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Non-equity Investment products: definition
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FINANCIAL REGULA
REFORM: A NEW FC J

Transparency.

Preliminaries

m The transparency on the risk profile of non-equity investment
products is based on three synthetic indicators (three pillars) -
defined through the development of specific quantitative

Bond ) . . ) methods - in order to allow investors to take informed
Equity ‘We propose a new proactive approach to disclosure. . o
Unit Linked Bond Bond . o . BB investment decisions.
Mutual [...] all disclosures and other communications with consumers be reasonable: —
EQuITY Index Stmeired I . . . . .
ETF Linked Funds balanced in their presentation of benefits, and clear and conspicuous in their
Eme identification of costs, penalties, and risks. Traditional narrative Synthetic indicators
i e i i ription of all S
Mandatory disclosure forms should be clear, simple, and concise. il lI,mo f) a rgbus_t,
. . . possible risks objective
M()Areove-r, rfeasonableness df)esA not mefm a litany of. evefx AconcewabAle risk, e tin and backward
which etfe(%tlv.elly ObSC}lreS significant rlsk'si It means 1dent1§ymg Aconsplcuously a financial product verifiable
“Risk target” “Benchmark” “Return target” the more significant risks. It means providing consumers with disclosures that
products products products help them to understand the consequences of their financial decisions.
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RETURNS RISKS INVESTMENT HORIZON

The key qualitative information is made objective by using a three-pillars
approach based on quantitative measures.

20 Pillar T 3 pillar

Syntheric risk e recommended
indicator investment horizon
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Investor decisions as a sequential filtering problem:
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Three-pillars approach:

1%t Pillar: unbundling and performance scenarios
21 Pillar: the degree of risk

3t Pillar: recommended investment time horizon

€3 CONSOB




1¢ Pillar

= - -

In “return target” products (e.g. corporate bonds) the connection
between the pricing at time zero and the pricing at maturity is
evident, as the probability table is a necessary step to obtain the
unbundling of the price of the product at time 0.

Pricing - Pricing

1%t Pillar

1* Pillar

5 year fixed-rate bond

Bond value (base 100)

1%t Pillar

1* Pillar

The final values of the bond at the end of the 5" year provide
the probability distribution of potential returns (so-called
pricing at maturity).

paterns

Bond value (base 100)

at time zero at maturity : t (year)
-
:_ n _,_ B __T 4 le outcome:
* yean) Pricing at maturity
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1% Pillar 1% Pillar 1% Pillar

The final values of the bond at the end of the 5 year provide
the probability distribution of potential returns (so-called
pricing at maturity).

1* Pillar

Bond value (base 100)

t (year)

Possible outcomes

Pricing at maturity
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The final values of the bond at the end of the 5" year provide
the probability distribution of potential returns (so-called
pricing at maturity).

Probability distribution of the final values of the bond

T=5 years

H
H
g
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110 140

Pricing at maturity
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The informative content of the entire probability distribution is
very complex to handle for the average retail investor.

le outcomes

Pricing at maturity

1¢ Pillar

The shape of the probability distribution of potential returns is
obviously dependent from the model’s assumption.

ution of the fir

B W IR Model T=5 years

40 ] £ 100 120 140
Bond value (base 100)
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The shape of the probability distribution of potential returns is
obviously dependent from the model’s assumption.

Probability distribution of the final values of the bond

B W IR Model
CIR IR Model

40 ] 0 100 z 120 140
Bond value (hase 100}
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STANDARD
SOLUTION
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1¢ Pillar
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Theoretical value of Theoretical value of the
the bond-like component Jerivative component

Probability distribution of
the risky asset

PORTFOLIO
REPLICATION
PRINCIPLE

Probability distribution of the
final values of the bond

1%t Pillar

Theoretical value of the
derivative component

Theoretical value of

1# Plllar
ot the bond-like component
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REGULATION

Theoretical value of the bond-like component

Theoretical value of the derivative component

Fair value

D Explicit costs
E Implicit costs
F=C+D +E |Issue price 100
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distribution of the final values of the bond

T=5 years

A s 100
Bond value (base 100)

It’s useful to explore a different representation of the information
contained in the probability distribution which could be useful for
the average investor

21

1% Pillar
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REGULATION

o0 120 [
Bond value (base 100)

In order to provide the investor with a representation fair, easy to
understand and resilient to the model’s risk, a simple rescaling
with respect to the risk-neutral measure numeraire is presented

1% Pillar

T =3 years

CONSOB y
REGULATION /

an L) 0 100 120 I I:l@
Bond value (base 100)

In order to provide the investor with a representation fair, easy to
understand and resilient to the model’s risk, a simple rescaling
with respect to the risk-neutral measure numeraire is presented
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REGULATION

bution of the

a0 [ a0 10 120 140
Bond value (base 100)

The superimposition of the product’s probability distribution with the
cash account naturally defines three different events which are
effectively meaningful for the investor.

