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Analysis of Nova 1 strategy formed by barrier optims and its application
in hedging against a price drop in oil market

Michal Solté$ andMonika Haréarikovd

This paper investigates hedging analysis againstiaaerlying price drop by using the Nova 1 stratégyned by standard vanilla
and barrier options. There are used European dowd lnock-in put options together with barrier cafitions. Derived income functions
from the secured positions in analytical expressiare presented. Based on the theoretical resihiéshedged portfolio is applied to SPDR
S&P Oil & Gas Exploration & Production ETF. The prased hedging variants are analysed and compar#dtiv recommendation of the
best possibilities for investors.
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Introduction

Financial markets are still exposed to increasddtiity. Therefore, financial institutions and titational
investors have to face a big market risk, whiclatesd to their business activities. Today, methauk raainly
instruments used to manage the market risk aretamths developing. One of the possibilities howntanage
the risk is the hedging. We can find a lot of stifenstudies dealing with the hedging. For exampi®wn
(2001), Guay and Kothari (2003) studied the marggifrisk through derivatives. Hankins (2011) inigetes
how firms manage a risk by examining the interadtibetween financial and operational hedging, aossL
(2012) studied the optimal hedging strategies. Tdtemal results of our analysis will be useful fat
institutions.

The aim of the hedging is to reduce a particulsit.rit is achieved by adding a new asset or asssts|ly
derivatives, to the risky asset (shares, commagitiggerest rates, currencies, etc.) in order éater a hedged
portfolio. In our case, we intend to sell an ungied asset in the future. Therefore, we should keagainst
a price drop. With the hedging, we do not wantuoiéha price drop, but ensure a minimum acceptaideme
from the selling of an underlying asset in the fattime.

In our analysis, we present the method of the mefugiith using options strategies. Options strategie
presented in the papers (Hull 2012, Kolb 1995, &0R002). In this paper, we utilize the barrieriay to
the Nova 1 strategy creation with a focus on thdgheg. The Nova 1 strategy using only standard Ikaani
options was designed by Soltés (2011). Barriemogtbelong to the one of the most widely tradedvdtves in
the financial market, which has special charadiesisdistinguished them from the ordinary vanitiptions.
The payoff of the barrier options depends on thth md the underlying asset price with the posdipilbf
activation/deactivation (IN/OUT) of the option acdmg to reaching or not reaching the specifiedribar
(UP/DOWN) before expiration. There are four typéshe barrier options, i.e. Ul, UO, DI, DO call/poptions.
These options are preferred because they are ahegpestandard vanilla options. For hedging agangrice
drop, there is the best used DI put options witlembination of the standard vanilla call optiongaur types of
barrier call options, ensuring the minimum sellipgce for institutions, as we will see later. Madetailed
characteristics of barrier options are explainedef@ample by Taleb (1997) and Zhang (1998).

For the purpose of this paper, the analytical esgioms of the secured income functions by using
the barrier options are found. Our theoretical itssef the hedged portfolios against a price dropapplied to
SPDR S&P Oil & Gas Exploration & Production ETF,tlhis application is robust for various underlying
assets. The hedging variants for these shareseargnéd and compared each other together withritbecured
position. Finally, there are given the recommermeifor institutions, which variant is the bestdifferent
underlying price development.
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Research methodology and data

In this part, we firstly describe the constructafrthe Nova 1 strategy. Then we introduce the bemkuds
and specify the methods, which are used in ouryarsalFinally, there data used in our analysisqmteg.

The Nova 1 strategy is formed by buying a highenber n of put options with a strike price;Xpremium
p:s per option and at the same time by selling a @nallmber pof call options with the same strike price, X
premium gs per option. There is used a European-style ofoaptifor the same underlying asset and with
the same expiration time.

