risk exposures. This was particularly use
exercisegarried oubetween 2011 and 2014, which coincided with a relatively unstable economic environment.

The stress test of 2014 took place in the context of the entry into force of the SSM, with the objective of achievirgayitaygl

In
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field. The introduction of th&SM followed the comprehensive assessment of Sis carried out since 2013, which consisted pf an

depth assessment of the balance sheet of these institutions, consisting of two elements: the asset quality re¥iand A@R}ress

test.

The prudential assessment had three main objectives: to evaluate the financial health of the institutions, to quardsgyrég me

needed to comply with prudential limits, and to provide comparable information (Visco, 2014).

The AQR data were used as the starting point for the subsequent stress tests, which considered more severe and @egible
scenarios than the previous ones (Georgescu, Z00&)2014 tests, like those of 2011, had hurdle rates that had to be met in order

pass the te¥t this pasdail logic is overcome by the 2016 te8tghe results of which have been incorporated intsfeeific Rllar
2 Guidancemeasures under the SREP.

It is important to note that the EGBd NCAsareobligated, under Article 100 of the CRD, to perform stress tests on banks
directly supervises at least once a yeamccordance with the methodologies developed by the EBA, and the results are then in

that i
tegra

into the SREP cyck. The 2018 stress test did not introduce any significant methodological changes to the test, except for

adaptation to IFRS9 and the focus on credit risk.

In contrast, the 2020 test included refinements to the treatment of demand deposits, which now have a specific discigig
the minimum NPL coverage that must also be applied following the introduction of calendar provisioning, and adjustreerts,
the new framework for securitisations. Ttest was postponed for a yeafteavard the methodology was updated to conside
treatment of moratoria and exposures backed by government guarantees, as well as regulatory changes introducegedu
(such as the Quick Fix Regulation). The changes listed briefly illustrate how such stresses are flexible and adaptilal
conditions, depending on the supervisory priorities in the relevant context at a given point in time.

As reported by the EBA (2020), these tests, and in particular the bofi@pproach, have contributed to enhancing the resilien
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the EU banking sector by involving banks in the process of forecasting the stressed outcomes and providing thentevitlven in

to develop their own methodologfés

responsibility to develop a common methodology (including its interpretation) and to communicate the results, with thesiEBRB the adverg
macroeconomic scenario as set out in Regulation (EU) No 1092/2010 and the ECB providing the baseline oracceeoario.
191t specifies more than 70 risk factors for the trading book, eight macro factors for each of the 21 countries, as walisasrhsovereign asse
divided into seven maturity bands, such as GDP growth, inflation, unemployment, residential and crpropeaity price indices, short and le
term interest rates and equity prices.

20 |t seems appropriate to point out that, unlike its US alter ego, the European authority has already had to deal witmihef gesigraphica
heterogeneity, since its exercise covers 21 sovereign nations with quite different economies and banks(efladted in the different busine
mixes of the banks).
21 These are translated into exogenous shocks, and the shock profiles are then fed into the dynamic macroeconometric toquielectsk
macroeconomic and financial variables that make up the scenario output. The translation of the scenaridlatothatimfluence the valuatiq
of the elements of banks' balance sheets thus takes on an endogenous dimension (Contancio, 2015).

22 For example, in 2011, the results of individual institutions were first verified by the national competent authorities &ivirded to th
EBA, which, together with the ECB and ESRB, calculated aggregate values for the entire European market.

23Thiswas a poinin-time assessment using the ECB'sdopvn models in an automated and eidtizen manner, focusing on the material deviati
identified between its estimates and those of the banks. The asset quality review resulted in a CET1 capitemeoiu8® of RWA, above th
regulatory requirement of 4.5%. The review covered both credit and market risks.

24 The minimum capital ratios (CET1) for the adverse scenario were set at 5% in 2011 and 5.5% in 2016.

25The other changes introduced by the 2016 stresses are briefly: the request for specific information on 'conducyrisiter foeus on 'indireg
exchange rate risks, which derive from foreign currency positions taken by borrowers, the chamgarnmpth of banks used for the test (redug
this last change has 'lightened' the tasks on the authorities by allowing for greater specificity and also considenitigtte®as launch of differe
analyses and in the same years (Resti, 2016).

26In the years when the EBA coordinates the stress test, the ECB conducts an internal stress exercise for banks uhdapésvitiiec that ar
not included in the Elvide test. This parallel exercise is part of the annual SREP cycle and includescéssary adjustments to ens
proportionate treatment of smaller banks.

27 Such an approach would also allow supervisors to better understand the mechanisms of banks' internal models andrprejatibarts ithei
business models and risk profiles.
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The production of a consistent and comparable set of results demss is a significant benefit andstparticularly important fo
maintaining a level playing field and for identifying weaker and/or stemrisitive bankdNeverthelesstheauthority has identified
areas for improvement that could result in more significant changes. These areas include:

() a lack of clarity in prioritising individual test objectives, which can sometimes cd#fl{d@ inadequate integration into the

supervisory proces% and (iii) high resource requirements, particularly in the exercise design and results validatio¥.phases

