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Unbundling and Probabilistic performance scenarios
The returns evaluation requires the estimate of all the relevant risk factors
connected with the financial structure of each product
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Unbundling and Probabilistic performance scenarios

INDEX LINKED Fundamental theorem of asset pricing

CERTIFICATE FV = Expected Discounted Future Pay-Off
O

Index linked Certificate - simulated trajectories
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Unbundling and Probabilistic performance scenarios

INDEX LINKED Fundamental theorem of asset pricing
FV = Expected Discounted Future Pay-Off

CERTIFICATE
a2

Index linked Certificate - simulated trajectories

Fair Value
Pricing at subscription time
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Unbundling and Probabilistic performance scenarios

DEFAULTABLE
BOND

LOW-RISK
BOND

I

VPPI
PRODUCT

INDEX LINKED
CERTIFICATE
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Fair Price
Pricing at subscription time

Fair Price

Pricing at subscription time
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Fair Price
Pricing at subscription time

Defaultable Bond - simulated trajectories
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Unbundling and Probabilistic performance scenarios

DEFAULTABLE LOW-RISK VPPI INDEX LINKED
BOND BOND PRODUCT CERTIFICATE

E g g g
Fair Price at time zero is a Weighted average

A
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first moment of the probability distribution at expiry date
is also a weighted average

Probability distribution Probability distribution Probability distribution
of the Low Risk Bond of the VPPI Product of the Index Linked Certificate
average | average ' average | average “
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Probability distribution

of the Defaultable Bond
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Unbundling and Probabilistic performance scenarios
Probability distribution Probability distribution Probability distribution
of the Low Risk Bond of the VPPI Product of the Index Linked Certificate

W s 100

Probability distribution

of the Defaultable Bond

discounted discounted discounted discounted
+ + + +
expected expected expected expected

\ 4 \ 4 \4 \4

Defaultable Low Risk VPPI Index Linked
Bond — Bond — Product — Certificate
Fair Price E— Fair Price — Fair Price — Fair Price

at time zero at time zero at time zero at time zero

Working Hypothesis: The calculated fair price is the same for completely different
financial structures
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Unbundling and Probabilistic performance scenarios
Probability distribution Probability distribution Probability distribution
of the Low Risk Bond of the VPPI Product of the Index Linked Certificate

W s 100

Probability distribution

of the Defaultable Bond

discounted discounted discounted discounted
+ + + +
expected expected expected expected

\ 4 \ 4 \4 \4

Defaultable Low Risk VPPI Index Linked
Bond — Bond — Product — Certificate
Fair Price E— Fair Price — Fair Price — Fair Price

at time zero at time zero at time zero at time zero

Question: How much information about the original probability
distribution the price will convey in each case analyzed?

€ CONSOB

9 ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT



Unbundling and Probabilistic performance scenarios

Probability distribution

of the Defaultable Bond
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Probability distribution Probability distribution Probability distribution
of the Low Risk Bond of the VPPI Product of the Index Linked Certificate

L

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS
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Bimodality Regular Asymmetry
High dispersion Symmetry Kurtosis

Low dispersion
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Multimodality
Asymmetry
Kurtosis

High dispersion
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Unbundling and Probabilistic performance scenarios

Probability distribution
of the Low Risk Bond
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STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS
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Regular
symmetry

Low dispersion

High significance
of the price
information
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Unbundling and Probabilistic performance scenarios

Probability distribution
of the Defaultable Bond

Probability distribution Probability distribution
of the VPPI Product of the Index Linked Certificate

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS

\/ \/ \/

Bimodality Asymmetry Multimodality
High dispersion kurtosis Asymmetry
kurtosis

High dispersion

Limited significance
of the price
information
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Unbundling and Probabilistic performance scenarios

Probability distribution
of the Defaultable Bond
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Probability distribution
of the Index Linked Certificate

L

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS

\/

Bimodality
High dispersion

O

Poor significance
of the price
information
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Multimodality
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Unbundling and Probabilistic performance scenarios

Probability distribution

of the Defaultable Bond

average average average average
(
‘.

W s 100

Probability distribution Probability distribution Probability distribution
of the Low Risk Bond of the VPPI Product of the Index Linked Certificate

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS

\/ \/ \/ \/

Bimodality Regular Asymmetry Multimodality
High dispersion symmetry kurtosis Asymmetry
Low dispersion kurtosis

High dispersion

0 v 0

The price and the corresponding average at expiry date — in presence of
IRREGULAR distributions — qualify a partial and misleading information
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Unbundling and Probabilistic performance scenarios

0 As a weighted average, the price is
9 strictly connected with the first
Significance moment of the probability
,Ofthe pr.ice distribution
information

As the literature suggests, in presence of multimodality and irregular shapes for the
probability distributions, the number of moments necessary to properly describe the
probability distribution increases drammatically.

See:

(1) Shohat, Tamarkin, 1943 - American Mathematical Survey

(2) Szego, 1959 - American Mathematical Society

(3) Totik, 2000 — Journal of Analytical Mathematics

(4) Gavriliadis, Athanassoulis, 2009 — Journal of Computational and Applied Mathematics
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Unbundling and Probabilistic performance scenarios

o 9 Mathematical Basis to test the
Significance significance of the price
of the price information
information

Given a finite number of moments 2k, it’s possible to derive the following approximate
relationship between the probability function f (x) and its Christoffel function of degree k:

Fx) =T (X) =0 ﬂ\/(x—ka)(b—x) A

with X € [a,b]. C, Is a normalization factor

It” s then immediate to apply the approximating formula for different values of k
9 in order to test the accuracy of the approximation for the probability
distributions corresponding to our different financial products
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Unbundling and Probabilistic performance scenarios

Significance test of the price information DEFAULTABLE
0 Bimodality BOND
High dispersion

B Original

B 8 moments reconstruction
B 12 moments reconstruction
B 16 moments reconstruction

At least 16 moments are needed in order to obtain a satisfactory approximation of the
original distribution. The information content of the first moment seems very limited.

