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Abstract

This paper deals with the pricing of financial structured products. We
examine French structured products, the so-called “ OPCVM à Formule”,
from a sample involving about 800 funds. We analyze their underlying
contracts, which correspond to specific portfolio profiles based on per-
formances of main financial french or European stock indices. Using the
standard Black and Scholes pricing with appropriate financial parameters,
we compute the initial values of such products. Our numerical results are
in accordance to previous studies, such as for example for the German
and Swiss markets.
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1 Introduction

One of the main purpose of investment banking is to develop constantly new
financial instruments. This innovation process, called “financial engineering”,
is most often based on the use of already existing components that are com-
bined to create new (complex) financial instruments, in order to better fit their
customers’needs. One of the most prominent groups of newly introduced finan-
cial instruments resulting from such financial engineering is termed “structured
products”. They have been proposed to enhance portfolio returns. The de-
mand for structured products has quickly increased.1 They are particularly
marketed through mutual funds and life insurance funds.2 However, two main
problems arise: First, investment banks have to determine the costs of creat-
ing such a given structured product. This is typically done by using standard
arbitrage-theoretical tools, assuming that financial markets are perfect from ac-
tive management of these financial institutions. Second, customer’s potential
utility gains induced by buying a given financial structured product would be
evaluated.

For this second point, the risk aversion is indeed crucial to describe the
investors behavior. As mentioned by Breuer and Perst (2007), “structured
products are combinations of derivatives and underlying financial assets which
exhibit structures with special risk/return profiles that may not be otherwise
attainable on the capital market without significant transaction costs being in-
curred — at least for private investors (see, e.g., Das, 2000).” Therefore, investors
may agree to pay an (implicit) additional cost to have access to such products
(see for example, Bertrand and Prigent (2011b) who introduce the notion of
compensating variation to measure such willingness to pay). Taking account
of the investors psychology, of their cognitive biases and emotional reactions,
behavioral finance can also provide a specific framework for the study of the
optimal positioning of these products. Several studies have been published on
this research topic. For instance, Hens and Riger (2008) show that the investor
will include more complex structured products than standard equities in his
portfolio. Driessen and Maenhout (2004) examine optimal positioning prob-
lems, assuming either expected utility or the CPT of Tversky and Kahneman
(1992). Pfiffelmann and Roger (2005), and Pfiffelmann (2008) show how some
specific structured products such as capital linked notes depend crucially on the
given reference level. Ben Ameur and Prigent (2010), Jin and Zhou (2008), and
Prigent (2008) examine portfolio optimization with rank dependent expected
utility. In this framework, it can be proved for example that, under some spe-
cific assumptions about financial and risk attitude parameters, portfolio profiles
such as straddles can be optimal.

1For example, the outstanding investment on this type of fund have been estimated at a
total value which borders the 500 billions of Euros (for European investors only) in 2007.

2With the aim of offering to their subscribers a predefined performance in any event in
addition to the guarantee of initial capital, insurers use these funds to boost the bond market
performance which is characterized by its relatively low yields.
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Structured products allow investors to take advantage of the risky asset rises,
while being exposed only partially to market drops. The combination of basic
assets gives birth to new assets with very specific characteristics whose evalua-
tion appears very complex.3 During the periods of financial markets decline and
strong volatilities, the demand in favour of the structured products in particular
those with a protection clause on capital growths. This is the purpose of port-
folio insurance that is designed to give the investor the ability to limit downside
risk while allowing some participation in upside markets. Such methods allow
investors to recover, at maturity, a given percentage of their initial capital, in
particular in falling markets. This payoff is a function of the value at matu-
rity of some specified portfolio of common assets, usually called the benchmark.
As well-known by practitioners, specific insurance constraints on the horizon
wealth must be generally satisfied. For example, a minimum level of wealth and
some participation in the potential gains of the benchmark can be guaranteed.
However, institutional investors for instance may require more complicated in-
surance contracts. The two main standard portfolio insurance strategies are the
Constant Proportion Portfolio Insurance (CPPI) and the Option Based Port-
folio Insurance (OBPI).4 The CPPI has been introduced by Perold (1986) for
fixed-income instruments and Black and Jones (1987) for equity instruments
(see also Perold and Sharpe, 1988). The CPPI strategy is based on a dynamic
asset allocation during the whole management period. The investor begins by
choosing a floor which is equal to his lowest acceptable portfolio value. Then,
at any time, the amount invested on the risky asset (called the exposure) is
proportional to the excess of the portfolio value over the floor (usually called
the cushion). The remaining funds are invested in cash, usually T-bills. The
proportional factor is defined as the multiple. Both floor and multiple are func-
tions of the investor’s risk tolerance. This portfolio insurance strategy implies
that, if the cushion value converges to zero, then exposure approaches zero too.
In continuous-time, this strategy prevents portfolio value from falling below the
floor, except if there is a very sharp drop in the financial market before the
investor can modify his portfolio weights.

The OBPI, introduced by Leland and Rubinstein (1976), is based on a static
combination of a risky asset S (usually a financial index such as the S&P)
covered by a listed put written on it. Whatever the value of S at the terminal
date T , the portfolio value is always higher than the strike K of the put. The
main purpose of the OBPI method is to guarantee a fixed amount only at
the terminal date. In fact, if the financial market is perfect, the OBPI strategy

3Discount reverse convertibles (DRC) together with reverse convertible bonds (RCB) are
important examples of structured products. They are combinations of a zero bond or a coupon
bond plus a short position in put options on stocks.

4The optimality of such dynamic portfolio strategies has been previously examined Typ-
ically, the investor is assumed to maximize the expected utility of his terminal wealth, by
trading in continuous time (see Cox and Huang, 1989; Cvitanic and Karatzas, 1996). The
continuous-time setup is also usually considered to study portfolio insurance (see for example,
Grossman and Vila, 1989, Basak, 1995, and Grossman and Zhou, 1996). The main hypothesis
is that markets are complete: all portfolio profiles at maturity are perfectly hedgeable.
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provides a portfolio insurance at any time of the management period. The OBPI
strategy is a particular case of optimal positioning. This latter one has been
studied in the partial equilibrium framework by Leland (1980) and by Brennan
and Solanki (1981). The portfolio value is a function of the benchmark, in a
one period set up. The optimal payoff, which maximizes the expected utility,
depends typically on the risk aversion of the investor. Carr and Madan (2001)
consider markets in which exist out-of-the-money european puts and calls of all
strikes, which allows to study the optimal positioning in a complete market.
This is the counterpart of the assumption of continuous-time trading.5 Such
type of portfolio insurance strategy corresponds to optimal portfolio strategies,
under specific assumptions, as shown by Bertrand et al. (2001a).6The optimal
payoff (maximizing the expected utility) depends crucially on the risk aversion
and prudence of the investor (see e.g. Eeckhoudt and Gollier, 2005; Bertand
and Prigent, 2010).

