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. . W - il . . . . .
concern about valuation of option using an empirical comparison of binomial tree
i T
= i

jal t;re,e qu?ls ‘for SET50 index option in terms of
adda

FYE

models. We compare
pricing and hedging performances. The ;ﬁﬁgymg asset of SET50 index option is
the Stock Exchange Thailand. m_d.ex 50 (SET50) which is traded in the Thailand

Futures Exchange'éTFEX). The sample data are ta&éﬁbm December 28, 2007
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alized binomial tree (GBT). The performances are measured in terms of the mean

errot( ME) /the medn percentage] etrérd(MPE); thé méan Squéredleiror (MSE),

and the mean absolute percentage error (MAPE).

Department  :...Mathematics....................  Student’s Signature -wael womyeny
-l ’\,
Field of Study : ....Computational Science......... Advisor’s Signature : £3=. /5

Academic Year : .......... 2009........................ Co-Advisor’s Signature : A\"f”'/



vi

ACKNOWLEDGEMENTS

I am greatly indepted to Dr.Kamron Mekchey, my thesis advisor, and Dr.Kittipat

Ao T would 1T g ais;n Nakmahachalasint,
Ph.D., Associate Pro ‘ »\\\ D., and Assistant Professor

Siripong Atipan, Ph.D y thesis_comm __ s, for their suggestion on this the-

sis.
m-_i:. 4
i-#q. f'ﬁ.'f"k
I therefore thank all of my te: ch '" I my ki dge and skill.
tF"-"- e
In particular, thank te m: “dea friends giving me good advices for my
thesis and experi ;at Chulalengkern u Y]

U iy

Finally, I would hke 0 express my gwltude to my beloved fa.mlly for their

o and enﬂn%ﬁ% %ﬁt‘%ﬂﬁl P13

AL RFRHIY P B fonsin o

Scwnge and Technology Talents Project (DPST).



CONTENTS

Page
ABSTRACT BN THAL.  ccovisnsssisnssniannouvissass issnnesgmess iv
ABSTRACT IN ENGLISH. , S > o 1w o o v
ACKNOWLEDGEMER A TR PR vi

LIST OF TABL

LIST OF FIGURES£. £ G AN N x
R

CHAPTER
I INTRODUCTION ...0c o et 1
II OPTION AND ON PRICI i A TRTT 4
2.1 Option t : . ~. . 4
2.1.1 Classification of options . . . . . . .. .. ... .. ... 4

g Ineng
TSI INETaY

2.2.2 Standard Binomial Tree (SBT) Model . . ... ... ... 15
2.2.3 Implied Binomial Tree (IBT) Model . . . . . .. ... ... 19
2.24 Generalized Binomial Tree (GBT) Model . . . . . . . . .. 23



..................................

32 Methedology . . . ... .oma:- - 't ooeeeuonnnans

3.2.1
3.2.2
3.2.3
3.24
3.2.5

411
4.1.2

V DISCUSSIONS

...........
..........

..........

- 3
-----------------------------

Pricing OTH == = L v i md P TAD SR BEE
Hedgin formanex N« o v e e e

J

REFERENCES .o g g onsvassionsssoged s onsnssavasssissssssssses

mm@umwamwmm ............
@iﬁ”i&mmummma I

------------------------------------------------------

viii

27

73

75

76
7
79



LIST OF TABLES

3.1 Contract Specification of SET50 Index Options . . . . . ... ..

3.2 Ending-nodal risk-neutral probabilities of Longstaff’s and Shimko’s

metheds . . . . . . . . . .. .. ...
3.3 pricing errors of the IBT‘ Bl . . . . s ss s s
3.4 Estimation results f ent/weighifunctions . . . . . ... ..
4.1 pricing errors-_i' - S . . . . ...
4.2 pricing errors of CJ.a: . NN
4.3 pricing errogfof B and P23 . 0L G . L.

4.4 pricing errorgfof P3 an > '_ N B e

4.5 hedging errorsfof nd C2-. % VI

4.6 hedging errors and C4 I,

47 hedging errors offP1 2 gpsads N T
Sy r

48  hedging errorsof P3amdP4——m. . . . ... L.
=

AULINENINYINS
RIAINIUUNINYIAY



LIST OF FIGURES

2.1 The 1-step binomial trees of the underlying asset price (left) and
the value of call option (right) . .. ... ............. 16

2.2 The n-step standard binomial tree of the underlying asset price . 17

2.3 The 3-step standard bin rf of the option price and option
J 18

price. . . . .. NSNS F g L

Risk~Neutral®' ............ 21

24

2.5 25
3.1 38
3.2 39
3.3 42
3.4 43
3.5 44
3.6 45
3.7 46
38

............................. 47
3.9 Flowchart of theBT model [3]&/. . . . . . .. .. ... ..... 48
o B ARBUTNEINT

3.11 Flowcha.rt of the linear ﬁnca.ve and cenvex) weight funetions used

AR AAS M ANENAE

3. 12 Flowchart of the quadratic (concave and convex) weight functions
used in the GBT model . . . .. ... ... ............ 51

3.13 Flowchart of the S-curve weight functions used in the GBT model 52

41 SET50Index . . . . . . o o o i i i e e 56



4.2

4.3

44

4.5

4.6

4.7

4.8

4.9

5.1
5.2

5.3

call price at the strike price 530 of the call option with the SET50
Index as the underlying asset that expired on 31 March, 2008 . .
call price at the strike price 600 of the call option with the SET50
Index as the underlying asset that expired on 31 March, 2008 . .

call price at the strike price 630 of the call option with the SET50
Index as the underlyi w expired on 31 March, 2008 . .
Put price at the pri &xt option with the SET50
J

Wn 31 March, 2008 . .
Put price at t 0 o\ﬁu\option with the SET50

Index as the i t expired on 31 March, 2008 . .

Put price at ike price 6: tion with the SET50

Index as n 31 March, 2008 .
Call price > price 32 " tion with the SET50
Index as the i ' i, expired on 31 September, 2008

%ﬁﬂ"ﬂcﬂ ipiv] 14 1’1 Q;ﬂﬂ;l@;ﬂ;;

Scholes formula, . . . . . . ... ... ... .. ... .. ... ...

57

58

59

60

61

62

63

78

80

81



CHAPTER I

INTRODUCTION

Derivatives are financial i e prices derived from the value of
the underlying. The un ' i ive based on can be the price of

an asset (commoditi 1 <, residéntial mortgages, commercial real es-

other financial assé ' ] tthe contract has specific
choices or alternative - by“the right as call or put
call option is a contract that gi

options. In general, S the holder the right, but

not obligati gjx a specified time in
future for aﬂ‘g ﬂ ﬁalmjsm ﬂmiwe price) from the
sell W ﬁ on receives
theﬂh o sell ﬁiﬁnﬁmmtllgr WTEJ:JO Hr the strike

price at a specified time. Here the writer of the put option is obliged to buy the
underlying asset while the holder can decide on selling or not. We also usually
distinguish between American options and European options. American options

give the holder the right to exercise (sell or buy) the underlying assets during



the whole time span of the contract, in contrast to a European option where the
holder can only exercise his option at maturity of the contract. The day when
option contracts cease to exist is called the ezpiration date. There exist options
on several forms of underlying assets, for example, stocks, equities, bonds, goods

such as oil, corns, currencies, or even options. They are traded in enormous vol-

umes on stock exchange market, w world.
The main reason for 1b111ty to hedge against non-

favorable price ﬁuctua.

e type of option the holder

uses for hedging depend on Wi e or price decrease) he hedge

model is quite popul f : sstors i valu&on of pricing for options,
because it is simple and its parameters ape mostly visible, except for the volatil-

= AUYINININYING

In 1979, John C. Cox, Stephen A. Ross and M. Rubmstewsuggested the
dlscaemanmﬁamsum sofif 15 (o ol 4. The
SBT model assumes that the ending-nodal probability distribution is log-normal
and the transposition probabilities are the same entirely of the tree. The Im-
plied Binomial Tree (IBT) model (1994, [5]) estimates the risk-neutral ending-

nodal probability distribution by using the various computational methods. Jens



Carsten Jackwerth placed the emphasis on the weight function used in the IBT
model then he proposed the Generalized Binomial Three (GBT) model (1997,
[6]). The GBT model adjusts the linear weight function used in the IBT model
by using other weight functions.

