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ABSTRACT 

In this paper, we show that in the design of modern structured products, the initial price 

of the underlying asset vanishes in the profit function of the issuer. The independence of 

the issuer's profit function of the underlying asset price provides flexibility to the issuing 

institution. Once designed, a structured product can be issued any time before maturity, 

regardless of the price of the underlying asset. We feature a yield-enhancing product, 

reverse exchangeable bond, and further support our conclusion through two additional 

types of modern structured products, a capital protection product (Equity-Linked CDs), 

and a participation product (Outperformance Certificates).   
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The Design and Pricing of Modern Structured Products – A Note 

 

1. INTRODUCTION 

The origin of modern structured products dates back to the early 1990s, in the United 

States, with the creation of Equity-Linked Certificates of Deposit (i.e., ELCD), also 

known as capital protection products. There is no simple and generally accepted 

classification of modern structured products. In 2010, the Swiss Structured Product 

Association (SSPA) proposed and published a classification called the Swiss Derivative 

Map of structured products. Following the SSPA classification, modern structured 

products can be classified, in general terms, into four primary groups.  

The first group, capital protection products, rose in popularity because they provided 

capital protection while at the same time afforded participation in the gain of the 

underlying asset over the term to maturity. Banks created further modifications of the 

equity-linked certificates of deposit wherein capital protection is not guaranteed; 

however, there is upside participation. This second group is known as participation 

products. Within this group, we can identify two subgroups being Outperformance 

Certificates (i.e., OC), providing no capital protection and Bonus Certificates (i.e., BC), 

which provides capital protection as long as the underlying asset does not drop below a 

lower barrier. Yield enhancing products, the third group, have payoffs where investors 

participate in the losses and gains of the underlying assets, albeit the gains may be limited 

and even nonexistent at times. Within this group, we can identify four subgroups being 
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Discount Certificates (i.e., DCs), Reverse Exchangeable Bonds (i.e., REXs), Capped 

Outperformance Certificates, and Capped Bonus Certificates. The fourth group, known as 

leverage products, consists of a group of securities that replicate call options, put options 

or combinations thereof. Within the category, we can identify three subgroups being 

Warrants, Spread Warrants, and Knock-Out Warrants.  

In this paper, we show that in the design of modern structured products, the initial 

price of the underlying asset vanishes in the profit function of the issuer. The 

independence of the issuer's profit function of the underlying asset price provides 

flexibility to the issuing institution. Once designed, a structured product can be issued 

any time before maturity, regardless of the price of the underlying asset. We feature a 

yield-enhancing product, a Reverse Exchangeable Bond (i.e., a REX), and further 

supporting our conclusion; we present two additional types of modern structured 

products, a capital protection product (i.e., an ELCD) and a participation product (i.e., an 

OC).   

 

2. DESIGN AND PRICING OF MODERN STRUCTURED PRODUCTS 

In this section, we show how the initial price or value of the underlying asset of three 

modern structured products being reverse exchangeable bonds (i.e., REX), equity-linked 

certificates of deposit (i.e., ELCD), and outperformance certificates (i.e., OC) disappears 

from the issuers’ profit function.  We further exhibit issuances of these modern structured 
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products can take place before the term to maturity since the issuers’ profit function is 

unaffected by the initial price or value of the underlying asset. 

2.1 REVERSE EXCHANGEABLE BONDS 

Reverse exchangeable securities are one of the most popular modern structured products, 

experiencing explosive growth during the last two decades (Hernandez et al., 2010). A 

plain vanilla reverse exchangeable bond is a bond that pays a principal payment on 

maturity date contingent upon the price of a pre-specified asset (to be referred as the 

underlying asset) on the maturity date of the bond. If the closing price of the underlying 

asset on the bond maturity date is equal to or higher than the pre-determined price (to be 

referred to as the exercise price or strike price), the bond investors will receive the “face 

value” of the bond (usually $1,000) from the bond issuer. However, if the closing price of 

the underlying asset is below the exercise price, the investors will receive a fixed number 

of shares of the underlying asset. Usually, the exercise price is set equal to the price of 

the underlying asset on the bond issue date (to be referred to as the initial asset price or 

initial price). In Appendix 1, we present an example of a reverse exchangeable bond.  