17
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Unbundling and Probabilistic performance scenarios
LOW-RISK

Regular Significance test of the price information
BOND

symmetry Reconstructed Probability distributions

Low dispersion

B Original

B 2 moments reconstruction
B 4 moments reconstruction
B 6 moments reconstruction

40 60 80 100 120 140 160

Only 4 moments are sufficient in order to describe properly the original distribution. The
information content of the first moment can be considered adequate.
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Unbundling and Probabilistic performance scenarios

Asymmetry Significance test of the price information VPPl
PRODUCT
urtosts s

B Original

B 4 moments reconstruction
B 8 moments reconstruction
B 12 moments reconstruction

=

oL

N
N,
L N e gen,
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12 moments describe correctly the pattern of the original distribution. The information
content of the first moment needs to be integrated.
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Unbundling and Probabilistic performance scenarios

Multimodality Significance test of the price information INDEX LINKED
0 CERTIFICATE
Asymmetr
ymmetry 2
kurtosis é
High dispersion B Original

B 12 moments reconstruction
B 16 moments reconstruction
B 20 moments reconstruction

= .

0 50 00 150

At least 20 moments are needed in order to obtain a satisfactory approximation of the
original distribution. The information content of the first moment seems very limited.
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Unbundling and Probabilistic performance scenarios

Probability distribution

of the Defaultable Bond

average average average average
(
‘.

W s 100

Probability distribution Probability distribution Probability distribution
of the Low Risk Bond of the VPPI Product of the Index Linked Certificate

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS

\/ \/ \/ \/

Bimodality Regular Asymmetry Multimodality
High dispersion symmetry kurtosis Asymmetry
Low dispersion kurtosis

High dispersion

16 moments 4 moments 12 moments 20 moments
needed needed needed needed

From a pure statistical point of view, a proper reconstruction of the original

distribution needs at least 4 moments even for the most regular one
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Unbundling and Probabilistic performance scenarios

Low Risk Bond - Identification of the first moment

B ow risk bond # IRR = 2.8%

40 60 80 100 120 140 160

IRR & > First moment of the

probability distribution
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Unbundling and Probabilistic performance scenarios
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Low Risk Bond - First moment and Internal Rate of Return

IRR*T*InvestedCapital

80 100

H,

120

B ow risk bond

140

160

IRR = 2.8%

M. = IRR*T*InvestedCapital = 114
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Unbundling and Probabilistic performance scenarios

Probability distribution
of the Low Risk Bond

average

G S0 100 120

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS

\/

Regular
symmetry

Low dispersion

Price =
Q Average =
IRR

Even if 4 moments are needed for a proper reconstruction of the probability distribution, the average

and its related measures (IRR and price), convey sufficient information for the investor decision process
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Unbundling and Probabilistic performance scenarios

Defaultable Bond - First moment and Internal Rate of Return

IRR*T*InvestedCapital

I Defaultable Bond

A

40 60 80 100 120 140 160

IRR = 3.85% M. # IRR*T*InvestedCapital = 119.25 0
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Unbundling and Probabilistic performance scenarios
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VPPI Product- First moment and Internal Rate of Return
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I VPPI Product
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IRR = 2.53%

M. # IRR*T*InvestedCapital = 112.65
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Unbundling and Probabilistic performance scenarios
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Index Linked Certificate- First moment and Internal Rate of Return

My IRR*T*InvestedCapital
3000~
[ Index Linked Certificate
2500~
2000~
1500
1000+
500+
— e
00 50 160 150
IRR =5.91% M. # IRR*T*InvestedCapital = 129.55 0
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Unbundling and Probabilistic performance scenarios

Defaultable Bond - First moment and Internal Rate of Rewrn VPPI Product- First moment and Internal Rate of Return Index Linked Certificate- First moment and Internal Rate of Return
B o < i —— BTy
vest VOBl Brodict
B Defauitable Bond o W VPPIFroduct \ B IncexLinked Certificate
e——
00 EXR
700
00
200
«0
X0
200
100
160 ¢ % %
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For more complex financial structures, the average progressively looses its
connection with the internal rate of return of the investment, so reducing its
usefulness as an effective tool for the decision process
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Unbundling and Probabilistic performance scenarios

Probability distribution Probability distribution
of the VPPI Product of the Index Linked Certificate

Probability distribution
of the Defaultable Bond
averagel average ‘ average
(
|

STATISTICAL PROPERTIES OF THE PROBABILITY DISTRIBUTIONS

\/ \/ \/

Bimodality Asymmetry Multimodality
High dispersion kurtosis Asymmetry
kurtosis

High dispersion

Price Price Price
0 Average Average o Average
IRR IRR IRR

The price and the corresponding average and IRR at expiry date — in presence of IRREGULAR distributions —

need to be complemented with additional information related to the shape of the probability distribution
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

be easy to understand capture efficiently all the main
statistical characteristics of the
probability distribution of the product
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

be easy to understand capture efficiently all the main
statistical characteristics of the
probability distribution of the product

\/

Proposal 1. Convey the entire probability distribution
2 CONSOB
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Unbundling and Probabilistic performance scenarios

average ' average |
(
|
|

Probability distribution Probability distribution
of the Defaultable Bond of the VPPI Product

