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Abstract

Supply Chain Finance is as a portfolio of financing and risk mitigation practices and techniques to optimize the mantatyen
working capital and liquidity invested in supply chain processes and transa@©Rstechniques existing on the market bar
divided into three categories: receivable purchase, advanced payable, and’/lgads3/H ILQDQFLQJ VROXWLR
GULYHQYT VLQFH WKH\ DLP DW VDWLVI\LQJ WKH ILQDQFLDO UHT Xdet$ Hivéid@s
receivables, other claims, and related-ghgment and posthipment processes along the increasingly complex supply chd
which they are involved. Along the wédsom raw material procurement to production, sales anduseds, severaource of risks

can threaten the possibility of completing the transactions and the regular functioning of supply chain finance. Digéiziin

in managing these risks, facilitating the control of the factors underlying them.

Key Words:

Supply chén, Supply chain disruptions, Supply chain finance, Supply chain risk, Digital supply chain
JEL code : G23-G32G29

1) Introduction: a definition of Supply Chain Finance

Firms usually adopt three kinds of trade finance solutions:-iceaativance, letters of credit, and open account (Foley et al.,

SchmidtEisenlohr, 2013; Antras and Foley, 2015). Cashdvance trade finance terms impose importers to pay exporfers
the shipment of the wares, thus requiring importers the need to secure financeoft@ttelit terms require banks to comn
payments before exporters produce their goods and to pay exporters upon shipping, thus removing payment risk foOgqrt
account terms (trade credit) are predominant in current global business environments that are characterized by sevse
conditions. In particular, they are commonly used in transactions between exporters from developed countries argdfiom
emerging marketsvhere documentary trade is interpreted as a lack of trust in the counterparty. In open account trade, imq
allowed to postpone the payment of exporters a certain time after receiving the wares. Thus, they are protebgdssibility
that exporters may fail to deliver (performance risk). In addition, importers may resell the goods before paying expdite
other hand, they expose exporters to a high payment risk.

Several open accoubiised trade finance prodsand programs have been introduced through time, drawing deep attentig
both the business community and scholars, msvawayof industryfinance integration and a new financing method compars
traditional ones. These instruments are commonlyknas supply chain finance (SCF, hereinafter) and includéde range o
financing and risk mitigation techniques, connected to commercial relationships between companies.

After providing a definition of SCF and depicting the evolution of the literatnréhe topic, this paper describes the peculiaritig
different SCFsolutions and identify the risks that not only lead to the disruption of the whole supply chain but also cause s
harm to the suppliers of funds. Therefore, they shoulckbefuly analyzed and controlled to allow the SCF business to be reg
safely.Digitization can helgo managehese risks, faciliing the control of the factorsnderlying them.

The role of SCF can be better understood after a depiction of the relgtidietiieen physical and financial supply chains.
activities that are implemented in a physical supply chain allow to transform natural resources, raw materials and cambp
semifinished and finished products or to perform services, that aredrfoven sellers to buyers, either in the national marke
abroad. The transfer involves a network of organizations, people, activities, information, and resources. The purcHasaf
goods and services, as well as the payment for them, are fadilitgta range of corporate management practices and transg
WKDW DUH QDPHG HILQDQFLDO VXSSO\ FKDLQ PDQDJHPHQWY 7KLV LQF
sending of purchase orders and invoices, the matching of godadansereceived to these, the control and monitoring of actiy
including cash collections, the deployment of supporting technology, the management of liquidity and working capitabft
risk mitigation such as insurance and guarantees, and thegamaent of payments and cash flow. SCF is a set of financial se|
that support the financial supply chakor a long time, there have been significant dissonances regarding the definition of ¢
SCF solutions, among companies, financial insthgj and in different countries, due to the continuous operational
technological innovation (Tavecchia, 2018). In 2016, a large number of operators within the Global Supply Chain Finan
(GSCF) coined a shared definitioenhanced in 2024which refers to SCF as a range of tools aimed at optimizing the manag
of working capital and liquidity, to the benefit of the subjects (sellers and buyers of raw materiaf§niséed products, goods,
services) who cooperate along an entire prodacthain. The diffusion of the SCF involves the transition from a tradit
approach, in which each firm relates individually with a lender, to a vision of the supply chain in which in the credishgtathe
firm exploits its role within the supplghain and the relationships with other participants.

According to the comprehensive definition provided by the Global Supply Chain Finance Forum (2016), SCF is as a p
financing and risk mitigation practices and techniques to optimize the management of the working capital and liquiditlyim
VXSSO\ FKDLQ SURFHVVHV DQG WUDQVDFWLRQV 7KLV FRPSUHKGQMWHO
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aimed at addressing financial requirements of buyers and sellers, that are triggered by purchase orders, invoices, mtheiyable

claims, and related prghipment and posthipment processes along the increasingly complex supply chains in which they at
involved (European Commission, 2020).

Figure 1 shows how SCF intervent® support the trade and financial flows along-éménd business supply and distribution
chains.

Figure 1. Financial Supply chain opportunities along the physical supply €¢Baurce: European Commission (2020).

Figure 2. SCF Provider awards 202%ource: https://www.gfmag.com/magazine/febrt20%3
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SCF volumes have grown significantly in recent years, reaching a total value of $1.31 trillion in 2020, according &t BERS
(2021) World Supply Chain Finance RepdntEurope, the flourishing of these instruments is also the consequencesobtiwenic
recession following the global financial crisis of 2007 and in particular of the credit crunch, which led companies ¢onexy
sources of financingSCF operations have spread especially in the food and beverage, manufacturing, automstiuegrogoods
transport and logistics, construction and chemical and pharmaceutical sectors (European Commission, 2020). Creditiegel

especially banks and factoring companigday a leading role in offering SCF solutions, thanks to the-teng relationships they

te

lor

medi

develop with their corporate customeasid which allow them to play the role of partner integrated into the daily running pf the

business.

However fintech vendors and othservice and solution providers are increasingly actiteenenablement of SCF. GlalbFinance
Magazine ranking shows the most active SCF providers in 2023, both globally and regionally (Figure 2).

2) The evolution of the literature on Supply Chain Finance

The theoretical exploration of SCF by scholars hdsvia@d the development of SCF practices. The literature on SCF has undergon
an evolution through four stages, according to the maturity and scope of activities of SCF programs and the participan

geographical scope involved in SCF (Song, 2019): finammnted; supply chatoriented; network ecologgriented; fintech
oriented.

Most of the early research on SCF is finance oriented and underlines the crucial role of financial institutions in [movitige
financial solutions. According to Camerlig€2009), SCF is a set of products and services provided by financial institution
facilitate the exchange of goods and information in the supply chain. Chen & Hu (2011) look at SCF as an innovative|

s tha
finar

solution that uses funds to create vahyebridging banks with fundtarved companies in supply chain and reducing the supply

demand mismatch in fund flow. Finanodented research also explores the scope of business involved in SCF techniques. So
studies view SCF activities as a shtntm financing process, or as a financing solution generated based on accounts receivable ¢
payable. Lamoureux and Evans (2011) see SCF as a fusion of technology and financial services that brings togetherlyglobal

chain companies, suppliers, and finahénstitutions (especially technology service providers) who improve financial supply

chair

benefits by preventing damage cost shifting and improving the visualization, availability, delivery, and cost of funéislof glo

supply chain participants.

The auhors also argue that the activities triggering SCF are mainly events that occur in the trade process, such as ordge
shipping, issuing bills, and due payments. More and Basu (2013) define SCF as the management, planning, and cg
proceses related to transaction activities and funds among all supply chain stakeholders in a bid to improve working cp
parties. They distinguish SCF services into three stages based on the activity process, nashgynpre financing, ktranst
financing, and posshipment financing. Other finanagiented studies consider SCF as a bwgraren solution concerning workin

I rece
ntrol
ital fo

g

capital. For example, Wuttke at (2013b) view SCF as an automation solution that allows buyers to make flexible and cle:

payments based on the entire supply chain.

The second evolution stage of the literature on SCF includes supplyarfeited research that consii&CF to be anchored

n

supply chain operations. As such, it includes solutions that lessen working caqitaements through inventory optimizatipn
throughout the supply chain, or transfer working capital to supply chain participants who have access to funds at |&fiadtl cost.

and Gomm (2009) consider SCF as a way of financial optimization and integréttioclients, suppliers, and service providers

to

increase value for all the participating members of the supply chain. Holard2117) investigate whether inventory management

is impacted by capital constraints and whether companies take into atitewost of capital when making inventory decisiq

ns.

Their results show that financially constrained companies have higher inventories, nevertheless capital constrairatkegréntat t

account in supply chain inventory management and deeiséking. Differently from financeoriented research, supply chal
oriented studies state that even though financial institutions are actively involved in SCF, they are not always theadbons

n
ant

The main players who promote and develop the supply chain fadaswivices are the organizers of supply chain operations,

including producers, distributors or thihrty or fourthparty logistics providers.

More recently, the wdepth analysis of SCF practices has allowed scholars to point out some limits of-chgplgriented
research. First, these studies pay no attention to the investigation of the conditions, scenarios, and innovative il

development of SCF from a whole supply chain perspective (Caniatg 2016), limiting their research field fmancial services

originated by certain links of operations (e.g., inventory transfers) or assets (e.g., collateral and pledges). Moreoleeqf
professional platform companies or service providers has not been explained enough bytaipdhaised research (Songadt,
2018). Thus, research on SCF has gradually entered the third stage of its evolution path, that is networtriectkatyyesearch.

Network ecologyoriented research show three main features. First oftalies to understad whether specific supply chal
contexts ease the origination of SCF, that is, which contextual factors bring about SCF. For example, Ganfatilé} sugges

that the successful execution of SCF solutions depend on the degree of cooperation betsvpeses in supply chain, the

bargaining power, the degree of digitalization, and the appeal of financial services. 8br{g@t6) examine whether financing
LQIOXHQFHG E\ 60(VY VXSSO\ FKDLQ QHWZRUN FKDWDDDNVHUX FMWOLT W RIOKH \I
financing. Another feature of network ecolegsiented studies is distinctive in respect to prior research, namely the investiga
the role of supply chain integration and the degree of cooperation among sugiplyatiicipants for financing services. Wand
et al. (2016) argue that successful implementation of SCF is conditioned to the concurrent occurrence of the elemategid
integration of corporate finance within an enterprigghrough the realation of synergies between supply chain busit
department and finance departmetdnd the synergies between suppliers and buyers, based on information sharing and
integration between these two participants. Wuttkal.e2016) added that finaimg performance is subject to further factd
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Specifically, the payment terms and purchase volumes that are negotiated between buyers and sellers in the course of busine
able to affect the timing and the effects of SCF. Large purchase volumesnandapment cycles increase the need for early

adoption of supply chain financial services.

The progress of network ecologyiented research has been characterized also by the recognition of driving role of professior
service providers in SCF, which ht8 HG WR WKH IRUPDO LQWURGXFWLRQ RI WKH FRQFHS

studies. Silvestro and Lustrato (2014) are the first scholars to suggest the enabling role of financial service pnawagyanks

+in supply chain integran. Martin and Hofmann (2017) argue that different player may exercise the function of a financial|servi

provider: either a traditional bank, or an innovative financial company, or a technology provider. The authors stresalthaegru

of financial service providers in clearing up the mismatches existing between different supply chain participants and
financial institutions and commercial banks. Songlef2018) compare the differences between traditional commercial ban
new platformbased financial service providers in the process of providing supply chain financial servicestfad@renidtrade,
and postrade risk control. They find that traditional commercial banks are less able to comt@deemidtrade, and podrade

betw

S an

risks by monitoring the whole process of supply chain operations through trading information, networks, and processes. O
contrary, platforrabased financial service providers are more capable to perform this task, taking advantage from their experienc

companies that directly engage in or organize supply chain operations.

The recognition of the driving role played by financial technology (finfeith5CF has led research on this topic to the cufrent
fourth evolution stage. Technologies halfeviae informationfriction that refers to incentive misalignment caused by information
asymmetry between two parties of an economic or financial transaction, improving both information collection and informat

processing. On one hand, informatigollection technologies allow gathering additional new data, through digitization

and

automation, biometrics and identity management, and blockchain. Digitization &lesdulers to have huge amounts of data ready

to be analyzed. Advanced analytics andfieidl intelligence help them in this tagklrasticallyjcutting the time needed to review

documents and extract data. Biometrics and identity managet@mtlenders to recognize micro, small and medium enterpfises

and link their business history with their current status faster and more efficiently.

On the other hand, information processing technologies turn the enormous amounts of data lenders eefaliimérmation in

lending decisions. Therefore, not only are technologies able to collect more useful data, but they also enable lenalersarext
n

and better information, thereby increasing loan process efficiency. Thadigitéd transformatiorpromoted by the implementatiq

of digital technologiesfinancial technology (fintech) companies have becenmew participant that empowers SCF (Moretto and

Caniato, 2021)Several scholars have shown the unique advantages of using technologies imiekieod SCF Yan, 2017; Omram

etal., 2017;Lee et al., 2019; Lee et al., 2021; Song et al., 2022; Soni et al., 2022; Le, R022)f fintech companies may neither
take part to specific transactions nor coordinate business operations, they can kedritbtte supply chain information network,
thereby promoting the effective and smooth flow of signals between small and medium enterprises and lenders, improving
HITLFLHQF\ RI SURFHVVLQJ LQIRUPDW L-mR&kindppeesslDVLQJ WKH OHQGHUVYT GHFL

Figure 3. The evolution stages of SCF theori€surce: Song (2019).

3) Supply Chain Finance techniques

According to the definition provided by the Global Supply Chain Finance Forum (2021a), SCF technigues existing on the me

can be dividednto three categories: receivable purchase, advanced payable, and loans.
Hereafter, a depiction of the peculiaritiestioé differentSCF solutions is provided.

3.1) Receivable Purchase

1 According to the) LQDQFLDO 6W D E L O L WihtethR&disGIFE XOHIQ QY W IPRRGHIOV WHFKQRQ(
processes, and innovative products that promote financial innovation through technical means and have a significant
financial marketsLQVWLWXWLRQV D(QsLe FSBRMQAHLDO VHUYLFHV’
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The background of this kind of SCF solution is the finalization ebmmercial agreement between a firm selling goods and/or
services (supplier) and a buyer company. $éker issues invoice with payment detalis particular, the sale contract (or servjce

contract) establishes payment obligation from the buyer to sedler, at a future pragreed datelhrough receivables purchase the

suppliertransfers all or a part of its receivables to a finance provifeer the transfer, the ownership of these assets lies with the
finance provider. In returrthe supplier recges an early payment for the receivables, which may include a deduction denoting tt
quality of the receivables, and a charge based on the pricing arranged with the finance provider. The receivables ithesged in
transactios exist (i.e., they can be@HDUO\ LGHQWLILHG DQG YDOLGDWHG DUH DVVLJQDEO
jurisdiction.

Included in this category are:

- receivables discounting;
- factoring;

- forfaiting;

- payables finance.