This research concentrates on the three binomial tree models; SBT, IBT and

GBT, in terms of their pricing dging performances. The objective of this
study is to compare the p \ % binomial tree models for the
SETS50 Index options. =

In this work the threg oMig applied to SETS50 Index op-
tions. The SET50 Ind hailand Futures Exchange
(TFEX) which has la od o ‘i " or 20 omplement the SET50 Index

futures. The SETS50 Iudex o :.pnio r the i rs an opportunity teo both

views and basic know ng using@inomial tree models. We

explain data and methodology in chapterylll, and discuss the results in chapter

.t 6 i %gmgw@ Do sbout i ock
’Q W ﬂ\‘lﬂim URINYIAY



CHAPTER 11

OPTION. AND OPTION PRICING

Options are derivati ies deriye | from underlying assets. Options have

ce 1973 when they were

been traded for ce they gained economic

impor'tance. They

traded in some organi Board Options Exchange. An op-

" ; DI E
tion is a contract between a kb -fg:-‘-’.‘-- s

. - - -+ i y
right, but not obligation, te buy or sell part ssets (the underlying asset) on

that gives the buyer (holder) the

or before the opti

2
i
e

y §
. BRI a9 (111

classified by the right ¢ o

AN YA NENAY,.. ...

they are classified by the right.

E he strike price).

Call option is the contract that gives the buyer (holder) the right to buy
underlying assets at a specified time in the future. The buyer of the call option

has the right, but not the obligation to buy an agree quantity of underlying asset



from the seller of the option at the expiration date for the strike price. The seller
is obligated to sell the underlying asset should the buyer so decides. The buyer
pays a premium fee for the contract that gives the right.

Call options are most profitable for the buyer when the underlying asset is
moving up, making the underlying asset price highter than the exercise price.
The buyers of call options usually believe that the underlying asset price will rise
by the exercise time. The profit for the bu)éfé_n,be very large but is limited by
how high underlying asset-price rises. ‘When the u.n-derlying asset price surpasses

g— |
the exercise price, the ‘C:Bﬁaﬂ' is€aid to be wn-the-money. On the other hand, the

call writer (seller) usua noft beliéve that the underlying asset price is likely

to rise. The total loss for't riter can-be very large, but is only limited by how

—

high the underlying asset price rises. ") *.'

Example 2.1.1. Trader ufef'e}'r hol?dfp%) ‘purchases a call contract to buy 100

shares of X corporation from tra.der B (wrﬂﬂa jlt $50 per share. The current price
in the stock market is $45 a share and tﬁer A pays a premium of $500 ($5 a

E ot

share). If the stockiprice rises to $60 a share right bef§r§ the expiration, then

trader A can exerc'ishéi._ the call by buying 100 shares for ;3_‘;,1!)00 from trader B and
sell them at $6,000 in the stock market. e

Trader A’s;total earnings. (P).can be.calculated at $500... Sale of 100 stock
at $60 =$6,000, (Q). Amount paid-te trader B for-the 100 stock bought at strike
price.of $50 =$5,000 (R). Call eption premium’paid to.trader B for buying the

contract $500 (S). Like this equation,
P=@Q— (R+S) = 6,000 — (5,000 -+ 500) = 500. 2.1)

However, if the price drops to $40 per share below the strike price, then trader

A would not exercise the option. Trader A’s option would be worthless and the



whole investment would be lost due to the premium for the option contract, $500
(85 a share with 100 shares per contract) . Trader A’s total loss is limited to the

cast of the call premium.

This example illustrates that a call option has positive monetary value when

the underlying asset has underlying asset price (S) above the strike price (K).
Since the option will not get &3 “J

W/t is in-the-money, the payoff for a

call option is

(2.2)

Put option is t %der) the right to sell un-

derlying assets at the If the buyer uses the right to

sell the underlying assetg, t to buy it at the strike price
In exchange for having thi s the writer a premium fee

Put options are most profﬁ‘EEE ‘. : uyer when the underlying asset is

_Z /A J

moving down, mgﬂlg the underlymg usat.. s below the exercise price.

The writers of pu ions usually be /ing asset price will rise,

el

not fall. The proﬁtgr the holder can be very large bm it is limited by how low
underlying price f lyi is lower than the
exercise prlﬁe uﬂ)ﬁ ﬁﬁﬁ ﬁoﬂﬁﬁf‘cher hand, the call
writer (seller) usually does not befleve at ce is likely to
ok TSR

low the underlying asset price falls.

Example 2.1.2. Trader A (put buyer) purchases a put contract to sell 100 shares

of Y corporation to trader B (writer) for $50 per share. The current price is $55



a share, and trader A pays a premium of $5 per share. If the stock falls to $40
right before expiration, then trader A can exercise the put by buying 100 shares
for $4,000 from the stock market, then selling them to trader B for $5,000.
Trader A’s total earnings (P) can be calculated at $500. Sale of the 100 shares
of stock at strike price of $50 a share (100 shares) to trader B = $5,000 (Q).
Purchase of 100 shares of stock at $40 a share = $4,000 (R). Put option premium

paid to trader B for buying the contract ={§5HS). This implies,

—

= - .
$-8) = 5,000 — (4, 000+ 500) = 500. (2.3)

If, however, the share pri neverﬁdrops below the strike price (in this case
$50), then trader A ldin, x‘erms‘e the optien. Trader A’s option would be

worthless and he would lose the v_g*holé investment for the premium fee of the

option contract, $500.

premium. sl Fdda
s el
A put option is said to lave intrinsic value when the underlying asset has a

!

underlying asset piice (S) below the option’s strike prige (K), the put option is

g ’
said to be in—the;_rgqney. Upon exercise, a put option ié valued at K — S if it is

in-the-money, otheg_vyise zero. Prier to exercise, an option has time value apart
T

from its intrinsic value.

classified by exercise style

The style of, an'option is a general term denoting the class inté which the
option falls, usually defined by the dates on which the option may be exercised.

The two great families are European and American.

e European option is an option that can be exercised by only at the expira-

tion date.



e American option is an option that can be exercise at any time before the
expiration date.

For both styles, the pay-off when it occurs is via

— max [(S — K),0] , for a call Ttion and

— max (K — sx‘m}g@y Jé.)—-'

where K is the yﬂ §i ﬁing asset price of the under-
lying asset. /
The following are e 1

e A bermud

ides the two styles above.

er has the right at a set

number of tim

than commonly traded:ﬁuﬂimlts_‘_ —
o

¢ A quanto option is an o —— m"""‘:i one currency but paid
. A
in another c o naturally needs to take

u
E
into account the correlation between the exchange rate of the two currencies

TSN NS

e An asii{l option is an optign where the aa.yoff is not de&gmined by the

IRARIATRIUNIF PR o

me pre-set period of time.

e A lookback option is an option where the option owner has the right to buy
(respectively, sell) the underlying asset at its lowest (respectively, highest)

price over some preceding period.



e A russian option is a lookback option which runs for perpetuity. That is,

there is no end to the period into which the owner can look back.

e A game option (or israeli option) is an option where the writer has the
opportunity to cancel the option he has offered, but must pay the payoff at

that point plus a penalty fee.