[

TheEBA proposes a 'hybrid' framework consisting of two branches: the supervisory branch and the banking branch. The superv

branch would form the basis for supervisory decisions, while the banking branch would allow banks greater flexibilitysaod
more detailed disclosute Although this design has been shelved for the time being, the rationale for this innovative proce|

the reported methodological changes in the 2023 test. In addition to refining the definition of the adverse scenarigrdozujsned

to estiméae the projection of net fees, including its compondntkywing a topdown approachysing a model prepared by the E
and introducing hybridisation features. In addition, intermediaries were required to assess credit risk by breakingiompaunt
according to the sector to which the counterparty belonged; in this sense, 16 differmhie sectors were considered, indte
recent geopolitical context has shown how the heterogeneity of exposures strongly affects the inherent risk of diffeness.ex

We have so far focused on microeconomic stress tests, but already in 2015 it was clear to supervisors the importariog af
test at the macrprudential level, which could contribute to the definition of macroeconomic policies to be implemeateghttire
systemic risk assessmé&hntAs pointed out by Constancio (2015), the mamnadential function requires going well beyond
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aggregation of individual bank results in order to properly assess the macroeconomic impact of the stress results, Mhich s

combine the objectives of orb and macro supervision in a complementary manner. This type of analysis, as developed by
takes a toglown approach, with the authority itself developing a single model that is fed with data from individualianksg
for a structural and homogeneous assessment while eliminating the arbitrariness inherent in individual assHssra&Bswill
further refine the analysis by codsring a dynamic balance sheet tit vary as a result of management interventions in resp

the E

pnse

to adverse cinemstanceslin addition the analysis of 'secorrdund effects' has been conducted to account for potential contagior

resulting from the high level of interconnectedness in the current financial enviréAment

A comparison was made between two stress models based on the exercises conducted in 2018 (Budnik et al., 2018).
showed that institutions were more sensitive to the macrj tleserms of profitabilityand where, o average, the CET1 solven

The
cy

ratio was higher, although the CET1 numerator decreased more in nhominal terms due to the evolution of the balancehgheet a

possible responses presented by intermediaries. The NPL ratio dynamics differ, with the inlmatog greater sensitivity i
macroprudential stress te¥ts

The ECB has recently used stress tests for ad hoc analyses of individual thematic areas to assess the potential inifi@ct of <

shocks. For instance, interest rates in 2@)1iguidity risk in 2019,while in 2024 the lens will be set on cyber resilierRegarding
sustainability, the ECB has been conducting stretsaesclimate risks since 2021 in ordeet@mine the resilience of intermediar
to the three scenarios formulated by the Network for Greening the Financial System (NGFS) oweaa [3€riod. From

methodological perspective, this was a-tlivn test that reliedn specific climate scenarios whiallowedto testthe interactior

between transition and physical risks at the level of individual counterparties. The ECB repeated the exercise irS282® for

analyze the impact of environmental risks on traditional risks in the scenarios developed by the NGFS. The exercisectaml conc

by thesupervisor as a cognitive tdstusing on certain asset groups which, by definition, could be more exposed to such ri
to assess any indirect impact on the SREP (without currently foreseeing a possible need for capis)l@dd to the significanc
of the matter, multiple international authorities hgerformedthe exercise, albeit with varying approaches, time horizons
objectiveg®. Studies in the literature indicate that European banks under stress, with lower capital buffers, tend to reduce
NPLs more intensively to improve their capital position, while others do not increase the risk in their portfolios (daraf2ej°.

Pierret et al. (2019) and Cortés et al. (2018) demonstrate that stress tests can effectively prevent exctssivg esien if capital

28 An example of such a conflict is the microprudential objective of simultaneously incorporating stress test resultsbatiksaSREP, which i
at odds with the macroprudential objective of assessing systemic risk.

29 The static balance sheet assumption, which does not take into account management actions, makes it difficult to caheessicapitto 3
regulatory capital increase (i.e. P2G) without adjustments, which could undermine the comparability of assasspssrinstitutions.

30 Supervisors are also aware of the benefits and limitations of stress tests, as shown by the speeches of de GuindoEr{@axapaay

31 For more information on the proposal, see EBA/DP/2020/01.

32 Defined in EU Regulation 1092/2010 as the risk of disruption to the financial system with potential serious negativencesdeqtiee interng
market and the real economy. All types of financial intermediaries, markets and infrastructures ardypsystaiaically important to some exte
33 As with the EBA, the ECB also had to address the issue of geographical and economic diversity. In this case, the sedizagicemedents
macroeconomic block for the 19 euro area economies and attempts to capture the dynamic interdependgreigegeofea and financial variable
to take account of the specificities of the different systems, banking assets are modelled at a sufficiently granulandesogaaphical level
reflect the main sources of heterogeneity among banks and iffiefierat sensitivities to macroeconomic shocks, while on the liabilities sid
dynamics of equity, wholesale and retail funding are distinguished.

34 Average profits are higher in the baseline scenario but lower in the stressed scenario, as net interest income eeohiths assiet expansid
or contraction depending on the reference environment.

35 This result is also due to the assumption of zero cure rates in the EBA tests and the impossibility of writing off ingtmesl fpom the balang
sheet.

36 This exercise analysed the impact of the six different scenarios defined by the Basel Committee, which are now arrimtetpalgsaessme
of this risk.

37 The exercise was divided into three parts: a questionnaire to understand the bank's valuation capabilities, an exantifyetie qabalance]
sheet exposure to transition risk (in terms of financed GHG emissions), and a-bptstrass exercise farsubset of institutions to assess in m
detail the potential vulnerability of certain banks.

38 The only points of convergence were the use of a static balance sheet assumption and the use of scenarios developE8.dyahfuiti@
details, see UNEP (2021).