Receivables discounting is usuadiffered by finance providers to larger enterprises selling to multiple buyers. It may be provide
on a oneoff, seasonal or continuous program basis. According to these contracts, the seller trades single or multiple receival
represented by outstandinnvoices- to a finance provider at a discount. The finance provider may discount up to 100% of th
receivables up front or apply a security margin to cover for possible credit deterioration. Typically, the finance prtbviohér W
such offering to &lient base, whose receivables comply with certain criteria, such as a minimum credit rating. The payment of
underlying invoices is hinged on the buyer company, so the buyer coverage depends on the number of buyers for whica the fi
provider is wiling to take credit risk. The finance provider may limit its own risk exposure, by insuring or sharing the credit ris
with a third party (e.g., trade credit insurance). If the transfer of receivables is disclosed to the buyer, the cdlldotion o

receivables may be undertaken by either the seller (acting as agent for the finance provider) or by the finance provider. |The t
may be required to confirm that specific invoices are authentic and approve invoices for payment within a certain tirigineme.

4 shows the functioning of a receivable discounting agreement.

Figure 4. lllustration of the process for receivables discountiSpurce: Global Supply Chain Forum (2016).

J)DFWRULQJ WRR LPSOLHV WKH WUDQVIHWRRD DLgBQOH WURYHGHUY MDPHING MWD
all invoices or allowable invoices to the factor (whole turnover factoring), or it may select a range of invoices
be assigned (selective factoring). Usually, the factor is a specializeddipaovider serving a variety of suppliers includingst
SMEs but also large value transactions.

The nature of factoring is the same as in receivables discounting, but the content of the contract may be slightlysititfe rea,
factor typically becmes responsible for managing the debtor portfolio and collecting the payment of the underlying receivabl
Moreover, it often offers protection against the insolvency of the buyer. Within the factoring model, some variatiomfiexist.

buyer and the seltanay be located in the same country (domestic factoring) or in two different countries (international factoring
In the second case, two factors are involved, one in each country.
In addition, the advanced payment to the seller can be providedegiblrse (the factor has recourse to the seller in the case of
buyer default) or without recourse, depending on aspects such as credit insurance, jurisdiction and market practidg, tligeneral
buyer is generally notified of the receivables assignmdstl@bed factoring) and settles the invoice with the finance provider on
the due date. In some cases, the invoice bears no notice of assignment, and the buyer is not aware of the factoring agre
between the seller and the finance provider (confidefabring).

RISK MANAGEME NT MAGAZINE #*Volume 18, Issue 1+Page- 8 -



Figure 5. lllustration of a factoring schemgSource: Global Supply Chain Forum (2016).

In forfaiting, the commercial contract between the buyer and seller is essentially the same as the one underlying
discounting and factorin Differently form the two previous SCF solutions, forfaiting requires the existence of an und

recei
erlyin

payment obligation that is usually embodied in a financial instrument or payment bond (normally in negotiable or transfer:

form), distinct from the cmmercial transaction (e.g., exports, imports) that originated it. Forfaiting consists in the without r
sale of the payment obligations at a discount or at face value, in return for financing. These obligationsnmagynot be
guaranteed by third gsties (e.g., banks). Tenors can differ from one month to several years, unlike factoring and reqg
purchase that are conducted on a sterrh basis.

There is a primary and secondary forfaiting market. In the primary market, transactions are originated, and obligdim®
purchased from sellers of goods/services or their buyers. Thus, there is a seller of goods/services or buyer thatrauft the
instrument or payment obligation to the initial finance provider (commonly the primary forfaiter). In this market, foit|
undertaken without recourse to the seller of goods and services. In the secondary market there are sellers andaiiygys
usually composed of finance providers and investors. In this case, forfaiting is undertaken without recourse to thehss
forfaited asset.

Figure 6. The phases of the process for forfaitiepurce: Global Supply Chain Forum (2016
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While the SCF techniques described so far are conducted based on-&edgiercess, payables finance is provided through a

buyer OHG SURJUDP LQ ZKLFK VHOOHUV LQYROYHG WKH EX\HUTV VXSSO\ FK

DL

*LYHQ LWV VWUXFWXUH WKLV 6&) VROXWLRQ LV FRPPRQO\ NQRZQ DV pUHYH

Reverse factoring is usually directed to large buyer companies that have a wide and fragmented portfolio of supplieviliagd
to rationalize their accounts payable\FOH 7KH EX\HU DFWV DV pDQFKRU SDUW\Y RU SU

are
RJI

program with one or more finance providers, according to which each seller is entitled to receive early payment of seceive
(represented by outstanding invoicesDW GLVFRXQW DQG DW D ILQDQFLQJ FRVW DOLJQHG
ORDQ LV SURYLGHG pZLWK RollaWing thé fipulanoH §f MeRewatrseHactoHng @gredment, the leading compan)
(i.e., the buyer) provides ¢hfinancial provider with the names of the strategic suppliers on which to operate. The financial provid
admits the sellers that are characterized by an ecorforaicial situation demonstrating business continuity, albeit in the presence

of temporary ihancial difficulties. At the invoice maturity datethe buyer makes the payment of the principal amount tq

the

financial providerOften, the buyer company is granted a deferment on the original payment terms, which allows it to benefit fr

an extensiomf the duration of iteccounts payableycle, without negatively influencing the cash flows of its supplier base.

Thanks to this SCF solution, the suppliers have the opportunity of accessing dedicated credit lines at preferentias, condit
benefiting fom the credit standing of the buyer company. Signing a reverse factoring agreement has many advantages also for

EX\HUYV SRLQW RI YLHZ 7KH PDLQ EHQHILW IRU WKH DQFKRU SDUW\ BRR
flows. A further significant advantage concerns the uniformity and simplification of the administrative procedures reg
accounts payable. The fact of interacting with a single interlocutor for the transmission of the flow of information, exidimexnvts

QV

lated

and pgments, leads to a reduction in operating costs. Furthermore, these operations strengthen the relationships with isippliers

a potential improvement in the qualitf-service levels. Finally, as anticipated, the buyer has the option of requestinig asiax
of the payment terms.

Figure 7. The structure of a payables finance prograBource: Global Supply Chain Forum (2016).
3.2) Advanced Payable
The second type of SCF techniques includes corporate payment undertaking and distamiting.

Like payables finance, corporate payment undertaking is a feggrogram which entitles sellers in the buyer's supply cha
receive in advance the payment of the discounted value of outstanding invoices (unconditionally approvedyiey thattwill pay|

in to

RQ WKH GXH GDWH IURP D ILQDQFH SURYLGHU DW D ILQDQFLQJ FRVW WKDW
The peculiarity of corporate payment undertaking is that the early payment does not require receivables purchase biltenay a
VHOOHU WR FRQILUP WKH ILQDQFH SURYLGH U-fhvough_artangemérts drid/ebccéptaree asifull

payment of the approved invoice amodurtius, in such a scheme:

- The buyer identifies the invoices to be involved on the Siiien and after approval, it submits the details of the invoices to

the finance provider, together with a corporate payment undertaking to make payment of the approved amounts to
provider at the confirmed invoice due dates.

- The seller has theption to request an early payment from the finance provider at a discount.

- TKH ILQDQFH SURYLGHU UHOLHV RQ WKH EX\HUYVY FUHGLW VWDQGLQJ
seller.
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Figure 8. The scheme of a corporate paymerttertaking tSource: Global Supply Chain Forum (2021b).

A dynamic discounting transaction is a peculiar form of SCF, since it consists in an advanced payment that is direcflyhmade b

buyer to its sellers. Differently from other SCF solutions, thisrao financing from the finance provider. It is the buyer

that

ILQDQFHYV LWV VXSSOLHUV ZLWK HDUO\ SD\PHQW WHUPV 7KXV IURP Wé&H VI
payment. More precisely, buyers are allowed to choose therdrand timing of payment to their suppliers in exchange for a lpwer
SULFH RU GLVFRXQW IRU WKH SXUFKDVHG JRRGY DQG RU VHUYLFHV §HKBH G
payment to suppliers: the earlier the payment takes plaegyreater the discount recognized to the buyer. Specific online platforms

are used to initiate the collaboration between buyers and suppliers and to negotiate the discounts. The buyer is tjityeim

flexib

choosing how and when to pay the seller.pafies how much of its own capital is available to generate additional purchasing
discounts and it can also choose to approve individual invoices for early payment. From their side, the suppliers camcadk adv

payment for specific invoices. Once theabunts are agreed between the parties, they are automatically initiated.

Figure 9.lllustration of dynamic discountingSource: Global Supply Chain Forum (2021c).
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3.3) SCF Loans

The third cluster of SCF solutiomsclude loans and advances madminst receivables, rather than by means of purchase, as see

before.In particular, the following transactions are provided:

loans against trade receivables;
loans against inventory;
distributor finance;
pre-shipment finance

Loans against receivables refer to financing made available to a party involved in a supply chain on the expectationeoft
from funds generated from current or future trade receivables. The necessary background for these loans to be madeitet

repay
hat th

has or will acquire receivables, deriving from the sale of goods or services. If the seller has already the relevaldsatatgnb

disposal at the time the loan is granted, the financing assumes the form of a secured loan collstechlizedivablesin some

cases, the lender may consider the receivables as ideally satisfying financial covenants required to the seller. dfdltesaaiss

exist yet, the loan is disbursed on an expectation of such receivables arising at a future date.

Figure 10. lllustration ofloans against receivablesSource: Global Supply Chain Forum (2016).

Loans against inventory implies financing provided to a buyer or seller involved in a supply chain for the holding orsivayelf
goods (presold, unsold or hedged). This form of SCF technique may be used at any stage and by any party in a sup
acting as seller and/or a buyer, and the tenor of transactions is short term.

A financing agreement is settled between the finance provider and the bofmehich could be a seller or buyer). In addiiar]

pu
ply cl

security agreement is established covering title to the underlying inventory and covering warehouse receipts (evidageind stor

thegoods in the warehouse).
A third-party warehouse (certified oraegnized by governmental or trade bodies) may also be involved, thus requiring a
agreements as well as third party collateral management or inspection agents.

Figure 11. The parties involved in loans against inventaf$ource: Global Supply Gin Forum (2016).
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Distributor finance consistsf a funding facilityprovided to the distributors of a large manufacturing firm/exporter acting as a|selle
RIWHQ FDOOHG uDQFKRU SDUW\Y thA«holding@DgQdas fQriedlé/ tolbgdlydHeliGuidi®y dapBntiFtReY H U

collection of funds from receivables following the sale of gaod=®tailers or to final consumers.

This facility is typically used for funding inventory and receivables on a 4bwnt basis and is subject to annual review. The

distributors and the finance provider directly set up a financing agreement (or sign a facility letter). Moreover, thadsétier
financing provider establish a master agreement including the terms of eregdgier the finance provider to grant loans

for

multiple distributors in a variety of global territories, any agreedstsking arrangements, and the operating model applicable to

the three parties involved.

Figure 12. The scheme of distributor finee +Source: Global Supply Chain Forum (2016).

Preshipment finance (or purchase order finance) includess granted by a finance provider to a manufacturing or service

company acting as a seller, to finance its operating cycle (purchase wfatawals and goods, transformation into séinmished or
finished products). ThysW KH ILQDQFLQJ FRY HUMapaK heetiskb@wingUHEMssrdanhteNoE § durchase order

for

goods and/or services by a client company (i.e., the hufeepurchase order from high standing buyer in favor of the seller is the

D

key element motivating the financing (in addition to the ability of the seller to fulfill delivery to its buyer). Theaséllre finance

provider sign a financing agreement detailing terms of the loan structure. Sometimes a security agreement is also ingclude

covering assignment of rights (transfer of title or a pledge) to the underlying work in progress and finished goodshipinetu,
The source of repayment usually comesrfithie flow of sales.

Figure 13. The architecture of prshipment financetSource: Global Supply Chain Forum (2016)

4) The sources of risks in Supply Chain Finance

Risks in SCF can be distinguished in three main types: transaction flowfinskeial flow risks, and information flow risks.

Transaction flow risks involve the uncoordinated commodity flow and logistics flow of the parties involved in the suppl
This type of risk affects:

- The procurement phase, in which supplier seleatiay be crucial. Choosing a single supplier often has a negative imp

the straight operations of the supply chain, as high concentration of supply can cause instability in procurement (e

y cha

act or
ck, 2
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Relying on multiple suppliers gives firms more flektly, allowing them to loosen the constraints on resource. At the same time

this choice generates hidden costs. Levary (2007) points out that supplier selection requires a comprehensive corfs
supplier stability and reliability, national riskand transport reliability. Besides supplier selection, risk factors to be cons
in the procurement phase include lead time, supplied product monitoring, and control of supply capacity.

- The production phase in which supply chain operations may beivelgampacted by design risks for products and proce
and the inability of firms to promptly update products or processes to answer to rapid market changesalKRa0®t These

derat
derec

SSes

aspects increase the cost sustained by enterprises to positiopruiicts or processes in the market, exposing them to

economic losses. Another important variable to consider in the production phase is production capacity, that is
technology, skills, and quality capabilities (Korpelaakt 2003. Indeed, sshortage of resources and capabilities may pre
firms from carrying out normal production and operations. Moreover, the production and operations of an enterprise

relate
vent
might

be carried out properly for either internal or external reasons (e.g., misana@mig operational problems, economic downtyrn)

that cause severe losses along the supply ¢Nakgier etal., 2015; Wagner etl., 2017)

- Thedistribution phase, one of the most important kinds of risk refer to excess and obsolete inventory resultiast thange]
in technologies or customer demand (Narayanan and R&0@4), In addition, the volatility or seasonality of demand is a
source of risk, that is likely to exacerbate uncertainty. The difficulties to determine the range and vohroeésat$ or service
to meet the needs of floating demand and markets, limit efficient and effective distribution (Wong and 20@ipy,

Financial flow risks usually entail factors such as exchange rate risk, price risk and castdfgiancial poblems of supply chai
partners Exchange rate risk significantly affects firms that are involved in global supply chain operations, since excha
variations may directly influence aftéax profits, supplier selection, markdevelopment, and otherlated decisions. Exchang
rate fluctuations may also cause increases in procurement costs of raw materials or input, as well as decrease if thé. jf|
products (Papadaki2006; Christopher and Holweg, 2011).

Another important risk originagsefrom the financial problems of partners in the supply chain, which may produce a
consequencesn upstream andownstream firms, which in turn may contaminate the entire supply €hangand Nurmaya Musa
2011).

Finally, risks in the information flow (Tang and Nurmaya Mu&@l11) mainly pertain to:
- The correctness of information. The efficient and effective functioning of the supply chain is based on the availabilisat

kinds of information that represent an important basis for deeisigking, such as demand information, inventory infornmatio

order information, and production capacity information. If information is incorrect or not punctually available, the bapp
decision will be distorted. Information accuracy is linked to information accessibility, information efficiency, andedéep
(Lee, 2002; Nishat Faisal et al., 2007he failure of lead firms to build a smooth information sharing platform, the la
transparency in each node of the supply chain, or the deliberate use of the supply chain by firms to dissemimate dalsg
quality information in pursuit of their interests will damage the transmission and communication of information, resal
lack of reliability, integrity, and authenticity of information (Wu and Wu, 2022).

