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1 Introduction 
Nowadays, it is difficult for investors to ignore structured products. Financial newspapers are full of 

advertisements and articles regarding these investment products. For example, the Swiss newspapers “Neuer 

Zürcher Zeitung” and “Le Temps” have special supplements about derivative products. In September 2008, 

structured products were on the front of various newspapers, such as “24heures”, as many small investors 

lost their savings that were invested in structured products issued by Lehman Brothers at the time the bank 

went bankrupt. 

Structured products are “investment products available to the public whose repayment value derives from 

the development of one or several underlying assets. Underlying assets are investments such as shares, 

interest, foreign currency or raw materials such as gold, crude oil, copper or sugar. Structured products are a 

combination of a traditional investment (e.g. bond) and a derivative financial instrument” (SSPA, 2008a). 

Structured products are interesting because it is virtually possible to create a product corresponding to any 

risk/return profile (SSPA, 2008a). According to their characteristics, the Swiss Structured Products Association 

(SSPA) classifies structured products into four categories: 

- Leverage products 

Leverage products are products with enough leverage to participate disproportionately in the profits 

of an underlying asset. Leverage results of a low capital outlay leading to a performance equal to that 

of the underlying (SSPA, 2008a). 

- Participation products 

Participation products reproduce the underlying performance (Tolle, et al., 2005, p.90). The 

participation can be different from 100% (SSPA, 2008a). 

- Yield enhancement products 

The investor forgoes a potential profit of the underlying from a specific level. As compensation, he 

gets, for example, either a discount or a coupon (Tolle, et al., 2005, p.90). 

- Capital protection products 

Capital protection products reduce the risk of loss and still enable the investor to participate in 

increasing market prices of the underlying. Indeed, these products protect against falling market 

prices and guarantee at expiration a predefined percentage of the nominal amount invested (Tolle, et 

al., 2005, p.91). 

The importance of these investment products is reflected in the market data for structured products. The 

market for structured products has considerably grown since 2005, increasing from CHF 182 millions to 

CHF 247 millions in 2006 and to CHF 337 millions in 2007 (SSPA, 2009). But with the financial crisis, in just one 

year it declined from CHF 312 millions to CHF 254 millions from January 2008 to January 2009 (-18.6%). But 

we should note that for the same period, the total of securities holding in bank custody accounts sunk by 

21.7%. In January 2009, structured products represented 6.6% of all client deposits versus 6.1% in January 

2008 (Swiss National Bank, 2009). The SSPA expects a rise in growth with a recovery of the national economy 

(SSPA, 2009). 

The SSPA (2009) computed following data concerning the repartition on the market for structured products 

in Switzerland as at end of October 2008. Regarding the investors, institutions are the main players (62.8%), 

followed by private clients (30.4%) and commercial clients (6.8%). More than half of all structured products 
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would be placed by investment managers on behalf of private clients. Considering the issuers, in 2008 the 

market for structured products was deserved by five main actors (Zürcher Kantonalbank, Bank Vontobel, 

Deutsche Bank, UBS and Goldman Sachs). Regarding the products, the number of listed products in 2008 is 

dominated by leverage products (67.29%), followed by yield enhancement products (16.65%), participation 

products (11.06%) and finally capital protection products (4.34%) and other products (0.65%). 

Structured products are submitted to two main critics: the issuer margin and the comprehension of the risk 

(Aletti, 2008). This master thesis looks at both points but also investigates the sensitivity of the price of a 

chosen product to different parameters. For this, we value a selected structured product, determine its 

theoretical fair price and look at the factors influencing it. For this aim, we chose a lookback capped multi 

bonus barrier certificate (LCMBBC) issued by Dresdner Kleinwort. We chose this product for a number of 

reasons. Our main interest was to choose a product from which we could learn as much as possible. The 

chosen product, with its several components - especially its multi-dimensionality - reflects the sought 

complexity. The issuer in itself was not an important criterion in the choice. But Dresdner Kleinwort is the 

only issuer in Switzerland of capped multi bonus barrier certificate with a lookback feature (cash.ch, n.d.). 

Another point that aroused our interest nears the second critic mentioned above. Actually, the fact sheet of 

the chosen product has a great sex appeal: the “pledge” of 142% as bonus in one and half year, perhaps even 

150% with besides of this a lookback option. The investor lambda could easily be blinded by this possible high 

return (actually, the 142% of return, when expressed per annum is less impressive: it is ca. 28% per annum). 

His real comprehension of this complex product is debatable. So, this paper also examines to what extent the 

“promised” return is achieved and how the risk evolves when “playing” with the different parameters of the 

product. An article from scoach (2008) confirms that many investors undervalued the risk of multi bonus 

certificates. Besides, this kind of product was such a disaster that the certificate sector took measures to 

reduce the risk of such products. In the meantime, issuer developed multi-bonus certificates without the 

“worst-of” characteristic. Instead of being based on the worst underlying, the payoff is then calculated as the 

average price of all underlying. Actually, the risk to touch the barrier does not change. However, when the 

barrier is reached the consequences can be moderated due to the diversification effect. There are also multi 

bonus certificates that have a “best-of” instead of the “worst-of” mechanism. If the barrier is hit, the investor 

then receives the best performing underlying at expiry. These measures to diminish risk have a price: the new 

generation of multi-bonus certificates offers lower nominal rate. 

The structure of this paper is as follows: the first chapter is a literature review about pricing errors on 

structured product and about some features of the chosen product (i.e. barrier and lookback options). The 

second chapter presents the chosen product. The components of the product as well as the factors affecting 

the price are described. The third chapter looks at some mathematical concepts like the geometric Brownian 

motion and the Itô’s calculus, which are the basis to model stock prices evolution and also to deduce the 

Black and Scholes equation. The chapter afterwards briefly introduces possible valuation methods for 

structured products. Two of them, the Black and Scholes model and Monte Carlo simulations, are developed 

more in detail. After these theoretical parts, we conduct our own Monte Carlo simulations and present and 

discuss the results. 

2 Literature review 
Although there are numerous papers about structured products, we have not found articles about the 

valuation of the chosen product, probably because LCMBBC products are recent. But there are several 



3 
 

articles treating barrier and lookback options, two features of LCMBBC products. These papers are presented 

first. Thereafter, we introduce empirical studies about the pricing of different products and markets. 

Barrier options were first priced by Merton (1973), who developed a closed-form solution for a continuously 

monitored down-and-out European call. Rubistein and Reiner (1991), as wells as Rich (1994), presented 

valuation formulas for a variety of standard European barrier options (i.e. call and put either in or out and 

down or up). Heyen and Kat (1994a, 1994b, 1996) and Carr (1995) examined more exotic variants like partial 

barrier options and rainbow barrier options. Ritchken (1995) developed binomial and trinomial lattices to 

price barrier options. Valuating barrier options using differential equations are briefly discussed by Wilmott, 

Dewynne and Howison (1993). Zvan, Vetzal and Forsyth (1997) developed partial differential equations to 

price barrier options. 

Lookback options were first explored by Goldman, Sosin and Gatto (1979). Also, Conze and Viswanathan 

(1991) studied lookback options. Muroi (2005) developed pricing formulas for lookback options with 

knock-out boundaries. 

Regarding empirical studies on the pricing of structured products, Chen and Kensinger published 1990 the 

first paper about this topic. Between January 1988 and January 1989, they analyzed 18 and 25 Market Index 

Certificates of Deposits in the U.S. market. They observed important deviations (positive and negative) 

between theoretical and market prices. In the same year, Chen and Sears (1990) studied S&P 500 Index 

Notes. They investigated the valuation at issuance as well as in the secondary market. In the first period, they 

found out an overpricing of ca. 5%, whereas they observed an underpricing in the middle and end stage. In 

1993, Baubonis, Gastineau and Purcell tested the pricing of equity linked certificates of deposit. They 

observed gross fees between 2.5% and 4% in favor of the bank for a sell in the primary market. In 1996, 

Wasserfallen and Schenk examined the valuation of 13 capital protected products issued in the Swiss market 

between January 1991 and April 1992. As Chen and Sears, they observed overpricing at issuance and 

underpricing in the secondary market. The differences they noticed were small and therefore they concluded 

that the products generally were priced fairly. In 2000, Wilkens and Scholz diagnosed a prominent negative 

pricing error as they analyzed one week after issuance a concave product issued in Germany. Burth et al. 

(2000) investigated in the Swiss market the initial pricing of 199 reverse convertibles and 76 discount 

certificates outstanding as of August 1, 1999. They observed average price differences between theoretical 

and market values of 1.91%. They also noticed differences in the valuation of fixed-coupon-paying reverse 

convertibles and discount certificates. They identified the presence of a co-lead manager as a significant 

factor influencing product prices at issuance: in average the products are then valued more fairly. Three years 

later, Wilkens et al. (2003) examined 170 reverse convertibles and 740 discount certificates in the German 

market. They established the theoretical fair price using replication and not using implicit volatility. The 

results revealed significant differences, mostly in favor of the issuer: for products on the DAX more than 3% 

on average for reverse convertibles and ca. 4% on average for discount certificates. As reasons for the 

mispricing, the authors suggested the factors life cycle, spread and moneyness. Wallmeier and Diethelm 

(2008) refer to three recent studies that found a positive relationship between complexity and overpricing: 

first, Grünbichler and Wohlwend (2005) for Switzerland, second, Stoimenov and Wilkens (2005) for Germany 

and at last Hernandez, Lee and Liu (2007, as cited in Wallmeier & Diethelm, 2008, p.3) for international data. 

The last two mentioned papers report positive average premium of 4.77% and 5.40% for barrier products, 

while the premium for simpler products showed a premium of about 3% only. But Szymanowska, Horst and 

Veld (2007, as cited in Wallmeier & Diethelm, 2008, p.3) obtained contrary results: 5% overpricing for 32 

standard reverse convertibles listed on the Amsterdam Stock Exchange and a negative premium of about 
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0.63% for 43 barrier reverse convertibles. They presume that investors generally underestimate the value of 

the put option sold. The misjudgment should be milder for barrier options, because they are less valuable 

than vanilla options with the same features otherwise. For results in the U.S. market, Wallmeier and 

Diethelm refer to Benet, Giannetti and Pissaris (2006) who examined the valuation of 31 reverse-

exchangeable securities outstanding in July 2003. They calculated an overpricing ranging from 4% to 6%. 

Wallmeier and Diethelm themselves analyzed multi-asset barrier reverse convertibles in the Swiss market. 

They observed an average overvaluation of at least 3.4% for 468 certificates outstanding in April 2007. 

Recently, Lindauer and Seiz (2008) examined 522 (Multi-) Barrier Reverse Convertibles between July 2006 

and August 2007 in the Swiss Market (on both the primary and the secondary market). In the primary market, 

they reported large implicit premiums in favor of the issuers. In the secondary market, they found decreasing 

pricing errors during the product life cycle. They explained this phenomenon with an order flow hypothesis 

(the order flow hypothesis is presented in section 6.2.2.1). 

3 Product presentation 

3.1 Description 
The chosen product is a “lookback capped multi bonus barrier certificate” issued by Dresdner Bank. 

According to the terminology used for structured products, it belongs to the category of exotic options. Exotic 

options are options that differ in terms of payoff structure or contract specification from the standard put 

and call options (called plain vanilla options). Exotic options are usually traded OTC. Exotic options are 

developed to create payoff structures that are otherwise difficult or impossible to obtain. They are also often 

used to reduce the price of an option by adding restrictions (Hull, 2006a, p.529). The product, with its barrier 

and lookback components, is part of the exotic option subcategory path-dependent options. Path-dependent 

options have a payoff at maturity that does not or not only depend on the final value of the underlying but 

also on values of the underlying during the lifetime of the option. The payoff of a barrier option depends on 

whether or not the underlying has reached a predefined barrier (additionally to the strike price). Concerning 

the lookback option, which belongs to the more general category of extreme options, its payoff depends on 

the extreme values of the underlying during the lifetime of the option. LCMBBC products have an additional 

feature which places them also in another subcategory of exotic options: the multi-factors options whose 

payoff depends on more than one underlying. Multi-factors options are also called rainbow options 

(Ammann, 2002, pp.160). 

Now, we will mention some of the “technical” characteristics of the chosen product. It was issued at a 

volume of CHF 5’000’000 and nominal CHF 1’000. The emission price is at 100%. The launch day was on 

November 30, 2007 and the first trading day on December 7, 2007. The product has a duration of 1.5 year. 

The settlement day is on June 1, 2009, redemption on June 8, 2009. The product is on the three following 

underlying: Swiss Re, Clariant and UBS. The cap level is at 150% and the bonus level at 142%. The barrier is at 

75% of the fixation price of the respective underlying. The fixation price is defined as the lowest closing price 

of the respective underlying during the lookback period. The lookback period is over one month, from 

November 30, 2007 (incl.) until December 31, 2007 (incl.). The observation period is from January 2, 2008 

(incl.) until settlement day (incl.). Two payoff scenarios are possible. 
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Scenario 1, none of the underlying hit the barrier during the observation period. In this case, on redemption 

date, the investor is entitled to receive from the issuer the positive performance of the basket, maximal the 

cap level, but at least the bonus level of 142%: 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 ×  𝑀𝑖𝑛  150%;𝑀𝑎𝑥  142%;
1

3
 ×  

𝑅𝑈𝐾𝑁𝐹𝑖𝑛𝑎𝑙

𝑅𝑈𝐾𝑁𝐿𝑜𝑜𝑘𝑏𝑎𝑐𝑘
+

𝐶𝐿𝑁𝐹𝑖𝑛𝑎𝑙

𝐶𝐿𝑁𝐿𝑜𝑜𝑘𝑏𝑎𝑐𝑘
+

𝑈𝐵𝑆𝑁𝐹𝑖𝑛𝑎𝑙

𝑈𝐵𝑆𝑁𝐿𝑜𝑜𝑘𝑏𝑎𝑐𝑘
    (3-1) 

In the second scenario, if during the observation period at least one of the underlying reaches the barrier, the 

investor receives at redemption date the underlying with the worst performance: 

𝑀𝑖𝑛  
𝑅𝑈𝐾𝑁𝐹𝑖𝑛𝑎𝑙

𝑅𝑈𝐾𝑁𝐿𝑜𝑜𝑘𝑏𝑎𝑐𝑘
,

𝐶𝐿𝑁𝐹𝑖𝑛𝑎𝑙

𝐶𝐿𝑁𝐿𝑜𝑜𝑘𝑏𝑎𝑐𝑘
,

𝑈𝐵𝑆𝑁𝐹𝑖𝑛𝑎𝑙

𝑈𝐵𝑆𝑁𝐿𝑜𝑜𝑘𝑏𝑎𝑐𝑘
  (3-2) 

The number of delivered underlying corresponds to the exercise ratio (1’000/fixation price). The residual 

fraction is paid cash and is not cumulated (Dresdner Kleinwort AG, 2007). 

The factsheet of the product is represented in Figure 1. 
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Figure 1 : Factsheet lookback capped multi bonus barrier certificate on Swiss Re, Clariant and UBS, bonus level 142%, cap level 

150%; issued by Dresdner Kleinwort (Dresdner Kleinwort AG, 2007) 
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The SSPA (2008b) classifies LCMBBC products in the category “yields enhancement products”, more precisely 

of the type “capped bonus certificates”. The investor should use this type of product if he expects the 

underlying asset to trade sideways or slightly upward and not to trade lower than the barrier level (knock-in). 

The product has the following characteristics: 

- A fixed bonus is paid for sideways movement up to the strike price. 

- The investor benefits from a partial protection: the bonus payment is guaranteed until the knock-in is 

hit. 

- Once the knock-in is hit, the partial protection vanishes. 

- The investor renounces the current income in favor of the strategy. 

- Thanks to the partial protection, the risk is lower than a direct investment until the barrier is hit. 

- A total loss is possible, but it is limited to the amount invested. 

- The profit potential is limited by the cap. 

The corresponding payoff is illustrated in Figure 2. 

 

Figure 2 : Payoff of capped bonus certificates (SSPA, 2008b) 

Concerning the product decomposition, there is actually no decomposition for LCMBBC. The product is 

thought as one piece (Agostinucci, personal communication, August 19, 2008). However, a simple bonus 

certificate (on only one underlying stock) is actually a combination of a long zero-strike-call-option, a long 

down-and-out-put-option and a short call-option (Picard Angst Structured Products AG, n.d., pp.48). Another 

possible combination to get a simple bonus certificate is to buy a bond, short a down-and-in-put-option and 

to buy a call-option (Krall, personal communication, June 26, 2008). 

3.2 Parameters influencing the product price 

The underlying of the chosen product are stocks. The price of a stock option basically is influenced by six 

factors (Hull, 2006a, p.205): 

1. The current stock price 

2. The strike price 

3. The time to expiration 

4. The volatility of the stock price 

5. The risk-free interest rate 

6. The dividends expected during the life of the option 

Additional factors affect the price of LCMBBC products: 
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7. The barrier level 

8. The bonus level 

9. The cap level 

10. The lookback option 

11. The choice of the underlying 

12. The evolution of the underlying during the observation time 

13. The correlation between the underlying 

14. The issuer’s rating 

15. Other factors 

3.2.1 Stock price and strike price 

The payoff of a call, when exercised at some future time, is the difference between the stock price and the 

strike price. When the stock price increases, call options therefore become more valuable. The inverse is true 

as the strike price increases. 

On the other hand, the payoff of a put option is the difference between the strike price and the stock price. 

Therefore, contrary to  call options, the value of a put option decreases as the stock price increases and 

increases as the strike price increases (Hull, 2006a, pp.205). 

In the case of the chosen product, the payoff is given by equations (3-1) and (3-2). The product is most 

valuable when the stocks move sideways or slightly up- or downwards. But if the underlying stocks perform 

very well, the investor would have been better off with a direct investment. The product loses value when 

there is a drawback of minimum 25% in at least one underlying, that is when the barrier is hit. If the three 

underlying stocks recover strongly, a profit is still possible but unlikely. 

3.2.2 Time to expiration 

For a capped bonus certificate, around maturity, the uncertainty about the redemption scenario diminishes. 

Depending on the market price of the respective underlying, the effect of the time to expiration on the value 

of the bonus certificate is different (Picard Angst Structured Products AG, n.d., p.50). 

3.2.3 Volatility 

Roughly defined, the volatility of a stock price expresses the uncertainty in regard to future stock price 

movements. As volatility increases, the probability that the stock will perform very well or very poorly also 

increases (Hull, 2006a, p.206). Volatility affects the value of LCMBBC differently according to the distance of 

the underlying to its respective barrier. In general, high volatility has a negative impact on the price of 

LCMBBC when the underlying value quotes close to its barrier (Picard Angst Structured Products AG, n.d., 

p.51). Because then, the probability to hit the barrier is higher (and the option to become valueless). The 

higher the probability is that the barrier will be hit, the lower the price (Tolle, et al., 2005, pp.99). Inversely, a 

high volatility influences the price positively when the underlying quotes far away from its barrier, because 

the chance to get a better redemption increases (Picard Angst Structured Products AG, n.d., p.51). But 

generally, the investor buying a LCMBBC expects, after the lookback period, low long-term volatility (which 

means in general a lower probability to hit the barrier) and is short in this position (Krall, personal 

communication, June 26, 2008). 

Volatility as one of the key factors influencing the price is developed more deeply in chapter 5.4. 



11 
 

3.2.4 Risk-free interest rate 

Assuming ceteris paribus an increase in interest rates, in particular with stock prices remaining invariant, the 

expected return of a stock investor tends to increase. Additionally, the holder of an option receives a lower 

present value of any future cash flow. The combination of these two effects affects positively the value of a 

call option and negatively the value of a put option. 

In practice however, when interest rates rise, respectively fall, stock prices change as well. In “normal” 

situation, they tend to fall, respectively rise. The net impact of an interest rate increase with the 

corresponding stock price decrease can be to decrease the value of a call option and increase the value of a 

put option. And inversely with an interest rate decrease and a stock price increase (Hull, 2006a, pp.207). 

The impact of a movement of the risk-free interest rate on the chosen LCMBBC is tested in chapter 6. 

3.2.5 Future dividends 

When dividends are paid, the holder of an option, contrary to a stockholder, doesn’t cash it. Dividends 

payment occurring during the option lifetime, theoretically reduce the stock price by the dividend amount on 

the ex-dividend date (Tolle, et al., 2005, p.59). Therefore, there is a negative relationship between the value 

of a call option and expected future dividends. The contrary is true for put options: the value increases with 

the announcement of future dividends (Hull, 2006a, p.208). 

Because the investor of capped bonus certificates has no dividend right, the product is always traded at a 

slightly lower price than the underlying (Picard Angst Structured Products AG, n.d., p.50). 

3.2.6 Barrier 

For the present LCMBBC, when the barrier is hit, the investor loses his right to the bonus and receives at 

maturity the worst performing underlying (Dresdner Kleinwort, 2007). 

As mentioned in chapter 3.1, the barrier option of a simple bonus certificate can be constructed as a long 

down-and-out put option or as a short down-and-in put option. A down option means that the barrier is set 

below the fixation price (Wilmott, 2000, p.230). With a down-and-out put option, the option vanishes when 

the underlying value reaches the specified barrier. With a down-and-in put option, the option first exists if 

the underlying value touches the specified barrier (Hull, 2006a, p.535). In the studied case, we rather face a 

partial barrier option than a normal barrier option. Partial barrier options are barrier option whose 

monitoring period is limited to a predetermined subperiod shorter than the relevant option lifetime (Heyen & 

Kat, 1997, p.125). In the present case, the monitoring period is from the end of the lookback period until 

expiration (Dresdner Kleinwort, 2007). 

The barrier option, since it adds a supplementary constraint, reduces the price of the product. The probability 

for the barrier to be reached determines the discount (Tolle, et al., 2005, p.86). A high strike price, or in the 

present case the fixation price, and respectively a low barrier level increases the option price as the 

probability to reach the barrier is lower (Picard Angst Structured Products AG, n.d., p.49). Also the monitoring 

length plays a role: the longer the monitoring period, the less expensive the option, since it is more probable 

to reach the barrier (Heyen & Kat, 1997a, pp.140). With the same idea, the more often the barrier is 

monitored, e.g. continuous monitoring, the cheaper the option should be, since there is a higher probability 

to hit the barrier (Hull, 2006b, pp.300). Indeed, there is a trade-off between reducing the option price and 

the risk of reaching or not reaching the barrier (Heyen & Kat, 1997a, p.127). 
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P. Krall (personal communication, June 26, 2008) noticed that shifting the barrier by 1% by multi-reverse 

convertible products costs about 35-40 bps. Furthermore, he mentioned that the shifting-costs are 

non-linear. A downside-shifting is more expensive until a point, where it then becomes irrelevant. As 

illustration, the shifting-cost from a 80% barrier to a 78% barrier could be small, whereas from 75% to 60% 

they could be important, from 60% to 59% they could be even higher but from 58% to lower there would not 

be a difference anymore. 

The effect of a barrier-shifting on LCMBBC is tested in chapter 6. 

3.2.7 Bonus 

The bonus is the minimum that the investor will get if the barrier is not hit. Logically, the higher return the 

investor can get, the more expensive the product (Krall, personal communication, June 26, 2008). 

3.2.8 Cap 

The cap level is the maximal return that the investor can expect if the barrier is not reached during the option 

lifetime. As restriction, the cap reduces the product price. A lower cap level cheapens the product (Krall, 

personal communication, June 26, 2008). 

3.2.9 Relationship Barrier/Bonus/Cap 

The investor can “play” between barrier level, bonus level and cap level to get an interesting risk/return 

relationship. Theoretically, a higher return corresponds to a higher risk. Generally, an investor first 

determines the barrier level and then the two other components. With a low barrier, either the bonus or the 

cap or both will be low as well. The advantage of having a lower barrier, and therefore a lower risk, is 

compensated by a lower return possibility (Krall, personal communication, June 26, 2008). 

These relationships are studied further by means of our own simulations in chapter 6. 

3.2.10 Lookback 

After having bought the product, the investor can experience an adverse movement on the market, which 

could cause the barrier to be hit. To optimize the market entry and to reduce the risk to reach the barrier in 

the future, the investor can buy a floating strike lookback call option. The floating strike lookback call option 

gives the buyer of the option the right to purchase the underlying at the lowest level during the lookback 

period. With a lower strike/fixation price, the probability to hit the barrier is lower. This advantage raises the 

product price. For this reason, a lookback option over the entire product’s lifetime is very expensive. 

Therefore, variations have been introduced to reduce the costs, like partial lookback options, which are only 

over a part of the product lifetime. This makes sense when the investor is interested primarily in improving 

his market entry (Heyen & Kat, 1997b, pp.99). In this case, the lookback option actually included in the 

product is a partial floating strike lookback call option. Another factor influencing the price of the lookback 

option is volatility. In fact, during the lookback period, the investor is long in short-term volatility. He wishes a 

volatility as high as possible during the lookback period, to have a higher probability to get a very low 

strike/fixation price, which would be at his advantage. Thus, the higher the volatility during the lookback 

period, the more expensive the lookback option (Krall, personal communication, June 26, 2008). 

3.2.11 Underlying 

The investor should pay attention to the underlying stocks. Basically, a higher bonus level can be achieved for 

capped bonus certificates when their underlying stocks features high dividend expectation and high implicit 

volatility (Picard Angst Structured Products AG, n.d., p.46). Also, the investor should avoid illiquid underlying 
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stocks, which are more difficult to hedge for the issuer, thus resulting in a higher price (Krall, personal 

communication, June 26, 2008). 

Furthermore, the investor should not forget that if the barrier is hit, he will receive, at expiration, the worst 

performing underlying stock physically. So, he should only invest in products with underlying stocks that he 

also would agree to hold directly (Picard Angst Structured Products AG, n.d., p.46). 

3.2.12 Correlation 

The chosen product being on three underlying stocks, correlation plays an important role. Correlation 

expresses how two underlying stocks “fluctuate together”. When correlation is low or negative, the 

probability that one of the underlying stock hits the barrier is higher. This reduces the product price. The 

contrary is true for high correlation (Weyand, n.d., p.3). Wallmeier and Diethelm (2008, p.10) found out that 

higher correlations seem to enhance the fair value of multi barrier reverse convertibles (MBRC), precisely 

because a higher correlation reduces the risk of reaching the barrier. However, in break down circumstances, 

although correlation tends to be high in bearish markets, it is less relevant, because the barrier will tend to be 

touched anyway. Therefore, they suppose that the increase in correlation in falling markets does not have a 

strong influence on the fair value. 

On the other side, the issuer is short in correlation. Correlation is very difficult to hedge and when the market 

breaks down and the correlations increase, it means high losses for the issuer (Krall, personal 

communication, June 26, 2008). 

The effect of correlation on the price of LCMBBC is studied in chapter 6. 

3.2.13 Issuer’s rating 

A while ago, almost nobody cared about the issuer’s rating. Now, with the crisis in the financial sector and 

with the default of reliable values like Lehman Brothers, investors pay closer attention to it. When the 

investor deliberately chooses an issuer with low rating, as compensation for the higher risk of default, he 

should get a higher return. But when the rating of the issuer decreases during the option lifetime, it is clearly 

at the disadvantage of the product buyer. He then holds a product with a higher default probability and is not 

rewarded for it. He will, at the most, receive the return that was specified before the rating downgrade (Krall, 

personal communication, June 26, 2008). 

3.2.14 Other factors 

There are some other factors influencing the price of the product. Ones positively related to the price, the 

others negatively. Without commenting these factors, the followings are linked positively with the product 

price: 

- The hedging costs 

- The developing/structuring costs 

- The complexity of the product 

- The innovation grade of the product 

For negatively related factors: 

- The number of underlying 

- The trading volume 

- The level of competition 
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4 Modeling of Asset Prices 
This chapter develops fundamental notions to understand the pricing of derivatives. More precisely, it 

introduces stochastic processes. Chapter 5, product valuation, bases on the knowledge presented here. 

Actually, The Wiener process developed below is the basic module of the geometric Brownian motion (GBM), 

which is in turn a foundation of the Black and Scholes model. Itô’s lemma, too, is a foundation of the Black 

and Scholes model. GMB as process for stock prices is also used in Monte Carlo simulations. 

4.1 The Markov property 
Stock prices generally are supposed to follow a Markov process. A Markov process is a stochastic process, 

where past information of a variable is irrelevant in forming expectation for its future. Only its present value 

plays a role. So, when predicting the future evolution of the underlying stock, the investor should not be 

influenced by its price one week ago, or one month ago or one year ago. The only relevant information is its 

price now. Estimations about the future are uncertain and must be enunciated in terms of probability 

distributions. Therefore, under a Markov process, the probability distribution of the value at any particular 

future period does not depend on the particular path followed by the price previously. 

The assumption of Markovness for stock prices is consistent with the theory of weak form of market 

efficiency. This affirms that all the past information is included in the present value of a stock (Hull, 2006a, 

pp.263). 

4.2 Wiener Process or Brownian Motion 
A Wiener process, also called Brownian motion, is a particular form of Markov process. It has a mean change 

of zero and a variance rate of 1.0 per year. 

A variable 𝑊 following a Wiener process features two properties. First, the variation ∆𝑊 during a small 

period of time ∆𝑡 is 

∆𝑊 =  𝜀 ∆𝑡 (4-1) 

where ε is standard normal distributed, thus ε~Φ(0,1). 

This property implies that ∆𝑊 itself follows a normal distribution with a mean of 0 and a variance of ∆𝑡, and 

thus has a standard deviation of  ∆𝑡. So, ∆𝑊 ~Φ(0, ∆𝑡). 

As second property, the values of ΔW are independent for any two different small intervals of time, ∆𝑡. This 

means that 𝑊 follows a Markov process. 

When looking at a relatively long period of time, 𝑇, the change in the value of 𝑊 can be expressed as 

𝑊 𝑇 − 𝑊(0). It can be considered as the addition of the variations in 𝑊 in 𝑁 short time intervals of length 

∆𝑡, with 

𝑁 =
𝑇

∆𝑡
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Consequently, 

𝑊 𝑇 − 𝑊 0 =  𝜀𝑖 ∆𝑡

𝑁

𝑖=1

 (4-2) 

𝜀𝑖  (i = 1,2, …, N) follow a standard normal distribution, thus 𝜀𝑖~Φ(0,1). 