39 Acharya (2018) arrives at similar results when considering the US market.
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requirements do not substitute for promoting prudent lending policies. Additionally, the publication of results thainformidgion

on the prospective assessment of solvency impacts funding costs and share prices, enabling a clearer distinctigobetaee

'bad' banks (Georgescu et al., 2017). From an empirical standpoint, the results of the 2023 stress tests show a steadyhgcrea

average CET1 FL when ompared to previous tests cadieut by the EBA. The CET1 FL increased from 11.192014 (the first
year of implementation under the SSM) to 15% in 2021 and 2023, indicating greater resilience eveneérothadezasingly sevet
shocks; in factri 2014, the adverse scenario resulted in a depletion of 260 bps, while in 2023, the reduction recorded wds

In conclusion, over the past decade, and particularly since the SSM came into force, supervisory authorities $teegsussts t

assess the soundness and solvency of banks, even in hypothetical adverse stkisaidas,. which would contribute to improving
the resilience and transparency of the system as a whole, has been refined over the years throughby-aingnapproach in

order to reduce the simplifications that distance the test results from jreadityover, this exercise has provenbe suitable fo
different uses (e.g. the use of thematic analyses, including sustainability through climatestskasd for different purposes (miq
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and macro prudential), as well as being easily adaptable to the dynamic regulatory and contextual evolution to whidarie&rmed

are subject.

4 The Methodologies of ESG Rating Companies
Thegrowing emphasyis osustainability issues has created a market demand for professionglatiraatings, and the supply si

de

has responded accordingly, with the emergence of several companies offering ESG ratings and scoring. However, thenexk| of co

ratings means thale rating client/buyer inevitably bears the model risk used by the agency.

The lack of unambiguity in the analyses has been noted both in the literature and by institutions, but from the artaysis o
methodologies it may be possible to derive certain common aspects that could be useful to regulators and/or supendswisgn st

a stress test to gain more insight into social and governance elements. In order to find similar connotations, orratrea;
assessment criteria, with respect to possible variables to be stressed, the following is an examination, basely angdablie
information, of the methodologies and metrics used by various agencies to assess ESG aspects.

4.1 Cerved Methodology

Cerved is an Italian company operating in various areas of the financial sector. They have developedlaasedpertthodolog
that involves a qualitativguantitative valuation with measurements based on key risk indicators (Figure 1). The valualimrg I
from an algorithmic calculation is corrected by an analyst's judgement aimed at capturing the peculiarities of the Salnaten.
risk indicators are strictly selected on the basis of the sector in which the company ppdritdeshers are \alid regardless of th
operating context, such as data relating to corporate welfare and governance.

The data is sourced from public documents and dividesl Sections E, S, and Gofmogeneous clusters are formed for the s
companies to highlight their operational specificities in each sector. An initial assessment is made by comparing #lisu
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risks typical of the sector with the exposure of the company under revieesw tilsks, using a matrix. The data is measured against

indicators using a-point scale for quantitative data and-pdnt scale for dichotomous qualitative indicators.

Each key indicator is weighted between 0% and 100%, the weighted average is calculated by determining the score fioneach ¢

and then calculating the weighted average of the sections to obtain the final score.

Figure 1: CERVED Key risk indicators

_ Social Governance Economic Impact

Economic Value
Natuaral Capital Dependence | Workforce Labour practicel Composition Distribution
Climatechange Carbon footprinf Human Rights Conflict of interest
Products and services Product Responsibility Corruption
Supply chain Society Anti-Bribery and AntiMoney laundering
Innovation Stakeholders Remuneration & Incentives
Tangible value Disclosure Gender Diversity
Compliance Shareholders
Disclosure Anti-competitive behaviour

Tax Transparency

Risk Management and Performances
Remuneration Policies

Disclosure

Source Personal elaboration o« HUYH® HMDRGRORJLD GL 5DWLQJ (6*

4.2 MSCI Methodology

MSCI is a financial services company that provides ESG ratings to help investors understand the ESG risks and opgdtet
company under review and how it manages them.

The company usesralesbased methodology that is fed by public data. The séeased approach identifies 33 key issues (ref
Figure 2).

40 |In other years, the depletion is 340 bps in 2016, 395 bps in 2018 and 485 bps in 2021.
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Six of these issues are universal (identified for Pillar G), while the remaining issues are selected based ondistrgutl the
assessed company (selected from the 163 provided by the Global Industry Classification Sanciayt.

The weights for each stibdustry are calculated for every assessment area. In Pillar G, the weights are determined at the p!
with a minimum weight of 33% in the final assessrffent

The environmental and social 'key issues' are divided based on their capacity to generate risks or oppanifotie®r is assigne
risk exposurt® and risk managemefitscores, which are then combined using different approaches.

llar le

d

The scores for each key issue related to the different metrics are calculated by taking the weighted average of théiickcires,

then normalized by the sum of the underlying weights.
Similarly, the scores for the three pillars are calculated by taking the weighted average of the scores for the keyedginesaeach
pillar, normalized by the sum of the underlying weights.
The governance aspects are scored using a different methodology, which employs a dbdsetianodelEach company begin
with the highest score, and deductions are applied based on the assessment of eactr.indicator