�� = � $1,000 if   S� ≥ ���� $1,000�� if    S� < ��      …(1) 

When investors purchase a reverse exchangeable bond, they basically engage in the 

following transactions simultaneously, either1: 1) they take a long position in a fixed-rate 

 
1 This relationship can be seen easily from the put-call parity 

Xe-rt - P = S-C 
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bond, and they short several contracts of put options, or 2) they take long positions in 

zero-coupon bonds, they take a long position in the underlying asset, and they short 

several contracts of call options. The underlying asset of the put (call) option is the 

underlying asset of the reverse exchangeable, the exercise price of the put (call) option is 

the initial price of the underlying asset, the expiration date of the put (call) option is the 

maturity date of the reverse exchangeable, and the number of contracts written is the face 

value of the reverse exchangeable bond (usually $1,000) divided by the initial price of the 

underlying asset. The high coupon payments made by the reverse exchangeable basically 

include the option premium paid by the bond issuer to the investors of the reverse 

exchangeable bonds. The relationship between the redemption value on a reverse 

exchangeable bond and the replication strategies can be represented in Figure 1 and 

Figure 2.  

Since the payoff of a plain vanilla reverse exchangeable bond is the same as the payoff 

of the replicating strategies, we can price the fair value of the reverse exchangeable based on 

the total cost of any replicating strategy (Mason, 1995). Therefore, any selling price of the 

bonds above the fair value is the gain to the bond issuer. 2 Following the first replicating 

strategy, the profit function, ∏ for the issuing firm is:  

 

∏ = �� - � ���� ��
�
� − �� 

 
2 For studies on the pricing of reverse convertible bonds, see Benet et al., 2006; Burth et al., 2001; Hernandez 

et al., 2010; Stoimenov and Wilkens, 2005; and Wilkens et al., 2003. 
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 = �� − ∑ ���� ���� − $1,000��� � + $",����� #       …(2)   

The profit ∏ function for the issuer of a reverse exchangeable bond has four 

components: (1) the bond price received by the issuer (B0); (2) the present value of all 

coupon payments promised by the issuer ( )∑ −n

i

tr

i
ieC

 ; (3) the present value of the bond’s 

face value promised by the issuer ( )rTe−000,1$ ; and finally (4) the value of 
0

$1,000

S
shares 

of put options with each option having the value P3:   

 # =  ������$(−&') − ����)�$(−&")      …(3) 

 

Where r is the risk-free rate of interest, q is the dividend yield of the underlying 

assets, T is the term to maturity of the reverse exchangeable bond, X (≡ S0) is the exercise 

price and 

&" = *+ ,����- + ,. − / + 12 1'- 2
1√2  

  = ,��)45676-�7√�          …(4) 

&' = &" − 1√2         …(5) 

 

Where σ is the standard deviation of the underlying asset return.   

 

8 = �� - � ���� ��
�
� − $1,000��� � + $1,000�� 9������$(−&') − ����) �$(−&"): 

 = �� − ∑ ����� ���� − $1,000���� + $1,000 9����$(−&') − ��)�$(−&"): …(6)        

 

 
3 The pricing formula for this put option is a special case of the Black-Scholes general model for a put in that 

the exercise price, X, is the same as the initial underlying asset price (i.e., X = I0). See Black and Scholes, 

1973. 
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It is worth noting that, although the initial price S0 is explicitly specified in the 

contract of reverse exchangeable bonds, it turns out that S0 neither reflected in the profit 

function for issuing such a bond (Equation (6)) nor in the value of the put option 

embedded in the bond (the last term in Equation (6)).  Instead, S0 vanishes both in 

Equation (6) and in d1 and d2.  The fact that both the profit function for issuing a reverse 

exchangeable bond and the embedded put option in the bond are independent of the 

initial price S0 is a very important feature in the design of a reverse exchangeable because 

once a reverse exchangeable bond is designed, it can be issued any time before maturity 

regardless the price of the underlying asset since the issuer’s profit will not be affected by 

the price. 

In addition to the plain vanilla reverse exchangeable, there are three other types of 

reverse exchangeable bonds; they are discount certificates, knock-in reverse exchangeable 

bonds, and knock-out reverse exchangeable bonds.  The same conclusions apply to all 

four types of reverse exchangeable bonds (See Appendix 2 for greater details).  