The second property of Wiener processes states that εi are independent of each other. Equation (4-2) implies 

that 𝑊 𝑇 − 𝑊(0) follows a normal distribution, with a mean of 0, a variance of 𝑁∆𝑡 which equals 𝑇, and 

thus a standard deviation of  𝑇. Thus, 𝑊 𝑇 − 𝑊(0)~ Φ(0, T). 

As the limit ∆𝑡 →0, that is the small changes become closer to zero, the notation changes. 𝑑𝑊 is then used 

to designate ∆𝑊 in the limit as ∆𝑡 →0. Thus, 𝑑𝑊 as Wiener process means that it has the properties for ∆𝑊 

cited before in the limit as ∆𝑡 →0. 

Interestingly, as the limit ∆𝑡 →0 is neared, 𝑊 follows a quite serrated path. The reason behind is that though 

the size of a deviation in W in time ∆𝑡 is proportional to  ∆𝑡, when Δt is small, then  ∆𝑡 is much larger than 

∆𝑡. Two properties of Wiener processes follow from this  ∆𝑡 quality. First, in any time interval, 𝑊 follows a 

path with infinite expected length. Second, 𝑊 is expected to equal any specific value in any time interval 

infinitely (Hull, 2006a, pp.263). 

4.3 Generalized Wiener Process 

A generalized Wiener process for a variable 𝑥 can be expressed in terms of 𝑑𝑊 as 

𝑑𝑥 = 𝑎𝑑𝑡 + 𝑏𝑑𝑊 (4-3) 

with 𝑎 and 𝑏 as constants. 

From the first term on the right-hand side of equation (4-3), 𝑎𝑑𝑡, follows that 𝑥 has an expected drift rate 

(the mean change per unit time for a stochastic process) of 𝑎 per unit of time. When not considering the 

second term 𝑏𝑑𝑊, the equation is then 𝑑𝑥 = 𝑎𝑑𝑡. It follows that 
𝑑𝑥

𝑑𝑡
= 𝑎. Its integration in respect to time 

gives 

𝑥 =  𝑥0 + 𝑎𝑡  

where 𝑥0  is the value of 𝑥 at time 0. Considering a period of time of length 𝑇, the variable 𝑥 changes by an 

amount 𝑎𝑇. The second term on the right-hand side of equation (4-3), 𝑏𝑑𝑊, can be considered as a 

disturbing factor to the path followed by 𝑥. 𝑥 is then disturbed by an amount of 𝑏 times a Wiener process. 

Since a Wiener process has a standard deviation of 1.0, 𝑏 times a Wiener process has a standard deviation of 

𝑏. Considering equations (4-1) and (4-3), the change ∆𝑥 in the value of 𝑥 in a short time intercept ∆𝑡 is then 

∆𝑥 = 𝑎∆𝑡 + 𝑏𝜀 ∆𝑡  

As previously, 𝜀 has a standard normal distribution. Consequently, ∆𝑥 is normally distributed with mean 𝑎∆𝑡 

and variance 𝑏2∆𝑡 (and thus has a standard deviation of 𝑏 ∆𝑡). 

The change in the value of 𝑥 in any time intercept follows a normal distribution with mean 𝑎𝑇 and variance 

𝑏2𝑇 (thus, with standard deviation 𝑏 𝑇). 
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Summed up, the generalized Wiener process presented in equation (4-3) has an expected drift rate of 𝑎 and a 

variance rate, the variance per unit of time, of 𝑏2 (Hull, 2006a, pp.267). 

4.4 Geometrical Brownian Motion: a Process for Stock Prices 
The price of a non-dividend-paying stock is widely accepted to follow a GMB. A GMB is defined as: 

𝑑𝑆

𝑆
= 𝜇𝑑𝑡 + 𝜎𝑑𝑊 (4-4) 

where 𝑆 is the stock price,  𝜎 is the volatility of the stock prices and 𝜇 the expected rate of return. 

Actually, equation (4-4) results from the fact, that although it is tempting to consider the behavior of a stock 

price as a generalized Wiener process (thus, with a constant expected drift rate and a constant variance rate) 

it is too simplistic. In fact, this view does not take into account that the expected percentage return of the 

stock required by the investors does not depend of the stock price. Ceteris paribus, an investor requiring a 

15% expected return per annum will not change his requirement when the stock is CHF 10 or CHF 30. Thus, 

the assumption of constant expected drift rate being inappropriate, we have to newly assume a constant 

expected return, that is, the expected drift divided by the stock price. Supposing that at time 𝑡 the asset price 

is 𝑆, then for some constant drift 𝜇, the expected drift rate in the stock price should equal 𝜇𝑆. That is, for a 

small intercept of time, ∆𝑡, the stock price is expected to grow by 𝜇𝑆∆𝑡. More precisely, the constant 𝜇 is the 

expected rate of return on the stock. 

Taking 𝜎 = 0, that is a stock price volatility of zero, it follows that 

∆𝑆 = 𝜇𝑆∆𝑡  

As ∆𝑡 tends to zero, we have 

𝑑𝑆 = 𝜇𝑆𝑑𝑡  

Or 

𝑑𝑆

𝑆
= 𝜇𝑑𝑡  

We get the exponential growth in the value of the asset by integrating between time 0 and time 𝑇 

𝑆𝑇 = 𝑆0𝑒
𝜇𝑇  (4-5) 

Where 𝑆0 and 𝑆𝑇  are the stock value at time 0 and time 𝑇. Indeed, when assuming a volatility of zero, 

equation (4-5) shows that the stock price has a continuously compounded growth rate of 𝜇 per unit of time. 

However, in reality, stock prices are volatile. It is assumed that in a small time interval, ∆𝑡, the change in the 

percentage is the same regardless of the stock value. So, an investor has the same uncertainty about the 

percentage return when the stock price is CHF 10 or CHF 30. Thus, the volatility of the change in a small time 

interval ∆𝑡 should be proportional to the stock value (Hull, 2006a, pp.267). This gives equation (4-4) 

presented in the beginning of the section 

𝑑𝑆 = 𝜇𝑆𝑑𝑡 + 𝜎𝑆𝑑𝑊  
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Or 

𝑑𝑆

𝑆
= 𝜇𝑑𝑡 + 𝜎𝑑𝑊  

In the next section, we will show that stock prices are lognormally distributed. 

4.5 Itô’s lemma 
Itô’s lemma is used in stochastic calculus to determine the stochastic differential equation (SDE) of a function 

of particular stochastic processes. Considering a derivative, Itô’s lemma can be used to calculate its SDE when 

the SDE for the underlying asset is known. The importance of this lemma for the Black & Scholes model lies in 

the fact that a derivative can be considered as a function of an underlying and time. The underlying follows a 

GBM. Itô’s lemma, when applied for a derivative, gives a SDE defined as the derivative dynamic behavior 

depending on time and on the underlying asset. 

To apply Itô’s lemma, the variables must follow an Itô process. An Itô process can be written as 

𝑑𝑆 = 𝜇 𝑆, 𝑡 𝑑𝑡 + 𝜎 𝑆, 𝑡 𝑑𝑊 (4-6) 

Clearly, the process parameters 𝜇 and 𝜎 are functions of both the value of the underlying, 𝑆, and time, 𝑡. 

Actually, the GBM as presented in equation (4-4) is a special case of Itô process: 

𝑑𝑆 = 𝜇𝑆𝑑𝑡 + 𝜎𝑆𝑑𝑊  

Thus, for a derivative following a function 𝐹 𝑆, 𝑡  and an underlying asset following a stochastic process as in 

equation (4-6), Itô’s lemma gives following SDE: 

𝑑𝐹 =
𝜕𝐹

𝜕𝑆
𝑑𝑆 +

𝜕𝐹

𝜕𝑡
𝑑𝑡 +

1

2

𝜕2𝐹

𝜕𝑆2 (𝑑𝑆)2 (4-7) 

Transforming equation (4-4) as 

𝑑𝑆 = 𝜇𝑆𝑑𝑡 + 𝜎𝑆𝑑𝑧  

And 

(𝑑𝑆)2 = (𝜇𝑆𝑑𝑡 + 𝜎𝑆𝑑𝑧)2 (4-8) 

And inserting it in equation (4-7) gives 

𝑑𝐹 =  
𝜕𝐹

𝜕𝑆
𝜇𝑆 +

𝜕𝐹

𝜕𝑡
+

1

2

𝜕2𝐹

𝜕𝑆2 𝜎2𝑆2 𝑑𝑡 +
𝜕𝐹

𝜕𝑆
𝜎𝑆𝑑𝑧 (4-9) 

When only inserting for (𝑑𝑆)2  but not for 𝑑𝑆, we have 

𝑑𝐹 =
𝜕𝐹

𝜕𝑆
𝑑𝑆 + 

𝜕𝐹

𝜕𝑡
𝑑𝑡 +

1

2
𝜎2𝑆2

𝜕2𝐹

𝜕𝑆2 𝑑𝑡 (4-10) 

Thus, from Itô’s lemma, equation (4-10) shows the process followed by a function 𝐹 of 𝑆 and 𝑡. 

A key point is that 𝐹 and 𝑆 are influenced by the same source of uncertainty, that is 𝑑𝑧 (Ammann, 2002, 

pp.78; Hull, 2006a, pp.269; Neftci, 2000, p.240). 
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The previous section states that stock prices are lognormally distributed. Actually, Itô’s lemma is used to find 

out the process followed by 𝑙𝑛𝑆, with 𝑆 following the process presented in equation (4-4). Defining 𝐹 = 𝑙𝑛𝑆, 

we get from equation (4-9): 

𝑑𝐹 =  𝜇 −
𝜎2

2
 𝑑𝑡 + 𝜎𝑑𝑊 (4-11) 

Since 
𝜕𝐹

𝜕𝑆
=

1

𝑆
, 
𝜕2𝐹

𝜕𝑆 2 = −
1

𝑆2 ,
𝜕𝐹

𝜕𝑡
= 0 

As 𝜇 and 𝜎 are constant, equation (4-11) points out that 𝐹 = 𝑙𝑛𝑆 follows a generalized Wiener process. Its 

drift rate, 𝜇 −
𝜎2

2
, and variance rate, 𝜎2, are constant. Thus, the variation in 𝑙𝑛𝑆 for a time interval between t0 

and T, with T > t0, follows a normal distribution with mean  𝜇 −
𝜎2

2
 𝑇 and variance 𝜎2𝑇. Thus, we have: 

𝑙𝑛𝑆𝑇 − 𝑙𝑛𝑆0~∅   𝜇 −
𝜎2

2
 𝑇, 𝜎 𝑇  (4-12) 

Or 

𝑙𝑛𝑆𝑇~∅  𝑙𝑛𝑆0 +  𝜇 −
𝜎2

2
 𝑇, 𝜎 𝑇  (4-13) 

Equation (4-13) clearly indicates that 𝑙𝑛𝑆 is normally distributed. A variable is lognormally distributed when 

its natural logarithm follows a normal distribution. Thus, when looking at the model developed above, we can 

conclude that stock prices are lognormally distributed (Hull, 2006a, pp.274). 

5 Product Valuation 
The first part of this chapter gives a brief overview of different techniques available to value an option. The 

two following sections present the Black and Scholes model as well as the Monte Carlo valuation method in 

more detail, although the Black and Scholes model cannot be applied on LCMBBC due to the fact that the 

product is not decomposable (Agostinucci, personal communication, August 19, 2008). But Black and Scholes 

is the reference model and Monte Carlo is the only method to price the chosen product. The two last sections 

introduce volatility models and correlation calculations. 

5.1 Overview of different valuation methods 
Among others, following methods can be used to price options (Joshi, 2003, pp.166) 1: 

- Analytical formulas 

- Trees 

- Monte Carlo simulation 

- Partial differential equation (PDE) methods 

- Replication 

                                                             
1 Exotic derivatives, like barrier, rainbow or basket options, can also be priced with copula functions (Cherubini, Luciano 
& Vecchiato, 2004). This methodology is not treated in this thesis. 
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5.1.1 Analytical formulas 

Analytical solutions are very useful to price options. Analytical formulas are explicit analytical solutions for 

equivalent PDE or direct analytic derivation of the expected discounted derivative payoff under the 

assumption of risk-neutrality. Black and Scholes solutions are examples of analytical formulas.  

Analytical solutions have two main advantages. First, no software implementation is necessary to derive and 

verify analytical formulas. Thus, they can be used immediately. Second, they can be used as benchmark to 

compare results based on more numerical methods. Unfortunately, analytical formulas for exotic options are 

not legion but exceptions. Actually, it is much more difficult to solve a PDE analytically than to describe an 

option and to figure out the implicit boundary conditions that a particular PDE must satisfy (McIver, 1996, 

pp.281). Regarding LCMBBC products, there is no analytical solution (Agostinucci, personal communication, 

August 19, 2008). 

Chapter 5.2 presents analytical solutions of Black and Scholes in more detail. 

5.1.2 Trees 

Trees are used to compute the risk-neutral expectation of the payoff of the option. The process underlying 

the tree must therefore be a good approximation of the risk-neutral evolution. Assuming an underlying stock 

following a process as in equation (4-11), the first step is to discretize the process by dividing the option 

lifetime into many small time steps, ∆𝑡 = 𝑇/𝑁 , with 𝑇 as the option lifetime and 𝑁 as the number of steps. 

Thus, at each step the discretization is: 

𝑙𝑛𝑆𝑡+∆𝑡 = 𝑙𝑛𝑆𝑡 +  𝜇 −
𝜎2

2
 ∆𝑡 + 𝜎𝜀 ∆𝑡 (5-1) 

At the next step backwards, considering each possible node, the expectation is then computed as the average 

of the values after up- and down-movements. We then iterate backwards until the expectation at time zero. 

Then, for each node in the final time interval, we compute and store the payoff of the option. A binary tree 

has for 𝑁 steps 𝑁(𝑁 − 1)/2 nodes. It means that 𝑁2  calculations are needed for convergence. For time-

dependent volatility or state-dependent drift there are even order 2𝑁  computations that are needed. And 

when the tree is not recombining, it is usually not possible to do it in a reasonable time (Joshi, 2003, pp.168). 

5.1.3 Monte Carlo Simulation 

Monte Carlo simulation is another approach to value options. This method builds on the law of large 

numbers. Here too, a risk-neutral world is assumed. Briefly, the Monte Carlo technique simulates random 

stock price paths and then estimates the option value in taking the discounted average payoff of the 

simulated trajectories. The key advantage of Monte Carlo method is that it can be used to valuate complex 

path-dependent options. The following points also play in favor of Monte Carlo simulation: correlations can 

be easily taken into account, only basic knowledge of mathematics is need to perform a Monte Carlo 

simulation, the models can be modified without much effort. However, there are two potential drawbacks. 

First, to enhance the accuracy of the results we have to increase the number of simulations. Actually, the 

standard deviation in the option value is inversely proportional to the square root of the number of simulated 

paths. But there are other ways of reducing the error, namely variance reduction techniques. The second con 

of Monte Carlo simulation is that it is not straightforward to model American options (Boyle, 1977, pp.324; 

Hull, 2006a, pp.410; Joshi, 2003, pp.176; McIver, 1996, pp.285; Wilmott, 2006, pp.1263). This latest point will 

not be developed further. 
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Monte Carlo simulation is presented in more detail in chapter 5.3. 

5.1.4 PDE methods 

The fact that the price of an option satisfies the Black and Scholes equation can be used to value them. Thus, 

we have to solve the following problem: 

𝜕𝐹

𝜕𝑡
+

1

2
𝜎2𝑆2

𝜕2𝐹

𝜕𝑆2 + 𝑟𝑆
𝜕𝐹

𝜕𝑆
− 𝑟𝐹 = 0, (5-2) 

 

𝐹 𝑇, 𝑆 = 𝑓 𝑆 . (5-3) 

The problem can be solved analytically or by using numerical methods, like e.g. the finite element method or 

the finite difference method. But usually it is easier to solve the PDE numerically rather than analytically 

(Joshi, 2003, p.181). 

5.1.5 Replication 

When the payoff function of the derivate is piecewise linear, it can be replicated accurately using calls and 

puts. Otherwise, the value of the option synthesized by vanilla options is only an approximation (Joshi, 2003, 

pp.181). 

5.2 Black and Scholes 

The well-known Black and Scholes model was developed in the early 1970’s by Fischer Black, Myron Scholes 

and Robert Merton (Hull, 2006a, p.291). To obtain the Black and Scholes equation, they formed a risk-free 

portfolio as combination of options and underlying stocks. The derivation of Black and Scholes partial 

differential equation builds on two important concepts of derivatives theory, namely delta hedging and no 

arbitrage (Wilmott, 2000, p.84). And it also combines knowledge about future stock prices process and Itô’s 

lemma (Engeler, 1998, p.121). 

5.2.1 Derivation of Black and Scholes partial differential equation 

From chapter 4.5, we know that a derivative follows the process 

𝑑𝐹 =
𝜕𝐹

𝜕𝑆
𝑑𝑆 + 

𝜕𝐹

𝜕𝑡
𝑑𝑡 +

1

2
𝜎2𝑆2

𝜕2𝐹

𝜕𝑆2 𝑑𝑡 (5-4) 

The sensitivity of an option value with respect to the price of the underlying is known as delta: 

∆=
𝜕𝐹

𝜕𝑆
 (5-5) 

On the right hand side of equation (5-4), we have deterministic as well as random terms. The deterministic 

terms are those containing 𝑑𝑡, whereas the random ones are those with 𝑑𝑆. The random terms represent the 

risk. To reduce the randomness we have to short an amount of the underlying 𝑆 by: 

∆=
𝜕𝐹

𝜕𝑆
 (5-6) 
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So the hedged position is 

𝐻 = 𝐹 −
𝜕𝐹

𝜕𝑆
𝑆 (5-7) 

Or in infinitesimal notation: 

𝑑𝐻 = 𝑑𝐹 −
𝜕𝐹

𝜕𝑆
𝑑𝑆 (5-8) 

Substituting equation (5-4) for 𝑑𝐹 in equation (5-8) gives 

𝑑𝐻 =
𝜕𝐹

𝜕𝑆
𝑑𝑆 +

𝜕𝐹

𝜕𝑡
𝑑𝑡 +

1

2
𝜎2𝑆2

𝜕2𝐹

𝜕𝑆2 𝑑𝑡 −
𝜕𝐹

𝜕𝑆
𝑑𝑆 =  

𝜕𝐹

𝜕𝑡
+

1

2
𝜎2𝑆2

𝜕2𝐹

𝜕𝑆2 𝑑𝑡 (5-9) 

The hedged portfolio does not have any stochastic term anymore, changes are now riskless. It is an important 

result. Actually, there are only deterministic terms left. The perfect replication of a derivative, depending on 

𝑆 and 𝑡 only, is possible. 

As the hedged portfolio is risk-free, the investor earns the risk-free rate. So that 

𝑑𝐻 = 𝑟𝐻𝑑𝑡 (5-10) 

Equation (5-10) is an illustration of the no arbitrage principle. 

Substituting equations (5-7) and (5-9) into (5-10) and dividing by 𝑑𝑡, we obtain the fundamental partial 

differential equation: 

𝜕𝐹

𝜕𝑡
+

1

2
𝜎2𝑆2

𝜕2𝐹

𝜕𝑆2 + 𝑟𝑆
𝜕𝐹

𝜕𝑆
− 𝑟𝐹 = 0 (5-11) 

The Black-Scholes-Merton differential equation has many solutions since several different derivatives can be 

priced this way. Actually, all derivatives whose value depends on their underlying and time must satisfy 

equation (5-11). To get the valuation formula for a derivative, equation (5-11) must be solved considering the 

boundary conditions of the particular derivative (Ammann, 2002, pp.79; Hull, 2006a, pp.291; Wilmott, 2000, 

pp.82). 

5.2.2 Risk Neutral Valuation 

When looking at equation (5-11), we can observe that the drift rate, 𝜇, is “missing”. This is one of the key 

properties of Black-Scholes-Merton differential equation. Actually, as we eliminate the 𝑑𝑆 terms of the 

portfolio, any dependence on the drift was eliminated at the same time. Economically, as the risk inherent in 

an option can be perfectly hedged, there is no reason for the investor to earn more or less than the risk-free 

rate. Indeed, investors’ estimation of the drift, even when differing, does not play a role in their option 

valuation. Ceteris paribus, they will agree on the value of the option. It also means that, to value an option, 

the expected return of the underlying stock is irrelevant. Volatility, on the contrary of the drift, cannot be 

neglected and its estimation by investors has an impact over the option price. Another interesting point is 

since 𝜇 dropped out, equation (5-11) is not influenced by the risk preference of investors. Therefore, to value 

a derivative any degree of risk preference can be used. Especially since we can assume that all investors are 

risk neutral. Under the assumption of risk-neutrality, as the investors do not require a reward for taking risks, 
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the expected return on all investments is the risk-free rate. Also, under risk-neutral valuation, the present 

value of any payoff can be calculated by discounting its expected value at the risk-free rate. So, the procedure 

to value a derivative is as follows: 

1. Assume the return on 𝑆 has drift 𝑟 instead of 𝜇, that is 𝜇 = 𝑟. 

2. Determine the expected payoff of the derivative. 

3. Compute the present value of the derivative by discounting the result from point 2 at the risk-free 

rate (Ammann, 2002, p.81; Hull, 2006a, pp.292; Wilmott, 2000, p.84; Wilmott et al., 1995, p.83). 

The results obtained in the risk-neutral world are also valid in all other worlds, the assumption of 

risk-neutrality simply being an artifice to solve the Black-Scholes differential equation. In a risk-averse world, 

there are two main differences. First, the expected drift rate in the underlying price changes. Second, there 

are also changes in the discount rate that must be used for the expected payoff from the derivative. But the 

two variations happen to always counterbalance each other exactly (Hull, 2006a, p.293). 

5.2.3 Black and Scholes assumptions 

The model of Black and Scholes meets following assumptions: 

- There are no transaction costs (i.e. taxes, fees, …). 

- The underlying is traded continuously and is perfectly divisible. 

- Short selling of securities is possible. 

- The stock prices follow a geometric Brownian motion with constant drift and volatility. 

- The risk-free rate is constant and the same for all market players. 

- The underlying does not distribute dividends during the life of the derivative. 

- There are no “free lunch”, no arbitrage, no opportunities. 

Some of the assumptions can be dropped or at least loosen (i.e. the assumptions about volatility and 

dividends) (Ammann, 2002, p.82; Hull, 2006a, pp.290; Wilmott, 2000, pp.85). 

5.2.4 Analytical Formulas 

LCMBBC have no analytical solution. Furthermore, the fact that the price of a structured product is the sum 

of the values of the instruments (Seiz, 2008) used to set it up is of no help as LCMBBC cannot be decomposed 

(Agostinucci, personal communication, August 19, 2008). Even though, this section introduces pricing 

formulas for some options that could be imagined to have been used in the product set up if it could have 

been decomposed. 

The Black and Scholes price of a European call option at time 0 on a non-dividend-paying stock is given by 

𝑐 = 𝑆0𝑁 𝑑1 − 𝐾𝑒−𝑟𝑇𝑁(𝑑2) (5-12) 

The value of a put is 

𝑝 = 𝐾𝑒−𝑟𝑇𝑁 −𝑑2 − 𝑆0𝑁 −𝑑1  (5-13) 

with 

𝑑1 =
ln 𝑆0 𝐾  +  𝑟 + 𝜎2 2  𝑇

𝜎 𝑇
 (5-14) 
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𝑑2 =
ln 𝑆0 𝐾  +  𝑟 − 𝜎2 2  𝑇

𝜎 𝑇
= 𝑑1 − 𝜎 𝑇 (5-15) 

where 𝑆0 is the stock price at time 0, 𝐾 the strike price, 𝜎 the volatility of the stock, 𝑟 the continuously 

compounded risk-free rate, 𝑇 the time to maturity of the option and 𝑁(𝑥) the cumulative probability 

distribution function of a standard normal distribution (Hull, 2006a, pp.295). 

Heyen and Kat (1997a, pp.137) developed formulas to price partial down-and-out call barrier options as well 

as partial down-and-in call barrier options. There is actually no difference between up and down options 

when the only relevant thing is whether the barrier is hit or not. For the case where the monitoring period 

begins at a chosen date before expiration 𝑡1 and finishes at the expiration date 𝑇, the price of a knock-out 

call for 𝐾 > 𝐻 can be calculated as: 

𝑐 = 𝑒−𝑟𝑇𝐸  (𝑆𝑇 − 𝐾)1𝑆𝑇>𝐾,𝑚 𝑡1
𝑇 >𝐻  (5-16) 

where 𝐾 is the strike price, 𝐻 the barrier level, the function 1𝑥  the indicator function of the set 𝑥, 𝑆 the stock 

price, 𝑚𝑡1
𝑇  the minimum price attained over the monitoring period. 

For 𝐾 < 𝐻 we get: 

𝑐 = 𝑒−𝑟𝑇𝐸  (𝑆𝑇 − 𝐾)1𝑆𝑇>𝐾,𝑀𝑡1
𝑇 <𝐻 + 𝑒−𝑟𝑇𝐸  (𝑆𝑇 − 𝐾)1𝑚 𝑡1

𝑇 >𝐻  (5-17) 

with 𝑀𝑡1
𝑇  as the maximum value realized over the monitoring period. 

Knock-in options can be calculated as the difference between the value of an otherwise identical ordinary 

option and the corresponding knock-out option. 

To value put options we can use the parity relationships that hold between the prices of partial barrier calls, 

partial barrier puts and partial binary barrier options2. 

According to Heyen and Kat (1997b, p.103) the payoff of a partial floating lookback call option is: 

𝑐 = 𝑒−𝑟𝑇𝐸  max 𝑆𝑇 − 𝜆𝑚𝑇0

𝑡1 , 0   (5-18) 

where 𝑚𝑇0

𝑡1 = min(𝑆𝑡 :𝑇0 ≤ 𝑡 ≤ 𝑡1) and 𝜆 ≥ 1  is a constant. 𝜆  enables the creation of fractional lookback 

options, where for call options the strike is fixed at some percentage above the actual minimum. Thus, a 

fractional partial floating-strike lookback call can be priced by 

                                                             
2 Binary options are cash-or-nothing options or asset-or-nothing options. 
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𝑐 = 𝑆0𝑁  𝑑1 −
𝑙𝑛𝜆

𝜎 𝑇
 − 𝜆𝐸0𝑒

−𝑟𝑇𝑁  𝑑2 −
𝑙𝑛𝜆

𝜎 𝑇
 

+ 𝑒−𝑟𝑇
𝜎2

2𝑟
𝜆𝑆0   

𝑆0

𝐸0
 
−

2𝑟
𝜎2

𝑁  −𝑓1 +
2𝑟 𝑡1

𝜎
, −𝑑1 +

2𝑟 𝑇

𝜎
−

𝑙𝑛𝜆

𝜎 𝑇
;  

𝑡1

𝑇
 

− 𝑒𝑟𝑇𝜆
2𝑟
𝜎2𝑁  −𝑑1 −

𝑙𝑛𝜆

𝜎 𝑇
, 𝑒1 +

𝑙𝑛𝜆

𝜎 𝑇 − 𝑡1

; − 1 −
𝑡1

𝑇
  

+ 𝑆0𝑁  −𝑑1 +
𝑙𝑛𝜆

𝜎 𝑇
, 𝑒1 −

𝑙𝑛𝜆

𝜎 𝑇 − 𝑡1

; − 1 −
𝑡1

𝑇
 

+ 𝑒−𝑟𝑇𝜆𝐸0𝑁  −𝑓2 , 𝑑2 −
𝑙𝑛𝜆

𝜎 𝑇
;− 

𝑡1

𝑇
 

− 𝑒−𝑟 𝑇−𝑡1  1 +
𝜎2

2𝑟
 𝜆𝑆0𝑁  𝑒2 −

𝑙𝑛𝜆

𝜎 𝑇 − 𝑡1

 𝑁[−𝑓1] 

(5-19) 

with notation 

𝑑1 =
−ln 𝐸0 𝑆0  +  𝑟 + 𝜎2 2  𝑇

𝜎 𝑇
 (5-20) 

 

𝑑2 = 𝑑1 − 𝜎 𝑇 (5-21) 

 

𝑒1 =
 𝑟 +

𝜎2

2
 (𝑇 − 𝑡1)

𝜎 𝑇 − 𝑡1

 (5-22) 

 

𝑒2 = 𝑒1 − 𝜎 𝑇 − 𝑡1 (5-23) 

 

𝑓1 =
−ln 𝐸0 𝑆0  +  𝑟 + 𝜎2 2  𝑡1

𝜎 𝑡1
 (5-24) 

 

𝑓2 = 𝑓1 − 𝜎 𝑡1 (5-25) 

 

where 𝐸0 = 𝑚𝑇0
0 , the minimum to date, 𝑁(𝑥) the univariate cumulative probability distribution function with 

upper limit of integration 𝑥  and 𝑁[𝑥, 𝑦;𝜌] the bivariate cumulative standard normal distribution function 

with upper limits of integration 𝑥 and 𝑦 and correlation coefficient 𝜌. 
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5.3 Monte Carlo Simulation 

5.3.1 Concept 

Briefly, the Monte Carlo method calculates the price of an option as the expected present value of the payoff 

in a risk-neutral world: 

𝑉0 = 𝑒−𝑟𝑇𝐸𝑄[𝑓 𝑉𝑇 ] (5-26) 

Where 𝑉𝑇  is the asset value at time 𝑇,  𝑇 the time until maturity, 𝑟 is the risk-free rate, 𝑓(∙) the payoff 

function and 𝑄 indicates the Q measure (Joy, Boyle & Tan, 1996, p.927). 