€2 CONSOB = €3 CONSOB = €3 CONSOB »
1¢ Pillar 1¢t Pillar 1¢ Pillar
Probabi
- . , MEDIAN
CONSOB CONSOB SCENARIOS PROBABILITY e
REGULATION REGULATION
The performance is positive but
lower than the risk-free asset
an [ w0 1o — an ] L The performance is positive and
Bond value (base 100) | Bond value (base 100) in line with the risk-free asset %
The The The The The .
performance performance performance performance performance The performance is positive and %
“l“’)‘;“:':‘;;m""“ “:;:‘E":‘;'d s negative posithyeland “i":“m':";i’::" higher than the risk-free asset =
the risk-free the risk-free the risk-free the risk-free
asset. asset asset. asset. 2

€3 CONSOB

€3 CONSOB

€3 CONSOB




1¢ Pillar

Connection between the pricing at time zero and the pricing
at the end of recommended investment horizon

Table of probabilistic performance scenarios

scanrios PromBILITY
 ——— —

L —— %

The performance i positive bt
Tower than the ik ree aset

> [—
Fecepon | laepie 0 I ———

1:1 Relationship
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Model Risk Assessment

. B

The recommended time horizon has a significant

influence on the choice of the model

For Time Horizons greater than 1 year....

1%t Pillar

Model Risk Assessment

. B

The recommended time horizon has a significant
influence on the choice of the model

| Many possible choices... |

I N N

BARNDORFF NIELSEN

CARR MADAN CHANG

Stochastic Volatility Model Variance Gamma Model NIG Model

HESTON MERTON
Jump Diffusion Model
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1% Pillar

Step 2:  Calculation of the Probability Distribution of the Invested Capital at
the end of recommended time horizon

e e el las
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Step 2:  Calculation of the Probability Distribution of the Invested Capital at

the end of recommended time horizon

—

[_mestoN ]| [ MERTON ]
Probability Distribution
of the Risk-Free Asset
VG NIG

1% Pillar

Step 3:  Probabilistic comparison with the Risk-Free Asset

Analysing the probability distributions...

S I S O
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1¢ Pillar

Step 3:  Probabilistic comparison with the Risk-Free Asset

... the following output is obtained:
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Step 3:  Probabilistic comparison with the Risk-Free Asset

Assessing the model risk:

1¢ Pillar

Step 3:  Probabilistic comparison with the Risk-Free Asset

Assessing the model risk:
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1¢ Pillar

Step 3:  Probabilistic comparison with the Risk-Free Asset

Assessing the model risk:

1%t Pillar

Step 3:  Probabilistic comparison with the Risk-Free Asset |

Assessing the model risk:
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2nd Pillar 2nd Pillar 2nd Pillar
Volatility of the product’s simulated returns Volatility of the product’s simulated returns Volatility of the product’s simulated returns
% o &
DEGREE OF RISK DEGREE OF RISK
Volatility is the most immediate risk measure and MEASUREMENT: e e —
it has a one-to-one relationship with whatever loss measure product’s positioning inside . = ' e
(VaR, ES, etc.) a grid of n volatility intervals = ar_ :
—d Oim -
REPRESENTATION: o e
mapping of any volatility interval into a . -
corresponding qualitative risk class ' Timen Fimm
By e
€ CONSOB “ €3 CONSOB . €3 CONSOB “
2nd Pillar 20d Pillar
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Products with the same risk budget
must have the same degree of risk