2.2 EQUITY LINKED CERTIFICATES OF DEPOSIT 

Equity Linked Certificates of Deposit (ELCD) were the first wave of modern structured 

products created. ELCDs, in their simplest version, provide full capital protection and 

100% upside participation in the gains of the underlying asset. Assume an initial value of 

$1 is invested in an ELCD at t = 0 when the initial index is I0. The ELCD provides 100 

percent capital protection and a participation rate of 100 percent in the positive return of 
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the underlying index, then the terminal value of the investment at t = T, VT, can be 

expressed mathematically as: 

�� = ; $1 <=   >� ≤ >�$1>� >� <=    >� > >� 

= $1 + "A� BCD 90, >� − >�:                         …(7) 

The payoff expressed in Equation (7) can be duplicated by the combination of a 

zero-coupon bond and a call option.4  The payoff of $ 1 can be duplicated by a zero-

coupon bond with a face value of $1 (which costs rT
e

− at t = 0).  The second term of 

Equation (7) can be duplicated by 1/I0 of a call, C, that has an exercise price of I0.  The 

cost of the call option, C, based on the Black-Scholes European option pricing model, is  

 � = >���)�$( &") − >�����$( &')      …(8) 

Where I0 is the current underlying asset price, T is the term to expiration of the 

option, r is the risk-free rate of interest, and q is the dividend yield of the underlying 

assets.  N (d1) and N (d2) are the cumulative probabilities for standardized normal 

distribution of d1 and d2, respectively, and σ is the volatility of the underlying index.    

Tσ

Tσqr

d









+−

=

2

1

2

1

       …(9) 

Tσdd −= 12        …(10) 

 
4 Alternatively, the payoff expressed in Equation (7) can be duplicated by a long position in the index itself 

and a long position in a put option on the index based on the put-call parity for European options: � + E���� = � + # 

Where C and P are the premiums for of call and put options with a term of expiration of T and an exercise 

price of X on an underlying asset price of S when the risk-free rate of interest is r.  The right-hand side of 

the Equation is a combination of a call and a zero-coupon bond, while the left-hand side of the Equation is 

a combination of a put and an underlying asset.  
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When the issuer of ELCDs charges B0 for the ELCD, the issuer’s profit, π, is  

F = �� − ���� − $"

A�
�      …(11) 

0 1 2( ) ( )rT qT rTB e e N d e N dπ − − − = − − −   

( ) [ ] [ ]0 2 11 1qT rT qTB e e N(d ) e N(d )− − − = − − − − −     …(12) 

It turns out that the profit for issuing the ELCDs is not affected by the initial index 

level I0 since I0 vanishes in Equations (12).  

2.3 OUTPERFORMACE CERTIFICATES 

The rate of return of a certificate is contingent upon the price performance of its 

underlying asset over its term to maturity. If we denote I0 as the underlying asset price on 

the fixing date, IT as the valuation price, PF as the performance factor, then for an initial 

investment of $1 in one uncapped certificate, the total value that an investor will receive 

on the expiration date (known as the redemption value or settlement amount), VT, is 

equal to: 

 VT = $1/I0 

( )

( )












≤



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

 −
+×

>




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

 −
+×

0

0

0
0

0

0

0
0

        1

        
1

Iif I
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II
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Iif I

I

II
PFI

T
T

TT

  …(13) 

If we define APF (additional performance factor) as performance factor minus 

one, i.e., APF ≡ (PF – 1), then  

VT = $1/I0

( ) ( )





≤

>−++

0

000

           

            1

Iif II

 Iif IIIAPFI

TT

TT
 

= $1/I0 ( >� + Max90 ;  K#L (>� − >�):) 
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= $1/I0 ( [ ]0;0Max IIAPFI TT −×+ )      …(14) 

 A long position in the underlying asset will generate a payoff IT on maturity date 