For the first pricing problem, note that structured financial products consist
of two or more different components, one of which must be a derivative (see
Stoimenov and Wilkens, 2005). They are issued by banks and are intended to
private or institutional investors. They can be traded on an organized exchange
or sold directly by their issuing bank, who will quote bid and ask prices. Since
structured products are build up of simpler components, the valuation method-
ology usually break them down into their integral parts, i.e. simpler financial
instruments. This approach should ease the analysis and pricing of the individ-
ual components. The portfolio made up of these simpler instruments must have
the same payoff profile as the structured product. Given the absence of arbi-
trage opportunities in financial markets, the value of the structured product is
equal to the sum of the individual components. This approach allows the use of
simple model to calculate fair market prices for the simpler products. When it is
not possible to decompose a product into simple components, that is when the
structured product is a combination of complex instruments which are difficult
to valuate, numerical procedures have to be used to valuate the product.

Most empirical studies on structured products focus on European markets,
especially Switzerland, Germany and the Netherlands. It would be worth men-
tioning that, to the best of our knowledge, the French market has not yet been
studied. The adopted approach consists in comparing prices in the primary
or secondary market to theoretical fair values. The fair values of embedded
options are computed from the implied volatilities of similar publicly traded
options. Some authors have analyzed the pricing of convex products, among
them are Chen and Kensinger (1990) and Chen and Sears (1990) who examine

5This approximation is justified when there is a large number of option strikes (eg. for the
S&P500, for example). Due to practical constraints, liquidity, transaction costs..., portfolios
are in fact discretely rebalanced.

6Note that, in continuous-time, El Karoui, Jeanblanc and Lacoste (2005) prove that, under
a fixed guarantee at maturity, the Option Based Portfolio Strategy (OBPI) is optimal for quite
general utility functions (see also Jensen and Sorensen (2001) for a particular case).
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the pricing of convex instruments on the S&P 500 and find substantially posi-
tive and negative price deviations from the theoretical values. Wasserfallen and
Schenk (1996) investigate a sample of 13 capital protected products in the Swiss
market. They document a significant pricing bias in favor of the issuing insti-
tution. Burth et al (2001) analyze securitized covered call writing (concave)
strategies in Switzerland through the initial pricing of 275 products. Their
study covers all plain vanilla concave products on Swiss blue chips that were
outstanding on August 1, 1999. They find a significant average overpricing of
1.91% in the primary market. They find structured products with a coupon pay-
ment to be substantially more mispriced than those without a coupon (3.22%
vs. 1.40%). Prices in the secondary market are also above theoretical values,
as Wilkens et al. (2003) show. Stoimenov and Wilkens (2005) investigate fair
pricing of equity-linked structured products in the German private retail bank-
ing sector. They compare product prices with theoretical (fair) values using
prices of exchange-traded options. Their results show that, in the primary mar-
ket, all types of equity-linked structured products are, on average, priced above
their theoretical values. In general, more complex products incorporate higher
implicit premiums. In the secondary market, the overpricing decreases as the
products approach maturity (i.e. the life cycle hypothesis). At issuance, what
they call “classic” structured products7 on DAX index sell at an average of
2.06% above their theoretical values.

In France, most structured products known as “fonds à formule8” are of the
convex payoff type and do not pay any coupon during their lifetime. One of the
key features of these “fonds à formule” is that no formal secondary market exists
and even the issuer bank has no formal obligation to redeem them. If redemption
is allowed, the investor may loose all the benefits of the formula9 . Investors can
also have access to strcutured products on Euronext through Warrants and
Certificates10 which are not mutual funds but are listed on the stock exchange

7These products have concave payoffs and are basically the combination of a long postilion
in a zero coupon bond and a short position in a Put written on the DAX index. Equivalently,
they can be analyzed as a combination of a long position in the underlying and of a short
position in a Call. The investor buys the underlying asset at a discount but gives up a
substantial part of the upside potential.

8This expression could be translated by "funds with a formula" because a mathematical
formula is involved.
L’appellation d’OPCVM à “formule” est retenue avec cette définition:
“Un fonds à formule est un OPCVM dont l’objectif de gestion est d’atteindre, à l’expiration

d’une période déterminée, un montant final ainsi que de distribuer, le cas échéant, des revenus,
par application mécanique d’une formule de calcul prédéfinie, reposant sur des indicateurs de
marchés financiers ou des instruments financiers.
En contrepartie de l’engagement ainsi décrit, la réalisation de cet objectif de gestion doit

être garantie par un établissement de crédit dont le siège social est situé dans l’OCDE, soit
vis-à-vis de l’OPCVM, soit vis-à-vis des porteurs de part(s) ou d’action(s).”

9 It is explicitly stated that "Any redemption of shares before the maturity date will be
carried out at a price which will depend on market parameters that day (after deduction of
redemption fees). It may be very different (higher or lower than) from the amount obtained
by applying the announced formula.
10Following their launch on the French market in 1989, the number of available products
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and tradable like shares. On December 31, 2010, the outstanding of funds with
a formula amounted to 61.8 billion euros, that is 4.62% of total outstanding of
French funds.

In this paper, we do not consider the issue of how the issuer replicates
and hedges the payoffs of the fund. It is known that most of the time asset
swaps are involved in such replication strategies. Moreover, there might be
possible issue of conflict of interest between asset management subsidiary and
the derivative trading desk when these two parties enter into an asset swap.
For instance, the Financial Stability Board notes for Exchange Trade Funds
(ETF): “As there is no requirement for the collateral composition to match the
assets of the tracked index, the synthetic ETF creation process may be driven
by the possibility for the bank to raise funding against an illiquid portfolio that
cannot otherwise be financed in the repo market. In case of unexpected liquidity
demand from ETF investors, the provider might face difficulties liquidating
the collateral and may be faced with the difficult choice of either suspending
redemptions or maintaining them and facing a liquidity shortfall at the bank
level. In short, risks increase if the bank considers the synthetic ETF structure as
a stable and inexpensive source of funding for illiquid securities. ETF investors
may not always have sufficient control over collateral arrangements to enable
them to prevent such a situation.” What is true for ETF structuring is also true
for other structured products such as those studied here.

In this paper, our main concern is to study the fair pricing at inception of
these structured products under the simplified assumptions of a Black-Scholes
world. Thus, we ignore transactions costs and market frictions such as taxes.
Does there always exist a pricing bias in favor of the issuing institution ? And,
if so, what is its magnitude compared to what has previously been found in
other European studies? We consider several types of funds according to their
formula and representative of the French market. For each type of fund, we
search for an analytical expression of its theoretical value. If this not possible,
we rely on Monte Carlo experiment to obtain its fair value. Then, using risk
free interest rate that is written in the prospectus and several values for the
volatility11 , we compute the fund fair value and are able to gauge the potential
mispricing.

This paper is organized as follows. Section 1 recalls previous results about
the fair pricing of financial structured products. Section 2 to 9 provide the
main types of structured products with insurance condition. We detail some of
these products by using representative examples from a sample of actual funds
proposed by French financial institutions. Finally, Section 10 concludes.

rose to 3,700 by the end of 2000. Five years later, that figure had almost doubled to 6,358
warrants and certificates from around ten issuers. More than 20 institutions are now active in
this market, which currently accounts for an annual transaction volume in excess of 30 billion
euros and offers a choice of over 12,000 products.
11We do not take account of a term structure of volatilities but sometime, if it is useful, we

take account of the interest rate term structure.