- The security and disruption of infoation systems that may arise from internal mismanagemehmacéers and natural disasts
(Nishat Faisal eal., 2007), or application, firabevel, or crosdirm variables (Finch, 2004).

- Intellectual property rights. Intellectual property risks may reBoln the inability to protect the information shared due
dramatic increase in the amount of information in the supply chain, which also boosts the risk of data loss and cq
information leakage (Wu and Wu, 2022).

- Outsourcing data analysis anbpessing, which makes room to the opportunism of information service providers (Nisha
etal., 2007).

Risks in SCF arise from two main sources: supply chain operations and moral hazard of the involved parties.

A physical supply chain involves prodtion and distribution, and connects to wholesale, retail andiggrd, relating to the who
value chain from raw material procurement to production, sales andsensiThereforethe first element that threatens the reg
functioning of SCF is thdisruption of supply chain operations, that negatively affémtgossibility of completing the transactig
and the future expected return of the whole supply chain. Thus, the transaction risk in the supply chain constitutesahesh
in the suply chain (Sun, 2022).
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The unstable states or uncertain resources that lead to supply chain disruptions refer to events that have a smallgbiobabi

occurrence but may happen suddenly. Moreover, once these events happen, they produce a contifuloef§elchion the whole

system (Tang and Nurmaya Musa, 2011).

D

The sources of risks affecting supply chain operations may be different: environmental factors, industry factors, aatom@aniz

factors (Rao and Goldsby, 2009). Environmental factors ieciadcresystemic variables (Miller, 1992; Wu and Wu, 2022) suc
political stability, changes in government policies, macroeconomic uncertainty (ectuafions in bank interest rates or ma
prices due to an unstable economic environmeeal lmpholes (due to inadequacy of laws and regulations), and n
uncertainty (e.g.natural disasters such as earthquakes, floods, and pladiees) are external events that affect the busi
scenario of each industry, or, rather, external factorscranegatively affect the industry (Ritchie and Marshall, 1993). Given
external nature, these risks are often more difficult for enterprises to control and manage. Differently from enviroarraies,
industry factors may not affect all industsiof the economy, but specific sectors (Ritchie and Marshall, 1993).

7KHVH VRXUFHV RI ULVN UHJDUG HLWKHU WKH XQFHUWDLQW\ DIIHFWE®
corporate or industrial demand (Miller, 1992), or cotitpe uncertainty. While input market uncertainty and product m3
uncertainty can arise both from changes in customer demand and the arrival of substitutes (Tang and Nurmaya M\
competitive uncertainty is associated to market competitionidgrfvom existing competitors and potential new entrants). Sy
chain operations may be negatively influenced also by organizational features of enterprises (Ritchie and Marshall, 1993)
Despite their firmspecific nature, these variables may affectahére supply chain. They include a wide array of uncertai
regarding:

h as
ket
atural
ness
their
i
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rket
Isa, 2
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a) corporate operations: events occurring to firms during the settlement of their supply chain activities e.g., changegeia| empl
productivity, uncertainty in production input elem®rsuch as raw materials, components, and equipment failure (Rao &
Goldsby, 2009). Uncertainty may also derive frthra inadequate knowledge base of staff, as well as substandard business ski
resulting in operational errors (Wu and Wu, 2022).

b) Outsourcilg decisions:enterprises may outsource certain business processes to others, but outsourcing may ingrease
HOWHUSULVHVY YXOQHUDELOLW\ PDNLQJ WKHP ORVH FR@&YKORI®aR Spitder\W K |
2016).

c) Liabilites: XQH[SHFWHG HYHQWYV UHODWHG WR WKH SURGXFWLRQ RU FRQVXPS
environmental hazards).

d) Inventory. market fluctuations (the longer the inventory is held, the more significant the impact of prackefiuctuations it
receives) and difficulty in preservation (due to the perishability of inventory and to the inability of the supervisingyctompa
match the various commodities with advanced preservation facilities fotéomgstorage) can affedid value of inventory.

e) Credits: the insolvency of a customer may cause liquidity pressures to an enterprise that, in turn, may delay payments
suppliers. Business or financial problems of strategic customers or suppliers are likely to spreaditie thepply chain, since
each node of the supply chain involves the exchange and operation of financial flows, and changes in the financiaf positic
individual firms can pass on financial risk to other participants in the supply (Raich, 2004; Klendorfer and Saad, 2005;

Wu and Wu, 2022).

As mentioned before, SCisks may also originate from opportunistic behaviors of the participants involved in a transaction c
exchange, who violate the agreements in order to act in their own interest atehsesgp others. Often, opportunism arises from
ex ante and ex post information asymmetry.

Ex ante information asymmetry occurs before a transaction or a lending business and leads to adverse selection. Ag borr
SMEs may disclose positive informatiam their favor to lenders and hide negative information, to put themselves in a goqgd ligh
and obtain loans. In addition, ex ante information asymmetry may also refer to guarantees that are usually considetec an eff
means of risk mitigation. Financa LQVWLWXWLRQV PD\ IDLO WR HIIHFWLYHO\ UHGXFH WKH
the shortage of information about the true state or the quality of the guarantees. In practice, ex ante opportunistimbigthayio

includes fictitiows trade, illegal contracts with multiple parties, and financing under false guarantees. Differently from other lend
transactions, the lending decision in SCF is based on the transaction structure and trade relationship developed bgndpstree
downstrem firms along the supply chain. Some participants may use fictitious trade to fraudulently obtain funds from [financ
institutions: they set up a false trade relationship with their related parties and forge a series of transaction ndricatisart,
to recreate a substantial transaction flow (buying and selling) and logistics flow (provision of logistics services) &ereng| di
participants or service providers. The aim of thisugets either to allow the related parties to falsify operatimgnme and profits,
or to obtain lowcost financing. Another form of ex ante opportunism reflects in the borrower obtaining funds from multiple| partie
thanks to real transactions and assets that are exploited in a variety of occasions. Since thereris atfoostation sharing
between different financial institutions and supply chain financial service providers, borrowers may use their transgction:
logistics business or their certain assets to apply for lending from multiple entities to raise mereAfusttier practice that |s
related to ex ante opportunistic behavior is financing under false guarantees. When guarantees and pledges are reqdested by
as a prerequisite for lending, firms may ask fictitious guarantors, usually relatives, faenlisely related parties.

Ex post information asymmetry influences the ability of the lenders to monitor the borrowers throughout the loan lifyayhich
lead to moral hazard. Borrowers may take advantage of the difficulty to fully oversee their blghheitrue movement of funds|as
well as their actions, and they may misuse the funds received by the lenders. A common fraud phenome
in SCF is the duplication of false warehouse receipts. Borrowing firms collude with warehousing enterprises @ers@atee! td
deceitfully issue or repeatedly issue warehouse receipts for some goods to the borrowing firms who again and again|pledc
warehouse receipts to different lenders, in order to achiewrg/loans.

5) Improving the management of supply chai risks through digitization

The full adoption of modern information and communication technologies satmwontrol the various factors underlying supply
chain risks. First of alldigital technologies optimize operations across the entire supply chain by enabling connectivity, de
management, insights, and smart automation. Second, digital technologyediare risks stemming from both asymmetric
information and supply chain disruptions.
Regarding risks stemming from incomplete and asymmetric informatientransaction information between the upstream|and
downstream of the supply chain can ineorporated into a unified information platform, thanks to the distributed ledger of
blockchain. Thus, all the parties involved are able to access information and confirm its accuracy through consenstetianthenti
Enterprises with financing needs rstgir their contracts, debts and other proofs on the chain, which prevent the tampering
copying of these elements after digitization. The automatic contract system allows to predefine the transaction procedure
complete the transaction process autacally after the transaction passes the consensus authentication, thereby improvying t
efficiency and security of supply chain management and reducing the moral hazard risk deriving from asymmetric informat
Besides, should a dispute arise, it wouldelasy to rapidly solve it, since all information is open, transparent and traceable (Su
2022).
As for supply chain disruptions, digitalization can provide a contribution in several fields (McKinsey & Company, 2016),
illustrated by Figure 4:

- planning;

- physical flow;

- performance management;
- order management.
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Big data, advanced analytics, and the automation of knowledge work play a significant role either in demand plan
production planning, or inventory control. An accurate and granular demanagh be achieved thanks to predictive analytics
analyze thousands of internal and external dennafeencing variables (e.g., weather, trends from social networks, senso
with Bayesian network and machine learning approaches. Thanks ton#estechnologies, the accuracy of demand fore
improves dramatically, as the forecasting error is reduced by 30 to 50%. Moreover, thelosedifoop manufacturing resour

ning
that

data
cast
ce

planning software enables plans to be continuously checked and adjusteaitiBgpbn information feedback feature, the

purchasing or materiafgrocuremenplans are synchronized with the master production scheblukddition, depending on th
stock levels, expected demand, and capability to replenish, prices can be dynaadijoatiyd to optimize the overall profit.

e

Warehousing operations can benefit from the use of modern technologies too. Lead times, transportation costs, produadiandlir

environmental cost are the main areas than can be positively influenced by ttieradbautonomous and smart vehicles.

example, automateguided vehicles are increasingly presastiransportation solutions in industrial environments, as they ¢
thajautomated storage and retrieval systgane agile and safe, whiteducing load movement times. In particular, these veh
these vhicles have a prefixed route that ensures the continuous, ensuring a uniform flow of goods. In addition, theyhailoy

For
nsure
icles
v 24

work cycles, since the automatization of the flow of goods allow operators to concentrate on higher value work. Thesalsehicle

incorporate safety systems to optimally navigate the warehouse, avoiding interaction with operators an limiting thecidsnts.
Physical flows in the supply chain can also benefit from additive manufacturing. For exasBppeinting has become neh more
relevant for a broad range of business applications, such as local production of slowly moving spare parttMokiosksy &
Company, 2016)The expanding range of printing materials, rapidly declining prices for the printers, and increastohpaed
quality boost the development of these tools.

As mentioned before, disruptions in supply chain operations are one of the main sources of SCF risks. Understanding the
these events is therefore critically important. Root cause anadysisprocess that allows the identifications of the cause
disruptions. A large number of data attributes go along with a given ordethe.gantity of the item being ordered, its value,
plant that manufactures it, all events logged durinditbéme of the order, the supply levels for the item, the agreed delivery
the order route, and many further factpEsusal discovemalgorithms helgmapping all causandeffect relationshipsimong thess
variables, that ifow these variables are interrelated and ultimately how they relate to the order being delayed or not. Once
the root causes of arxeeption (e.g., ofhand inventory level falls below a minimum), the performance management 5
automatically triggers countermeasures, such as activating a replenishment order or changing parameter settings ingt
systems (e.g., safety stocks).

As for order management, it may be improved bytowch order processing and réiahe replanning, which lead to lower cos
through automation of efforts, higher reliability due to granular feedback, and superior customer experience throughe ienth
reliable response@icKinsey & Company, 2016)No-touch order processing is the logical next step after implementing a re
availableto-promise process (that provides a response to customer order inquiries, based on resource availatulityf).okter
processing can be used to completely automate the ordering process, requiring no manual intervention between orde
order confirmationin addition to simplifying the ordering and sales process, touchless order processing integratésabe Witls
WKH FXVWRPHUYV @retéiverybhQatficuldr Qhls Boldtiomllows a drastic reduction of time to process orders
elimination of human errors, a greater visibility of the entire process by the company, customers ands,sappiierease i
customer satisfaction, and a growth in productivithe second technologgriven element that can positively impact on on
management is rediime replanning. The production process regsieereplanning to handleinexpected eventsccurring n the
day-to-day operations of a production plant (i.@lisruptions to schedules, such as-fastute orders, oubf-stock raw materials
equipment failurgsthatcan cause production or capacity probleatmg the supply chain. Internet ofrts (loT) made reatime
data available on equipment performance and analyze it in a few minutes to predict when a part is going to fail beg
(predictive maintenance).

Figure 14. The components of Digital Supply ChaiSource: McKinsey & @mpany (2016).
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According to a recent survey published by Capgemini (2023), gklmdly chain bottlenecks and trade/ logistical disruptions
perceived to be the biggest risk to growth in the nexfl&2months. Coherently, 43% of executives across atoluding life

are

sciences, retail, industrial manufacturing, and consumer products, say that the principal focus areas for investment by

organizations will be in supply chain technologies (enabling agility/transparency/visibility of supply chairdiyersification (of
supplier base, production, and transportation partneiesjertheless, the acquisition of information and digital technologies is

sufficient to improve supply chain risk management. Underlpirigesses and working methods of pleaneed to be reviewed pr

not

redesigned, making use of the support of competent partners. Another fundamental element to carry out a successhul |digiti:
project is the ability to find and integrate within the organization the vertical skills relatitige tepecific technologies that are

required to guide the transformation process.

Conclusions

Each SCF techniques shows its own peculiarities, depending on the financial needs of the parties involved and theegtage
supply chain in which they are settled. However, they are all exposed to several risk sources. While traditional foamsngf| fin
H[SRVH OHQGHUV WR ULVNV GHULYLQJ DERYH DOO IURP WedtombiR tbodRidnd, WV |

functioning of SCF solutions can be negatively affected by supply chain disruptions and exc&isorsaurcesnclude awide
variety of uncertainties regarding corporate operations, outsourcing decigilgtjels, inventory and cedits In addition,SCF
risksmay originate from opportunistic behaviors of the participants involved in a transactiomfvitige the ageements in orde
to act in their own intere$o the detrimentf others All these factors lead to serious troubles regardingdmemodity and logistic
flow along the supply chain, as well as the correctness/availability/security of information aoeti/érey ofsupply chain partners

Y=

The use of digital technologies can help managing the various factors underlying supply chain risks. As far as supply c

disruptions are concerned, the contribution of supply chain digitization is manifold as it pesvéndemand, inventory and
productionplanning physical flow, performance management, arter managementVith regard to risks arisinfjom incomplete
and asymmetric informatiorthe distributed ledger of blockchagan ease information access by b# fparties involved in SCF
through the incorporation dfansaction information between the upstream and downstream of the supply chain into &
information platform.

unifi

Several orgarzational and strategic challenges remain to overcome to fostsutisess of the digital supply chain implementatjon.
On the one hand, there must be a deep knowledge of the available technologies, which are fundamental for innovatidiner@n the
hand, it is crucial to identify a cultural and organizational transfoomatirategy, establishing new processes and working methods

in enterprises.
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Abstract

Certificates are structured financial instruments that aim to provide investors with investment solutions tailored &edkeir n

Certificates can be modeled using a bond component and a derivsathmonent typically an options strategy. The pricing
certificates is typically performed using the Monte Carlo numerical methodofggh nethod allows for projections of th
underlying using series of random numbers. The results obtdisgldyan eror (standarddeviation)that depends othe number o
simulations used andn the specific characteristics of the structured products Work has the objective of minimizing th
experimental error, and, consequendf/accelerating the speed of conyence using statistical techniques known in the literg
as variance reduction methods. The most popular stochastic dynamics have been dikaythedclassical Black and Schol
mode| the Local Volatility model anthe Hestonmodel Three certificateareanalyzed in the paper and yhare characterized b
different payoffs. The variance reduction techniques, implemented in different programming lan@y#uas, Matlab and R), ar
Latin Hypercube, Stratified Sampling, AntitheWariables, Importance Sampling, Moment Matching and Control Variates.