The main reason to buy opti ibility to hedge against non-favorable

However if the exchange Fate/fwerld be lou he company could buy the dollars

at the market.

S . me———— 1

Of course, optior -traded by speculators wie hope for an over pro-

portional increase o T e derlying asset price. For

example, it is obvious l'tha.t; the price of an optlon increases less than one dollar

if the underﬁl% K}Wﬁ WDH ’Hﬂﬁ the relative price

increase of th'uoptlon will typncallg be higher tha.n that of the stock in this case.
oG IR P TP HHAGE PR o oo
the ul&lerlymg asset itself, and so with little capital it is possible to make rela-
tively large gains. But it should not be forgotten that with options speculators

also suffer big losses; in fact, it is not unusual to lose everything.



10

2.1.2 Contract Specifications

An option is a contract between the two counter parties with the terms of the
option specified in the term sheet. Option contracts usually contain the following

specifications :

e whether the option holder h

t to buy (call option) or the right to
sell (put option); ’,

o the quantity of t Qple, 100 shares of ABC
Corporation); / \ ~

e the strike pric

derlying trans

e the expiration

exercised;
o the settlement terms, for 1u hether the writer must deliver the actual
asset on exereise imply tender alent cash amount;

——
LY

e the terms by V‘? acket to convert the quoted

price into the & ual premium -the total amount paid by the holder to the

“mﬁﬂﬂnwﬂﬂﬁwawni
ﬁﬁﬁ‘a@ﬁim URIANYI|Y

We buy a put option on a stock. we will not know how much this contract
will pay at the exercise time because we do not know with certainty the price of
the stock at the exercise time. Thus, we will not know how much should we pay
for such a contract, i.e., what should be the price or value of the option.

It has been known for many years that option value can be estimated by a
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formula derived from Black-Scholes model or by using empirical technique such
as the Binomial tree models. In addition, [2], the sensitivity of the option value
to the amount of time to expiry is known as the option’s theta. The option value

will never be lower than its intrinsic value.

The value of options depend

OptionValue = Intrinsic

1. Intrinsic value is t TO @ : rence between the exercise
price of the opti 3 \\ ' t value of the underlying

asset (underlyi epending on the types of options as follows:

2. Time Value is meas yithe leng time until expiration. The closer to
the expiration is, the sm: has. Time value is the difference

between op

,
- e ——r

Y- Y] |
Firne nsicV alue. (2.4)

] |

options classified by’ nzeneyness

e BTN e e
A e

the moneyness into these catagories as follows.

e At-the-money : ATM

An option is at-the-money if the strike price is the same as the underlying
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asset price of the underlying asset on which the option is written. An at-

the-money option has no intrinsic value, only time value.

e In-the-money : ITM
An in-the-money option has positive intrinsic value as well as time value.

A call option is in-the-money when the strike price is below the underlying

asset price. A put option i i hen the strike price is above the

An out-of-the-mo ntrins e, only time value. A call
option is out- vhen' the strik ce is above the underlying

asset price of s A tien is out-of-the-money when

Option prices are also odBreming ey have two components and are
determined by six factors. Thé price cha are indicated by six factors, called

Greeks. Note that the i ot generally important

to option traders. “’1 A

D
-t 0 s TR e e

up, the Pprice of the option changes If the optlon is a call, the pnce increases,

IRTRIMI NI N R

he strike price. It determines the intrinsic value of the option. For a call

Factors that inﬁumce the price of options

option, if the strike price is higher than the stock price, the option is out-
of-the-money, and is therefore worthless. If this true for a put option, then

it is in-the-money.
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e The time value of the option : The life of the option is worth money. The

closer to the expiry, the smaller its value.

e Volatility. A volatile stock (asset) is a risky stock. Therefore, the option
price for this stock will be higher. If the underlying stock is relatively stable,

the price will be relatively low. A highly volatile stock will generally yield

better premiums, so is e seller in this way.

— Historical volatility.. i v&,the how the underlying asset
———

important factor is the optio volat: ‘elatile prices of the underlying asset can

ically, this value depends

&

t of the underlying asset

price. The time vam of an optic negative (@ause the option value is

never lower than the intfinsic valuei, and.éonverges toward zero with time. At
i

—— @;Mp’t}nﬂ& A PEEL T e vatue s 2o

Prior to expiration, the change ifi time value awith time is nofilinear, being a
AR RS AT TN TR E
2.2 Option pricing

In general, we know that the higher the price of the underlying asset (under-

lying asset price) , the greater the value of the option. When the underlying asset
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price is much greater than the exercise price, the call option is almost surely to
be exercised. It goes in the opposite direction for put option.

There are several option pricing models. In this research, we focus only on
four option pricing models : Black-Scholes model, Standard binomial tree model,

Implied binomial tree model and Generalized binomial tree model.

2.2.1 Black-Sch

In 1973, Fischer Bl ‘ >d the option pricing model,
called Black-Scholes ; y deti ot the value of an option in
terms of the price of t

and the option, namely

\ \ \
1. The short-term in . mstant for all time.

2. the stock price foll Jran ~' W continuous time with a variance

rate proportional to c price. Thus the distribution

o
ASAS?

mm*:‘:’mrm*“’::": al is log-normal. The

variance rate omhe - 01 am

3. The stock pays né dividends or othefidistributions.

4. The opﬂvl is Eﬂopearni;ﬂln can“ ?!;Je :a]et:]sj at the maturity.
Eus o b AR A

6. It is possible to borrow any fraction of the price of a security to buy it or te

of possible

hold it, at the short-term interest rate.

7. There are no penalties to short selling. A seller who does not own a security

will simply accept the price of the security from a buyer, and will agree to
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settle with the buyer on seme future date by paying him an amount equal

to the price of the security on that date.

Let C(S,t) be the value of the option written as a function of the stock price
S and time ¢, K be the exercise price, T be the maturity date, r be the risk-free

interest rate, and v? be the variance rate of the return on the stock. The option

A
pricing formula is given as fol ' ’Iy/

d

(2.5)
where
f{x\
- : (2.6)
Here, N(-) denotes the cumu r. ity function.

2.2.2 Standase

SBT model [4] is a dlscrete-tlme model that relyes on the assumption that the

s QLS AN 9 Sy o oo

increase to uS|with a probability p or decrease to dS with a probablhty 1—p (see

RAWTANT Wﬁ‘ﬂ"f’?ﬂﬁlﬂ Bg

A 2-stép binomial tree can be constructed similarly as in Figure 2.3. Similarly,

and also for any n-step binomial trees. (see Figure 2.2 ).

