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Chapter 1

Introduction

This report presents the work developed during an internship in the �eld of quantitative �nance,

with a particular focus on the modelling, pricing and validation of �xed-income and interest-rate

products. The internship combined theoretical knowledge from mathematical �nance with prac-

tical implementation work in a banking environment, where valuation models must be integrated

with market data, �nancial conventions and validation work�ows.

The main practical outcome of the internship was the development of a Python-based pricing

framework connected to an Excel interface. The framework was designed to support the valuation

and validation of several �nancial instruments, including �xed-rate bonds, �oating-rate notes,

interest-rate swaps, repurchase agreements, in�ation-linked products and callable bonds. In

addition, part of the work involved analysing pricing discrepancies, reconciling results against

reference systems and investigating the operational causes behind valuation di�erences.

1.1 Objectives of the Internship

The main objective of the internship was to develop practical experience in quantitative �nance

within a real �nancial-institution environment. More speci�cally, the work aimed to implement

pricing tools for �xed-income and interest-rate products, understand the role of market con-

ventions in valuation, process market data from di�erent sources and validate results against

reference pricing systems.

A second objective was to bridge the gap between theoretical pricing formulas and their im-

plementation in production-style systems. While the mathematical valuation principles are often

presented in a simpli�ed setting, real pricing frameworks require careful handling of calendars,

day-count conventions, settlement rules, curve mappings, interpolation methods, �xing data and

product-speci�c cash�ow schedules.

Finally, the internship also aimed to improve technical skills in Python, Excel integration,

data processing and �nancial-system validation. These skills were applied not only to pricing cal-

1



CHAPTER 1. INTRODUCTION 2

culations, but also to reconciliation, independent price veri�cation and the analysis of valuation

discrepancies.

1.2 Structure of the Report

The report is organised as follows. Chapter 2 introduces the theoretical background required

to understand the main products and pricing methodologies considered during the internship.

Chapter 3 summarises the initial business-analysis and data-related activities carried out in the

banking context. Chapter 4 presents the design and implementation of the Python pricing library,

including market-data handling, curve construction, product pricing and validation work�ows.

Chapter 5 reports the main numerical validation results obtained for representative instru-

ments and discusses the practical bene�ts of automation and modular design. Chapter 6 presents

possible future extensions of the framework, including stochastic pricing, in�ation modelling and

volatility-surface calibration. Finally, Chapter 7 concludes the report by summarising the main

contributions and lessons learned during the internship.



Chapter 2

Theoretical Background

The internship involved the implementation and validation of pricing models for �xed-income

products, interest-rate derivatives and in�ation-linked instruments. This chapter introduces

the theoretical foundations required to understand these implementations. It covers the main

characteristics of interest-rate products, market conventions, curve-construction methodologies

and the pricing principles underlying both linear and optionality-based derivatives.

2.1 Interest Rate Derivatives

Interest-rate derivatives are �nancial instruments whose value depends on the evolution of interest

rates over time. Unlike equity derivatives, where the underlying is typically a single asset or

index, interest-rate derivatives depend on the term structure of interest rates and on the future

evolution of market rates.

Within a no-arbitrage framework, the value of a derivative can be expressed as the discounted

expected value of its future payo� under a risk-neutral probability measure. The price at time t

of a payo� X(T ) at maturity T is given by:

V (t) = EQ [D(t, T )X(T ) | Ft] ,

where D(t, T ) denotes the stochastic discount factor between t and T .

This representation provides the theoretical foundation for modern derivative pricing. In the

context of interest-rate products, valuation relies on quantities derived from the term structure,

such as discount factors, forward rates and swap rates. Depending on the product and modelling

framework considered, these quantities may themselves become the fundamental variables used

to describe the evolution of interest rates [1, Section 1.2].

3
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2.1.1 Basic Concepts

Interest-rate products are de�ned through a set of standard contractual and market conventions

that determine the timing and amount of future cash�ows.

Trade date

Date on which the transaction is agreed between the counterparties.

Settlement date

Date on which the transaction becomes e�ective and the initial exchange, if any, takes

place.

E�ective date (or start date)

Date from which interest starts accruing.

Maturity date

Final date of the contract, when the last payment is made.

Notional (N)

Reference amount used to calculate interest payments. It is generally not exchanged, except

in some products such as certain bonds or cross-currency swaps.

Accrual period

Time interval [Ti, Ti+1] over which interest accrues.

Year fraction (δi)

Proportion of a year associated with an accrual period according to a given day-count

convention.

Fixing date

Date on which a �oating reference rate is observed.

Fixing rate

Value of the reference index observed on the �xing date.

Payment date

Date on which the corresponding cash�ow is exchanged.

Tenor

Maturity of the underlying reference rate (e.g. 3M, 6M, 12M).

Reference index

Market rate used as benchmark for �oating payments, such as EURIBOR or SOFR.

Fixed rate (or coupon rate)

Predetermined rate applied to the notional in �xed-leg cash�ows.
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Spread

Additional margin added to a �oating reference rate.

Coupon

Interest payment generated during an accrual period. For a �oating-rate instrument, the

coupon is typically determined as the �xing rate plus a spread.

These concepts form the basic building blocks of �xed-income and interest-rate products and

will be used throughout the pricing methodologies presented in the following sections.

2.2 Market Conventions

In addition to mathematical pricing models, the valuation of �xed-income and interest-rate

products relies on a set of market conventions that de�ne how cash�ows are generated in practice.

These conventions determine how time is measured, how interest accrues and how contractual

dates are adjusted when they fall on non-business days.

Although market conventions may appear operational in nature, they have a direct impact on

cash�ow schedules and therefore on valuation results. The most important conventions concern

day-count calculations, business-day adjustments and calendar de�nitions.

2.2.1 Day-Count and Accrual

The valuation of �xed-income and interest-rate products relies on precise market conventions

de�ning how time is measured and how interest accrues over a given period. These conventions

are fundamental, as even small di�erences in time measurement can lead to discrepancies in

accrued interest calculations and valuation [2, Chapter 4].

Let [Ti, Ti+1] denote an accrual period. The corresponding year fraction is de�ned as

δi = DC(Ti, Ti+1),

where DC(·, ·) represents the day-count convention used to convert a calendar period into a year

fraction.

The value δi is used to determine the amount of accrued interest. For a notional N and an

applicable interest rate Ri, the corresponding cash�ow is

CFi = N · δi ·Ri.

2.2.2 Day-Count Conventions

Di�erent day-count conventions de�ne di�erent ways of computing the year fraction δi. Al-

though the di�erences may appear small, they can have a direct impact on accrued interest
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calculations and, consequently, on the valuation of �xed-income and interest-rate products. The

most commonly used conventions are the following.

ACT/360

Under the ACT/360 convention, the year fraction is given by:

δi =
Actual number of days between Ti and Ti+1

360

This convention is widely used in money markets and for short-term instruments such as

LIBOR or EURIBOR-based contracts.

ACT/365

Similarly, the ACT/365 convention is de�ned as:

δi =
Actual number of days between Ti and Ti+1

365

It is commonly used in certain currencies such as Pound Sterling (GBP).

ACT/ACT

The ACT/ACT convention is more precise and depends on the actual number of days in each

year involved in the period:

δi =
Actual days in period
Actual days in year

This convention is often used for government bonds and long-term instruments, where accu-

racy in time measurement is particularly important.

30/360

The 30/360 convention assumes that each month has 30 days and each year has 360 days.

The year fraction is computed as:

δi =
360(Y2 − Y1) + 30(M2 −M1) + (D2 −D1)

360

where (Y1,M1, D1) and (Y2,M2, D2) are the start and end dates.

This convention simpli�es calculations and is widely used in bond markets.

These conventions lead to di�erent values of δi for the same calendar period, which directly

a�ects the valuation of interest rate products.

2.2.3 Business Days and Calendars

In practice, coupon payments, �xing dates and settlement dates may fall on weekends or market

holidays, making it impossible to perform the corresponding �nancial transaction on the sched-

uled date. For this reason, �nancial contracts specify a business day convention that determines

how such dates must be adjusted.
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Let T denote a scheduled date. A business day convention de�nes a mapping T −→ T̃ , where

T̃ is the adjusted date corresponding to a valid business day.

The most common adjustment conventions are:

Following

The date is moved forward to the next business day.

Modi�ed Following

The date is moved forward to the next business day, unless this adjustment would place

the date in a di�erent calendar month. In that case, the date is moved backward to the

previous business day.

Preceding

The date is moved backward to the previous business day.

The de�nition of a business day depends on the calendar associated with the contract. A calendar

speci�es weekends and o�cial holidays for a particular market, currency or �nancial centre. For

example, a date may be a business day in one jurisdiction but a holiday in another.

Business day adjustments are applied throughout the lifecycle of interest-rate products, in-

cluding �xing dates, payment dates and settlement dates. Consequently, they have a direct

impact on accrual periods, cash�ow schedules and valuation results.

2.2.4 Impact on Valuation

Market conventions are an essential component of interest-rate valuation. Although they may

appear purely operational, they directly in�uence both the amount and timing of future cash�ows

and therefore a�ect the �nal price of a �nancial instrument.

First, the accrual factor δi determines the size of interest payments. For a given notional and

interest rate, larger accrual factors lead to larger cash�ows.

Second, business day adjustments may modify �xing dates, accrual periods and payment

dates. Since future cash�ows are discounted according to their payment time, any change in the

payment schedule a�ects the corresponding discount factors.

Let P (t, T ) denote the price at time t of a zero-coupon bond maturing at time T , commonly

referred to as the discount factor. The present value of a cash�ow CFi paid at date Ti is given

by

PVi = CFi P (t, Ti).

Consequently, any adjustment that changes the payment date Ti will also modify the discount

factor P (t, Ti) and, therefore, the present value of the cash�ow.
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Market conventions therefore constitute an integral part of the pricing process rather than a

purely operational detail. Before any valuation model can be applied, the contractual cash�ow

schedule must �rst be generated according to the relevant day-count conventions, business-day

rules, calendars and �xing conventions. The resulting schedule determines both the amount

and timing of future cash�ows and therefore serves as the foundation for all subsequent pricing

calculations.

2.3 Term Structure of Interest Rates

The valuation of �xed-income and interest-rate products relies on the term structure of interest

rates, which provides the relationship between interest rates and maturities observed in the

market at a given point in time. From the term structure, it is possible to derive discount

factors, forward rates and other quantities required for pricing and risk management.

This section introduces the main concepts underlying term-structure modelling, including

discount factors, forward rates, curve construction and the multi-curve framework used in modern

interest-rate markets.

2.3.1 Discount Factors and Zero-Coupon Rates

The term structure of interest rates describes the relationship between interest rates and maturi-

ties at a given point in time. In modern �xed-income theory, it is commonly represented through

the prices of zero-coupon bonds.

Let P (t, T ) denote the price at time t of a zero-coupon bond paying one unit of currency at

maturity T . Although zero-coupon bonds are not directly traded for all maturities, they provide

the fundamental building block from which discount factors, zero rates and forward rates can be

derived.

The term structure can therefore be represented by the function T 7→ P (t, T ).

From the discount factor P (t, T ), di�erent representations of interest rates can be obtained.

De�nition 2.1. The continuously compounded zero-coupon rate R(t, T ) is de�ned through

P (t, T ) = e−R(t,T )(T−t).

Alternatively, under simple compounding,

P (t, T ) =
1

1 + rs(t, T )(T − t)
,

where rs(t, T ) denotes the corresponding simple zero-coupon rate.

More generally, interest rates may be expressed under di�erent compounding conventions

depending on market practice. Di�erent interest-rate models may also be formulated in terms of

di�erent state variables, including short rates, forward rates and swap rates [1, Section 1.2].
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2.3.2 Forward Rates

Forward rates represent the interest rates implied today for borrowing or lending over a future

period. They play a central role in �xed-income markets because they determine the �oating

cash�ows of many interest-rate products, including �oating-rate notes, interest-rate swaps and

forward rate agreements.