6



2 Binary option type

We begin by examining structured financial product with insurance condition
based on a simple binary option. This one of the simplest insurance strategy.
Consequently, the portfolio payoff is not continuous, which may be not appro-
priate to some investors (see for example the optimal positioning in the standard
expected utility framework). We find an average fair value of −4.2% for such
products in the sample (for usual volatility values).

2.1 Fund Fair Pricing

To illustrate the valuation of binary option, we consider a payoff of such fund
defined as follows:

• After 6 years (denoted T ) of the management period, the initial portfolio
value V0 is guaranteed: VT ≥ V0,

• A return of 38% is obtained if the ending value of the Eurostoxx 50 Index
is greater than its value at inception.

Moreover, in exchange of the dividends received by the fund, the investor
obtains at maturity the capital guarantee as well as a fixed and predetermined
performance of 38% on his initial investment value.
At maturity, the payoff of the option component of this fund is given by:

• 0.38.V0 if ST ≥ S0,

• 0 else.

Figure (1) displays the payoff of this fund.

Proposition 1 At inception, the arbitrage value of this fund, V0, is given by:12

V0(S0) = V0e
−rT [1 + EQ[0.38 · I[ST≥.S0]]

]
(1)

= V0e
−rT [1 + 0.38 [1−N (d (T, 1))]]

with: d (T, 1) =
Ln(1)−

(
r−σ2

2

)
T

σ
√
T

.

Proof. We can price this financial asset in a Black-Scholes world by taking
the sum of the discounted expected values of the payoffs under the appropriate
unique martingale measure (risk-neutral probability).

12 IA denotes the indicator function of the random event A. For example, I[ST≥.S0] is equal
to 1 if the condition ST ≥ S0 is satisfied. Otherwise, it is equal to 0.
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Figure 1: Payoff of the binary option
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2.2 Numerical Example

At inception, the continuous-time zero-coupon interest rate with maturity 6
years is r = 4, 28%. The basic values of the parameters for the risky index
are S0 = 100 and σ = 25%. The benchmark portfolio value V0 is equal to
100. It corresponds to the initial amount V0 invested on the financial product
(after management costs). We thus obtain the following initial fund value:
V0(S0) = 93, 71. Note that if the volatility is lower and equal to 20% for instance,
the initial fund value is V0(S0) = 95, 61. This latter value is more in line with
what we found usually. Actually, a lower volatility increases the probability
that the underlying index ends above its initial value, thereby increasing the
expected payoff and thus the initial value of the fund. The values in Table 1
show the decrease of the fund value with respect to the volatility. We note that
the “fair value” is about −5% for usual volatility values.

Table 1: Fund Values as function of volatility

Fund Value

15% 98.16
20% 95.61

Volatility 25% 93.71

30% 92.18
35% 90.89
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3 Capped OBPI

This type of insurance strategy is the standard one. It is a (small) generalization
of the OBPI by introducing the following condition: from a gievn value of the
underlying asset, the payoff is constant (see Bertrand and Prigent, 2001a, for
more details about such structured product). We find an average fair value of
−2.4% for such standard products in the sample (for usual volatility values).

3.1 Fund Fair Pricing

We take the following payoff as example:

• After the 8 years (denoted T ) of the management period, the initial port-
folio value V0 is guaranteed: VT ≥ V0,

• This value is increased by the performance of the Eurostoxx 50 index,
computed since inception. However, this performance is capped at 100%.

Additionally, in exchange of the dividends received by the fund, the investor
obtains at maturity the capital guarantee as well as the capped performance of
the Eurostoxx 50 index.
At maturity, the payoff of this fund is the following:

• V0 if ST < S0,

• V0
ST
S0
if S0 ≤ ST < 2S0,

• 2V0 if ST ≥ 2S0.

Figure (??) displays the payoff of this fund.

Proposition 2 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = V0e
−rT +

V0
S0
[Call (T, S0, S0, r, σ)−Call (T, S0, 2S0, r, σ)] (2)

Proof. We price this financial asset in a BS world by taking the sum of the
discounted expected value of the payoffs under the appropriate unique martin-
gale measure. We have:

V0(S0) = V0e
−rTEQ

[
1 +

(ST − S0)

S0
I[S0≤ST<2S0] + I[ST>2S0]

]
,

= V0e
−rTEQ

[
1 +

(ST − S0)

S0
I[ST≥S0] +

(
1− (ST − S0)

S0

)
I[ST>2S0]

]
,

= V0e
−rTEQ

[
1 +

(ST − S0)

S0
I[ST≥S0] −

(
ST − 2S0

S0

)
I[ST>2S0]

]
,

= V0e
−rT +

V0
S0
[Call (T, S0, S0, r, σ)−Call (T, S0, 2S0, r, σ)] .
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Figure 2: Payoff of the capped OBPI

3.2 Numerical Example

At inception, the continuous-time zero-coupon interest rate with maturity 8
years is r = 3, 84%. The values of the parameters for the risky index are the same
as before. We thus obtain the following initial fund fair value: V0(S0) = 97, 61.
Note that if the volatility is lower (resp. higher) and equal to 20% (resp. 30%)
for instance, the initial fund value is V0(S0) = 98, 92 (resp. 96, 16). As shown
in Table (2), the fund value is decreasing in volatility. However, the fair pricing
is close to the benchmark value. For example, for a standard volatility level
σ = 20%, it is only equal to 98.92% (−1.08% of the benchmark value equal to
100).

Table 2: Fund Values as function of volatility

Fund Value

15% 99.93

20% 98.92

Volatility 25% 97.61
30% 96.16

35% 94.64
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4 Truncated OBPI

We analyze now a left truncated OBPI. It is equal to a standard OBPI, except
that it does not provide the same guarantee level for underlying asset values
smaller than a given value. There exists a step in the portfolio profile. We
find an average fair value of −3.3% for such products in the sample (for usual
volatility values).

4.1 Fund Fair Pricing

To illustrate this case, we examine the following fund :

• After the 5 years (denoted T ) of the management period, the initial port-
folio value V0 is guaranteed: VT ≥ V0.

• This value is increased by 75% of the quarterly average performance, com-
puted since inception, of the DJ Eurostoxx 50 Index (without dividends)
denoted S hereafter:

— If
Si/4
S0

− 1 > +15% (i = 1, ..., 20) then
Vi/4
V0

− 1 = Si/4
S0

− 1,

— If −15% ≤ Si/4
S0

− 1 ≤ +15% (i = 1, ..., 20) then
Vi/4
V0

− 1 = +15%,

— If
Si/4
S0

− 1 < −15% (i = 1, ..., 20) then
Vi/4
V0

− 1 = 0%.