Let r denote one plus the risk-free interest rate over one period, C' be the

current price of the call, C,, be its price at the end of the period if the underlying
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10.19865

100

3.977862

Figure 2.1: The 1-step'bir ing asset price (left) and the

% =]
value of call option (rig
F’md .-I.J " A
asset price goes to uS, and €; . be its price at the end of the period if the

underlying asset price ge a5 ~Let/K e ke price or the exercise price,

o be a volatility o '.ii,:::? lo' maturity, and N be the

number of steps of theé binomial tr empute u :m‘\/ YN and d = e~ VN

for the proportions to ihgrease and decrease, respectively. Figure 2.1 shows, for

example, thﬂvu%rga m&jﬁmﬁ W‘&h’%ﬂdg we can build the

tree of the opﬂon price for any n-step, for exalﬂle, the 2-step tree is shown in

ne W TANTI U N INETRE

ThlS model compute the probability p that a call option price at a underlying

asset price is uS from p = ir(—iuﬂ_v‘)i—'d. We can calculate option price C' when the

underlying asset price is S by the equation

(pCup + (1 - )Cdoum)

C= er(t/N)

(2.7)
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u” S,
u N—l“ "
u™?d?s,
_u§,
So
as, <
M N‘lS.
N
d"s,
Figure 2.2: The n-step stag@ard binom the underlying asset price

Repeating this proced ire tree of the underlying asset

o xd

7
R4 bV 3E e |

prices and the op

1
e be 3% per year, underlying
j.lfiﬁn will expire in 30
days is tree is the 3- ﬂ i o /
ARTRYERN AL s -

K =95 and N = 2. We get u = 1.042248, d = 0.9931749, p = 0.719264. With
equation 2.7, we can build the 2-step trees of the underlying asset prices and the

option prices shown in figure 2.3.
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Figurc!..‘.’.: The 3-step standard binomial tree of the option price and option price
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2.2.3 Implied Binomial Tree (IBT) Model

The basic concept of the IBT model [5] is to build a binomial tree that fits the
entire currently traded option price. First, we estimate the risk-neutral ending-
nodal probability distribution of the underlying asset price. Here, we consider the

four computational methods as competitors to conclude the risk-neutral ending-

e S be current price o

e S* be price of.the ying asset on iration-date,
; N
e 7" be one pl -‘(5 e oh ‘ expiration date,

J U

e §" be one plus pag:out rate on the underlymg asset through the expiration

= ﬂumwﬂmwmm

° a.nd for exa.mple for exampley be concurrentiprices of asso-
HINAS AV INEIRNEL.-.. -

ha.ve to consider all strike price Ki, K», ..., K,,.) all with the same time to

expiration.

Assume that, condition on S* being between adjoining strike prices (including

0), all levels of S* have equal risk-neutral probabilities. Also assume that there
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exists a number K5 > K, such that the probability that S* > Kj is zero, and
that, conditional on S* being between K, and Kj, all levels of S* have the same

risk-neutral probability. Figure 2.4 depicts this situation.

P1—2 1-r" (86 —-Cy) Ky ], (2.8)

P=2fad / E (g~ B (2.9)
P3 =2 (K3 = Kg)_l (210)

Co= Tyt - Ko)7'], (211)

2 — Py — Py, (2.12)
(27‘"04)
P, (2.13)
The implied risk-ne by solving the first equa-
tion for P;, using this , using these value for P,

2s across strike prices
by a quadratic polynmnal By suk 1g the fitted @ynamial for the volatil-
ity in the Black-Scholes ‘médel, Shimko’s méthod estimates the distribution of the
risk-neutral ﬁ:uﬂq mﬂ m jomdﬂv:]nﬁle call price with

respect to exerc ﬁrme wcardﬁ the followi uation,

ARIANNITU AR 8%

Ps.,,x = CTT%%, (2.14)
where
®C ., 1 dd, ad,
355 = SNV'(d) [Y ((2aX +b)VT — ) — di5-(2aX +b)VT + 2aVT ]
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risk-neutral
probability

g : P(S) ;
(i} K4 | %
Figure 2i4: Ris bility Di |
od, [T +(2ac £b)fo(X)iT] e /RS di(20X — ) - XT
ax o 0 .
d = | 3 "Vﬁf],
o(X)=aX?+bX +c,
‘a 'Y
ﬂuﬂqﬂ’ﬂm—ﬁ—ﬂﬂqnﬁ (2.15)
qu 1 Jon . ]

¢ o

wARIBIN UM INGAY

Rubinstein’s methed [5] minimizes the difference between the implied posterior
risk-neutral probabilities P, ; and a prior estimate of risk-neutral probabilities

P, ;, (generated by the SBT), in the square sense under all constrains.

Denote the ending-noedal underlying asset price of the tree from the lowest to
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the highest by S, ; for j =0,1,2,...,n and . Let S and C} (Cy) be the underlying
asset price and the option bid (ask) price quotes with strike price Kp,h =1,...,m
(m << N, number of strike price) expiring at the end of the tree.

Then, the implied posterior risk-neutral probabilities P, ; are calculated from

the following quadratic minimization problem.

Objective : §’ ,///

Subject to :

(2.16)

Ct > Cy > CF where Cr = () ™ forh=1,...m

. L (2.17)

% -
Here C}, denotes the &

Jackwerth ﬁdﬂ: instein’s method
Jackwerth can ms ein’s netm; wclfJ for the 1mp11ed probability
¢
WY D UPLC A L
abilities P, ; are calculated from the following form

I}i‘} E (Ppj-1— 2P+ Pn,j+1)2 where P, _; = Ppny1 =0, (2.18)
n,J o
J

with the same constrains as in Rubinstein’s method.
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With the risk-neutral ending-nodal probabilities P79 = P, j the implied
binomial tree of the underlying asset price can be constructed by three steps as
follow:

First step.

PRl =1 —w(i,j — 1)) P dau(i, j) PR fori=mn, ..., 1,5 =1,...,i.
N '? (2.19)
Second step.
P11 for 4 = 10y vy dy g = 1, ..., 4. (2.20)
Third step.
Si-1,j- I P2 L8 s 1S5/, (2.21)
where weight function is “" S oG, j) = j/i. The entire tree of the
underlying asset price can be bui ’_ U & \ above. The tree of the option

price can be const-ructed in ; R SBT model.

et

2.2.4 Generalmed Binomial Tree (GB’B Model

o 11 LA A L

in the first and'second steps, equatéon (2.19) and (2 20). We cons1der five weight

LN LR ER (1SR 130 ki

functions are defined as follows.

Linear case:

-7; a, fOI‘i ,U.9{,
w(i, j) = ) (<009 (2.22)

2(1-a)(({) -05)+a, forle(051],
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a €[0,0.5) for convex,
where

a € (0.5,1] for concave.

Quadratic case:

w(, j):a(§)2+(1_a) (2) where @I foreomen )

[-1,0) for concave,

S-curve case:

w(i, j) (2.24)
with e € (0,2.5], w
with mean of 0 and s

To compute the per for:each feight function [11], we use the root
mean square error (RMS the difference between market
observed short-term_option

-term option price, to find

the optimal ;,*—5_—'5_—'____11,.:‘

J I
2.3 Hedge

‘a v
In ﬁnancaﬂ ugﬂsg mmtﬁtuﬂn’]ﬂpjiﬁcaﬂy to reduce
or cancel e risk in_an ﬂv ent. term is a shofténed form of
hedgia)ﬂ ﬁt&iﬂlﬁ .m:l-lle yj‘ﬂ;lﬁ SEJJrity that
the investor thinks will increase in value, and combine this with a short sell of a

related security or securities in case the market as a whole goes down in value.

Example 2.3.1. An investor believes that the company FA is going to do well

this menth, and wishes to buy some shares of stock so as to profit from their rise
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07}

02

01

Our investor is mterested in the company itself, not the vagaries of the industry,

and so soeksﬁ nﬁﬁ;f}wwﬁ ﬁ mﬂ ?ount of the shares

of FA’s direct‘cCompetitor, BA.