Probability distribution
of the Index Linked Certificate

average ‘

MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS

\/ \/

Heston Stochastic

Interest Rate sl Volatility Model for
White Model the Equity
component

Sg&rﬂ:ggggﬁfﬁ Barndorff Nielsen

Normal Inverse
Model Gaussian Model for
the Equity
component

The shape of the probability distribution of the potential
dependent on the modelling assumptions.
2 CONSOB

g\ ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT

\/

Merton Jump
Diffusion Model for
the Equity
component

Variance Gamma

Model for the
Equity component

returns is obviously



Unbundling and Probabilistic performance scenarios

DEFAULTABLE MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS
BOND
8
E Probability distributions of the final values of the defaultable bond
l HW IR Model
B CIRIR Model

I
80 100
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Unbundling and Probabilistic performance scenarios

VPPI PRODUCT
o
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MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS

Probability distributions of the final values of the VPPI product

Heston Model (Equity)

I NIG Model (Equity)

L A |
50 200 250 300

34



Unbundling and Probabilistic performance scenarios

INDEX LINKED MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS
CERTIFICATE

8]

E Probability distributions of the final values of the Index Linked Certificate

. Merton JD Model (Equity)

. Variance Gamma Model (Equity)

| I— I -
0] 25 50 75 100 125 150
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

be easy t derstand capture efficigntly all the main
X statistical cha ristics of the
probability distribution of the product

the probability distribution is an the shape of the probability

abstract object not easy to handle distribution is dependent on the
modelling assumptions

A

Proposal 1. Convey the entire probability distribution
2 CONSOB
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

be easy to understand capture efficiently all the main
statistical characteristics of the
probability distribution of the product

\/

PfOpOSBl 2: Unbundling the information content of the price
2 CONSOB
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Unbundling and Probabilistic performance scenarios

COMPLEX Unbundling the information content of the price

PRODUCT
Probability Distribution
0 of the Complex Product

DISCOUNTED .
VALUE a (Complex Product)
€3 CONSOB .,
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Unbundling and Probabilistic performance scenarios

COMPLEX Unbundling the information content of the price

PRODUCT
Probability Distribution
0 of the Complex Product

DISCOUNTED .
VALUE a (Complex Product)

40 60 80 100 120 140 160

A risk-free floater with same fair value and coupon
payment dates of the complex product is defined

Probability Distribution
of the Risk-free floater

DISCOUNTED .
VALUE (Risk-free floater)

9% 10 105 M0 N5 1 15 10 135 140
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Unbundling and Probabilistic performance scenarios

COMPLEX Unbundling the information content of the price

PRODUCT Any non-elementary return-target product can be replicated by a

portfolio composed of the associated risk-free floater and of a zero-
value swap which transforms the cash flow structure of the risk-free
security into the cash flow structure of the product itself, ie, denoting
by {swap,},c;o1 the value process of the swap

Probability Distribution Probability Distribution Swap between
of the Complex Product of the Risk-free floater the product and the risk-free floater

Positive Leg
~—  Swap? '
— Negative Leg
Swap-
\
Fair Value Fair Value Fair Value
(Complex Product) (Risk-free floater) (Swap =0)

€ CONSOB
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Unbundling and Probabilistic performance scenarios

COMPLEX Unbundling the information content of the price
PRODUCT Swap between
the product and the risk-free floater
. L Positive Leg
Fair Value f Swap*

(Swap =0) | Negative Leg
j Swap-

-80 =70 -850 -50 =40 =30 =20 =10 o 10 20

| FV(Swap) | — | FV(Swap*)|

\ /

Theoretical value of the Risky component
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Unbundling and Probabilistic performance scenarios

COMPLEX Unbundling the information content of the price
PRODUCT Swap between
the product and the risk-free floater
. i Positive Leg
Fair Value i Swap*

(Swap =0) . Negative Leg
I Swap-

-80 =a 60 =0 -ao 30 20 Ao o 10 Z0

| FV(Swap) | — | FV(Swap*)|

\ /

Theoretical value of the Risky component

\/

B Theoretical value of the Risky component

A=C-B Theoretical value of the Risk-Free component

C Fair value

€3 CONSOB

8\ ANTITATIVE ANALYSIS A
INANCIAL INNOVATION UNIT

42



Unbundling and Probabilistic performance scenarios
Financial investment table

OEFAULTABLE (Price Unbundling)
BOND A Theoretical value of the Risk-Free component 91.3
o o B Theoretical value of the Risky component 5
; é C=A+B Fair value 96.3
g D Costs 3.7
E=C+D Issue price 100
VPPI PRODUCT A Theoretical value of the Risk-Free component 90.1
O B Theoretical value of the Risky component 6.4
E é C=A+B Fair value 96.5
D Costs 3.5
E=C+D Issue price 100
INDEX LINKED
CERTIFICATE : :
A Theoretical value of the Risk-Free component 86.2
0 O B Theoretical value of the Risky component 9.9
E 9 C=A+B Fair value 96.1
D Costs 3.9
QCONSOB E=C+D Issue price 100
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

V be easy to understand capture efficigntly all the main
statistical cha ristics of the

probability distribution of the product

the unbundling represented by using a The unbundling exploits only the
table is first level tool useful to information contained in the first order
appreciate the impact of the costs and moment of the probability distribution

the riskiness of the product

A

PfOpOSBl 2: Unbundling the information content of the price
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

be easy to understand capture efficiently all the main
statistical characteristics of the
probability distribution of the product

\/

PfOpOSBl 3: Perform a reduction in granularity by implementing a

partition of the probability distribution
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Unbundling and Probabilistic performance scenarios

COMPLEX
PRODUCT with respect to the point of zero return

Partition of the Probability distribution of the Complex Product

[ Final value lower than the issue price

Final value higher than the issue price

|

1 1 | |
50 100 150 200 250 300

The assessment of the probability of recovering at least the amount paid for the
product is of great significance for the investor.
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Unbundling and Probabilistic performance scenarios

COMPLEX Partition of the risk-neutral density of the Complex Product with respect to
PRODUCT the point of zero return and to the two fixed positive thresholds o, and a,

0 T

Final value lower than the issue price
Final value lower than that of the risk-free asset

Final value in line with that of the risk-free asset

Final value higher than that of the risk-free asset

risk-free asset

I I

]
200 250 300

e e

L
50 100 150

It is appropriate to explore further partitions of the macro-event “the final value of
the investment is higher than the issue price” by performing a direct comparison
with the final values of the risk-free asset.