In the papers (Amaitiek et al. 2010, Rusnakova @aliés 2012, Rusnakova 2015, Soltés and Rusnakova
2012, 2013) authors deal with the hedging againptiee drop or increase by means of different oysio
strategies using vanilla and barrier options. Ry the mentioned studies, we analyse all possitdgs of
Nova 1 strategy creation using barrier options withaim to hedge against a price drop.

Based on the obtained theoretical results, ouryarsals applied to SPDR S&P Oil & Gas Exploration &
Production ETF (XOP). We propose the hedging vésidesigned for the drop, which meet the assumgitidn
the zero costs, i.e. a combination of two or mgroms of positions with the same amount of paid eeteived
options of premiums. Then we evaluate the profitgbof the hedging variants for particular intelwveof
an underlying spot price at the maturity date fokd by the comparative analysis of the proposeants with
the recommendation of the best variants for invssto

For the purpose of our analysis, European vanilthlzarrier options on SPDR S&P Oil & Gas Explomatio
& Production ETF with various strike prices and tharier levels are used. The vanilla options aad data
gained from www.finance.yahoo.com. Because of thek lof the barrier market options, the values of
the position in the European style of barrier apdiare calculated. The basic model, i.e. Black-lBshd 973), is
generally used for option pricing. However, thisdabis not designed for the barrier options. Mer{d873)
modified the classic version of this model for Epgan down and knock-out call option. Later, Rulgimsand
Reiner (1991) applied the formulas for eight typéthe barrier options and Haug (1997) for all se types of
the European style of the barrier options. Amonigeotthings, the barrier options can be priced lfic&a
techniques such as binomial (Cox et al. 1979) aimdbrhial trees (Ritchen 1995) or Monte Carlo sintigla
(Boyle 1977).

Our approach will consider analytical formulas unB&ack-Scholes-Merton framework provided by Haug.
This model is based on the parameters such aseaofypption (DI/DO/UI/UO call/put), the actual urtiéng
spot price § the strike price X, the barrier level H, the titoematurity T, the dividend yield d (valid for XQP
the risk-free interest rate r (derived from goveemin bonds vyields — U.S. Treasury rate, source:
www.bloomberg.com) and the implied volatility (used historical volatility for the barrier optn All
calculations will be implemented in the statistipedgram R.

The dataset of our analysis consists of 13 vam#ith options, 91 DI put options, 156 Ul and UO call
options, 182 DI and DO call options. The curren¢yan underlying asset and the option premiums i®US
Strike prices are in the range of 10 — 70, loweriéalevels of DI/DO options are in the range 6f4 40 and
higher barrier levels of UI/UO options are in tlege of 45 — 70, all in the multiples of 5. All datsed in our
analysis can be provided upon a request.

Proposal of hedging analysis formed by barrier optins

Let us suppose that we will sall pieces of the underlying asset from our portf@diothe time T in
the future, but we are afraid of its price drophia market. Our income from the sale of the unsstposition at

the time T is:

I(Sr)= nisy (1)

whereS; is the underlying spot price at the time T.

Let us assume that we want to hedge the minimulimggrice of our portfolio through the Nova 1 $&gy
using barrier options. There is a total of sixtpessibilities to create this strategy only with therier options.
However, in our analysis, we have selected only ltest suitable variants of its formation for hedpin
the minimum selling price. Other possibilities aret suitable because the price is secured onlyiafigrin
the case of the drop.

1. Let us construct the Nova 1 strategy by buyingghéi numben; of down and knock-in put options with
a strike priceXy, the premiunp;gp, per option, the barrier lev8l; and at the same time by selling a smaller
numbern, of call options with the same strike prigg, the premiumc,s per option. We assume that
D, < X; for DI (DO) put option because otherwise thereamgespondent classical vanilla put options and

the barrier leveD, is below the actual underlying spot price at theetof issues,. We select the number of
options in a way that enable conditionsn; and n, <, . The profit function from buying, of down

and knock-in put options is:
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—ny [Py if min(S)> Dy OSy <X,
O<tsT
Pi(Sr)=1-n St - X1 + p1gpi) if Ofgiq(st)s Dy OSy <Xy,
=y pgpy if S 2 X;. @
And the profit function from selling, call options is:
(¢ if <Xy,
masr)=| o) ek @
np dSr - X1 -cps)  if Sp 2 Xy

In the context of previous conditions, the incoraaction from a secured position using the Nova 1
strategy (4) is a sum of individual profit operatia(1), (2) and (3).