““ﬂﬁ“lﬁﬂﬂ‘fﬂm‘ﬂ‘]’mmﬁﬂ

o Long 1000 shares of FA at $1 each
o Short 500 shares of BA at $2 each

(Notice that the investor has sold short the same value of shares, not the same

number).
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On day two, there is a big news story about the widgets industry and the value
of all widgets stock goes up. FA, however, because it is a stronger company, goes

up by 10%, while B goes up by just 5%. Now the portfolio tool like

e Long 1000 shares of FA at $1.10 each — $100 profit

V — $50 loss
money when the price goes

Perhaps our investor is regrei the hedg da. two, because it has cut

e Short 500 shares of BA at $2.1

(Remember that in a sher

up)

into the profits on the E@O position, by ay > there is another news story
that is bad for widgets

This time it’s a real cras ﬁr wiped off the value of the widgets industry
in the course of a f -
company it suffers less

Value of long pesition:

e Day 1 — $1000

.-—'
e Day 2 — Sll|

o Day 3 —$550 «

wm e FUH INEN NN
ARIRINIUNNINGIAY

. Bay 2 — $1050

e Day 3 — $505

Without the hedge, our investor would be looking at a loss of $450. With the

hedge, that loss still stands on the long side, but the short side is in profit of $495.
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That means our investor in widgets is still $45 in profit en a day when the market

suffered a dramatic collapse.

Example 2.3.2. Hedging an agricultural commedity price

A typical hedger might be Q_N!%ﬂler. The market values of wheat

3

and other crops fluctuate constantly as su emand for them vary, with
occasional large moves in_ei irection. Based on current prices and forecast
levels at harvest tim: : eci Ming wheat is a good idea

th:,\h@asts Once the farmer

one season, but the

plants wheat, he is ¢
price of wheat rises a |
a lot of unexpected mon it eaQJ 'p#ice rops by harvest time, he could

be ruined. i_lf‘_f_'" g m
If the farmer sells a numbcr iﬁvhenj; contracts equivalent to his crop

.r-"_-_,

size at planting tl?& he efectlvely lnks in the_m ﬁ at at that time - the

contract is an a, ushels of wheat on a

nt to deliver a
certain date in the ﬁire for a_certam fixed price. He hedged his exposure to
wheat pric ﬁn 5 or falls, because
he is guarant@ﬁ 'Sa Ejj‘l :ﬁﬂ m i’orry about being
ruined. b e c Vi \ﬁa s &J tg chance at
mak?a ﬁ:lﬁyﬂﬂimﬂ ﬁe’l ‘ rﬂtﬁj

2.3.1 Types of hedging

The stock example above is a classic sort of hedge, known in the industry as a

pairs trade due to the trading on a pair of related securities. As investors becomes
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more sophisticated, along with the m tools used to calculate values,
known as models, the types afhod.uhn?tﬂdlrutly

Examples Of Hedging Strategies

This is a list of examples of hedging M, for financial derivatives such

as call and put options.

* Risk reversal Simultaneou : g a.eall option and selling a put option,
This has the effect simul R bei oag 2 steck or commodity position.

A’A \\\‘H
/ \\\\ N

e Delta neutr. n that allows a portfolio
to maintain a posi

market neu

re-hedging to maintain a
et neutral strategy.

e e g.‘h":‘

T Y

Iﬂ 2
ﬂ‘lJEl’J‘VIEWlﬁWEI']ﬂ‘i

’Q‘mﬁﬂﬂ‘im URNINYAY



CHAPTER III

DATA AND METHODOLOGY

We compare the empirical §Qu bmomla.l tree models, mentioned

in chapter II, for SET50 . ter we describe the sample

data, algorithms for my o el Watmm

3.1 Data

ed in the Thailand Fu-

tures Exchange(TFEX) J from the stock prices of
the top fifty listed companies @tﬁ_e St ange Thailand (SET) in terms of
large market capitalization, -hiﬁhfﬁd iance with requirement re-

is a European optiorﬁhidb . be ex nly a tﬁ expiration date. There

are four series for both ‘ca.lls and puts; Ma.rch June, September and December.

e GBS W e amors

one-ATM, an ve-ITM in each dgy

T@ S o 30 k4 5 D440 7 om0,
which is also used to estimate parameters for the optimal weight function in the
GBT model. The data with best bid and best ask prices at 4.30pm in each trading
days and expiration dates are provided from the TFEX. There are 2270 data on

over 111 days for empirical testing.
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3.1.1 Contract Specifications

The TFEX launched SET50 Index options on October 29, 2007 to complement

SET50 Index futures. SET50 Index options offer investors an opportunity to both

capitalize on anticipated market / limit the risks of adverse market

direction. Investors can to protect the value of their

equity portfolios.

The TFEX use the ng contr: 1n terms of “Underlying

Symbol + Month + Yea 1 ‘ }\.\ ice”, for example,

.

“S50H08C500” = S Lo ch 2008 with the strike

price 500 point. % . LJ

¥y T i

“S50M80P530” = SET50 Idex put option expires on June 2008 with the strike
Bl
price 530 point. Piorest

l_n“f-“' e :--'_-.- i F
_,,or.'-‘i-‘,-'-f

e —H: the ‘; ons. exbire on -m-
i

il -_—

y
— U : the options:expire on September

_zﬂuﬂwﬁbﬂJWﬂﬁﬂ‘ﬁ
ﬁmﬂﬁﬂim URNINYAY

® C is the symbol for call option and P is the symbol of put option.

e S50 is SET50 Index

— M: the op

e 530 is the strike price.

The last trading day of each contract is the day before the last trading day in

each expire month.
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SET50 Index options are European style options, settled in cash against the
value of the SET50 Index on the last trading day. There are SET50 Index put and
call option with different exercise prices for various trading strategies. Summary

of SET50 Index options contract specifications have shown in Table 3.1.

3.2 Methodol
o ogy | x\\\' ,//
We build trees of undgm_uset pn@ Index) and option prices

2 -
(SET50 Index option prige)«by using threc models: the SBT, the IBT, and the

m\oe) m\ﬂ.ued the option prices for

time to maturity ¢. For each day-we L -8

- __,-rd-_

compute errors in of pricing and hedg

T‘f-ﬁiﬁﬁ"ﬁ“ﬁ]‘mwmm

We follow ‘the construction of the n-step bmomla.l tree for SET5O Index S; ;
=R RAT IO AT TER
t we gét an up u = exp( a\w a down move d = exp(—a% and the
transition probability of an up move is p = %1’. The flowchart of the SBT
are shown in Figure 3.1. From the binomial tree of SET50 Index we use the
ending-nodal price S, ;(: = 0,1,...,n) to estimate the SET50 Index option price

C; as described in section 2.2, see Figure 3.2.
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 Heading In_diﬁdual Contract specification
Underlying index SET50 Index which is compiled, computed and
| dissem y the Stock Exchange of Thailand
Contract Multiplier - : | oint

Contract Months ch," June; er, December up to 4 quarters

Minimum price fluctuati )

Price Limit & 3 ‘; o e I day’s SET50 Index
Exercise style '
Strike price interva | potnt it the-money strikes, 5 out-of-the-money
_ a7 ‘
i y strike).

G .

Trading Hours Presopen: -9
ing session: 9.45 - 12.30 hrs.
A, '
.55 hrs.