Key Words:

Certificate pricing Stochastic Differential Equationiyariance Reduction Techniquekatin Hypercube, Stratified Samplin
Antithetic Variables, Importance Sampling, Mon&fatching Control VariatesRandomized Quasi Monte Carlo

JEL code: G12G17-C53-C63
1) Introduction

This introductorysectionaims to highlight the innovative nature of the application of variance reduction techniques to inst

of a hybrid nature, such as investment certificates, through a literature r@iewnplementationof this category of statistical

techniques esp@lly connectedvith the Monte Carlanethodis certainly not new in quantitative finandedeed these approachg
are considered important as thage ableto improve the performance of a numerical schehat allows the integration of
stochastic diffeential equatioraimedat solving problems connected with the determination of the fair value and the estima
the related sensitivity measures (typically the Ggpek

Most studies concentraten the quantitative analysis of the most common -patberlent exotic options: Asian, barrier a
lookback (Avramidis DQG /T(FX\HU , Q S D brninoptioKsOvihbse p&yfF Xéper@dsd on the average of {
underlyingvalues assumed during the life of the derivative, i.e. Agipe options, several gdiesapply the variance reductio
techniques to different types of stochastic processes ahkiengsiat valuatingthe derivative

By way of exampleZhao, Liu and Gu (2013) implement the Importance Sampling technique for an Asian call option base
arithmetic mean bydoptinga traditionalGeometricBrownianMotion tosimulatethe forward projections of the spletel.

As highlighted by Moretto, Pasquali and Trivellato (2017), the importance of extending these methodologies also tavbenss
stochastic dynamics camprove themodelng of the phenomenon of fat tailseéxtremely important

Indeed the ImportanceSampling techniquéenas beerused for pricing Asian options whose pafy was groundedboth on the
geometric and arithmetic mean ofetlunderlying together witha more complex stochastic dynamics used for modeling
prospective valueof the underlyingbasedon a stochastic process dedicateddéscribingthe dynamicsassumed byariance
(Fouque and Han, 2004pinge¢, Sak and Horman2014) instead proposedControl Variates approachapplied to a conditiond
Monte Carloand showedts efficiency with ahuge number of different stochastic processemplementedfor the projection
However, ot only first generation Asian optioitmave keenconsideredn the previous literaturdpr example Giribone and Ligat
(2013) used a combination of variance reduction methods (Importance Sampling, Control Variates and Latin Hygigectd
significantly reducehe simulation error committed or2easset Asian spread put

Barrier options have been studied in detail by Hieber and Scherer (¥i®3uggested to uskntithetical Variables andControl
Variates in Monte Carlo simulatiodier pricing barrier options in a Markeswitching model while Zhang (2020) and Ameu
L'Ecuyer and Lemieux (1999)rovide interesting insighton the application of variance reduction techniques to the pricir
lookbackoptions Another widespread application of variance reduction techniquetaied tahe pricing of American options.e.
derivatives withan early exercise featurd=or example, Boire, Reesor and Stentoft (20BLdaveexperimentedan extremely|
efficient usageof AntitheticalVariables,Control Variates andmportanceSampling to this endMoreover,Lemieux and La (2005
showedhow aRandomizedQuasiMonte Carlo can be successfully integrated with the algorithm of Longstaff and Schwartz
which is the moswidespread regressidrmased technique fastimatingearly-exercisein an engine baseosh numerical integratio
of stochastic differential equations.

of

iture

<

gy

umer
2S

2
tion ¢

nd
he
n

d on

eXtS

the
l

0
e)

g of

2001

RISK MANAGEME NT MAGAZINE +Volume 18, Issue 1tPage- 19-



Finally, Areal, Rodrigues and Armada (2008)vbaextendedprevious stuiks by combining different regesion methods an
different variance reduction techniquasmingat further improving the numerical results of the previRasmdomizedQuasiMonte
Carloimplementation

Within the different types of regressive methaluist can be combined with th@ngstdf and Schwartapproachmachine learning

was also taken into consideration by Goudenége, Molent and Zanette {{2@&24howhow Control Variates can also be applied
this statistical context.

The literature alsincludesinteresting examples of application of variance reduction techniques for the estimation of the m
measures ofinancial portfolios, like Value-at-Risk (Glasserman, Heidelberger and Shahabuddin, 288@gcted Shortfall (Xing
Sit and Wong, 2022)ral fat tails(Hsiehet al, 2019).

To the best of our knowledgsgientific studieshat apply variance reduction techniques to certificatespractically abserso that
thiswork can be considered original from therspective

Moreover,this study ca be of great practical valdfer theItalian financial industry To better understand its practical importar]
in Section 2 weanalyz the Italian market o€ertificateson the basis othe statistics compiled on a quarterly basis by ACHR®
Italian Association of Certificates and Investment Prodaot$ wereview the most widespread investment certificatesdifferent
productfeaturesand trading venues.

In the following sections we discuss the applicatiovariance reduction techniques to theagtitative analysis o$uch financia
instrumentsA "bottomup” discussions proposedvherewe start fromdiscussinghe problemthat needo be solved (descriptio
of the product to be analgd) and thewe deal with the pricing modekhich is usually adopted by financial market participg
(i.e. theasis solution br the problem).

We presenthe best practicéor estimatingthe fair valueof the observedfinancial instrumentind we proceedto implementthe
statistical methods which allow an increase in the convergence performance in terms of dispersion respect to the expeetg

improvement of the current solutioMhis methodological approadh adopted for the analysis of three different strcedd products

that display increasing levels of difficulty in their pricing

Section 3 provides a comprehensive quantitative analysiS§%D QFD 3RQWL &HUWLILFDWH 3URWHF
(ISIN: IT0005468142). The pricing of thigructued product is relatively simplsince the optional component can be modele
a long position in a bull call spread at maturityisthe theoretical quotation was tackled with a traditional Blachkoles pricing
framework.

The choice of this dynamic motivated by the fact that the pagjf can be replicated with a short and a long position of a call o
written onthe underlying index anan expiration datequal to tle maturity datef the certificateTherefore an analysian trade thg
two vanillaoptions separately on the financial markets, typically making use of a dlmgedla valuation model (for example,
standard pricing module such as Bloomberg® OVME).

The possibility of replicating the Monte Carlo method with a closed forrdela/ed bythe analytical resolution of the fundamen
Black-ScholesMerton PDE allows tocheckthe correcttheoretical convergende thefair-value of the implementedechniques
This validationimproves theconfiderce of correctly pricing more complex certificates that cannot fréced using a analytical
closedform approach.

Section GHDOV ZLWK WKH 2%DQFD 3RQWL &HUWLILFDWH 3UPIHBEMARRIQIkE D&
previous productin this casethe optioncomponent consiste a strip ofconditional amounts with the smlled memory effect
while the invested capital is fully protecte@®ne of the reference pricingchniquedor this category of certificates is the Log
Volatility model and the pricing pblem cannot be analyticallyandledin closed form due to the memory effede therefore
proceed to verify which variance reduction techniques are best suited to improve the performance of this MaiteuGzdo

The lastsectionconsiders another #urewhich is quitecommonin certificates, namelyw Kadtotallability”. The analyzed produ¢

LV WKH 33KRHQL[ UHYHUVH FRQYHUWLEOH OLQNHG WR WKH )76(0,% ,QGH]

In this case the referencgarket model for thgaluaion isthe Hestonmodel As in the previous cases, the pricing of the instrun
is presented using a standard Monte Carlo method (known in jarg8@rade Monte Carlg; thenthe analysishows that the
performance can be optimized thanks todbdeof a Randomized Monte Carlo.

In order not to burden the discussion, therking principles of the variance reduction techniques implemented in the pap
briefly reported in the appendix: Antithetic Variablgs.1), Stratified SamplingdA.2), Latin Hyperabe (A.3), Control Variateg
(A.4), Moment MatchindA.5), Importance SamplinfA.6) and Randomized Quaklonte Carlo(A.7).

2) An overview of investment certificates and the Italian market

Investment certificates are financial instrumemnigh different risk/return profiles that allow for the identification of finang
solutionsalignedwith the needs of the investGhkCEPI, 2022)

Certificates are securitized derivatives, essentially abamation of financial contracts incorporated in a security, negotiable i
same way as a share.

They are usually issued by bank issuers in the form of notes (i.e.;tstrorbonds) andhey are subject to issuer risk, a ri
associated with the default of the obligationisthe issuer in relation to the product, consistently wite contents othe
prospectugertificates have a significant derivative componenttherefore,their value isconnected to the performance of
underlying, which can be a share, an index or a basketof (@&veri, 2018)
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The types of certificates differ according to:

- Directionality of the underlyingtfiere may be an exposure to the downside or upside of thi asset
- Distribution of payment flows during the life of the financial instrument (additional amounts)

- Possibility of early repaymentith payment of a premim to the investor (Autocallable)

- Capital protection which can lietal, partial or conditional

- Repayment at maturity.

By accessing this type of investment, the investor renounces the dividends distributed by the underlying in orderftorhehefit

conditions defined in the derivative contract.

Specifically, there are three macro types of certificates: Investments Certificates (for investment purposes), LevédieajesCerti

(for trading or risk hedging purposes) and finally Credit Linked Notes.

There are also three swhtegories of Investment Certificates which dPeotectedCapital, Conditionally Protecte@apital and
UnprotectedCapital (ACEPI, 2022)

The protecteatapitalcertificatescan bedivided into:

- Equiity protection: they can berlg (i.e. the holder makes a profit if the underlying goes up) or short (i.e. the holder makes
if the underlying goes down) to be able to participate in the increases or decreases in the price of the underlyingthdy
protect the issue priaa a percentage of it, at maturity.

- Digital: they allow for additionalearningsif, on theobservatiordates, the underlyinguotation ishigher or lower than thinitial
quotation

Conditionally protected capital certificatean beclassified into:

- Bonus:they allow to participate in increases and decreasdbe priceof the underlying alsoproviding an additional incom
when certain conditions occur.

- Express: theycan be subject to earipaturity /reimbursemenrdt issue price plus a premiumif the price of theunderlyingis
greater thamr equal to an initially prset levelon the observation datéhis type is also called Autocallable)

- Twin win: there is a barrier level beyond which the capital is no longer protedtede instruments offer the possibility @
positive return both in the event of a rise and a slight fall in the underlying.

- Credit linked:theyallow to obtainrecurringbonuses conditional on the "nadefault” status of one or more reference entities

- Acceleratortheyallow to participate in the increase or decrease of the performance of the underkyimgpre than proportion
way. In case of loss there issually an "Airbag" factor. TheAirbag is a factor (ratio between the final and initial eabf the
underlying) which is multiplied by the price at maturity (in the event that the underlying is below the floordtamaurity.

- Premium Certificatethey pay certain and fixed premiums during the life of the instrument regardless of ther@erte of the

underlying and a premium at maturity conditibmno the performance of the underlying. Howeviitrere isa barrier level beyon
which the capital is no longer protected

- Cash Collectthey have the peculiarity of distributing fixed premiwsnandconditional additional premiumsaccordingto the
performance of the underlying.

Certificates with unprotected capital, on the other hand, do not haveatedwories but have specific characteristics, they repl
the performance of the benchmaridacan have more or less proportional fluctuations.

Figure 1: Pie chart of certificates placed in ttterd quarter of 2022 Source: Acepi (ITForum 16 June 2022)
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Figure 2: Development of certificat@s years 2012022.Source: Acepi (ITForum 18une2022)

The graphs in Figures 1 and 2 are shown in order to expiainnvestorshave constantlybeenlooking for new investmern
solutionsin recent years, whiclertificates are able to satisfgs can be seen from the most recent placesr(enty a slight
decrease can be seen in correspondence of 2020 due to the @9YHhdemic)Certificates can be traded on regulated mark
such as SeDex (Securities Derivative Exchange or Electronic Securitized Derivatives Market) or EuroTLX. This al
instrument to be reasonably liquid and consequently to have systematic purchase and sale offers entered by an autlarize

The SeDex market is the market managed by Borsa Italiana on which Covered Warrants and Certificates are traded. As
the official Borsa Italianavebsite(borsaitaliana.it) this market is segmented as follows:

- "plain vanilla covered warrant segment” (covered warrants consisting of a agliboption)

- "structured/exotic covered warrant segment” (covesagrants which are combinations of call and/or put options or W
incorporate exotic options)

- "leverage certificatesegmerit (certificates that replicate the performance of the underlying,assita leverage effegt

- "investment certificatesegment (certificates which replicate the performance of the underlying assetut leverage effectr
which replicate the performance of the underlying assetdncludeone or moreancillary structured or exotic options).

This market was created R004 as a segment dedicated to the negotiation of Certificates and Covered Warrants vavietat
defined as securitized derivatives. The first covered warrant was listed on the stock market in 1998. The successtofithes
soon led to theidting of several thousand instruments and dreationof the Covered Warrant Market (MCW). Since the e
years, alongside the covered warrants, the first certificates havstaftaito be traded. Over the years, the number of certifig
and the riatedtradedvolumeshaveprogressivelyoeen growingas the variety of types listed.

For this reason, in 2004 Borsa Italiana replaced the MCW market with S&heXpening hours of this market go from 9:05 arj
5:30 pm, Monday to Friday.

Investment Ceificates traded on the SeDeX market segment of Borsa Italiana belong to two classes:
- Class A:theylinearly replicate the performance of the underlyingdatled benchmark certificates)

- Class B: they replicate the performance of the underlyingiresidde one or more structured options to provide further ben
(for example, total or partial capital protection with Protection Certificates).

For the purposes of admission to the SeDex market, the issuer musstette following reports as indicateid the official
regulation provided by Borsa Italiana:

- a prospectus approved by the competent authority in accordance with the Prospectus legislation

- a base prospectus approved by the competent authority in accordance with the Prospectus legiplaifomented by the fin
terms

- a registration document accompanied by gheuritiesnote on the financial instruments approved by the competent autho
compliance with the Prospectus legislation or, alternatively, accompanied by the KID required by Re20l2tl286.

- an admission document containing the information referreatttachments 6 or 7 and 14 or 15 of the EU Delegated Regu
2019/980. In any case, this information must be sufficient to allow investors to makéaned investment decision on th
financial instruments and mustcontain any other information thBorsa Italiana may request to facilitate the orderly condu
trading.