Thus, the quarterly virtual payoff of this fund is given by:

{
0.75 120

(
(H − 1)V0 + (Si/4 −HS0)

+ V0
S0

)
, i = 1, ..., 20 if Si/4 ≥ L.S0,

0 else.

Figure (3) displays the features of the quarterly performance of this fund
with L = 0.85 and H = 1.15.

We use the term "virtual payoff" because these payoffs are not received by
the investors at the time they occur but rather at maturity. Thus, these payoffs
occur at time i/4 and do not earn any interest to the investor until maturity.
Therefore, we must account for this and discount these payoffs over the time
period [i/4, T ].

At maturity, the initial portfolio value is guaranteed meaning that an amount
equal to V0e

−rT must be invested in the riskless asset at the riskfree rate, r
(assumed constant over time). Moreover, in exchange of the dividends received
by the fund, the investor obtains an insurance on her initial investment value.
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Figure 3: Quarterly Return on Truncated OBPI
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Proposition 3 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = V0e
−rT

+
1

4T

∑4T

i=1
e−r(T−

i
4
)e−r

i
4EQ

[
I[Si/4≥L.S0]0.75

{
(H − 1)V0 + (Si/4 −HS0)

+ V0
S0

}]
,

which is equivalent to:

V0(S0) = V0e
−rT +

0.75

4T
V0× (3)

∑4T

i=1
e−r(T−

i
4
)

[
e−r

i
4 (H − 1) [1−N (d (i/4, L))] +Call (i/4, S0,HS0, r, σ)

1

S0

]
.

with: d (i/4, L) =
Ln(L)−

(
r−σ2

2

)
i
4

σ
√
i/4

.

Proof. We have:

V0(S0) = V0e
−rT +

0.75

4T
×

∑4T

i=1
e−r(T−

i
4
)e−r

i
4EQ

[
I[Si/4≥L.S0]

{
(H − 1)V0 + (Si/4 −HS0)

+ V0
S0

}]
,

thus:

V0(S0) = V0e
−rT +

0.75

4T
×

0.75

4T

∑4T

i=1
e−r(T−

i
4
)e−r

i
4

(
V0(H − 1)EQ

[
I[Si/4≥L.S0]

]
+ EQ

[
(Si/4 −H.S0)

+ V0
S0

])
.
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We need to compute the expectation of the indicator function:,

EQ

[
I[Si/4≥L.S0]

]
= Q

[
Si/4 ≥ L.S0

]
(4)

= 1−Q
[
Si/4 < L.S0

]

We adopt a simple continuous-time model where the stock index price dynamics
is given by the following stochastic process :

dSt = St[µdt+ σdWt], (5)

which implies:

St = S0 exp[(µ−
1

2
σ2)t+ σWt] (6)

where (Wt)t is a standard Brownian motion with respect to a given filtration
(Ft)t. This can be written as:

St = S0 exp[(µ−
1

2
σ2)t+ σ

√
tY ] (7)

where Y ∼ N (0, 1).
Under Q, we have:

St = S0 exp[(r −
1

2
σ2)t+ σ

√
tY ] (8)

Thus, expression (4) becomes:

EQ

[
I[Si/4≥L.S0]

]
= 1−N [d (i/4, L)]

where d (i/4, L) =
Ln(L)−

(
r−σ2

2

)
i
4

σ
√
i/4

.

Finally, we obtain:

V0(S0) = V0e
−rT +

0.75

4T
×

∑4T

i=1
e−r(T−

i
4
)

[
e−r

i
4 (H − 1)V0 [1−N (d (i/4, L))] +Call (i/4, S0,HS0, r, σ)

V0
S0

]
.

4.2 Numerical Example

The following values are used for the financial market parameters: σ = 25%
and r = 4.55%13 . The fund has a time to maturity of 5 years and is such that
L = 0.85 and H = 1.15. Table 3 displays the Black-Scholes values of the 20
quarterly payoffs that entered into this structured product.

13This is the continuous time interest rate corresponding to the discrete one, r = 4.65%.
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Table 3: BS Value of the 20 Calls at inception

Time to Maturity Payoff Time to Maturity Payoff

0,25 0.4387 2,75 0.8429
0,50 0.4596 3,00 0.8878
0,75 0.4949 3,25 0.9328
1,00 0.5353 3,50 0.9780
1,25 0.5777 3,75 1.0234
1,50 0.6211 4,00 1.0691
1,75 0.6650 4,25 1.1149
2,00 0.7093 4,50 1.1610
2,25 0.7537 4,75 1.2074
2,50 0.7982 5,00 1.2541

TOTAL 16.52

Moreover, V0e
−rT = 79.672. Thus V0(S0) = 96, 197. Thus, if the fund is sold

$100 about $3.80 are taken from investors. Notice that front-end sales loads are
already paid by investors. Additionally, we can consider that the management
fees correspond to the dividends received by the fund but not transferred to
investors. But recall that our pricing methodology assumes a perfect market.
Thus, what would be a plausible impact of the inclusion of various market
imperfections on the fund value? Are the $3.80 a credible amount?
In Table 4, the fund values are displayed when both the volatility and the

riskfree rate are allowed to vary14 .

Table 4: Fund Values as function of volatility and riskfree rate

Volatility

15.00% 20.00% 25.00% 30.00% 35.00%

3.00% 99.32 100.59 102.06 103.66 105.33
Riskfree 3.50% 97.52 98.78 100.22 101.79 103.43

4.00% 95.77 97.02 98.43 99.97 101.58
Rate 4.50% 94.08 95.31 96.70 98.21 99.79

5.00% 92.44 93.66 95.03 96.50 98.05

In Table 5, the fund values are displayed when the time to maturity increases.
The base case for other parameter values is used.

Figure (4) shows that the fund value tends to a limit as maturity increases.
Notice that the same shape would be obtain with the volatility.

It is interesting to notice that other kinds of structuring leads to about the
same pricing. For instance, asset management firms sale funds which offer a

14 In Table 4, we report the discrete time parameter values for the interest rate.
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Table 5: Fund Values as function of time to maturity

Time to maturity Fund Value Time to maturity Fund Value

5 96,20 13 113,60
6 97,17 14 116,89
7 98,57 15 120,33
8 100,35 16 123,90
9 102,47 17 127,58
10 104,89 18 131,35
11 107,57 19 135,20
12 110,49 20 139,11

Figure 4: Fund Value as a function of Maturity
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performance over a 5 years period equal to the average of the quarterly perfor-
mance (if positive) of a reference index. In this case, the initial value of this
fund is given in the following proposition:

Proposition 4 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = V0e
−rT +

1

4T

∑4T

i=1
e−r(T−

i
4
)e−r

i
4EQ

[
(Si/4 − S0)

+
]

= V0e
−rT +

1

4T

∑4T

i=1
e−r(T−

i
4
)Call (i/4, S0,HS0, r, σ) (9)

The zero coupon bond value at inception is still equal to V0e
−rT = 79.672.