Speculative Position limit | equi t SET50 Index Futures contracts

on one sidecof the market in any contract month or all

f o
Pl U B T (it | 3
Final 'Il'admgI Day Th.’busm@s day.immediately pregeding the last business

A NI TUNBAD ALIAE B s e

Final Trading Day is 16.30 hrs.
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Heading Individual Contract specification

Fing.l Settlement Price The final settlement price shall be the numerical value of
the SET50 Index, rounded down to the nearest two decimal

points as determined by the exchange, and shall be the

average va.lue of the SET50 Index taken during last 15

5 Q,ec-iiica_fon:of SET50 Index Options

v

i
3.2.2 The IBT algonithm - 44
Al J* af.l':".u '

This algorithm starts b uailamg the binemial tree of SET50 Index, (the dash

=

border in Figure 3.1). We ﬁrst ﬁumueﬁﬁ risk-neutral ending-nodal proba-
bility distribution eﬁ the SET50 Index (see Figure 3_)1" -We consider the four

u"

computational mefhéj,s as competitors for ntmatmg_ﬂrg probability distribu-

tion; Longstaff’s metﬁéd (Figure 3.5), Shimko’s method‘(‘Figure 3.6), Rubinstein’s
method (Figuré 3:7) and Jackwerth)and Rubinstein’s-method-(Figure 3.8). The
procedures forsthese methods are described in section 2.2.3. Once the best result
for estimating-of -the ;ending=nodal; probebility, distribution s, obtained (see the
results belows), We then built the binomial tree for the option price, similar to
that of SBT method (Figure 3.2).

We find the probabilities of the Longstaff and Shimko’s methods are out of
range of [0, 1], see Figure 3.2.2. The Jackwerth and Rubinstein’s method produce

errors larger than the Rubinstein’s method, see Figure 3.3 . Then, in our empirical
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we use the third methed (Rubin’s) to ebtain the implied probability distribution
as input for the IBT and GBT models.

3.2.3 The GBT algorithm

The GBT model placed the e e weight function used in the IBT
model. We use five-different of linear weight function in
IBT method, the dash kw gure 3.4. The flowcharts
for these weight-functions concave , Linear convex

(3.1)

22N
Table 3.2.3 shom the optimal paramete

the average values of

RMSE (see Equation 3.1) for t! ons in the test using
the sample data frengecem.e‘ C
As the result from Téble:3.2.3 show, wefse a S-curve weight function with e

w25 enseidgns 11 EIVITWEITIS

In our error estimates, we compate the empirical.performances éf three models

A RAASAINLEERNEIAY
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3.2.4 Pricing Errors

We examine the option pricing performance in terms of error e;, by letting e;
be the differences between the option prices C;, provided by the TFEX (average
of best bid and best ask quotes in each day), and the estimated option values from

the binomial tree models C",-, namely

(3.2)

Hedging performance i use option as a risk
management tool. Wi

Consider hedging t A; be the number
of units of the underlyin ,and C; — A; - S; be the
residual position.

To examine the hedging p

Baln
WECRIEN -

1. construct a he ff"' rtfolio nd_shorting A; units of

the underlying .m Iﬂ
2 e 18 Wﬂ'ﬂ%*w TaTik)

3. compute A; from

AMAINTHIMINYAY

i 3.3
S11—Sie 3]

where C.. and S.. are option values and the underlying asset price at node

(i,j) from the binomial tree built on each date.



4. calculate the hedging error from
6= (Ci-G)-ai (5~ 8) - (G- 8:-S)-(n-A)  (34)
where At is the length of period between the date when the hedging strategy

is performed to the expiration date, r is the risk-free rate and S; is the

underlying asset price at SN in

“"“”Fmﬁvmmwmm

e The Mean Percentage Er?r (MPE) 1s the computed a.verage of per-

RGN AR =<

txty being forecast. This measure indicates the direction of errors. The

formula is

(3.6)
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where N is the number of data.

The Mean Square Error (MSE) is a risk function, corresponding to the
expected value of the squared error loss or quadratic loss. MSE measures
the average of the square of the error. The error is the amount by which the

estimator differs from the quantity to be estimated. This measure indicates

the velatility of error@”y/

(3.7
=,
where N is the num
The Mean Absolt arcen . e E’ E) is commonly used in
quantitative forecasting methods because it pr es a measure of relative
overall fit. The abso le A1 e percentage errors are summed up

and the average is com cates the magnitude of error.

The formula is

(3.8)

et FT"U"ET"IEFIE Ny ‘W 8IN3
9 RIAINTU NN INYA Y
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Figure 3.1: Flowchart of the

SBT model

- e .



Figure 3.2: Flowchart of the SBT model

39
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Table 3.2: Ending-nodal risk-neutral probabilities of Longstaff’s and Shimko’s
methods



l’i

calls (C1). Out-of-the-money (OTM) ptmmnse

Measures Methods Ci : 7
o™ | NTM| IT™ ALL
ME  method 3| 21.7470| 7.5315 | 1.2030 | 7.90187
method 4 | 45.8370 | 20.6662 | 5.8263 | 18.6854
MPE  method 3| 0.4: 0.0922 | 0.2395
method 4 | 092 0.9653
MSE 3 161.4235
703.4152
MAPE 0.4603
0.96598

of the IBT for calls.
ns,Rl:lilnlt-n s method (method 3) and Jackwerth

—nodal risk-neutral probability distribution for the

0.97, Near-the-money (NTM) options

41

comprise calls with 0.97 < S/K < 1.08, ué‘ln—ﬂhe—mon%pﬂom comprise calls with S/K > 1.03. ALL
includes calls all type. The numbers a.re'bagoﬂgm imt Wmm error (ME), percentage error (MPE),
mean square error (MSE) lid mean absolute m error (MAPE) - caﬁlnted from difference between
observed market option ]:f e a

weight “weight () |-RMS: \ woldithe

Linear concave 52| 122037 | 52| 910776
Qyasingiie oce | 08| 11.947 -0.00 | 913192
Quadratic convex 0.1| 14.84623 0.1 10.4427
S-curve 2.5| 8.9968 2.5| 6.67654

Table 3.4: Estimation results for different weight functions
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AUEINgPINeINS
QRAIN TG INGINY

Figure 3.3: Flowchart of the IBT model [1]
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NN
181N

Figure 3.4: Flowchart of the IBT model [2]
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Longstaff's method

Figure 3.5: Flowchart of the Longstaff’s method used in the IBT model
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Figure 3.6: Flowchart of the Shimko’s method used in the IBT model



Rubinstein’s method fip
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Figure 3.7: Flowchart of the Rubinstein’s method used in the IBT model
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Jackwert and Rubinstein’s method

L

y

q

=
-
i
e
o @
s
-
=
-
=

s,

AUt INNIneng
ARIANTAUUNINGIAY

Figure 3.8: Flowchart of the Jackwerth and Rubinstein’s method used in the IBT

model
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N

Figure 3.9: Flowchart of the IBT model [3]
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Figure 3.10: Flowchart of the GBT model
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Figure 3.11: Flowchart of the linear (concave and convex) weight functions used

in the GBT model
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A%
Figure 3.12: Flowchart of the quadratic (concave and convex) weight functions
used in the GBT model
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Figure 3.13: Flowchart of the S-curve weight functions used in the GBT model



CHAPTER 1V

RESULTS

In this chapter we showed Its obtained from the methods

described in chapter III i ' ‘ and hedging errors.

The figure 4.1 is 4'gr Tndex fi ber 2007 to 21 May
20009.
We showed in Figu : Y A 456, 4. 4.9 the eight examples

rch 2008 with strike price
530, 600 and 630, and expired ‘on Septem with strike price 320 for calls
and 310 for puts, respcctwayﬁw s, the SBT and the Black-Scholes
model give the results better than ti J--_==---—_-_':J' because the plots of
estimated option pric  clost es (average of best bid and
best ask quotes in each llday For both calls and puts, trends of movements of

estimated optﬂ ﬂﬁy’% %hﬁ ﬁﬁ%ﬁﬁ}lﬁﬁhe market prices

are all the samé.| At OTM of calls a?d puts, trends of estimated optmn prices by

L S S e 4 e i

date.