Figure 2: MSCI Key issues

Climate Natural | Pollution Env. Human| Product Stakeh. Osogrlﬁlmi Corporate Corporoate
Change | Capital | & Waste | Opportunities | Capital | Liability | Opposition pges Governance| Bahaviour
Carbon Water Em-igos)i((l)%s & Opp. In clean ,\I;lz?:;l;; sParf(()e (:;f; Controversial Accessto| Ownership Business ethics
Emissions Stress Waste tech ment Quality | sourcing Finance control
g;%%ﬂ ?%ﬁj:i/ae;zlt 52?;?319 Opp. In Green | Health Chemical | Community | Access to Board Tax
Footprint Use Waste Building & Safety Safety relations | helathcare Transparency
Human
. . Raw . Opp. In . Consumer Opp.In
Financing 3 Electronic Capital - . "
Env. Impact Mater_lal Waste Renewable Develop F|nanc!al nutrition & Pay
Sourcing energy ment Protection Health
Climate Supply !
Change chain Privacy & .
o Data Accounting
Vulnerabilit Labor Securit
y Standard Y
Responsible
investment

Source PersonalHODERUDWLRQ RQ 06&, 3(6* 5DWLQJV OHWKRGROR

4.3 Standard Ethics Methodology

Standard Ethics, an independent UK rating agency, states that measuring the sustainability of companies involves
comparable external data on theompliance with international guidelines teéggj common goals and defimg the distance o
companies from a common strategy or-pstablished, unambiguous quantitative targets.

Sustainability ratinggbased on algorithms that follow the same guidelines and autonpanew@ssessments of a company's abilit
balance ESG issues, measuring its ability to capture opportunities and manage risks over theinteldingiterm

In addition, the opinions provided are not predictive and do not analyse potetutial events and their impact, instehdy asses
the vulnerability that may arise from financial, operational, and reputational risks.

The information used to determine the rating varies depending on whether it is solicited or unsilititedormer case, data a
documents are requested from the company, while in the latter case, only publicly available information is used.

An analyst, supported by a team of specialists, gathers information from published reports, interviews, and discus
management.
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This information forms the basis for the analytical assessment of the company's sustainability status, operational pegndnanc

risk management policies and strategies.
The guidelines for the analyst are divided into three pillars (Figunh&h measure the gap with international guidelines and er
the applicant to identify and improve its loterm ESG strategylhe sustainable practices are examined through the policie
practices implemented by managent in a marketlriven manner.
The rating model does not use calculations based on weights or indicators, but is a method based on a proprietary at gt
six sets of variables, five 'standard' (one of which focuses on ESG factors to capture whether the company is aligstedtivitial
goals) and one sustainability risk variable.

4LIn certain cases, if a company has a key issue that is not shared by other companies in its sector, this is addeth@fb@ftbightmaining ke
issues are reduced proportionally).
42 Each environmental and social issue generally accounts for between 5% and 30% of the total ESG rating. Key issue dedtigimsnaak for

each ESG subector based on the sabctor's contribution to the associated negative externality and the exjpaethdrizon for its materialisation.

43 Which covers 3 areas: Business in which the company is present, Geographical areas, Own characteristiospafitye
44 This aspect assesses a company's strategy, programmes and proven track record for the aspect analysed.

45 According to the company, governance and corporate behaviour are universally relevant, so the approach quantifiesvibengagdm®pany’
governance practices and what is considered best practice.
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Figure 3: Guidelines Standard Ethics Pillars

I Competition: Market And
Competitors

Il ownership: Shareholders Capital
And Ownership

Il management: Board Of Directors &
Management

Market AndDominant Positions

Internal Voluntary Rules On Ownership

IVR On Directors

Contracts, Financings And Public Aid

Ownership And Conflict Of Interests

Directors And Conflict Of Interests

Market Distorsions, Favouritism &
Corruption

Non-Controlling Shareholders (Minority) Protection
And Directors Appointment

Disclosure And Transparency

Disclosure And Transparency

Patrticipation And Vote In Gm

Employment And Human Resources Selectid

Health, Safety At Work And Socif@lialogue

Adaptation To Changes
Environment
&RQVXPHUV $0G 4XD
Science And Technology
Local Communities
Business Parners
Human Rights
OECD& European Strategies

Source Personal elaboration oStandard Ethics’Explaining Corporate Solicited Ratings

440RRG\TV OHWKRGRORJ\

0 R R G\ favU&based service provider that evaluates sustainability issues that could impact a company's creditworthi
assessments are based on publicly available quantitative information and vary depending on the company's sector an
structue: dfferent evaluations are conducted for publicly and privately owned companies.

ness.
0 owr

Sustainability assessments formtpair the credit rating analysis anket agency establishes Sustainability Profile Scores (SFES) to

indicate its opinion on the extent to which a particular issuer is exposed to ESG risks or benefits from related oppseerkitgre

4).

According to the agency, social risks represent the broadest range of considerations among the three categories panthttogr im

to the credit profile varies. Social considerativersd to bemore significant for the credituglity of public sector issuers althou

their impact on credit risk materialises over a longer period compared to the private sector, where their manifestatromiedsate

effect on creditworthiness. Governance issues have an equal impact on both sectors, but are drérealbigdtors.