Boyle (1977, pp.325) was the first one to apply Monte Carlo to value options. The expectation of an arbitrary 

function 𝑔(𝑦) can be expressed as an integral3: 

 𝑔 𝑦 𝑓 𝑦 𝑑𝑦 = 𝑔 
𝐴

 (5-27) 

Where 𝑓(𝑦) is a probability density function with 

 𝑓 𝑦 𝑑𝑦 = 1
𝐴

 (5-28) 

An estimate of 𝑔  is given by following average of sample values (𝑦𝑖) (taken randomly): 

𝑔 =
1

𝑛
 𝑔(𝑦𝑖)

𝑛

𝑖=1

 (5-29) 

The standard deviation of the estimate is: 

𝑠 =  
1

𝑛 − 1
 [𝑔 𝑦𝑖 − 𝑔 ]2

𝑛

𝑖=1

 (5-30) 

For large samples, (𝑛 − 1) can be replaced by 𝑛 with negligible impact. By increasing 𝑛, the distribution 

𝑔 − 𝑔 

 𝑠 2

𝑛

 
(5-31) 

tends to a standard normal distribution. When 𝑛 is large enough (>1000), the distribution can be considered 

as normal and the corresponding confidence limits on the estimate of 𝑔  can be used. 

5.3.2 Procedure 

Assuming a risk-neutral world and constant interest rates, a derivative can be valued with Monte Carlo 

simulations as follows: 

1. Compute a random path for the underlying 𝑆. The simulation starts at today’s value of the asset and 

ends at the expiration date of the derivative. 

                                                             
3 𝐴 stands for the range of integration. For convenience, it is then left out. 
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2. Calculate the option payoff. 

3. Repeat steps 1 and 2 multiple times. 

4. Take the average of the samples payoffs. This is an estimate of the expected payoff. 

5. The value of the option is the present value of the mean. Thus, the expected payoff in 4. is 

discounted at the risk-free rate. 

To simulate a random path for a stock price 𝑆, it is more convenient to work with its logarithm as it follows a 

generalized Wiener process and is normally distributed. From Itô’s lemma we have: 

𝑑𝑙𝑛𝑆 =  𝜇 −
𝜎2

2
 𝑑𝑡 + 𝜎𝑑𝑧 (5-32) 

Thus, 

𝑙𝑛𝑆𝑡+∆𝑡 − 𝑙𝑛𝑆𝑡 =  𝜇 −
𝜎2

2
 ∆𝑡 + 𝜎𝜀 ∆𝑡 (5-33) 

Which is equivalent to 

𝑆𝑡+∆𝑡 = 𝑆𝑡 exp   𝜇 −
𝜎2

2
 ∆𝑡 + 𝜎𝜀 ∆𝑡  (5-34) 

As 𝑙𝑛𝑆 follows a Wiener process, next equation is true for all 𝑇. 

𝑙𝑛𝑆𝑇 − 𝑙𝑛𝑆0 =  𝜇 −
𝜎2

2
 𝑇 + 𝜎𝜀 𝑇 (5-35) 

So that 

𝑆𝑇 = 𝑆0 exp   𝜇 −
𝜎2

2
 𝑇 + 𝜎𝜀 𝑇  (5-36) 

Where 𝑑𝑧 is a Wiener process, 𝜇  the expected return in a risk-neutral world and 𝜎 the volatility4, 𝑆0,𝑡 ,𝑇  is the 

value of 𝑆 at the respective times, 𝜀 is a random sample distributed N~(0,1), ∆𝑡 = 𝑇/𝑁 is a subinterval of the 

simulation period (0,T). 

Equation (5-36) is then used for the simulations (Hull, 2006a, pp.410; Racicot & Théoret, 2004, pp.322; 

Wilmott, 2006, pp.1263). 

5.3.3 Generation of random numbers 

Computer software cannot generate truly random numbers as they follow a deterministic algorithm to 

produce them. Thus, the output is not genuinely random. Monte Carlo simulation with computer software is 

therefore based on pseudorandom numbers (Barreto & Howland, 2006, p.216). 

The required random numbers 𝜀, which should follow a standard normal distribution, can be well 

approximated with following formula: 

                                                             
4For a non-dividend-paying stock 𝜇 = 𝑟, otherwise 𝜇 = 𝑟 − 𝑞 (with q as dividend rate). The volatility is the same in a 
risk-neutral world as in the real world. 



27 
 

𝜀 =  𝑅𝑖 − 6

12

𝑖=1

 (5-37) 

where 𝑅𝑖  are independent random numbers drawn from a uniform distribution between 0 and 1 (Hull, 

2006a, p.414; Wilmott, 2006, p.1268). This distribution differs from the normal distribution in the fourth and 

higher moments. 

Adding more uniform random numbers improves the approximation. The general formula is: 

𝜀 =  
12

𝑁
   𝑅𝑖

𝑁

𝑖=1

 −
𝑁

2
  (5-38) 

It has mean of 0 and standard deviation of 1 (Wilmott, 2006, p.1268). 

5.3.4 Many underlying: Cholesky’s decomposition 

LCMBBC depend on several underlying. In that case, we can rewrite equation (5-34) as: 

𝑆𝑖,𝑡+∆𝑡 = 𝑆𝑖,𝑡 exp   𝜇 −
𝜎𝑖

2

2
 ∆𝑡 + 𝜎𝑖𝜀𝑖 ∆𝑡  (5-39) 

The key point is that the 𝜀𝑖  are correlated with coefficient 𝜌𝑖𝑗 . As the random numbers 𝜀𝑖  are distributed 

normally, 𝑁~(0,1), the correlation coefficient is: 

𝜌𝑖𝑗 =
𝐶𝑜𝑣(𝜀𝑖 , 𝜀𝑗 )

𝜎𝜀𝑖𝜎𝜀𝑗
= 𝐶𝑜𝑣(𝜀𝑖 , 𝜀𝑗 ) (5-40) 

 

𝜌𝑖𝑗 = 𝐸   𝜀𝑖 − 𝐸 𝜀𝑖   𝜀𝑗 − 𝐸 𝜀𝑗    = 𝐸(𝜀𝑖𝜀𝑗 ) ≠ 0 (5-41) 

Then the correlation matrix, ∑, is: 

𝐸 𝜀𝜀𝑇 = ∑ (5-42) 

To generate correlated random variables we need Cholesky’s decomposition. 

First, generate uncorrelated random numbers 𝑁~(0,1) 𝑥𝑖 . Then make the following transformation 

𝜀 = 𝑀𝑥 (5-43) 

So that 

𝑀𝑀𝑇 = ∑ (5-44) 

This is the Cholesky’s triangularization of the correlation matrix. 

We then have: 

𝜀𝜀𝑇 = 𝑀𝑥𝑥𝑇𝑀𝑇  (5-45) 
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Taking the expectation of above matrix equation, we get 

𝐸 𝜀𝜀𝑇 = 𝑀𝐸 𝑥𝑥𝑇 𝑀𝑇 = 𝑀𝐼𝑀𝑇 = 𝑀𝑀𝑇 = ∑ (5-46) 

where ∑ is the sought correlation matrix (Racicot & Théoret, 2004, pp.336; Wilmott, 2006, p.1275). 

As illustration, for three underlying stocks, the correlated random numbers have the following structure: 

𝜀1 = 𝛼11𝑥1   

 

𝜀2 = 𝛼21𝑥1 + 𝛼22𝑥2   

 

𝜀3 = 𝛼31𝑥1 + 𝛼32𝑥2 + 𝛼33𝑥3   

As restriction, the coefficients 𝛼𝑖𝑗  must be chosen to give correct variances and correlations. This means that 

𝛼11 = 1, select 𝛼21  so that 𝛼21𝛼11 = 𝜌21 , 𝛼22  so that 𝛼21
2 + 𝛼22

2 = 1, 𝛼31  so that 𝛼31𝛼11 = 𝜌31 , 𝛼32  so that 

𝛼31𝛼21 + 𝛼32𝛼22 = 𝜌32  and 𝛼33  so that 𝛼31
2 + 𝛼32

2 + 𝛼33
2 = 1 (Hull, 2006a, p.414) 

5.3.5 Number of simulations 

As stated in sections 5.1.3 and 5.3.1, the number of realizations determines the accuracy of the result given 

by Monte Carlo simulation as the standard error of estimate is given by: 

𝑠 

 𝑛
  

𝑠  is the standard deviation of the discounted payoffs and 𝑛 the number of paths. A 95% confidence interval 

for the value of the derivative, 𝑣, is therefore 

𝜇 −
1.96𝑠 

 𝑛
< 𝑣 < 𝜇 +

1.96𝑠 

 𝑛
  

Where 𝜇 is the mean of the discounted payoffs. 

From above equations it is obvious that the standard deviation in the option value is inversely proportional to 

the square root of the number of simulated paths. Thus, to reduce the standard error of estimate by a factor 

of 10 we should run 100 times as many simulations. Instead of augmenting the number of trials to get a 

better result, another approach is to reduce the standard deviation of the estimate, 𝑠 . The techniques 

therefore are known as variance reduction techniques (Boyle, 1977, p.326; Hull, 2006a, p.414). Some of these 

techniques are tackled in the next section. 

5.3.6 Variance reduction techniques 

There are several variance reduction techniques, such as for example antithetic variates, control variates, 

importance sampling, stratified sampling, moment matching or Quasi-Monte Carlo simulations (Hull, 2006a, 

pp.417). This section presents the antithetic variate technique as it is the method we used in our simulations. 

5.3.6.1 Antithetic Variates 

The antithetic variate method builds on the existence of negative correlation between two estimates (Boyle, 

1977, p.327). This technique calculates two values of the derivative for a simulation trial. We calculate the 
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first value, 𝑣1, as described in section 5.3.2. To calculate 𝑣2  we take the same set of random numbers but 

change their sign: 𝜀 is replaced by −𝜀. The estimate of the derivative value is the average of 𝑣1  and 𝑣2. To get 

a good estimate of the derivative value, we repeat this operation many times and take the average. Hence, 

with 𝑣  as the average of 𝑣1  and 𝑣2  (i.e. 𝑣 = (𝑣1 + 𝑣2)/2), the final estimate of the price of the option is the 

average of the 𝑣 ’s (Hull, 2006a, p.417; Wilmott, 2006, p.1277). The new standard error of estimate is 

𝑠 

 𝑛
  

where 𝑠  is the standard deviation of the 𝑣 ’s, 𝑛 the number of realizations (in this case the number of pairs of 

values estimated). This standard error usually is smaller than the one calculated using 2𝑛 random realizations 

(Hull, 2006a, p.417). 

This method is applicable because of the symmetry property of the normal distribution. The utilization of 

antithetic variables guarantees this property (Wilmott, 2006, p.1277). 

5.4 Volatility 

Volatility, expressed by the symbol 𝜎, one key factor influencing the price of a derivative, expresses the 

uncertainty about the returns of a stock. It is the standard deviation of the stock price returns provided in 

one year, assuming continuous compounding. In the Black and Scholes model, volatility is the only parameter 

that cannot be observed directly. Although the model assumes lognormally distributed prices with constant 

variance, this latest assumption can be relaxed (Hull, 2006a, pp.286). Often, to compute the volatility for the 

future underlying returns, the historical volatility is calculated and then assumed as constant for the option 

lifetime (Wilkens & Scholz, 2000, p.176). But actually, to price an option with Black and Scholes or Monte 

Carlo different kinds of volatility can be used (Hull, 2006a, pp.286). This chapter introduces three main 

volatility models, namely implied volatility, historical volatility and stochastic volatility. It also briefly discusses 

volatility smile and volatility surface. 

5.4.1 Implied volatility 

As its name indicates, implied volatility is the volatility implied by option values given in the market. With a 

given quoted option price and the other parameters (the stock price at time zero, the strike price, the risk-

free rate and the time to maturity of the option) being known, we can deduce by iteration the volatility value 

that gives the correct option price (Hull, 2006a, p.300). 

An important point is that implied volatility computed from deep-in-the-money or deep-out-of-the-money 

options tends to be unreliable as these options are quite insensitive to volatility (Hull, 2006a, p.300). 

Furthermore, according to Black and Scholes model, implied volatilities should be constant over time and 

independent of exercise prices and interest rates. However, in practice it is not the case: we are confronted 

with a phenomena known as “smile or frown effects” (Wilmott et al., 1995, p.53). They are introduced in 

section 5.4.4. 

Although implied volatility usually is thought to be the market view of the future value of volatility, it is not 

really correct. Indeed, the market view of future volatility will be seen in the implied volatility. But at the 

same time, the market takes into account possible movements of the underlying and is also sensitive to 

supply and demand (Wilmott, 2000, p.358). 

The chosen product was priced using implied volatility. Volatility is computed dynamically, it is adapted to the 

latest market values as frequently as possible (Agostinucci, personal communication, August 19, 2008). 
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5.4.2 Historical volatility 

The estimation of historical volatility uses exclusively historical data. When using this method, one implicitly 

assumes that past data is representative of the future. To compute historical volatility, we have to determine 

three dimensions: 

1. The sampling frequency on which 𝜎 is based (e.g. days, weeks or months). The standard error of 

estimate for annualized volatility is 𝜎/ 2𝑛, where 𝑛 is the number of observations. 

2. The sampling horizon to compute 𝜎. There is a trade-off between taking a longer horizon, thus more 

data and therefore higher estimation accuracy and the fact that too old data may not be relevant for 

predicting future stock price movements. Usually, as rule of thumb the sample horizon to estimate 𝜎 

is set equal to the time horizon to which the volatility is to be used. For example, to value a one-year 

option, data for the last year is used. 

3. The prices for determining 𝜎. The classical method uses close prices. Parkison developed a model 

using low and high prices and Garman and Klass estimator uses high-low-close-open prices 

(Engeler, 1998, pp.149; Hull, 2006a, pp.286; Haug, 2007, pp.445). These calculation methods are 

introduced below. 

The standard method using close prices estimates historical volatility by calculating the annualized standard 

deviation. Thus, we have: 

𝜎 =  
1

𝑛 − 1
 𝑙𝑛  

𝐶𝑙𝑜𝑠𝑒𝑖
𝐶𝑙𝑜𝑠𝑒𝑖−1

 
2

−
1

𝑛(𝑛 − 1)
  𝑙𝑛  

𝐶𝑙𝑜𝑠𝑒𝑖

𝐶𝑙𝑜𝑠𝑒𝑖−1
 

𝑛

𝑖=1

 

2𝑛

𝑖=1

 (5-47) 

Where 𝑛 is the number of observations. 

Parkinson’s model which uses high and low prices statistically is much more efficient than the classical close 

method. Volatility is then estimated by 

𝜎 =
1

2𝑛 𝑙𝑛(2)
 𝑙𝑛  

𝐻𝑖𝑔𝑖

𝐿𝑜𝑤𝑖
 

𝑛

𝑖=1

 (5-48) 

As the method assumes continuous trading and observations of high and low prices, a potential drawback 

can be an underestimation of the true volatility. It is also true for the high-low-open-close model presented 

next. 

Garman and Klass developed a volatility estimator using high and low historical prices and also the opening 

and closing prices: 

𝜎 =  
1

𝑛
 

1

2
 𝑙𝑛  

𝐻𝑖𝑔𝑖

𝐿𝑜𝑤𝑖−1
  

2𝑛

𝑖=1

−
1

𝑛
  2 𝑙𝑛 2 − 1  𝑙𝑛  

𝐶𝑙𝑜𝑠𝑒𝑖

𝑂𝑝𝑒𝑛𝑖
  

2𝑛

𝑖=1

 (5-49) 

(Haug, 2007, pp.445; Lyons, n.d., pp.9) 

The dynamic in volatility can be taken into account. It is the case when using exponentially weighted moving 

average model (EWMA), the autoregressive conditional heteroscedasticity model (ARCH) or the generalized 
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autoregressive conditional heteroscedasticity model (GARCH). Below we describe briefly the EWMA and 

GARCH models. 

The EWMA model tracks changes in volatility in putting larger weight on recent observations. The lag s is 

weighted by (1 − 𝜆)𝜆𝑠, where λ is a constant between 0 and 1. Thus, we have 

𝜎𝑡
2 =  1 − 𝜆 (𝑢𝑡−1

2 + 𝜆𝑢𝑡−2
2 + 𝜆𝑢𝑡−3

2 + ⋯ ) (5-50) 

𝜎𝑡
2  is the variance at time t and 𝑢𝑡−1  is the most recent percentage change. 

Or processing in a recursive way, we can estimate volatility by 

𝜎𝑡
2 = 𝜆𝜎𝑡−1

2 + (1 − 𝜆)𝑢𝑡−1
2  (5-51) 

From equation (5-51) we see that this model has the advantage to need little data. Indeed, only the current 

estimate of the variance rate and the most recent observation on the stock price are needed. 

However, the EWMA model does not incorporate mean reversion, which tends to be a feature of variance 

rates in practice. But the GARCH (1,1) model does. 

In the GARCH (1,1) model, volatility is expressed as 

𝜎𝑡
2 = 𝛼0 + 𝛼1𝑢𝑡−1

2 + 𝛽1𝜎𝑡−1
2  (5-52) 

The (1,1) in GARCH (1,1) expresses that 𝜎𝑡
2  is estimated by taking the most recent observation of 𝑢2 and the 

most recent estimation of the variance rate. In order that 𝜎𝑡
2  is positive in all periods, non negativity 

restrictions are needed: 𝛼0 > 0, 𝛼1 , 𝛽1 ≥ 0. And for stability of the GARCH(1,1) process, 𝛼1 + 𝛽1 < 1 is 

required. EWMA and GARCH (1,1) are very similar. The main differences are that EWMA does not have a 

constant and that volatility is not stationary (Hull, 2006a, pp.463; Söderlind, 2008, pp.2). 

As stated above, the GARCH (1,1) model includes mean reversion, which means that, over time, variance 

tends to converge back to a long-run average level, VL. Actually, GARCH (1,1) corresponds to a mean reverting 

model with variance V following a stochastic process: 

𝑑𝑉 = 𝑎 𝑉𝐿 − 𝑉 𝑑𝑡 + 𝜉𝑉𝑑𝑧 (5-53) 

Where time is computed daily, 𝑎 = 1 − 𝛼1 − 𝛽1 and 𝜉 = 𝛼1 2. The variance converges to VL at rate 𝑎. The 

variance has negative drift when V> VL and positive drift when V< VL. The drift is overlaid by a volatility 𝜉 

(Hull, 2006a, p.466). 

5.4.3 Stochastic volatility 

Although Black & Scholes model assumes constant volatility, the reality is different. Implied volatilities for 

traded options vary through time (Hull, 2006a, p.566). An explanation for varying volatility is that the 

instantaneous volatility of a stock is itself stochastic. Although implied volatility becomes stochastic whilst 

assuming stochastic instantaneous volatility, their relationship is not obvious. In fact, using stochastic 

volatility adds uncertainty and the pricing formula must be redeveloped to take account of it. The 

instantaneous volatility must be plugged in the new formula. The new implied volatility results by inverting 

the Black & Scholes formula. 
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Stochastic instantaneous volatility can follow different processes. Usually, it is chosen to follow a diffusive 

process but in more complicated model it can jump. For diffusive volatilities, the process can be expressed as 

𝑑𝑆

𝑆
= 𝜇𝑑𝑡 + 𝑉1/2𝑑𝑊1 (5-54) 

 

𝑑𝑉 = 𝜇𝑉𝑑𝑡 + 𝜎𝑉𝑉
𝛼𝑑𝑊2 (5-55) 

Where α is a positive real number, V the instantaneous variance calculated as the square of the 

instantaneous volatility σ, 𝑊1 and 𝑊2 are Brownian motions (correlated or not). 

Applying Itô’s lemma, we see that as in the Black and Scholes model must have a drift 𝑟𝑆, for a risk-neutral 

measure 𝑆. According to Girsanov’s theorem5, all risk-neutral measures are related to processes of the form 

𝑑𝑆

𝑆
= 𝑟𝑑𝑡 + 𝑉1/2𝑑𝑊1 (5-56) 

 

𝑑𝑉 = 𝜇 𝑉(𝑆, 𝑉, 𝑡)𝑑𝑡 + 𝜎𝑉𝑉
𝛼𝑑𝑊2 (5-57) 

A key point is that 𝜇 𝑉  is arbitrary, which corresponds to the non-tradable characteristic of volatility as a 

quantity. 𝜇 𝑉  does not need to be related to 𝜇𝑉  and can be any measurable function of (𝑆, 𝑉, 𝑡). 

𝜇 𝑉  is usually chosen to have a mean-reverting volatility process: 

𝜇 𝑉 𝑆, 𝑉, 𝑡 = 𝜆(𝑉𝑟 − 𝑉) (5-58) 

That is, the instantaneous variance reverts to the level 𝑉𝑟  at rate 𝜆 (Joshi, 2003, pp.368). 

1987 Hull and White found out that when stochastic volatility is uncorrelated to the asset price, the value of a 

European option can be expressed as the Black & Scholes price integrated over the probability distribution of 

the average variance rate during the option lifetime (Hull, 2006a, p.567). Thus, the implied price is 

 𝑔 𝑉  𝐵𝑆( 𝑉 )𝑑𝑉  (5-59) 

where 𝑉  is the mean-square volatility, 𝑔 its fitted density and 𝐵𝑆(𝑉 ) the option value for 𝑉  (Joshi, 2003, 

p.372). Hull and White show that Black and Scholes formula overprices at-the-money-options and 

underprices deep in-the-money options and out-of-the-money options (Hull & White, 1987, p.299). 

To value an option when the volatility is correlated with the stock price is trickier. Numerical methods, like 

Monte Carlo simulations, are then applied. When the stock price and its volatility are positively correlated, 

Black and Scholes formula undervalues out-of-the-money options and overvalues in-the-money options, 

inversing with negative correlation (Hull & White, 1987, p.299). 

The ARCH, GARCH and EWMA models presented in section 5.4.2, assuming non-constant volatility over time, 

are other ways to characterize a stochastic volatility model (Engeler, 1998, p.106; Hull, 2006a, p.567). 

                                                             
5 “Girsanov’s Theorem : Let 𝑊𝑡  be a Brownian motion with sample space Ω and measure 𝑃. If 𝑣 is a reasonable function 

then there exists an equivalent measure 𝑄 on Ω such that 𝑊𝑡
 = 𝑊𝑡 − 𝑣𝑡 is a Brownian motion” (Joshi, 2003, p.148). 
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When valuing options with maturity shorter than one year, stochastic volatility has a low impact on the price 

in absolute terms. But the impact increases as the lifetime of the option is larger (Hull, 2006a, p.568). 

5.4.4 Volatility smiles 

A volatility smile is the shape of the implied volatility of an option against its strike price. The shape of the 

smile can be asymmetric and show a skew or it can be upside down in a frown/smirk (Wilmott, 2000, p.361). 

The equity market features a volatility skew. That is, the volatility decreases when the strike price increases. 

When valuing a low-strike-option (i.e. deep-out-of-the-money put), the volatility used is much higher than 

the one used for a high-strike-option (i.e. deep-in-the-money put). By comparing a lognormal and an implied 

probability distribution with same mean and standard deviation, the left tail of implied distribution is fatter 

than the one of the lognormal distribution. Regarding the right tail, it is less fat than the one of the lognormal 

distribution. 

A deep-out-of-the-money call with a high strike 𝐾1 has a lower value when using the implied distribution than 

when using the lognormal distribution. This is because the option is valuable only if the stock price is above 

𝐾1. It is less probable that the option pays off for the implied distribution than for the lognormal distribution. 

Thus, the implied distribution should give a relatively low price. A relatively low price is linked to a relatively 

low implied volatility. The reasoning is analogical for a deep-out-of-the-money put with a low strike 𝐾2. 

The smile in equity options could result from leverage. Indeed, the equity value of a company is related 

negatively to the leverage of the company. With a lower value of company’s equity and respectively a higher 

leverage, the risk increases as well as the volatility. The contrary occurs when the company’s equity value 

increases. Thus, the volatility of equity should be related to the price negatively. Another explanation for the 

smile is “crashophobia”. Actually, volatility smile for equities exists only since the stock market crash of 

October 1987. The investors would be afraid of the possibility of a similar event and price the options 

accordingly. Some empirical results support this thesis (Hull, 2006a, pp.379). 

5.4.5 Volatility surface 

A volatility surface is a three-dimensional representation of the implied volatility against maturity and strike. 

Whereas the relationship between implied volatility and strike is the volatility smile explained above, the 

relationship between implied volatility and maturity is known as the volatility term structure. When 

short-term volatility is historically low, volatility has a tendency to be related positively to maturity. And the 

contrary when short-term volatility is historically high, because it is then expected that volatility declines 

(Hull, 2006a, p.382). Thus, the implied volatility surface shows “the constant value of volatility that gives each 

traded option a theoretical value equal to the market value” (Wilmott, 2000, p.362). The market expectation 

of the upcoming volatility value when the underlying price is 𝑆𝑡  is known as local volatility surface or forward 

volatility or forward forward volatility (Wilmott, 2000, p.362). 

5.5 Correlation 
Traditionally, correlation is treated as constant and unconditional. However, time-varying and conditional 

views of correlation became essential as these data are needed for derivative pricing, portfolio selection, risk 

management and hedging. To compute these time-varying correlations, simple approaches like rolling 

historical correlations and exponential smoothing are widespread used because of the complexity and 

potential unreliability of more complicated methods such as multivariate GARCH or stochastic volatility and 

the unavailability of implied correlations for most markets (Engle,2000, p.2). 
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The following sections present the computation of unconditional correlations as well as some methods to 

estimate time-varying correlations. We present the sophisticated approaches only very briefly. 

5.5.1 Unconditional correlation 

The correlation between two variables 𝑥 and 𝑦 is known as 

𝜌𝑥𝑦 =
𝑐𝑜𝑣(𝑥, 𝑦)

𝜎𝑥𝜎𝑦
 (5-60) 

where 𝜎𝑥  and 𝜎𝑦  are the respective standard deviations and 𝑐𝑜𝑣(𝑥, 𝑦) is the covariance between 𝑥 and 𝑦.  

The covariance between 𝑥 and 𝑦 is given by 

𝐸  𝑥 − 𝜇𝑥 (𝑦 − 𝜇𝑦)  (5-61) 

where 𝐸 stands for expected value and 𝜇𝑥  and 𝜇𝑦  are the respective means (Hull, 2006a, pp.476). 

Thus, assuming the variables 𝑥 and 𝑦 have mean zero, we can rewrite equation (5-60) as follows (Engle, 2000, 

p.2): 

𝜌𝑥𝑦 =
𝐸(𝑥, 𝑦)

 𝐸 𝑥2 𝐸(𝑦2)
 (5-62) 

By the law of probability, the correlation lies between the interval -1 and 1. Of interest is that correlation and 

covariance only measure the degree of linear relationship between two variables. 

With the correlation and covariance we can build a variance-covariance matrix. It is important that the matrix 

is internally consistent or stating otherwise positive semidefinite. It is the case when a variance-covariance 

matrix ∑ of dimension 𝑛 × 𝑛 satisfies 

𝜔𝑇∑𝜔 ≥ 0 (5-63) 

for all 𝑛 × 1 vectors 𝜔. 𝜔𝑇  is the transpose of 𝜔. Let 𝜔𝑇  be  𝜔1, 𝜔2 , … , 𝜔𝑛  . Equation (5-63) must hold 

because 𝜔𝑇∑𝜔 is the variance of 𝜔1𝑎1 + 𝜔2𝑎2 + ⋯ + 𝜔𝑛𝑎𝑛 , where 𝑎𝑖  is the value of variable 𝑥. Thus, as the 

variance it cannot be negative (Hull, 2006a, pp.476). 

5.5.2 Conditional correlation 

Conditional correlation, namely correlation that is established on information known the prior period, is 

computed similarly to the unconditional correlation as: 

𝜌𝑥𝑦 ,𝑡 =
𝐸𝑡−1(𝑥𝑡 , 𝑦𝑡)

 𝐸𝑡−1 𝑥𝑡
2 𝐸𝑡−1(𝑦𝑡

2)
 (5-64) 

Here too, the correlations defined in this way lie in the interval -1 to 1 (Engle, 2000, pp.2). 

5.5.2.1 Rolling correlation 

A very popular estimator for conditional correlations is the rolling correlation estimator. For returns with zero 

means it is defined as: 
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𝜌𝑥𝑦 ,𝑡 =
∑ 𝑥𝑠𝑦𝑠

𝑡−1
𝑠=𝑡−𝑛−1

  ∑ 𝑥𝑠
2𝑡−1

𝑠=𝑡−𝑛−1  (∑ 𝑦𝑠
2)𝑡−1

𝑠=𝑡−𝑛−1

 
(5-65) 

This estimator has two drawbacks. First, it equally weights all observations less than 𝑛 periods in the past and 

weights with zero older observations. Furthermore, although this estimator will always be in the -1 to 1 

interval, the assumptions under which it consistently estimates the conditional correlations are unclear 

(Engle, 2000, p.3). 

5.5.2.2 Exponential smoothing 

JP Morgan developed an exponentially weighted moving average correlation estimator. Based on a 

parameter 𝜆, it uses declining weights, which gives more importance to current data. This estimator is 

defined as: 

𝜌𝑥𝑦 ,𝑡 =
∑ 𝜆𝑡−𝑗−1𝑥𝑠𝑦𝑠

𝑡−1
𝑠=1

  ∑ 𝜆𝑡−𝑠−1𝑥𝑠
2𝑡−1

𝑠=1  (∑ 𝜆𝑡−𝑠−1𝑦𝑠
2)𝑡−1

𝑠=1

 
(5-66) 

Although the estimator will lie between -1 and 1, it has three disadvantages. First, it does not fix an end point 

in the past where data becomes uninformative. Secondly, there is no information from the data on how to 

set lambda. Finally, it is necessary to use the same lambda for all assets (Engle, 2000, pp.3). 

5.5.2.3 Multivariate GARCH models 

This section lists some existing multivariate GARCH models but does not present them in detail. 