T plus cash dividends on ex-dividend dates.  Since Outperformance Certificates do not 

pay cash dividends, the payoff IT in Equation (14) can be duplicated by taking a long 

position on the underlying asset, and a short position on the zero-coupon bond of which 

the face values are equal to the amount of dividends and the maturity dates are the ex-

dividend dates. The payoff [ ]0,0Max IIT −  in Equation (14) is the payoff of a long 

position for a call on the underlying asset with an exercise price I0. So, the payoff for 

investing in one Outperformance Certificate is the same as the combined payoffs of 

taking the following three positions: (1) A long position in the underlying asset; (2) A 

short position in zero-coupon bonds.  The face values of the bonds are the cash dividends 

to be paid by the underlying asset, and the maturity dates are the ex-dividend dates of 

cash dividends; (3) A long position in call options on the underlying asset.  The number 

of options is the performance factor minus one (known as additional performance factor).  

The exercise price of the options is I0, and the term to expiration of the options is T, the 

same as the term to maturity of the certificate.   

   Since the payoff of uncapped certificates is the same as the combined payoffs of the 

above three positions, we can calculate the fair value of the certificates based on the value 

of the three positions.  Any selling price of the certificates above the value of the above 

three positions is the gain to the certificate issuer.  
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   The value of Position 1 is the price of the underlying asset on fixing date I0.  

The value of Position 2 is the present value of cash dividends to be paid by the 

underlying asset, to be denoted as PVD.  The value of Position 3 is the value of APF 

shares of call options with each call value of C where 

� = >���)�$( &") − >�����$( &')     …(15) 

 

 Where r is the risk-free rate of interest, q is the dividend yield of the underlying 

assets, T is the term to maturity of the certificate, X is the exercise price and 

20

1

1
ln

2

I
r q T

X
d

T

σ

σ

   
+ − +  
  =       …(16) 

 

Tdd σ−= 12         …(17) 

 

 Where σ is the standard deviation of the underlying asset return.  Therefore, the 

total cost, TC, for each uncapped certificate is 

TC = $1/I0 [ I0 – PVD + APF [I0 e-qT N(d1) - I0 e-rT N(d2)]]    …(18) 

And the profit function for the issuer is 

 

 Π = P  - TC 

 Π = P - $1/I0 [ I0 – PVD + APF [I0 e-qT N(d1) - I0 e-rT N(d2)]]   …(19) 

 

Where P is the issue price of one uncapped certificate. 

 

Equations (18) and (19) are based on continuous dividend yield. Since the dividends for 

individual stocks are discrete, we use the following approach to calculate the equivalent 
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continuous dividend yield for stocks that pay discrete dividends.   For an underlying asset 

which is an individual stock with a price I0 at t=0 (the issue date) and which pays n 

dividends during a time period T with cash dividend Di being paid at time ti, the 

equivalent dividend yield q will be such that  

Tqtrn

i i eIeDI i  

0
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=−∑       …(20) 
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      …(23) 

 Π = P - $1/I0 [ I0 e-qT + APF [I0 e-qT N(d1) - I0 e-rT N(d2)]]   …(24) 

 Π = P - [e-qT + APF [e-qT N(d1) - e-rT N(d2)]]     …(25) 

 

It turns out that the profit for issuing the Outperformance Certificate is not 

affected by the initial index level I0 since I0 vanishes in Equations (25).  

 

3. CONCLUSION 

In this paper, we show that in the design of modern structured products, the initial 

price of the underlying asset, explicitly specified in the contract of the certificates, 

vanishes in the profit function of the issuer.  The independence of the issuer’s profit 

function of the underlying asset price provides great flexibility to the issuing institution. 
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Once the structured product is designed, it can be issued any time before maturity 

regardless of the price of the underlying asset price. We show those same conclusions 

apply to four types of Reverse Exchangeable Bonds (i.e., plain vanilla reverse 

exchangeable bonds, discount certificates, knock-in reverse exchangeable bonds, and 

knock-out reverse exchangeable bonds), an Outperformance Certificate, and an Equity 

Linked Certificate of Deposit.  
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Figure 1: The terminal payoff of a reverse exchangeable bond, VT, a bond, and a short 

position in put options as a function of the price of the underlying asset, ST.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The terminal payoff of a reverse exchangeable bond, VT, underlying asset, and 

a short position in call options as a function of the price of the underlying asset, ST.  
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Knock-Out Reverse Convertibles 
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