The exposure to risks E andi&reforedepends on the compositi of the company's activities sgctorlevel information is used tp

gh

assess the scores in these areas. The sector dzased, on th internal methodology, determine the exposure to these risks anc

constitute the starting point for the individual analysisr component G, however, the starting point is the characteristics
individual company.

of the

Unlike sector ratings, the IPS includes mitigating or enhancing actions that the company can take to take advantagmitiespport
In determining the IPS, a qualitative assessment of the overall exposure is made, taking into account the scores asdigned t

category; Moody's believes that the highest risks often outweigh other considerations, so the score of the worst catsgergds
In addition, the risks of the different aspects may add up, so that the assigned IPS may be even worse (conversawsttip
between the different risks may lead to the recognition of strengths, thus improving the IPS).

Figure 0 R R Gsu$tsinability categories

ISSUER PROFILE SCORES (IPS) |

Environmental Social Governance

Carbon Transitions Customer Relations Financial Strategy & Risk Managemen

Physical Climate Risks Human Capital Management credibility and track reco

WaterManagement Demographic and Societal trend

Health and Safety

Organizational structure

Waste and Pollution Compliance and Reporting

Natuaral capital Responsible production Board structure and policies

Source Personal elaboration or0 R R G ¥®aneral Principles for Assessing Environmental, Social and Governance Risks Methddology

4.5S&P Methodology

relat

The USbased company conducts an annual, continuously updated assessment of the suszenialitignce of companies that are

invited to participate through the administration of a questionnaire (61 different questionnaires are prepared foritheespatif

aligned to the GICS), to which participants can submit detailed information and sogmmtumentation (also in the ngublic
domain)*®. Each year, a rutbased methodology is used to assess the sustainability opportunities and risks of companies,

46 For companies that do not respond, a team of analysts completes valuation questionnaires on their behalf using pableipfavaibtion.

AS WeE
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their short, medium, and lortgrm impacts. The quantitative data for each seistmormalized by the agerféywhile qualitative

issues, such as corporate policies and management approaches, are scored based on their content rather than thaiemere pres
The data is scored objectively, with each response assigned a score between 0 and 100 and converted into poirdefusiag pre

algorithms that vary according to the complexity of the data in each qudstemeight of the different criteria and related quest
is determined by their relevance and materiality for a giverssator.

Prioritisation is based on the expected magnitude, likelihood, and timing of the impaetamrtpany's financial position which
then verified annually by correlating the sustainability factor with financial results.

ons

The responses are progressively weighted and summed at the level of the underlying criterion (see Figure 5) and d¢veh ft the |

the sustainability dimension to arrive at an aggregate that forms the final score.

Figure 5: Criteria underlying S&P questions

Environmental Dimension Social Dimension Governance & Economic Dimensid
Climate Strategy Addressing Cost Burden Anti-Crime Policy & Measures
Environmental Policy & Management Information Security/Cybersecurity

Corporate Citizenship and Philanthropy

Systems & System Availability
Environmental Reporting Financial Inclusion Corporate Governance
Operational Ecdefficiency Health Outcome Contribution Customer Relationship Managemg
Product Stewardship Human Capital Development Financial Stability & Systemic Risk
Human Rights Codes of Business Conduct
Labor Practice Indicators Innovation Management
Occupational Health & Safety Marketing Practices
Social Reporting Materiality
Strategy to Improve Access to Drugs or Product Quality & Recall
Products Management
Talent Attraction & Retentio Privacy Protection

Policy Influence
Risk & Crisis Management
Strategy for Emerging Markets
Supply Chain Management

Source Personal elaboration oi&laborazione personale su S&S&P GlobalESG ScoresMethodology

4.6 Sustainalytics Methodology

Sustainalytics, part of Morningstar, is ardependent ESG research, rating and analysis firm that provides sustainability ratings a:

forward-looking measure of the extent to which a company's economic value is at risk from ESG factors.

The ratings consif a quantitative score representimgmanaged risk, and a risk category to which companies are assigne
on the quantitative score, which is absolute and independent of tsestial to which they belong, thus facilitating comparabi
The quantitative score is made up of three blocks: Corporate Governance, Material ES&asdudsyncratic ESG Issues.
The first block applies to all companies, with its final weighting varying depending on the selection of material ESfarissa
specific company.

1 bast
ity.

PS

The second block is assessed at a subsector level and focuses on themes that require a number of management inititdivies to

them. Finally, idiosyncratic issues are those that are strictly unpredictable and not related tesdotcsub

The assessment is based exposur® and risk managemetit in the beginningthe exposure is determined, followed by
assessment of the risk management.

Finally, the unmanaged risk (the sum of the unmanaged risk and the managen¥nisgegiculated, which is the main ri
component tavhich the company is exposethe final score is calculated as the sum of the unmanaged risk scores of the

an

5k
mater

ESG issues. This methodology is based on an absolute notion of risk and is structured around the material ESG issgesftarich a

broad issues that do not fall exdltedy under one pillar, but concern combinations of several elements.

The cluster scores E, S and G are only subsequently constructed as a linear combination of the scores generated aftib
level, with the weights reflecting the relative importance of the indicators making up each pillar, which are identif@idcatca
oneto-one relationship with the clusters (i.eeyhare classified as E, S or G), thhe individual scores of the aspects of
sustainability components are not part of the ESG rating architecture, but are provided as additional inf@igatod attempts t
map each analysis object to each of the sustainability pillars.

47 The normalisation factors measure the size of the business, provide information on the operating environment anafapéitabelity between

companies with similar risks and opportunities.

48 Factors whose presence/absence could influence the decisions of a responsible investor are considered material.

4% From the suksector reconstructed on the basis of public information, it is traced back to the company's speséatasutly calculating th
deviation from the average using the beta factor, which takes into account specific characteristics netathett® and production, financi
characteristics, events and geographical location.