The focus on this type of financial instrument is due to the fact that, in a context of very low interest rates andig\wvestors
are looking for a solution that cgmovidea suitablereturn anda protection from strong market fluctuations.

t

ets,
ows
d ope

repor

hich

e
in
arly
ates

nto

efits

=&

rity in

ation
e
ct of

RISK MANAGEME NT MAGAZINE +Volume 18, Issue 1tPage- 22 -



In particular,we will analyzecertificatesthatprovideinvestos withtotal protectionor partial, but still highprotection.

The first certificate, for example, hasprotectionof 90% (section 3)of the amount initially invested while the second has fotal

protectioni.e., 100%(section 4).

In addition to the level of protectionnvestorscan obtain additional amountsonditional or nat depending on the specif

characteristics ofhie product(section 5).We believe ae of the mi contributions of this study is the application of variance

reduction techniques to the pricing of investment certificates as these techniques are tygicafplied to individual options.
3) Analysis d the certificate - Banca Ponti Certificate Protection Cap Euro Stoxx 50 28/12/2026
The 90% protected certificate with a 115% cap is a partially proteetgital 3, QYHVWPHQW &HUWLILFDWH’

type of certificate allows the investor to protect his capital up to 90% therefore in the worst case he will obtain @0#vestidg
capitalat maturity.

6,

Conversely, if the underlying outperforms, thiestomer will receive up to a maximum of 115% of the initial investment (this is due

to the presence of the cap).

In addition to the capital at maturity, conditadrto the performance of the underlying, the certificate distributes an unconditional

additionalpaymentof 1.5% of the nominal valuen preestablished dates.

The valuation of the certificate is done on(B2022, the issue dateas20/12/2021 while the expiry date is A82/2026.Table 1
shows the characteristics of the financial instrumerdinbtl from the KID (Key Information Documenf)his financial producfas
well as the subsequent case studies), only be offered taretail customer which has the following characteristics:

- Experience and knowledge of financial markets

- Ability to bear capital losses

- A high risk tolerance (equal to or higher than the risk indicator)

- Time horizon of the investmerdt least medium term

The payment dates of the unconditional amount are fixed in advance and indicated in Table 1. The avmmmtfior buyingthis
certificate is J000 euros anduchminimumamountrepresentsne unit.

The underlying index on whicthe performance of the certificate is conditioned is the EURO STOXX 50 (which represents th

stock index inclughg the 50major Eurozonecompaniesn the main industrial sectors). The strike price of the index,the 100%
threshold, is set on 17/12/2021.

The costs incurred, useful for pricing the instrument, are: 2.50% for placement commissions and 1.5% for structurirfte costs.

following sectionhighlights the pricing method (Monte Carlo technique) and subsequently the payoff, the Greeks and the
reduction techniques will be anaid.

Table 1 Financial characteristic®f the certificateetrieved from the KID Souce: Banca Cesare PonttGruppo BPER

3.1) The Monte Carlo methodology and tlke Black-ScholesMerton pricing framework

The value of a derivative, being closely linked to the performance afrttierlyingfinancial asset 5: P, depend®n the possiblé
trajectories that it will take in the futufelunt & Kennedy, 2001)One of the most widespread stochastic processes $opuhpose
is the GeometricBrownian Motion, which, consistently with the BlackcholesMerton pricing framework, is represented by
following Stochastic Differential Equatiof$DE):

@F LasP@BésP@, (1)

varia

the
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Where:

a= annualized expected return earned by an investor over the time g@rkcdhe pricing of options on equity or stock indexe
is usually set as:NF Mwhere Ns therisk-free rateand Ms the continuousdividend yieldof the underlying.

€= the annualized volatility of the asséthen vanilla option prices are available, the imphailatility is usuallyused, otherwise
historical estimate is made

@ .= Wiener stochastic process.

The SDE can benumerically integrated through the Euldaruyama schemand therefore implemented using a numern
processing softwaren(this study threéanguagesremosty used: Python, Matlab and R):

@F L a5P@BESP@®.\ ¢5 axyPEER9 (2)
% Bos5s Ea5,5¢PE é5g?563/<,_'|:(3)
where Orepresents an extraction from a standard normal distributiory &tk discretization interva{Kloeden & Platen, 19927

Wiener process is a particular type of stochastic Markov process, used to model the Brownian motion of variou
phenanena. Formally,9 :P,follows a Wiener process if it satisfies the following properties:

-9, L,

- 9 :Ris (almost surely) continuous,

- random variabled :R; F 9 :R;, with r Q R Q Ris normally distributed with zero mean and standard deviagdnh Rand
-random variable® :R; F9 :R;and 9 :R; F 9 :B;with R OR OR O Rare independent random variables.

S it

ical

5 ran

In our paper, the Monte Carlo engineuised with simulation brackets that egspond to a letter: Adicates a thousand simulations,

B represents ten thousand simulations, C stands for a hundred thousand simulations andstiaatlg & million.

For each number of simulations indicated, 28flicationsare maden order to &trapolatethe greatmean,which corresponds t
the fair value of the structured product, the standard deviation (used as a measure of precision and for cporpasssrrelate
to the improvement hopefully introduced Kye variancereduction techniqu® and thecomputingtime (useful for understandin
the "cost" in computational terms of increasing the number of simulations or the methodology).

For pricing purposes, the certificate can be broken down into two part&rther concerns the flows of uoaditionaladditional
amountsand thdatter regardshe optionsstrategy at maturity (bull call spread)

The calculation of the unconditionamountswas implementeddiscounting the future additional amounts, while the-spikad
value at maturity was estimated simulating the value of the underlying using the Monte CarlqBogi@el977)

Assuming that the notional is equal t@d0 (minimumamount thattan be prchased), the thredifferent casesat maturityare
analyzed:

- If the simulatedunderlyingis less thar®0% of the strike pricat maturity,then the certificate will pay 900. The exercise pric
the initial reference value of the indeon17/12/2021equal toEUR 4,161.35.

- If the simulated underlying is between 90% and 115% of the sthi&a it will pay the corresponding value betw&adsR 900 and
EUR 1,150

- Finally, if the underlyings greater that15% of the strik@rice,then the final redemjon will be EUR 1,150.

Once the two components have been obtained, they are added together. The prices obtained on the valudigf2022u3ing
Bloomberg® market data are shown in Table 2:

Table 2: Pricing of certificatéT0005468142 with Crude Monte Carlo technique

The valuesobtainedare in line withthe market quotation observed on the Sedex dd381022 (923.75+Source: Borsaitaliana.i

and also with the fair value of the hedge estimated using the traditioredd 8tholesMerton closed formula for the long positipn

in the call with the lower strike price and for the short position in the call with the higher strik¢Bldck & Scholes, 1973)

OO

e is

In order to complete the analysis, the price sensitivity measunes catculated with respect to the main inputs of the valuation

model(Tables 3, 4 and 5):

Delta: ¢ L #ﬁu,o\?ega: aL lg‘l—éu,olgho: éL !ézu%eta:a L #?U,O@amma:UL 'alauq_g:—f
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Table 3:Numerical estimation of Delta (left) and Vega (right) with th&ided Finite Difference Method for certificate
IT0005468142 with Crude Monte Carlo technique

Table 4: Numerical estimation of Rho (left) and Theta (right) using the Finite Differeett®t] respectively-8ided and isided,
for certificate IT0O005468142 with Crude Monte Carlo technique

Table 5: Numerical estimation of Gamma with Fieite Difference Methodbr certificate IT0005468142 with Crude Monte Car
technique

The estimated experimental error for a Monte Carlo simulation is given by the standard deviation of thearemudls valug
implies a more accurate convergence to the expected vHhgestochasc process of the variables underlying a derivativ
replicatedimplementinga hugenumber of simulations in order to estimate the value of the financial instrument with a lanrth
of accuracy.The greatethe number of simulations, thgreaterthe accuracy accompanied by a significant increaseoimputing
time. In this context, the variance reductitethniques can be usemimprove the accuracy of the Monte Carlo engemultsand to
also save on computig time (Giribone & Ligato, 2013) The most popular techniques in the literature Argithetic Variables
Stratified Samplinglatin HypercubeControl VariatesMoment Matching andmportance Sampling (Botev & Ridder, 2013).
short summary of their working principles can be founchaAppendix.

3.2) Implementation of variance reduction techniques in the first certificate

This sectionshows the results of the variance reduction techniques applied to the first certificate (ISIN:IT0005468142). In
to the tableslisplayingthe esults, the graphs are also shown in order to illusthatthe Monte Carlo engine reaches converge
at the theoretical price of the Black and Scholes closed formula in a different way between the Crude Monte Carlo ar
improved by the variousduction techniques implemented

Tables: First Certificate, Variance Reduction Techniques

Table6: Latin Hypercube Table7: Antithetic Variables

Tabe 8: Stratified Sampling Table9: Moment Matching

addit
nce
d the

RISK MANAGEME NT MAGAZINE +Volume 18, Issue 1tPage- 25-



1%

All tables showingreduction techniquesesults displaya reduction in standard deviatidn. particular, br the first certificate, the
technique thalargely outperforms is the Latin Hypercube Sampling.

It is also clear from the tables that there is an inverse relation between the computational time and the reductigmethleadetsi
find the optimal trag-off between these two quantities.

In our study, the increase in themplementationtimes using the variance reductiotiechniques is more thasompensatedy the
significantreduction of the standard deviation.

The gaphsfor the variance reduction techniques are shown bdeigure 3) andefer to the long position of the hedging call: the
prices of the Crude Monte Carlo are shown in green, while those of the reduction techniques are shown in blue.

The horizontal red line indices the theoretical price of the Calbtained with the Black and Scholelesed formulaandequal to
529.70.

They-axis indicates the prices of the Long Call while theis indicateshe number of simulations performed:

from 0 to 20Q pricesare based ors r’ simulations (Case A),
from 200 to 400, ors rBsimulations (Case B),
from 400 to 600, ors r°simulations (Case C),

from 600 to 800, ors r simulations(Case D)

Figure 3: Latin hypercube (LHS), Antithetic Vahes (AV), Moment Matchin@giM), Stratified Sampling (SS), Importance
Sampling (IS) and Control Variates (CV)

The graphs relating to the pricing of the entire certificate are shown W&ligwre 4) In this case,he red line indicates th
theoretical price of the financial instremt, equal to 923.62.

D

The Latin Hypercube, Moment Matching, Antithetic Variables and Stratified Sampling are the applicable reduction technigues.
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The implemented techniques have all performed well but the Latin Hypercube ragalgandsignificantly reduced the standard
deviation

In Figure 4representing the pricing of the certificatiee trend is not clearly visible due to the very low standard deviation (the| price
convergeslreadyfrom the very first simulations).

In conclusionthe reduction technique thsihowed the best performaneas the Latin Hypercube Samplitftatdrastically redued
the standard deviation.

Figure5 shows how the prices are distributedhie Monte Carlo Crudewherethe blue line is the distruition of the crudandthe
red line represents the distribution of the Latin Hypercubethe enlargement in Figure 6, the variance reduction technique
performs excellently, and is characterized by an infinitesimal standard deviation.

Figure 4: Convergnces of Latin hypercube (LHS), Antithetic Variables (AV), Moment Matching (MM) and Stratified Sampling (S
to the fair value of the certificate

Figure 5: Crude price distribution and Latin Hypercube Figure 6: Latin Hypercubdlistribution enlarged
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4) Analysis of the certificate- Banca Ponti Certificate Protection Cap on FTSE MIB 08/03/2027

The 100% protection certificate is an "Investmestt{ficate" with fully protected capital; therefore, the investor will receive
entire invested amount at maturity. The certificate provides for the payhardonditional additionahmount on preestablished

the

dates If on the valuation date for thethi conditional additionahmount, the underlying is at a level equal to or higher than the initial

reference value, then the investor receiveamountqual to 3% of the invested capital.

The initial reference of the underlying is defined as the clogiiag of the underlying on the initial reference date. The peculiarity

of this additional amount is that it benefits from the memory effect.

With respect tstructured productwith a barrier mechanism, the-salled Memory coupon is an interest payment that is carried

over to the next observation dates if[tied at a given observation date, fails to meet the coupon payment requirements as|

defin

in the structure. However, if payment requirements are met at a certain observation date, all coupons that have nptyg®viousl

paid will fall due for payrent at such date.
We can express the rule for the payment of theconditional additional amount in accordance with the following formula:

OKIEJBHHMAPF D#@ @ EPEIKIGIP?E/AIKNYE @ @ EPEIKDIN ? H :PF GF s;7%4)

Where k can assume valugstween 0 and 4 and indicates the value of t corresponding to ttoladitional AdditionalAmount
Event that occurredn particular, f t = 1 then k = Qwhile if a Conditional AdditionalAmount Event has never occurréd-= 0.

The underlying of this certificate is the FTSE MIB index which measures the performance of 40 Italian stocks ang
duplicating the broader sector of the Italian equity market.

Pricing isin any case carried out af 31/03/2022 using market dafeom the Bloomberg® infeprovider as in the first certificate.

Table D shows the main characteristics of the certificatdeved fromthe KID.

Table D: Protected CapitalCertificate on FTSEMIBfrom the KID) £Source: Banca Cesare Ponti (Gruppo BPER)

The valuation model used is the local volatility model, proposed in 1994 by Dupire for the continuoBugass 1994) Initially,
it is necessary to define the concept of implied volatilithiich correspondso the expectatiorof themarketfor the volatility of the
underlying stock in the future. Implied volatility is one of six inputs used in the Black and Scholes option iadely butit
cannot be directly observed in the marit¢dug, 2007) The standard method to determine it, knowing the option price and the
five parameters (Spot, Strike, Dividend Yield, Time to Maturity and interest rate), is to solve the equtiteoBlack and Schole
model for theunknownparameteri(e., theimplied volatility). The important observation is that tAmlatility smile” should neve
occur based on the Black aBdholes theory, as it theoretically assumes a complilyolatility curve. The first case that dw

attention to the volatility smile was the stock market crash that occurred in 1987. The fizadenneed to move to a mor

sophisticated modeies preciselyin that historical event, in fact Derman describe this hatlangeas follows 3*$IWHU W
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and ever since, equity index option markets have displayed a volatility smile, an anomaly in blatant disagreement aitk

he Bl

ScholesMerton model. Since then, quants around the world have labored to extend thekOndY R DFFR P P R G Dk, W K L

2020)

Essentially the authorsshowed that new modelshave beerdeveloped from that anomaly, andatlgquants aim to move from th
Black iScholesMerton model to more complex models that better describe the trendaditg of the market.

The Local Volatility model implements a different Geometric BrowrNéstion, since in this case volatility will depend on time g
on the performance of the underlying in a tinaying way.

nd

In order to take into consideration thedab volatility model, starting from the standard Geometric Brownian Motion, see Eq (1), we
have to set the volatility in function of th&and PConsequently the new dynamics can be represented by the following Stochast

Differential Equation:
@. L :NFM5,@BES5PR5@,
Basically, the Black and Scholes model uses the same level of volatility for the entire life ofitine while the Local Volatility]

model estimates its own level of volatility for each individual option in order to reflect a more accurate theoreticaf Hady
option (Dupire, 1998).