The first multivariate GARCH model was developed 1988 by Bollerslev, Engle and Wooldridge. It is called 

VECH-Model as it uses the VECH operator. This model has two shortcomings: First, it does not guarantee the 

positive-definitiveness of the covariance matrix; Secondly, the number of parameters is relatively large. 1991, 

Baba, Engle, Kroner and Kraft proposed the BEKK model (named after the authors). This model can be viewed 

as amelioration to the VECH model. Indeed, it guarantees a positive-definite covariance matrix and a reduced 

number of parameters is needed. However, the BEKK model does not adequately specify covariance and 

correlation under certain conditions6. Recently, new models that parameterize the conditional correlation 

directly and eliminate some drawbacks of the previous multivariate GARCH models were developed. For 

example, Tse and Tsui (2002) used empirical correlations, Engle (2002) proposed the Dynamic Conditional 

Correlations model that enables a two-stage estimation strategy and finally Baur (2003) developed the 

Flexible Dynamic Correlation model (Baur, 2003, pp.2). 

5.5.2.4 Implied correlation 

Although correlations are now generally viewed from a dynamic perspective, their forecasts are usually still 

computed on the basis of historical data. This can be problematic as one has to choose the length and the 

frequency of times series as well as how to weight the past returns. To overcome these limitations in 

forecasting correlations, the option-implied market expectation of future correlation can be used as an 

estimate of future correlation. The number of studies about the use of option prices to derive implied 

correlation measures is limited and concentrates on currency options. Concerning the use of currency 

options to estimate option-implied correlations, Bodurtha and Shen (1995), Siegel (1997), and Campa and 

Chang (1998) found out that implied correlations are valuable for forecasting future currency correlations. 

                                                             
6 These conditions are not presented here. 
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But this conclusion was put into perspective by Walter and Lopez (2000) who put forward that as the 

performance of implied correlations is not constant across currency trios, it may not be valuable to compute 

the implied correlations in any cases. As for Skintzi and Refenes (2005), they proposed an approach that 

forecasts correlations by using the market prices of derivative instruments. They developed a new measure 

called “implied correlation index” that calculates the market forecast of the future level of diversification in a 

portfolio. Lindauer (2008, pp.42) proposed a methodology to obtain implied equity correlations using multi 

barrier reverse convertibles (MBRC). The principle is similar to the concept of implied volatilities. To derive 

implied volatilities, a simple iterative search procedure is sufficient. However, it is not the case for implied 

equity correlations because of the nature of the variance-covariance matrix. Indeed, as explained in section 

5.5.1, it has to be positive semidefinite. With an iterative search procedure it is probable to get results 

violating the positive semidefinitivness requirement. There are other constraints when using MBRC to derive 

implied equity correlations. The number of MBRC needed to derive the implied correlations corresponds to 

the number of the searched implied correlations (the unknown variables). These MBRC need to have the 

same underlying stocks. Additionally, the MBRC must have a price on the same valuation date. Furthermore, 

the MBRC used to extract the implied correlations should be quite alike from each other concerning their 

relative age in the life cycle7. The reason lies in the life cycle behavior of pricing errors. The life cycle behavior 

of pricing errors is presented in section 6.2.2.1. We can envision using this methodology with LCMBBC. 

6 Own simulations and results 

This chapter determines the price of the chosen product and examines the parameters having an influence 

on it. For this aim, we use Monte Carlo simulations with different scenarios. The scenarios and the data 

employed in the simulations are presented in the next section. The data is described in more detail in 

appendix 3. As software we used Matlab. The codes are listed in appendix 2. 

For the simulations we used formula (5-39): 

𝑆𝑖 ,𝑡+∆𝑡 = 𝑆𝑖,𝑡 exp   𝜇 −
𝜎𝑖

2

2
 ∆𝑡 + 𝜎𝑖𝜀𝑖 ∆𝑡   

There are six scenarios. The first one serves as reference. In the other ones, a parameter or two are changed 

to observe the product price sensitivity to these parameters. 

6.1 Scenarios presentation 

In Scenario 1, the reference scenario, the parameters barrier, cap and bonus levels are defined as in the fact 

sheet of the chosen product (see Figure 1). Namely, 75% for the barrier level, 150% for the cap level and 

142% for the bonus level. For the volatility and the correlation, we refer to the interview with Mr. 

Agostinucci. We use the put implicit volatility, adapting it dynamically according to the valuation date. The 

correlation is calculated on basis of historical data and is rolled over one year since the valuation date. As 

risk-free rate we take the Swiss Libor 12 months. We adapt it to the valuation date. Scenario 2 studies two 

aspects of the barrier level. First, in scenario 2a, we test the relationship between barrier level, cap level and 

bonus level. Therefore, we define a barrier level and a “target theoretical product price”. The target 

                                                             
7 It is also possible to extract implied equity correlations from MBRC that do not have the exactly same underlying 

stocks. Then, with 𝑛 different underlying stocks, the number 𝑥 of MBRC needed is 𝑥 =
𝑛(𝑛−1)

2
. However, because of the 

requirement of relative similar age it is not really applicable (Lindauer, 2008, p.45). 
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theoretical product price is a price we fix. We then vary bonus level and cap level to get the best 

approximation possible of the target theoretical product price for the defined barrier level. Scenario 2b 

examines the impact of a change of the barrier level on the product price while cap level and bonus level are 

fix and defined as in the reference scenario. The impact of volatility on the price is tested in scenario 3. For 

this aim, we keep all parameters as in scenario 1 expect for the volatility that we vary up and down. Scenario 

4 analysis ceteris paribus the impact of a correlation change on the price. Whereas scenarios 3 and 4 

investigate the impact of changes in volatility and correlation separately, scenario 5 considers these two 

parameters together. In the last scenario, we study how the product price reacts to variations of the risk-free 

interest rate. 

The reference scenario is run weekly to get an evolution of the theoretical price. These calculated theoretical 

prices are then compared with the actual market prices. This gives an outline of the evolution of the pricing 

error (the difference between theoretical value and market value) over time. The simulations begin on 

issuance day (30.11.2007) and then are run every week. We stopped the simulations midway through March 

2009 due to the deadline for the master thesis. The other scenarios are played only on issuance date. 

6.2 Simulations results 

For the different scenarios, following results are computed: 

- The sensitivity of the price to the respective parameter 

- The probability to hit the barrier 

- The cumulative profit and loss distribution of the payoff8 

- The histogram of the payoff9 

6.2.1 General results 

This section presents the evolution of some parameters influencing the product price: the evolution of the 

underlying prices, the volatility of the underlying stocks and the evolution of the correlation between the 

underlying stocks. 

With the financial crisis, the stock prices declined spectacularly. Midway through March 2009, RUKN was 

worth only CHF 14.88 whereas it was worth CHF 83.95 on November 30, 2007, CHF 4.39 vs. CHF 10 for CLN 

and CHF 10.8 vs. CHF 57.2 for UBSN. Figure 3 and Figure 4 illustrate this evolution. 

                                                             
8
 The payoff cannot go over the cap of CHF 150 when the barrier is not hit. And if the barrier is reached, the payoff can 

only be over CHF 150 if the three underlying recover strongly. This case is rather the exception. From all scenarios we 
ran, only a very low percentage of the payoffs went over the cap. For this reason, we represent the profit and loss 
distribution of the payoff only until CHF 200. 
9 With the same reflection as for the profit and loss distribution, the histogram is also graphed only until a payoff of 
CHF 200. Furthermore, the bars corresponding to very low frequencies would be almost invisible on the figure. 
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Figure 3 : Evolution of the stock prices RUKN, CLN and UBSN 

 

Figure 4 : Evolution of the stock prices RUKN, CLN and UBSN 

(indexed) 

Figure 5 and Figure 6 clearly graph the dramatic increase in volatility of the three underlying stocks. At 

issuance, volatility was “normal”, 27.32% for RUKN, 36.40% for CLN and 30.12% for UBSN. There is a first 

peak at the end of January 2008, which caused CLN and UBSN to hit the barrier. Their volatility was then 

respectively 42.13% and 33.99%. Then, the graph speaks for itself. The volatility of UBSN reaches summits on 

November 11, 2008 with 88.99%. 

 

Figure 5 : Evolution of the volatility of the underlying stocks 

 

Figure 6 : Evolution of the volatility of the underlying stocks 

(indexed) 

Despite the market break down and the increasing volatility, the correlation between the underlying stocks 

stays relatively constant as illustrated in Figure 7 and Figure 8.

 

Figure 7 : Evolution of the correlation between the underlying 

stocks 

 

Figure 8 : Evolution of the correlation between the 

underlying stocks (indexed) 
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6.2.2 Reference Scenario 

6.2.2.1 Product Price Evolution 

This section presents the evolution over time of the theoretical product price as calculated in the reference 

scenario. At issuance, the calculated theoretical product price was CHF 94.91 whereas at midway of March 

2009 it was only CHF 14.18 (see Figure 9). The important fall in the product price can be explained by the 

difficult market situation (see data of section 6.2.1). After less than two months on the market, two barriers 

were reached (UBS and Clariant, on January 22, 2008). From then, the payoff corresponds to the value of the 

worst performing underlying stock. 

Figure 10 shows the evolution of the probability to hit the barrier. Already on issuance day with “normal” 

volatility conditions, the probability to hit the barrier was high (75.46%). Therefore, as the volatility increased 

end of January 2008, the barrier could not resist. 

 

Figure 9 : Evolution of the calculated theoretical product price 

 

Figure 10 : Evolution of the probability to hit the barrier 

Table 1 presents the calculated theoretical product price at the different valuation dates and its 

95%-confidence interval. We can note that for 10’000 simulations, the calculations are precise enough to 

considerate the results presented in this section as coherent. Indeed, the relative difference between upper 

and lower bound (expressed as [upper bound-lower bound]/theoretical product price) is generally about 

1.6%. To note is that this gap increases in period of high volatility, as in October and November 2008. This can 

be explained by the greater uncertainty due to the higher volatility. Additionally, when ignoring the period 

with high volatility, the relative difference between upper and lower bound decreases with time. A possible 

explanation is that as maturity gets closer, there is less uncertainty regarding the payoff. 
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Table 1 : Product price over time and its 95%-confidence interval 

Lower Bound Upper Bound

30.11.2007 94.9146 94.1532 95.6759 1.60%

07.12.2007 95.6703 94.9037 96.4369 1.60%

14.12.2007 95.6423 94.8756 96.4091 1.60%

21.12.2007 92.0625 91.2957 92.8294 1.67%

28.12.2007 92.4535 91.6912 93.2158 1.65%

04.01.2008 85.0961 84.3625 85.8296 1.72%

11.01.2008 79.3690 78.6698 80.0682 1.76%

18.01.2008 70.3593 69.7346 70.9840 1.78%

25.01.2008 71.7833 71.2015 72.3652 1.62%

01.02.2008 71.1831 70.5853 71.7809 1.68%

08.02.2008 65.3809 64.8116 65.9502 1.74%

15.02.2008 61.3783 60.8088 61.9478 1.86%

22.02.2008 61.1522 60.5809 61.7236 1.87%

29.02.2008 61.6577 61.0896 62.2258 1.84%

07.03.2008 53.4730 52.9212 54.0248 2.06%

14.03.2008 50.5318 49.9797 51.0839 2.19%

20.03.2008 48.7844 48.2507 49.3181 2.19%

28.03.2008 50.9963 50.4259 51.5667 2.24%

04.04.2008 59.7896 59.2064 60.3729 1.95%

11.04.2008 60.2657 59.6828 60.8485 1.93%

18.04.2008 64.9854 64.3807 65.5900 1.86%

25.04.2008 66.2299 65.6611 66.7986 1.72%

02.05.2008 69.4968 68.9809 70.0127 1.48%

09.05.2008 61.6063 61.1543 62.0584 1.47%

15.05.2008 62.4011 61.9569 62.8452 1.42%

23.05.2008 59.0263 58.6064 59.4462 1.42%

30.05.2008 48.2260 47.9030 48.5490 1.34%

06.06.2008 47.3537 46.9929 47.7145 1.52%

13.06.2008 49.0889 48.7317 49.4460 1.46%

20.06.2008 44.3164 43.9842 44.6487 1.50%

27.06.2008 42.9652 42.6243 43.3061 1.59%

04.07.2008 39.1640 38.8023 39.5256 1.85%

11.07.2008 37.1519 36.7727 37.5310 2.04%

18.07.2008 42.0634 41.6730 42.4538 1.86%

25.07.2008 41.3637 40.9936 41.7339 1.79%

06.08.2008 41.9222 41.5539 42.2906 1.76%

08.08.2008 42.2533 41.8851 42.6215 1.74%

15.08.2008 42.2589 41.9288 42.5891 1.56%

22.08.2008 43.9298 43.5788 44.2808 1.60%

29.08.2008 46.2501 45.9219 46.5783 1.42%

05.09.2008 42.8207 42.4960 43.1455 1.52%

12.09.2008 45.0004 44.6601 45.3407 1.51%

19.09.2008 40.2590 39.9138 40.6042 1.71%

26.09.2008 40.2927 39.9280 40.6574 1.81%

03.10.2008 45.3476 45.0050 45.6902 1.51%

10.10.2008 30.6418 30.3409 30.9426 1.96%

17.10.2008 32.4132 32.0898 32.7365 2.00%

24.10.2008 28.9686 28.6628 29.2744 2.11%

31.10.2008 35.4978 35.1742 35.8215 1.82%

07.11.2008 32.6126 32.2945 32.9306 1.95%

14.11.2008 27.3431 27.0256 27.6606 2.32%

21.11.2008 21.4722 21.1877 21.7567 2.65%

28.11.2008 28.6112 28.2670 28.9554 2.41%

05.12.2008 27.1124 26.7862 27.4385 2.41%

12.12.2008 27.3447 27.0366 27.6527 2.25%

19.12.2008 26.9740 26.6929 27.2551 2.08%

26.12.2008 26.7742 26.5089 27.0394 1.98%

02.01.2009 28.5181 28.2440 28.7923 1.92%

09.01.2009 32.3732 32.1053 32.6411 1.65%

16.01.2009 25.5570 25.3277 25.7863 1.79%

23.01.2009 24.7649 24.5619 24.9678 1.64%

30.01.2009 26.8828 26.6759 27.0896 1.54%

06.02.2009 20.3175 20.1691 20.4660 1.46%

13.02.2009 21.0963 20.9559 21.2368 1.33%

20.02.2009 17.2138 17.0927 17.3349 1.41%

27.02.2009 16.7097 16.5975 16.8220 1.34%

06.03.2009 14.0266 13.9308 14.1224 1.37%

13.03.2009 17.0685 16.9634 17.1736 1.23%

95% Confidence Interval 

for the Theoretical Product 

Price
Date

Theoretical

Product Price

(Upper Bound-Lower Bound)

÷

Theoretical Product Price
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Considering the pricing error, the difference between the calculated theoretical fair value and the market 

price, its evolution is illustrated in Figure 11. At the beginning, we have a price premium, namely a positive 

pricing error, of about 5%-4% (5.09% on issuance day) with a peak mid of January at 6.65%. After this higher 

point, the pricing error declines. On February 15, 2008 the pricing error is only 0.03%. From the end of 

February 2008, the pricing error is essentially negative. The price discount, namely the negative pricing error, 

hovers around 2% from March 2008 until October 2008. From October 2008 until midway of March 2009, the 

pricing error diminishes, usually being between 0% and -2%, thus causing market prices come closer to the 

theoretical fair values. But the pattern is quite irregular and with some peaks (as on October 31, 2008 

(-3.92%) or on March 13, 2009 (-2.89%)). 

 

Figure 11 : Evolution of the pricing error 

Concerning the pattern of the pricing error, some empirical studies discuss the topic. Lindauer and Seiz in 

their study of (multi-) barrier reverse convertible found declining pricing errors over the product life cycle. 

After the issuance, especially during the first days, they report large price premiums. After this first period, 

the pricing errors decrease. In a third stage, even a price discount can be noticed. As maturity nears, the 

pricing errors tend to disappear. Their results are supported by previous studies by Chen and Sears (1990), 

Wasserfallen and Schenk (1996), Wilkens et al. (2003) as well as Grünbichler and Wohlwend (2005). The four 

papers report the same pattern although they treat different structured products. Wilkens et al. propose an 

order flow hypothesis to explain this phenomenon. They state that the issuer adjust the prices toward the 

expected volume of sales and purchases. Issuers operate as market makers (lead managers) of their own 

products. On issuance date, the issuer can act solely as a seller. Thus, it is in his interest to overprice the 

product. This price premium is particularly strong during the first few days. Afterward, assuming purchases 

and sales orders being probably of same amount during a certain period, the pricing error diminishes, coming 

narrower to the theoretical fair value. In a third stage, the issuer expecting declining trading volumes and 

even repurchases will reduce further the pricing error, going as far as changing to a price discount in order to 

realize profits. The results of the empirical study conducted by Lindauer and Seiz support the order flow 

hypothesis (Lindauer & Seiz, 2008, pp.22). 

Concerning the chosen LCMBBC, there is a lack of trading since January 23, 2008 (one day after the barrier 

was hit), with an exception on December 4, 2008. Table 2 summarizes when the product was traded and to 

which volume. A possible explanation for the lack of trading is that after the lookback period, no investor is 

interested anymore in buying the product, the advantage of the lookback option being obsolete. 

Furthermore, the investor has no reason to buy the product when the barrier is already hit. Especially since 

he cannot know which underlying stock he will receive at the end. Also, the market situation was/is very 
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chaotic. A possible explanation for the product not being sold from an investor point of view is that the price 

discount is too important and that for this reason selling the product would not be at his advantage. 

In general, the chosen product follows the pattern described by the authors cited above with first a price 

premium and then a price discount although the pattern is a little in sawtooth. The ups and downs could be 

explained by the fact that first the market situation is not normal and second because the issuer is uncertain 

about which underlying he will have to pay out to the investor, which can cause a problematic hedging and 

irregular pricing errors. 

 

Table 2 : Product trading volume after the subscription period (Source: Bloomberg) 

6.2.2.2 Payoff Histogram and Profit and Loss Distribution 

Figure 12 shows the profit and loss distribution of the payoff on issuance day for the reference scenario. The 

vertical red line illustrates the calculated theoretical price. The vertical green line stands for the calculated 

theoretical price plus 5%. The additional 5% represent the pricing error calculated on issuance date. It is the 

price the investor has to pay to buy the product, his initial investment. Therefore, the investor’s profit or loss 

is the difference between the payoff (cap, bonus or the worst performing underlying stock) and the green 

line10. In the remainder of the paper, the expression “possible profit” stands for “bonus-initial investment”. 

The bonus ant cap levels (142% and 150%) are well observable in Figure 12 as there is a kick at these places. 

The payoffs over 150% result of simulation paths where the barrier was hit but where afterwards the prices 

of the underlying stocks went up strongly. 

In 57.39% of the cases, the payoff is inferior to CHF 100, which is less than the initial investment. The 

“pledge” of 142% is held only in 23.86% of the cases and the cap is reached with a probability of 11.08%. 

Figure 13 illustrates the histogram of the payoff. The separation between bonus level and payoff inferior to it 

is also clearly visible. 

Figure 12 and Figure 13 clearly illustrates that the bonus never can be considered as “guaranteed”. Indeed, 

the risk to hit the barrier is high, 75.46% on issuance day. When we see this high probability to hit the barrier, 

                                                             
10 The graphs of profit and loss distribution in the other scenarios are built in the same way. 

Date Volume

10.12.2007 10'000

12.12.2007 100'000

14.12.2007 1'000

18.12.2007 30'000

19.12.2007 233'000

27.12.2007 70'000

03.01.2008 50'000

07.01.2008 100'000

08.01.2008 25'000

10.01.2008 25'000

15.01.2008 70'000

16.01.2008 37'000

17.01.2008 51'000

18.01.2008 8'000

22.01.2008 25'000

23.01.2008 32'000

04.12.2008 30'000
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we can ask ourselves if it would not be more correct vis-à-vis to the investor to state on the product factsheet 

at which probability the barrier could be touched. Indeed, LCMBBC are also sold to private investors who do 

not have the possibility to estimate the probability to hit the barrier, thus they cannot have an idea of the risk 

inherent to the product. The factsheet has no information about this but emphasizes the possible return. 

 

Figure 12 : Profit & loss distribution - reference scenario 

 

Figure 13 : Histogram of payoff - reference scenario 

6.2.3 Barrier, Bonus, Cap and Product Price 

This section examines the relationship between barrier level, bonus level, cap level and the product price. 

First, in scenario 2a, we study the relationship between barrier, bonus and cap levels on the basis of three 

cases. In the first case, for a defined barrier level a target theoretical product price of CHF 95 should be 

approximated best with the following constraints: the bonus level must be of a minimum 120% and the gap 

between bonus level and cap level must be of a minimum 10%. The target theoretical product price of CHF 95 

implies a pricing error of 5% as in the reference scenario. In the following discussion, we set the pricing error 

to equal the issuer margin. In the second case, we change the constraints. The theoretical target price is still 

at CHF 95 but the bonus must be of a minimum 110% and the gap between bonus and cap of a minimum 

50%. In the third case, the constraints are as in the first case but the target price is at CHF 97 instead of 

CHF 95, thus a smaller issuer margin. 

The results (see Table 3) show similar trends for the three cases. As the barrier level increases, the bonus and 

cap levels also augment to compensate the higher risk. This is expectable as the probability to hit the barrier 

is higher and the product price fixed, so the compensation occurs on the cap and the bonus. Furthermore, 

the gap between bonus and cap widens with increasing barrier level, except when the barrier level is at 85%. 

The issuer has in the three cases already no margin left with a barrier level at 60%. The product price is then 

slightly over CHF 100 (in red in Table 3). Thus, the product is not realizable. Comparing case 1 to the 

reference scenario, if the issuer is ready to reduce his margin a little (ca. 4% instead of 5%) and the investor 

agrees to receive a lower bonus (120% instead of 142%) and cap (130% instead of 150%), the barrier level can 

be set at 65% which means a probability to hit it of 50.25% (instead of 75.46% for the reference scenario). 

The higher target price in case 3, meaning a lower issuer margin, lets the investor obtain higher bonus and 

cap levels than in case 1. Table 3 sums up the outcomes of the three cases of scenario 2a. 

When looking at Table 3, we can see that the chosen product almost corresponds to the solution of case 1 for 

the barrier level at 75%. We can ask ourselves when comparing case 1 with case 2 (both having the same 
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target product price) for the barrier level at 75% why for the chosen product (in green in Table 3), solution of 

case 1 was preferred to solution of case 2. Both solutions could have been possible. We can assume that it is 

for marketing reasons that the solution of case 1 was chosen. Indeed, a fact sheet stating a bonus level of 

142% has more sex appeal than one stating a bonus level of “only” 133%. 

 

Table 3 : Summary of the results for scenario 2a 

In scenario 2b we consider the influence of a barrier change on the product price with other parameters held 

constant and with the same values as in the reference scenario11. From a decrease of 10% in the barrier level 

the products are not realizable because their prices are then over CHF 100 (see red lines in Table 4). 

Nevertheless, we take a look at these cases in order to examine the impact of a decrease in the barrier level 

on the product price. 

As we can see in Figure 14, barrier and product price have, as expected, a negative relationship. This can be 

explained by the fact that a higher barrier level has a higher probability to be reached. It is illustrated in 

Figure 15. 

                                                             
11 Increasing the barrier level by 40% and 50% leads to a barrier level superior to 100%, which does not make sense. For 
this reason, the simulations are not run in these cases. 

Barrier Cap Bonus
Target Price

Best Approximation

0.50 130.00 120.00 108.89

0.55 130.00 120.00 104.49

0.60 130.00 120.00 100.01

0.65 130.00 120.00 95.54

0.70 139.24 128.82 95.01

0.75 151.70 141.64 95.02

0.80 172.16 158.42 95.00

0.85 231.01 184.77 95.02

0.90 405.34 232.28 95.00

0.50 160.00 110.00 108.70

0.55 160.00 110.00 104.98

0.60 160.00 110.00 101.30

0.65 160.00 110.00 97.57

0.70 165.48 113.97 95.04

0.75 182.52 132.52 95.01

0.80 217.94 153.30 95.01

0.85 289.33 183.90 95.00

0.90 554.04 232.27 95.00

0.50 130.00 120.00 108.89

0.55 130.00 120.00 104.46

0.60 130.00 120.00 100.01

0.65 135.45 121.18 97.00

0.70 143.88 133.88 97.00

0.75 157.91 147.77 97.00

0.80 180.24 166.57 97.00

0.85 246.79 196.43 97.03

0.90 441.76 250.63 97.00

C
as

e 
1

C
as

e 
2

C
as

e 
3
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Figure 14 : Relationship change in product price vs. change in 

barrier level 

 

Figure 15 : Relationship probability to hit the barrier and 

barrier level 

Furthermore, the relationship between barrier and product price is non-linear as Mr. Krall emphasized it for 

multi-reverse convertibles (see section 3.2.6). From a certain point, the importance of a variation in the 

barrier level has a smaller effect on the change in the product price. The difference on the change in the 

product price is greater when moving the barrier by 1% to 5% as when changing the barrier by 25% to 30% 

(the product price decreases in the first case by 0.79% resp. 3.62% versus a decrease of 11.73% resp. of 

12.48% in the second case). It is observable in Figure 14 where the curve runs flatter on the extremes and 

steeper in the middle. The flat on the extremes is reached more rapidly when augmenting the barrier level, 

unlike when reducing it. Different from the remarks of Mr. Krall is the impact of a 1% change in the barrier 

level. In the case of this product, the price change is ca. 0.8% instead of 0.35%-0.4% for multi-reverse 

convertibles. 

Table 4 presents the theoretical product prices corresponding to the different barrier levels as well as the 

impact of the changes. The 95%-confidence intervals for the theoretical product prices are also included. The 

relative difference between upper and lower bound is about 1.6% in average for the prices corresponding to 

“small” changes in the barrier level (between -10% and +10%). The confidence interval narrows with 

decreasing barrier level as the probability to hit the barrier level decreases as well and therefore, the 

probability to get the bonus augments. The price corresponding to the decrease by 50% in the barrier level 

has the narrowest confidence interval as the probability to hit the barrier is very low and therefore the payoff 

is almost certainly the bonus. The relative difference between upper and lower bound  also diminishes with 

an increasing barrier level. A possible reason lies in the fact that the uncertainty about the payoff diminishes 

with increasing barrier level, the opportunity to receive the bonus becoming almost inexistent as the 

probability to hit the barrier becomes nearly one. We can consider that confidence intervals are narrow 

enough to not put into question the presented results. 
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Table 4 : Product price and its 95%-confidence interval for defined barrier level 

6.2.3.1 Payoff Histogram and Profit and Loss Distribution 

For scenario 2a, there is no payoff histogram or profit and loss distribution as the aim is not to look at the 

product price but to investigate the changes on bonus and cap levels under certain conditions. 

For scenario 2b, a very low barrier, for example when reducing the initial barrier by 50% or 25%, thus getting 

a barrier level of 37.5% and of resp. 56.25%, leads to a dramatic change in the structure of the profit and loss 

distribution (Figure 16 and Figure 18). The important rupture in the payoff distribution is due to the very low 

barrier level. The probability to hit the barrier is then very low. Only really bad simulation paths will break the 

barrier. Furthermore, the volatility is “normal” so that a bad performing stock has almost no chance to really 

recover. It explains why there is no payoff superior to CHF 150. Thus as the barrier level is low and volatility 

normal, in most of the cases, the investor will get the bonus (81.05% for the reduction in the barrier level by 

50% resp. 60.07% for the change in barrier level by -25%). However, the possible profit in favor of the 

investor diminishes. The gap between bonus and the initial investment sinks with lower barrier level. The 

possible profit in favor of the investor decreases with lower barrier level because the initial investment 

augments as the probability to hit the barrier diminishes. A lower risk is rewarded less. Indeed, with the 

barrier at 37.5%, corresponding to a decrease in the barrier level by 50%, the investor suffers a loss in less 

than 3% of the cases. But for a barrier level at 56.25%, corresponding to a decrease in the barrier level by 

25%, the investor suffers a loss with a probability of 23.47%. When diminishing the barrier level by 10%, 

getting a barrier level of 67.5%, the rupture in the distribution disappears. The payoffs of the different 

simulation paths are spread out well over the distribution. We thus get closer to the results of the reference 

scenario. The investor receives the bonus in 38.51% of the cases, the cap in 12.23% of the cases and suffers a 

loss in 44.90% of the cases. 

Lower Bound Upper Bound

-50% 0.3750 34.75% 134.3530 134.0134 134.6927 0.51%

-40% 0.4500 31.61% 130.2005 129.6929 130.7082 0.78%

-30% 0.5250 25.39% 122.3507 121.6664 123.0351 1.12%

-25% 0.5625 21.35% 117.4998 116.7536 118.2460 1.27%

-20% 0.6000 17.69% 113.2849 112.5075 114.0623 1.37%

-10% 0.6750 8.50% 103.3331 102.5286 104.1375 1.56%

-5% 0.7125 4.31% 99.0905 98.3028 99.8782 1.59%

-1% 0.7425 0.85% 95.7271 94.9592 96.4950 1.60%

0% 0.7500 0.00% 94.9146 94.1532 95.6759 1.60%

+1% 0.7575 -0.79% 94.1660 93.4091 94.9230 1.61%

+5% 0.7875 -3.62% 91.5387 90.8086 92.2688 1.60%

+10% 0.8250 -6.46% 88.9763 88.2875 89.6651 1.55%

+20% 0.9000 -10.70% 85.2851 84.6628 85.9075 1.46%

+25% 0.9375 -11.73% 84.4057 83.7964 85.0150 1.44%

+30% 0.9750 -12.48% 83.7768 83.1800 84.3736 1.42%

(Upper Bound-Lower Bound)

÷

Theoretical Product Price

3
0

.1
1

.2
0

0
7

95% Confidence Interval

for the Theoretical Product 

Price
Date

Change in 

Barrier
Barrier

Change in

Theoretical 

Product Price

Theoretical 
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Figure 16 : Profit and loss distribution – change in barrier level  

of -50% (=barrier of 37.50%) 

 

Figure 17 : histogram of payoff – change in barrier level  

of -50% (=barrier of 37.50%) 

 

Figure 18 : Profit and loss distribution – change in barrier level  

of -25% (=barrier of 56.25%) 

 

Figure 19 : Histogram of payoff – change in barrier level  

of -25% (=barrier of 56.25%) 

When increasing the barrier level by 25%, resulting in a barrier of 93.75%, the probability to hit it raises 

dramatically (almost 100%). As a consequence, the bonus is received with a probability of only 2.31% and  

4.64% for the cap. 59.02% of the paths come out with a payoff inferior to the initial investment. Moving the 

barrier level by +5% also results in important changes compared to the reference scenario. The investor gets 

the bonus with a probability of 17.17% instead of 23.86%, but with almost no difference for the cap (10.56% 

instead of 11.08%) and he suffers a loss with a probability of 60.78% instead of 57.34%. It should be noted 

that the possible profit augments with higher barrier level to compensate for the higher risk to hit the barrier. 