Under the absence of arbitrage, forward rates can be derived directly from discount factors

and therefore from the term structure itself [2, Chapter 4]. Intuitively, they correspond to the

future interest rates implied by current market prices.

De�nition 2.2. The instantaneous forward rate is de�ned as

f(t, T ) = − ∂

∂T
lnP (t, T ).

It represents the in�nitesimal forward rate applicable at maturity T .

For a discrete accrual period [Ti, Ti+1], the forward rate is given by

F (t;Ti, Ti+1) =
1

δi

(
P (t, Ti)

P (t, Ti+1)
− 1

)
.

This relationship establishes a one-to-one correspondence between discount factors and for-

ward rates. Consequently, the term structure may be equivalently represented through either

quantity.

Since future �oating-rate payments are typically calculated using forward rates, they consti-

tute one of the key quantities used in the valuation of interest-rate derivatives.

2.3.3 Curve Construction

The discount factors required for valuation are not directly available from the market and must

be inferred from observable market quotations. This process is known as curve construction or

bootstrapping and constitutes a fundamental step in the pricing of �xed-income and interest-rate

products [1, Chapter 3].

The objective of bootstrapping is to determine a set of discount factors P (t, T ) that re-

produces the prices of actively traded market instruments. Depending on the maturity range,

di�erent instruments are typically used as calibration inputs, including deposits, forward rate

agreements (FRAs), futures and interest-rate swaps.

The procedure is performed sequentially. Starting from the shortest maturities, discount

factors are extracted one by one using market quotes and previously calibrated points of the

curve. This allows the construction of a complete term structure consistent with observed market

prices.
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For example, the �xed rate K of a par interest-rate swap satis�es

n∑
i=1

δiKP (t, Ti) = 1− P (t, Tn),

where δi denotes the accrual factor associated with the payment period [Ti−1, Ti]. Given the

market swap rate and previously determined discount factors, this relationship can be used to

solve for the unknown discount factor corresponding to the longest maturity.

By repeating this process across all available maturities, a complete discount curve can be

obtained. Since discount factors are subsequently used to derive zero-coupon rates, forward rates

and present values, the quality of the resulting curve has a direct impact on all subsequent pricing

calculations.

2.3.4 Interpolation

Market quotations are only available for a discrete set of maturities, commonly referred to as

curve pillars. However, pricing and risk calculations require discount factors and interest rates

for arbitrary dates. Consequently, an interpolation procedure is required in order to obtain a

continuous term structure.

Several interpolation methodologies exist in practice. In the framework developed during

the internship, both linear and spline-based interpolation techniques were implemented. These

methodologies are applied after the bootstrapping process and allow discount factors to be ob-

tained for intermediate maturities that do not correspond to market pillars.

The implementation supports di�erent compounding conventions, including simple, com-

pounded and continuously compounded rates. Depending on the selected convention, discount

factors can be transformed into zero-coupon rates and vice versa through the corresponding

compounding formulas.

For continuously compounded rates, the relationship between discount factors and zero-

coupon rates is given by P (t, T ) = e−R(t,T )(T−t), which implies

− lnP (t, T ) = (T − t)R(t, T ).

This quantity can be interpolated directly in order to construct smooth term structures while

preserving the positivity of discount factors.

The interpolation procedures were implemented within the Python pricing library using cus-

tom functions supported by numerical routines from NumPy and SciPy. Once the interpolation

has been performed, discount factors and zero-coupon rates can be obtained for any maturity

required by the valuation models.
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Since discount factors, forward rates and present values are all derived from the constructed

curve, the interpolation methodology in�uences the resulting term structure and therefore a�ects

subsequent pricing calculations.

2.3.5 Multi-Curve Framework

Following the �nancial crisis of 2007�2008, signi�cant basis spreads emerged between interest-

rate tenors, leading to the progressive replacement of the traditional single-curve framework by

multi-curve methodologies [3].

As a result, modern interest-rate markets use a multi-curve framework, re�ecting the sepa-

ration between discounting and forward-rate projection.

Let

• P d(t, T ) denote discount factors obtained from the discount curve (typically based on OIS

rates)

• F x(t;Ti, Ti+1) denote forward rates associated with tenor x

In this framework,

F x(t;Ti, Ti+1) ̸=
1

δi

(
P d(t, Ti)

P d(t, Ti+1)
− 1

)
.

This re�ects the fact that forward rates and discount factors are constructed from di�erent

market instruments and therefore contain di�erent credit and liquidity premia.

As a consequence, separate curves are required for discounting and forward-rate projection,

increasing both the complexity of curve construction and the number of market inputs required

for valuation.

2.4 Pricing of Basic Interest Rate Products

The valuation of interest-rate products is based on the no-arbitrage principle and on the term

structure introduced in the previous section. In practice, pricing consists of generating the

contractual cash�ows of each instrument and discounting them using the appropriate discount

factors.

A useful distinction for interest-rate products is made between linear products and products

with optionality. Linear products, such as bonds, �oating-rate notes, interest-rate swaps and

forward rate agreements, can be valued directly from discount factors and forward rates derived

from the term structure. Products containing optionality, including caps, �oors, swaptions and

callable structures, require an additional description of the future evolution of interest rates

through a stochastic model.
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During the internship, the pricing framework focused primarily on bonds, �oating-rate notes,

interest-rate swaps, FRAs, in�ation-linked products and callable structures. Caps, �oors and

swaptions were also analysed due to their importance in volatility modelling, model calibration

and the valuation of more complex interest-rate derivatives.

The following sections introduce the main products considered throughout the internship

together with the valuation principles underlying their pricing.

2.4.1 Bonds and Floating Instruments

Fixed-income instruments are introduced in detail in [2, Chapter 4] and [1, Chapter 1].

Zero-Coupon Bonds

A zero-coupon bond is the simplest �xed-income instrument. It makes no intermediate coupon

payments and pays a single amount at maturity. If the face value is N , its value at time t is

V (t) = NP (t, T ),

where P (t, T ) denotes the discount factor, that is, the present value at time t of one unit of

currency paid at maturity T . In the particular case N = 1, the zero-coupon bond price coincides

with the discount factor itself.

Zero-coupon bonds are therefore the fundamental building blocks of �xed-income valuation:

any deterministic cash�ow can be replicated and valued through portfolios of zero-coupon bonds.

Fixed-Rate Coupon Bonds

A �xed-rate coupon bond pays a sequence of predetermined coupons and repays the notional at

maturity. Let ci denote the coupon paid at date Ti. The value of the bond is

V (t) =
n∑

i=1

ciP (t, Ti) +NP (t, Tn).

If the bond pays a �xed coupon rate K, the coupon amount is usually given by

ci = NδiK,

where δi is the accrual factor for the period [Ti−1, Ti]. This formula shows that the value of a

coupon bond is the present value of its coupon payments plus the present value of the principal

repayment.
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Floating-Rate Notes

Floating-rate notes (FRNs) pay coupons indexed to a reference rate. For an accrual period

[Ti, Ti+1], the �oating coupon is typically

CFi = Nδi (L(Ti, Ti+1) + s) ,

where L(Ti, Ti+1) is the reference rate �xed for the period and s is a contractual spread.

In a single-curve framework and immediately after a reset date, a standard FRN tends to

trade close to par, since its future coupons are aligned with current forward rates. In practice,

however, valuation may di�er from par due to spreads, credit e�ects, multi-curve discounting,

settlement conventions and the timing of �xings.

2.4.2 Interest Rate Swaps and FRAs

Interest-rate swaps and forward rate agreements (FRAs) are fundamental linear interest-rate

derivatives. Their valuation relies directly on discount factors and forward rates derived from

the term structure, making them core instruments in modern �xed-income markets [2, Chapter

7].

Interest Rate Swaps

An interest-rate swap is a contract in which two counterparties exchange interest payments

calculated on the same notional. In a standard �xed-for-�oating swap, one leg pays a �xed rate

K, while the other leg pays a �oating reference rate.

The present value of the �xed leg is

PV�xed = N
n∑

i=1

δiKP (t, Ti).

The present value of the �oating leg can be written as

PV�oat = N

n∑
i=1

δiF (t;Ti−1, Ti)P (t, Ti),

where F (t;Ti−1, Ti) is the forward rate for the period [Ti−1, Ti]. In a single-curve setting,

no-arbitrage arguments imply

PV�oat = N (1− P (t, Tn)) .
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The fair swap rate K∗ is the �xed rate that makes the initial value of the swap equal to zero.

Therefore,

K∗ =
1− P (t, Tn)∑n
i=1 δiP (t, Ti)

.

In the multi-curve framework, the same structure is preserved, but forward rates are obtained

from a forwarding curve while cash�ows are discounted using a separate discount curve.

Forward Rate Agreements

A forward rate agreement (FRA) is a contract that �xes today the interest rate to be applied

over a future accrual period [Ti, Ti+1]. At maturity, the payo� depends on the di�erence between

the realized �oating rate and the contractual rate K.

Ignoring settlement adjustments, the payo� at Ti+1 is

Payo� = Nδi (L(Ti, Ti+1)−K) .

The fair FRA rate is the rate that makes the contract have zero value at inception. Under

no-arbitrage, it is equal to the forward rate implied by the term structure:

K = F (t;Ti, Ti+1).

FRAs are important not only as standalone contracts, but also because forward rates are the

underlying quantities used in the valuation of �oating coupons, caps and �oors.

2.4.3 Floating Rate Conventions

The valuation of �oating-rate products depends not only on the underlying reference rate but

also on the conventions used to determine how that rate is observed, compounded and applied

to future cash�ows.

In Advance and In Arrears

Floating-rate products are de�ned over accrual periods [Ti, Ti+1], but the �xing date of the

reference rate depends on the market convention.

Under the in advance convention, the rate applicable to the period is �xed at the beginning

of the accrual period, at time Ti, and paid at the end of the period. The cash�ow paid at Ti+1 is
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CFi = NδiL(Ti, Ti+1).

This was the standard structure for LIBOR-based instruments: the coupon amount was

known at the beginning of the period, although it was paid later.

Under the in arrears convention, the rate is determined at or near the end of the accrual

period. In this case, the coupon depends on rates realized during the period rather than on a rate

�xed at the start. This structure is particularly relevant for overnight risk-free rates, where the

�nal coupon is usually obtained by compounding daily overnight rates over the accrual period.

The distinction is important because in-advance coupons can be projected from forward rates

at the beginning of the period, whereas in-arrears coupons depend on realized rates and may

require di�erent conventions for compounding, observation lags and payment delays.

LIBOR and Legacy Rates

LIBOR-based products were historically among the most common instruments in interest-rate

markets. LIBOR represented an unsecured interbank borrowing rate for a given tenor, such as

one month, three months or six months. A typical LIBOR coupon was �xed in advance at the

beginning of the period and paid at the end.

For a period [Ti, Ti+1], the corresponding forward LIBOR rate can be written as

L(t;Ti, Ti+1) =
1

δi

(
P (t, Ti)

P (t, Ti+1)
− 1

)
.

This rate is based on simple compounding over the accrual period. Instruments referencing

LIBOR are often referred to as legacy products because many contracts were originated before the

transition to alternative reference rates and may still require fallback rules or adjusted reference-

rate de�nitions.

The weaknesses of LIBOR became particularly evident during the �nancial crisis, when in-

terbank credit and liquidity risks increased substantially. As a result, market participants pro-

gressively transitioned towards transaction-based overnight reference rates [3].

Transition to Risk-Free Rates

The replacement of LIBOR introduced new reference rates such as SOFR, SONIA and ¿STR.

These rates are overnight rates and are generally based on actual market transactions.

The main di�erence is that term LIBOR rates were known at the beginning of the accrual

period, while overnight RFR-based coupons are usually known only at the end of the period,

after the daily overnight rates have been observed and compounded.
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For an accrual period divided into daily subperiods, an RFR compounded coupon can be

represented as

CFi = N

 m∏
j=1

(1 + rj∆tj)− 1

 .

where rj is the overnight rate observed for day j and ∆tj is the corresponding year fraction.

This transition a�ects the construction of �oating coupons, the timing of �xings and the

treatment of discounting and projection curves. It also explains why modern pricing systems

must support both legacy LIBOR-style products and newer RFR-based instruments.