G
a3

Medium-High

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

2nd Pillar

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

Medium-High

Medium
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2nd Pillar 2nd Pillar 20d Pillar
Hypothesis
Definition of a suitable volatility grid NUMBER OF INTERVALS SPANNED: Definition of a suitable volatility grid
Low
. Medium-Low .
5 risk classes Medium
. . Medium-High
Looking for the number of intervals High
(so-called “n-tuple of risk classes™) Minimizing the chance for an asset manager
allowing the best compromise between Low of overcoming not intentionally
Medium-Low L . O
investors’ comprehension and ) ‘Mediom its risk budget, i.e. the volatility interval
detail of the information conveyed 6 risk classes Medium-High (so-called “management failure”)
High
— Very High
Hypothesis Very Low
NUMBER OF INTERVALS SPANNED: v edmmw
5,6o0r7 7 risk classes Medium
Medium-High
High
Very High
€ CONSOB “ €3 CONSOB “ €3 CONSOB -
2nd Pillar 27 Pillar 2nd Pillar
Definition of a suitable volatility grid Definition of a suitable volatility grid Automatic Asset Manager
——— ; Hypothesis:
ASSUMPTION 15t INTUITION Stochastic volatility model where the automatic
asset manager is “mean-reverting”:
25% AS THE LOWER BOUND . . - . .
The optimal set of volatility intervals for a given n-tuple
OF THE LAST VOLATILITY INTERVAL of risk classes requires to solve a stochastic non linear programming
problem (i.e. minimize the chance of a “management failure”
...corresponding to a percentage loss of about 50% In order to analise the management failures it has to be studied the » = - =
: : ~ . . behavior of an automatic asset manager that has a specific risk budget, The automatic asset manager:
of the invested Capltal overa 1 year time horizon identified by a given volatility interval  has no systematic preference for upwards or downwards deviations
from the mean < symmetric distribution for the volatility
« in order to minimize the migration risk, keeps the product volatility
: : : far from the bounds of the interval =» probability decay over the tails
€3 CONSOB » €3 CONSOB o €3 CONSOB 5t
2nd Pillar 2nd Pillar 2nd Pillar
Automatic Asset Manager Definition of a suitable volatility grid Automatic Asset Manager
— 2" INTUITION —
Simulating the trajectories of the volatility fram the M-GARCH{L1) Hypothesis:
realized by the automatic asset manager o In order to analise the management X s
failures volatility prediction GARCH diffusive models
intervals have to be determined. e 37 1) nal + 47 In 2 to measure the ability of
In this way, the ability of the " . the automatic asset
Annalized volaily automatic asset manager to remain . manager to remain within
of daily returns Vi within his risk budget his risk budget
can be measured
Fin
dlna} = (4 ]
r T o
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2nd Pillar

2" Pillar 2nd Pillar
Automatic Asset Manager Automatic Asset Manager Automatic Asset Manager
GARCH Diffusive Models: the Volatility Prediction Interval GARCH Diffusive Models: the Volatility Prediction Interval GARCH Diffusive Models: the Volatility Prediction Interval
matching of the first two conditional moments maximum likelihood estimation
distributional properties of the 8.D. L, of the M-GARCH(1,1) w
Ine s+ 23,E(n |2, na?] df + 23, | o/ Var(in |20 . .
nop ~lnag_, = [ s e
- L(w;8)=TI", |simy2ams o™
(i BRI )) |
I
8
where 1 . bl . oM. . { A 1
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2nd Pillar 27 Pillar 2nd Pillar
Automatic Asset Manager Automatic Asset Manager Automatic Asset Manager
GARCH Diffusive Models: the Volatility Prediction Interval GARCH Diffusive Models: the Volatility Prediction Interval GARCH Diffusive Models: the continuous limit of the M-GARCH(1,1)
the estimated parameters enter in the bounds
likelihood estimation maximum likelihood estimation of the volatility prediction interval
€3 CONSOB h €3 CONSOB ® €3 CONSOB o
2nd Pillar 2nd Pillar 2nd Pillar
Automatic Asset Manager Automatic Asset Manager Automatic Asset Manager
Hypothesis: IADAPTIV”Y Hypothesis:
o : : : o - a GARCH-based volatility prediction
| r&max @ | GARCH diffusive models I " GARCH diffusive models intervals to identify the
: : to measure the ability of to measure the ability of “management failures” of the
| 1\ | the automatic asset the automatic asset automatic asset manager
: : Cinta) : manager to remain within manager to remain within
| | | AErmaxs) his risk budget his risk budget 7
| ( .
N | e
| Frins) | | Crin G
| | |
| 1 H
T ™ ™ T T T
€3 CONSOB o €3 CONSOB o €3 CONSOB ®