The histograms show the outcomes described above from another perspective. 
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Figure 20 : Profit and loss distribution – change in barrier level  

of +25% (=barrier of 93.75%) 

 

Figure 21 : Histogram of payoff – change in barrier level  

of +25% (=barrier of 93.75%) 

 

Figure 22 : Profit and loss distribution – change in barrier level  

of +5% (=barrier of 78.75%) 

 

Figure 23 : Histogram of payoff – change in barrier level  

of +5% (=barrier of 78.75%) 

6.2.4 Volatility and Product Price 

This part analyzes the relationship between volatility and product price. From a decrease of 10% and lower in 

the volatility level, the products are not realizable as their prices are then over CHF 100 (see red lines in Table 

5). Nevertheless, we will look at these cases in order to examine the impact of a decrease in the volatility 

level on the product price. 

Figure 24 shows, as expected, a negative relationship between product price and volatility. It is due to the 

higher probability to reach the barrier as volatility increases (see Figure 25). The plot in Figure 24 is not quite 

linear. A decrease of 50% in the volatility of the reference scenario leads to an increase of the product price 

of ca. 28%. Whereas, an increase in volatility of 50% results in a fall in the product price of ca. -20%. Also, the 

difference in the theoretical product price is more important when reducing down from a change of -40% to 

a change of -50% in volatility as when changing from +40% to +50%. The same is true when decreasing 

volatility by 10% compared to when augmenting it by 10% or when changing from a decrease of 10% to a 

decrease of 20% compared to a change from +10% to +20%. 



49 
 

The probability to hit the barrier increases dramatically with higher volatility. Already as the product was 

launched, the probability to hit the barrier was high, ca. 75%. This occurs with a volatility of ca. 30% for each 

underlying stock. With a volatility of 50%, this being the case in October 2008, the probability to hit the 

barrier is  over 90%.

 

Figure 24 : Relationship change in product price and change in 

volatility 

 

Figure 25 : Relationship probability to hit the barrier and 

change in volatility 

Table 5 shows the product price and its 95%-confidence interval corresponding to the different volatility 

levels. The impacts of the changes also are listed. The confidence interval is larger with increased volatility 

which could be interpreted as the reflection of the greater uncertainty due to the higher volatility. For this 

reason, the previous statements about the impacts of changes in volatility should be put in perspective. 

 

Table 5 : Product price and its 95%-confidence interval for defined volatility 

6.2.4.1 Payoff Histogram and Profit and Loss Distribution 

The impact of the changes in volatility on the profit and loss distribution and the histogram of the payoff is 

flagrant. 

When diminishing the volatility by 50%, the bonus is reached with a probability of 80.38% and of 1.35% for 

the cap. But even with this low volatility, in 16.75% of the cases the payoff is lower than the initial 

investment. A fall in volatility by 25% leads to the bonus in 46.58% of the cases and to the cap in 6.93% of the 

cases. But the investor endures a shortfall in about 42.94% of the cases. The low or middle volatility prevents 

a barrier hit, which means a greater probability to get the bonus, but also inhibits the stock prices to reach 

good performances. Therefore, the probability to receive the cap is low as well. The weak volatility also 

RUKN CLN UBSN Lower Bound Upper Bound

-50% 0.1366 0.1820 0.1506 27.81% 125.3460 124.8487 125.8434 0.79%

-40% 0.1639 0.2184 0.1807 21.64% 117.8425 117.2307 118.4543 1.04%

-30% 0.1912 0.2548 0.2108 15.65% 110.9976 110.3159 111.6794 1.23%

-25% 0.2049 0.2730 0.2259 13.04% 108.1345 107.4326 108.8364 1.30%

-20% 0.2186 0.2912 0.2410 10.18% 105.0838 104.3642 105.8033 1.37%

-10% 0.2459 0.3276 0.2711 4.70% 99.4795 98.7348 100.2242 1.50%

0% 0.2732 0.3640 0.3012 0.00% 94.9146 94.1532 95.6759 1.60%

+10% 0.3005 0.4004 0.3313 -4.13% 91.0701 90.2968 91.8435 1.70%

+20% 0.3278 0.4368 0.3614 -8.50% 87.1836 86.3969 87.9703 1.80%

+25% 0.3415 0.4550 0.3765 -10.37% 85.5628 84.7729 86.3528 1.85%

+30% 0.3552 0.4732 0.3916 -12.28% 83.9439 83.1478 84.7400 1.90%

+40% 0.3825 0.5096 0.4217 -15.83% 81.0177 80.2041 81.8312 2.01%

+45% 0.3961 0.5278 0.4367 -17.65% 79.5604 78.7498 80.3710 2.04%

+50% 0.4098 0.5460 0.4518 -18.83% 78.6225 77.7985 79.4465 2.10%

+75% 0.4781 0.6370 0.5271 -27.69% 71.9543 71.0926 72.8161 2.40%

+100% 0.5464 0.7280 0.6024 -35.29% 66.6942 65.7913 67.5970 2.71%

+200% 0.8196 1.0920 0.9036 -63.96% 50.0659 48.9699 51.1619 4.38%

(Upper Bound-Lower Bound)

÷

Theoretical Product Price

3
0

.1
1

.2
0

0
7

95% Confidence Interval

for the Theoretical Product 

Price
Date

Change in 

Volatility

Volatility
Change in

Theoretical 

Product Price

Theoretical 

Product Price
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explains why there are no or very few simulation paths with a payoff equal or greater than CHF 150. Whereas 

the probability to receive the bonus is higher with a lower volatility, the possible profit diminishes as the 

initial investment increases as it is less risky to hit the barrier. 

 

Figure 26 : Profit and loss distribution – change in volatility 

 of -50% 

 

Figure 27 : Histogram of payoff – change in volatility  

of -50% 

 

Figure 28 : Profit and loss distribution – change in volatility 

 of -25% 

 

Figure 29 : Histogram of payoff – change in volatility  

of -25% 

Raises in volatility have dramatic impacts on the product price too. By increasing the volatility of the 

reference scenario by 25%, the investor gets the bonus only in 12.03% of the cases and the cap in 12.50% of 

the cases. In 61.51% of the cases, the investor receives less than his starting bid. The increases in volatility by 

50% and 75% lead to the bonus with a probability of only 6.22%, resp. 2.93%. The cap is obtained in 12.05%, 

resp. 11.06% of the cases. The investor receives less than he pays in 62.44%, resp. 63.13% of the cases. The 

effects of the raises in volatility by 100% and 200% are not presented here but are illustrated in Figure 34 and 

Figure 36. As expected, the profit and loss distribution is more extended with higher volatility. With higher 

volatility the probability to hit the barrier is much higher, leading to more simulation paths with very low or 

very high payoffs as the stock prices can fluctuate very strongly. To compensate the higher risk to reach the 

barrier when volatility is high, the initial investment is lower and the possible profit rises. 
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The histograms illustrate from another point of view the above cases. 

 

Figure 30 : Profit and loss distribution – change in volatility  

of +25% 

 

Figure 31 : Histogram of payoff – change in volatility  

of +25% 

 

Figure 32 : Profit and loss distribution – change in volatility  

of +50% 

 

Figure 33 : Histogram of payoff – change in volatility  

of +50% 
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Figure 34 : Profit and loss distribution – change in volatility  

of +100% 

 

Figure 35 : Histogram of payoff – change in volatility  

of +100% 

 

Figure 36 : Profit and loss distribution – change in volatility  

of +200% 

 

Figure 37 : Histogram of payoff – change in volatility  

of +200% 

The table below sums up the results for volatility levels we defined as low, middle and high. We set the same 

volatility level for the three underlying stocks. 

 

Table 6 : Summary of the results for low, middle and high volatility 

  

Volatility
Theoretical

Product Price
Probability Hit Barrier Bonus Probability Cap Probability

< Calculated

Theoretical Price

< Calculated

Theoretical Price +5%

10% 135.2856 1.17% 98.85% 0.02% 1.03% 1.03%

30% 97.3984 72.85% 27.23% 10.75% 53.91% 55.37%

50% 76.2873 93.22% 4.58% 12.16% 58.61% 62.84%
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6.2.5 Correlation and Product Price 

This section studies the relationship between correlation and product price. The increases by 40% and 45% in 

the correlation level lead to products that are not realizable as their prices are then over CHF 100 (see red 

lines in Table 7) 12. Nevertheless, we will look at these cases in order to investigate the impact of an increase 

in the correlation level on the product price. 

Figure 38 shows a positive relationship between correlation and product price, which is consistent with the 

theory in part 3.2.12. Both parameters are related almost linearly. A change of -50% in correlation of 

scenario 1 leads to a change of -6.39% in the product price, a change of +45% to a change of 7.10%. 

Compared to the results in chapter 6.2.4, the changes in correlation have a much lower influence on the price 

than the changes in volatility. 

But contrary to the remarks in part 3.2.12, correlation does not seem to have an important impact on the 

probability to hit the barrier (Figure 39), though this would have explained the positive relationship between 

correlation and product value. Actually, the probability to hit the barrier stays around 75%. For a correlation 

of 0.01 the probability to hit the barrier is 75.31%, whereas for a correlation of 0.99 it is 74.94%. A possible 

explanation is that as the volatility is relatively high and the barrier level is high as well, the probability to hit 

the barrier remains high, even if the correlation is important. 

                                                             
12 A change of +50% leads to a correlation matrix that is not positive definite anymore. Thus, this case is not considered. 
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Figure 38 : Relationship change in product price and change in 

correlation 

 

Figure 39 : Relationship probability to hit the barrier and 

change in correlation 

Table 7 presents the product price and its 95%-confidence interval corresponding to different correlation 

levels. The intervals are stable. The relative difference between upper and lower bound is about 1.6% on 

average,  declining slightly with increasing correlation. Thus, we can consider the assertions about this 

scenario as coherent. 

 

Table 7 : Product price and its 95%-confidence interval for defined correlation 

6.2.5.1 Payoff Histogram and Profit and Loss Distribution 

When reducing the reference correlation by 50%, the investor gets the bonus in only 19.78% of the cases and 

the cap in 8.59% of the cases. The investor suffers a loss with a probability of 62.89%. With a fall in the 

reference correlation by 25%, the bonus is attained in 21.40% of the cases and the cap in 10.04% of the cases. 

In 60.02% of the cases, the payoff is under the initial investment. 

RUKN CLN UBSN Lower Bound Upper Bound

-50% 0.2395 0.3398 0.2492 -6.39% 89.0424 88.3064 89.7783 1.65%

-40% 0.2874 0.4077 0.2991 -4.82% 90.4510 89.7148 91.1872 1.63%

-30% 0.3353 0.4757 0.3489 -3.28% 91.8559 91.1017 92.6101 1.64%

-25% 0.3592 0.5097 0.3738 -3.05% 92.0679 91.3143 92.8215 1.64%

-20% 0.3832 0.5436 0.3988 -2.60% 92.4821 91.7235 93.2406 1.64%

-10% 0.4311 0.6116 0.4486 -1.28% 93.7087 92.9527 94.4646 1.61%

0% 0.4789 0.6796 0.4984 0.00% 94.9146 94.1532 95.6759 1.60%

+10% 0.5268 0.7475 0.5483 1.41% 96.2616 95.4965 97.0268 1.59%

+20% 0.5747 0.8155 0.5981 2.41% 97.2315 96.4652 97.9978 1.58%

+25% 0.5987 0.8494 0.6231 3.45% 98.2480 97.4790 99.0169 1.57%

+30% 0.6226 0.8834 0.6480 4.45% 99.2305 98.4623 99.9986 1.55%

+40% 0.6705 0.9514 0.6978 5.79% 100.5757 99.8088 101.3426 1.53%

+45% 0.6945 0.9853 0.7227 7.10% 101.9011 101.1401 102.6621 1.49%

(Upper Bound-Lower Bound)

÷

Theoretical Product Price

95% Confidence Interval

for the Theoretical Product 

Price
Date

Change in 

Correlation

30.11.2007

Correlation
Change in

Theoretical 

Product Price

Theoretical 

Product Price
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Figure 40 : Profit and loss distribution – change in correlation  

of -50% 

 

Figure 41 : Histogram of payoff – change in correlation  

of -50% 

 

Figure 42 : Profit and loss distribution – change in correlation  

of -25% 

 

Figure 43 : Histogram of payoff – change in correlation  

of -25% 

Augmenting the reference correlation by 25% leads to a probability to receive the bonus of 26.37% and of 

12.53% for the cap. But the investor still suffers a loss in 53.89% of the cases, which is not really lower than in 

the reference scenario (57%). With a correlation higher by 45%, the investor receives the bonus in 30.20% 

and the cap in 12.83% of the cases. But the probability to get a payoff less than the initial investment is still 

high (49.95%). Summed up, with higher correlation, the product price augments as the chances to get the 

bonus and the cap augment while the risk to suffer a loss diminishes. This, even though, the probability to hit 

the barrier stays constant at about 75%. Furthermore, the possible profit does not vary much. The vertical 

green line in the different graphs of profit and loss distribution stays around CHF 100. However, we can note 

that the possible profit is related negatively to the correlation level. As correlation increases, the possible 

profit decreases. This negative relationship could have been explained by a negative relationship between 

correlation and the probability to hit the barrier, but no relationship between both elements could be 

established. 

The histograms show the above cases from another perspective. 
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Figure 44 : Profit and loss Distribution – change in correlation  

of +25% 

 

Figure 45 : Histogram of payoff – change in correlation  

of +25% 

 

Figure 46 : Profit and loss distribution – change in correlation  

of +45% 

 

Figure 47 : Histogram of payoff – change in correlation  

of +45% 

The table below sums up the results for correlation levels we defined as low, middle and high. We set the 

same correlation level for the three underlying stocks 

 

Table 8 : Summary of the results for low, middle and high correlation 

6.2.6 Volatility, Correlation and Product Price 

This section investigates the reactions of the product price when changing volatility and correlation together 

by the same amount. From a decrease of 20% and lower in the volatility and correlation levels, the products 

are not realizable as their prices are then over CHF 100 (see red lines in Table 9). Nevertheless, we look at 

these cases in order to examine the impact of a decrease in the volatility and correlation levels on the 

product price. 

Correlation
Theoretical

Product Price
Probability Hit Barrier Bonus Probability Cap Probability

< Calculated

Theoretical Price

< Calculated

Theoretical Price +5%

0.1 86.0430 75.43% 18.65% 5.84% 61.52% 65.14%

0.5 93.8313 75.38% 22.80% 10.98% 56.49% 58.62%

0.9 104.3677 75.76% 32.46% 14.05% 46.03% 46.95%
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When considering the parameters volatility and correlation together, we observe that the impact on the 

product price is influenced predominantly by volatility. This is consistent with the results presented in 

sections 6.2.4 and 0, where we note that changes in volatility have more impact on the product price than 

changes in correlation. Figure 48 shows the impact on the product price of the parameters volatility, 

correlation and volatility and correlation (the data comes from Table 5, Table 7 and Table 9). The 

predominance of volatility when changing volatility and correlation together is visible clearly at the slope of 

the curve that is negative, similar to when changing volatility only. Furthermore, for negative changes, the 

blue and the green lines almost overlay. For positive changes, the blue and the green lines clearly differ from 

each other. The difference is stronger with increasing change. Figure 49 and Figure 50 show the relationship 

between product price, volatility and correlation from another perspective. We fixed the volatility level or the 

correlation level and let fluctuate the other parameter. We set the same volatility and correlation levels for 

the three underlying stocks. The positive relationship of correlation with the product price and the 

predominant influence of volatility appear more clearly. 

 

Figure 48 : Relationship change in product price and change in volatility, correlation and volatility & correlation 

 

Figure 49 : Relationship product price and volatility as well as 

correlation in function of volatility 

 

Figure 50 : Relationship product price and volatility as well as 

correlation in function of correlation 

When looking at the probability to hit the barrier, the correlation plays almost no role (see Figure 51). On the 

contrary, the role of volatility is predominant (see Figure 52). It is consistent with the remark in part 0. 
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Figure 51 : Relationship probability to hit the barrier and volatility 

for defined correlation 

 

Figure 52 : Relationship probability to hit the barrier and 

correlation for defined volatility 

Table 9 shows the product price and its 95%-confidence interval corresponding to different volatility and 

correlation levels. As for the volatility scenario, the intervals widen with positive changes and narrow with 

negative changes, which are probably linked to the level of uncertainty resulting from the volatility level. But 

the differences between the intervals are weaker than for the volatility scenario. 

 

Table 9 : Product price and its 95%-confidence interval for defined volatility and correlation 

6.2.6.1 Payoff Histogram and Profit and Loss Distribution 

When reducing the reference volatility and correlation by 50%, the bonus is received in 61.17% of the cases 

and the cap in only 2.09% of the cases. The investor suffers a loss with a probability of 34.46%. A decrease in 

both parameters by 25% leads to a probability to get the bonus of 44.37% and 6.02% for the cap. The payoff 

is inferior to the initial investment in 45.98% of the cases. Neither with the decrease by 50% nor by 25% is 

there a simulation path with a payoff superior to CHF 150. This is due to the low volatility level. 

RUKN CLN UBSN RUKN CLN UBSN Lower Bound Upper Bound

-50% 0.1366 0.1820 0.1506 0.2395 0.3398 0.2492 18.14% 113.7878 113.1388 114.4367 1.14%

-40% 0.1639 0.2184 0.1807 0.2874 0.4077 0.2991 19.70% 115.5814 114.9488 116.2139 1.09%

-30% 0.1912 0.2548 0.2108 0.3353 0.4757 0.3489 13.97% 109.1396 108.4521 109.8271 1.26%

-25% 0.2049 0.2730 0.2259 0.3592 0.5097 0.3738 10.85% 105.7972 105.0863 106.5081 1.34%

-20% 0.2186 0.2912 0.2410 0.3832 0.5436 0.3988 8.47% 103.3033 102.5855 104.0212 1.39%

-10% 0.2459 0.3276 0.2711 0.4311 0.6116 0.4486 3.79% 98.5854 97.8393 99.3315 1.51%

0% 0.2732 0.3640 0.3012 0.4789 0.6796 0.4984 0.00% 94.9146 94.1532 95.6759 1.60%

+10% 0.3005 0.4004 0.3313 0.5268 0.7475 0.5483 -2.80% 92.2903 91.5075 93.0731 1.70%

+20% 0.3278 0.4368 0.3614 0.5747 0.8155 0.5981 -5.47% 89.8598 89.0594 90.6601 1.78%

+25% 0.3415 0.4550 0.3765 0.5987 0.8494 0.6231 -5.93% 89.4474 88.6383 90.2566 1.81%

+30% 0.3552 0.4732 0.3916 0.6226 0.8834 0.6480 -6.71% 88.7522 87.9287 89.5756 1.86%

+40% 0.3825 0.5096 0.4217 0.6705 0.9514 0.6978 -7.71% 87.8708 87.0198 88.7218 1.94%

+45% 0.3961 0.5278 0.4367 0.6945 0.9853 0.7227 -7.32% 88.2177 87.3479 89.0874 1.97%

(Upper Bound-Lower 

Bound)

÷

Theoretical Product Price

95% Confidence Interval

for the Theoretical Product 

Price
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Figure 53 : Profit and loss distribution – change in volatility and 

correlation of -50% 

 

Figure 54 : Histogram of payoff – change in volatility and 

correlation of -50% 

 

Figure 55 : Profit and loss distribution – change in volatility and 

correlation of -25% 

 

Figure 56 : Histogram of payoff – change in volatility and 

correlation of -25% 

When increasing volatility and correlation by 25%, the investor gets the bonus with a probability of 14.38% 

and the cap with a probability of 13.94%. The initial investment is not reached in 59.09% of the cases. With a 

rise of 45% in both parameters, the bonus is received with a probability of 10.95% and of 15.93% for the cap. 

The payoff is less than the initial investment in 58.08% of the cases. As volatility and correlation have 

contrary effects on the price and the impact of volatility is greater than the one of correlation, the results for 

this scenario are between the outcomes of parts 6.2.4.1, the volatility scenario, and 6.2.5.1, the correlation 

scenario, but closer to the ones of the scenario that deals with volatility change. 

The histograms illustrate the above results from another perspective. 
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Figure 57 : Profit and loss distribution – change in volatility and 

correlation of +25% 

 

Figure 58 : Histogram of payoff – change in volatility and 

correlation of +25% 

 

Figure 59 : Profit and loss distribution – change in volatility and 

correlation of +45% 

 

Figure 60 : Histogram of payoff – change in volatility and 

correlation of +45% 

The following table summarizes the results for the cases we defined as low volatility-low correlation, low 

volatility-high correlation, middle volatility-middle correlation, high volatility-low correlation and high 

volatility-high correlation. The volatility and correlation levels are the same for the three underlying stocks. 

 

Table 10 : Summary of the results for low, middle and high volatility and correlation 

Volatility Correlation
Theoretical

Product Price
Probability Hit Barrier Bonus Probability Cap Probability

< Calculated

Theoretical Price

< Calculated

Theoretical Price +5%

10% 0.1 135.0753 1.34% 98.65% 0.00% 1.35% 1.35%

10% 0.5 135.2742 1.08% 98.91% 0.00% 1.05% 1.05%

10% 0.9 135.3996 1.32% 98.68% 0.09% 0.87% 0.87%

30% 0.1 88.5223 73.00% 21.75% 5.59% 61.64% 64.74%

30% 0.5 96.0439 72.58% 26.06% 10.41% 55.55% 56.92%

30% 0.9 106.6413 72.87% 36.07% 13.84% 43.98% 44.55%

50% 0.1 64.6256 93.26% 2.30% 5.52% 57.83% 63.66%

50% 0.5 74.6513 93.21% 3.99% 11.29% 58.61% 63.11%

50% 0.9 89.2732 93.20% 10.59% 17.48% 54.38% 56.96%
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6.2.7 Risk-free Rate and Product Price 

This part examines the relationship between the risk-free rate and the product price. There is no clear 

tendency observable when looking at the influence of a change in the risk-free rate on the product price. The 

line in Figure 61 moves up and down without any recognizable logic. It is not possible to predict in which 

direction a change in the risk-free rate will influence the product price. However, what is sure is that the 

impact of a change in the risk-free rate on the product price will be extremely small. Indeed, although 

important variations in the risk-free rate were made (-75%, +75%), the product price still hovers around 

CHF 95. The smallest change (in absolute value) on the product price was of 0.045% (corresponding to a 

change of -25% in the risk-free rate) and the largest (in absolute value) of 0.44% (corresponding to a change 

of -20% in the risk-free rate). Thus, the risk-free rate is not an important factor for the price of this product. 

 

Figure 61 : Relationship change in product price and change in risk-free rate 

When looking at Table 11, which shows the product price and its 95%-confidence interval corresponding to 

different risk-free rates, we cannot say that the findings presented in this section can be infirmed. The 

relative difference between upper and lower bound is almost constant at 1.6%. 

 

Table 11 : Product price and its 95%-confidence interval for defined risk-free rate 

As the risk-free rate has a negligible impact on the product price, we do not tackle the profit and loss 

distribution, nor the histogram of the payoff. The results are very similar to the outcomes of the reference 

scenario. 

Lower Bound Upper Bound

-75% 0.0073 -0.06% 94.8622 94.1032 95.6212 1.60%

-50% 0.0145 0.14% 95.0429 94.2831 95.8027 1.60%

-40% 0.0174 -0.05% 94.8712 94.1109 95.6316 1.60%

-30% 0.0203 -0.07% 94.8449 94.0822 95.6076 1.61%

-25% 0.0218 0.05% 94.9578 94.1934 95.7221 1.61%

-20% 0.0232 0.44% 95.3303 94.5674 96.0931 1.60%

-10% 0.0261 -0.07% 94.8518 94.0899 95.6138 1.61%

0% 0.0290 0.00% 94.9146 94.1532 95.6759 1.60%

+10% 0.0319 0.25% 95.1476 94.3908 95.9043 1.59%

+20% 0.0348 0.12% 95.0283 94.2649 95.7917 1.61%

+25% 0.0363 -0.06% 94.8549 94.0914 95.6184 1.61%

+30% 0.0377 -0.09% 94.8310 94.0654 95.5967 1.61%

+40% 0.0406 0.13% 95.0359 94.2759 95.7959 1.60%

+50% 0.0435 0.43% 95.3218 94.5621 96.0815 1.59%

+75% 0.0508 -0.22% 94.7053 93.9442 95.4664 1.61%

(Upper Bound-Lower Bound)

÷

Theoretical Product Price

95% Confidence Interval

for the Theoretical Product 

Price
Date

3
0

.1
1

.2
0

0
7

Change in 

Risk-Free
Risk Free

Change in

Theoretical 

Product Price

Theoretical 

Product Price
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7 Conclusion 
This paper investigates a specific LCMBBC on three points: the pricing error, the risk inherent to the product 

and also the product price sensitivity to different parameters. 

The analysis of the pricing error shows in a first period an important overpricing. Then the pricing error 

diminishes and even turning negative. Other studies on different products report similar pattern. This 

phenomenon could be explained by an order flow hypothesis. 

Regarding the risk of the product, we cannot say that the bonus is “guaranteed”. Since the beginning, the risk 

to hit the barrier was important. Indeed, for the chosen LCMBBC the probability to reach the barrier was at 

75.46% on the issuance day. The lookback option was of no help. On the issuance day, the investor can 

expect to receive the bonus of the chosen LCMBBC with a probability of only 23.86%. Furthermore, the 

magazine Scoach (2008) reports that in February 2008, more than half of all multi bonus certificates had 

reached their barrier. The difficult market conditions reminded investors, who were perhaps blinded by the 

high possible returns, of the hard reality. One can ask oneself if it would be more honest vis-à-vis to the 

investor to note the probability to hit the barrier on the product factsheet. 

The product price of the chosen LCMBBC was tested on the parameters barrier (also in relationship to cap 

and bonus), volatility, correlation and risk-free rate. 

For a fixed price, bonus and cap levels increase with a higher barrier level. The increase in the possible return 

is to compensate the higher probability to hit the barrier. A lower fixed price, corresponding to a lower 

pricing error, enables higher bonus and cap levels. The product price is related negatively to the barrier level 

as a higher barrier level is riskier. Their relationship is non-linear. On the extremes, the curve runs flatter. 

Furthermore, the difference between bonus and initial investment is related positively to the barrier level as 

a higher barrier has a higher probability to be hit and inversely is true for a lower barrier. 

Volatility is the most predominant factor influencing the product price. Volatility and product price are 

related negatively as a higher volatility increases the risk to reach the barrier. Their relationship is slightly 

non-linear. Negative changes in volatility have more impact on the product price than positive changes. The 

difference between bonus and initial investment is related positively to the volatility level as the probability 

to reach the barrier is higher with important volatility levels and inversely is true with low volatility levels. 

Correlation is related positively to the product price. However, on the contrary of what we can believe, the 

correlation has almost no influence on the probability to hit the barrier, although it would have explain the 

positive relationship between correlation and product price. This insensitivity could be due to the fact that 

volatility being relatively high and the barrier level being high as well, the probability to reach the barrier 

remains important even with strong correlation. Correlation and possible profit (bonus minus initial 

investment) have a negative relationship. An explanation would have been the positive relationship between 

correlation and probability to hit the barrier. 

When considering volatility and correlation together, the results are similar to the ones that look solely at 

volatility. Negative changes in the parameters volatility and volatility and correlation together have almost 

the same impact on the product price. Positive changes in volatility and correlation have less impact on the 

product price than positive changes in volatility only. 

The risk-free rate has a negligible impact on the product price. Even for important variations of this factor, 

the product price remains almost constant.  
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Appendix 1: Interview Protocols 

Interview 1 

26.06.2008, Mr. Philippe Krall, Vice Director and Head Financial Engineering and David Michael Lincke, Co-

Head Financial Engineering, Picard Angst Structured Products AG, Pfäffikon SZ, Switzerland. 

Simulations 

1. Which simulation procedure (Trees, Monte Carlo simulations) do you use for this kind of product 

(LCMBBC)? 

Philippe Krall (PK): Monte Carlo simulations. 

David Michael Lincke (DML): Monte Carlo simulations. Trees are problematic because of 

dimensionality. 

2. Do you use the convention of 252 trading days in the simulations? 

PK: Yes. 

DML: Yes. But it is actually not accurate since the monitoring is continuous. 

3. Which volatility is used? 

PK: Volatility has an important influence on the price. The question is which assumption/model is 

then used. Is the whole volatility surface used or only part of it? 

For implicit volatility, the 12 months at-the-money volatility is usually used. 

DML: There are different volatility models, like static vs. dynamic volatility, flat vs. exponential 

weighted volatility, implicit or historical volatility. For historical volatility, the relevant time in the past 

is usually calculated as the probability to hit the barrier times the product lifetime. 

4. Which correlation is used? 

PK: Correlation is a very important factor influencing the price of the product. 

A well-known issuer looks back 1000 days backwards to determine the correlation. 

DML: Here too, different models/assumptions can be applied, like flat vs. exponential weighted 

correlation. 

Correlation is difficult to hedge. 

Repercussions from correlation on the price are more important than the one of volatility. The more 

underlying stocks there are, the more sensitive the product. 