M X1+ NyCog ~ MPigpI if 0r<r:i<nT(S)s Dy OSr < Xy,
Sh(Sr)=1nSr +nycrs — Mmprgp if OTtL”T(S[)> Dy OSr <Xy, (4)

(n=np)St +1NX1 + NyCos ~ M Prapy if Sy = X;.

It is valid that the barrier options of premium® always cheaper in a comparison to the vanilla
options due to the uncertainty of the barrier amigrice at the future time T. Therefore, this Ndva
strategy is always created without any initial epse. the zero-cost strategy as it is shown byfeHowing
condition

Ny o5 2m gy - (5)

According to condition (5), there is possible teafy the minimum number of call options (6) forsth
hedging strategy.
> M1 CPigp ©6)

Cas

This hedging variant is the best due to a highdragion premium. From the income function of
the secured position (4) compared with the unselcposition (1), we can conclude:

*  For hedging purposes, the interv8; < X; is interesting. IfSy < X; and the underlying asset price
reaches the lower barrier, @Dluring the time to maturity, then the incomes elfisg the underlying
asset are still constant, which are eqongX4 + n,Cog — M pygp, - By comparing with the unsecured

function, the incomes will be higher with a hedgsimategy if Sy < nyXq + NyCog — M PiRp -
+ If the priceSy < X, but the barrier Pis not reached during the time to maturity, theoimes of

ny

selling an underlying asset amSr + n,c,g —mpigpy and we have hedged a constant profit
N2C2s ~ MPBDI -
« If the price Sy=X;, then the incomes of the hedged strategy will be

(n— nz)ST +n,X1 + NyCog — M P1gp) » it Means that our profit will not be lower thanwould be
without hedging.

Now, let us look at hedging through the Nova 1tstyg using only barrier options. Let us hedge tipgon

strategy by buying a higher numbmrof DI put options with a strike pric¥;, premiump,gp, per option,
barrier levelD,, relation (2) and at the same time by selling al@nnumbem, of call barrier options with
the same strike pricé;, where the call barrier option can be:

a) up and knock-in call options with the barrier ledg¢l i.e. U > X, premiumc,sy per option and

the profit function:

Ny [Eosu if Sp < X,
Poa(Sr)={-na St - Xy —cosyr) OTti‘%((St)ZU OSr 2 Xy, @)
N2 [E2su1 i Orptg%((s[ku OSr 2 Xy.

b) up and knock-out call options with the barrier le\lg i.e. U > X4, premiumc,syo per option and

the profit function:
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N, [€2s00 if Sy < Xq,
Pog(Sr)=1-no St - Xy ~Cosyo) OTtg?l'((St)<U OSr 2 Xy,
ny E:ZSUO if maX(S)ZU DST = Xl'
O<t<T (8)
c) down and knock-in call options with the barrierdéd,, premiumc,sp, per option and the profit
function:
Ny [Casp if Sp < Xy,
Poc(Sr)={-n St - Xy ~caspr)  if OQ}LT}(S()S D2 OSr 2 Xy, 9)
Ny B:ZSD| if min (St)Z D2 DST = Xl'
0<t<T

d) down and knock-out call options with the barrieveleD,, premiumc,spo per option and the profit

function:
N [€2spo if Sp <Xy,
Pop (Sr)={-ny St - X1 —cospo) i OVQLF}(Stb D, OSr 2 Xq, (10)
n2 E:ZSDO if min (St)S D2 DST > Xl'
O<t<T

In the case of DI/DO call options, we can assunfierdint levels of lower barrie(Dl; Dz). When
suitable levels of lower (for DI, call options hate be of different levels D) and higher barriers aet,
then the zero-cost strategy can be achieved acgptdithe relation (5).