2.4.4 Caps and Floors

Caps and �oors are among the most widely traded interest-rate options. They provide protection

against adverse movements in �oating interest rates and are commonly used for hedging and

volatility calibration, besides introducing optionality.

A cap can be viewed as a portfolio of caplets, while a �oor can be viewed as a portfolio of

�oorlets. Each caplet or �oorlet is associated with a single accrual period [Ti, Ti+1].

A caplet gives its holder the right to bene�t from an increase in the underlying reference rate

above a strike K. Its payo� at the payment date Ti+1 is

Capleti = Nδimax (L(Ti, Ti+1)−K, 0) .

Similarly, a �oorlet provides protection against decreases in the reference rate below the

strike. Its payo� is

Floorleti = Nδimax (K − L(Ti, Ti+1), 0) .

The value of a cap or �oor is obtained by summing the values of all underlying caplets or

�oorlets:

Cap =
∑
i

Capleti, Floor =
∑
i

Floorleti.

The valuation of these products therefore reduces to the pricing of individual caplets and

�oorlets [2, Chapter 29], [1, Chapter 6].

Pricing under the Forward Measure

Let F (t;Ti, Ti+1) denote the forward rate associated with the accrual period [Ti, Ti+1].

A fundamental result in interest-rate theory states that, under the forward measure associated

with P (t, Ti+1), the forward rate behaves as a martingale [1, Chapter 6].
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Theorem 2.1. Under the Ti+1-forward measure,

ETi+1 [F (u;Ti, Ti+1) | Ft] = F (t;Ti, Ti+1)

for every t ≤ u ≤ Ti.

As a consequence, caplet and �oorlet prices can be expressed as expectations under the

forward measure, leading to tractable valuation formulas.

Black Model

The Black model assumes that the forward rate follows a lognormal process under the Ti+1-

forward measure:

dFt = σFtdW
Ti+1

t ,

where σ denotes the forward-rate volatility.

Theorem 2.2 (Black Caplet Formula). Under the lognormal assumption, the value at time t of a

caplet with strike K, �xing date Ti and payment date Ti+1 is

Caplet(t) = NδiP (t, Ti+1) [FΦ(d1)−KΦ(d2)] ,

where

d1 =
ln(F/K) + 1

2σ
2(Ti − t)

σ
√
Ti − t

,

d2 = d1 − σ
√
Ti − t,

and

F = F (t;Ti, Ti+1).

The Black model became the market standard for cap/�oor volatility quoting due to the

availability of a closed-form pricing formula and its consistency with positive interest rates [4].

Bachelier Model

When interest rates are low or negative, the lognormal assumption underlying the Black model

may become inappropriate. In this context, the Bachelier normal model provides a natural

alternative, with historical foundations in the early mathematical theory of option pricing [5].

In such cases, the Bachelier model assumes that the forward rate follows a normal process:

dFt = σdW
Ti+1

t .

Under this speci�cation,

F (Ti) ∼ N
(
F (t), σ2(Ti − t)

)
.
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Theorem 2.3 (Bachelier Caplet Formula). Under the normal model, the value at time t of a

caplet is

Caplet(t) = NδiP (t, Ti+1)
[
(F −K)Φ(d) + σ

√
Ti − tϕ(d)

]
,

where

d =
F −K

σ
√
Ti − t

and

F = F (t;Ti, Ti+1).

Comparison of the Models

The fundamental di�erence between the Black and Bachelier frameworks lies in the assumed

distribution of forward rates.

In the Black model, forward rates are lognormally distributed and therefore remain strictly

positive. In the Bachelier model, forward rates are normally distributed and may take negative

values.

Consequently, Black volatilities and normal volatilities are not directly comparable and corre-

spond to di�erent assumptions regarding future rate dynamics. Following the prolonged low-rate

environment observed in Europe after the �nancial crisis, normal-volatility models became in-

creasingly common in the pricing of caps, �oors and swaptions.

2.4.5 Swaptions

A swaption is an option granting its holder the right, but not the obligation, to enter into

an interest-rate swap at a future date. Both counterparties agree to exchange future interest

payments calculated on a common notional amount. The most common structure is the �xed-

for-�oating swap, where one party pays a �xed rate K and receives a �oating rate, while the

other party takes the opposite position [2, Chapter 7].

The underlying variable of a swaption is the forward swap rate S(t), de�ned as the �xed rate

that makes the value of the underlying swap equal to zero at time t.

The payo� of a payer swaption at expiry T is

Payo� = NA(T )max (S(T )−K, 0) ,

where K denotes the strike rate and

A(T ) =
n∑

i=1

δiP (T, Ti)

is the swap annuity.
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The annuity represents the present value, at exercise date T , of one basis point paid on the

�xed leg of the underlying swap. It therefore acts as the scaling factor of the option payo�.

2.4.6 In�ation-Linked Derivatives

In�ation-linked derivatives are �nancial instruments whose value depends on the evolution of a

price index, typically a Consumer Price Index (CPI). These products are widely used by investors,

corporations and �nancial institutions to hedge or gain exposure to future in�ation [1, Chapter

15].

Let I(t) denote the value of the in�ation index at time t. In�ation-linked contracts are

generally based either on the cumulative change of the index over a given period or on its year-

on-year growth rate.

Zero-Coupon In�ation Swaps

A zero-coupon in�ation swap (ZCIS) is an agreement in which one party pays a �xed in�ation

rate while the other pays the realised cumulative in�ation over the life of the contract.

At maturity T , the in�ation leg is typically given by

N

(
I(T )

I(0)
− 1

)
,

while the �xed leg pays

N
(
(1 +K)T − 1

)
,

where K denotes the contractual �xed in�ation rate.

The fair swap rate is the value of K that makes the initial value of the contract equal to zero.

Year-on-Year In�ation Swaps

In contrast to a zero-coupon in�ation swap, a year-on-year (YoY) in�ation swap exchanges

periodic payments based on annual in�ation observations.

For an accrual period [Ti−1, Ti], the in�ation payment is typically based on

I(Ti)

I(Ti−1)
− 1.
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The corresponding cash�ow can be written as

Nδi

(
I(Ti)

I(Ti−1)
− 1−K

)
,

where K denotes the �xed rate agreed by the counterparties.

Unlike zero-coupon structures, year-on-year swaps generate a sequence of intermediate pay-

ments throughout the life of the contract.

In�ation Caps and Floors

In�ation caps and �oors introduce optionality into in�ation-linked products. They provide pro-

tection against in�ation outcomes above or below a speci�ed strike level.

For example, the payo� of a zero-coupon in�ation cap at maturity T can be expressed as

N max

(
I(T )

I(0)
− (1 +K)T , 0

)
.

Similarly, an in�ation �oor provides protection against in�ation falling below the strike level.

The valuation of in�ation options requires modelling the future distribution of the in�ation

index or in�ation rate and therefore involves additional assumptions beyond those required for

linear in�ation products.

In�ation-linked derivatives have become an important component of modern �nancial markets

and are commonly used for hedging in�ation risk, valuing in�ation-linked liabilities and managing

long-term investment exposures.
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Business Analysis and Banking Processes

Before becoming involved in the quantitative pricing and model-development activities described

in subsequent chapters, several projects were carried out in areas related to banking operations,

business processes and data management.

These projects required a combination of research, analysis and documentation work, provid-

ing exposure to topics that, while less directly connected to quantitative �nance, are fundamental

to the functioning of �nancial institutions. They also o�ered valuable insight into the operational,

technological and organisational environment in which risk-management and pricing activities

take place.

The following sections summarise the main projects undertaken in this context, covering

mortgage portfolio processes, event-based accounting initiatives and data-analysis activities.

3.1 Event-Based Accounting

One of the most research-intensive projects carried out during the internship focused on event-

based accounting and its potential application within large banking institutions.

The project was motivated by the growing interest in event-driven architectures and the

possibility of evolving traditional accounting systems towards models in which �nancial events

become the primary source of information. Rather than treating accounting records as the

starting point, event-based approaches store and distribute business events, allowing �nancial

positions, balances and accounting entries to be derived from the underlying event history.

The work required an extensive review of technical documentation, industry publications,

architectural frameworks and publicly available information from both �nancial institutions and

technology companies. The objective was to understand not only the technological foundations

of event-based accounting, but also the operational, organizational and accounting implications

that such a transformation could have for a large banking group.
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Particular attention was given to the comparison between traditional banking architectures

and event-driven models adopted by leading �ntech companies. Several case studies were ana-

lyzed, including Stripe, Square and Adyen, whose operating models rely heavily on event-based

ledgers, immutable accounting records and real-time �nancial processing. Additional research

was conducted on companies such as Plaid and Shopify in order to understand how event-driven

principles are applied across di�erent segments of the �nancial ecosystem.

The project also included a benchmarking exercise covering major international �nancial

institutions. Public information from organizations such as JPMorgan Chase, Rai�eisen Bank

International, Goldman Sachs, DBS Bank and HSBC was reviewed to identify common archi-

tectural patterns, implementation challenges and strategic motivations behind the adoption of

event-driven platforms.

The �ndings were consolidated into a series of presentations and discussion materials prepared

for senior stakeholders involved in the initiative. Through this project, it was possible to develop

a broader understanding of how accounting, data architecture and operational processes interact

within large �nancial institutions, as well as how emerging event-based paradigms may in�uence

the future evolution of banking systems.

3.2 Mortgage Portfolio Analysis

Another of the �rst projects carried out during the internship involved analyzing the mortgage

origination and management process in a banking environment.

The work consisted primarily of researching and documenting the di�erent stages of the mort-

gage lifecycle, from loan origination and approval to servicing and balance-sheet management.

Particular attention was given to the factors a�ecting mortgage repricing, interest-rate sensitivity

and portfolio composition.

The initial phase of the work was centred on Ibercaja, requiring a detailed understanding of

the bank's speci�c products, operational processes and business requirements.

As the project evolved, the analysis was progressively generalized in order to develop a frame-

work that could be applied to other �nancial institutions with similar needs. The objective was

therefore not only to understand a particular implementation, but also to identify the com-

mon processes and business concepts underlying mortgage management across di�erent banking

organizations.

The results of the research were synthesized into documentation and presentation material

intended to support future client discussions and business development activities. Although

the project was less quantitative than later assignments, it provided valuable exposure to retail

banking products and to the operational foundations underlying many balance-sheet and risk-

management processes.
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3.3 Data Analysis

In parallel with the business-oriented projects, several activities involved data analysis and

database exploration tasks. In order to support these projects, additional training in SQL was

undertaken, allowing the acquisition of practical knowledge in database querying and data ex-

traction techniques.

The work was primarily carried out using Microsoft SQL Server and focused on understanding

and navigating large-scale banking datasets. A signi�cant part of the e�ort consisted of analyzing

the structure of an existing data mart, identifying relationships between tables and understanding

how business information was organized and made available for reporting and analytical purposes.

Particular attention was given to a long-term transformation project involving substantial

modi�cations to the data mart architecture. Although the project was still under develop-

ment, participating in its analysis provided valuable exposure to the complexity of large banking

data infrastructures and the challenges associated with maintaining, extending and restructuring

enterprise-scale databases.

Beyond the technical aspects of SQL, this work highlighted the importance of data quality,

data governance and information consistency within �nancial institutions. It also provided a

practical understanding of how business processes, operational systems and analytical platforms

are interconnected through shared data structures.

While these activities were not directly related to derivative pricing, they contributed to the

development of essential data-management skills and o�ered valuable insight into the technolog-

ical foundations supporting banking operations and decision-making processes.
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Pricing Library Design and Implementation

4.1 Library Architecture

The practical work developed during the internship was structured around a hybrid framework

combining an Excel-based user interface with a Python computational engine. This architecture

was chosen because it re�ects a common setup in �nancial institutions, where Excel remains a

�exible and widely used tool for de�ning products, reviewing inputs and analyzing results, while

Python provides the robustness and scalability required for data processing, curve construction

and pricing calculations.