5. Which techniques are used to reduce the number of simulations? 

DML: Antithetic variables are convenient for normal distributions. There are few iterations. The 

interval of confidence declines in an over-proportional way. Control variable are usually used for 

Asian options. Quasi-Monte Carlo methods can also be used. Here, are Sobol’s sequences the most 

efficient, but they can be problematic with high-dimensional products. 

Pricing 

1. Margin fixing 

a. What is the average margin? 

PK: Usually, the margin is about 3-4%. The client cannot evaluate how much margin is in the 

price of the product. 

b. What are the factors influencing the margin? 

PK: Volume, liquidity and competition are negatively related to the margin. Hedging costs, 

development costs, complexity, innovation and lifetime are positively related to the margin. 
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2. What is the influence of the counterparty risk / of the refinancing level of the issuer? 

PK: As for one year it was not considered. Now with the crisis it is different. 

It is particularly important for capital protection products. 

The principle is like for bonds. A lower rating means a higher risk and is therefore rewarded with a 

higher return. But when the rating decreases during the lifetime of the product, it is to the 

disadvantage of the investor: he has a higher risk but is not rewarded for it. 

The difference in refinancing has less influence by products with short lifetime. However, the 

difference cumulates over the years. 

3. How is tracked the evolution of a product? 

PK: Each underlying stock as well as the overall position is observed. 

4. Which factors influence the price of LCMBBC during their lives? 

PK: 

- The evolution of the issuer’s credit-spread. 

- The evolution of the volatility. During the lookback period, the investor is long in short term 

volatility. When short-term volatility is low, the lookback is cheap. On the contrary, the 

investor is short in long-term volatility (after the lookback period). He expects low volatility 

so that the product does not touch the barrier. 

- The evolution of interest rates. 

- The evolution of correlation. The investor is long in correlation, so a high correlation is in his 

favor. 

5. What is the relevance of hedging? 

PK: Correlation is difficult to hedge. The market is not widespread. The issuer is short in correlation. 

When the market collapses, the correlation usually increases and the issuer has big losses. Also 

illiquid securities are difficult to hedge. Hedging costs are charged in the product price. 

6. Which influence has the increase of capital of the UBS on the chosen product? 

PK: The barrier and the lookback price are adapted by a factor published by the Eurex. 

Product 

1. How can you decompose LCMBBC? 

PK: This kind of product can probably not be decomposed. But a simple bonus certificates can be 

decomposed in two ways. First, a long call with strike zero (100% minus discounted dividends) plus a 

long down-and-out put (with strike equals to bonus level). The put is financed with the discounted 

dividends. Second, a long bond plus a short down-and-in put plus a long call (with strike equals to put 

premium). The call provides the upwards-participation. 

2. How are chosen the underlying stocks? 

PK: For multi-reverse convertibles with high coupons, underlying stocks with high volatility and low 

correlation and high liquidity are preferred. For illiquid securities there is an additional charge. 

3. How is set the lifetime of a product? 

PK: For reverse convertibles the lifetime is usually of 1 or 2 years. Taxes are also considered. 

4. How do you determine the levels of bonus/cap/barrier? 

PK: It is according to client preferences. Usually, the barrier is set first, then the rest. A lower barrier 

is only possible with a lower bonus or cap. A shift in the barrier costs ca. 35-40 bps for a multi-reverse 

convertible. The shifting-costs are non-linear. A downside-shifting is more expensive until a point, 

where the product price becomes almost insensitive to the downside-shift. For example, the 



69 
 

shifting-costs from a 80% barrier to a 78% barrier would be small, whereas from 75% to 60% 

important, from 60% to 59% even higher but from 58% to lower there would not be a difference 

anymore. 

5. Which product is mostly sold? 

PK: Multi-reverse convertibles.  
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Interview 2 

19.08.2008, Mr. Fabio Agostinucci, Trader, Dresdner Bank AG, Frankfurt, Germany. 

Phone interview: 30 minutes. 

Simulations 

1. Which simulation procedure (Trees, Monte Carlo simulations) do you use for this kind of product 

(LCMBBC)? 

Monte Carlo simulations. 

2. Do you use the convention of 252 trading days in the simulations? 

Yes. 

3. Which volatility do you use? 

We use the current implicit volatility. We have a dynamic model, the volatility is adapted as often as 

possible. 

4. Which correlation do you use? 

We also use a dynamic model. We do not weight the correlation, either the volatility. Usually, we 

look at the correlation over more or less the last year. But it depends on the underlying stock and on 

the correlation hedge possibility. There is no fix recipe, a model is not sufficient, experience plays an 

important role. 

5. Which discount factor do you use in the Monte Carlo simulations? 

As for the volatility and correlation, the discount factor is a dynamic parameter. It is adapted as often 

as possible. We use the interest curve developed in the intern, the one that can be traded. 

Pricing 

1. Margin fixing 

a. What is the average margin for LCMBBC? 

I cannot divulgate it. 

b. What are the factors influencing the margin? 

Innovation, complexity,… have an influence. The same factors that influence the automobile 

industry can be applied. 

2. What is the influence of the counterparty risk / of the refinancing level of the issuer? 

The higher risk should be compensated by a higher return. 

3. How is tracked the evolution of the product? 

The product can theoretically be bought every two minutes. Therefore, the parameters of the market 

must be up-to-date as possible. To have the most recent parameters is also important for the 

hedging. 

4. Which factors influence the price of the product during its life? 

The product is influenced by the dividends, the interest rate, the volatility, the correlation and the 

underlying stocks. 

5. How does the product price change when the barrier is closed to be hit? 

When the product is close to the barrier or when the barrier is hit, the product price decreases. It 

would be interesting to have a look at the probability to hit the barrier in function of the correlation. 
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6. What is the relevance of transaction costs? 

Transaction costs are charged on the product price. They are usually relatively fix. The amount 

depends on the product (on the underlying asset, the liquidity,…). The costs of pure transaction, of 

the trading are minim. Hedging costs are what is expensive. Especially correlation hedging is 

expensive as the correlation market is not liquid. 

7. What is the relevance of the hedging costs? 

See question 6. 

8. Which influence has the increase of capital of the UBS on the product? 

It has no influence on the pricing. But it changes the lookback price as well as the barrier. 

Product 

1. How can you decompose LCMBBC? 

As for many exotic options, LCMBBC cannot be decomposed. The different elements are not bought 

on the market. For hedging the risks inherent to the product, vanilla options with inverse risks are 

bought. 

The product is one piece and is priced with Monte Carlo simulations. 

2. How are chosen the underlying stocks? 

An important criterion is the attractiveness of the underlying stocks for the investor, or in other 

words, the marketing aspect. The liquidity and the correlation are other decisive factors for a 

selection. The risk in the portfolio of the issuer also plays a role. 

3. How is set the lifetime of the product? 

Investors are scared by too long periods and furthermore volatility is then too expensive. Too short 

lifetimes are not interesting because then only low returns can be achieved. Another criterion is how 

the other issuers are positioned. 

4. How do you determine the levels of bonus/cap/barrier? 

It is a question of equilibrium. To have a lower barrier the investor must give up some percentage on 

the bonus level. The investors’ sentiments about the market are determinant too, i.e. does the 

investor now look for risk or for security? 

5. How well are sold LCMBBC? 

LCMBBC are a technological innovation. The aim was not to sell this kind of products at a same level 

as vanilla options. Anyway the goal was achieved, namely to get known on the Swiss market and to 

show the innovation capacity of the bank. 

  



72 
 

Appendix 2: Matlab codes 
This appendix presents the Matlab codes used for the simulations of the reference scenario in chapter 6. 

Matlab codes for scenario 1: 

%Parameters to be defined before the simulation start: 

 

%   Number of simulations 

nb_sim=10000; 

%   Number of underlying stocks 

nb_ul=3; 

%   Barrier level 

barrier=0.75; 

%   Bonus level 

bonus=1.42; 

%   Cap level 

cap=1.5; 

%    Range of dates concerning the chosen product. Market opening days only. 

dates=[xlsread('dates','a1:a10000')+datenum('30-dec-1899')];  

%   Product launch day 

date_start_str='30-nov-2007'; 

date_start=datenum(date_start_str); 

date_start=dates(find(dates<=date_start,1,'last')); % Gives back the previous 

opened market day, if the date entered first is a closed market day. 

date_start_str=datestr(date_start);  

%   Product expiration day 

date_end_str='01-jun-2009'; 

date_end=datenum(date_end_str); 

date_end=dates(find(dates<=date_end,1,'last')); 

date_end_str=datestr(date_end); 

%   Time step 

dt=1/252; %Interval of simulation divided in sub-intervals. 

%   Lookback start 

lkb_start_str='30-nov-2007'; 

lkb_start=datenum(lkb_start_str); 

lkb_start=dates(find(dates<=lkb_start,1,'last')); 

lkb_start_str=datestr(lkb_start); 

%   Lookback end 

lkb_end_str='31-dec-2007'; 

lkb_end=datenum(lkb_end_str); 

lkb_end=dates(find(dates<=lkb_end,1,'last')); 

lkb_end_str=datestr(lkb_end); 

%   Date of valuation period 

date_val_str='30-nov-2007'; 

date_val=datenum(date_val_str); 

date_val=dates(find(dates<=date_val,1,'last')); 

date_val_str=datestr(date_val); 

date_val_m1=datenum(date_val)-365; %Valuation date minus one year. Used to 

calculate the correlation. 

date_val_m1_str=datestr(date_val_m1); 
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%   Number of steps 

nb_steps_sim=find(dates==date_end)-find(dates==date_val); % Number of steps for 

the simulation 

nb_days_real=find(dates==date_val)-find(dates==date_start)+1; % Number of days 

from the product launch day to the date of valuation. 

nb_days_lkb=find(dates==lkb_end)-find(dates==lkb_start)+1; % Number of days from 

the lookback starting date to the lookback end date. 

%   Risk free rate 

risk_free=[xlsread('risk_free','a1:a10000')+datenum('30-dec-

1899'),xlsread('risk_free','b1:k10000')]; 

rf=risk_free(find(risk_free==date_val),2:end); 

 

%Data needed for simulation: 

 

%   stock prices 

    %close prices are used to determine the simulation paths, the lookback prices 

and the correlations. 

    %low prices are used to determine if the barrier has been hit.     

prices_close=[xlsread('close','a1:a10000')+datenum('30-dec-

1899'),xlsread('close','b1:k10000')]; 

prices_low=[xlsread('low','a1:a10000')+datenum('30-dec-

1899'),xlsread('low','b1:k10000')]; 

last_real_prices=prices_close(find(prices_close==date_val),2:end); % The starting 

values for the simulations. 

%   stocks returns 

returns=[prices_close(1:end-1,1),log(prices_close(1:end-1,2:end))-

log(prices_close(2:end,2:end))]; 

%   volatility 

impl_vola=[xlsread('impl_vola','a1:a10000')+datenum('30-dec-

1899'),xlsread('impl_vola','b1:k10000')]; 

vola=impl_vola(find(impl_vola==date_val),2:end); % The volatility is dynamic. It 

is adapted for each valuation date. 

%   correlation matrix 

mat_corr=corrcoef(returns(find(returns==date_val_m1):find(returns==date_val),2:en

d)); % The correlation is dynamic. It is adapted for each valuation date. It is 

rolling over one year. 

%   cholesky 

cholesky=chol(mat_corr); 

%   random numbers  

rdn_1=randn(nb_steps_sim,nb_sim/2,nb_ul); % To speed up the simulation, the 

antithetic variate method is used. 

rdn_1_bis=-rdn_1; 

rdn=horzcat(rdn_1,rdn_1_bis); 

%   correlated random numbers 

corr_rdn=zeros(nb_steps_sim,nb_sim,nb_ul);  

for i = 1 : nb_sim 

corr_rdn(:,i,:)=squeeze( rdn(:, i, :) )*cholesky; 

end 
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%Simulations 

 

%From the product launch date until the valuation date, we use historical closing 

prices. The simulated paths start after the valuation date. 

    % Simulated prices 

paths_sim=zeros(nb_steps_sim,nb_sim,nb_ul); % Simulation of paths from the 

valuation date only. 

paths_real=zeros(nb_days_real,nb_sim,nb_ul); % Historical closing prices from 

product launch date until valuation date. 

paths_real_low=zeros(nb_days_real,nb_sim,nb_ul); % Historical lowest prices from 

product launch date until valuation date. 

for i=1:nb_ul 

paths_sim(:,:,i)=exp((rf-1/2*vola(i)^2)*dt+vola(i)*sqrt(dt).*corr_rdn(:,:,i)); 

paths_sim(:,:,i)=cumprod(paths_sim(:,:,i),1); 

paths_sim(:,:,i)=paths_sim(:,:,i)*last_real_prices(i); 

end 

    % Historical prices 

k=find(prices_close==date_start); 

for i=1:nb_ul 

    for j=1:nb_days_real 

        paths_real(j,:,i)=prices_close(j+k-1,i+1); 

        paths_real_low(j,:,i)=prices_low(j+k-1,i+1); 

    end 

end 

    % Historical prices and simulated prices together 

paths_tot=vertcat(paths_real,paths_sim); 

paths_tot_low=vertcat(paths_real_low,paths_sim); 

  

%Data needed to calculate the payoff 

%   Lookback prices 

for i = 1:nb_ul 

 prices_lkb(:,:,i) = min(paths_tot(1:nb_days_lkb,:,i)); % Minimum close prices 

during the lookback period. 

end 

%   Barrier limite 

lim_bar = barrier*prices_lkb; 

%   Final stock prices at product maturity 

prices_final = zeros (1, nb_sim, nb_ul); 

%   Matrice to control if barrier is hit 

touch = zeros (1, nb_sim, nb_ul);  

for i = 1:nb_sim 

     for j = 1:nb_ul 

         prices_final (1,i,j)= paths_tot (end,i,j); 

         touch(1,i,j) = 

min(paths_tot_low((nb_days_lkb+1):end,i,j))<=lim_bar(:,i,j);      end 

end 

  

%Payoff 

 

% There are two payoffs possible depending whether the barrier is hit or not. 

for i=1:nb_sim 

    if touch(1,i,1)+touch(1,i,2)+touch(1,i,3)>0 
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      % Payoff when the barrier is hit: 

      % 

min(action1_final/action1_lkb,action2_final/action2_lkb,action3_final/action3_lkb

). 

        payoff(i)=prices_final(1,i,1)/prices_lkb(1,i,1); 

        payoff(i)=min(payoff(i),prices_final(1,i,2)/prices_lkb(1,i,2)); 

        payoff(i)=min(payoff(i),prices_final(1,i,3)/prices_lkb(1,i,3)); 

    else 

       % Payoff when the barrier is not hit: min[cap, 

       % max(bonus,1/3*(stock1_final/stock1_lkb + stock2_final/stock2_lkb + 

stock3_final/stock3_lkb))]. 

        

payoff(i)=min(cap,max(bonus,1/3*(prices_final(1,i,1)/prices_lkb(1,i,1)+prices_fin

al(1,i,2)/prices_lkb(1,i,2)+prices_final(1,i,3)/prices_lkb(1,i,3)))); 

    end 

end 

  

% Product price 

 

price_product = mean(payoff)*exp(-rf*(date_end-date_val)/365)  

 

% Pricing error 

 

price_product_real=[xlsread('price_product_real','a1:a10000')+datenum('30-dec-

1899'),xlsread('price_product_real','b1:b10000')]; % Historical market price of 

the product. 

pricing_error=(price_product_real(find(price_product_real==date_val),2:end)-

price_product*100)/100  

  

% 95% Confidence interval for the simulated price 

 

%   Upper bound 

ci_ub=price_product+1.96*std(payoff)/sqrt(nb_sim) 

%   Lower bound 

ci_lb=price_product-1.96*std(payoff)/sqrt(nb_sim) 

  

% Probability to hit the barrier 

 

proba_hit_barrier_1=numel(find(touch(:,:,1)))/nb_sim 

proba_hit_barrier_2=numel(find(touch(:,:,2)))/nb_sim 

proba_hit_barrier_3=numel(find(touch(:,:,3)))/nb_sim 
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Appendix 3 : Data used in the simulations 
The data used in the Matlab codes presented in appendix 2 is described below and presented in Table 12 to 

Table 16 (except the file ‘dates’ which have small informative value). The files are listed alphabetically 

according to their names in the Matlab codes.  

- ‘close’ 

This file contains the historical close prices for the three underlying stocks Swiss Re, Clariant and UBS. 

Source: Telekurs 

- ‘dates’ 

The dates file records the date range needed for the simulation. Only the dates where market prices 

are available are considered: the week-ends and bank holidays for the Swiss market are suppressed. 

- ‘impl_vola’ 

The implied volatility used here is the twelve months put implied volatility. We choose the put 

implied volatility rather than the call implied volatility to better take into account the barrier option. 

Source: Bloomberg 

- ‘low’ 

The lowest close prices were first taken from Bloomberg but this data provider adapts past 

information to recent information (like stock split, dividends). Thus, the Bloomberg prices were 

transformed to correspond to the historical lowest closing prices. 

- ‘price_product_real’ 

The file encloses the last market prices of the chosen product. 

Source: Bloomberg 

- ‘risk_free’ 

As risk-free rate we use the last prices of the Swiss Libor 12 months. 

Source: Bloomberg 
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Table 12 : Matlab data –close prices of the underlying stocks 

30.11.06 102.30 16.85 72.05 19.03.07 104.90 20.35 70.10 05.07.07 111.00 19.65 73.80 17.10.07 106.50 15.23 66.35 05.02.08 77.50 8.56 42.46 21.05.08 79.30 11.80 30.64 01.09.08 68.00 10.04 23.92 11.12.08 51.55 6.82 15.75

01.12.06 102.40 16.80 71.1 20.03.07 106.20 20.20 70.80 06.07.07 111.10 19.60 74.40 18.10.07 105.80 15.05 65.55 06.02.08 77.00 8.75 42.42 22.05.08 78.75 12.01 30.98 02.09.08 69.90 10.68 23.98 12.12.08 49.00 6.90 14.41

04.12.06 103.90 16.85 71.95 21.03.07 106.70 20.40 71.50 09.07.07 111.50 19.70 74.70 19.10.07 104.90 14.71 64.75 07.02.08 75.20 8.22 41.28 23.05.08 78.05 11.40 30.98 03.09.08 68.85 10.40 24.56 15.12.08 47.80 6.88 14.20

05.12.06 103.70 16.90 71.8 22.03.07 109.00 20.60 72.95 10.07.07 110.20 19.30 73.60 22.10.07 103.70 14.33 63.65 08.02.08 76.00 8.25 41.00 26.05.08 77.35 11.19 28.20 04.09.08 67.45 10.03 23.24 16.12.08 47.12 6.92 14.45

06.12.06 103.20 17.00 72.3 23.03.07 110.50 20.45 73.35 11.07.07 109.20 19.30 72.95 23.10.07 105.10 14.40 63.80 11.02.08 72.85 8.18 39.74 27.05.08 77.75 11.05 26.24 05.09.08 65.20 9.86 22.40 17.12.08 49.74 7.05 14.57

07.12.06 103.40 16.95 72.6 26.03.07 109.90 20.60 72.30 12.07.07 109.10 19.35 73.05 24.10.07 104.20 14.23 62.65 12.02.08 75.45 8.51 40.94 28.05.08 79.55 11.52 26.04 08.09.08 69.45 10.09 24.26 18.12.08 48.68 7.10 14.65

08.12.06 102.90 17.05 72 27.03.07 109.40 20.40 72.00 13.07.07 109.20 19.45 73.70 25.10.07 104.60 14.40 62.45 13.02.08 76.75 8.41 40.86 29.05.08 80.80 11.50 25.78 09.09.08 69.85 10.03 24.24 19.12.08 49.16 6.84 14.11

11.12.06 103.70 17.05 72.3 28.03.07 108.80 20.45 71.50 16.07.07 110.30 19.55 74.65 26.10.07 106.30 14.27 61.95 14.02.08 76.40 8.94 37.46 30.05.08 80.95 11.62 25.10 10.09.08 68.85 10.27 23.26 22.12.08 46.56 6.80 13.50

12.12.06 104.20 17.35 74 29.03.07 110.30 20.55 72.50 17.07.07 108.90 19.85 73.70 29.10.07 107.70 14.29 62.15 15.02.08 75.60 9.00 36.02 02.06.08 79.80 11.85 24.28 11.09.08 66.55 10.04 22.90 23.12.08 47.00 6.98 14.02

13.12.06 104.60 17.60 74 30.03.07 111.00 20.85 72.20 18.07.07 107.50 19.50 72.60 30.10.07 106.90 14.43 61.35 18.02.08 78.30 9.01 36.12 03.06.08 78.65 12.23 25.20 12.09.08 67.60 10.64 23.52 24.12.08 47.00 6.98 14.02

14.12.06 105.50 17.85 74.6 02.04.07 114.80 20.60 72.30 19.07.07 108.10 19.60 71.85 31.10.07 108.70 14.80 61.95 19.02.08 77.55 9.11 35.90 04.06.08 78.20 12.35 25.24 15.09.08 62.15 10.83 20.10 26.12.08 47.00 6.98 14.02

15.12.06 105.60 18.05 74.3 03.04.07 114.60 20.95 73.30 20.07.07 107.40 19.45 70.30 01.11.07 107.00 14.59 59.20 20.02.08 76.30 9.00 36.32 05.06.08 78.15 12.95 26.30 16.09.08 54.05 11.19 16.64 29.12.08 47.62 7.03 14.45

18.12.06 106.30 18.10 74.2 04.04.07 113.90 20.85 73.35 23.07.07 107.10 19.20 69.85 02.11.07 104.00 14.45 56.70 21.02.08 78.55 9.19 36.36 06.06.08 76.85 12.48 24.62 17.09.08 55.00 10.74 15.70 30.12.08 50.30 7.13 14.84

19.12.06 105.70 17.95 73.2 05.04.07 113.50 20.85 73.65 24.07.07 106.00 19.15 69.90 05.11.07 101.80 14.31 54.60 22.02.08 77.05 8.97 35.68 09.06.08 75.60 12.05 23.82 18.09.08 55.05 10.68 15.95 31.12.08 50.30 7.13 14.84

20.12.06 105.80 17.90 72.95 10.04.07 114.40 21.30 74.20 25.07.07 103.70 18.95 68.65 06.11.07 102.70 14.32 55.10 25.02.08 80.00 9.18 36.56 10.06.08 75.60 11.69 24.50 19.09.08 62.20 11.81 21.00 02.01.09 50.30 7.13 14.84

21.12.06 105.00 18.10 73.25 11.04.07 115.10 20.90 74.00 26.07.07 100.30 18.60 66.60 07.11.07 101.30 12.48 54.10 26.02.08 82.95 9.59 37.10 11.06.08 73.35 11.56 23.70 22.09.08 63.40 11.82 20.80 05.01.09 51.95 7.36 15.97

22.12.06 104.10 17.95 72.65 12.04.07 115.60 20.80 74.00 27.07.07 101.30 18.45 66.10 08.11.07 100.40 12.38 53.10 27.02.08 82.00 9.45 37.48 12.06.08 74.85 12.04 24.32 23.09.08 62.50 11.30 19.15 06.01.09 51.65 7.63 16.09

27.12.06 105.00 18.05 73.7 13.04.07 115.80 20.70 74.60 30.07.07 101.30 18.65 65.70 09.11.07 96.90 11.67 50.95 28.02.08 79.95 9.07 35.66 13.06.08 75.80 11.79 25.58 24.09.08 62.55 11.30 20.08 07.01.09 52.45 7.35 15.85

28.12.06 104.30 18.00 73.85 16.04.07 116.70 21.00 75.60 31.07.07 104.00 18.85 67.55 12.11.07 99.10 11.79 53.00 29.02.08 79.95 8.97 35.66 16.06.08 74.60 11.96 25.68 25.09.08 65.55 11.32 21.10 08.01.09 52.25 7.29 16.27

29.12.06 103.60 18.25 74.05 17.04.07 116.50 21.10 75.50 02.08.07 101.80 17.75 66.55 13.11.07 99.55 11.95 53.65 03.03.08 81.15 8.73 33.22 17.06.08 74.90 12.10 25.68 26.09.08 64.25 11.24 21.00 09.01.09 52.00 7.13 16.88

03.01.07 104.30 18.40 75.9 18.04.07 116.60 20.80 76.65 03.08.07 100.60 17.50 65.65 14.11.07 100.20 12.07 55.15 04.03.08 79.50 8.51 32.08 18.06.08 73.60 11.42 24.78 29.09.08 59.15 10.55 18.15 12.01.09 50.70 7.11 15.84

04.01.07 103.50 18.35 75.6 19.04.07 116.70 20.70 75.00 06.08.07 101.00 16.75 65.05 15.11.07 99.20 11.98 54.55 05.03.08 81.00 8.64 32.24 19.06.08 72.05 10.97 23.86 30.09.08 60.70 10.72 18.46 13.01.09 49.70 6.85 15.00

05.01.07 103.60 18.05 75.1 20.04.07 118.50 20.85 78.25 07.08.07 102.70 16.65 66.40 16.11.07 97.55 11.64 52.95 06.03.08 79.50 8.54 30.74 20.06.08 71.50 10.62 23.08 01.10.08 61.25 10.33 19.70 14.01.09 46.96 6.59 13.62

08.01.07 102.80 18.35 74.3 23.04.07 118.40 20.70 77.85 08.08.07 105.20 17.05 68.30 19.11.07 87.55 11.02 50.50 07.03.08 79.20 8.28 30.20 23.06.08 70.05 10.52 22.06 02.10.08 60.05 10.04 21.30 15.01.09 46.54 6.24 13.50

09.01.07 104.10 18.90 74.85 24.04.07 117.20 20.70 77.45 09.08.07 102.30 16.55 67.20 20.11.07 85.10 10.60 50.55 10.03.08 78.25 8.17 29.00 24.06.08 70.15 10.31 22.80 03.10.08 61.40 10.29 23.98 16.01.09 46.32 6.14 13.33

10.01.07 103.60 18.95 74.5 25.04.07 115.10 20.85 78.45 10.08.07 99.90 16.25 65.35 21.11.07 80.95 9.96 48.20 11.03.08 81.50 8.45 29.98 25.06.08 71.05 10.52 23.94 06.10.08 53.20 9.99 20.90 19.01.09 41.68 6.00 12.60

11.01.07 104.50 19.60 75.95 26.04.07 115.60 20.55 79.95 13.08.07 101.60 16.30 66.05 22.11.07 81.00 9.60 48.10 12.03.08 83.30 8.62 31.94 26.06.08 68.60 10.25 22.98 07.10.08 49.80 9.82 19.40 20.01.09 38.02 5.72 11.81

12.01.07 106.10 19.90 76.15 27.04.07 114.20 19.95 78.65 14.08.07 100.10 16.20 63.50 23.11.07 82.20 9.99 49.74 13.03.08 81.75 8.30 30.72 27.06.08 68.25 10.15 22.40 08.10.08 44.28 9.10 18.21 21.01.09 36.20 5.70 12.82

15.01.07 106.30 19.70 76.35 30.04.07 114.20 20.10 79.15 15.08.07 99.30 16.20 63.25 26.11.07 80.65 9.63 49.62 14.03.08 82.20 8.10 28.44 30.06.08 68.05 10.37 21.44 09.10.08 43.02 8.66 18.51 22.01.09 33.40 5.84 13.50

16.01.07 104.50 19.80 76.6 02.05.07 114.50 19.90 78.55 16.08.07 96.25 15.65 61.80 27.11.07 79.95 9.69 51.15 17.03.08 78.25 7.63 24.50 01.07.08 66.65 10.03 20.30 10.10.08 37.66 7.96 17.00 23.01.09 27.00 5.62 14.00

17.01.07 104.60 19.85 76.5 03.05.07 114.50 19.50 76.50 17.08.07 98.55 15.25 63.10 28.11.07 82.50 9.92 54.55 18.03.08 81.30 7.74 28.02 02.07.08 66.15 9.79 20.62 13.10.08 45.80 8.79 19.10 26.01.09 29.92 5.46 14.42

18.01.07 104.90 19.80 76.25 04.05.07 115.30 19.80 77.00 20.08.07 99.40 15.50 63.20 29.11.07 83.45 9.91 55.20 19.03.08 83.05 7.77 28.22 03.07.08 67.60 9.49 21.02 14.10.08 50.30 9.02 21.40 27.01.09 29.14 5.92 14.45

19.01.07 106.80 20.15 76.25 07.05.07 116.40 19.85 77.50 21.08.07 98.75 15.55 62.60 30.11.07 83.95 10.00 57.20 20.03.08 83.30 7.57 27.92 04.07.08 65.85 9.58 20.48 15.10.08 43.98 8.33 20.08 28.01.09 32.50 5.99 15.92

22.01.07 108.60 20.35 75.9 08.05.07 113.40 19.20 76.00 22.08.07 101.00 15.65 63.60 03.12.07 82.80 9.99 56.15 25.03.08 87.95 8.07 30.20 07.07.08 65.90 9.80 19.97 16.10.08 41.84 7.62 19.09 29.01.09 31.18 5.86 14.37

23.01.07 107.30 20.70 76.75 09.05.07 113.40 19.45 76.75 23.08.07 101.10 15.95 63.35 04.12.07 81.90 10.08 54.90 26.03.08 87.95 8.09 29.34 08.07.08 64.70 9.51 19.95 17.10.08 41.00 7.81 18.16 30.01.09 30.94 5.78 14.64

24.01.07 106.40 20.45 77.4 10.05.07 113.20 21.40 76.20 24.08.07 100.80 15.90 63.40 05.12.07 83.35 10.11 55.60 27.03.08 87.90 8.42 29.70 09.07.08 66.65 9.85 21.06 20.10.08 42.50 7.15 18.00 02.02.09 29.08 5.62 13.08

25.01.07 105.40 21.00 78.05 11.05.07 114.70 21.40 77.10 27.08.07 101.20 16.00 63.75 06.12.07 83.55 9.66 56.10 28.03.08 86.70 8.27 28.98 10.07.08 66.75 10.07 20.56 21.10.08 47.50 7.52 18.20 03.02.09 28.80 5.58 13.24