The calculation of the volatility through the Local Volatilityimplementedstarting from the implied volatilities deriving from the
traded prices.A series of Call and/or Put price vectors for different strikes and diffexeemitiesby means of interpolations allows

to attaina Local Volatility surface. Theonnectionrelates the different volatility structure for different strikes and for different

maturities. The formula for calculating the local volatility area is given béliiFranco, Polimeni & Proietti, 2002)

55,61 oy i GA AT oy ot

é:-#6, L g

B> Ax. 3/T+/43/‘AC>A- i O%Al%’. x_ @%AA' G

With:
j|@iA>nﬁ>—§‘”ﬂi

@L

0%A3/]—

Where & £ s the function of the implied volatility estimated from the numerical inversion of the HabklesMerton pricing
formula starting from the market quoted prices.

Figure 7: Local Volatility of FTSEMIB as of 31/03/2022
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The impliedvolatility surface used to calculate the Local Volatility of this certificate is that of the FTSEMIB index (Source

Bloomberg®).

Contrary tothe previous case, due to the path dependency given by the memory effect of the coupon strip, closed fonmilas c:

be used for the pricing of digital optiofGiribone & Revetria, 2021)

Given that no closetbrmulas exist for pricing this optionality, the numerical methodology of the Monte Carlo engine with loca

volatility can be implemented for the pricing, @applying the variance reduction techniques.

Specifically, the techniques used are: Antithetic Mada(AV), Latin Hypercube Sampling (LHS), Moment Matching (MM) and

finally Stratified Sampling (SS)'he table below displays values on the customer side

Tale 11: Crude, Antithetic Varibles (AV), Stratified Sampling (SS), Latin Hypercube (LHS) and Moment Matching (MM

~—~

In this case, the approach that did not impact so much is the Moment Matching, which failed to meet the expectations

significative improvement measured in terms of standard deviation reduction (see Table 11, last columns).

The graphs of the pricing convergencetlud financial instrument are also shown, using the same graphic conventions use
previous certificate

Figure 8: Antithetic Variables (AV), Moment Matching (MM), Stratified Sampling (SS), Latin Hypercube (LHS)

In the second certificate, where the model usedad. tital Volatility, the variance reduction technique that performs best i
Antithetic Variables.

RISK MANAGEME NT MAGAZINE +Volume 18, Issue 1tPage- 30-

0 in tl

5 the




Figure 9: Crude and Antithetic Variables price distributions

5) Analysis of the certificate +Phoenix Reverse Convertible Linked tahe FTSEMIB Index

The Phoenix Reverse Convertible linkedthe FTSEMIB certificate is a structured certificate from JP Morgan. The certifica
characterized by the payment of conditional additional amountsalodoy the payment of rmamount m the event of earl
termination. The timing and amount&ichpaymentsill depend on the performance of the underlying.

The financial product has in any case a fixed maturity and will terminate on the maturity date. The certificate hasoptiwarré,
70%. This implies that if the price of the underlying falls belowlibgier level at maturity, the produeill pay an amount lowe
than the nominal amounghich could theoreticallyin the most extreme cadeeequal to zero.

On the coupon payment dates thgestor will receive the coupon rate of 3.55% tontgtiplied by the notionalif the reference
level of the underlying is equal to or higher than the coupon barrier level (equal to 70% of the initial reference).

If this condition is not met, thievestor will not receive any Coupon Paymentthat PaymentDate. The reference dates for {
couponpaymensg are shown in Table2L

Table P: Coupon payment dates. Source: JP Morgan

On thematurity date, the investor will receive:

- in the event that the final reference level is equal to or higher thamttierbevel, ginal paymentequal to the nominal value.

- in case the price level iselow the barrier level, the amounttbg final paymenwill be directly linked to the performance of the

underlying. The amount of sudimal payment will be equal to theotionalamount multiplied by the final reference level divided
the exercise level.

ate is
y

by

The certificate also has a peculiar feature, i.e.pbssibility of being redeemed before maturitiiis feature is3 P H Q W LiRtQetl G~

nameof the certificatesince the "Phoenix" type indicates the autocallability by the isagevgell aghe fact that the coupons can
cumulated.

In the event that thenderlying on thecoupon observation datexicated abovgs higher than the initial reference valadserved

be

at the issue of the certificatden theearly terminatioris triggered and the investor will receive a final payment of 100% of the

nominalvalug plus the corresponding coupon.

This peculiarityimplies thata different modehasto be used for calculatintpe volatility: the Heston Volatility Modelwhich will
be described in the next sgbction.

The characteristics of treructured product described previously are shown in Table 13:
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Table B: Characteristics of certificate (ISIN: XS2168930348purce: JP Morgan

5.1) Heston stochastic volatility model

Volatility is a difficult parameter to measure, as it is constaritgnging and it becomes natural to consider the use of a stog
model intended to model this particular parameter (Rouah, 2013)mbke populamethodfor modeling stochastiwolatility
certificates characterized by a highly Aamear payoff is the Heston Volatility Mode{Heston, 1993)The proposed model is th
following:

@©EL NF M5.@ B ¥8.5.@ 2
@8SL GaF 8,,@B &¥8,@ b
@@L QP

Where 5,and 8are the price anits variance respectively, while 5 9 | are correlated Wiener processesth correlation
parameterédioreover, ais the longterm mean of variance(s therate of adjustment of the lonterm mean,éis the volatility of
volatility and éis the correlation parameter.

The parameteré can be considered as the correlation between theetogns and the volatility of the asset and it impacts
asymmetric width of the tails.

Intuitively if éis greater than zero then volatility will increase, as will the price of the underlying asset. In this case, the Jri

ZLOO LQFUHDVH ZKLOH WKH OHIW WDLO ZLOO GHFUHDVH FUHDWLQJ D Gl

Conversely, if the correlation pameter is less than zero then volatility will increase, while the value of the asset decrease
SURGXFHYVY DQ HIITHFW RQ WKH GLVWULEXWLRQ OHDGLQJ WR D 3IDW"~ OHIW

hasti

e

The paramete@impacts the kurtosis (which indicates the "fatness" of the tdil)eoreturns; when it is equal to zero, the varigance

8is deterministic, and the legeturns are distributed according to a normal.

Increasing the sigma will result in an increase in kurtosis, which will lead to greater heaviness in the tails onebg
consequently the volatility surface will have a more accentuated smile (meaning that the market hgsdiigbhdity of having
extreme movements).

th sil

7KLY LQVHUWLRQ PDGH LQ +HVWRQTV PRGHO DOORZV WK hardt\agptoxiraativg bdk Q

only the first two moments (mean and variance) but also the third and the fourth (skewness and kurtosis).

These adjustment factors allow this model to be better than others, in terms of predictive capabilities and consequien
provide a better estimation of the instrument sensitivities in relation to a structured product characterized by thabitititd
feature, like the Phoenix Reverse Convertible (Hansson, 2012).

The parameters are calculated starting from the imhpigdatility surface of the underlying index (ingltase, the FTSEMIB index).

5.2) Estimation of the parameters of the Heston model

The Heston model implies that the price trend and volatility of a security follow certain laws according to 5 par@piieGé
€ Theseparametergannot be directly observed on the martketreforethey must be calibrated in order éoter them ito the
Monte Carlo pricing engine. For the calibratiore start from the implied volatility surface of the FTSEMIBd takehe volatilities
of the options traded on the mark#ten allthe parameters are estimated together using a least squares minin{idafinek &
3 RV $S2a1j0it is also possible to assign weights example giving importance to the voldities deriving from the most trade
options on the markethe mostiquid oneg. Suchimplied surface has strikes ranging from 80% to 120% in terms of mone
while the maturities range from 1 month to 7 years. The calibration is presented aslisnéusion minimization problemwhere
we try to minimize the least squares of the differences between the volatilities obtained from the model and thoseoolike
market. Thereforejefiningthe implied volatility of an optioms + 8, the problenis as follows

s oo Aigs+ 87072 5mp &8 F 85082584 ;;°

tly al
call

d
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with 8% (8,4 G & & under the following conditions8, Rr, aRr, GRr, éRre FsQé QEs

The closed formula for pricing a European @fition that pays aontinuoudividend within the Heston model pricing framewaork

is (Heston, 1993)
9%5.8,86; L 5,2 F - A°&1762
Where:
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For FL sawhere:Q L-4Q L F-4=L G&> L GFé&> L G
In theformulas Grepresents the imaginamyit.

Having found the parameters that regulate the Heston dynamics, we then move odescthption of the numerical integrati
schemes implemented.

5.3) Integration schemes for the Heston model

The most classic integration scheme is the Euler discretizéfmmeach step of the Monte Carlthe time horizon > &7?is
partitioned into M paodswith aconstanturation of P

X LRORO®R: L 62R L~ &L &% d
The discretization for the price proces¢dtoeden, Platen & Schurz, 1997)
Bol By Ed5, -E¥R, & 9%
And here is the volatility process:
R,L &, EGaFsg, ; -E¥R, & 9
with 92 L 9ZF 92 and 92L9SF9S
The Grepresents the speed of adjustment for variance to return towards therlonaverage .

The correlation constraint must be respectéd@IP:9 °& 6;gin accordance with the numerical implementation of the Chol
decomposition.

Euler's discretiation method presents a major problem, namely that volatility can reach a negative value wihonmobability,
contrary to the definition of variance. To ensure that this does not happen, tkmavetl Feller condition has to be checked on
variarce processt G &R & (Rouah, 2013).

If this inequality holds, then the drift is sufficiently large for the variance process to be guaranteed positive anth resirog
Given that the calibration of the five parameters that characterized the Heston dynamics strictly depend on the rdatanzske
for this aim (i.e. European call/put market prices or their impliedriognal volatilities), we ar@ot sure that this condition cz
definitely be met. For this reason, we prefer to implement a more robust and reliable discretization scheme.

The BroadieKaya scheme for calculating the Monte Carlo steps is based on the possibility of having exactfuhkiesobability,
distributions of the underlying price and its volatility at each discrete time incréBreatdie& Kaya, 2006. For eachitne interval
we have that:

5 L % $$BNF M¢PF-17R@ BE1 ¥R 5C
RLREGAaPF GiJR@ B&i  ¥YR® °
The steps to be follogd are:

Step 1: Generate a sample from the distribufipgiven R a

DN

esky
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AN
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Step 2: Generate a sample from the distributiomégdge@gﬂ/en Rand R.
Step 3: Recoveriég ¥ R/@® Sfrom Rand R and iég Rs@.O

Step 4: Generate a sample from a distributiof@fiven i ¥ R/@ Sand i} R@.0

The twosuggestednethods offer two different solutions, Euler offers a lower level of approximation with the same time Btep
comparedo the exactsolution fom BroadieKaya. The implementation of the Broadaya scheme corresponds to the method

with the highesprecisionthus itremains important for verifying the validity of the model to be used.

Figure 10: Surface of implied volatilitieebtained by inverting the pricing formula for a Call in the Heston model

The Heston model is therefore one of the stochastic volatility models that best represpatetiianarket pricesHowever,we

emphasizehe high sensitivity bthe five parametesrcalibrationof the dynamics to market data and the absence of closed formulas

for non-European contracts.

A 3 Jow-DiscrepancySequencé, also calledQuasirandomSequence, is a sequence of a representative sample from a probabilit

distribution (Jacke) 2002). The featureof these sequences is that they have a standard error proportiandl fostead of 184 ,
where / is the sample size. QuasindomSampling is very similar ttratified Sampling: the goal is to sample represental
valuesfor the underlying variables. I8tratified Samplingwe assume we know in advanbow many samplesill be considered
while in low discrepancy sequencése procedure is more flexible.

In this case the samples are taken in such a way that the gaps bémverrated sample and the existing one are filliéith each
simulation the sampled points are approximately uniformly arranged within the probability spaceestitting (deterministic)
samplingis entered into the Monte Carlo engine replacingypeal random samplingGiribone & Ligato, 2014)

tive

The advantage of using this methodologytdsobtain the same result as the stochastic methodology with a lower number ©

simulationsFor a brief summary of the working principle, see appendix A.7.

In this cetificate pricing context, we decided to introduce a normal random outcome by means of a Low Discrepancy $eque

(LDS) for the generation of® @5, and a normal random output by means of a traditional uniform distributio@q“f‘ since this
combination of random number generation has prawdse empirically more efficiertompared ta standard variance reducti
methodology.

Consequently, the output of the SDE systemotdeterministic, but based on LD&nd itis associated with the Ramahized QMC
methods /T(FX\HU /HPLHX]

5.4) Certificate valuation and performance comparison

olp]

The reduction techniques applied to this Certificate are: Antithetic Variables, Latin Hypercube Sampling, RandomizeadHalton

Randomizedsobol

The resit of the CrudeMonte Carlo was obtained using the Etldsruyama integration scheme while the result obtained usin
BroadieKaya scheme is also reported, whicllicatesan improvement in the standard deviation, hutthe cost of a highg
computng time.
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Table 14: Crude, Antithetic Variables (AV), Sobol, Latin Hypercube (LHR&ndomizedHalton and Kaya

The two techniques that performed b&st this certificate in terms of standard deviation and in terms of conmgutime were
Halton and SobolOn the other handhé Monte Carlo engine implemented with the Brodtiga scheme halsroughta huge
increase in the compng time despite a good reduction of the stddeviation and an expected value slightly higlwenpared td
the other methodologieBor the BroadiKaya method, oly cases with D00 and 1@00 simulations have been reported due tqg the
high compuing time and thenegligibleimprovement in standard deviation compared to the other techniques.

Figure 11 Antithetic Variables (AV), Latin Hypercube (LH®andomize&obol and Halton

Forthe last certificatethe Randomized Sobol performed better than the other reductionitees,i.e. theRandomized Halton and
the BroadieKaya.In the last casee analyzed,we also achieved reduction in the standard deviation

Figure 12: Crude and Randomized Sobol price distributions
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6) Conclusions

The purposeof this paper is to study and implement variance reduction techniques for structured and complex products suc

investment certificates. These techniques are usually applisthdte options and theiapplication tocertificatesrepresents an
innovative approach that has never been reported in the prelitenagure Indeed, he market for these financial instruments has
grown considerably in recent yeaes highlighted in the first part of the papso that our analysis takes particular relevance
Threepricing modelshave beensed the first is the traditional Black and Scholes model, the secotie Lsocal Volatility model
and lastly the Heston model. Each model has been associated with a specific certificate, #warh lufing characterized by a
different payoff.The pricing andhe volatility model analysihave beemperformed with three different programming languages:
Python, Matlab and R. The market datae beerprovided by the infeprovider Bloomberg®, one of the msiovidely used infe
providers in the global financial sector. Ttertificatespayoffshave beemeplicatedanalyzing their Termsheets and verifying that
the estimated theoretical price retethe market price oit was calculated independently using B®omberg® calculation
modules (DLIB and OVME).The variance reduction techniques applaed: Latin Hypercube, Stratified Sampling, Antithetic
Variables, Importance Sampling, Moment Matching and Control Variates.