In this framework, Excel acts as the front-end layer. It is used to specify product characteris-

tics, valuation dates, market data, curve identi�ers, coupon schedules and additional parameters

required for pricing. The use of named ranges and structured worksheets makes the input format

transparent and easy to review. This is particularly important in a validation context, where

assumptions and intermediate data must be traceable.

Python acts as the back-end calculation layer. Once the input data is read from Excel, it is

transformed into structured objects representing market curves, �nancial products and pricing

components. The pricing calculations are then performed in Python and the results are written

back to Excel in a format that can be inspected, compared and validated.

The general architecture can be divided into four main blocks:

• Input and output modules: responsible for reading data from Excel or external �les, trans-

forming it into Python structures and writing the �nal results back to the workbook.

• Curve modules: responsible for storing market data, constructing discount and forward

curves, applying interpolation methods and extracting discount factors or forward rates.

• Product modules: responsible for representing the contractual features of �nancial instru-

ments, such as notional, maturity, coupon schedules, amortization pro�les, �xing rules and

payment dates.
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• Pricing modules: responsible for applying the valuation logic to each product type, includ-

ing cash�ow generation, accrual computation, forward-rate extraction, discounting and risk

calculations.

This modular structure separates data management from �nancial logic. The input/output

layer is independent from the pricing methodology, while the curve construction layer is separated

from the product-speci�c valuation rules. As a result, each component can be modi�ed, tested

or extended without requiring a complete redesign of the framework.

For instance, changes in the Excel template or in the format of external input �les can be

handled within the input/output modules without a�ecting the pricing functions. Similarly,

changes in interpolation methods, compounding conventions or curve de�nitions can be imple-

mented within the curve module without modifying the product classes. This separation is

especially useful when working with di�erent products, as bonds, �oating rate notes, swaps,

in�ation-linked instruments or callable structures may share common market data but require

di�erent cash�ow-generation rules.

The general work�ow followed by the framework is the following:

1. The user de�nes the product, market data and valuation parameters in Excel.

2. Python reads the input data through the input/output module.

3. The raw data is cleaned, normalized and converted into structured dictionaries or data

frames.

4. Curve objects are created from the market data, including the relevant interpolation and

compounding conventions.

5. Product objects are created from the contractual information provided in Excel.

6. The appropriate pricing function is called depending on the product type.

7. Cash�ows, accrual factors, forward rates and discount factors are computed.

8. Present values and risk measures are calculated.

9. The results are written back to Excel for analysis and validation.

A key objective of this design is reproducibility. Since the same inputs should always lead

to the same outputs, the calculation process must be deterministic and transparent. This is

particularly relevant when comparing internal pricing results with valuations produced by Front

O�ce or Risk systems. In such cases, discrepancies must be investigated by analyzing the input

data, conventions, curve mappings and intermediate calculations.

Another important objective is extensibility. The framework was not designed as a single-

product calculator, but as a reusable pricing library. New instruments can be incorporated by
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Excel / XML / CSV Inputs

Product data, curves, market parameters and mappings

↓

Input and Normalization Layer

Parsing, cleaning and standardization of raw data

↓

Curve Objects and Market Data

Discount curves, forward curves, in�ation curves and FX data

↓

Product Objects

Contractual representation of �nancial instruments

↓

Pricing Engine

Cash�ow generation, discounting and valuation metrics

↓

Validation and Reconciliation

IPV analysis, thresholds and comparison with external systems

↓

Results and Outputs

Pricing tables, reports and Excel outputs

Figure 4.1: General architecture of the pricing and validation framework.
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de�ning new product classes and associated pricing methods, while reusing the existing curve,

date and input/output infrastructure. This approach reduces code duplication and makes the

library easier to maintain.

The architecture also facilitates debugging. Since the work�ow is decomposed into well-

de�ned stages, errors can be isolated more e�ciently. For example, a pricing di�erence may arise

from an incorrect curve mapping, a wrong day-count convention, a missing coupon schedule, an

interpolation issue or a product-speci�c modeling assumption. By separating the di�erent layers,

each source of discrepancy can be analyzed independently.

Overall, the Python�Excel framework provides a practical balance between �exibility and

structure. Excel allows users to interact with the model in an accessible way, while Python

ensures that the pricing logic is implemented in a consistent, modular and scalable manner.

This architecture forms the basis for the subsequent development of pricing routines, validation

work�ows and independent comparison exercises.

4.2 Market Data and Inputs

The pricing and validation framework relies on multiple data sources originating from di�erent

systems and formats. A signi�cant part of the implementation work consisted not only in pricing

�nancial products, but also in ensuring that the underlying market data could be processed

consistently throughout the work�ow.

One of the main challenges was therefore not simply the implementation of pricing models,

but also the preparation, normalization and reconciliation of market data before any valuation

could be performed.

The framework integrates several types of inputs, including market curves, XML pricing �les,

CSV mapping tables and Excel workbooks used as the operational interface.

Source Purpose

XML Files Market quotes, valuation outputs and curve de�nitions

CSV Files Mapping tables, thresholds and validation parameters

Excel Workbooks Product de�nitions, schedules and operational inter-

face

Market Curves Discounting, forwarding, in�ation and FX information

Table 4.1: Main market-data sources used within the framework.

Market curves represent the core input of the pricing framework. Depending on the product

being valued, the implementation may require discount curves, forwarding curves, in�ation curves

or FX-related market information. These curves are constructed from market quotes associated

with di�erent maturities and conventions.

Since market data is only available for a discrete set of tenors, interpolation methods must be
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applied in order to obtain discount factors and forward rates at arbitrary dates. The framework

therefore incorporates dynamic handling of interpolation methodologies, compounding conven-

tions, day-count conventions, business-day adjustments and tenor representations.

A major challenge concerns the fact that data originates from heterogeneous systems. Curve

names, tenors and market conventions are not always aligned across environments, which makes

normalization a necessary preprocessing step before any pricing calculation can be performed.

XML �les play an important role within the validation work�ow. These �les contain mar-

ket quotes, valuation outputs, curve de�nitions and product-related information generated by

internal �nancial systems. Because the XML structure is hierarchical and system-dependent,

dedicated parsing functions were developed to extract the relevant �elds and convert them into

structured objects usable within the pricing framework.

CSV �les were mainly used as auxiliary data sources. They contained mappings, clipping

thresholds, validation parameters and additional market information required during reconcil-

iation and Independent Price Veri�cation processes. Although their structure is simpler than

that of XML �les, they still require consistency checks and normalization procedures before

integration into the work�ow.

Excel acted as the operational interface between the user and the pricing engine. Product

de�nitions, coupon schedules, market data and valuation parameters were introduced through

structured worksheets and named ranges. This approach allowed the framework to remain trans-

parent and easy to inspect during validation exercises.

The use of Excel also simpli�ed debugging, since intermediate calculations such as accrual

factors, projected cash�ows, discount factors or forward rates could be reviewed directly during

the pricing process. However, Excel was only used as an interface layer, while all computational

logic was implemented in Python.

Before pricing calculations could be executed, all raw inputs underwent a cleaning and nor-

malization process. Financial data coming from di�erent systems frequently contained inconsis-

tent naming conventions, duplicated entries, incompatible tenor formats, missing values or date

inconsistencies.

The implementation therefore transformed all market data into a standardized internal rep-

resentation. This included curve-name normalization, tenor alignment, conversion of market

quotes into numerical formats and reconciliation of identi�ers across systems.

Curve mapping represented another critical component of the work�ow. Each product had

to be associated with the appropriate discount, forward or in�ation curves before valuation could

be performed. In certain situations, exact matches between systems were not available, requiring

the introduction of proxy mappings or approximation rules.

Tenor handling required particular attention throughout the implementation. Equivalent

maturities could appear under di�erent formats depending on the source system, such as 1Y
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versus 12M, 1M versus 01M, or di�erent capitalisation conventions.

To avoid inconsistencies during curve matching and validation, tenor labels were systemati-

cally standardized before any comparison or mapping operation was performed.

The management of market data ultimately proved to be one of the most sensitive aspects of

the pricing framework. Many pricing discrepancies initially appeared to originate from valuation

formulas, while the underlying issue was often related to data quality, curve selection, tenor

mismatches or convention inconsistencies.

Ensuring consistency and traceability across all inputs therefore became an essential part of

the implementation process.

4.3 Curve Construction and Financial Conventions

One of the most important components of the implementation was the construction and manage-

ment of �nancial curves. Although the theoretical principles behind discounting and forward-rate

extraction are well established, their practical implementation requires careful handling of market

conventions, interpolation methodologies and data consistency.

Within the framework, curves were represented through dedicated Python objects storing

market maturities, discount factors or zero rates, interpolation settings, compounding conven-

tions, day-count conventions and valuation dates.

The objective of these objects was not only to store market data, but also to provide a con-

sistent interface for extracting discount factors, forward rates and implied zero rates at arbitrary

dates.

One of the �rst implementation challenges arose from the fact that market data is only avail-

able for a discrete set of maturities. Financial products, however, frequently require valuations

at dates that do not correspond exactly to quoted market points. For this reason, interpolation

methods had to be integrated directly into the curve framework itself.

Several interpolation approaches were considered depending on the type of curve and the

available market data. The implementation supported interpolation on zero rates, discount

factors and transformed quantities such as logarithms of discount factors.

The interpolation logic remained encapsulated inside the curve objects, allowing pricing func-

tions to request discount factors without managing interpolation details explicitly. This separa-

tion simpli�ed the pricing layer and improved the modularity of the framework.

Another important aspect concerned compounding conventions. Curves originating from

di�erent systems may use simple compounding, continuously compounded rates or periodically

compounded rates. The framework therefore incorporated conversion utilities capable of trans-

forming all quantities into a consistent internal representation before pricing calculations were
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performed.

Financial conventions also played a central role throughout the implementation. Rather

than hardcoding conventions for individual products, the framework handled them dynamically

depending on the instrument con�guration.

This included:

• day-count conventions

• business-day adjustments

• �xing conventions

• settlement rules

• spot-date calculations

These conventions directly a�ect both the timing and magnitude of cash�ows. As a conse-

quence, relatively small inconsistencies in convention handling could generate noticeable valua-

tion di�erences.

The implementation therefore relied heavily on reusable date and convention utilities capable

of computing accrual factors, adjusting dates according to business calendars, generating spot

dates and applying rolling conventions consistently across products.

Particular attention was given to the generation of accrual periods and payment schedules.

Financial products frequently involve irregular coupon structures, amortisations or non-standard

payment frequencies, meaning that schedules cannot always be generated through simple periodic

rules.

Floating-rate products introduced an additional layer of complexity because forward rates

needed to be extracted consistently from the underlying curves. The implementation there-

fore separated discounting curves from forwarding curves, re�ecting the multi-curve structure

commonly used in modern interest-rate markets.

This distinction became especially relevant when pricing swaps, �oating-rate notes or in�ation-

linked products, where projected rates and discount factors may originate from di�erent market

sources.

Another practical issue concerned curve alignment across systems. Market curves coming

from di�erent environments could di�er in naming conventions, interpolation assumptions, tenor

de�nitions or construction methodologies.

As a result, a signi�cant part of the implementation e�ort focused on ensuring that curves

were mapped consistently before pricing comparisons were performed. This process involved

tenor normalization, curve-name standardization and consistency checks on valuation dates and
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market conventions. In several situations, proxy mappings or approximation rules were required

when an exact curve correspondence was unavailable.

From a technical perspective, curve construction and convention handling became one of the

most sensitive parts of the pricing framework. Many valuation discrepancies initially appeared to

originate from pricing formulas, while in reality they were caused by di�erences in interpolation,

accrual calculations, settlement conventions or curve selection.

For this reason, the framework was designed to make intermediate calculations as transparent

as possible. Discount factors, accrual factors, forward rates and schedule information could all

be inspected independently during the pricing work�ow, signi�cantly simplifying debugging and

validation.

The implementation of curves and �nancial conventions therefore extended far beyond a

purely theoretical exercise. It re�ected the operational complexity of real �nancial systems,

where pricing robustness depends heavily on the consistency and traceability of market-data

treatment.