€2 CONSOB .
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Unbundling and Probabilistic performance scenarios

COMPLEX
PRODUCT

L

Partition of the risk-neutral density of the Complex Product with respect to
the point of zero return and to the two fixed positive thresholds a; and a,

Final value lower than the issue price
Final value lower than that of the risk-free asset

Final value in line with that of the risk-free asset

Final value higher than that of the risk-free asset

risk-free asset

\/

Table of the probabilistic performance scenarios

MEAN

SCENARIOS VALUES

PROBABILITY

The performance is negative

The performance is positive but
lower than the risk-free asset

The performance is positive and in
line with the risk-free asset see see

The performance is positive and
higherthan the risk-free asset

€2 CONSOB
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100 150

€ >

€ >

200

250 300

E (St | St < 100) =
EP(Sr|100< St < o) =
EP(Sr | oy < S1 <o) =

EP (ST | St = op) =

MEAN VALUES

1

P(ST < 100)

1

100
J xfs, (x) dx

P(100 < St < aq)

1

441
X x)dx
on for(x)

P(otp < S1 < x2)

1

P(ST > o2)

J+m
o2

J: Xfe. (%)

Xfe (2} dx

<
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Unbundling and Probabilistic performance scenarios

COM PLEX Partition of the risk-neutral density of the Complex Product with respect to

the point of zero return and to the two fixed positive thresholds a; and o
PRODUCT —

inal value lower than the issue price

inal value lower than that of the risk-free asset

inal value in line with that of the risk-free asset
I val

inal value higher than that of the risk-free asset

risk-free asset

EEEN
mm oo

50 100 150 200 250 300

\/

Benefits of this solution:

1. The reduction in granularity of the events determined by the partition
involves only a very limited loss of information and the table, built by
coupling for each scenario its risk-neutral probability and the associated
mean value, is very easy to read;

€ CONSOB
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Unbundling and Probabilistic performance scenarios

Partition of the risk-neutral density of the non-equity product with respect to
DEFAU LTAB LE the point of zeroreturn and to the twofixed positive thresholds a, anda, SCENARIOS PROBABILITY VRQESES
BOND T

. o The performance is negative 9.5% 49.3

The performance is positive but
. 0.0% -
lowerthan the risk-free asset
The pgrformaljlce is positiveandin 87.4% 115.6
linewith the risk-free asset
L (I The performance. is positive and 31% 131.1

higher than the risk-free asset

Partition of the risk-neutral density of the Complex Productwithrespect to
VPPI the point of zero returnand to the two fixed positive thresholds a, and a, MEAN

SCENARIOS PROBABILITY
I — VALUES
PRODUCT - B e
: e P The performance is negative 36.9% 96.9

The performance is positive but

6 é lower than the risk-free asset 18.5% 101

The performance is positive and in

[ §

0,
line with the risk-free asset 39.9% 107.1
%0 100 150 200 250 300 The performance is positive and 47% 195.5
ez e e = |
. “ % MEAN
INDEX LINKED m . SCENARIOS PROBABILITY )\ \ce
HF sk-fre:
CERTIFICATE - The performance is negative 18.9% 49.1
. The performance is positive but 0.0% i
6 é lowerthan the risk-free asset e
»_ i ] The pt'erforman?ce is positiveandin 68.9% 120.9
W linewith the risk-free asset
The performance is positive and 12.2% 1316

@ CONSOB higher than the risk-free asset
QUANTITATIVE ANALYSIS AND 50
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Unbundling and Probabilistic performance scenarios

COM PLEX Partition of the risk-neutral density of the Complex Product with respect to
the point of zero return and to the two fixed positive thresholds a; and o
PRODUCT —

inal value lower than the issue price

| val
inal value lower than that of the risk-free asset
inal value in line with that of the risk-free asset
I val

L

EEER
mmom o

inal value higher than that of the risk-free asset

risk-free asset

50 100 150 200 250 300

Benefits of this solution:

2. The model risk arising from the different proprietary models of the issuers
has a limited impact.

€ CONSOB
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Unbundling and Probabilistic performance scenarios

DEFAULTABLE

BOND

L

€2 CONSOB

QUANTITATIVE ANALYSIS AND
FINANCIAL INNovATION UNIT

\/

of the Defaultable Bond

I HWR Model
B cinemodet

Difference less than 2%

\/

MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS

Probability distribution

/ HW IR MODEL \ / CIR IR MODEL
. MEAN MEAN

SCENARIOS PROBABILITY VALUES ‘ SCENARIOS PROBABILITY VALUES
The performance is negative 9.5% 49.3 The performance is negative 8.3% 49.9
The performance is positive but The performance is positive but