26.01.07 104.30 21.55 77.1 14.05.07 114.90 20.80 76.80 28.08.07 100.50 15.70 62.70 07.12.07 84.10 9.71 57.20 31.03.08 86.75 8.47 28.86 11.07.08 64.15 9.70 19.49 22.10.08 46.84 6.87 17.32 04.02.09 30.16 5.94 13.90

29.01.07 105.70 21.40 77.45 15.05.07 115.40 20.70 76.90 29.08.07 100.20 15.80 62.65 10.12.07 85.45 9.79 58.00 01.04.08 92.90 8.81 32.40 14.07.08 63.75 9.64 19.53 23.10.08 45.24 6.63 16.50 05.02.09 21.70 5.90 13.00

30.01.07 104.10 21.05 77.85 16.05.07 114.70 20.55 77.05 30.08.07 101.00 15.85 62.70 11.12.07 85.75 10.51 56.95 02.04.08 92.40 9.33 34.00 15.07.08 62.20 9.46 18.30 24.10.08 43.00 6.66 15.64 06.02.09 18.60 6.33 12.98

31.01.07 103.40 21.35 77.8 18.05.07 114.90 20.95 79.00 31.08.07 101.70 16.10 63.00 12.12.07 85.45 11.15 56.25 03.04.08 90.70 9.22 32.40 16.07.08 60.75 9.50 18.93 27.10.08 38.48 6.10 14.40 09.02.09 18.50 6.42 12.90

01.02.07 103.70 21.85 78.7 21.05.07 115.00 20.80 78.70 03.09.07 102.60 16.00 63.15 13.12.07 83.85 10.50 54.25 04.04.08 91.45 9.22 33.46 17.07.08 61.80 10.37 20.42 28.10.08 40.14 6.66 15.02 10.02.09 19.13 6.27 13.63

02.02.07 103.80 21.80 79.25 22.05.07 114.30 21.20 78.20 04.09.07 103.50 16.23 64.25 14.12.07 83.25 10.66 55.25 07.04.08 92.35 9.45 35.40 18.07.08 63.75 10.83 21.98 29.10.08 44.50 7.05 17.30 11.02.09 18.94 6.50 13.97

05.02.07 102.10 21.85 78.7 23.05.07 114.70 21.05 78.90 05.09.07 102.40 16.05 63.45 17.12.07 81.75 10.17 53.75 08.04.08 91.95 9.40 35.64 21.07.08 64.75 11.05 22.46 30.10.08 45.00 7.27 17.85 12.02.09 19.89 6.09 13.44

06.02.07 101.90 21.45 78.65 24.05.07 114.00 20.70 78.00 06.09.07 102.10 15.82 63.10 18.12.07 81.10 10.06 53.60 09.04.08 89.55 9.18 34.60 22.07.08 66.00 11.07 21.98 31.10.08 47.76 7.16 19.35 13.02.09 18.99 6.35 13.17

07.02.07 103.50 21.80 79 25.05.07 114.00 20.75 79.00 07.09.07 100.50 15.49 61.50 19.12.07 80.40 10.35 52.70 10.04.08 87.45 8.79 34.38 23.07.08 68.40 10.95 23.30 03.11.08 50.75 7.30 18.95 16.02.09 18.01 6.11 12.88

08.02.07 105.40 21.00 79.6 29.05.07 114.10 20.80 79.45 10.09.07 99.65 15.25 60.75 20.12.07 80.30 10.27 52.30 11.04.08 88.00 8.80 34.20 24.07.08 68.60 10.57 23.00 04.11.08 56.45 8.95 19.70 17.02.09 17.14 5.56 12.17

09.02.07 105.60 20.95 79.95 30.05.07 114.10 20.65 79.25 11.09.07 100.50 15.25 61.35 21.12.07 80.85 10.40 51.85 14.04.08 85.60 8.95 33.38 25.07.08 66.90 10.69 21.60 05.11.08 53.80 8.50 19.29 18.02.09 17.62 5.42 12.21

12.02.07 104.80 20.85 79.6 31.05.07 116.60 20.90 79.90 12.09.07 100.50 15.31 61.45 27.12.07 80.90 10.54 52.60 15.04.08 86.10 8.97 33.72 28.07.08 64.20 11.21 20.42 06.11.08 46.90 8.03 18.00 19.02.09 16.74 5.32 12.80

13.02.07 104.10 20.95 78.25 01.06.07 118.10 21.20 80.00 13.09.07 101.20 15.40 62.20 28.12.07 80.45 10.53 52.40 16.04.08 87.30 9.31 34.06 29.07.08 63.85 10.92 19.68 07.11.08 47.82 7.92 17.30 20.02.09 15.39 5.09 11.00

14.02.07 104.20 20.45 78.2 04.06.07 118.10 21.40 79.40 14.09.07 99.60 15.20 61.55 03.01.08 79.05 10.18 51.05 17.04.08 87.50 9.60 34.24 30.07.08 65.00 10.32 20.04 10.11.08 50.10 8.26 17.47 23.02.09 14.16 4.92 10.00

15.02.07 103.50 20.80 77.15 05.06.07 116.70 20.80 78.20 17.09.07 98.80 14.83 60.90 04.01.08 77.45 9.81 49.50 18.04.08 91.30 9.76 36.10 31.07.08 65.60 10.44 20.38 11.11.08 47.38 8.05 16.00 24.02.09 13.15 4.78 9.85

16.02.07 103.00 20.90 77.6 06.06.07 115.70 20.00 76.80 18.09.07 99.65 14.84 62.15 07.01.08 76.80 9.62 48.22 21.04.08 90.60 9.64 35.94 04.08.08 65.40 9.99 19.56 12.11.08 43.60 7.40 15.85 25.02.09 13.28 4.56 10.10

19.02.07 103.80 21.05 77.9 07.06.07 114.40 20.00 75.30 19.09.07 103.20 15.13 64.40 08.01.08 77.20 9.89 49.10 22.04.08 88.95 9.43 35.60 05.08.08 66.65 10.45 21.06 13.11.08 45.22 7.40 15.08 26.02.09 15.38 4.73 11.74

20.02.07 104.70 20.30 77.65 08.06.07 113.60 20.10 75.30 20.09.07 101.20 14.87 63.90 09.01.08 76.40 9.61 49.00 23.04.08 84.15 9.44 35.22 06.08.08 69.15 10.55 21.84 14.11.08 47.24 7.43 14.50 27.02.09 14.53 4.40 11.06

21.02.07 103.60 20.00 76.3 11.06.07 114.60 20.35 76.15 21.09.07 101.00 14.80 63.40 10.01.08 77.60 8.91 49.06 24.04.08 85.55 9.37 35.70 07.08.08 69.05 10.14 21.74 17.11.08 43.40 7.47 13.75 02.03.09 13.30 3.95 9.88

22.02.07 105.50 20.25 76.2 12.06.07 113.60 19.75 75.70 24.09.07 101.00 14.74 62.90 11.01.08 79.80 8.97 49.04 25.04.08 86.80 9.68 36.98 08.08.08 68.25 10.21 22.00 18.11.08 42.10 7.16 13.27 03.03.09 13.78 3.95 9.89

23.02.07 105.50 19.90 75.9 13.06.07 112.90 19.80 75.85 25.09.07 100.20 14.36 62.20 14.01.08 82.25 9.22 49.56 28.04.08 87.50 9.95 36.34 11.08.08 70.25 10.30 23.18 19.11.08 39.20 6.79 12.07 04.03.09 13.96 4.22 10.23

26.02.07 108.80 20.45 75.2 14.06.07 114.30 19.95 77.15 26.09.07 102.30 14.34 61.95 15.01.08 81.65 8.66 48.18 29.04.08 85.10 9.57 35.70 12.08.08 71.00 10.57 22.62 20.11.08 38.00 6.55 11.30 05.03.09 13.15 3.91 9.52

27.02.07 105.20 19.60 72.6 15.06.07 116.50 20.00 77.90 27.09.07 103.50 14.40 62.15 16.01.08 81.00 8.30 46.74 30.04.08 86.40 11.42 35.00 13.08.08 68.20 10.05 20.98 21.11.08 40.00 6.82 11.35 06.03.09 12.37 3.90 9.05

28.02.07 104.00 19.10 72.25 18.06.07 115.90 20.15 77.85 28.09.07 103.70 14.31 62.60 17.01.08 80.00 8.47 45.50 01.05.08 86.40 11.42 35.00 14.08.08 68.80 9.84 21.74 24.11.08 44.00 7.02 13.78 09.03.09 12.09 3.71 8.57

01.03.07 107.50 18.90 72 19.06.07 115.50 20.10 77.50 01.10.07 104.30 14.50 64.50 18.01.08 76.40 8.39 43.20 02.05.08 87.85 11.91 36.80 15.08.08 69.30 9.90 22.06 25.11.08 44.54 7.13 14.41 10.03.09 13.77 4.08 9.79

02.03.07 107.90 19.25 71.5 20.06.07 115.70 20.40 77.35 02.10.07 106.10 14.77 66.40 21.01.08 68.70 7.85 40.30 05.05.08 87.65 11.79 36.88 18.08.08 68.45 10.04 22.46 26.11.08 44.58 7.22 14.80 11.03.09 14.19 4.17 10.03

05.03.07 105.70 19.00 70.7 21.06.07 114.40 20.00 76.00 03.10.07 106.50 14.89 67.35 22.01.08 73.60 8.42 44.00 06.05.08 83.45 11.93 35.22 19.08.08 65.70 9.62 21.26 27.11.08 47.50 7.14 15.40 12.03.09 14.68 4.33 10.46

06.03.07 107.20 19.60 70.4 22.06.07 113.70 20.00 75.35 04.10.07 107.30 14.99 67.60 23.01.08 76.35 8.00 43.80 07.05.08 85.00 11.86 34.60 20.08.08 66.30 9.67 21.82 28.11.08 49.50 7.43 15.15 13.03.09 14.88 4.39 10.80

07.03.07 107.00 19.90 71.15 25.06.07 113.50 19.80 74.75 05.10.07 107.60 15.07 67.95 24.01.08 83.25 8.36 47.34 08.05.08 84.60 11.99 32.82 21.08.08 65.70 9.56 21.82 01.12.08 45.10 6.90 13.28

08.03.07 107.80 19.75 72.4 26.06.07 112.40 19.70 73.95 08.10.07 108.00 15.13 68.10 25.01.08 81.00 8.53 46.16 09.05.08 82.50 11.49 32.52 22.08.08 67.00 9.84 22.86 02.12.08 46.44 6.75 13.76

09.03.07 108.20 19.65 71.9 27.06.07 110.80 19.70 73.00 09.10.07 111.10 15.17 67.95 28.01.08 79.40 8.30 45.48 13.05.08 82.85 11.18 32.38 25.08.08 66.95 9.80 22.80 03.12.08 46.26 6.75 13.94

12.03.07 107.40 19.90 70.95 28.06.07 111.20 19.75 73.30 10.10.07 112.10 15.16 68.00 29.01.08 82.50 8.59 46.80 14.05.08 82.20 11.67 32.50 26.08.08 66.85 9.80 23.14 04.12.08 48.20 6.89 14.68

13.03.07 106.90 20.10 70.2 29.06.07 111.90 19.90 73.60 11.10.07 112.30 15.20 67.70 30.01.08 81.40 8.62 46.06 15.05.08 82.05 11.90 32.70 27.08.08 66.05 9.39 22.84 05.12.08 45.88 6.56 14.46

14.03.07 103.60 19.40 67.5 02.07.07 111.00 19.80 73.55 12.10.07 110.20 15.50 67.95 31.01.08 80.40 8.61 44.32 16.05.08 81.20 12.40 32.16 28.08.08 67.80 9.75 23.88 08.12.08 50.00 6.79 15.96

15.03.07 104.70 19.95 69.1 03.07.07 111.90 19.85 74.05 15.10.07 108.60 15.53 67.30 01.02.08 82.80 8.77 44.40 19.05.08 81.40 12.50 32.26 29.08.08 67.80 9.75 24.14 09.12.08 52.45 6.93 16.28

16.03.07 103.40 19.85 69.1 04.07.07 112.00 19.85 74.30 16.10.07 106.90 15.20 66.50 04.02.08 80.90 8.85 44.26 20.05.08 80.40 11.90 31.74 30.08.08 92.00 10.00 24.14 10.12.08 53.40 6.97 15.91
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Date RUKN CLN UBSN Date RUKN CLN UBSN Date RUKN CLN UBSN Date RUKN CLN UBSN

30.11.07 0.2732 0.3640 0.3012 03.04.08 0.3211 0.4025 0.4914 29.07.08 0.3548 0.4287 0.5139 20.11.08 0.6143 0.6348 0.8899

03.12.07 0.2752 0.3786 0.2976 04.04.08 0.3188 0.4068 0.4839 30.07.08 0.3459 0.4369 0.5097 21.11.08 0.6158 0.6535 0.8857

04.12.07 0.2787 0.3769 0.2996 07.04.08 0.3142 0.4042 0.4715 31.07.08 0.3403 0.4361 0.5051 24.11.08 0.6211 0.6312 0.8411

05.12.07 0.2734 0.3772 0.2980 08.04.08 0.3143 0.4037 0.4698 04.08.08 0.3343 0.4345 0.5152 25.11.08 0.6001 0.6243 0.8482

06.12.07 0.2646 0.3742 0.2904 09.04.08 0.3191 0.3992 0.4743 05.08.08 0.3203 0.4248 0.4824 26.11.08 0.5985 0.6231 0.8438

07.12.07 0.2606 0.3727 0.2842 10.04.08 0.3237 0.4094 0.4794 06.08.08 0.3091 0.4273 0.4689 27.11.08 0.5873 0.6548 0.8324

10.12.07 0.2599 0.3678 0.2705 11.04.08 0.3225 0.4019 0.4821 07.08.08 0.3074 0.4260 0.4710 28.11.08 0.5784 0.6365 0.8383

11.12.07 0.2483 0.3627 0.2774 14.04.08 0.3285 0.4084 0.4898 08.08.08 0.3123 0.4259 0.4682 01.12.08 0.6167 0.6513 0.8696

12.12.07 0.2554 0.3777 0.2810 15.04.08 0.3273 0.4041 0.4862 11.08.08 0.3091 0.4183 0.4478 02.12.08 0.6077 0.6622 0.8852

13.12.07 0.2572 0.3891 0.2830 16.04.08 0.3223 0.3993 0.4832 12.08.08 0.3042 0.4168 0.4382 03.12.08 0.6164 0.6418 0.8872

14.12.07 0.2574 0.3882 0.2855 17.04.08 0.3217 0.4002 0.4750 13.08.08 0.3148 0.4171 0.4556 04.12.08 0.6027 0.6228 0.8684

17.12.07 0.2608 0.4039 0.2893 18.04.08 0.3105 0.3910 0.4611 14.08.08 0.3137 0.4201 0.4455 05.12.08 0.6101 0.6361 0.8638

18.12.07 0.2574 0.4047 0.2890 21.04.08 0.3115 0.3958 0.4517 15.08.08 0.3131 0.4210 0.4341 08.12.08 0.6078 0.6245 0.8321

19.12.07 0.2574 0.3978 0.2962 22.04.08 0.3073 0.3896 0.4434 18.08.08 0.3143 0.4155 0.4335 09.12.08 0.5827 0.6146 0.8124

20.12.07 0.2575 0.3985 0.2906 23.04.08 0.3103 0.3894 0.4441 19.08.08 0.3191 0.4216 0.4503 10.12.08 0.5865 0.6127 0.8104

21.12.07 0.2497 0.4000 0.2900 24.04.08 0.3102 0.3861 0.4426 20.08.08 0.3187 0.4135 0.4467 11.12.08 0.5888 0.6219 0.8013

27.12.07 0.2577 0.3931 0.2847 25.04.08 0.3045 0.3870 0.4346 21.08.08 0.3222 0.4147 0.4487 12.12.08 0.5998 0.6155 0.8235

28.12.07 0.2595 0.3946 0.2867 28.04.08 0.2992 0.3885 0.3759 22.08.08 0.3230 0.4091 0.4395 15.12.08 0.5980 0.5998 0.8080

03.01.08 0.2604 0.4017 0.2893 29.04.08 0.3032 0.3903 0.3738 25.08.08 0.3177 0.4085 0.4362 16.12.08 0.5956 0.6026 0.8151

04.01.08 0.2558 0.4055 0.2982 30.04.08 0.2997 0.3735 0.3566 26.08.08 0.3184 0.4077 0.4322 17.12.08 0.5834 0.5787 0.8117

07.01.08 0.2506 0.4026 0.3013 02.05.08 0.2916 0.3703 0.3507 27.08.08 0.3200 0.4114 0.4346 18.12.08 0.5888 0.5810 0.7899

08.01.08 0.2576 0.4106 0.2958 05.05.08 0.2894 0.3740 0.3485 28.08.08 0.3113 0.4075 0.4189 19.12.08 0.5524 0.5769 0.7696

09.01.08 0.2588 0.4105 0.2982 06.05.08 0.2936 0.3696 0.3513 29.08.08 0.3042 0.4040 0.4039 22.12.08 0.5387 0.5592 0.7708

10.01.08 0.2567 0.4241 0.3021 07.05.08 0.2912 0.3721 0.3454 01.09.08 0.3076 0.4044 0.4136 23.12.08 0.5080 0.5547 0.7607

11.01.08 0.2590 0.4193 0.3023 08.05.08 0.2902 0.3751 0.3549 02.09.08 0.3027 0.4005 0.4092 24.12.08 0.5080 0.5547 0.7607

14.01.08 0.2451 0.4003 0.2876 09.05.08 0.2919 0.3772 0.3612 03.09.08 0.3055 0.4031 0.4102 26.12.08 0.5080 0.5547 0.7607

15.01.08 0.2492 0.4125 0.2917 13.05.08 0.2911 0.3728 0.3551 04.09.08 0.3077 0.4033 0.4245 29.12.08 0.4993 0.5487 0.7503

16.01.08 0.2632 0.4204 0.3143 14.05.08 0.2899 0.3691 0.3458 05.09.08 0.3194 0.4173 0.4431 30.12.08 0.4877 0.5464 0.7343

17.01.08 0.2639 0.4060 0.3187 15.05.08 0.2886 0.3654 0.3415 08.09.08 0.3011 0.4093 0.4224 31.12.08 0.4877 0.5464 0.7343

18.01.08 0.2762 0.4155 0.3364 16.05.08 0.2865 0.3671 0.3382 09.09.08 0.3002 0.4217 0.4223 02.01.09 0.4877 0.5464 0.7343

21.01.08 0.3081 0.4223 0.3723 19.05.08 0.2868 0.3683 0.3350 10.09.08 0.3026 0.4207 0.4417 05.01.09 0.4779 0.5331 0.7095

22.01.08 0.3088 0.4213 0.3399 20.05.08 0.2885 0.3676 0.3371 11.09.08 0.3094 0.4221 0.4520 06.01.09 0.4800 0.5222 0.6947

23.01.08 0.3164 0.4354 0.3509 21.05.08 0.2882 0.3733 0.3470 12.09.08 0.3077 0.4169 0.4456 07.01.09 0.4663 0.5322 0.6956

24.01.08 0.3049 0.4205 0.3294 22.05.08 0.2895 0.3751 0.3499 15.09.08 0.3445 0.4265 0.5065 08.01.09 0.4643 0.5366 0.6894

25.01.08 0.2962 0.4144 0.3287 23.05.08 0.2949 0.3777 0.3467 16.09.08 0.3884 0.4218 0.5757 09.01.09 0.4168 0.5410 0.6639

28.01.08 0.3053 0.4192 0.3314 26.05.08 0.2933 0.3879 0.3520 17.09.08 0.3866 0.4337 0.6306 12.01.09 0.4710 0.5321 0.6783

29.01.08 0.3003 0.4125 0.3246 27.05.08 0.2940 0.3928 0.3499 18.09.08 0.3908 0.4421 0.6300 13.01.09 0.4727 0.5465 0.7076

30.01.08 0.2998 0.4140 0.3709 28.05.08 0.2907 0.3888 0.3455 19.09.08 0.3555 0.4226 0.5033 14.01.09 0.4975 0.5495 0.7336

31.01.08 0.3034 0.4096 0.3896 29.05.08 0.2900 0.3876 0.3381 22.09.08 0.3498 0.4260 0.5160 15.01.09 0.5685 0.5635 0.7440

01.02.08 0.3024 0.4005 0.3871 30.05.08 0.2897 0.3858 0.3284 23.09.08 0.3682 0.4191 0.5287 16.01.09 0.5685 0.5682 0.7366

04.02.08 0.3056 0.4023 0.3849 02.06.08 0.2941 0.3869 0.3669 24.09.08 0.3676 0.4197 0.5105 19.01.09 0.5962 0.5800 0.7554

05.02.08 0.3128 0.4061 0.3988 03.06.08 0.2972 0.3965 0.3681 25.09.08 0.3601 0.4192 0.5130 20.01.09 0.6318 0.5926 0.7834

06.02.08 0.3165 0.4041 0.4062 04.06.08 0.3020 0.3975 0.3670 26.09.08 0.3670 0.4218 0.5317 21.01.09 0.6529 0.5938 0.7617

07.02.08 0.3176 0.4134 0.4182 05.06.08 0.3025 0.3956 0.3654 29.09.08 0.3885 0.4276 0.5946 22.01.09 0.6740 0.5800 0.7406

08.02.08 0.3163 0.4122 0.4170 06.06.08 0.3042 0.3959 0.3707 30.09.08 0.3853 0.4291 0.5922 23.01.09 0.7130 0.5868 0.7346

11.02.08 0.3275 0.4137 0.4286 09.06.08 0.3075 0.4068 0.3793 01.10.08 0.3868 0.4347 0.5702 26.01.09 0.6893 0.5963 0.7177

12.02.08 0.3302 0.4117 0.4281 10.06.08 0.3149 0.4064 0.3791 02.10.08 0.3906 0.4418 0.5155 27.01.09 0.6732 0.5938 0.7071

13.02.08 0.3206 0.4206 0.4290 11.06.08 0.3163 0.3980 0.3731 03.10.08 0.3876 0.4415 0.4845 28.01.09 0.6397 0.5809 0.6655

14.02.08 0.3206 0.4249 0.4318 12.06.08 0.3156 0.3944 0.3697 06.10.08 0.4410 0.4492 0.5698 29.01.09 0.6426 0.5874 0.6922

15.02.08 0.3291 0.4135 0.4413 13.06.08 0.3137 0.4056 0.3617 07.10.08 0.4752 0.4500 0.5776 30.01.09 0.6344 0.5878 0.7181

18.02.08 0.3241 0.4109 0.4426 16.06.08 0.3134 0.4033 0.3477 08.10.08 0.5094 0.4697 0.6059 02.02.09 0.6763 0.5968 0.7459

19.02.08 0.3239 0.4081 0.4485 17.06.08 0.3084 0.4026 0.3362 09.10.08 0.5177 0.4828 0.5950 03.02.09 0.6774 0.5882 0.7480

20.02.08 0.3262 0.4109 0.4443 18.06.08 0.3113 0.4064 0.3450 10.10.08 0.5749 0.5214 0.6359 04.02.09 0.6667 0.5719 0.7246

21.02.08 0.3196 0.4095 0.4409 19.06.08 0.3109 0.4094 0.3600 13.10.08 0.5326 0.5038 0.6159 05.02.09 0.7020 0.5671 0.7544

22.02.08 0.3280 0.4115 0.4481 20.06.08 0.3174 0.4178 0.3756 14.10.08 0.5082 0.5020 0.5657 06.02.09 0.6806 0.5241 0.7567

25.02.08 0.3282 0.4061 0.4298 23.06.08 0.3279 0.4149 0.3795 15.10.08 0.5132 0.5164 0.5960 09.02.09 0.6981 0.5373 0.7467

26.02.08 0.3208 0.4037 0.4276 24.06.08 0.3310 0.4152 0.3872 16.10.08 0.5675 0.5520 0.6258 10.02.09 0.6879 0.5448 0.7101

27.02.08 0.3255 0.4035 0.4269 25.06.08 0.3236 0.4120 0.3802 17.10.08 0.5956 0.5571 0.6807 11.02.09 0.6925 0.5366 0.7015

28.02.08 0.3311 0.4103 0.4361 26.06.08 0.3310 0.4173 0.3904 20.10.08 0.5770 0.5807 0.6620 12.02.09 0.6623 0.5540 0.7120

29.02.08 0.3291 0.4076 0.4446 27.06.08 0.3287 0.4195 0.3993 21.10.08 0.5180 0.5388 0.5853 13.02.09 0.6480 0.5431 0.6943

03.03.08 0.3394 0.4106 0.4646 30.06.08 0.3329 0.4228 0.4071 22.10.08 0.5393 0.5467 0.6138 16.02.09 0.6335 0.5540 0.7088

04.03.08 0.3445 0.4050 0.4716 01.07.08 0.3422 0.4233 0.4530 23.10.08 0.5428 0.5737 0.6572 17.02.09 0.6531 0.5733 0.7290

05.03.08 0.3428 0.4043 0.4330 02.07.08 0.3388 0.4267 0.4353 24.10.08 0.5674 0.6030 0.6971 18.02.09 0.6746 0.5812 0.7543

06.03.08 0.3444 0.4050 0.4777 03.07.08 0.3404 0.4283 0.4779 27.10.08 0.5946 0.6518 0.7327 19.02.09 0.6813 0.5662 0.7289

07.03.08 0.3485 0.4087 0.4817 04.07.08 0.3441 0.4250 0.4728 28.10.08 0.5874 0.6141 0.6940 20.02.09 0.6897 0.5754 0.7618

10.03.08 0.3448 0.4117 0.4963 07.07.08 0.3488 0.4252 0.4790 29.10.08 0.5699 0.5989 0.6500 23.02.09 0.7003 0.5873 0.8134

11.03.08 0.3408 0.4140 0.4869 08.07.08 0.3502 0.4338 0.4783 30.10.08 0.5637 0.5893 0.6534 24.02.09 0.7253 0.5985 0.8405

12.03.08 0.3375 0.4115 0.4730 09.07.08 0.3542 0.4278 0.4852 31.10.08 0.5862 0.5657 0.6305 25.02.09 0.7065 0.6090 0.8332

13.03.08 0.3423 0.4128 0.4920 10.07.08 0.3472 0.4239 0.4705 03.11.08 0.5613 0.5666 0.6390 26.02.09 0.6807 0.5991 0.7860

14.03.08 0.3421 0.4080 0.5172 11.07.08 0.3525 0.4371 0.5284 04.11.08 0.4997 0.4940 0.6015 27.02.09 0.6829 0.6180 0.8025

17.03.08 0.3577 0.4041 0.5593 14.07.08 0.3543 0.4371 0.5198 05.11.08 0.4990 0.5285 0.6275 02.03.09 0.7071 0.6500 0.8434

18.03.08 0.3486 0.4188 0.5326 15.07.08 0.3655 0.4395 0.5357 06.11.08 0.5233 0.5407 0.6497 03.03.09 0.6997 0.6487 0.8375

19.03.08 0.3445 0.4203 0.5302 16.07.08 0.3657 0.4425 0.5258 07.11.08 0.5249 0.5446 0.6587 04.03.09 0.6843 0.6264 0.8156

20.03.08 0.3491 0.4180 0.5320 17.07.08 0.3700 0.4384 0.4984 10.11.08 0.5167 0.5303 0.6508 05.03.09 0.6894 0.6330 0.8446

25.03.08 0.3381 0.4224 0.5463 18.07.08 0.3633 0.4330 0.4816 11.11.08 0.5336 0.5414 0.6832 06.03.09 0.7034 0.6385 0.8466

26.03.08 0.3377 0.4219 0.5469 21.07.08 0.3586 0.4307 0.4633 12.11.08 0.5621 0.5602 0.7022 09.03.09 0.7004 0.6475 0.8820

27.03.08 0.3369 0.4185 0.5467 22.07.08 0.3553 0.4259 0.4713 13.11.08 0.5611 0.5754 0.7352 10.03.09 0.6719 0.6204 0.8376

28.03.08 0.3383 0.4179 0.5501 23.07.08 0.3416 0.4278 0.4512 14.11.08 0.5628 0.5679 0.7874 11.03.09 0.6660 0.6157 0.8103

31.03.08 0.3393 0.4109 0.5464 24.07.08 0.3408 0.4327 0.4498 17.11.08 0.5917 0.5710 0.8097 12.03.09 0.6732 0.6100 0.8058

01.04.08 0.3235 0.4097 0.5013 25.07.08 0.3460 0.4346 0.4735 18.11.08 0.5941 0.5917 0.8184 13.03.09 0.6670 0.6106 0.8118

02.04.08 0.3208 0.4027 0.4831 28.07.08 0.3518 0.4369 0.4811 19.11.08 0.5976 0.6087 0.8395  

Table 13 : Matlab data –implicit volatility of the underlying stocks 
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 'low'

Date RUKN CLN UBSN Date RUKN CLN UBSN Date RUKN CLN UBSN Date RUKN CLN UBSN

30.11.07 82.45 9.91 55.20 04.04.08 90.10 9.10 32.93 30.07.08 64.10 10.16 19.11 21.11.08 38.14 6.48 10.87

03.12.07 82.80 9.95 55.89 07.04.08 91.60 9.19 34.52 31.07.08 64.50 10.32 19.83 24.11.08 40.24 6.80 11.60

04.12.07 81.25 9.90 54.00 08.04.08 91.10 9.27 34.72 04.08.08 64.75 9.86 19.43 25.11.08 42.34 6.97 13.42

05.12.07 81.60 9.95 54.15 09.04.08 89.25 9.13 34.60 05.08.08 64.50 9.90 19.54 26.11.08 42.58 7.06 13.20

06.12.07 83.20 9.46 55.65 10.04.08 86.60 8.51 33.21 06.08.08 66.50 10.49 21.22 27.11.08 44.28 7.00 14.83

07.12.07 83.95 9.66 56.75 11.04.08 86.60 8.67 33.41 07.08.08 67.95 9.96 21.56 28.11.08 45.70 7.09 14.48