2" Pillar 2nd Pillar 2nd Pillar
Definition of a suitable volatility grid NO INCENTIVE TO PICK ANY SPECIFIC CLASS Volatility Intervals Multiplier
Remark
—/ . For whatever n-tuple of classes the 1% interval
cannot respect the multiplier:
34 INTUITION
| } 1 | I 625=3.1252 12526252 25-12.572
) - - e [I— | |
The optimal set of volatility intervals must allow a similar number of s [ T T T I n=>5
“management failures” to the automatic asset managers belonging to RESCALING LEMMA for volatility intervals 0% 3125%  625% 125% 25%
different risk classes of a given n-tuple: m=2
Let [0,,0,] and [05,0,] be two volatility intervals having the same 31251562502
— multiplier m, i.e.: o, o bt 1 I I n=6
m=—==— °
% G 0% 1.5625% 3.125%  6.25% 125% 25%
NO INCENTIVE TO PICK ANY SPECIFIC CLASS then, the two intervals have the same number of “management
failures”, that is the same number of breaches of the GARCH-based
volatility prediction intervals.
€ CONSOB “ €3 CONSOB o €3 CONSOB o
2nd Pillar 27 Pillar 2nd Pillar
Definition of a suitable volatility grid Definition of a suitable volatility grid Definition of a suitable volatility grid
The higher is the multiplier
The requirement of increasing width holds for all the intervals the wider is the subinterval that ends with 25%
; (hence including the 1) if and only if m>2 and the narrower is the first class
4t INTUITION A7 AT A=ss6 se0m A-3025 A-3025 A=625 Aeins
. . SR S S— — s w2 e —————
The optimal set of volatility intervals must be m=15 1 T T L o °
associated with increasing levels of losses o T 1 1067% % o o 1 '
A=3125 A=3.125 A=6.25 A=125
+ RISK + LOSSES e ———— m=25 y _
m=2 g I = n=s — =
— 0% 325%  625% 125% 25% %
A=16 A=24 A=6 A=i5
m=25 Tl i s ~y _s m=3 il I n=>5
VOLATILITY INTERVALS MUST HAVE L J J I "= e e 2 o
0% 16% 4% 10% 25% ’ 2.78% 8.33% %
AN INCREASING WIDTH
€2 CONSOB v €3 CONSOB @ €3 CONSOB .
2nd Pillar 2nd Pillar 2nd Pillar
Definition of a suitable volatility grid Definition of a suitable volatility grid Definition of a suitable volatility grid
v e o e | 7] It is now possible to perform the % sa same iasex o | |22
. | saas | anes | a0t | 2% | | 2 inimization process of the management failures . s_seae_ o= | Wi
5risk Classes | ax ook oo ook e | |3 minimization p & : 5 risk Classes  [Cox—so—soox oo —s| [2s]
o | vame ago%  se | 25w | |28 . . T iAT Saon semmn | [26
e aen| |22 Main results: For whatever n-tuple of classes there is a trade-off o e e |2
When m is too high the meaningfulness RN AN TTERET @ as m increases the number of manasement failures of o e ez L
of the set of volatility intervals is compromised: [m] [m]
o | tor | aasw | same | 1ase| 2ox | |22 the 1% class decreases | | the other classes class increases ox 1o aask sam ik 2ok | |22
N ox  osox 20 arx iom 2% | |23 ox  osox 20 azx o 2% | |23
6 risk Classes | ox o ieox 4oox ioee aex | |28 6 risk classes e | e
Hypothesis: ox o aam sawe saex amx | |am - o o e e ssex aw | |27
2<m<3 ox o Yo Ja aww o j o obsw dom aom sem | |20
S S—— S m*=2.5 achieves the best balance of this trade-off -
e ia wer T maw mn | [54] R v
ox | oasx | vom | 2ssx | same |1aex zsx | |22 ox  oasx rom 2% sam aex sx | |22
X ox | oarx orsx  imn asax | oam 2k | |24 . | ox omis ogsw weix azaw soame 2o |
7 risk classes | o« ossx osw ieox aook 1000 sk | | s 7 risk classes oo oo et oo —tooen e 23
0% | oai% | ossx | 14% | saox | s | zsx | | 2e X . . . oo oS AT SR se |
oMo o ouw || m"=2.5 identifies the optimal set of volatility intervals CEEEEE ZNE
0% 1o oy vow v s ol o% o oasx ioa zsvx sewx  asx | |2l
o oo ostse oos pam asmm s ] [20]
70 7 72
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2" Pillar 2nd Pillar Syllabus
Definition of a suitable volatility grid Definition of a suitable volatility grid .
Preliminaries
The choice between the different n-tuples depends on the OUTPUT
r.egulator assessment at?oul the besl'comprox?lise betv.veen Three-pillars approach:
investors’ comprehension and detail of the information:
y Intervals . . .
- 1%t Pillar: unbundling and performance scenarios
Low 0.01% 0.49%
Medium-Low 064% 159% 2nd Pillar: the degree of risk
m* =2.5 Medium 1.60% 3.99%
n=6 Medium-High 4.00% 9.99% d D X . . .
High Y o 3t Pillar: recommended investment time horizon
Very High 25.00% >25.00%
€ CONSOB 7 €3 CONSOB ™ €3 CONSOB 7
3rd Pillar 3rd Pillar 3rd pillar