Thus, the arbitrage fund value is V0(S0) = 99.006.
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5 Structured fund with potential redemption be-

fore maturity

In what follows, we examine an example of a structured fund (with still an
insurance condition) that can be redempted by the issuer according to a specific
condition on the underlying value at a given intermediate date before maturity.
We find an average fair value of −3.8% for such products in the sample (for
usual volatility values).

5.1 Fund Fair Pricing

Consider the following fund:

• After the 5 years (denoted T2) of the management period, the initial port-
folio value V0 is guaranteed: VT2 ≥ V0.

• This value is increased by 65% of the performance over the period [0, T2] of
the Eurostoxx 50 Index15 (without dividends) denoted S hereafter (again,
we normalize V0 = S0). If the final performance is negative, it is considered
equal to 0.

• However, if after 2.5 years (denoted time T1), the performance of the
Eurostoxx 50 Index is greater than 20%, the redemption of the fund will
be imposed and the return of the fund for these 2.5 years will be set at
16%.

The payoff of this fund defined as follows:

• At time T1: 1.16.V0 if ST1 ≥ 1.2S0,

• At time T2 and if ST1 < 1.2S0, V0 + 0.65V0
[ST2−S0]

+

S0
.

Therefore, we deduce:

Proposition 5 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = 1.16V0e
−r1T1EQ

[
I[ST1≥1.2S0]

]
+ V0e

−r2T2EQ

[
I[ST1<1.2S0]

]

+0.65V0e
−r2T2EQ

[

I[ST1<1.2S0]
[ST2 − S0]

+

S0

]

= 1.16V0e
−r1T1 (1−N [d (T1, 1.2)]) + V0e

−r2T2N [d (T1, 1.2)]

+0.65e−r1T1
∫ 1.2S0

0

CallBS (τ , s, S0, r1,2, σ) fST1 (s) ds (10)

15Hereafter, we just say the Index.
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with: d (T1, 1.2) =
Ln(1.2)−

(
r1−σ2

2

)
T1

σ
√
T1

, τ = T2 − T1, r1 (resp. r2) is the interest

rate over the period [0, T1] (resp.[0, T2]) and r1,2 = r2
T2
τ − r1

T1
τ is the forward

rate at time 0 for the period [T1, T2].

Proof. Pricing in a BS world by taking the sum of the discounted expected
values of the payoffs under the appropriate unique martingale measure.

The call with maturity T2 needs to be buyed only at time T1, in the event
where the index has not risen by more than 20%, to match the payoff function.
Therefore, its price depends on the future price of the Eurostoxx 50 Index, ST1 .
Note that the integral in equation (10) must be numerically evaluated.

5.2 Numerical Example

At inception, the continuous-time zero-coupon interest rate with maturity 2.5
(resp. 5) years is r1 = 2.91% (resp. r2 = 3.54%). Thus, the continuous-time
forward rate at time 0 for the period [2.5; 5] is, r1,2 = 4.166%. The values of
the parameters for the risky index are the same as before.

We thus obtain the following initial fund value: V0(S0) = 96.88. Thus, if the
fund is sold $100 about $3.12 are taken from investors. Again, we can consider
that the management fees correspond to the dividends perceived by the fund
but not transferred to investors.

Table 6 displays the initial fund values for various volatilities level.

Table 6: Fund Values as function of volatility

Fund Value

15% 96.29
20% 96.65

Volatility 25% 96.88

30% 97.02
35% 97.10

Note that the fund value is not very sensitive to the volatility parameter.
This can be an advantage for investors searching additional protection against
volatility.

Note that a lot of other funds belong to the same “payoff family” as this latter
in the sense that an early redemption condition exists. For instance, consider
the following fund which has a longer time to maturity of 8 years (denoted

17



T2) with an early redemption possibility which arises at mid life, after 4 years
(denoted T1).

The payoff of this fund is the following:

• At time T1: 1.28.V0 if ST1 ≥ 1.15S0,

• At time T2 and if ST1 < 1.15S0, V0

(
1 +Max

[
1
4T2

∑4T2
i=1

(
Si/4
S0

− 1
)
; 0
])

.

Therefore, we deduce:

Proposition 6 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = 1.28V0e
−r1T1EQ

[
I[ST1≥1.15S0]

]
+ V0e

−r2T2EQ

[
I[ST1<1.15S0]

]

+V0e
−r2T2EQ

[
I[ST1<1.15S0]Max

{
1

4T2

∑4T2

i=1

(
Si/4
S0

− 1
)
; 0

}]
(11)

Proof. Pricing in a BS world by taking the sum of the discounted expected
values of the payoffs under the appropriate unique martingale measure.

Next table displays the fund value according to different volatility levels.

Table 7 displays the initial fund values for various volatilities level.

Table 7: Fund Values as function of volatility

Fund Value

15% 95.11
20% 95.00

Volatility 25% 94.74

30% 94.36
35% 93.94

Here, the fund value is also decreasing with the volatility level. We note
that its mispricing is more significant (the fair price is equal to about −5% of
the benchmark value).
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6 Lookback type

The structured financial product can involve past values of the underlying typi-
cally, monthly or quaterly returns. The performance of such funds can be based
on maxima of these returns. We find an average fair value of −3.4% for such
products in the sample (for usual volatility values).

6.1 Fund Fair Pricing

We illustrate this case with a payoff of a fund defined as follows:

• After the 8.15 years (denoted T ) of the management period, the initial
portfolio value V0 is guaranteed: VT ≥ V0,

• This value is increased by 85% of the average final performance of the
Eurostoxx 50 index. The computation of the final performance will be
performed at the maturity date, June 11, 2015, in the following way:

— The start date is April 19, 2007,

— The observation dates are: 4/19/07, 8/31/07, 11/30/07, 2/29/08,
5/30/08, 8/29/08, 11/28/08, 2/27/09, 5/29/09, 8/31/09, 11/30/09,
2/26/10, 5/31/10, 8/31/10, 11/30/10, 2/28/11, 5/31/11, 8/31/11,
11/30/11, 2/29/12, 5/31/12, 8/31/12, 11/30/12, 2/28/13, 5/31/13,
8/30/13, 11/29/13, 2/28/14, 5/30/14, 8/29/14, 11/28/14, 2/27/15,
5/29/15.

— Each year, we take account of the last observation of each quarter on
the dates specified above and for a year, we keep the highest value.

— For a given year, the highest value is retained in the calculation of
the final performance, if it is above the starting value of Thursday,
April 19, 2007. If this highest value is less than or equal to the level
of Thursday, April 19, 2007, this is the value at the start date that
is taken into account.

— At the end of the June 11, 2015 we compute the arithmetic mean of
the 8 best observations of quarter end.

— The average performance of the index is equal to the index growth
between Thursday, April 19, 2007 and June 11, 2015.

— The final performance of the Fund shall be equal to 85% of the aver-
age performance.