4.4 Product Pricing Implementation

4.4.1 Bonds and Floating Rate Notes

The implementation of bond pricing routines constituted one of the core components of the

practical work developed during the internship. Although the theoretical valuation formulas for

�xed-income products are relatively standard, their practical implementation requires careful

handling of schedules, conventions, accrual calculations and curve interactions.

Within the framework, bonds and �oating-rate instruments were represented through dedi-

cated product objects containing the contractual characteristics required for pricing, including

notional information, coupon structures, payment schedules, amortisation pro�les and the cor-

responding discount or forwarding curves.

The pricing work�ow began with the generation and validation of the cash�ow schedule. For

each coupon period, the implementation determined the relevant start date, end date, payment

date, �xing date when applicable and the corresponding accrual factor.

This schedule-generation stage became particularly important because even relatively small

inconsistencies in dates or conventions could propagate through the entire valuation process.

For �xed-rate bonds, coupon cash�ows were computed using the corresponding accrual factors

and coupon rates. The framework also supported amortising structures, where the outstanding

notional evolves throughout the life of the instrument. In these cases, coupon amounts depended

on the remaining principal before each payment period.

The pricing logic separated coupon generation, principal repayment, accrued-interest calcu-
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lations and discounting steps independently. This decomposition improved transparency and

simpli�ed debugging when discrepancies appeared during validation exercises.

Accrued interest handling required particular attention during implementation. Accrued

amounts depend not only on the coupon rate itself, but also on settlement conventions, spot-

date adjustments, day-count methodologies and irregular coupon structures.

The framework therefore computed accrued interest dynamically by identifying the active

accrual period at the settlement date and applying the appropriate accrual fraction relative to

the full coupon period.

This calculation became especially sensitive when validating prices against external systems,

since relatively small di�erences in settlement-date handling or accrual conventions could gener-

ate visible di�erences in dirty prices.

Discounting was performed using discount factors extracted directly from the corresponding

curve objects. Each projected cash�ow was discounted individually using its associated payment

date. The implementation therefore followed a fully cash�ow-based valuation approach rather

than relying on simpli�ed aggregate formulas.

For �oating-rate notes (FRNs), the implementation introduced an additional layer of com-

plexity because future coupon amounts depended on forward rates extracted from the forwarding

curves.

For each �oating period, the framework:

1. identi�ed the relevant �xing and accrual dates,

2. computed the accrual factor,

3. extracted the forward rate from the forwarding curve,

4. applied the contractual spread when relevant,

5. generated the projected coupon cash�ow,

6. discounted the resulting payment using the discount curve.

The implementation also distinguished between di�erent �oating-rate conventions. In par-

ticular, �xing logic could di�er depending on whether the product followed an in-advance or

in-arrears structure, which a�ected both the timing of rate determination and the generation of

projected cash�ows.

Another important aspect concerned the separation between forwarding and discounting

curves. Within the multi-curve framework, projected �oating coupons were obtained from for-

warding curves, while present values were computed using discount curves. Maintaining this dis-

tinction consistently throughout the implementation was essential in order to reproduce market-

standard pricing methodologies.
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One of the main di�culties was not the valuation formulas themselves, but ensuring consis-

tency across all components involved in the calculation. Di�erences related to curve selection,

interpolation methods, �xing conventions, settlement rules or coupon schedules could all generate

pricing discrepancies even when the underlying theoretical framework remained identical.

To facilitate validation and debugging, the framework was designed to expose intermediate

calculations explicitly. Coupon tables, discount factors, accrual factors and projected forward

rates could all be inspected independently during the pricing process.

Working on bonds and �oating-rate products provided practical insight into how relatively

straightforward theoretical pricing formulas become signi�cantly more complex once integrated

into real �nancial systems. A substantial part of the implementation e�ort focused not only

on reproducing valuation formulas, but also on ensuring consistency, traceability and robustness

throughout the pricing work�ow.

4.4.2 Interest Rate Swaps and FRAs

The implementation of swaps and forward rate agreements (FRAs) extended the pricing frame-

work beyond single-cash�ow instruments and introduced additional complexity related to sched-

ule generation, curve dependencies and �oating-rate projection.

Within the framework, swaps were represented through separate �xed and �oating legs,

each one containing its own schedule structure, conventions and cash�ow-generation logic. This

separation re�ects the structure commonly used in �nancial pricing systems and allows both legs

to be valued independently before computing the net present value of the instrument.

For the �xed leg, coupon payments were generated using the contractual �xed rate, the

corresponding accrual factors, payment schedules and notional information. Each cash�ow was

then discounted individually using discount factors extracted from the appropriate discount

curve.

The �oating leg required a more dynamic implementation, since future cash�ows depend on

forward rates derived from market curves. For each accrual period, the framework determined

the �xing and payment dates, computed the accrual factor, extracted the implied forward rate

from the forwarding curve and generated the projected �oating cash�ow before discounting it to

present value.

This process re�ects the practical implementation of the multi-curve framework, where for-

warding and discounting are treated separately.

One of the main implementation challenges concerned schedule consistency between both legs

of the swap. Although �xed and �oating schedules are related, they may still di�er in payment

frequency, �xing conventions, business-day adjustments or settlement logic.

As a consequence, schedule generation could not be treated as a purely mechanical process.
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The implementation had to ensure that all dates remained internally consistent while preserving

the contractual characteristics of the instrument.

Another important aspect involved forward-rate extraction. Since forward rates are not

directly observable, they had to be derived dynamically from the forwarding curves during the

pricing process.

The framework therefore relied on reusable curve methods capable of extracting discount

factors, converting rates between conventions and computing implied forward rates for arbitrary

accrual periods.

This abstraction signi�cantly simpli�ed the pricing logic and avoided duplicating curve-

related calculations across products.

Forward Rate Agreements (FRAs) were implemented as a simpli�ed case of �oating-rate

products. Although their valuation framework is conceptually simpler than that of swaps, FRAs

still require careful treatment of �xing dates, accrual periods and discounting conventions.

The FRA work�ow followed the same general structure used for �oating swap legs:

1. identi�cation of the accrual period,

2. extraction of the forward rate,

3. comparison with the contractual �xed rate,

4. computation of the resulting payo�,

5. discounting to present value.

This reuse of pricing components illustrated one of the main advantages of the modular

framework structure. Since curve handling, schedule generation and discounting utilities were

implemented independently from the product de�nitions, the same infrastructure could be reused

across multiple instrument types.

Particular attention was also given to the validation of swap calculations against external

systems. Pricing di�erences frequently originated not from the valuation formulas themselves,

but from implementation details such as interpolation assumptions, �xing-date adjustments,

treatment of stub periods or settlement conventions.

Because of this, the framework was designed to expose intermediate calculations whenever

possible. Generated schedules, forward rates, accrual factors and discounted cash�ows could all

be inspected independently during the valuation process.

This proved particularly useful when analysing pricing di�erences and validating calculations

across systems.

Working on swaps and FRAs highlighted an important aspect of quantitative �nance systems:

the mathematical valuation formulas are often relatively straightforward, while much of the com-
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plexity originates from conventions, curve interactions and operational consistency throughout

the pricing work�ow.

Developing these products within a reusable pricing framework therefore required not only

implementing theoretical formulas, but also designing an infrastructure capable of handling real

market conventions, heterogeneous data sources and system-level validation requirements.

4.4.3 In�ation-Linked Products

The implementation of in�ation-linked products introduced additional challenges related to in-

dexation, lag handling and the interaction between nominal and in�ation curves.

Unlike standard �xed-income instruments, in�ation-linked products depend not only on

interest-rate dynamics, but also on the evolution of in�ation indices over time. As a result,

pricing requires combining conventional discounting techniques with the treatment of index ra-

tios and in�ation-speci�c market conventions.

Within the framework, in�ation-linked instruments were implemented using dedicated pricing

logic integrated into the existing curve and product infrastructure. The implementation supports

products whose cash�ows depend on in�ation indexation factors, including in�ation-linked bonds

and in�ation swaps.

A central aspect of the implementation concerns the handling of in�ation indices. In�ation

products are linked to reference CPI series, which are typically published with a delay relative

to the valuation date. Consequently, projected cash�ows depend simultaneously on historical

published values and future implied in�ation levels extracted from the market curves.

The framework therefore distinguishes between historical index �xings, projected in�ation

levels, reference indexation factors and product-speci�c lag conventions. Correct alignment be-

tween these components became essential for generating consistent projected cash�ows.

One important implementation challenge concerned the treatment of indexation lags. In�a-

tion products frequently reference CPI values observed several months before the actual payment

period, which means that valuation dates, accrual periods, publication lags and reference CPI

dates all need to remain internally consistent.

Even relatively small inconsistencies in lag handling may generate visible di�erences in pro-

jected coupons and �nal valuations.

The implementation also required integrating in�ation ratios directly into the cash�ow-

generation process. Depending on the product structure, both coupon payments and principal

repayments may depend on the evolution of the in�ation index.

For indexed cash�ows, the pricing work�ow involved:

• identifying the relevant reference index
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• computing the projected in�ation ratio

• adjusting coupon or principal amounts

• discounting the resulting cash�ows.

This extended the standard bond-pricing work�ow while preserving compatibility with the

existing curve and discounting infrastructure.

Another important aspect concerned in�ation curve construction and mapping. In�ation

curves di�er from nominal interest-rate curves because they are derived from in�ation market

instruments and depend heavily on market conventions and available liquidity.

The implementation therefore required consistent in�ation-curve selection, alignment be-

tween nominal and in�ation curves, handling of interpolation across maturities and integration

of market-implied in�ation expectations.

Particular care was needed when matching in�ation curves with the corresponding products,

since discrepancies in curve selection or index de�nitions could produce signi�cant valuation

di�erences.

Compared with standard interest-rate instruments, in�ation-linked structures also involve

a larger number of dependencies between dates, indices, lag conventions, projected �xings and

curve assumptions. This makes debugging and validation considerably more sensitive.

To improve transparency, the framework was designed to expose intermediate in�ation cal-

culations explicitly. Indexation ratios, projected CPI values, adjusted cash�ows and discounting

components could all be inspected independently during the valuation process.

This proved especially useful when validating calculations against external systems, where

pricing discrepancies frequently originated from di�erences in lag conventions, interpolation as-

sumptions or reference-index handling rather than from the valuation formulas themselves.

Another challenge concerned the availability and consistency of in�ation data. Historical

�xings, projected curves and reference indices may originate from di�erent sources and follow

di�erent conventions, which required normalization and consistency checks similar to those ap-

plied to nominal curves.

Working on in�ation-linked products provided valuable insight into how �nancial pricing sys-

tems combine theoretical valuation methodologies with highly operational data treatment. A sig-

ni�cant part of the implementation e�ort focused not on the mathematical formulas themselves,

but on ensuring consistency between market data, index conventions and projected cash�ow

generation.
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4.4.4 Callable Structures and Optionality

The implementation of callable structures introduced an additional layer of complexity into the

pricing framework, since the valuation no longer depended solely on projected cash�ows and

discounting, but also on the possibility of early exercise embedded in the product.

Callable instruments di�er from standard �xed-income products because the issuer has the

right to terminate the contract before maturity according to a prede�ned exercise schedule. As

a consequence, the �nal set of cash�ows depends on whether the option is exercised during the

life of the instrument.

Within the framework, callable products were implemented as an extension of the standard

bond structures, incorporating the underlying coupon schedule, the contractual call schedule,

the exercise prices and the corresponding valuation curves.

One of the �rst implementation challenges concerned the interaction between the bond cash-

�ows and the exercise logic itself. Once a call date is exercised, all future coupon and principal

payments occurring after that date must be removed from the valuation.

The pricing framework therefore required the ability to dynamically truncate the projected

cash�ow schedule depending on the exercise scenario being considered.

From a structural perspective, the implementation separated the generation of the full bond

cash�ows from the callable logic itself. The work�ow involved generating the complete bond

schedule, identifying callable dates, reconstructing truncated cash�ow structures and evaluating

the corresponding valuation scenarios independently.