. 0.0% - . 0.0% -
lower than the risk-free asset lower than the risk-free asset
The pz.erformarlmce is positive and in 87 4% 115.6 The pgrformar?ce is positiveand in 86.8% 117.9
line with the risk-free asset line with the risk-free asset
The performance.is positive and 3.1% 131.1 The per‘formance_ is positiveand 4.9% 135.4
higher than the risk-free asset higher than the risk-free asset
7

J
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Unbundling and Probabilistic performance scenarios

VPPl PRODUCT MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS

8] Probability distribution
0 of the VPPI Product

v Difference less than 2% v
/ HESTON MODEL / NIG MODEL
MEAN MEAN

SCENARIOS PROBABILITY VALUES SCENARIOS PROBABILITY VALUES
The performance is negative 38.9% 95.5 The performance is negative 36.9% 96.9
The performance is positive but 18.9% 100.2 The performance is positive but 18.5% 101
lower than the risk-free asset =0 ’ lower than the risk-free asset e
The performance is positive and in 0 The performance is positive and in o
line with the risk-free asset 38.4% 106.3 line with the risk-free asset 39.9% 107.1
The performance is positive and o The performance is positive and o
higherthan the risk-free asset 3.8% 182.5 / higher than the risk-free asset 4.7% 195.5 /

€2 (ONSOB 5
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Unbundling and Probabilistic performance scenarios

INDEX LINKED MODELLING CHOICES FOR THE SELECTED FINANCIAL PRODUCTS
CERTIFICATE

Probability distribution
0 0 of the Index Linked Certificate
. Merton JD Model (Equity
[ Variance Gamma Model (Equity)

A
W Difference less than 4% v
/ MERTON JD MODEL \ / VARIANCE GAMMA MODEL
MEAN MEAN
SCENARIOS PROBABILITY VALUES SCENARIOS PROBABILITY VALUES
The performance is negative 18.9% 48.2 The performance is negative 18.9% 49.1
The performance is positive but The performance is positive but
. 0.0% - . 0.0%
lower than the risk-free asset lower than the risk-free asset
The performance is positive and in 0 The performance is positive and in o
line with the risk-free asset e 1176 line with the risk-free asset 68.9% 1209
The performance_ is positive and 15.39% 132.7 The performance. is positive and 12.29% 1316
higher than the risk-free asset higher than the risk-free asset )
€ CONSOB ~
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Unbundling and Probabilistic performance scenarios

0 COMPLEX PRODUCT

The additional information to be supplemented must

\/ \/

V be easy to understand capture efficiently all the main
statistical characteristics of the

probability distribution of the product

the partition should be done by choosing the reduction in granularity mitigates in
events that have a strong financial a significant way the model risk
meaning

A

PfOpOSBl 3: Perform a reduction in granularity by implementing a

partition of the probability distribution
€3 CONSOB .
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Unbundling and Probabilistic performance scenarios

Since there’s a close one-to-one relationship between the two tables, the two
sets of information can be easily coupled in an easy-to-read sheet

COMPLEX Low-Risk Bond - simulated trajectories
PRODUCT £ .
S —
@ S — o
—
= 2 o @
a 3 > 3
L 2 o o
omm L )
w v i
4
W g < >
Qo = M
< 90 - C
'S 1 2 3 4 5 S
= —~
£ t(years) Z3
7]
( Fmanu‘al mvestmepttable Table of the probabilistic performance scenarios \
(Price Unbundling)
SCENARIOS PROBABILITY Al-4
VALUES
A Theoretical value of the Risk-Free component
B Theoretical value of the Risky component The performance is negative
C=A+B Fair value The performance is positive but
lower than the risk-free asset
D Costs
- The performance is positive and in
E=C+D Issue price line with the risk-free asset e e
The performance is positive and
g ! CONSOB higherthan the risk-free asset e e J

QUANTITATIVE ANALYSIS AND
FINANCIAL INNOVATION UNIT



Unbundling and Probabilistic performance scenarios

This approach allows to explain the “CONVERTIBILITY RISK” that actually affects the
pricing of European sovereign bond.

Market quotes the event of the breaking of the Eurozone.

\/ \/

PIIGS countries suffer CORE countries take advantage of
DEVALUATION RISK APPRECIATION RISK

€2 CONSOB .
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Unbundling and Probabilistic performance scenarios

This approach allows to explain the “CONVERTIBILITY RISK” that actually affects the
pricing of European sovereign bond.

Market quotes the event of the breaking of the Eurozone.

\/ \/

PIIGS countries suffer CORE countries take advantage of
DEVALUATION RISK APPRECIATION RISK
B A

40 60 a0 100 120 140 160 100 120 140

€ CONSOB
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Syllabus

= Unbundling and Probabilistic performance scenarios

[- Synthetic risk indicator

= The optimal time horizon

€2 CONSOB

8 ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT
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Synthetic risk indicator

115

110}

105}

Simulation of the trajectories (Price)

95¢

Simulation of the trajectories (Volatility)

Simulation of th

0.01

e trajectories (Returns)

0.005 w

0

ANLIAY I
“‘\

-0.005]

-0.01

0

1 2

\

> Degree of risk

e E S S e S
0.05
Non-equity 0.04/ ‘
product:
Fixed bond 003
like 0.02'
0.01r
OO
€2 CONSOB
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Synthetic risk indicator

Simulation of the trajectories (Price)

Simulatign of the trajectories (Returns)

125 ‘ 15X 10
120
115
110
105
100k e
0 1 4 st . |
0 1 2 3 4 5
Simulation of the trajectories (Volatility)
0.05 ‘ ‘ ‘ ‘ N
Non-equity 0.0l
product:
Floater 0.03 > 5 .
bond like 0,09l egree of ris
001 |
0 J
€3 CONSOB o 1 2 3 4 s
QUANTITATIVE ANALYSIS AND
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Synthetic risk indicator