At maturity, the payoff of this fund is as follows:

VT = V0 + 0.85
V0
S0

1

T

∑T−1

i=0
Max

{
Max

[
Sj/4

]4(1+i)
j=1+4i

;S0
}

The "Max" part in the above equation resembles to the payoff of a Lookback
option except that the maximum is taken on only 4 quarters per year.
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Proposition 7 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = V0e
−rT + e−rT0.85

V0
S0
EQ

[
1

T

∑T−1

i=0
Max

{
Max

[
Sj/4

]4(1+i)
j=1+4i

;S0
}]

(12)

Proof. Pricing in a BS world by taking the sum of the discounted expected
value of the payoffs under the appropriate unique martingale measure.

Even there exists explicit solution for standard lookback option, there is no
analytical expression for this fund value, since the maximum is taken on a dis-
crete set of underlying values. We must rely again on Monte Carlo experiment.

6.2 Numerical Example

At inception, the continuous-time zero-coupon interest rate with maturity 8.15
years is r = 3, 86%. The values of the parameters for the risky index are the
same as before.

Table 8 displays the initial fund values for various volatilities level.

Table 8: Fund Values as function of volatility

Fund Value

15% 92.30
20% 95.83

Volatility 25% 99.37
30% 103.08

35% 106.65

In the case of this fund, for a volatility of 15%, the mispricing is substantial
whereas for a volatility of 20% the mispricing is reasonable. For the two last
volatilities, the fund manager seems to offer a free lunch to his clients. But
recall that the fund has been launched at the end of the first quarter of 2007, a
period of rather low volatility.
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7 Asian type

Among a large variety of options, Asian options have been introduced to take
account of the mean of the underlying asset values rather than only its value
at maturity, like for European type options. Therefore, it is not surprising that
they are introduced in some of the structured funds and in particular for insured
funds. We find an average fair value of −5.2% for such products in the sample
(for usual volatility values).

7.1 Fund Fair Pricing

We consider a payoff of a fund defined as follows:

• After the 6 years (denoted T ) of the management period, the initial port-
folio value V0 is guaranteed: VT ≥ V0,

• This value is increased by 60% of the average final performance of the
Eurostoxx 50 index. The performance of the Eurostoxx 50 index is com-
puted every semester since inception. Then, the average final performance
of the index is obtained by taking the arithmetic mean of the twelve half-
year performance. If it is negative, it will be replaced by 0. Moreover,
the dividends received from the Eurostoxx 50 index by the fund are not
transfered to the the investors.

At maturity, the payoff of this fund is as follows:

VT = V0 + 0.6V0Max

[
1

2T

∑2T

i=1

(
Si/2
S0

− 1
)
; 0

]
(13)

= V0 + 0.6
V0
S0

Max

[
1

2T

∑2T

i=1
Si/2 − S0; 0

]
(14)

= V0 + 0.6
V0
S0

Max [A (T )− S0; 0] (15)

with A (T ) = 1
2T

∑2T
i=1 Si/2.

The function Max in the expression (15) represents the payoff of a discrete
arithmetic Asian calls on the Eurostoxx 50 index with a strike price equal to
the price of the index at inception.

Proposition 8 At inception, the arbitrage value of this fund, V0, is:

V0(S0) = V0e
−rT + 0.6

V0
S0

CallAsian (T,A (T ) , S0, r, σ) (16)
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Proof. Pricing in a BS world by taking the sum of the discounted expected
value of the payoffs under the appropriate unique martingale measure.

Notice that exact analytic pricing formulas are not available for Asian options
defined in terms of arithmetic averages but a convenient analytic approximation
exists. For example, Levy (1990) and Turnbull and Wakeman (1991) attempt
to approximate the distribution of the arithmetic average (for which no simple
specification is known) by a more tractable one. Nevertheless, this approxima-
tion does not work very well for long term options. Therefore, the price of the
Asian option is obtained by running a Monte Carlo experiment with control
variate technique as in Boyle, Broadie and Glasserman (1997).

7.2 Numerical Example

At inception, the continuous-time zero-coupon interest rate with maturity 6
years is r = 3, 001%. The values of the parameters for the risky index are the
same as before.

Table 9 displays the initial fund values for various volatilities level.

Table 9: Fund Values as function of volatility

Fund Value

15% 91.53

20% 93.00

Volatility 25% 94.51
30% 96.02

35% 97.49

It seems that the mispricing is substantial (up to 8%) , unless we are willing
to consider that the volatility is 30% or 35%.
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8 Fund based on mean of past performances

Instead of considering only the mean of the underlying asset values as for the
Asian options, we can involve the past performances with respect to a given
underlying asset value, usually the initial one. In that case, the performances
(monthly or quaterly) are defined by means of calls with strike the given ref-
erence value. The performance of the fund is based on a mean of these past
performances. We find an average fair value of −6.2% for such products in the
sample (for usual volatility values).

8.1 Fund Fair Pricing

To illustrate this case, the payoff of the fund is defined as follows:

• After the 8.285 years (denoted T ) of the management period, the initial
portfolio value V0 is guaranteed: VT ≥ V0,

• This value is increased by 60% of the average final performance of the
Eurostoxx 50 index. The computation of the final performance will be
performed at the maturity date, April 06, 2018, in the following way:

— The start date is December 23, 2009,

— The observation dates are:

12/23/2009, 03/23/2010, 06/23/2010, 09/23/2010, 12/23/2010,

03/23/2011, 06/23/2011, 09/23/2011,12/23/2011, 03/23/2012,

06/22/2012, 09/21/2012, 12/21/2012, 03/22/2013, 06/21/2013,

09/23/2013, 12/23/2013, 03/21/2014, 06/23/2014, 09/23/2014,

12/23/2014, 03/23/2015, 06/23/2015, 09/23/2015, 12/23/2015,

03/23/2016, 06/23/2016, 09/23/2016, 12/23/2016, 03/23/2017,

06/23/2017, 09/22/2017, 12/22/2017, 03/26/2018

— Each quarter, we record the level of the index,

— if this level is less than the start value of the index, it will be replace
by the start value.

— At the end of April 06, 2018 we compute the arithmetic mean of the
33 observations of quarter values.

— The average performance of the index is equal to the index growth
between December 23, 2009 and April 06, 2018.

— The final performance of the Fund shall be equal to 60% of the aver-
age performance.

At maturity, the payoff of this fund is as follows:

VT = V0 + 0.6
1

4T + 1

∑4T+1

i=1
(Si/4 − S0)

+

The fair pricing of this fund is given ion the following proposition.
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Proposition 9 At inception, the arbitrage value of this fund, V0, is:

V0(S0) =

V0e
−rT + 0.6

1

4T + 1

∑4T+1

i=1
e−r(T−

i
4
)e−r

i
4EQ

[
(Si/4 − S0)

+
]

= V0e
−rT + 0.6

1

4T + 1

∑4T+1

i=1
e−r(T−

i
4
)Call (i/4, S0,HS0, r, σ) (17)

Proof. Pricing in a BS world by taking the sum of the discounted expected
value of the payoffs under the appropriate unique martingale measure.

8.2 Numerical Example

At inception, the continuous-time zero-coupon interest rate with maturity 8.285
years is r = 3, 34%. The values of the parameters for the risky index are the
same as before.
Table 10 displays the initial fund values for various volatilities level.