4.1.1 Pricing performance

»  We show pricing errors of results in terms of four-measurements; MA, MPE,
MSE and MAPE based on moneyness for current month expiration calls (C1 and
C3) and subsequent month expiration calls (C2 and C4), and current month expi-

ration puts (P1, P3) and subsequent month expiration puts (P2, P4), see Tables

41,42, 4.3 and 4.4. \L y
The Table 4.1 and 4.2 show%\he superlor in terms of the

option pricing errors for Cmeﬁmg 1 four measurements,

SBT method seems to have thq:\ the er methods This also

agree with the results in Ta mparin tween IBT and GBT

in terms of four measurem ( of vhﬁl a.m smaller than that of the

i
GBT. For OTM that of the of" e IBT. These results

L

suggest the SBT is better in pricing performance

for calls. ot
s i
Not only for calls, the SBT seeﬁé—tb—haveﬂrors better than that of IBT

and GBT. Comparing bﬁweu Il'ftli 'GiT?E:- ﬁo?fmeasurements at

these three binomial treegodels"aix“e‘""“' ] 8 C2Luj33, C4, P1, P2, P3

and P4, they indicate that these errors are very:fluctuating errors.

From the mﬂ.u.ﬂ.%,}mﬂm bttt Me[SBT)s better than

the IBT and GBT modals

'QW’]ﬂ\ﬂﬂ‘ﬁﬂJ UAIINYAY

4.1.2 Hedging performance

We showed in Table 4.5 and 4.6 hedging errors of results in terms of four er-
ror measurements; MA, MPE, MSE and MAPE based on moneyness for current
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month expiration calls (C1, C3) and subsequent month expiration calls (C2, C4);
and similarly the results for current month expiration puts (P1 and P3) and sub-
sequeht month expiration puts (P2 and P4) are shown in Table 4.7 and 4.8.

The Table 4.5 and 4.6 show that the SBT is superior in terms of the option

pricing errors for C1 & C2. ring between all four measurements, SBT

method seems to have smaller erre other methods. Also comparing be-
, at OTM errors of the GBT
see that the IBT seems

[ ‘\MJQggest the SBT is better

for calls. Not only

NTM of the GBT are

binomial tree models are

the IBT and GBT mgels.

ﬂ‘lJEJ’WlEJWTWEJ']ﬂ'ﬁ
awqa\ﬂﬂmwnwmaﬂ



Figure 4.1: SET50 Index
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Figure 4.2: call price at the strike price 530 of the call option with the SET50

Index as the underlying asset that expired on 31 March, 2008
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Figure 4.3: call price at the strike price 600 of the call option with the SET50

Index as the underlying asset that expired on 31 March, 2008
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Figure 4.4: call price at the strike price 630 of the call option with the SET50

Index as the underlying asset that expired on 31 March, 2008
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Figure 4.5: Put price at the strike price 530 of the put option with the SET50

Index as the underlying asset that expired on 31 March, 2008
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Figure 4.6: Put price at the strike price 600 of the put option with the SET50

Index as the underlying asset that expired on 31 March, 2008
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Figure 4.7: Put price at the strike price 630 of the put option with the SET50

Index as the underlying asset that expired on 31 March, 2008
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Figure 4.8: Call price at the strike price 320 of the call option with the SET50

Index as the underlying asset that expired on 31 September, 2008
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Figure 4.9: Put price at the strike price 310 of the put option with the SET50

Index as the underlying asset that expired on 31 September, 2008
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Table 4.1: pricing érrors of C1 and C2.

Measures Models | C1

OT™ OTM NTM IT™M ALL

ME SBT | -1.2416 | -0.14é ga .17 -1.3009 | -0.2924 | -1.1084

IBT | 21.7469 / ‘I“‘ 0; \\'\ 6.5439 06403' 7.1721

GBT -1.6006 ’///IPQE?\\ \‘\‘ X -2.7084 | -2. 6905 7-2.1847

\.\\.

MPE  SBT | -0.0297 -o.1324 -0.1753 | -0.1364

IBT | 04503 03822 | -0.2069 | 0.1146
GBT | -0.0367 -0.1886 | -1.9216 | -0.9516
MSE  SBT | 7.3837 12.2403 | 5.0701 | 8.9404
IBT |543.1957 719881 | 7.5703 | 150.4584

GBT | 131.4226 |0 1494 | | | sooa1a | a9y | 92.8716 | 38.6080 | 85.4841
' ' 0.2486 | 0.8794 | 0.5170

MAPE SBT 0.0447 | €
0.4087 | 0.9811 | 0.6735

IBT | 04503| 0.3858| 04921| 0.4603
g|d'}tﬂﬁ'o47os 2.4791 |  1.3266

This table shows the results of the pricing performu tests of three bmomml tre;‘nwdel for the current month expu'atlon calls (C1) and the subsequent month expiration calls

(C2). Out-of-the-money (OTM) opti ith S, .97 < §/K < 1.03, and In-the-money (ITM)
options comprise calls with S/K > 1 OGQL

(MSE) and mean absolute percentage erra' (MAPE) - calculated from difference between observed market option price and each tree model’s theoretical price for the sample
period from 8 December 2007 to 29 December 2008 which are used for building the trees.

percentage error (MPE), mean square error

99



Table 4.2: pricin,

ors of C3 and C4.
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Measures Models | C3 - \“’ /
OTM T ‘&_ NTM ITM| ALL
ME  SBT | -0.9571 mi 8 9532 | 13.1570 | 8.9009 | 9.2400
IBT | 13.4252 le 00| 2519701 | 215700 | 19.2200 | 9.6677
GBT | -5.5810 0 ﬂ%ﬁ”\‘ ﬁ\ 14.8033 | 16.7765 | 7.3226
MPE  SBT | -0.0246 )28 y/ ﬁﬂ. 3‘.\\\\ \-' 05791 | 0.9429 | 0.7867
IBT | 0.4084| 03 J’I M‘% '@'\\\\ 94| 07702 | 1.8498 | 0.6827
GBT | -0.1583 | -0.412; J : M :‘ d\\ 0.5234 | 16717 | 0.5786
MSE  SBT |13.0547 o, 220.6252 | 128.3034 | 139.8373
IBT | 196.9085 479.4713 | 253.4402 | 160.7772
GBT | 75.5394 239.8062 | 189.2650 | 97.6344
MAPE  SBT | 0.0787 05958 | 0.9429 | 0.7983
IBT | 0.4084 '2 2.3971 | 0.7702 |  1.8500 | 0.6828
GBT | 02216 §0i689 1.6716 | 0.5823

(C4). Out-of-the-money (OTM) optio

options comprise calls with S/K > 1. 03

period from 8 December 2007 to 29 December 2008 which are used for building the trees.

| ¥Y1F

m i e

This table shows the results of the pricing performan&ltests of three bmormal tree model for the current month expiration calls (C3) and the subsequent month expiration calls

Ok AP ATl kAL LAk ILIAPAR )

(MSE) and mean absolute percentage en'q (MAPE) - calculated from difference between observed market option price and each tree model’s theoretical price for the sample

< S§/K < 1.03, and In-the-money (ITM)

percentage error (MPE), mean square error

99



Table 4.3: pricing emrors of P1 and P2

This table shows the results of the pricing periormanmtests of three binomial tree model for the cumnt month expiration puts (P1) and the subsequent month expiration puts

(P2). Out-of-the-money (OTM) opti
A S BT T

error (MSE) and mean absolute percentae error (MAPE) - calculated from difference between observed market option price and each tree model’s theoretical price for the

TR

< S§/K < 1.03, and In-the-money (ITM)

sample period from 8 December 2007 to 29 December 2008, which are used for building the trees.