This decomposition made it possible to reuse a large part of the existing bond-pricing infras-

tructure while integrating callable functionality without duplicating the rest of the framework.

Particular attention was given to the handling of exercise schedules. Callable products may

contain multiple exercise opportunities associated with di�erent dates and strike levels. The

implementation therefore iterated through the contractual call schedule and evaluated the impact

of each potential exercise date on the resulting valuation.

Another important aspect of the implementation was maintaining consistency with the ex-

isting curve infrastructure. Discount factors, forward rates and convention handling remained

identical to those used for standard bonds, while the callable logic operated as an additional

valuation layer on top of the base product.

This modular approach simpli�ed extensibility and avoided unnecessary duplication of pricing

components.

An additional challenge concerns the fact that callable pricing rapidly becomes model-dependent.

Full market-standard callable valuation generally requires stochastic interest-rate models capa-

ble of representing both the future evolution of rates and the optimal exercise behaviour of the

issuer.
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However, the objective of the implementation was not to reproduce a complete production-

level lattice or Monte Carlo framework, but rather to incorporate the operational logic associated

with callable structures into the pricing library.

For this reason, the implementation focused primarily on exercise-schedule handling, cash�ow

truncation logic, scenario-based valuation structures and integration with the existing pricing

work�ow.

This allowed the framework to represent the operational structure of callable products while

preserving consistency with the rest of the pricing architecture.

The implementation also highlighted how embedded optionality signi�cantly increases oper-

ational complexity compared with standard �xed-income products. Small inconsistencies related

to exercise-date handling, coupon inclusion rules, settlement conventions or remaining-principal

calculations may all generate material valuation di�erences.

For this reason, transparency of intermediate calculations became especially important. The

framework was designed so that truncated schedules, projected coupon tables and discounted

cash�ows could all be inspected independently during debugging and validation exercises.

Another important consideration concerned extensibility. By separating callable logic from

the core bond implementation, the framework can later be extended toward more advanced

optional products without requiring a redesign of the overall pricing architecture.

Working on callable structures provided valuable insight into the transition from deterministic

pricing frameworks toward products involving embedded optionality. Although the mathematical

modelling of callable products can become highly sophisticated, many implementation challenges

originate from schedule management, exercise handling and integration with the broader pricing

infrastructure.

4.5 Validation and Price Veri�cation

The objective of validation processes was not simply to compare two prices, but to under-

stand why di�erences appeared between valuations generated by di�erent systems and determine

whether those di�erences were justi�ed.

The work�ow mainly involved the comparison between valuations generated in Murex, used as

the Front O�ce system, and independent valuations coming from the Risk environment through

Algorithmics and related infrastructures.

At �rst sight, comparing two systems may appear relatively straightforward. However, a

large part of the work quickly became focused on understanding that two theoretically equivalent

valuations can di�er for many operational reasons. In several cases, the pricing formula itself

was not the source of the discrepancy. The underlying issue was instead related to market data,

conventions, mappings or system con�gurations.
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The reconciliation process therefore became just as important as the pricing calculations

themselves.

4.5.1 Independent Price Veri�cation

Independent Price Veri�cation (IPV) is a control process aimed at assessing the reliability of

Front O�ce valuations through comparison with independent sources of pricing information.

The objective is to identify material valuation discrepancies, understand their origin and ensure

that pricing outputs remain consistent across the institution's valuation infrastructure.

The �rst stage of the work�ow consisted in extracting market and valuation data from both

environments. This information was mainly obtained through XML �les generated by the sys-

tems, together with CSV mapping tables containing thresholds, clipping factors and auxiliary

validation parameters.

Once the data was extracted, the main challenge became transforming heterogeneous infor-

mation into a structure that could be compared consistently.

One recurring issue throughout the implementation concerned curve mappings. Equivalent

curves often appeared under di�erent names depending on the originating system. In certain

situations, there was no direct one-to-one correspondence between the curves available in both

environments, which required the introduction of proxy mappings before meaningful comparisons

could be performed.

Tenor alignment also proved more complex than initially expected. Equivalent maturities

frequently appeared under inconsistent representations such as 12M versus 1Y, or 01M versus 1M.

Although these di�erences may seem minor, they can completely break automated reconciliation

work�ows if the normalization layer is not su�ciently robust.

A considerable amount of work was therefore dedicated to preprocessing and normalization

tasks, including standardizing curve names, normalizing tenor formats, aligning valuation dates,

transforming market quotes into consistent representations and cleaning incomplete or duplicated

records.

This preprocessing stage became essential before any pricing comparison could be considered

reliable.

Once the datasets were aligned, the framework computed the discrepancy between the valu-

ations:

IPV = |VFO − VRisk|

Threshold and clipping rules were then applied in order to identify signi�cant breaks requiring

further investigation.

Part of the implementation also involved integrating MPU factors and threshold logic into the

validation work�ow. This required matching products and maturities against external mapping
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tables and applying the corresponding transformations consistently across the datasets.

One of the most interesting aspects of the work was the investigation of pricing discrepan-

cies themselves. In many situations, di�erences initially appeared large or di�cult to explain,

but after detailed analysis the origin could often be traced back to interpolation assumptions,

settlement-date handling, inconsistent accrual conventions, missing market data or incorrect

curve mappings.

This became particularly evident during reconciliation exercises involving interest-rate and

in�ation products, where relatively small inconsistencies in conventions or curve handling could

generate visible valuation di�erences.

The work also highlighted how di�cult it can be to isolate the exact source of a discrepancy

inside large �nancial infrastructures. In several cases, the same product behaved di�erently

simply because one environment was using a slightly di�erent interpolation methodology or

because a curve had been mapped incorrectly at some stage of the work�ow.

For this reason, transparency became a key design objective throughout the implementation.

The reconciliation framework was built so that intermediate calculations could be inspected in-

dependently during debugging and validation. This included normalized curves, mapped tenors,

generated cash�ows, forward rates, discount factors, validation thresholds and intermediate pric-

ing tables.

Having access to these intermediate quantities made it signi�cantly easier to understand

where di�erences were appearing and reduced the amount of manual investigation required.

Front O�ce and Risk Data

XML pricing �les, market curves and valuation outputs

↓

Parsing and Normalization

Cleaning, tenor alignment and standardization

↓

Curve and Product Mapping

Reconciliation of identi�ers and market conventions

↓

Valuation Comparison

Comparison between Front O�ce and Risk prices

↓

Threshold and Clipping Logic

Application of IPV thresholds and validation rules

↓

Reconciliation Analysis

Investigation and classi�cation of pricing discrepancies

Figure 4.2: Validation and reconciliation work�ow used during IPV exercises.
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4.5.2 Additional Valuation Adjustments

In parallel with IPV activities, it took place a review of the Additional Valuation Adjustments

(AVAs), which form part of the prudent valuation framework required by banking regulation.

Unlike IPV, whose objective is to identify discrepancies between valuation sources, AVAs

seek to quantify valuation uncertainty and ensure that accounting values remain appropriately

conservative from a regulatory perspective.

The analysis focused on reviewing valuation di�erences across several risk factors and as-

sessing whether observed deviations remained within acceptable limits. Particular attention was

paid to the identi�cation of threshold breaches and to understanding the drivers behind unusually

large valuation di�erences.

This work provided exposure to the interaction between quantitative pricing methodologies,

market-data quality, model assumptions and regulatory capital requirements. It also highlighted

the practical challenges associated with measuring valuation uncertainty in large �nancial insti-

tutions.

4.5.3 AI-Assisted Reconciliation

Another important component of the internship was the development of an AI-assisted reconcil-

iation prototype designed to improve the analysis of discrepancies between valuation systems.

The project originated from a practical issue repeatedly encountered during IPV exercises:

investigating pricing breaks manually rapidly becomes ine�cient when dealing with large datasets

containing hundreds or thousands of trades, curves and sensitivities.

Although the numerical comparison itself is relatively simple, understanding the source of a

discrepancy is considerably more di�cult. In many situations, the valuation di�erence was not

caused by a single isolated issue, but by a combination of curve mismatches, inconsistent market

data, missing mappings, convention di�erences, interpolation assumptions or incomplete product

information.

The objective of the reconciliation project was therefore to automate part of the investigation

work�ow and reduce the amount of manual analysis required during validation exercises.

The prototype was designed to process pricing outputs generated independently by di�er-

ent systems and transform them into comparable datasets. The work�ow combined parsing of

large pricing �les, normalization of identi�ers and market data, comparison of pricing outputs,

application of threshold logic and automatic identi�cation of potential reconciliation issues.

A signi�cant part of the implementation e�ort focused on data preparation. Before any

comparison could be performed reliably, the datasets had to be standardized across several

dimensions, including trade identi�ers, curve names, tenor formats, valuation dates, pricing
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�elds and sensitivity labels.

One recurring di�culty concerned the fact that equivalent information frequently appeared

under di�erent structures depending on the originating system. For example, the same curve

could be represented with di�erent naming conventions, while sensitivities or product identi�ers

could follow di�erent formatting rules.

The reconciliation framework therefore incorporated normalization layers capable of trans-

forming heterogeneous raw inputs into a common internal representation before comparison.

Another important aspect of the project was the handling of incomplete mappings. In several

situations, certain curves or sensitivities existed in one environment but not in the other, making

direct reconciliation impossible unless proxy mappings or approximation rules were introduced.

The framework was therefore designed not only to identify pricing di�erences, but also to

classify the likely origin of the discrepancy. Instead of simply �agging a break, the objective was

to provide contextual information capable of guiding the investigation process.

For example, the reconciliation logic attempted to distinguish whether a discrepancy was

more likely related to missing mappings, tenor inconsistencies, threshold breaches, sensitivity

mismatches or market-data issues.

Particular attention was also given to scalability. Manual reconciliation work�ows become

increasingly di�cult to maintain as the number of products and market curves grows. The pro-

totype was therefore structured to process large pricing datasets automatically while preserving

transparency of intermediate calculations.

To facilitate debugging and validation, the reconciliation outputs included aligned valuation

tables, normalized curve mappings, matched tenors, calculated pricing di�erences, threshold

indicators and identi�cation of unmatched records.

An additional challenge concerned the interpretation of sensitivity data. During certain

validation exercises, apparently abnormal results were eventually traced back not to pricing

calculations themselves, but to inconsistencies in the assignment or extraction of sensitivities

across systems.

This reinforced one of the main conclusions of the project: in large quantitative infrastruc-

tures, reconciliation problems frequently originate from data pipelines, mappings or operational

assumptions rather than from the valuation formulas themselves.

Developing this framework provided valuable exposure to the operational complexity of

�nancial-system validation, where the ability to process, normalize and interpret heterogeneous

datasets is often just as important as the pricing models themselves.

Although the project remained at a prototype stage, it demonstrated how arti�cial intelligence

techniques can complement traditional validation work�ows by accelerating investigation tasks

and improving the interpretability of reconciliation results.
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4.6 Development of the Python Pricing Library

Alongside the pricing and validation work, an important part of the internship consisted in

developing a reusable pricing framework in Python capable of handling multiple product types,

market curves and validation work�ows within a consistent architecture.

Rather than implementing isolated pricing scripts for individual products, the objective was to

progressively build a modular pricing library where market data, �nancial products and valuation

logic remained clearly separated.

The framework was organized around several interconnected components, including curve

objects, product de�nitions, pricing modules, input/output utilities and reusable date and con-

vention functions. This architecture made it possible to reuse the same infrastructure across

di�erent products while keeping the implementation �exible and easier to maintain.

Product Base Class

↓

Bond FRN Swap

In�ation Products Callable Structures

Figure 4.3: Simpli�ed hierarchy of product classes within the pricing framework.

Component Main Responsibility

Curve Objects Discount-factor extraction, interpolation and

forward-rate generation

Product Objects Storage of contractual characteristics and sched-

ules

Pricing Modules Cash�ow generation and valuation calculations

Input/Output Layer Excel interaction

Validation Tools Reconciliation, IPV and discrepancy analysis

Table 4.2: Main components of the pricing framework.