Table 10: Fund Values as function of volatility

Fund Value

15% 86.168

20% 87.903
Volatility 25% 89.679

30% 91.460

35% 93.225

In the case of this fund, for all level of volatilities, the mispricing is substan-
tial. It would be necessary to reach a level of volatility of 40% for the mispricing
attenuates with a fund value of 94.96.
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9 Fund with conditional dividend

Few funds pay a dividend, albeit a conditional dividend. The goal of such fund,
which has a capital guaranteed at maturity, is to generate a conditional annual
dividend (for example 7%) of the initial investment as well as a potential capital
gain at maturity. We find an average fair value of −4.4% for such products in
the sample (for usual volatility values).

9.1 Fund Fair Pricing

We consider a fund that provides a conditional annual dividend of 7% of the
initial investment as well as a potential capital gain at maturity. These two
events are conditional on the evolution of the DJ Eurostoxx 50 (the Index)
through an indicator called the “Annual Safe Level”.

The “Annual Safe Level” is calculated as: at the end of each quarter, the
closing price of the Index is recorded. Then, the average of all prices previ-
ously recorded is calculated. The Annual Safe Level, at a yearly observation
date, corresponds to the highest of all previous averages and is expressed as a
percentage of the initial value of the Index.

• Activation of the dividend payment.

Once the Annual Safe Level reaches or exceeds 128%, the fund pays an
annual dividend equal to 7% of the initial investment, until maturity.
However, the first dividend has an exceptional value equal to 7% of the initial

investment multiplied by the number of years since the start of the fund. The
first dividend is interpreted as the sum of the dividends that the holder would
have received if the fund had paid an income of 7% of the initial investment each
year since its launch. Thus, if a Annual Safe Level comes to equal or exceed
128%, the investor is assured to obtain on the whole period a total of 7% x 8
years = 56% of its initial investment in addition of its initial capital invested.

• Net Asset Value Guarantee at maturity June 23, 2014.

At maturity the investor receives a redemption price equal to the Annual Safe
Level computed at maturity, multiplied by the value of the initial investment,
less the sum of dividends paid. But the redemption value is in any event held
at a level at least equal to the amount invested. The fund is guaranteed capital.

• Intermediate Asset Value.

Once the Annual Safe Level reaches or exceeds 128%, the fund also allows
investors to exit in advance before the deadline, to a value at least equal to a
predetermined value, with a intermediate guaranteed net asset value.16

16The calculation of the net asset value guarantee is detailed in Section "Description of the
formula."

25



When the activation condition of the dividend takes place at the anniversary
date k, the holder has the option to sell its shares, the day preceding the Payment
Date for Dividend k, at a NAV which will be at least equal to the NAVmultiplied
by the amount the greater of:

• 100% + the value of the Dividend Plus (100% + 7%×k) and

• Annual Safe Level at the Annual Anniversary Date k.

If the investor chooses to exit at the intermediate guaranteed NAV, he will
not earn the dividends. Indeed, the date of the intermediate guaranteed NAV
is the day before the dividend Plus (the first dividend) is paid.

The observation dates Quarterly, Anniversaries and Dividend Payment are:

• 35 Quarterly Observation Dates q (q varying between 1 and 35): December
22, 2005, March 22, 2006, June 22, 2006, 22, September 2006, December
22, 2006, March 22, 2007, June 22, 2007, September 24, 2007, December
24, 2007, March 24, 2008, 23 June 2008, September 22, 2008, December
22, 2008, March 23, 2009, June 22, 2009, September 22, 2009, December
22, 2009, 22 March 2010, June 22, 2010, September 22, 2010, December 22,
2010, March 22, 2011, June 22, 2011, September 22, 2011, 22 December
2011, March 22, 2012, June 22, 2012, September 24, 2012, December 24,
2012, March 22, 2013, June 24, 2013, 23 September 2013, December 23,
2013, 24 March 2014 and 1 June 2014.

• 8 Anniversary Dates k (k between 1 and 8): September 22, 2006, Sep-
tember 24, 2007, September 22 2008, September 22, 2009, September 22,
2010, September 22, 2011, 24 September 2012 and 1 June 2014.

• 8 Dates of Dividend Payments k (k between 1 and 8): December 22, 2006,
December 24, 2007, December 22, 2008, December 22, 2009, December 22,
2010, December 22, 2011, 24 December 2012 and June 16, 2014.
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9.2 Numerical Example

Table 11 displays the initial fund values for various volatilities level.

Table 11: Fund Values as function of volatility

Fund Value

15% 91.65
20% 95.69

Volatility 25% 99.64

30% 103.29
35% 106.85

10 Conclusion

In this paper, we examine the fair pricing at inception of French structured
products called "fonds à formule" which include basically may types of options.
From a sample of about eight hundreds funds, we examine if there exists a
pricing bias in favor of the issuing institution (after deduction of management
fees). For this purpose, we use the assumptions of the Black-Scholes world,
ignoring transactions costs and market frictions such as taxes. We investigate
several types of funds representative of the French market. For each type of
fund, we determine its explicit theoretical value or, if it is not possible, we use
Monte Carlo experiment to obtain its "fair" value. The magnitude of mispricing,
between 2% and 5%, is in line with previous results which have been found
for example in other European countries. The higher the complexity of the
structured product, the higher the mispricing. This can be explained by the
difficulty of hedging such products with relatively long maturities and which
can be very sensitive to financial market volatilities.

27



References

[1] Ben Ameur, H. and Prigent, J.-L., (2010). Behaviour towards risk in struc-
tured portfolio management, Int. J. Economics and Finance, 2(5), 91-102.

[2] Bertrand, P., Lesne, J-P., and J.-L. Prigent, (2001): Gestion de portefeuille
avec garantie: l’allocation optimale en actifs dérivés, Finance, 22, 7-35.

[3] Bertrand, P., and J.-L. Prigent, (2001): Portfolio insurance strategies:
OBPI versus CPPI, Finance, .

[4] Bertrand, P., and J.-L. Prigent, (2003): Portfolio insurance strategies: a
comparison of standard methods when the volatility of the stock is stochas-
tic, Int. J. Business, 8, 461-472.

[5] Bertrand, P., Prigent J-L., (2005). Portfolio insurance strategies: OBPI
versus CPPI. Finance 26, 5-32.

[6] Bertrand, P., Prigent J-L., (2011a). Omega performance measure and port-
folio insurance. Journal of Banking and Finance 35, 1811-1823.

[7] Bertrand, P., and J.-L. Prigent, (2011b): Equilibrium of financial derivative
markets and compensating variations under portfolio insurance constraints,
Working paper, University of Cergy-Pontoise, France.

[8] Black, F., and R. Jones, (1987): Simplifying portfolio insurance, Journal
of Portfolio Management, 48-51.

[9] Black, F., and R. Rouhani, (1989): Constant proportion portfolio insurance
and the synthetic put option: a comparison, in Institutional Investor focus
on Investment Management, edited by Frank J. Fabozzi. Cambridge, Mass.:
Ballinger, 695-708.