€3 CONSOB

The r ded investment time horizon

In analytical terms, the probability of the event:

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

can be calculated through the concept of

First Passage Time

76

CN = Nominal Capital

€3 CONSOB

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

Time (years)

The probability of the event:

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

given a confidence level «, uniquely identifies a time 7~ on the
cumulative distribution function of the first passage times, i.e.:

7 ={rew P <7] =af
where
¢ =inflreR* 1, > CN]

is the first passage time

€ CONSOB »

€3 CONSOB

[ vomiey |

WW““"“P"‘;‘ i Iz bl BN &
T ™

™
Time (years)

3rd Pillar

2. Derivation of the cumulative distribution function of the first passage times:

Votatiy 45|

Time (years)

€3 CONSOB

3rd pillar

3. The confidence level « uniquely identifies 7* on the cumulative distribution
function of the first passage times:

€3 CONSOB st




3rd Pillar

3. The discretization step is relevant in the determination of the cumulative
probability function, conditioning the identification of the time horizon, given a
fixed level of confidence:

"

3rd Pillar

‘When many distribution ctions are ce letting varying
volatilities and costs, the problem of correctly identifying a set of minimum
thresholds arises:

e kst 488
e ekt 138
e ek

Velssay 3%

3rd Pillar

Anyway, the recommended minimum investment
time horizon...

T ={ e P <7] =af

-

.... Must be coherent with the principle

| + VOLATILITY + TIME HORIZON |

"Time (years) WOW W years)
€ CONSOB 8 €3 CONSOB 8 €3 CONSOB &
3rd Pillar 3rd Pillar 3rd Pillar
Connection between probability, volatility and costs Connection between probability, volatility and costs
Anyway, the recc ded mini in
time horizon... Ccr @ recurrent costs
First passage times for the break-even barrier are monitored at Asymptotic properties: T —»c0 as a fixed %
T’ { . infinitesimal time intervals:
| rew pff <7] =4 -
_ 1,
‘ * [/ F-cr)z—o
T ={Ten B <7] <o i (Feer)2g
.... Must be coherent with the principle 2Ar=er) |
. CI, CN) CN
<Tl|= et} =L “N|—d,| — ir (= 1
| + VOLATILITY + TIME HORIZON | P[t = T] N(dZ[CN)J+[c1J N[ dz(ao D if (F-cr)< 562
1
‘ logx+(?—cr——o’2 ]T
d, (x ) = wrd 2
. o T
The correct way to solve the problem is to set up an
operative procedure to select properly each threshold N ( ) I 1 _‘E,zdz
ding to the ab incipl Y= T—=e
according to the above principle i TS
€3 CONSOB i €3 CONSOB 8 €3 CONSOB ¥
3rd pillar 3rd Pillar 3rd pillar
J Pl Connection between probability, volatility and costs Connection between probability, volatility and costs Connection between probability, volatility and costs
Under our assumptions:
T — o0,dt—>0 [ T — 0,dt—>0 e
SENSITIVITY — e
) ANALYSIS ar —| -4 (r_iscr) ln(cl][cl] 7
1 if (F—cr)zzaz do o Ci1, \ Cl,
limP|" <T|= Arer) - dp
= ] s @ | F-er) (ONY N 7 1 (F-er)>0e-—<0
N7 (o)< o do | o \a, \c,
[Cln] i (F Cr)<20 0 0 2. (F—cr)SOQQZO
- do
For a given level of costs, it is possible to analytically derive the The existence of two alternative states of nature requires to verify
connection between volatility and time horizon whether both of them make sense in financial terms under the risk-
neutral measure.
€3 CONSOB 8 €3 CONSOB ” €3 CONSOB o




3rd Pillar
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Connection between probability, volatility and costs

T — 0,dt—0

@ _| 7 (ONY N
do o’ CI CI

27

Being running costs a specific feature of any financial product they
would interfere with the task of identifying which of the two
conditions has a sound financial meaning. Therefore, they will be
temporarily neglected.