Overall results suggest that aesearctobjectivehave been reachddr all three certificatesve have examinedJltimately, we can
state that the formulations of the initial hypotheses have been demonstrated with highly satisfactary results

This study might be extended by combining differeatiance reduction techniqués order to study if further standard deviation

reductiors can be achievedirthermore, the efficiency of the techniques could be verified with other types of structured product

since the certificatendustryincludesextremely heterogeneokinds ofproducs.
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Appendix

A.1) Antithetic Variables

In the Antithetic Variablestechnique the simulatiorby the Monte Carlo engine imade through thestimaton oftwo valuesof the
derivative to be evaluategHe & Chen, 2011)The firstvalue Bis calculated normally while the secomédlue B is calculatecby

changing the sigto the whole random sample deriving from the standard normal distribution. The sample of finalofadues
simulation will be the mean of thalues Band B, Thismethod works well when one value is above the exact value while the othe

tends to be below and vice verSae meanof the two valuess calculated:

BL. 2Y (A1)

The final estimate of the value of the derivative is the mean of the obtained BiDensideringfas the standard deviation of th

B¥alues and0 as the number of simulations then the estimation error wiH;%eThe final result should have a lower erfor

compared to using 0 random simulationgHull, 2015)

A.2) Stratified Sampling

Stratified Sampling consists in dividing the sample domain into smaller aegafor each ofthem,a representative value of the

function is selectedqHull, 2015) The fundamental concept is to limit the extractions in specific subsets of the random n

generation domain without introducing biadest us presume we need to estimate ?with : realvalued random variable and let

us considen#; & & the disjunct sets for which the probabili8.: D, #qis one:

Aigs2:: D#g' > 1 D#PLS Al Ly’ > 1 D#2

With LgL 2:: D#y

e

umb

In a random sampling; ;& &; are independently generated and they have the same distribution as X. The fraction|of su

extractions that fall into partitior#ygenerally does not equdly In Stratified Sampling, on the other hand, the port of the

sampling that should be obtained from each stratymis decided in advanc@he simplest and most common application of this

methodology consists in partitioning the random variables distributed according to layers:

#s L @0, L @40 ety L @’;%’m#a L @°sc

D

Eachone of these ranges has a probability of being selected. Insfeaderating with theSSlogic, a random variable selecte
within the designated interval will be generated. By sampling the random varatid#icral to belongng to one of the designe
proportional partitionsiteration after iterationthe contribution due to the sampling variability is eliminated.

A.3) Latin Hypercube Sampling

o

Latin HypercubeSampling is obtained by dividing a cumulative density function into n equal parts and then selecting a|rand

point in each division(lman, Davenport & Zeigler, 1980)This technique allows to extenftratified Sampling in a multi

dimensional context. To gerate a atin Hypercube of dimensiori in d dimensionslet us consider?by;, the random variablegs

JHQHUDWHG E\ 8 IRU Li. « G M «

Let us conside®; 8 &&, UDQ GRP SHUPXW DhandReQug defPe”  «
8(JY L 5\?,?|,5>T§’

With L « @ NDQ &

The sample consists in selecting thpoints { SUY AL

RISK MANAGEME NT MAGAZINE +Volume 18, Issue 1tPage- 38-



A.4) Control Variates

The method is based on the ideabfaining information about therrors in the estimates of known quantities in order to redug
error in estimating unknown quarngis (Lemieux, 2017).

In order to describe the mathematical procedure, we consider a random varealalenother random variablecorrelated with: .
We suppose that is the control variable for.

Assuming that the statistical average;dé known, we define a new variablé’as follows:

UL EUs F' ;2

Note that the statistical average ofis equal to the mean af: | g L | xgg consequently we can estimate the average mther
than | ga

Thus, the goal is to choose a parameiidrat minimizes the variance ofY
8=N:Y L' >:0F | 2L >: EUx F':;;?F | qo;®?L 8=N;EP8=N;Et U%KRE ;
Where % KRE ; L ' =: Fl g::; F Il ;7

The optimal choice is to set the first derivative equal to zero:

<1080 |\ tfB=N:IEt %KR&:Lr\ FL Fl/l“gm(f
_n O . arE?
8=N©% L 8=N:; F—'I'Oéd
BelngM R, it follows that8 =N Y% Q8=N ;

The same logical steps can be generalized f@rdiamensional space.
In this context, we generatg control variables for.. The new variables Ocan be expressed in the form:
UL EUsF' 15 2E®@E U3 F' ip; 2
Or, in a vectorized notation we can express the same relationship in a more concise way:
0L E 8 k& 1&0
The variance of Ybecomes:

8=NU L "> UF| @b?L"' B FIl gE Wk&F 1&0A@ F | § E k&F |8@oi BACL 8=N;E W &zBEt W &
Where &is the varianceovariance matrix of the arraly. §8and &s the covariance array:
&L "' B F I y&&F |8@<§ ki F | q&4&F |80C
BL ' k&F 180 F I ;gL % KRE&s; 8 & KRE,;?

Assuming that the covariance matrix is positively defined, the optimal choid@isor

x 106 aNY, i60afy . xioany

aaa—ALr\

L LtZ?cEt&@l&Lr\ &L F&YR

With this optiral choice, the variance afYis:

8=NUY L8=N;FALR

Given that &gis positively defined,&[ia5 8 r. Being the quadratic form& &Z;prositive, it follows that8 =N Y, Q 8=N ;.
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A.5) Moment Matching

This techniqueonsists in transforming the paths in order to match the moments of the distri@laeserman, 2003This can be

done for example in the simulation of anderlying asset%) simulatedunder the assumption of risk neutrality and with a constant

interest rate. If the underlying papno dividends thenwe have:

' 5:p?L A%ir;
We assuneto simulate n independent copiestioé processs, 8 &éb; andwe define themean of thesample
5 A& .
5% L~ Alg 5P

For a finite number of n, themean of thesample will not coincidevith ' >5: P, ? thereforeit would occur that the current value |of
the simulations would not coincide with the real current value of the underlying

5:r; MAA%SEP

The left side of the equation is the current underlying while the right side represents the estimated and discounted. shnulati

possible remedy th&lomentMatchingattemptgo bring is to transform the simulated paths
Q. .~ BR?, Lo s
5P L 59"1@ a EL saal
QP L5PE SP?F &P ELs& &

At this stage, we uséi P instead of5for the price of the derivative.

A.6) Importance Sampling

The ImportanceSampling tries toacceleratehe convergence rate of the Monte Carlo engine by changing the probability measul

from which the paths are genera{g&lasserman, 2003Yhis methodology focuses on those regions that contribute tmehaof
the Monte Carlo integration procedure. Anagyle to understand this technigoensists incalculating the price of a European
3G Héutof-the PRQHY &DOO RSWLRQ ZLWK VWULNH SULFH . DQG PDWXULW\ 7

In this case,lte sample of valueat time T will leadto azero payoffmost times This is a compiational waste of time becautiee
paths that lead to zero contribute very little to the value of the option. The operatiompldr@entedn this case is tonly select]
the important pathd.e.,those where the price of the underlying is higher tihanstrike priceat maturity(for the Calloption;vice
versafor aPutoption).

To further clarifythe reasoning described above, we proceed with the mathematical stepssuppose we have to estimate
aL'=D:;?LiDT,BT,@T

Where X is a random variable i8 @ with probability density f and h is a functioB®\ 8. The estimator in an ordinary Monte
Carlo is:

51 x-1-1 2 Ra -
AL &Y L Al D iy

With : (& && , beingindependent variables extracted from f. Let g be any other probability densByPithat satisfies the
condition: B:T; Pr\ CT, Pré&TD8"

In this case we caalso represenéias:
JUR Ue A
aLiD T'U_e, C: T, @ T
This integral can binterpreted as the expected value with respect to density g:

AL eE: oNC

]

=z

~ JUR 5 %4 .. URg

.Big . . . . . . . . .
Where the rat|(-)c__—E_ is the stochastic derivative of Radblikodym calculated in: g Since the following is true
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V3
U

pral

AL €E: ;—C

=

it follows that 'éﬁé?is an unbiased estimator @fin order to compare the variances with and without the technique in quastion
it is sufficient to analyze the second moments.

With thelmportanceSampling, we have:

2
pa}

e __U:,6 , . .6 UN;
aay: : ,T;AhL B ; TC

22
=

Suchfigure can be greater smaller than the second moment of the ordinary M@atdo, ' >D:: ;® Aependingon how the density
function Cis designed, which is strongly related to the type of optierwant to valuateThe difficulty in defining a suitable
density function makes domplicatedo generalize the method and therefore to integratéo automated pricing systems.
A.7) Randomized QuasiMonte Carlo

The QuasiMonte Carlo (QMC) method approximates the integral using:

N 5 x4
451 BT @ N- Allgs B: T

For points Ts &lg & T suitably extracted in a deterministic and sequential way from a numerical series within the unitary hyperct

> &s;”. Theissuewith QuasiMonte Carlo techniques is that they are relatetthéodimensionality of thproblem,andit is actually
essential to know d in order to correctly produce the sequences of points. Starting from the Van der Corput seriesftmos@sis
of the QMC simulations, the Halton and Sobol sequences will then be obtained, which are the omethissedrtificate. Given a
collection X of subsets measurable accordingabesgue of A=y &;”, the discrepancl of the set opoints <I; & al; Trelativeto
X is definedas follows:

D(Ts& alyX)= * — by 2_4;?30:F RK#Z
Where:

S<Ty b #4ndicatesghe number ofTyin A,
vol(A) is the measure of A in the reference space

The LDS numerical sequences manage to minimize the quantity D and to solve the integration (htapidmLai & Soumare),
2008) To obtain the Van der Corput semces, the following steps must be followed:

X Choosing a prime number b

X Writing n in base b. This operation allows to find thiknown =;: J; which satisfies the equation:
J L A3g =:J;>"where| is the smallest integer so thag:J; L r, EFP |

x Convering n to decimal base to find theth elementindicated as
11 Ra Ssar oL
> L OC”)J, L A%@l—c,.ﬁF o &,

After introducing the Van der Corpwequence, we can introduce the Halton sequence which constitutes -alimefisiona
extension of the Van der Corput sequence. The implementation of this sequence is veryasithiples sufficient toselecta
different base b for each dimensjda buid it. The Sobol sequence is built starting from the Van der Corput seqadteceating
its elements for each dimension of the problem: we have the fsag@mentaklements, but the order pjermuted (Sobol, 1967
The valuesare calculate@ccordingto the following logic:let ussuppose we want to generate the term n+1 of sequeinckcated

as T§>53Ne startwith the sequencdg L r &in base teror 0.1 in base two ande write n in binary notation:
n=Jt ?5 EJ ?5t ?6 E®EJ6t5 EJ5
We define k as the subscript i of the first coefficiehtMr. Finally, elementT;.5 is calculated through the operatiof;. =

T.€é R, whereR, is thedirection k for the considered dimension j. Tldeoperator represents th6OR binary operator. The
deterministilmumbersR, are generatelly iteratively applying the recurrence:

— Lo 2oz . ., ey
Rs = Rps5€ %Rp6€ & =475Rpa>5€ Rea€ =g
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Where i > g and a are the coefficients (0/1) of the primitive polynomial of degretihg fdlowing form:
PX)=TRET ExT" E®E=,;T°Es

To achieve greater tractability, thfieeory of numbers suggests performing the transformatiorvafiable: / L tUR-J (Huynh, Lai
& Soumare, 2008)These valuesatisfy the recurrence:

I & t=s] ps5€t°=5/ (pg€ & t27°=55/ (pas5€t? 32/ (4

Giventhe propertie®f R;, then/ yis an odd integer between 0 atH Instead of generatinfpe valuef Ty in orderto simplify
the algorithmwe will rescale the valuds generate theariables; which will be multipliers of Ty The theoreticgbrocedure cal
be efficiently implemented in a programming environment:

- Select a primitive polynomial for dimerasi j.

- Select a starting value for the first figufeywith
- Determine k in the base 2 decomposition Gfn
- Calculate a new value faf

Yeétdue-?P/ L EB 4 L | 455

A Tas5alsss L £ Ue-
tYEtave-?P/ L EB, Ml 405 0000 270 s

- Calculate U5 L J

In the implemented Randomized Qui&inte Carlo we have used this algorithm for generating the Wiener process associa]
the spot level projection in the Heston model.

ted w
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Approaching IRRBB and CSRBB: a casestudy in line with the EBA approach

Michail Michoulas (Wolters Kluwer) and loannis Akkizidis (Wolters Kluwer)

Intro duction

EBA guidelines on Interest Rate Risk in the Banking Book (IRRBB) are designed to help EU banks effectively managedsi
rate risk and maintain a stable earnings stream. EBA also requires the credit spread risk from the banking book (CSRB&)
effectively manage their exposure to interest rates and spread risks by implementing a comprehensive IRRBB an
management framework that includes: regular stress testing, sensitivity analysis, effective hedging strategies, ante
governace and risk management structures. Under those frameworks, banks must regularly monitor and report interes
credit spread risk metrics.

(%$TV XSGDWHG JXLGHOLQHV IRU ,5%% DQG &65% %

The EBA released updated guidelines for IRRBB and CSRBBciiober 2022. The refreshed guidelines underlined the incrg
regulatory focus on both risks. There was continuity with the 2018 versions, but also included new aspects includinmggi
nonsatisfactory internal models for IRRBB managerheWtith market volatility as it is, the need to be stressing books has
rising and this directive from the regulator cements that.

Specifically, the EBA guidelines require banks to:

1. Establish a comprehensive IRRBB management framework that alererest ratesensitive measures applied to portfol
and accounts of loans, deposits, trading activities, and derivatives placeebateoffesheet portfolios.

2. Establish an appropriate governance structure, including an independent riskmeantdgaction, a risk committee, and a bo
of directors that oversees IRRBB activities.

3. Establish and maintain an appropriate risk appetite for interest rate risk and to set limits on exposure to this risk.

EBA also expects financial institutions ¢onsider the credit spread risk in the banking book (CSRBB). The CSRBB consid
risk arising from changes in ndgrading book instruments' credit spread, such as loans and deposits.

The are two main elements in capturing CSRBB:

1. The changes irhe market price of credit risk are driven by the idiosyncratic credit spread and defining the credit risk g
required by market participants and are applied to the financial instruments' level.

2. The changes in the "market liquidity spread" areatriby the willingness of the counterparties to fulfil their credit obligati
Thus, it defines the liquidity premium expressed by the market participants.

CSRBB can significantly impact a bank's earnings and capital adequacy, particularly in thefeaesttapp and unexpect
widening of credit spreads. Banks must therefore measure and manage CSRBB as part of their overall interest rate right
framework.