[10] Black, F., and A.R. Perold (1992): Theory of constant proportion portfolio
insurance, Journal of Economics, Dynamics and Control, 16, 403-426.

[11] Bookstaber, R., and J.A. Langsam, (2000): Portfolio insurance trading
rules, Journal of Futures Markets, 8, 15-31.

[12] Boyle, P., Broadie, M. and Glasserman P. (1997). Monte Carlo methods
for security pricing. Journal of Economics Dynamics and Control 21, 1267-
1321.

[13] Brennan, M.J., and R. Solanki, (1981): Optimal portfolio insurance, Jour-
nal of Financial and Quantitative Analysis, 16, 279-300.

[14] Breeden, D., and R. Litzenberger, (1978): Prices of state contingent claims
implicit in options prices, Journal of Business, 51, 621-651.

[15] Breuer, W. and A. Perst, (2000). Retail banking and behavioral financial
engineering: The case of structured products, Journal of Banking and Fi-
nance, 31, 827-844.

28



[16] Burth, S., Kraus, T., and Wohlwend, H. (2001). The pricing of structured
products in the Swiss market. Journal of Derivatives 9, 30-40.

[17] Camerer, C.F., (1989): An experimental test of several generalized utility
theories, Journal of Risk and Uncertainty, 2, 61-104.

[18] Campbell, J. Y. and L.M. Viceira, (2002): Strategic Asset Allocation: Port-
folio Choice for Long-Term Investors, Clarendon Lecture in Economics,
Oxford University Press, New York.

[19] Carr, P., and Madan, D., (2001): Optimal Positioning in Derivative Secu-
rities, Quantitative Finance, 1, 19-37.

[20] Chen, A. H., and Kensinger, J.W. (1990). An analysis of market-index
certificates of deposit. Journal of Financial Services Research, 4, 93-110.

[21] Chen, K.C., Sears, R.S., (1990). Pricing the SPIN. Financial Management
19 (2, Summer), 36-47.

[22] Cox, J., and C.-F. Huang, (1989): Optimal consumption and portfolio
policies when assets prices follow a diffusion process, Journal of Economic
Theory, 49, 33-83.

[23] Cvitanic, J., and I. Karatzas, (1996): Contingent claim valuation and hedg-
ing with constrained portfolio. IMA volume in Math, Davis M., Duffie D.,
Fleming, W. and Shreve, S. eds, 65, 13-33.

[24] Das S. (2000). Structured Products and Hybrid Securities. 2nd ed., New
York, NY: John Wiley and Sons.

[25] de Giorgi, E. , Hensz, T. and J. Mayerx(2008): A behavioral foundation
of reward-risk portfolio selection and the asset allocation puzzle, Working
paper, University of Zurich.

[26] Driessen, J. and P. Maenhout, (2004): An empirical portfolio perspective
on option pricing anomalies. University of Vienna and INSEAD (France).
To appear in Review of Finance.

[27] Epstein, L. G., (1985): Decreasing risk aversion and mean-variance analy-
sis, Econometrica, 53, 945-962.

[28] Gollier, C., (2001): The Economics of Risk and Time, The MIT Press,
Cambridge, MA.

[29] Grossman, S., and J.-L.Vila, (1989): Portfolio insurance in complete mar-
kets: a note, Journal of Business, 60, 275-298.

[30] Grossman, S., and J. Zhou, (1996): Equilibrium analysis of portfolio insur-
ance, Journal of Finance, 51, 1379-1403.

29



[31] Hens, T and M.O. Riger, (2008): The dark side of the moon: structured
products from the customer’s perspective. Working paper 459, ISB, Uni-
versité de Zurich.

[32] Jensen, B.A., and C. Sorensen, (2001): Paying for minimum interest rate
guarantees: who should compensate who? European Financial Manage-
ment, 183-211.

[33] Jin, H, and X.Y. Zhou, (2008): Behavorial portfolio selection in continuous
time, Mathematical Finance, 18, 385-426.

[34] Kahneman, D., and A. Tversky, (1979): Prospect theory: an analysis of
decision under risk, Econometrica, 47, 263-291.

[35] Karatzas, I., Lehoczky, J., Sethi, S.P., and S.E. Shreve, (1986): Explicit
solution of a general consumption/investment problem.Mathematics of Op-
erations Research, 11, 261-294.

[36] Karatzas, I., and S.E. Shreve, (1998): Methods of Mathematical Finance,
Springer-Verlag, Berlin.

[37] Leland, H., (1980): Who should buy portfolio insurance? Journal of Fi-
nance, 35, 581-594.

[38] Leland, H.E., and M. Rubinstein, (1976): The evolution of portfolio insur-
ance, in: D.L. Luskin, ed., Portfolio insurance: a guide to dynamic hedging,
Wiley.

[39] Levy, E., (1990). Asian arithmetic. Risk magazine 3 (5) (May) 7-8.

[40] Luce, R. D., (1959). Individual Choice Behavior, Wiley, New York.

[41] Markowitz, H., (1952): Portfolio Selection, The Journal of Finance, Vol. 7,
N. 1, pp. 77-91.

[42] von Neumann J. and O. Morgenstern, (1947): Theory of Games and Eco-
nomic Behavior, Princeton, Princeton University Press.

[43] Pfiffelmann, M. (2008): Why expected utility theory cannot explain
LLDA?, The ICFA Journal of Behavioral Finance,

[44] Pfiffelmann, M., and P. Roger, (2005): Les comptes d’épargne associés à des
loteries: approche comportementale et études de cas, Banque et Marchés,
78, 16-23.

[45] Prigent, J.-L., (2006): Generalized option based portfolio insurance. Work-
ing paper ThEMA, Cergy, France.

[46] Prigent, J.-L., (2007): Portfolio Optimization and Performance Analysis.
Chapman & Hall: Boca Raton (Florida).

30



[47] Prigent, J.-L., (2008): Portfolio optimization and rank dependent expected
utility. Working paper ThEMA, Cergy, France.

[48] Roger, P. (2008): Capital protected notes for loss averse investors: how
should they be advertised ? Working paper, LARGE, University of Stras-
bourg.

[49] Stoimenov, P.A and S. Wilkens (2005). Are structured products "fairly"
priced? An analysis of the German market for equity-linked instruments.
Journal of Banking and Finance 29, 2971-2993.

[50] Turnbull, S.M., Wakeman, L.M., (1991). A quick algorithm for pricing
European average options. Journal of Financial and Quantitative Analysis
26, 377-389.

[51] Tversky, A., and D. Kahneman, (1992): Advances in prospect theory: cu-
mulative representation of uncertainty, Journal of Risk and Uncertainty, 5,
297-323.

[52] Wasserfallen, W., Schenk, C., (1996). Portfolio insurance for the small in-
vestor in Switzerland. Journal of Derivatives 3 (Spring), 37-43.

[53] Wilkens, S., Erner, C., and Röder, K., (2003). The pricing of structured
products in Germany. Journal of Derivatives 11 (Fall), 55-69.

31