One of the main design objectives was modularity. Curve construction, cash�ow generation,

discounting logic and Excel interaction were implemented independently whenever possible. This

allowed modi�cations in one component to be introduced without requiring changes across the

entire framework.

For example, interpolation methods or compounding conventions could be modi�ed directly

inside the curve objects without a�ecting the pricing implementation of the products them-

selves. Similarly, changes in Excel templates or input-�le structures could be handled within the
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input/output layer while preserving the valuation logic unchanged.

The curve module became one of the central elements of the framework. Curve objects were

responsible for storing market data, applying interpolation methods, extracting discount factors,

computing implied forward rates and handling di�erent compounding conventions.

This abstraction signi�cantly simpli�ed product pricing, since instruments could interact with

the curves through a standardized interface instead of handling interpolation or rate-conversion

logic directly inside the pricing functions.

The product layer followed a similar structure. Instruments such as bonds, �oating-rate

notes, swaps, in�ation-linked products and callable structures were represented through dedicated

product classes containing the contractual information required for pricing.

Particular attention was given to separating product de�nitions from valuation methods.

Product objects mainly stored schedules, conventions and cash�ow-related information, while

pricing functions were responsible for generating projected cash�ows, extracting market rates,

applying discounting and computing present values or sensitivities.

This separation improved readability and reduced duplication across the framework.

The implementation also relied heavily on reusable utility functions for date calculations,

accrual-factor generation, spot-date adjustments, business-day handling, convention management

and schedule generation.

These utilities became especially important because many pricing inconsistencies were even-

tually traced back to convention handling rather than to the pricing formulas themselves.

Excel integration represented another important component of the library. The framework

was designed so that pricing calculations could be launched directly from structured Excel work-

books while Python handled all computational tasks in the background.

This interaction layer managed reading named ranges, extracting market data, loading prod-

uct de�nitions, generating output tables and exporting pricing or validation results.

Using Excel as an interface simpli�ed testing and debugging, since intermediate calculations

could be inspected directly during development without modifying the pricing engine itself.

Another important aspect of the implementation concerned transparency. Financial pricing

systems can become di�cult to validate when intermediate calculations are hidden inside large

work�ows. For this reason, the library was designed to expose intermediate quantities whenever

possible, including projected cash�ows, discount factors, forward rates, accrual factors, pricing

tables and sensitivity calculations.

This proved particularly useful when analysing valuation di�erences and validating results

against external systems.

The framework was also progressively extended beyond pricing calculations themselves. Ad-
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ditional functionality was incorporated for sensitivity calculations, scenario analysis, valuation

comparison and reconciliation work�ows.

As the project evolved, the implementation progressively moved from a simple pricing tool

toward a broader quantitative infrastructure capable of supporting both valuation and validation

processes within the same environment.

Developing the pricing library provided practical experience not only in �nancial modelling,

but also in software architecture and quantitative-system design. A large part of the work

involved structuring the framework in a way that remained extensible, transparent and robust

when handling heterogeneous products, market conventions and data sources.



Chapter 5

Results and Discussion

The implementation work presented in Chapter 4 was validated by comparing the prices produced

by the Python pricing library against reference valuations obtained from the bank's internal sys-

tems. Rather than focusing exclusively on the implementation of pricing formulas, an important

part of the internship consisted of analysing pricing discrepancies, identifying their origin and

progressively re�ning the implementation until consistent results were obtained.

The following sections summarise the main validation results obtained throughout the in-

ternship. For each instrument, only the most relevant �elds of the Excel input template are

presented. The complete worksheets also contain the detailed cash�ow schedules, �xing infor-

mation and payment dates used internally by the pricing library.

5.1 Numerical Validation

5.1.1 Validation of Bond Pricing

The �xed-rate bond implementation was validated using a representative market instrument

con�gured through the Excel interface. The product included the contractual characteristics

required for pricing, while the coupon schedule was automatically generated from the corre-

sponding cash�ow table. The valuation produced by the Python library was compared against

the reference system to verify the correctness of the implementation.

After successive re�nements, the implementation successfully reproduced the reference prices

within the expected validation tolerance.

46
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Table 5.1: Representative Excel Input for Fixed Rate Bonds

Parameter Value

Product Type Fixed-Rate Bond

Valuation Date 21-04-2026

Currency USD

Notional 9,000,000.00

Coupon 3.88%

Discount Curve USD:SOFR

Day Count act/act

Settlement Days 1

Spot Days 1

Maturity 30-06-2030

Table 5.2: Fixed-rate bond pricing validation.

Measure Murex Python Library Di�erence

Present Value 9,129,474.93 9,129,473.51 0.00%

5.1.2 Validation of Floating Rate Notes

The �oating-rate note implementation was validated using a representative USD-denominated

instrument linked to the TERM SOFR 3M reference rate. Future coupon payments were pro-

jected using the forwarding curve and discounted with the corresponding OIS discount curve. The

pricing results obtained with the Python implementation were compared against the reference

valuation, showing negligible di�erences and con�rming the correct treatment of �oating-rate

projections, accrued interest calculations and discounting.
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Table 5.3: Representative Excel Input for Floating Rate Notes

Parameter Value

Product Type Floating Rate Note (FRN)

Valuation Date 24-02-2026

Currency USD

Notional 10,000,000.00

Reference Index TERM SOFR 3M

Spread 0.65%

Discount Curve USD:SOFR

Forward Curve TERM SOFR 3M

Day Count Convention ACT/360

Coupon Frequency Quarterly

Spot Days 2

Settlement Days 2

Maturity 15-03-2031

FX Spot 1.0000

Table 5.4: Floating-rate note pricing validation.

Measure Murex Python Library Di�erence

Present Value 9,984,512.63 9,984,598.04 -0.000009 %

5.1.3 Validation of Interest Rate Swaps

The implementation of the interest rate swap was validated using a representative receiver swap

con�gured through the Excel interface. The pricing library automatically generated both the

�xed and �oating payment schedules, extracted the corresponding forward rates from the for-

warding curve and discounted all projected cash�ows using the selected discount curve. The

resulting valuation was then compared against the reference pricing system.
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Table 5.5: Representative Excel Input for Interest Rate Swaps

Parameter Value

Product Type Interest Rate Swap

Valuation Date 20-04-2026

Currency USD

Notional 1,200,500.00

Position Receiver

Fixed Rate 1.33%

Floating Spread 5.11%

Forward Curve TERM SOFR 1M

Discount Curve USD:SOFR

Day Count Convention ACT/360

Spot Days 2

Maturity 23-04-2029

Payment Frequency Monthly

FX Spot 1.0000

Table 5.6: Interest rate swap pricing validation.

Measure Murex Python Library Di�erence

Fixed Leg PV 46,086.95

Floating Leg PV -297,148.49

Present Value -251,058.81 -251,061.54 0.00 %

5.1.4 Validation of Repurchase Agreements

The repo implementation was validated using a representative transaction con�gured through

the Excel interface. The pricing library generated the corresponding settlement cash�ows and

valued the transaction using the selected repo discount curve. The resulting valuation was

compared against the reference pricing system, con�rming the correct implementation of the

pricing methodology and settlement conventions.

The �nal implementation successfully reproduced the reference pricing results while main-

taining consistency with the general bond pricing framework.
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Table 5.7: Representative Excel input for the repurchase agreement.

Parameter Value

Product Type Repurchase Agreement (Repo)

Valuation Date 24-02-2026

Currency USD

Notional 54,663,093.53

Coupon 3.00%

Discount Curve USD REPO UST

Day Count Convention ACT/360

Spot Days 2

Settlement Days 2

FX Spot 1.0000

Table 5.8: Repo pricing validation.

Measure Murex Python Library Di�erence

Present Value 52,402,440.51 52,397,579.96 -0.01%

5.1.5 Validation of In�ation-Linked Products

The in�ation-linked product implementation was validated using a representative zero-coupon

in�ation swap con�gured through the Excel interface. The pricing library generated the in�ation

and �xed legs independently, applying the corresponding in�ation and discount curves before

comparing the resulting valuation against the reference pricing system.
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Table 5.9: Representative Excel input for In�ation-Linked Products

Parameter Value

Product Type Zero-Coupon In�ation Swap

Valuation Date 24-02-2026

Currency EUR

Notional 10,000,000.00

Fixed Rate 2.15%

In�ation Index HICPxT

In�ation Curve EUR:HICP

Discount Curve EUR:ESTR

Day Count Convention ACT/365

Spot Days 2

Settlement Days 2

Maturity 15-03-2036

FX Spot 1.0000

Table 5.10: In�ation product pricing validation.

Measure Murex Python Library Di�erence

In�ation Leg PV 1,347,856.87

Fixed Leg PV -1,298,437.65

Net Present Value 49,419.29 49,434.03 -0.0003%-

5.1.6 Validation of Callable Bonds

The callable bond implementation was validated using a representative USD-denominated callable

bond con�gured through the Excel interface. In addition to the standard bond characteristics,

the pricing library incorporated the contractual call schedule and evaluated the embedded call

option according to the speci�ed exercise date. The valuation obtained with the Python imple-

mentation was compared against the reference price generated by the Murex production system.
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Table 5.11: Representative Excel Input for Callable Bonds

Parameter Value

Product Type Callable Bond

Valuation Date 24-02-2026

Currency USD

Notional 5,000,000.00

Coupon 6.75%

Discount Curve USD:SOFR

Spread Discount Curve USD:SOFR

Day Count Convention 30/360A

Capitalization Factor 100.00%

Spot Days 0

Settlement Days 2

Callable Yes

Exercise Date 05-09-2031

Strike 0

FX Spot 1.0000

Table 5.12: Callable bond pricing validation.

Measure Murex Python Library Di�erence

Present Value 5,833,147.35 5,833,195.48 48.13

Relative Di�erence 0.0008249%

The Python implementation successfully reproduced the valuation generated by the Murex

pricing system. The absolute pricing di�erence was 48.13 USD over a notional of 5 million USD,

corresponding to a relative di�erence below 0.001%, con�rming the consistency of the callable

bond implementation and its suitability for pricing validation purposes.

5.2 Bene�ts of Automation and Modular Design

One of the clearest conclusions throughout the internship was the importance of automation and

modular design within quantitative �nance infrastructures.

At the beginning of the work, many tasks related to pricing validation, reconciliation and

market-data handling required substantial amounts of manual intervention. As the framework

evolved, the objective progressively shifted toward reducing repetitive processes and building

reusable components capable of supporting multiple products and work�ows consistently.

The modular structure of the pricing library played an important role in this evolution. Sep-



CHAPTER 5. RESULTS AND DISCUSSION 53

arating market-data handling, curve construction, product de�nitions, pricing logic, validation

work�ows and Excel interaction made the framework signi�cantly easier to extend and maintain

over time.

This separation also improved development e�ciency. New products could be incorporated

without redesigning the entire infrastructure, while changes in market conventions or interpola-

tion methods could be implemented directly within the corresponding modules.

Another important bene�t concerned consistency across calculations. Since all products

relied on shared utilities for date generation, accrual calculations, discount-factor extraction,

forward-rate computation and business-day adjustments, the probability of introducing incon-

sistent implementations between products was signi�cantly reduced.

Automation also became essential during validation and reconciliation tasks. Manual com-

parison of large pricing datasets rapidly becomes ine�cient when multiple systems, curves and

sensitivities are involved simultaneously.

The development of automated preprocessing and reconciliation work�ows made it possible

to normalize market data systematically, standardize tenor formats, align curve mappings, apply

threshold logic automatically and identify unmatched records more e�ciently. This substantially

reduced the amount of manual investigation required during IPV exercises and improved the

scalability of the validation process.

Another important advantage of the modular framework was transparency. Financial pricing

systems can become di�cult to debug when intermediate calculations are hidden inside large

work�ows. By exposing projected cash�ows, discount factors, forward rates and reconciliation

tables independently, the framework made it easier to analyze discrepancies and validate results

step by step.

The integration between Python and Excel also contributed signi�cantly to the �exibility of

the implementation. Excel provided an accessible interface for de�ning products and review-

ing outputs, while Python handled the computational and data-processing components more

e�ciently.