50 Management is the set of corporate commitments, actions and results that demonstrate how well a company manages tlief&s6. vs
company's overall management score is derived from a set of management indicators (policies, management sfisgtimsscett.) and outcom
indicators. Outcomdased indicators measure management performance directly in quantitative terms or through a company's invo
controversies. For each ESG/issue combination, management, quantitative performaneetandieators were selected and weighted to exj
and measure how well a company manages an issue.

51 Part of the risk not adequately managed by the company.
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Figure 6: Sustainalytics| ESG topics by theme

E
Emissions, Effluents and Waste;
Carbon-Own Operations;
Resource Use;
Land Use And Biodiversity;
Carbon products and Services
S E&S Impacts of G
Products and
Services
ESG
Human Capital; integration
Occupational Health and :
safety: Corporate Governance;
Human Rights; Product _Business Ethics;
Community Relation; Governance; - Bribery and Corruption

Access to Basic Services ~ Data Privacy

Source Personal elaboration oré X V W D L QOvédwéw [OfSstainalytic§Material Esglssues

4.7 RefinitivMethodology

Refinitiv is one of thdargest ESG rating agencies, whose methodology is divided into two distinct phases: in the first phase,
behaviour that can be deduced from the public documentation is analysed in order to assess the company's performasuméan ES
is formulated basd on the company's positioning on the percentile of the peer distribution); the company has identified arpund
qualitativequantitative metrics, of which the most relevant are selected to construct thé, stieided into 10 categories, as shown

in Figure 7: Within each category, each indicator is given equal weight, while the weight of each category for eadupititifiésl
by the number of underlying indicatéts

Figure 7: Refinitiv Categories

Resource Use
Environmenta Emissions
Innovaion
Employees
Human Rights

Local
communities

Product
Responsability
Corporate
Management
Shareholders
- CSRStrategy

Social —

Il

Governance -

Source: Personal elaboration d&quita 6 RVWHQLELOLW)] XQD YDOXWD]LRQH VX PLV

This initial assessment is then supplemented by an analysis of any disputes involving the company, which may leaddn anf
the score resulting from the first step. To calculate the score for Pillars E and S, the reference benchmark is cdtisiuéne
company's reference sector, as defined by the internal taxonomy developed by Refinitiv, while for Pillar G the referénée
identified on a geographic basis and subdivided by state.

5 Discussion
Having highlightedthe general aspects of the methodologies, it is possible to discuss the similarities and differences be

various agencies by focusing on the social and governance aspects. The primary difference lies in the interests asabtbje
agenciesThese range from companies that analyse sustainability risks solely from a credit risk perspective, to others thiat

52The relevance of a given indicator may be different for the different sectors identified.
53Weight is defined as the number of indicators included in the category compared to the total number of indicators considered.
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assessments as pointtime and norpredictive, to raters that operate from a forwknoking perspective without considerigi
breakdown by pillar to be informative. Methodologies can be broadly divided into two categories: those that follehaa

a

le

approach, based on algorithms, and those that follow an exgmeetl or analystriven approach, in which the analyst is empowered
to make adjustments based on qualitative judgements, according to evidence that cannot be verified by mathematicabmedels;

case (Standard Ethics), indicators and the weights assigned to them are not é¢graweder, there are also points of convergen
such as the use of public information as an input to the assessment, which is 'replaced' by confidential informatiovocadgbgies

ce,

and under certain conditions: S&P, if the company agrees to comm@eataehtionnaire, and Standard Ethics, if the rating is requésted.

It is also acknowledged that social and governance issues create both opportunities and risks, rather than just absobitesi
operational risk.

sk

Another point of agreement among the agencies is the necessity of conducting a custom analysis of social risks spesfitoto th
or subsector of the reviewed company. This involves not only adjusting the weight given to various assessment viaaiableis|bu
some cases, selecting specific indicators or, as S&P does, creating a tailored questionnaire. The sectoral breakdeWrasedIway

on internal taxonomiegst in onecaseit is shared between two agencies, MSCI and S&P, which use the satierdtéor sectoral

classification, the GICS. At the same timehie methodologies for assessing governance risk are quite diverse, although they
recognise the highly idiosyncratic nature of the analysis, which leads to solutions that are totally absolute and indépkeadent

individual company, others that take into account the geographical location of the company, and even methods thatveréndeduc
terms of an optimum or best practice. With regard to the macro issues considered by the agencies in the context od&ocial i

assessment, common features can be identified (see Table 1).

Table 1: Macro-themes analysed in the Social field

CERVED MSCI Standard Ethic Moody's S&P Sustainalytics Refinitiv
Human Capital Human Capital| Human Capital Human Capital HumanCapital | HumanCapital| Human Capita|
Product Product Product Product Product Product Product
Responsability| Responsability | Responsability| Responsability| Responsability | Responsability| Responsability]
Disclosure Disclosure Disclosure
Relations with| Relations  with Relations with Relations with| Relations with
third parties third parties third parties third parties third parties
Human Rights | Human Rights | Human Rights | Human Rights | Human Rights | Human Rights | Human Rights

Source Personal elaboration

With reference ttiuman capital, the main issues analysed are diversity and inclusion, potential job prospects and training, arjd wo
conditions, with a focus on health and safety. Human rights also appear to be covered by the same basic assessmeintsha|thoug
caseof MSCI they are covered under disputes involving the company, while in the case of Moody's they are covered under produ

responsibility for potential disputes arising from supply chain management. With regard to product liafélignae is made to the

quality of products placed on the market, taking into account consumer health and safety, or compliance with marketisg
given the potential impact on reputation; in the case of S&P and Moody's, particular emphasislismplhesupstream productio
proces®. In relation to third parties, reference is often made to the company's relationship with the local communities in
operates and/or with all its stakeholders.