General description of the income function for thecured position as a combination of three
individual positions (1), (2) and (7)/(8)/(9)/(18)defined as:

M X1+ NaCos ~ MPip if min (S)< Dy OSp < Xq,

0<t<T
_ JNSp +Notos ~ MPigp) it min (S)> Dy OSy <Xy,
NSr +NyCas ~ MPagp

ost<T (112)
if Cjis fulfilled OS; = Xy,
(n - nz)ST + n2X1 + NoCog — M P1BDI if C2 is fulfilled DST > Xl'
Barrier conditions for particular call barrier apts with premiunt,s are in Table 1. By substituting
corresponding barrier conditions in general incdomection, we get the income function of the seldcte
possibilities for the Nova 1 strategy creation.

Sly(Sr)

Tab. 1. Call barrier options.

Type of call barrier option C C Barriers
up and knock-in (UI) OerZ')T( (St )< U 0'22);(3 )2 U
>
up and knock-out (UO) OTt‘Z?I'((S[ )2 U OTI‘?I'((SI )< U U>S
down and knock-in (DI) min (St )> D> min (St )5 D> D1 =Dp or Dy #Dy,ie.
_— - (D < X, 0D, = X, 0Dy > Xy )
; ; 2 1 27 2 1/
down and knock-out (DO) OQL"_}_(SI )S Do 0r<nt|<r']|'(S[ )> Do Dy.Dy <S

It is necessary to choose call barrier options (U, DI, DO) depending on the type of expectatiohs
underlying asset’s development, i.e. if we expapidislowly increase or rapid/slowly drop. The ti@as of all
hedging strategies suitable in price drop are Wggresting with the best variant 1. due to a higtadl option
premiums, which ensure the highest constant proibmparison to other variants 2A-2D.

Application of hedging results
Let us suppose that in the future (January 2017)avee planning to sell 100 SPDR S&P Oil & Gas
Exploration & Production ETF (XOP) and we are afraf price drop in the market. On 20 July 2015,ghares

of XOP were traded at USD 40.31 per share. Attihig, we are going to apply the mentioned Nova dgireg
strategy by using vanilla and barrier options tddeea minimum selling price at the future date. mmbers of
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traded options are selected according to cond n, [t 2y [Opygp, - If this condition is me; the zero-cost

strategy is formed. In the next g, we will propose some hedging variants, which méet abov-stated
requirements.

1. We will buy n; =100DI put options with the strike pric X; =30, the barrier leve D; = 20, the premium
Pigpr = 152per option and at the same time, we will sn, =20 call optionswith the strike price

X, =30, the premiumc,g =11.9 per option. The hedged income function from the 41100 shares
the following function:

308601 if min(S)<200S; <30,
Ost<T
Sl (Sr)=1100C8; +86.01 if min(S)>200S; <30, (12)
Ost<T
80(5; +68601 if St =30.
The minimum numbers an, call options, according to relation (6), are gi by the following

L 1000152 : : : o .
condition, i.e.n, ZW:B options, in order to remain the zegost condition. Otherwise, there

needed some initial costs. Therefore, the optiatis given parameters shoibe chcsen right.
Let us change the number n, call options, but other parameters remain the sdrihe results of
the income functions are shown Table 2.

Tab. 2. Comparison of the hedging variants 1.