This combination allowed the framework to remain both technically robust and operationally

practical. Product con�gurations, schedules and market data could be modi�ed quickly in Excel,

while the pricing logic itself remained centralized and reusable within Python.

The bene�ts of automation became especially visible during reconciliation exercises involving

large datasets and heterogeneous market sources. Without preprocessing and normalization

layers, many comparisons between systems would have required extensive manual adjustments

before becoming usable.

Similarly, reusable pricing components accelerated development when extending the frame-

work toward additional products such as in�ation-linked instruments or callable structures.
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Another important aspect concerns maintainability. Financial systems evolve continuously as

conventions, products and market requirements change over time. A modular architecture makes

these changes easier to incorporate without a�ecting the stability of the rest of the framework.

This becomes particularly valuable in environments where pricing libraries must support

multiple products, validation work�ows and market-data sources simultaneously.

More broadly, the work demonstrated how automation has become a central component of

modern quantitative �nance infrastructures. Pricing environments require not only accurate

valuation models, but also scalable work�ows capable of processing, validating and reconciling

large amounts of �nancial data e�ciently.

Developing reusable and automated tools therefore became an essential part of building a

framework that could remain transparent, extensible and operationally reliable across di�erent

products and validation contexts.

5.3 Lessons from Real Financial Systems

Academic pricing frameworks are usually presented in a relatively controlled setting: products

are clearly de�ned, conventions are fully speci�ed and market data is assumed to be internally

consistent. Working within real �nancial infrastructures gives a very di�erent perspective.

Throughout the internship, a substantial part of the work was not related to deriving pricing

formulas themselves, but to understanding how valuation logic is actually implemented inside

operational systems. Small technical details that initially appear secondary can end up having

a visible impact on prices, sensitivities or reconciliation outputs.

Day-count conventions, settlement handling, �xing rules, interpolation choices or curve selec-

tion mechanisms frequently became just as important as the valuation formulas themselves. In

practice, obtaining a theoretically correct model is often only one part of the problem. Ensuring

that every component of the work�ow behaves consistently is equally important.

The experience also changed my perception of debugging within quantitative environments.

In academic exercises, an incorrect result generally implies that the model or calculation contains

an error. In real systems, however, identifying the origin of a discrepancy is often signi�cantly

less direct.

Several situations involved outputs that were operationally important but not fully doc-

umented, numerical �elds whose meaning was not immediately clear or cash�ow components

generated by external systems without su�cient explanation. Part of the investigation pro-

cess therefore consisted in reconstructing the logic behind certain quantities rather than simply

recalculating them.

This sometimes required tracing how values propagated through di�erent stages of the infras-

tructure, understanding which conventions had been applied internally or identifying whether a
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quantity corresponded to accrued interest, projected cash�ows, historical adjustments or reconciliation-

speci�c calculations.

As a consequence, implementation work became closely connected to interpretation. Produc-

ing a numerical result was rarely su�cient by itself; understanding where the number came from

and whether it was economically meaningful became equally important.

Another aspect that became increasingly evident during the internship was the importance

of software structure within quantitative �nance. As additional products and functionalities

were incorporated into the framework, the quality of the architecture progressively became more

relevant than individual pricing functions in isolation.

Reusable utilities, modular pricing components and consistent interfaces simpli�ed devel-

opment considerably, especially when extending the framework toward products with di�erent

conventions and cash�ow structures.

The practical work�ow also highlighted how closely quantitative �nance interacts with oper-

ational constraints. Financial systems are rarely built as isolated mathematical models. They

evolve over time, accumulate legacy conventions, integrate heterogeneous data sources and de-

pend on multiple interconnected infrastructures simultaneously.

Working in this environment required combining �nancial reasoning with implementation

decisions, debugging, validation analysis and interpretation of operational work�ows.

The internship therefore provided a much broader understanding of quantitative �nance than

pricing theory alone. Beyond valuation models themselves, it o�ered practical exposure to how

�nancial infrastructures are constructed, maintained and validated in real environments, where

transparency, robustness and interpretability become essential parts of the process.
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Future Improvements

The framework developed during the internship was primarily designed for deterministic pric-

ing and validation work�ows involving �xed-income, interest-rate and in�ation-linked products.

While this approach is su�cient for a wide range of linear instruments, a natural continuation

of the project would involve extending the framework towards stochastic modelling, volatility

calibration and more advanced derivative-pricing methodologies.

Such developments would signi�cantly increase the range of products supported by the library

while bringing its architecture closer to the quantitative infrastructures used within �nancial

institutions.

6.1 Monte Carlo Simulation and Stochastic Pricing

One of the most signi�cant extensions of the framework would be the incorporation of a Monte

Carlo simulation engine. Unlike deterministic pricing approaches based on projected cash�ows

and market curves, Monte Carlo methods allow the valuation of products whose payo� depends

on the future evolution of stochastic market variables across multiple scenarios.

Under the risk-neutral framework, the value of a derivative can be expressed as

V (t) = EQ [D(t, T )X(T ) | Ft] ,

where D(t, T ) denotes the discount factor, X(T ) represents the future payo� and Q is the risk-

neutral probability measure.

Monte Carlo pricing approximates this expectation numerically by simulating a large number

of stochastic paths:

V (t) ≈ 1

M

M∑
m=1

D(m)(t, T )X(m)(T ),

where M denotes the number of simulated scenarios.

56
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Within the current framework, a Monte Carlo engine could be integrated as an additional

layer operating on top of the existing curve and product infrastructure. The current market-

data and curve-construction modules would provide the initial term structures, while dedicated

stochastic models would generate future scenarios for interest rates, in�ation indices or foreign-

exchange rates.

A particularly attractive extension would be the implementation of the Hull�White one-factor

model:

dr(t) = (θ(t)− ar(t)) dt+ σdW (t),

where a controls the speed of mean reversion, σ represents the short-rate volatility and θ(t)

is calibrated to reproduce the initial yield curve.

The model is widely used in practice because it preserves analytical tractability while �tting

the observed term structure exactly at the valuation date.

Under a discretised scheme, future short-rate paths can be simulated through

rt+∆t = rt + a (θ(t)− rt)∆t+ σ
√
∆t Zt,

with Zt ∼ N (0, 1).

Once interest-rate paths have been generated, discount factors become scenario-dependent

quantities:

D(m)(0, T ) = exp

(
−
∫ T

0
r(m)
u du

)
.

This extension would make it possible to value products whose payo� depends dynamically

on the future evolution of rates rather than on a single deterministic curve.

A natural application of this methodology would be the pricing of Bermudan swaptions.

Unlike European swaptions, Bermudan swaptions allow exercise at multiple dates throughout

the life of the contract. Their valuation therefore requires determining the optimal exercise

strategy under future stochastic scenarios.

At each exercise date ti, the value of the product can be expressed as

Vi = max
(
Ei, EQ [D(ti, ti+1)Vi+1 | Fti ]

)
,

where Ei denotes the immediate exercise value at exercise date ti.

A possible implementation could rely on the Longsta��Schwartz methodology [7], where

continuation values are approximated through least-squares regression on simulated paths:

Ci(Xi) ≈
p∑

k=0

βkϕk(Xi),

Such an extension would introduce advanced stochastic modelling capabilities while remaining

consistent with the existing modular architecture of the framework.
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6.2 In�ation Modelling

Another natural extension concerns the modelling of in�ation-linked products. The current

implementation supports the pricing of zero-coupon in�ation swaps, year-on-year in�ation swaps

and in�ation options using deterministic curves and market-implied inputs.

A more advanced framework could incorporate stochastic in�ation models capable of jointly

describing the dynamics of nominal interest rates, real interest rates and in�ation indices.

One possible approach would be the implementation of the Jarrow�Yildirim model [6], in

which nominal rates, real rates and the in�ation index evolve simultaneously under a coherent

arbitrage-free framework. Such models allow the consistent pricing of in�ation-linked products

while capturing the interaction between interest-rate and in�ation risks.

This extension would be particularly relevant for the valuation of in�ation caps and �oors,

in�ation-linked structured products and long-dated in�ation exposures, where deterministic ap-

proaches may become insu�cient.

Furthermore, the introduction of stochastic in�ation modelling would create a natural bridge

between the existing interest-rate framework and the in�ation products already implemented

within the library.

6.3 Volatility Surface Calibration

In its current form, the framework relies primarily on deterministic curves and projected cash-

�ows. However, products containing optionality depend not only on future rates but also on the

volatility associated with those rates.

Under the Black framework, the value of a caplet can be written as

Caplet(t) = NδiP (t, Ti+1) [F (t;Ti, Ti+1)Φ(d1)−KΦ(d2)] .

In practice, however, volatility is not constant. Market prices imply a complete volatility surface:

σ = σ(T,K), where volatility depends simultaneously on option maturity and strike.

A natural enhancement of the framework would therefore consist of implementing dedicated

volatility-surface objects capable of storing market quotations, interpolating missing values and

providing consistent volatility extraction during pricing calculations.

Such functionality would be particularly valuable for cap/�oor and swaption markets, where

pricing and calibration rely heavily on implied-volatility data.

A further extension could involve implementing the SABR model [8], which remains one of

the most widely used approaches for modelling volatility smiles in interest-rate markets:
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
dFt = αtF

β
t dW

(1)
t ,

dαt = ναtdW
(2)
t ,

dW
(1)
t dW

(2)
t = ρ dt.

Calibration of the parameters (α, β, ρ, ν) to observed market volatilities would allow the

framework to reproduce the smile and skew e�ects observed in real option markets and provide

more realistic pricing for volatility-sensitive products.

6.4 Software Architecture Extensions

The introduction of stochastic models and volatility calibration would also require extending the

architecture of the framework itself.

The current implementation is organised around market-data objects, curve-construction

modules and product-pricing components. Future developments could incorporate dedicated

modules for volatility-surface calibration, stochastic model implementation and Monte Carlo

simulation while preserving the modular philosophy adopted throughout the project.

This type of modular extension is consistent with software-design principles commonly applied

in derivative-pricing libraries, where products, market data, models and pricing engines are

separated into reusable components [9].

Such an architecture would facilitate the incorporation of new pricing methodologies without

a�ecting the existing product and market-data components. At the same time, it would allow

market data, model dynamics, simulation engines and pricing algorithms to evolve independently

while remaining fully integrated within a common framework.

These developments would considerably expand the scope of the library and move it closer

to the quantitative infrastructures used by �nancial institutions for pricing, calibration and risk

management of complex derivative products.
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Conclusion

This report presented the main activities developed during the internship, with a particular

focus on the implementation and validation of pricing tools for �xed-income and interest-rate

products. The work combined theoretical concepts from mathematical �nance with practical

implementation challenges arising in real �nancial systems.

The main contribution of the internship was the development of a Python-based pricing

framework connected to an Excel interface. The framework was designed to handle market data,

product de�nitions, cash�ow schedules, curve selection, discounting and validation outputs in

a modular and transparent way. This structure allowed di�erent products, including bonds,

�oating-rate notes, interest-rate swaps, repurchase agreements, in�ation-linked products and

callable bonds, to be priced and compared against reference valuations.

The numerical validation results showed that the implementation was able to reproduce ref-

erence prices with small di�erences for a range of representative instruments. These results

con�rmed not only the correctness of the pricing formulas, but also the importance of practi-

cal details such as day-count conventions, settlement rules, �xing dates, curve mappings and

interpolation assumptions.

One of the main lessons of the internship was that real quantitative-�nance work extends

beyond the implementation of mathematical formulas. In practice, a signi�cant part of the

e�ort is devoted to understanding data sources, reconciling outputs across systems, interpret-

ing discrepancies and ensuring that every component of the pricing work�ow is consistent and

traceable.

The internship therefore provided valuable exposure to the interaction between �nancial

modelling, software development and banking infrastructure. It also highlighted the importance

of automation, modular design and transparent validation procedures in modern pricing envi-

ronments. Future extensions of the framework could include stochastic interest-rate models,

volatility-surface calibration and more advanced in�ation-modelling capabilities.
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