Table 2: Macro-themes analysed in th&overnancefield

CERVED MSCI Standard Ethics| Moody's S&P Sustainalytics  Refinitiv
Corporate Corporate Corporate Corporate | Corporate Corporate Corporate
Governance Governance | Governance Governance | Governance | Governance | Governance

. Business . Business Business Business
Busines<Londuct Conduct Business Conduc Conduct Conduct Conduct
Risk Managemen Risk Risk Risk

9 Management Managemen| Management
Market Market
Market Strategy Strategy Strategy

Source Personal elaboration

On the topic of governance (refer to Table 2), corporate governance and corporate conduct involve various sets dfecfaamar|T

pertains to internal regulation and organization, including the board of directors' composition, ownership strucinegatiem

prac
n
whic

practices, and directors' responsibilities. In the second case, the assessment focuses on the btewmupany's representatives:

54 Moody's methodology also does not rely on the determination of weights between indicators.
55 GICS was introduced in 1999 by MSCI in collaboration with S&P to establish a global criterion for sector classificatitustoesand to
improve the comparability of research and analysis in different parts of the world.

561t should be noted that in the case of S&P, the rating is included in the governance aspects.
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this includes analyses of fiscal transparency, implementation of competitive practices, cases of corruption, whistleidawomgy
laundering As canbe seenthese are multifaceted elements that the agencies can choose to develop the assessment around
on the perspective, theme and importance. With regard to the last two eteimskmtmnagement praces examine thizack record
in terms of achieving the expected risk objectives and the effectiveness of the measures implerhdattdth market strategy
analisexompany's strategic outlook, alisothe context of the referencéhe macro issues most frequently analysed by the age
also seem to be in line with the S and G factors, to which the metrics dedalog published by the EBA (2b) for the quantitativ:
analysis of these two pillars refer (see TabRg; 3he only aspect that seems to fall outside the scope of the raters is that of
which is in any case analysed by Moody's, with particular attention when the rated entity is publicly owned, and whidedsiir
some of the questions in the S&Bestionnaire relating to ethnic minorities.

Table 3: Factors defined by the EBA for the quantitative analysis of the S and G pillars.

Dimension

Sociale Governance
Community/Society Ethical Considerations
Relation with employeelsadbourstandard Elzﬁagemit;?tegy an
Relations with customers Inclusiveness

Human Rights Trasparency

PovertyFamine

Source Personal elaboration on EBA/REP/2021/18

This last consideration makéspossible to recognise that, althougthndardising terminology can be difficult, there is a com
starting point between agencies and supervisors regarding the aspects to consider wheg soeiglsand governance risks, wh
couldbe used by the ECB when conducting stress exercises.dtsme inferred that reconciling the two aspects in a single exe
is difficult due to the deepoted diffeences between the two pillareetassessment of the social pillar appears similar to that ¢
out for climate risks in several respgcand some methodological criteria could be borrovvernance issues, on the other ha
could benefit froma stronger foundation in regulation, including national regultion order toaid in the analysis of identifyin
best practices or setting limits. However, according to the EBA report (2021b), authorities and banks have primarilgteonoe
quantifying environmental risks, leaving the inclusion of S and G risks in stressrtegfdored. The reason for this is tHaserisks
pose greater challenges in terms of modelling and data availahdityclimate rsksin addition to determining which metrics

i}
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stress, which the authorities seem to be in line with market practice, there is a lack of confidence in and use ohaltbasitio

practices defined by external partighatare explicitly cited in the methodology only by CERVED.

Conclusions

The analysis of environmental risks is currently prioritiseersgsocial and governance riskewever, in the currergociceconomic
context, it is necessary to objectively examine all three pillars of sustainability from an institutional point @wivalysing the
practices of private actors, such as rating agencies, in the assessment of S and G risks, this paper attempts teeislehtifynissor
interest that could be adopted by the ECB as a starting point for the development of stredsitbstas Wwas been widely analys
are a pivotal tool of supervisory activity and are largely adaptive to the neatlydfis. 7 KH G HW H F W L Rrigk fRdtofss” am
intermediate step towards developing estimates for stressiteited the authoritwill thenneed to determine how these fact
relate to bank capital and/or performance variabliég approach could be similar to that of climate risks, where impacts on

D

N
ed,

3%
ors

bank

copital have not yet been definedut bottomup tests have been conducted as a learning tool to primarily understand the ris

assessment capabilities of bddink intermediaries and the ECB arak helped tareate awareness sfistainabilityrisk among the
supervised institutions and makes it easier to ascertain banks' vulnerabilities to, and resilience against, the roatefialissdie
related risks.