Scenarios of the spot price during time t Hedging variant 1A Hedging variant 1B
maturity t and at the maturity T n, =100, n, =20 n; =106, n, =90
min (S, )< 200S; <30 308601 391901
O<t<T
min (S)> 200Sr <30 10008y +86.01 10CS; +91901
O<t<T
Sr =30 80[5; +68601 1005y +361901

The comparison of théedging variants 1A and 1B of shares at variousepdevelopmes of
the share price during the tin@ maturity and at the maturity date can be founBigure 1, where a more
detailed illustration of these particular hedgiragiant: is provided. It is obvioufom Table 2 andFigure 1,
that:

*  both variants (1A and 1B) fulfil the ze-cost condition and are advantageous against thecures
position for adrop of shares price, but the hedging variant Witthher numbers of, call options (1B)
is better,

» it does not matter if the barriis exceededr not, because the hedging variant 1B is bet the case
of the spotprice of shares lower than 41.9 at the maturityhwiite minimum selling price 39.19 ¢
share, therefore, is preferred fc the drop,

» otherwisethe hedging variant 1A gives better results fomac®s o the spo price of shares above
41.9 at the maturity.

A. DI put options are activated B. DI put options arenot activatec
6000 6000
5000

5000

4000 4000

3000

Income (in USD) at time T

3000

Income (in USD) at time T

2000

2000

10 20 30 40 50 60
10 20 30 40 50 60
Spot price (in USD) at time T
Spot price (in USD) at time T

hedging variant 1A «eeeeeees hedging variant 1B
m— harrier level D

Fig. 1. Comparison of the income functions of the partichledging variants .
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These hedging variants created with vanilla andridraoptions are the best in comparison to
the variants created only with the barrier optiohke premiums of the vanilla options are highemtha
the premiums of the barrier options what is prowgdTaleb (1997). Therefore, these variants ensure
the highest income at the expected intervals ofsghat price at the maturity date T, and we recontmen
these partial cases with higher numbers of setiingnilla options for the hedging of the drop.

2. We will buy n; =100DI put options with the strike pric, =30, the barrier levelD, = 20, the premium
Pigpr = 152 per option and at the same time, we will sgjl=90

A. Ul call options
B. UO call options
with the strike priceX; =30, the barrier level =60, the premiumc,g, = 7.91for Ul (cogyo = 377for

UO) per option. The income functions from bothlué secured positions are shown in Table 3.

Tab. 3. Comparison of the hedging variants 2A 2Bd

Scenarios of the spot price during time to Hedging variant 2A Hedging variant 2B
maturity t and at the maturity T n, =100, n, =90 n; =100, n, =90
min (S;)<200S; <30 355081 318772
O<t<T
mln( )> 20057 <30 10005; +55981 10005y +187.72
O<t<T
max( )<60DST >30 10005; +55981 1005; +2887.72
O<t<T
max(S;)=600S; 230 1008, +325981 10008, +187.72
O<t<T

Based on above mentioned requirements, we canfgpleeiminimum number af, Ul call options in

numbers of 19 options, i.&, 2&9];152 =19and for UO call 41 options, i.e, 2%7];52 =41.

The results of the comparative analysis of the mefgariants 2A and 2B:

« if the spot price of the shares during the timentturity drops under lower barriéd, = 200r not, and
does not grow above the upper barriér=60, then the hedging variant 2A is still better with
the minimal hedged price equal 35.598 per shareréefbre, we recommend this variant for hedging
against a price drop,

» otherwise, only in the case if the spot price of #hares during the time to maturity grows above
the upper barrierU =60 and is above than 34.13 at the maturity date,nibeme of the hedging
variant 2B is higher,

« the choice between Ul and UO call options dependsnvestor’'s expectations, but the variant 2A,
which generates the higher income from the sakeidest for hedging against a price drop.

3. For the next hedging variant, we will buy =100DI put options with the strike priceX; =30,
the barrier levelD; =20, the premium p;gp; = 152per option and at the same time, we will sell
n, =90DI call options with the strike price X; =30, the barrier levelD, =35, the premium
Cogp) = 579 per option. The income function from the securerfplio is expressed by the formula:

336897 if min(S)<200S; <30,
O<t<T
10008, +36897 if min(S;)>200S; <30,
Sl (Sr)= Ostet
1008, +306897 if min(S;)<350Sr 230,
O<t<T
10008, +36897 if min(S;)=350S; 230
O<t<T (13)
We can specify the minimum number of DI call options in the amount of 27 options, i.e.