Simulation of the trajectories (Price)

975 1 1 1 1 1 1 1 1 1

Simulation of the trajectories (Returns)

2

x10°

1.5
1
|J
0.5 i

I
\
I

1

l“ ) |

”jf‘:“‘ I

h: “‘)‘u
Akl

L

|

““W*‘ 1l

MJ |

Simulation of the trajectories (Volatility)
Non-equity Il
product: o
Zero T
Coupon |
Bond i
b v
€3 CONSOB
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05 0.6 0.7 0.8 0.9

Degree of risk
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Synthetic risk indicator

Slizgnulation of the trajectories (Price) Simulation of the trajectories (Returns)
‘ ‘ ‘ ‘ 0.02 ‘ ‘ ‘

115¢
110¢
105¢

i ‘
| ‘ | ‘ il |
‘ L L il i
|

| | H

100¢ I ‘\i I ‘\ ‘\ H‘“\ 1l

{
i)
0
05§
it " S
W
|

90¢

85

Simulation of the trajectories (Volatility)

0.12 \

Non-equity ol

product: sl

Structured T _

Bond 0.06/ i/ > Degree of risk
0.041
0.021

€2 CONSOB % 1 2 3 4 p
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Synthetic risk indicator

COMPLEXITY FOR RETAIL INVESTORS
The volatility patterns are abstract objects that an average investor cannot handle.

0 Simulation of the trajectories (Volaility) 0.05 Simulation of the trajectories (Volatility)
s: 0.04 :H“"'
4
0.03|
d
T 0.02
J
3 0.01}
4
| | | | | | | 0 ‘ . . ‘
0z [T) (Y] [ 6 07 [T] a9 1 0 1 2 3 4 5
Non-equity product: Zero Coupen Bon Non-equily product: Fixed bond like
s Simulafion of the trajectories (Volatility) 0.12 Simulation of the frajectories (Volatility)
0.04/ ] 0.1
- 0.08f
4 Iyt 'H‘ M
0.06] YL HLAR
0.02 Vo
0.04r
0.01
N 0.02}
% 1 2 3 4 5 0
0 1 2 3 4 5
Non-equily product: Floater Bond like Non-equity product: Structured Bond

€ CONSOB
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Synthetic risk indicator

Conversely, a table with qualitative labels that characterizes the risk
classes is very easy to understand

Risk Classes

Very Low

Low

Medium-Low

Medium

Medium-High

High

Very High

The assignment of the degree of risk is made according to a quantitative
criterion that maps coherently any volatility interval into a corresponding

qualitative risk class

€2 CONSOB

S[‘\.\'TIT«\Ti\‘E ANALYSIS AND
|
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Synthetic risk indicator

Volatility of the product’s potential

returns

5

Mon-equily prodoct. Floater Bond like

0.0 aFthe imjecionies (Volaility)
0.04
0.03
0.02
0.01
v 1 1 2 3 4
Non-equily prodact: Zera Goupon Band Nan-equily prodisct Fixed bond like
0,055 al he fajedonies (Valality) 012 aFhe rajecionies (Volaility)
0.04 0.1
0.08
0.03
0.06
0.02
0.04
0.01
0.02]
1 2 3 4 o

DEGREE OF RISK

MEASUREMENT:
product’s positioning inside
a grid of n volatility intervals

REPRESENTATION:
mapping of any volatility interval into
a corresponding qualitative risk class

€ CONSOB

EL ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT

Risk Classes Volatility Intervals
Very Low O, min G1, max
Low G2, min G2, max
Medium-Low O3, min O3, max
Medium O, min 4, max
Medium-High O35, min 0%, max
H igh O6, min O6, max
Ve ry H igh 07, min O7, max

66



Synthetic risk indicator

Products with the same risk budget
must have the same degree of risk

€ CONSOB

Ew ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT
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Synthetic risk indicator

Volatility intervals have to be suitably calibrated

in order to avoid wrong risk representations

Medium-High

A P

iy

€2 C0NSOB -

Medium
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Synthetic risk indicator

Volatility intervals have to be suitably calibrated

in order to avoid wrong risk representations

Medium-High

Medium

€2 C0NSOB N
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Synthetic risk indicator

Volatility intervals have to be suitably calibrated
in order to avoid wrong risk representations

THE ISSUE

Defining suitable requirements to partition the
volatility space [0,+x) into an optimal number n* of
subsequent intervals with optima extrema

€ CONSOB

9 ANTITATIVE ANALYSIS AND
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Synthetic risk indicator

Volatility intervals have to be suitably calibrated
in order to avoid wrong risk representations

Requirement n.1
the optimal grid of volatility intervals
has to be consistent with the principle:

+ RISK + LOSSES

VOLATILITY INTERVALS MUST HAVE
AN INCREASING WIDTH IN ABSOLUTE TERMS

€2 CONSOB

E ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT
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Synthetic risk indicator

Volatility intervals have to be suitably calibrated
in order to avoid wrong risk representations

Requirement n.2
the optimal grid of volatility intervals must be

market feasible

-

REALIZED VOLATILITY CONSISTENT WITH MARKET

EXPECTATIONS OF FUTURE VOLATILITY
(UNLESS FOR SIGNIFICANT SUDDEN SHOCKS)

€2 CONSOB

E ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT
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Synthetic risk indicator

Volatility of the product’s potential

returns

Si afhe kajeckoies (Valaility)

dlile

g
W

) N;Icqt:tyn';dudnlm aoup(-:;l Ba:IJd : Non

o0 i of the ijeclories {Valality) Si afhekajeckies (Volaility)