91

3rd Pillar
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Connection between probability, volatility and costs

T — «0,dt—>0

z?

ﬂ: 74%]11 CN Y CN
do o CI, CI

™~
~|
1A,
v
=

Since it is safe to assume a positive interest rate r in financial
markets, only condition 1. correctly captures the connection
between volatility and time horizon.

3rd Pillar

€3 CONSOB

Connection between probability, volatility and costs

T — 0,dt—>0

27

da |, 7 (CNYCNY)™
do s \a, \a,

As T—oo condition 1. implies that the cumulative distribution function
P is a strictly decreasing function of the volatility, i.e.:

Vo,0,eR',0,>0,=Po;)< P(a-,.)|

3rd Pillar

Connection between probability, volatility and costs

T — ,dt—>0
2r

dapP _ _4i1 CN [[CN ¢
do o’ CI, \ CI,

In other words, for a given a confidence level, as the volatility
grows, the recommended investment time horizon increases as well:

+VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON

3rd Pillar

Connection between probability, volatility and costs

T — o0,dt—0
ZV

dr _4i1 CN |[CN ¢
do o’ Cl, \ CI,

Furthermore, condition 1. alone is sufficient to guarantee a minimum
time 7" beyond which the following strong condition holds:

+VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON

3rd pillar

Connection between probability, volatility and costs

T — o0,dt—0 .

Ar—er)
| Feer) (ONYeN) 7
do o’ Cl, \ CI,

Generalizing...

€ CONSOB » € CONSOB % € CONSOB %
3rd pillar 3rd Pillar 3rd pillar
Connection between probability, volatility and costs Connection between probability, volatility and costs DETERMINATION OF THE INVESTMENT TIME HORIZON
T — 0,dt—0 T — 0,dt—0 General Framework:
s s
1. T >
_ dp
(F-cr)>0e—<0 220 di—0
do P(oo,o‘)
~ 5 = < P(T.,0)
(F-cr) ' ap P(1,0)
(F-cr)>0e =<0 (F-cr)>0 lim——="2<0
d’P dd;lf) > 9o
(F-cr)>0=>=5>0 = ~ - P(1,0)
do do? (F=cr)>0= lim 27050
do e Oo
Summarizing the results of the asymptotic analysis in continuous time: R . R R R
Second Order « As T —, for given a confidence level, more volatility implies a larger In order to determine effectively the investment time horizon,
Sensitivity recommended investment time horizon it is necessary to abandon the asymptotic environment and to
Analysis « It is always possible to find a minimum and finite time 7%, beyond which the shift the analysis of condition 1. in a finite time framework.
strong condition
+VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
holds
€3 CONSOB 7 €3 CONSOB o €3 CONSOB ”




3rd Pillar

Tl reviismienilsd -
ropstaticl Hi L.
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| DETERMINATION OF THE INVESTMENT TIME HORIZON

FIRST ORDER SENSITIVITY ANALYSIS |

At a finite time T, the of the first order that allows to state

the core relationship

+ volatility + time horizon

is then specified in the following form:
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ap(1,0)

Plot of the function in a space (0,T)
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| DETERMINATION OF THE INVESTMENT TIME HORIZON

SECOND ORDER SENSITIVITY ANALYSIS |

Given the monotonicity condition of the probability distribution with respect to
volatility, i.e.:

|\7’o;,o', eR',0, >0, :P(w,o'/)< P(c0,0;)
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| DETERMINATION OF THE INVESTMENT TIME HORIZON