1000152 : .
n, = 2 =27. If DI call options are used, the same lower leasriD) and B3 cannot be used, so we

ensure the hedging strategy without initial costhere can be specified barriers in the relation
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D; < X, <D,. However, in our case we consider the barrierllebg > X, what is the best hedging

variant using DI call options.
A minimum selling price of the value of 33.6897 phare, which represents an interesting opportunity
for the hedging in our expected price scenariograsen by the analysis.

4. The best hedging variant using only the bawggfons is the following case. In this case, wd tily
n; =100DI put options with the strike priceX; =30, the barrier levelD; =20, the premium

Pigp) = 152per option and at the same time, we will sejl =90DO call options with the strike
price X, =30, the barrier levelD, =20, the premiumc,gpg =11.66 per option. The following
relation expresses the income function from theisztportfolio:

389764 if min(S;)<200S <30,
O<t<T
10005, +897.64 if min(S;)>200S; <30,
_ O<t<T
Slyp(Sr)= o (14)
10008y +897.64 if min(S)<200S; 230,
O<t<T
1008y +359764 if min(S;)=200S; =30,
O<t<T
We can specify the minimum numbers of DO call options in the amount of 14 options, i.e.
n, EM:M. A minimum selling price 38.97 per share is seduré&/e can see that if our

11.66
assumptions are fulfilled, the hedging variant 20tHe second best possibility of all analysed vésiat
expected intervals of the spot price of sharebafuture time T.

Finally, we can conclude that these hedging vasiaat suitable for a significant price drop. All
possibilities ensure an interesting opportunitytfoe hedge minimum selling price of shares, buesers
should note that if the price at the future timesloot meet his/her expectations, he/she coulddsy lin
comparison to the unsecured position.

Conclusion

Nowadays, companies have to face many challengesh®one hand, there are new opportunities, but on
the other hand, lots of new risks are rising ad.\Wéle purpose of the paper was to present theihgdmalysis
against a price drop of the underlying asset thndbhg Nova 1 strategy creation by using the baajxions.

The paper began by providing an overview of therditure and research methodology. This paper was
focused on the derivation of the income functiaatsgy with the use of the hedging for selling aderlying
asset. The theoretical part of our approach deititstiie hedged portfolio formation by the analytieapression
of its elementary components. For our hedging psgpponly down and knock-in put options are appatgr
when the hedger wants to secure against a dropreudts of our approach indicate that using baojgions
offers more alternatives for hedging and we analyak these hedging possibilities. It is valid, tharrier
options are cheaper hedging instruments compard¢detstandard vanilla options. Therefore, they raostly
utilized on the hedging. We came to the conclusitret there exists one type using the combinatibn o
the barrier option and the standard vanilla optod four types of the Nova 1 strategy formatiomgspnly
barrier options. Each of the hedging variants lo&sesadvantages and disadvantages, which allowctoesenly
the most likely unfavourable future price movemsegnarios. However, the choice of standard catidracall
options type depends on the hedger’'s expectatibtiseounderlying price development and the willings to
take a risk.

The main practical benefit of this paper is thel@ption to the SPDR S&P Oil & Gas Exploration &
Production ETF. The practical part of our approads focused on the investigation appropriate hedgin
variants associated with conditions of the zertiahicosts. Following the mentioned assumptions, fawend
the best variants for hedging against a price dfdpe shares and performed its detailed descngowell. We
can recommend the hedging variant 1B, created wvatfilla and barrier options, as the best variartictv
ensure the highest income at expected intervatieofpot price at the maturity. Others variant Wweusd not
exclude, because they ensure an interesting intomd=inally, there is significant to select thekst prices for
the income profile, lower and upper barrier leveisyrder to achieve the best income functions.