0.02]

0 1 2 3 4
Non-eqeily prodoct. Hoater Bond lile

DEGREE OF RISK

€ CONSOB
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Diffusive GARCH

Ot

/I

management
failure

o-r(liin

Risk Classes Volatility Intervals
VCI‘}’ Low GC1,min O1, max
Low G2, min 02, max
Medium-Low O3.min O3, max
Medium Ot min 04, max
Medium-High O, min O35, max
H igh O6, min 06, max
Very High 7 min O7, max
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Synthetic risk indicator

€ CONSOB
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OUTPUT

Risk Classes

Volatility Intervals

o)

(0}

min max
Very Low 0.01% 0.24%
Low 0.25% 0.63%
Medium-Low 0.64% 1.59%
Medium 1.60% 3.99%
Medium-High 4.00% 9.99%
High 10.00% 24.99%

Very High 25.00% >25.00%

—.

The optimal grid of volatility intervals is consistent with the 15t requirement:

+ RISK + LOSSES
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Synthetic risk indicator

Volatility of the product’s

potential returns .= 2 Degree of Risk
z:l S i . Volatility Intervals
Risk Classes

amin amax

Very Low 0.01% 0.24%

Low 0.25% 0.63%

Medium-Low 0.64% 1.59%

o ] Medium 1.60% 3.99%
1 Medium-High 4.00% 9.99%
T High 10.00% | 24.99%
s Very High 25.00% | >25.00%

€ CONSOB
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Synthetic risk indicator

Volatility of the product’s

potential returns < 2> Degree of Risk

. Volatility Intervals
Risk Classes

amin amax

Very Low 0.01% 0.24%

Low 0.25% 0.63%

Medium-Low 0.64% 1.59%

1 ; """-.‘. Medium 1.60% 3.99%
, e > WMedium-High 4.00% 9.99%
s0f High 10.00% 24.99%
T % Very High 25.00% | >25.00%

€ CONSOB
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Risk-based transparency on structured products through probability

Volatility of the product’s
potential returns

& 4 Degree of Risk

o,
T

pumEEEEEEEEg,
--"‘-- L
T

- . Volatility Intervals
Risk Classes
Omin O'max
Very Low 0.01% 0.24%
Low 0.25% 0.63%
Medium-Low 0.64% 1.59%
Medium 1.60% 3.99%
Medium-High 4.00% 9.99%
Ty High 10.00% | 24.99%
Very High 25.00% >25.00%

800 05 1 15 2 25 3 35 4 45 5

€ CONSOB
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Synthetic risk indicator

Volatility of the product’s _
potential returns < 2> Degree of Risk

et ...‘."%«W‘w,« - : Volatility Intervals

o Very i f Risk Classes _— -

“T| high S L Very Low 0.01% 0.24%
Nl At At P Low 0.25% 0.63%
N A ein S o . Medium-Low 0.64% 1.59%
o ALY Medium 1.60% 3.99%
ol \ ; Medium-High 4.00% 9.99%
o R s T High 10.00% | 24.99%
85 . SLT T Vars Hiol 28 N0/ <OE N0/
S
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Synthetic risk indicator

Volatility of the product’s
potential returns

Degree of Risk

) Volatility Intervals
Risk Classes

Omin Omax

Very Low 0.01% 0.24%

Low 0.25% 0.63%

Medium-Low 0.64% 1.59%

Medium 1.60% 3.99%

Medium-High 4.00% 9.99%
High 10.00% 24.99%
Very High 25.00% >25.00%

€ CONSOB

l(:)\ ANTITATIVE ANALYSIS AND
INANCIAL INNOVATION UNIT

e

Quantitative
Framework
Assess - Risk-
Reward Profile

Non-Equity
Products
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Syllabus

= Unbundling and Probabilistic performance scenarios

= Synthetic risk indicator

[- The optimal time horizon

€2 CONSOB
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Recommended Investment Time Horizon

The recommended investment time horizon

The event to study from a probabilistic point of view is related to possible exit
strategies after having recovered all the costs of the product :

The investment recovers the initial costs and
off-sets the running costs at least once

that can be calculated through the concept of

First Passage Time for the cost recovery barrier

€3 CONSOB

g\ ANTITATIVE ANALYSIS :\\)
INANCIAL INNOVATION UNIT

81



Recommended Investment Time Horizon

First Passage Time:
First time (expressed in years) such that the value of the Invested Capital
(Cl) recovers the initial costs and off-sets the running costs.

CN = Notional Capital

Ci = Initial Costs { _

Time (years)

€3 CONSOB
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Recommended Investment Time Horizon

35

Fair Value 100 e
Initial costs

i gt
= .o * W
»\ I w w ~

Mt"

€ CONSOB
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Recommended Investment Time Horizon

100 — 100 —
90 — 90 —
80 — 80 —
70 — 70 —
the second year
60 — 60 —
50 — 50 —
35 times
40 —435 times the barrier has been touched within the first year 40 —

24 times between the first and the second year

30 30 —
15 times between the second and the third year
20 H 10 times between the third and the fourth year 20 —
8 times between the fourth and the fifth year
6 times between the fifth and the sixth year
10 i 2 times between the sixth 10 —

gd the seventh year

7° anno 1°anno  2°anno  3°anno  4°anno  5°anno  6°anno  7°anno

€2 CONSOB o
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Recommended Investment Time Horizon

100

90

50 O .
70 7
60

50

\

Percentage

40
30 J
20

10

1year 2year 3year | 4year | Syear 6 year 7 year
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Recommended Investment Time Horizon

€ CONSOB
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The confidence level a uniquely identifies T on the cumulative distribution

function of the first passage times:

0Es

08

.75

or

068

06

058

...................................................................................................