SECOND ORDER SENSITIVITY ANALYSIS |

Having defined the maximum time in the form:

ceN  FR(l.0)_
T,.eT, oo

L
In order to fulfill this condition, it’s necessary to restrict the analysis in the E
region where the probability function is strictly increasing, i.e.: ;.:.’ The sufficient condition of the 2° order is specified as:
o°P(T,0) . "
— i i i ... O°P(T,
Py ) >0= T, increasing . i a( 2") >0
Ir=1; L
. T i 4
O°P(T.
s i T if (o),
2z > i "~ éo’
i =T : =
o’ ‘ ; o
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| DETERMINATION OF THE INVESTMENT TIME HORIZON | DETERMINATION OF THE INVESTMENT TIME HORIZON
T A T A T A + VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
Betimieit horloion e . (IR [ . P Betimieit horloion
Plot of the function . ;”) in a space (0,T) In synthesis, at a finite time T: FIRST ORDER SUFFICIENT CONDITION
il ! Y to determine a sequence of consistent time horizons
s amt |
\ STRONG CONVERGENCE LEMMA for times
" 1} Given a sequence of financial products F; with volatility o; and recalling the first order
L i\ sufficient condition.
1B - . oP(T,o
® an A | T, =max Tmm,T:i( )=0 , VoeR'
= —T oo
" = —
= . ——]—‘— 2 . the first order sufficient condition can be specified for the class of products F; in the
® } ﬂTa_’U) -0 following form:
L . g oo i p(pe —plre
. | 77170, )=Pr o)
| It therefore holds the following strong convergence relation with respect to times:
o " lim 7 =T,
S L e, % i
g g where  &; = (U,ol *a,)> 0.
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FIRST ORDER SUFFICIENT CONDITION FIRST ORDER SUFFICIENT CONDITION FIRST ORDER SUFFICIENT CONDITION
to determine a sequence of consistent time horizons to determine a sequence of consistent time horizons to determine a sequence of consistent time horizons
In order to have an intuitive explanation of the lemma, let’s consider the
following volatility levels:
—— —— — -
|E| o+eceR
and the respective probability distribution functions, i.e.:
i — —
N
o, <7]
€3 CONSOB 10 €3 CONSOB 1o €3 CONSOB m
3rd Pillar 3rd Pillar 3rd Pillar
+ VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON + VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON + VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
FIRST ORDER SUFFICIENT CONDITION FIRST ORDER SUFFICIENT CONDITION FIRST ORDER SUFFICIENT CONDITION
to determine a sequence of consistent time horizons to determine a sequence of consistent time horizons to determine a sequence of consistent time horizons
T T T
-
an an o //
o ae R |
a o ot
ot amt am:
! iy LA 0 m o o (] T e £ e ]
€ CONSOB 1 € CONSOB 1 € CONSOB N
3rd Pillar 3rd Pillar 3rd Pillar

€3 CONSOB

+ VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
FIRST ORDER SUFFICIENT CONDITION
to determine a sequence of consistent time horizons

TDG

P

o

Ll

=

o

o

anyy 4

€3 CONSOB

+ VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
FIRST ORDER SUFFICIENT CONDITION
to determine a sequence of consistent time horizons

TDG

o

o

Ll

=

o

o

oy 4

116

+ VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
FIRST ORDER SUFFICIENT CONDITION
to determine a sequence of consistent time horizons

TDG

P

e

Ll

=

o

o

anyy 4

€3 CONSOB

17




3rd Pillar

3rd Pillar

3rd Pillar

JPlilar JPlilar
+ VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON + VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON + VOLATILITY + RECOMMENDED INVESTMENT TIME HORIZON
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In synthesis. .
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T Generalizing the lemma for all o, the following characterization of Ta P(10)  IP(Toc)
18] the first order sufficient condition is given: u e =0 =0
- ——- - “ \ /
E o+sceR T
ol
The time is The time is J -
N N : '
characterized — — — characterized 1 : H P (1.0) :
on the curve of on the curve of’ L : 1 ! P |
minimum . . . minimum I | f o 1
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SECOND ORDER SUFFICIENT CONDITION FIRST ORDER SUFFICIENT CONDITION s o
to determine a sequence of consistent time horizons to determine a sequence of consistent time horizons PERLE SOCIETAE LA BORSA
T * - ’ P o . .
Vi, j=1,.,N if o, >0, = 7} >T 1 Formally, for any sequence of products with volatility o;, defined in a given
" 6% class of costs (ci,cr):
o |
BT T PP P PP ST P PP PE PP PP Strong convergence lemma ‘Weak monotonicity condition of
Tis for times times w.r.t. volatility . . N . .
First order sufficient condition Second order sufficient condition
Weak Rebuilding the investors’ confidence through risks
monotonicty — - [ disclosure
condition of
times w b . Marcello Minenna - Head of Quantitative Analysis Unit, Consob
volatility Vj=1..N,o. >0,
7, =max| 7. Teln n el <TRR <7]a ) Sirufhmedl u l_ s
e e | I:
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