References
Amaitiek, O. F. S., Balint, T., ReSovsky, M.: Thadst Call Ladder strategy and its application iding and

hedging.Acta Montanistica Slovaca, Vol. 15, No. 3, pp. 182; 2010

317



Michal Soltés and Monika Har ¢arikova: Analysis of Nova 1 strategy formed by barrieriops and its application in hedging against
a price drop in oil market

Black, F., Scholes, M.: Pricing of Options and Tarporate LiabilitiesJournal of Political Economy, Vol. 81,
No. 3, pp. 637-654, 1973.

Boyle, P.P.: Options: A Monte Carlo Approadournal of Financial Economics, Vol. 4, pp. 323-33877

Brown, G.W.: Managing foreign exchange risk withiidatives.J. Financial Economics, Vol. 60, Issues 2-3, pp.
401-448, 2001.

Cox, J., Ross, S., Rubinstein, M.: Option Priciadgsimplified ApproachJournal Financial Economics, Vol. 7,
No. 3, pp. 229-263, 1979.

Guay W., Kothari S. P.: How much do firms hedgehvderivatives?ournal of Financial Economics. Vol. 70,
Issue 3, pp. 423-461, 2003.

Hankins, K.W.: How Do Financial Firms Manage Ridk®raveling the Interaction of Financial and Opemadail
Hedging,Management Science, Vol. 57, Issue 12, pp. 2192;221 1

Haug, E. G.: The Complete Guide to Option Pricingnfulas.Hardcover: McGraw-Hill, 1997. 232p

Hull, J. C.: Options, Futures and Other Derivatiidsw Jersey: Prentice-Hall, 2012. 888p

Kolb, R.W.: Understanding options. 1st editibtardcover: John Wiley & Sons, Ltd., 1995. 400p

Loss, F.: Optimal Hedging Strategies and Interastibetween firmsJournal of economics & management
strategy, Vol. 21, Issue 1, pp. 79-129, 2012.

Merton, R.C.: Theory of rational option pricingpurnal of Economics and Management Science, Védsde 1,
pp. 141-183, 1973.

Ritchen, P.: On Pricing Barrier OptiorEhe Journal of Derivatives, Vol. 3, No. 2, pp 19-2895

Rubinstein, M., Reiner, E.: Breaking Down the BensiJournal of Risk, Vol. 4, Issue 8, pp. 28-35, 1991

Rusnakova, M., Soltés, V.: Long strangle strateginai barrier options and its application in hedgiAgtual
Problems of Economics, Vol. 134, No. 8, pp. 452-2632.

Rusnakova, M.: Commodity price risk managementgusiption strategiesAgricultural Economics. Vol. 61,
No. 4, pp. 149-157, 2015.

Soltes, M.: Opne stratégie a ich vyuzitie na finarych trhochHabilitacna praca. Kosice: Technicka univerzita
v KoSiciach, Ekonomicka fakulta, 2011, 164p.

Soltés, V.: Finatné derivatyEkonomicka fakulta TU v KoSiciach, 2002. 212p

Soltés, V., Rusnakova, M.: Long Combo strategy gisiarrier options and its application in hedgingiagt
a price dropActa Montanistica Slovaca, Vol. 17, No. 1, pp. 27/2&)12.

Soltés, V., Rusnakova, M.: Hedging Against a PBeep Using the Inverse Vertical Ratio Put SpreawtByy
Formed by Barrier Optiondnzinerine Ekonomika — Engineering Economics, \2dl. No. 1, pp. 18-27,
2013.

Taleb, N.N.: Dynamic Hedging: Managing Vanilla d&xbtic OptionsHardcover: Wiley & Sons, 1997. 528p

Zhang, P.G:. Exotic options: A Guide to Second @a&tien Options, 2.nd edition, Singapokorld Scientific
Publishing, 1998. 724p

318