IRRBB and CSRBB measure the Economic Value (EV) measures and Net interest income (NUjesgdus market vald
changes, applied in the context of the sensitivity analysis. The IRRBB refers to changes in interest rates, and the dDERBH
in market credit/liquidity spreads. Banks may also perform and report the Economic value ofEd&iyand the measure of H
where the cash flows reference to the equity are excluded.

Banks must reconsider their existing IRRBB and CSRBB management framework and ensure they have a comprehensiv
includes policies, procedures, risk limits araVers all sources of interest rate risk.

EBA Stress test guidelines

The EBA guidelines require banks to perform regular stress tests to assess the impact of different scenarios on treiebg
including both parallel and negparallel interest rate shocks. The stress tests should be based on a range of econarias and
include an assessment of the impact of changes in customer behaviour, such as prepayments or withdrawals.

The analysis must be performed in both Rifihand Dynamic balance. Thus, financial contracts in bothaoi off-balancesheet
accounts are incorporated into future business strategies and consistently adjusted for the relevant scenario.

The EBA guidelines also require banks to have appropriate hedging strategies in place to manage their interest rase
strategies should be regularly reviewed and updated to ensure that they remain effective in mitigating the bank’s enfersst
rate risk.

|Guidelines on IRRBB and CSRBB | European Bankimtharity (europa.et)
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Supervisors expect the banks to identify all underlying risk factors impacting interest rates and to stoeskitesting to assess

their resilience to adverse interest rate scenarios. In this context, banks must develop a comprehensive IRRBB manag

framework that includes policies, procedures, and risk limits which covers all sources of interest ratheislanking book.

Cases in line with the EBA approach

7DNLQJ DOO WKH JXLGHOLQHV LQWR DFFRXQW OHWITV VSHDN WKURXM. VRP}

/HW{V DVVXPH D ILQDQFLDO F U H GtiowofLitQhalahcé\sXaat inReQedid:V D VLIQLILFDQW SR

- longterm, fixed and variableate loans
- shortterm fixed and floatingate deposit loans

The asset classes are exposed and thus sensitive to both interest rates and credit spreads. The deposits are exgbsate$o inte
and behaviour risk driven by the interest rates. The main scenarios are the interest rates rising, where the bank eXperiel

significant impact on net interest income and economic value in th&raing book activities.

Performing stress and sensitivity analysis

Case 1 the bank performs deterministic shocks on IR anes@%sitive products to perform Interest rate risk (IRRBB), and Credit

spread risk (CSRBB) analysis.

Figure 1

The output of this analysis is illustrated in figure 1 above, where the shocks on the sample contracts mortgage pdntbidem are

down into the interest rate and the credit spread impact.

Case 2 Based on a static ruoff strategy, the bank has to fem transactional deposit and accounts sensitivity analydis to

behaviour risk that is sensitive to the IR and CS risk factors.

Figure 2

As can be seen in figure 2, under the parallel shgrlscenario, the increase in the interest rates triggenscegnse in interes
expenses in the short run. However, the depositors are running off to other asset classes with higher yields, payin
outstanding loans and returning the interest expenses to balance.

Case 3 Performing and reporting net imést income measures within a given time horizon resulting from the movements
(IRRBB) and credit spreads (CSRBB).

g bac

of IF
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Figure 3

Figure 3 illustrates the evolution of the impact of the interest rate shocks per scenario on theteradicomtracts in the banking
book. The bank has to report, over calculation time steps, the effects of shock scenarios on the interest income.

Case 4 Bank is performing and reporting sensitivity GAPs under different terms and the underlying interest rate risk fgctors
illustrated in figures 4 and 5.

Figure 4

Figure 4 illustrates the sensitivity GAP reports driven by the Parallel Sueciario.

Figure 5
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Figure 5 illustrates the sensitivity GAP reports driven by the Parallel sllmegk scenario.

Case 5 In this case, the bank has to evaluate the cash flows that are conditional and unconditional to interest rate (IR)st
Figure 6 illustrates the contribution of parallel interest rate up vs parallel interest rate down. As expected, the shoclmms
contributes much more to the shock down.

Figure 6

Case 6 In the dynamic balance sheet, the bank applies strategies for future business expectations and performs Econ
(EV) and Economic value of equity (EVE) measures.

oven
over

omic

In the analysis and the report illustrated in figure 7, the first time bucketaongee the impact of the scenarios in the banking book
on balancing accounts. The evolution of the economic value (i.e. dynamic balance sheet) is shown through all simulation

buckets under all three selected scenartbg baseline, the parallel stkogp and the parallel shock down.

Figure 7

As we can see in the above case, interest and spreads significantly impact the Interest income under sensitivity ralgisitress a
Thus, banks must perform scenarios and strategies per theeli&tations. The reports illustrate some of the typical result$ that

the Bank should be able to report.

Conclusion

Even though risk managers have an eyrewing catalogue of priorities, the requirements from the EBA and BCBS on IRRBB anc
CSRBB shoulde high on that list. By setting up robust frameworks, a bank can remain compliant, optimized and organized. /

of course, interest rates do not only affect IRRBB, but all risk types, including credit and behaviour risks, impactinguiditye

and P&L A bank should be looking at risks holistically in order to drive a unified risk management strategy across the portfo

ZKLOH VWUHVV WHVWLQJ DQG VFHQDULR DQDO\VLV VKRXOGQTW EH VWO
should ke measured and managed over the evolution of the markets and future portfolios.

Therefore, regulatory obligations aside, the analysis gained from thorough stressing and scenario building, can béng
understanding exactly how interest rates will fFW EDQNVY ERWWRP OLQHYV
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New AIFIRM website section dedicated to free Ebooks publication

Editorial

AIFIRM is pleased to announce theunchof a new section of the Association's website dedicated to the publication of -H
Books on Risk Managemestibject matters

The direct link to access it is shown heree‘ﬂtﬂps://www.aifirm.iidocumenti/freeebook

$,),50 r¥mmitment, as publisher, issolely aimed at promoting the dissemination of culture andueling the debate o
financial risktopics while the authomaintainssole responsibity andrights to the contents of the work.

The books tcontrary to what happens for tihdFIRM POSITION PAPERS tare not subject to scientifiassessmenty the
Technical Scientific Committee and the Council, but X W Ké&trip&tdhce is still certified by AIFIRM through the verificat
that they have publications on risk management in scientific journals accredited by ANVUR or SCOPUS.

The first publisied contributionbelongs tothe series "AIFIRM Ediziont Educational Series" anid is "Notes on Quantitativ
Financial Analysis" byPier Giuseppe Giribone.

Notes on Quantitative Financial Analysis

This volume aggregates: set of notionsvhich introducethe fundamentals of quantitative financial analysis in a clear and cq
way, providing avery practical approachas demonstrated by the discussion of numerous case stlitieswork has a
unconventional structure, presenting a reasoned collectidide$swhich can be used by the reader immediately and eagén
for arranging a presentation for educational purposiksnaterial canbe freely usedquotingthe source. The codes, if qubtected
by copyright, are available upon request.

A specific backgroundis not strictly required for the readeralthough basic notions of economics and statistiosould be
recommendedThe bookis divided into seven sections and each ofitias a chapter structurBelow is abrief summary of the
coveredtopics:

Part I: Fixed Income Instruments

The first chapter is a summary of the main concepts of financial mathematics/ingguiantitative analysis, up to the modeling
the interest rateterm structure

The second chaptshowsthe different typesf bonds present in the financial markets, together with the assessment of the ri
an analyst must manage.

The third partexplores theheart of quantitative analysis, introducing the best practices for estimating the fair vallmmod
together ith its risk measures (duration, modified duration and convexity).

Part Il: Futures and Forwards

After the description ofhebasic concepts for understanding this category of derivatives, the second ofteqdeceshe specific
guantitative analysis dhese instruments, with a particular focus on pricing and hedging.

Part Ill: Options

Given theinherentvariety of topics connected tiptions, thissectionhas beenhoroughy covered. h additionto the description o
the standard pagff, the first chpter deals with the foundations of this derivatased introduces the mathematical propertie
includingthe putcall parity.

The second chapteoncerns the pricing dblain-vanilla options. Thavell-known Black-ScholesMerton pricing frameworkhas
beenintroduced showing howit can be applied t@ptionswritten on different underlyings (equity, index, rates, futures
currencies). In addition to the fair value, the sensitivities (Greeks) are also estimated.

The third chapter deals wittption stategies: combinatiorsf plain-vanilla options with underlying and with otheptions in order
to create specific hedging and trading strategies. Among the strategies, covered call, protective put, bull/bear smfa
spread, straddle, strip, gtrand stranglare covered.

The fourth chapter reviews the main rstandard(i.e. exotig options, characterized tgpecialpay-offs. The lognormal pricing

framework is extended to these types of opti@ensong tlem forward start, cliquet, digital, chser, compound and pattependen
(barrier,Asian and lookback) options.

Not all options can be adequatgdsicedusing a closed formula. For those characterized by particularifimesr payoffs or by
early exerciséeaturesa numerical methodologdyas to be implemented

ree E
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Chapter 5 is therefore dedicated to binomial stochastic trees, particularly useful fog deittii derivatives characterized by the

possibility of being exercised in advance, while chapter 6 is dedicated to the Monte Carlo technique, which is contatdaddrs
representing anype of pay-off, thanks to its flexibility The working principle, the internal consistengyhepricing estimaion, and
the computation ofthe most important risk measures are illustrated for both algoritdmsethe reader has becomenfident m
the correct approach for the quantitative analysis of the derivétigdime to focus othe inputs of the model.

5Ui
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Finally, Chapter enterson determining the inputs for the previously exposed techniduparticular focushas beemiven to the
estimaton of volatility (bothhistorical and implicit) and to theorrelation.

Part IV: Swaps

Similarly to the previous schemethe section dedicated to swaps is divided into two parts: the first chdggeribesthe
fundamentalf the different types of swaps, while the second deals with the quantitative analyhis mfistrumentParticular,
attention is paid to Interest Rate Swaps (IRS) and Currency SWwapddistinct valuation approaches are providesl considering

the derivative as a portfolio of forward contracts, or as two positions (one long and onershed)biondsThe second chapter

concludes with the derivation of lofigrm spot rates fronmterestRate Swaps, a process known as swap curve stripping.
Part V: Credit Derivatives

This section consists of only one chapter in which Credit Default Swaps) (&B$resented. It describes how premiums ca
used tocomputerisk-adjusted discount factors in a fixed income instrunpeiting context The chapter ends with an introducti
of the most popular models among analysts for the pricing of these deraati

Part VI: Aggregate Risk Measures

The risk measurediscussedo farhave addressed the single instrument and can hardly be exteraedrtfmlio, characterized b
instruments of a different financial natu@onsideringthis need, the most commonpapaches to estimating VahatRisk have
been introduced parametric, fulevaluation, Monte Carlo backward and forward looking. The Expected Shortfall an
importance of conducting stress tests and back tests are briefly prezemteli

Part VII: C redit Risk

The first chapter focuses on the definition and on the mathematical niedestimaing counterparty risk, which can be interpre
by its nature as a hybrid between financisk and credit risk.

In particular, ithas been shown théte probability of default can bieferred from Credit Default Swap (CDS) premiums, list]
bond spreadsr stock prices using the KMV (Kealhofer, Merton and Vasiceigdel The last part of the chapter highlights
structural limits of counterparty riskalidatingthe need t@rovide a more completefinition of credit risk.The latter is based @
three pilars: the probability of default (PD), the Loss Given Default (LGD) and the Exposure at Default (EA\Rffectual
discussion is dedicated to each of these three important components.

The second chapter deals with the statistical approaches that allestithation of PD starting from historical data (not necess
market datg)among which, théltman's ZScore the Logit-Probit andthe CreditGrades modebre covered.

The thirdchapterintroduces the regression models suitabtee&iimatingand forecating the Loss Given Default.

The fourthchapterdeals withthe estimationand the predictivenodels br EAD. In this context, a Monte Carlo model is introdu¢

for the determination of the Credit Valuation Adjustment (CVA) with particular attention tmdkeling of the Expected Exposy
to the various future time bucketncethe reader haacquired theequiredknowledgefor a correccreditmeasurementye move
on to the concept of rating system

The fifth chaptelintroducesRating Agencies and prales the basic notions for creating transition matrices. The Cohort apy
and the Hazard approach are adequatislgussedvith the relative methods of calculating confidence intervals.

The sixth chapter deals with credit risk managed nat single pogion, butat portfolio level. In this phase asset correlatias to
be presentednd, to this end, the Moment matching and the Maximum Likelihood apm®ach expained An example of
estimating a Monte Carlo VaR aadC-VaR s also provided in the credit context.

The part dealing with credit concludes with the main methods for validating credit models. Amonghta@emulative Accurac
Profile (CAP), the Receiver Operating Characteristics (ROC), the binomial test aBideth8coreare covered.

At the end of each chapter, further food for thought is provided through a bibliography of reference papers or bookipwyl
useful insights into each topic covered.

About the author

Pier Giuseppe Giribonés a Financial Engieer at BPER Banca, where he has been working since 2009, in particular hand
valuation of structured financial products and the calculation of their risk meadtiegds also an Adjunct Professor at UNIGE
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He has earned two PhDs: the first one in 2013 in Mathematical Engineering and the second one in 2021 in Economics|
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In July 2022, he completed an Executive MBA, discussing his thesis «Essay on Banking Credit Management and Measur
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He has written more than 50 papers which were puddisn scientific magazines.

Finally, Pier has also been a reviewer for the American Mathematical Society (AMS) since 2020, as well as a refereal for se
international scientific journals, among which Springer VedadFrontiers in Artificial Intellgence.
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C:QD Wolters Kluwer

When you have to be right

Soddisfare i requisiti normativi, gestire le operazioni finanziarie,
affrontare ogni singolo rischio ed elaborare una strategia integrata
per rischio e finanza, sono tutti aspetti su cui lavoriamo insieme a
piu’ di 800 banche.

Le nostre soluzioni consentono una gestione integrata del rischio,
dalla contabilita’ alle segnalazioni di vigilanza, agevolando gli
adeguamenti normativi e consentendo la condivisione dei dati
certificati in maniera trasversale. Cio consente ai vari dipartimenti
di lavorare insieme per ottenere una visione unica e prendere
solide decisioni strategiche.

Wolters Kluwer FRR € pronta a facilitare la vostra gestione
operativa dei rischi nel rispetto delle normative. La nostra
soluzione integrata e modulare ha ricevuto numerosi
riconoscimenti da enti indipendenti del settore. La rivista Risk ci
ha nominati “Sistema di segnalazioni di vigilanza dell’anno” per
tre anni consecutivi e la Chartis RiskTech100 ci ha indicati come
il fornitore numero 1in due diverse categorie: segnalazioni di
vigilanza e rischio di liquidita.

Scopri la nostra soluzione finanziaria OneSumX su
www.wolterskluwer.com