However, due to the differences in the assessment of S and G risks among market ailtdss, riecessary to provide a 'politic
input to define the methodologies and weights for each aspect from a holistic perspedtieseill indicate the relevance g
different ESG performances and how the pillars relate to each other. Currently, thaohidisagreement in the market, sew if
a company receives the same performance score, the ESG ratings generated could differ significantly withouvkiahwigthe|
most consistent with the institutional perspective. As noted in the literature, a potential starting point is to incoeaspattiaility
of sustainability information disclosure. In this regard, the European institutions have takerbgdigproving the Implementin
Regulation (EU) 2022/2453, which establishes uniform disclosure mddigtlsughthe disclosure regulaticzouldincreaseostsfor
companies, the banking world's main stakeholders, they would become more aware of theussdndgsovide more sources f(
social and governance analysis for the banking world,witboa view of a possible streskdustrial companies appear to have |
confidence in the ESG ratings assigned to them compared to investors who increasingly use and consider them relial
identified shortcomings and doubts in the methodology of various ag&ncies

57In the social area, 'community/society’ and ‘customer management' issues can be traced back to 'relationships wigsthind/oarfor som
issues, to 'product stewardship' as mentioned in Table 1. With regard to governance issues, althoughdfaurerdiffers, it is possible to inclu
‘ethical considerations', ‘transparency' and 'inclusiveness' in 'business conduct' and ‘corporate governance'.

58 For example, the Codice di Corporate Governance of Borsa Italiana or the provisions of Ministerial Decree 169/202Cking sz tiam.

59 Such as the ten principles of the Global Compact and the ESG analysis inspired by the EFFAS principles, based oneaqgaalitative
approach in line with the principles defined by the GISR (Global Initiative for Sustainability Ratings).

60Brock E. K. At Al. (2023).
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For that reasqrit is necessary to make progress in the short and medium term by defining clear expectations and commor

for assessing and managing sources of risk that can limit market disparities and establish a comparable pattern Tiiarciysis.

stan

redwe inconsistencies without limiting the subjectivity of individual agencies, so as not to impede the process of innowation,

Schumpeterian creative destruction that brings about adaptation to the external Thetdigsemination of comon standards cou
then be reinforced by the subsequent phase of disclosure of stress results, which, as happened in turbufaniititees
transparency and the circulation of information.
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ruolo dei derivati nella gestione del rischio" by Camillo Giliberto.

FINANCIAL AND CLIMATE RISKS: THE ROLE OF DERIVATIVES IN RISK MANAGEMENT

The derivatives market has rapidly grown in recent years. Derivatives are extremely useful tools for redistributing risty ¢
transaction costs and help to more readily incorporate information about the performance of the economy into the puGéss
currencies and commodities.
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This volume provides a concise description of how derivative instruments are valid tools for risk management and ghinaenefit

occur on the economic system if they are correctly used. The risk associated with derivatives can be particularly trigh take)
forms that amplify the extent of the benefits payable by the contracting plartegh financial leverage mechanisms.

First Chapter: financial and credit derivatives

This chapter, in addition to describing the functioning and use of both financial and credit derivative instrumentstshiph
importance of these instruments to mitigate the effects of the riskiness of financial assets that are not derivatives.

The derivative instrument performs at least three fundamental functions. First of all, it is configured as a tool fotedskmrin
fact, by purchasing the derivative you immunize your portfolio from adverse variations in the variable you wagetadasast
Secondly, the derivative provides information regarding the market's expectations regarding the future evolution ofiyheyu
Lastly, the derivative contributes to increasing the liquidity of the markets and decreasing the cost éibtranaowing a bette
distribution of resources. Supervisory authorities, including the Bank of Italy, have also highlighted the fundamehtiniotives|
as a tool for protecting the stability of financial markets as they contribute to redisyibek more effectively

Second Chapter: literature review

This Chapter indicates the main studies in the literature that highlight the use of derivative instruments by finaraidirzenttial
companies.

From a study carried out by the Bank of Italy, it emerges that banks use derivatives mainly to hedge against finaimcizntisksar
interest rate risk and credit risk.

Companies that use derivatives are typically those most exposed to financial risks and those with different-Boanoial
characteristics compared to companies that do not use these tools. From the analysis of certain risk indicatorship esfetiges
between high exposure in derivatives and financial difficulties of the companies.

Third Chapter: Climate Risks and derivatives for sustainable finance

This chapter focuses on the Green finance. Sustainability is a central objective with a dual purpose: generating allibetivg
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and reducing the impact on the planet. "Sustainable finance" means considering environmental, social and corpoaaigegover

factors, the sealled ESG factors, in the investment decisioaking process. ESG assessment thus becomes an integral par
credit risk management process. ESG factors prove, in fact, helpful for enriching the knowledge on the compangtinginteful
aspects for a more accurate risk estimate and, therefore, leverage for business development.

Fourth chapter: Macroeconomic, Energy and Financial Risks

This chapter focuses on macroeconomic, energy and financial risks in the recent context where the pandemic and Rasgia
against Ukraine have resulted in a series of unprecedented supply shocks. Tensions on the raw materials markets, rehity
emerged before the invasion of Ukraine, have increased with the worsening of the energy crisis. This has resulteties bff
some financial intermediaries operating in these markets, who have had to pay huge margins to cover theinpsitiatives, in
the face of increasing and highly volatile energy prices. The tensions have also spreafih@netal companies that use derivati
on raw materials to hedge risks and not for speculative purposes.

Fifth chapter: Credit derivatives

This chapter highlights the importance of credit derivatives in managing credit risk. The strong interest on the panediants

for credit risk has given rise to new forms of measurement, management and control. The link between the needifediaciske

management and the creation of financial operations and instruments that enable such risk mitigation is clear. The aspaomted
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