10.12.07 83.30 9.57 55.26 14.04.08 85.20 8.62 33.05 08.08.08 67.25 10.11 20.84 01.12.08 44.12 6.90 13.28

11.12.07 85.10 9.76 55.95 15.04.08 84.60 8.81 33.11 11.08.08 68.05 10.19 22.40 02.12.08 42.24 6.61 12.63

12.12.07 83.75 10.26 54.80 16.04.08 85.65 9.06 33.28 12.08.08 69.85 10.25 22.38 03.12.08 42.64 6.56 13.41

13.12.07 82.95 10.45 54.05 17.04.08 86.60 9.38 33.42 13.08.08 67.65 9.96 20.96 04.12.08 44.58 6.70 13.95

14.12.07 82.20 10.32 53.90 18.04.08 87.50 9.51 34.44 14.08.08 67.40 9.77 21.02 05.12.08 45.10 6.50 14.05

17.12.07 80.40 10.13 53.10 21.04.08 89.25 9.54 35.42 15.08.08 68.50 9.85 21.86 08.12.08 47.76 6.60 14.86

18.12.07 81.00 10.04 53.20 22.04.08 88.60 9.36 35.29 18.08.08 67.30 9.84 21.70 09.12.08 47.84 6.66 15.40

19.12.07 80.40 10.09 52.54 23.04.08 82.60 9.18 33.96 19.08.08 65.20 9.55 21.26 10.12.08 50.65 6.84 15.66

20.12.07 80.05 10.20 51.85 24.04.08 82.75 9.23 34.28 20.08.08 65.30 9.52 21.02 11.12.08 50.70 6.81 15.35

21.12.07 79.80 10.31 51.85 25.04.08 86.05 9.37 36.04 21.08.08 64.60 9.38 21.20 12.12.08 47.22 6.60 14.07

27.12.07 80.10 10.40 51.85 28.04.08 86.85 9.70 34.79 22.08.08 64.90 9.54 21.80 15.12.08 46.92 6.74 14.20

28.12.07 80.00 10.42 52.15 29.04.08 84.60 9.30 35.43 25.08.08 66.65 9.76 22.56 16.12.08 46.36 6.80 13.92

03.01.08 78.40 10.08 50.75 30.04.08 84.75 10.34 34.44 26.08.08 65.45 9.65 22.20 17.12.08 47.32 6.85 14.20

04.01.08 77.15 9.75 49.16 01.05.08 84.75 10.34 34.44 27.08.08 64.65 9.31 22.42 18.12.08 47.16 6.98 14.27

07.01.08 75.85 9.58 47.52 02.05.08 86.75 11.44 35.74 28.08.08 65.30 9.32 22.96 19.12.08 47.78 6.83 14.10

08.01.08 75.75 9.67 47.67 05.05.08 87.05 11.64 36.76 29.08.08 65.30 9.32 23.64 22.12.08 46.56 6.66 13.47

09.01.08 75.65 9.50 48.18 06.05.08 82.05 11.75 34.56 30.08.08 65.30 9.32 23.64 23.12.08 47.00 6.75 13.49

10.01.08 76.80 8.72 48.62 07.05.08 82.75 11.72 34.14 01.09.08 66.50 9.77 23.54 24.12.08 47.00 6.75 13.49

11.01.08 78.25 8.67 48.50 08.05.08 83.85 11.66 32.54 02.09.08 67.00 10.05 23.58 26.12.08 47.00 6.75 13.49

14.01.08 80.00 8.92 49.03 09.05.08 81.85 11.40 32.20 03.09.08 68.85 10.28 23.52 29.12.08 47.00 6.95 14.04

15.01.08 80.60 8.44 47.90 13.05.08 82.20 11.17 32.13 04.09.08 67.00 10.03 23.24 30.12.08 47.92 7.04 14.42

16.01.08 80.75 8.17 45.77 14.05.08 82.00 11.22 32.02 05.09.08 64.75 9.40 21.92 31.12.08 47.92 7.04 14.42

17.01.08 79.45 8.21 45.24 15.05.08 81.30 11.53 32.10 08.09.08 69.05 10.00 24.00 02.01.09 47.92 7.04 14.42

18.01.08 76.00 8.23 42.92 16.05.08 81.10 11.77 32.12 09.09.08 69.20 9.97 24.04 05.01.09 50.50 7.05 15.40

21.01.08 67.00 7.68 40.30 19.05.08 80.10 12.17 31.81 10.09.08 68.30 9.76 23.26 06.01.09 50.95 7.11 15.49

22.01.08 63.75 7.12 37.84 20.05.08 80.30 11.81 31.65 11.09.08 65.70 9.88 22.00 07.01.09 51.30 7.22 15.68

23.01.08 74.85 7.87 41.62 21.05.08 79.05 11.71 30.29 12.09.08 65.80 10.14 22.72 08.01.09 50.40 7.15 15.43

24.01.08 79.10 8.21 45.77 22.05.08 77.45 11.56 29.94 15.09.08 57.55 10.56 18.44 09.01.09 51.25 7.11 16.38

25.01.08 80.95 8.39 46.16 23.05.08 77.80 11.28 29.94 16.09.08 50.20 10.59 15.18 12.01.09 50.70 7.07 15.76

28.01.08 78.10 8.15 44.23 26.05.08 77.35 11.18 28.20 17.09.08 52.80 10.61 15.70 13.01.09 48.56 6.78 14.58

29.01.08 80.05 8.24 45.74 27.05.08 76.50 10.55 25.44 18.09.08 53.45 10.60 15.50 14.01.09 46.52 6.21 13.60

30.01.08 81.35 8.50 44.90 28.05.08 77.60 11.02 25.32 19.09.08 59.00 11.01 18.50 15.01.09 44.54 6.14 13.30

31.01.08 77.00 8.30 41.78 29.05.08 79.50 11.42 25.44 22.09.08 61.85 11.62 20.80 16.01.09 45.52 6.09 13.33

01.02.08 79.70 8.61 42.63 30.05.08 80.75 11.51 24.60 23.09.08 60.10 11.11 18.41 19.01.09 40.22 5.84 12.03

04.02.08 80.80 8.77 43.59 02.06.08 79.55 11.36 23.76 24.09.08 61.05 11.08 19.49 20.01.09 37.96 5.70 11.81

05.02.08 77.30 8.47 41.90 03.06.08 78.05 11.70 23.50 25.09.08 63.20 11.24 19.50 21.01.09 34.88 5.42 11.22

06.02.08 75.70 8.37 40.83 04.06.08 77.35 11.89 24.66 26.09.08 63.50 10.98 19.96 22.01.09 32.52 5.74 13.16

07.02.08 74.95 8.13 41.04 05.06.08 77.55 12.30 24.58 29.09.08 59.15 10.06 18.15 23.01.09 25.18 5.52 12.85

08.02.08 75.45 8.23 40.76 06.06.08 76.55 12.38 24.50 30.09.08 57.00 10.03 17.00 26.01.09 26.30 5.36 13.97

11.02.08 71.85 8.04 39.50 09.06.08 75.50 11.92 22.40 01.10.08 60.15 10.25 18.20 27.01.09 28.52 5.44 13.87

12.02.08 70.50 8.06 37.99 10.06.08 75.50 11.56 23.12 02.10.08 59.65 9.92 20.62 28.01.09 30.00 5.50 14.77

13.02.08 73.95 8.26 39.71 11.06.08 72.65 11.44 23.32 03.10.08 58.40 9.93 21.40 29.01.09 30.68 5.73 13.53

14.02.08 75.85 8.80 37.01 12.06.08 72.55 11.45 23.24 06.10.08 52.00 9.60 20.40 30.01.09 30.00 5.67 13.58

15.02.08 74.95 8.87 35.01 13.06.08 73.65 11.69 24.32 07.10.08 49.12 9.43 19.40 02.02.09 28.10 5.55 13.05

18.02.08 76.10 8.96 34.14 16.06.08 74.20 11.71 24.94 08.10.08 43.50 8.82 17.83 03.02.09 28.00 5.37 12.98

19.02.08 76.20 8.85 34.85 17.06.08 74.25 12.00 24.94 09.10.08 42.86 8.52 18.14 04.02.09 28.62 5.48 13.35

20.02.08 75.25 8.85 35.29 18.06.08 73.15 11.35 24.64 10.10.08 35.80 7.51 17.00 05.02.09 21.20 5.65 12.57

21.02.08 76.20 9.02 36.29 19.06.08 72.00 10.80 23.82 13.10.08 41.20 8.00 18.20 06.02.09 18.30 5.83 12.51

22.02.08 76.90 8.94 35.58 20.06.08 69.65 10.42 22.44 14.10.08 47.66 8.80 19.95 09.02.09 17.81 6.11 12.60

25.02.08 78.55 9.08 35.81 23.06.08 69.75 10.43 21.96 15.10.08 43.98 8.21 19.52 10.02.09 18.40 6.17 12.55

26.02.08 79.95 9.16 36.68 24.06.08 69.10 10.02 21.66 16.10.08 40.00 7.55 18.00 11.02.09 18.65 6.11 13.06

27.02.08 80.75 9.28 36.34 25.06.08 69.95 10.17 23.14 17.10.08 39.20 7.60 18.03 12.02.09 19.51 6.04 13.22

28.02.08 79.50 9.01 35.35 26.06.08 68.50 10.09 22.24 20.10.08 41.12 7.15 17.50 13.02.09 18.84 6.13 13.11

29.02.08 79.50 8.83 35.35 27.06.08 66.55 9.91 21.74 21.10.08 44.14 7.26 17.86 16.02.09 17.98 6.07 12.88

03.03.08 80.55 8.53 32.57 30.06.08 66.00 10.02 20.96 22.10.08 45.90 6.87 17.23 17.02.09 17.00 5.54 12.12

04.03.08 79.00 8.43 31.50 01.07.08 65.50 9.76 19.81 23.10.08 42.02 6.56 15.80 18.02.09 16.85 5.31 11.95

05.03.08 79.85 8.59 31.64 02.07.08 65.95 9.78 20.42 24.10.08 39.00 5.80 14.60 19.02.09 16.36 5.28 12.40

06.03.08 78.75 8.54 30.56 03.07.08 65.00 9.24 19.94 27.10.08 37.50 5.78 14.20 20.02.09 14.90 5.08 10.54

07.03.08 77.40 8.24 29.80 04.07.08 65.55 9.38 20.32 28.10.08 38.52 6.10 14.75 23.02.09 14.05 4.88 10.00

10.03.08 77.25 8.12 28.56 07.07.08 65.00 9.47 19.54 29.10.08 41.22 6.75 16.01 24.02.09 12.80 4.61 9.35

11.03.08 78.35 8.06 28.79 08.07.08 63.50 9.43 19.00 30.10.08 44.82 7.02 17.42 25.02.09 13.12 4.53 10.02

12.03.08 82.25 8.42 30.69 09.07.08 65.25 9.57 20.34 31.10.08 44.22 7.10 17.51 26.02.09 13.50 4.56 10.75

13.03.08 79.60 8.17 29.46 10.07.08 65.35 9.65 20.06 03.11.08 47.18 7.23 18.43 27.02.09 14.20 4.33 10.69

14.03.08 80.70 8.06 27.98 11.07.08 64.00 9.56 19.48 04.11.08 46.60 8.10 18.05 02.03.09 13.23 3.88 9.88

17.03.08 78.00 7.50 24.20 14.07.08 63.15 9.53 19.53 05.11.08 52.35 8.42 18.77 03.03.09 13.40 3.83 9.83

18.03.08 78.55 7.65 25.22 15.07.08 60.50 9.26 18.00 06.11.08 46.00 8.03 17.02 04.03.09 13.70 3.94 10.00

19.03.08 80.85 7.57 27.32 16.07.08 56.50 9.06 17.52 07.11.08 47.40 7.80 16.93 05.03.09 13.01 3.89 9.50

20.03.08 81.55 7.40 26.44 17.07.08 61.30 9.73 19.56 10.11.08 49.24 8.01 17.40 06.03.09 12.12 3.80 9.02

25.03.08 85.30 7.81 29.33 18.07.08 59.65 10.07 19.78 11.11.08 47.30 7.86 16.00 09.03.09 11.88 3.61 8.20

26.03.08 86.45 7.99 28.87 21.07.08 62.75 10.62 21.72 12.11.08 43.50 7.27 15.55 10.03.09 12.25 3.68 8.55

27.03.08 86.65 8.07 28.80 22.07.08 62.55 10.44 21.04 13.11.08 42.80 7.22 14.55 11.03.09 13.54 4.01 9.41

28.03.08 86.15 8.24 28.88 23.07.08 67.15 10.91 22.38 14.11.08 46.66 7.30 14.11 12.03.09 13.52 4.10 9.55

31.03.08 85.30 8.17 27.60 24.07.08 68.40 10.56 22.92 17.11.08 42.80 7.32 13.51 13.03.09 14.60 4.28 10.52

01.04.08 85.95 8.43 28.61 25.07.08 63.85 10.21 21.04 18.11.08 41.50 6.91 12.91

02.04.08 91.80 8.84 32.08 28.07.08 64.00 10.43 20.36 19.11.08 39.20 6.79 12.07

03.04.08 90.15 9.09 31.85 29.07.08 61.60 10.37 18.70 20.11.08 35.38 6.32 10.67  

Table 14 : Matlab data –low prices of the underlying stocks 
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 'price_product_real'

Date Price Date Price Date Price Date Price

30.11.07 100.00 03.04.08 54.30 29.07.08 37.21 19.11.08 22.12

03.12.07 100.00 04.04.08 54.92 30.07.08 36.45 20.11.08 20.60

04.12.07 100.00 07.04.08 58.33 31.07.08 36.45 21.11.08 20.56

05.12.07 100.00 08.04.08 58.33 01.08.08 36.45 24.11.08 23.15

06.12.07 100.00 09.04.08 58.33 04.08.08 35.96 25.11.08 25.10

07.12.07 100.00 10.04.08 56.69 05.08.08 37.56 26.11.08 25.67

10.12.07 100.61 11.04.08 56.49 06.08.08 38.93 27.11.08 26.22

11.12.07 101.15 14.04.08 55.79 07.08.08 39.53 28.11.08 26.22

12.12.07 100.43 15.04.08 55.79 08.08.08 39.80 01.12.08 24.36

13.12.07 100.43 16.04.08 55.93 11.08.08 41.81 02.12.08 24.36

14.12.07 99.83 17.04.08 56.79 12.08.08 41.80 03.12.08 24.36

17.12.07 97.42 18.04.08 60.19 13.08.08 38.86 04.12.08 25.69

18.12.07 97.23 21.04.08 60.19 14.08.08 39.34 05.12.08 25.69

19.12.07 96.52 22.04.08 59.84 15.08.08 39.92 08.12.08 27.13

20.12.07 96.52 23.04.08 59.29 18.08.08 40.59 09.12.08 27.87

21.12.07 96.52 24.04.08 59.29 19.08.08 39.53 10.12.08 27.87

27.12.07 96.33 25.04.08 61.13 20.08.08 39.53 11.12.08 27.87

28.12.07 96.33 28.04.08 63.75 21.08.08 39.53 12.12.08 27.67

03.01.08 90.43 29.04.08 62.43 22.08.08 41.22 15.12.08 27.02

04.01.08 87.51 30.04.08 62.43 25.08.08 41.50 16.12.08 27.02

07.01.08 86.17 02.05.08 65.24 26.08.08 42.05 17.12.08 27.02

08.01.08 90.94 05.05.08 65.50 27.08.08 42.05 18.12.08 27.02

09.01.08 90.94 06.05.08 63.32 28.08.08 43.22 19.12.08 26.77

10.01.08 84.04 07.05.08 62.45 29.08.08 43.88 22.12.08 25.65

11.01.08 84.04 08.05.08 59.20 01.09.08 43.88 23.12.08 25.65

14.01.08 86.66 09.05.08 58.80 02.09.08 43.88 24.12.08 25.65

15.01.08 83.84 13.05.08 58.34 03.09.08 44.85 26.12.08 25.65

16.01.08 81.03 14.05.08 58.34 04.09.08 43.53 29.12.08 26.27

17.01.08 79.81 15.05.08 58.34 05.09.08 41.13 30.12.08 26.27

18.01.08 77.01 16.05.08 58.28 08.09.08 44.02 31.12.08 26.27

21.01.08 67.92 19.05.08 58.28 09.09.08 44.02 02.01.09 26.27

22.01.08 71.60 20.05.08 57.30 10.09.08 43.30 05.01.09 28.82

23.01.08 69.62 21.05.08 54.93 11.09.08 42.18 06.01.09 28.82

24.01.08 72.84 22.05.08 55.16 12.09.08 42.62 07.01.09 28.98

25.01.08 73.97 23.05.08 53.56 15.09.08 37.13 08.01.09 29.55

28.01.08 71.99 26.05.08 51.38 16.09.08 31.73 09.01.09 30.51

29.01.08 73.51 27.05.08 47.23 17.09.08 28.98 12.01.09 29.94

30.01.08 73.73 28.05.08 46.97 18.09.08 28.98 13.01.09 28.57

31.01.08 71.88 29.05.08 46.67 19.09.08 37.77 14.01.09 25.88

01.02.08 72.70 30.05.08 44.32 22.09.08 37.84 15.01.09 25.32

04.02.08 72.66 02.06.08 43.67 23.09.08 37.84 16.01.09 25.32

05.02.08 70.12 03.06.08 43.67 24.09.08 36.42 19.01.09 23.54

06.02.08 69.75 04.06.08 44.22 25.09.08 37.90 20.01.09 22.62

07.02.08 67.65 05.06.08 47.10 26.09.08 37.96 21.01.09 22.72

08.02.08 67.26 06.06.08 44.78 29.09.08 33.86 22.01.09 23.30

11.02.08 65.11 09.06.08 43.43 30.09.08 33.45 23.01.09 23.30

12.02.08 65.54 10.06.08 43.43 01.10.08 33.99 26.01.09 24.59

13.02.08 65.60 11.06.08 43.43 02.10.08 37.87 27.01.09 24.59

14.02.08 63.31 12.06.08 43.43 03.10.08 42.53 28.01.09 27.11

15.02.08 61.41 13.06.08 45.57 06.10.08 38.27 29.01.09 25.87

18.02.08 61.41 16.06.08 45.59 07.10.08 35.35 30.01.09 25.65

19.02.08 61.41 17.06.08 46.79 08.10.08 32.11 02.02.09 23.36

20.02.08 61.41 18.06.08 46.79 09.10.08 32.11 03.02.09 23.36

21.02.08 61.41 19.06.08 46.79 10.10.08 29.99 04.02.09 23.66

22.02.08 60.45 20.06.08 42.29 13.10.08 32.28 05.02.09 21.02

25.02.08 60.66 23.06.08 40.32 14.10.08 35.70 06.02.09 21.02

26.02.08 61.77 24.06.08 41.09 15.10.08 34.26 09.02.09 18.74

27.02.08 62.15 25.06.08 42.88 16.10.08 32.80 10.02.09 18.74

28.02.08 60.04 26.06.08 41.62 17.10.08 31.69 11.02.09 18.74

29.02.08 58.39 27.06.08 41.04 20.10.08 31.01 12.02.09 19.05

03.03.08 56.14 30.06.08 39.12 21.10.08 31.13 13.02.09 19.05

04.03.08 53.43 01.07.08 37.24 22.10.08 31.03 16.02.09 18.44

05.03.08 53.43 02.07.08 37.24 23.10.08 28.91 17.02.09 17.50

06.03.08 51.43 03.07.08 37.24 24.10.08 27.47 18.02.09 17.50

07.03.08 51.15 04.07.08 37.24 27.10.08 25.97 19.02.09 17.10

10.03.08 51.15 07.07.08 36.44 28.10.08 25.97 20.02.09 15.62

11.03.08 50.67 08.07.08 36.16 29.10.08 28.08 23.02.09 14.45

12.03.08 52.49 09.07.08 37.31 30.10.08 28.08 24.02.09 13.49

13.03.08 51.67 10.07.08 37.05 31.10.08 31.58 25.02.09 13.39

14.03.08 47.67 11.07.08 35.82 03.11.08 31.58 26.02.09 14.86

17.03.08 40.73 14.07.08 35.51 04.11.08 33.37 27.02.09 14.86

18.03.08 45.74 15.07.08 33.03 05.11.08 33.37 02.03.09 13.55

19.03.08 45.91 16.07.08 33.40 06.11.08 31.66 03.03.09 13.55

20.03.08 45.91 17.07.08 33.40 07.11.08 31.05 04.03.09 13.55

25.03.08 48.41 18.07.08 39.01 10.11.08 31.05 05.03.09 13.35

26.03.08 48.41 21.07.08 40.10 11.11.08 28.79 06.03.09 12.59

27.03.08 48.41 22.07.08 40.10 12.11.08 27.99 09.03.09 12.06

28.03.08 48.36 23.07.08 40.10 13.11.08 27.08 10.03.09 12.73

31.03.08 48.36 24.07.08 40.89 14.11.08 26.43 11.03.09 13.63

01.04.08 53.22 25.07.08 39.94 17.11.08 25.44 12.03.09 14.02

02.04.08 56.77 28.07.08 37.21 18.11.08 24.23 13.03.09 14.18  

Table 15 : Matlab data – product market prices 
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 'risk_free'

Date Risk free rate Date Risk free rate Date Risk free rate Date Risk free rate

30.11.07 0.0290 01.04.08 0.0307 28.07.08 0.0321 20.11.08 0.0235

03.12.07 0.0290 02.04.08 0.0307 29.07.08 0.0321 21.11.08 0.0177

04.12.07 0.0290 03.04.08 0.0307 30.07.08 0.0321 24.11.08 0.0174

05.12.07 0.0290 04.04.08 0.0307 31.07.08 0.0320 25.11.08 0.0172

06.12.07 0.0290 07.04.08 0.0307 01.08.08 0.0320 26.11.08 0.0170

07.12.07 0.0290 08.04.08 0.0307 04.08.08 0.0320 27.11.08 0.0169

10.12.07 0.0290 09.04.08 0.0307 05.08.08 0.0319 28.11.08 0.0167

11.12.07 0.0292 10.04.08 0.0306 06.08.08 0.0319 01.12.08 0.0166

12.12.07 0.0295 11.04.08 0.0307 07.08.08 0.0319 02.12.08 0.0163

13.12.07 0.0298 14.04.08 0.0307 08.08.08 0.0319 03.12.08 0.0161

14.12.07 0.0297 15.04.08 0.0307 11.08.08 0.0318 04.12.08 0.0159

17.12.07 0.0296 16.04.08 0.0307 12.08.08 0.0319 05.12.08 0.0158

18.12.07 0.0297 17.04.08 0.0308 13.08.08 0.0318 08.12.08 0.0156

19.12.07 0.0297 18.04.08 0.0309 14.08.08 0.0318 09.12.08 0.0155

20.12.07 0.0296 21.04.08 0.0310 15.08.08 0.0317 10.12.08 0.0153

21.12.07 0.0296 22.04.08 0.0311 18.08.08 0.0318 11.12.08 0.0130

24.12.07 0.0296 23.04.08 0.0311 19.08.08 0.0318 12.12.08 0.0129

27.12.07 0.0299 24.04.08 0.0311 20.08.08 0.0318 15.12.08 0.0126

28.12.07 0.0298 25.04.08 0.0312 21.08.08 0.0318 16.12.08 0.0124

31.12.07 0.0298 28.04.08 0.0311 22.08.08 0.0318 17.12.08 0.0121

02.01.08 0.0298 29.04.08 0.0311 26.08.08 0.0317 18.12.08 0.0119

03.01.08 0.0297 30.04.08 0.0311 27.08.08 0.0317 19.12.08 0.0117

04.01.08 0.0297 01.05.08 0.0310 28.08.08 0.0318 22.12.08 0.0116

07.01.08 0.0297 02.05.08 0.0310 29.08.08 0.0317 23.12.08 0.0116

08.01.08 0.0296 06.05.08 0.0310 01.09.08 0.0316 24.12.08 0.0115

09.01.08 0.0296 07.05.08 0.0311 02.09.08 0.0317 26.12.08 0.0115

10.01.08 0.0294 08.05.08 0.0310 03.09.08 0.0316 29.12.08 0.0113

11.01.08 0.0292 09.05.08 0.0309 04.09.08 0.0317 30.12.08 0.0111

14.01.08 0.0289 12.05.08 0.0309 05.09.08 0.0316 31.12.08 0.0110

15.01.08 0.0286 13.05.08 0.0309 08.09.08 0.0316 02.01.09 0.0109

16.01.08 0.0284 14.05.08 0.0310 09.09.08 0.0316 05.01.09 0.0108

17.01.08 0.0284 15.05.08 0.0311 10.09.08 0.0316 06.01.09 0.0106

18.01.08 0.0283 16.05.08 0.0311 11.09.08 0.0315 07.01.09 0.0106

21.01.08 0.0281 19.05.08 0.0311 12.09.08 0.0315 08.01.09 0.0105

22.01.08 0.0274 20.05.08 0.0311 15.09.08 0.0314 09.01.09 0.0105

23.01.08 0.0271 21.05.08 0.0311 16.09.08 0.0314 12.01.09 0.0104

24.01.08 0.0272 22.05.08 0.0312 17.09.08 0.0317 13.01.09 0.0103

25.01.08 0.0274 23.05.08 0.0312 18.09.08 0.0319 14.01.09 0.0102

28.01.08 0.0273 27.05.08 0.0311 19.09.08 0.0320 15.01.09 0.0100

29.01.08 0.0275 28.05.08 0.0312 22.09.08 0.0321 16.01.09 0.0100

30.01.08 0.0274 29.05.08 0.0312 23.09.08 0.0321 19.01.09 0.0100

31.01.08 0.0273 30.05.08 0.0312 24.09.08 0.0322 20.01.09 0.0099

01.02.08 0.0273 02.06.08 0.0312 25.09.08 0.0324 21.01.09 0.0099

04.02.08 0.0275 03.06.08 0.0312 26.09.08 0.0325 22.01.09 0.0098

05.02.08 0.0275 04.06.08 0.0312 29.09.08 0.0326 23.01.09 0.0098

06.02.08 0.0274 05.06.08 0.0312 30.09.08 0.0328 26.01.09 0.0097

07.02.08 0.0275 06.06.08 0.0325 01.10.08 0.0329 27.01.09 0.0098

08.02.08 0.0276 09.06.08 0.0328 02.10.08 0.0330 28.01.09 0.0097

11.02.08 0.0277 10.06.08 0.0330 03.10.08 0.0330 29.01.09 0.0096

12.02.08 0.0278 11.06.08 0.0332 06.10.08 0.0331 30.01.09 0.0096

13.02.08 0.0279 12.06.08 0.0333 07.10.08 0.0331 02.02.09 0.0096

14.02.08 0.0280 13.06.08 0.0335 08.10.08 0.0333 03.02.09 0.0096

15.02.08 0.0281 16.06.08 0.0335 09.10.08 0.0336 04.02.09 0.0096

18.02.08 0.0282 17.06.08 0.0335 10.10.08 0.0338 05.02.09 0.0096

19.02.08 0.0282 18.06.08 0.0335 13.10.08 0.0337 06.02.09 0.0096

20.02.08 0.0283 19.06.08 0.0330 14.10.08 0.0335 09.02.09 0.0095

21.02.08 0.0285 20.06.08 0.0329 15.10.08 0.0335 10.02.09 0.0095

22.02.08 0.0284 23.06.08 0.0328 16.10.08 0.0332 11.02.09 0.0094

25.02.08 0.0284 24.06.08 0.0328 17.10.08 0.0332 12.02.09 0.0094

26.02.08 0.0284 25.06.08 0.0327 20.10.08 0.0331 13.02.09 0.0094

27.02.08 0.0284 26.06.08 0.0327 21.10.08 0.0331 16.02.09 0.0094

28.02.08 0.0284 27.06.08 0.0326 22.10.08 0.0325 17.02.09 0.0094

29.02.08 0.0287 30.06.08 0.0326 23.10.08 0.0322 18.02.09 0.0094

03.03.08 0.0287 01.07.08 0.0327 24.10.08 0.0321 19.02.09 0.0095

04.03.08 0.0288 02.07.08 0.0327 27.10.08 0.0319 20.02.09 0.0095

05.03.08 0.0288 03.07.08 0.0328 28.10.08 0.0317 23.02.09 0.0095

06.03.08 0.0288 04.07.08 0.0328 29.10.08 0.0313 24.02.09 0.0095

07.03.08 0.0291 07.07.08 0.0328 30.10.08 0.0310 25.02.09 0.0095

10.03.08 0.0292 08.07.08 0.0328 31.10.08 0.0309 26.02.09 0.0095

11.03.08 0.0293 09.07.08 0.0327 03.11.08 0.0305 27.02.09 0.0095

12.03.08 0.0294 10.07.08 0.0327 04.11.08 0.0303 02.03.09 0.0094

13.03.08 0.0295 11.07.08 0.0326 05.11.08 0.0301 03.03.09 0.0094

14.03.08 0.0295 14.07.08 0.0325 06.11.08 0.0297 04.03.09 0.0094

17.03.08 0.0296 15.07.08 0.0325 07.11.08 0.0273 05.03.09 0.0094

18.03.08 0.0297 16.07.08 0.0324 10.11.08 0.0269 06.03.09 0.0094

19.03.08 0.0299 17.07.08 0.0324 11.11.08 0.0264 09.03.09 0.0093

20.03.08 0.0300 18.07.08 0.0323 12.11.08 0.0261 10.03.09 0.0093

25.03.08 0.0302 21.07.08 0.0324 13.11.08 0.0256 11.03.09 0.0092

26.03.08 0.0304 22.07.08 0.0323 14.11.08 0.0251 12.03.09 0.0091

27.03.08 0.0305 23.07.08 0.0323 17.11.08 0.0245 13.03.09 0.0088

28.03.08 0.0306 24.07.08 0.0323 18.11.08 0.0242

31.03.08 0.0306 25.07.08 0.0322 19.11.08 0.0239  

Table 16 : Matlab data – risk-free rate 
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