...................................................................................................

...................................................................................................

...................................................................................................

...................................................................................................

Volatility 4%

05
1

18 1% 20
Time (years)
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Recommended Investment Time Horizon

When many probability distribution functions are considered, letting
varying volatilities and costs, the problem of correctly identifying a set of
minimum thresholds arises:

Volatility 4.0%

Volatility 10% | -
Volatility 12.5% |~

———  Volaility 7.5%

i L
15 18 17 18 18 __. 20
Time (years)

€2 CONSOB
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Recommended Investment Time Horizon

minimum investment time horizon ...

T ={Tew Pt <T] =af

.

.. must be coherent with the principle

+ VOLATILITY + TIME HORIZON

e

T’ e[O [SP 0
o

The correct way to solve the problem is to set up an
operative procedure to select properly each threshold
according to the above principle

€3 CONSOB o
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Recommended Investment Time Horizon

DETERMINATION OF THE MINIMUM INVESTMENT TIME HORIZON

€3 CONsOB

S[w\\'mm\t NALYSIS AND
INANCIAL INNOVATION UNIT

P
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0.6 !
0.5
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0.2

0.1
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Recommended Investment Time Horizon

DETERMINATION OF THE MINIMUM INVESTMENT TIME HORIZON

€ CONSOB

EL ANTITAT
INANCIAL

IVE ANALYSIS AND
INNOVATION UNIT

P In synthesis, at a finite time T:
1

0.99

.98

0.97

0.96

0.94

AP N

olgz_..........é ............ ........... ........ LOCAL MINIMUM
L N

' | . . | . . i | i i
) 1% M 3@5% 6% T 8% 9% 10% 1% 12% 13% 14% 15% 168% 17% 18% 19% 20%

o)
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Recommended Investment Time Horizon

DETERMINATION OF THE MINIMUM INVESTMENT TIME HORIZON

FIRST ORDER SENSITIVITY ANALYSIS

oP(T,o)

Plot of the function e in a space (o,T)

0.8

0.6

B0 4

€2 CONSOB

AL INNOVATION
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Recommended Investment Time Horizon

Searching the minimum: the 2" order condition

Plot of the function 2P(:9) in a space (o, T)

oo

2

€2 CONSOB
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Recommended Investment Time Horizon

:

DETERMINATION OF THE MINIMUM INVESTMENT TIME HORIZON

ONS0B

T Plot of the function 2°k(T.s) in a space (o,T)
Lo

W

25

15

10}

1] 0.05 (.1 015 0.2 0.25 0.3 0.33 0.4 0.45
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Examples

DEFAULTABLE BOND

DESCRIPTION Senior bond with a 5 year maturity, paying bi-annual step-up coupons ranging from 4.7% to 5.30%.

Financial investment table

(Price Unbundling)
A Theoretical value of the Risk-Free component 91.3
B Theoretical value of the Risky component 5!
C=A+B Fair value 96.3
D Costs 3.7
E=C+D Issue price 100
Ist PILLAR Table of the probabilistic performance scenarios
MEAN
SCENARIOS PROBABILITY VALUES
The performance is negative 9.5% 49.3
The performance is positive but
. 0.0% =
lower than the risk-free asset
The p(_erformar.lce is positive and in 87.4% 115.6
line with the risk-free asset
The performance. is positive and 3.1% 1311
higherthan the risk-free asset
2nd PILLAR Degree of Risk: Medium-High
3rd PILLAR Recommended investment time horizon: 5 years

€2 (ONSOB 04
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Examples

VPPI PRODUCT

DESCRIPTION

1st PILLAR

2nd PILLAR
3rd PILLAR

€ CONSOB

QUANTITATIVE ANALYSIS AND
FINANCIAL INNOVATION UNIT

VPPI technique is aimed at protecting the initial value of the financial investment over a specified time horizon and

obtaining possible gains by limited exposure to the equity markets.

Financialinvestment table

(Price Unbundling)
A Theoretical value of the Risk-Free component 90.1
B Theoretical value of the Risky component 6.4
C=A+B Fair value 96.5
D Costs 3.5
E=C+D Issue price 100

Table of the probabilistic performance scenarios

MEAN
VALUES

SCENARIOS PROBABILITY

The performance is negative 36.9% 96.9

The performance is positive but

0,
lower than the risk-free asset 18.5% 101
The performance is positive andin .
line with the risk-free asset 39.9% 107.1
The performance is positive and 7 oes

higherthan the risk-free asset

Degree of Risk: Medium

Recommended investment time horizon: 5 years

95



Examples

DESCRIPTION

1st PILLAR

2nd PILLAR

3rd PILLAR

€ CONSOB

QUANTITATIVE ANALYSIS AND
FINANCIAL INNOVATION UNIT

The index-linked certificate is characterised by a complex financial engineering that makes intensive use of diverse
derivatives components. These derivatives link the performances of the product to the variability of an equity index.

Financial investment table

(Price Unbundling)
A Theoretical value of the Risk-Free component 86.2
B Theoretical value of the Risky component 9.9
C=A+B Fair value 96.1
D Costs 3.9
E=C+D Issue price 100

Table of the probabilistic performance scenarios

MEAN
SCENARIOS PROBABILITY

VALUES
The performance is negative 18.9% 49.1
The performance is positive but

. 0.0% =

lower than the risk-free asset
The pr?'rformar)ce is positive and in 68.9% 1209
line with the risk-free asset
The per'formance. is positive and 12.29% 1316
higher than the risk-free asset

Degree of Risk: High

Recommended investment time horizon: 5 years
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