Measures Models | P1 \“’ /
OTM sl OTM| NTM| ITM| ALL
ME  SBT | 3.4886 'mp 0370 |  2.3504 | 0.9936 | 1.6601
IBT | 312713 | 4! !"' / 4 ,ﬁ\ \‘\\» 77| 9.4087| 19707 | 9.4107
GBT | 142313 //F @" 3528 \‘\' 37| 2.0373 | -0.2102 | 2.6057
MPE  SBT | 0.0648 m;s‘ 457, | .0 60 | 0.0994 | -0.9200 | -0.0017
IBT 0.6247 4 ' @l\: 0 0.5854 | 0.2249 | 0.4086
GBT | 03271 0.0415 | -2.2878 | -1.0209
MSE  SBT | 26.8874 1.7914 | 18.7995 | 4.8723 | 13.2541
IBT | 1105.1587 124.0103 | 11.4117 | 228.3784
GBT | 586.1844 {<144.3807 93.2656 | 15.0704 | 126.5062
MAPE  SBT | 0.0822 ] 7 0.1522 | 0.5381| 0.3029
IBT 0.6247 | 70.6426 | 0.7199 | 0.6730| 06075 | 05854| 05893 | 0.5802

s <

GBT | ogghs mmglqﬂ {5 0343 | 27765 15413

67

, mean percentage error (MPE), mean square

L9
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Table 4.4: pricing emrors of P3 and P4

Measures Models | P3

OTM NTM IT™M ALL

ME SBT 10.6069 18.0792 | 14.7245 | 14.5005

IBT 65.3881 29.1977 19.9026 25.7271

GBT 35.5154 23.4865 18.2245 16.4294

MPE SBT 0.0985 0.6640 0.9184 0.5071

IBT 1.0471 J I - 735
GBT 0.4940 | 0.431 ‘ “& .5296
f 0,8 ) - ; |

0.8686 0.9629 0.5948

0.6993 0.8855 0.4358

MSE SBT | 1940.0146 0.2701 | 408.1238 | 283.6320 | 563.4924
IBT 7406.7529

GBT 5760.2978 V 45.9519 1 1063.7081 1 527 280 | 608.5482 | 369.0578 | 470.8706

1420.8050 | 873.9055 | 431.3303 | 1045.0487

MAPE SBT 0.2631 0.8685 0.9629 0.6040

IBT 1.0565 : 0.8686 |  0.9629 |  0.6040
-
GBT 0.65@1 mlgltpﬂtﬁ 0.6993 | 0.8855| 0.4604
| LD

This table shows the results of the pricing performanﬂteets of three bmomml tree model for the current month expiration puts (P3) and the subsequent month expiration puts

(P4). Out-of-the-money (OTM) opti th .97 < S/K < 1.03, and In-the-money (ITM)
options comprise calls with S/K < 0. Q"Q- W‘\q aam ﬁ\m QM\H , mean percentage error (MPE), mean square
error (MSE) and mean absolute peroentac error (MAPE) - calculated from difference between observed market option price and each tree model’s theoretical price for the
sample period from 8 December 2007 to 29 December 2008, which are used for building the trees.

89



69

Table 4.5: hedgi ors of C1 and C2

Masgtives’ ' Models 101 - Cc2
OT™M | NTMP o OTM| NTM| ITM| ALL
ME  SBT | 3.0154| 1.3805m=023975 ldiB8694 | 2.6798 | 0.7378 | 2.2644
IBT | -21.6041| - 291 | -6.3770 | -0.5712 | -7.0615
GBT | 9.0297 , 687 3 8| 66940 | 3.8221 | 5.94589
MPE  SBT | 0.0657 89/ 4002360 1265 | 0.2154| 0.3066 | 0.2359
IBT | -0.4471 | -0.384 ).0778 | 40. 324 | -0.3709 | 0.2453 | -0.0929
GBT | 0.1914| 04 17785 {11025 02291 | 04371| 24336 | 1.3028
MSE  SBT |17.2042 | 11.4018| 40344 | . 0.6069 | 20.5250 | 6.4427 | 16.0829
IBT |537.0018 | 73.5388 Ef 498.1003 | 70.3349 | 7.5149 | 148.9855
GBT | 213.7224 | {13b:62 50| 152.1227 | 540354 | 141.1288
MAPE  SBT | 0.0714| 5t 0.3008 | 0.9674 | 0.5852
IBT | 04471 | 03793 | 04887| 04563 | 04524| 03998 | 1.0018| 0.6798
GBT b | 03580 | 0.6498 | 2.9280 | 16190

This table shows the results of the hedgin performa tests of three bmomu.l troe model for the current month explra.hon calls (C1) and the subsequent month expiration calls
g

(C2). Out-of-the-money (OTM) options calls with S/K < 0.97, Near-the-mone s comprise 9 < S/K < 1.03, and In-the-money (ITM)
options comprise calls with S/K > 1.03. ﬂﬁﬂu c ‘sﬂq w M qﬁ: El-n m percentage error (MPE), mean square .
error (MSE) and mean absolute percentage Qror (MAPE) - calculated from delta hedge errors for the sample period from 8 Deoember 2007 to 29 December 2008, which are used -
for building the trees.
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Table 4.6: hedgin
. '

rors of C3 and C4

Measures Models | C3

OT™M NTM IT™M ALL

ME  SBT | 1.9968 | -1.1085.==2'5084 ﬁ 5.3286 | -12.8132 | -8.8570 | -9.0722
' ot T oo e

IBT |-13.2140 | -5 ’;l:.”r | 33 {;k{ 0| -21.5200| -19.2458 | -9.6625

GBT | 11.8178 | 6.0454 5( 0 ﬁ?ﬂ i\\\ 7| -12.5052 | -16.0507 | -6.5573

'MPE  SBT | 0.0552 m’gﬂ ?\"\’\\\ 0.5644 | -0.9415 | -0.7807

IBT | -0.4017 | -0.30 “’ “dga67| 06169 | -0.7634| -18526| -0.6832

GBT | 03524| 0.6715] &» L ﬁ“w‘ 565

MSE  SBT |16.5385|10.7713 |/71,5557 | 40.1863/| 107.8741 | 209.9181 | 126.9213 | 136.1724

IBT | 191.2261 | 45.5426 | 4160687 | 74 477.5239 | 253.7095 | 169.4803

GBT | 184.9557 | 861 7230 | 02.0468 | 1761530 173.4664 | 179.2860 | 82.0020

-0.4415 -1.6245 | -0.5472

| 0.5813 | 0.9412 | 0.7937
i ;
0.3820| 06184 | 0.7684| 18526 | 0.6833

—o
6] M—Eﬁﬂﬂ 04415 | 16245 | 0.5539
L)

This table shows the results of the hedging performlnaltuts of three binomial tree model for the current month expiration calls (C3) and the subsequent month expiration calls

(C4). Out-of-the-money (OTM) optio .9 -the-mone; TM) optio ri lls 97 < §/K < 1.03, and In-the-money (ITM)
options comprise calls with S/K > 1. MQ W des| c: a vﬂ he numb n four w.%rﬁr ean percentage error (MPE), mean square .
(=]

error (MSE) and mean absolute percentage Qror (MAPE) - calculated from delta hedge errors for the sample period from 8 December 2007 to 29 December 2008, which are used

' MAPE  SBT | 0.0843
IBT
GBT

for building the trees.



Table 4.7: hedgm errors of P1 and P2

Measures Models | P1

- OTM NTM IT™ ALL
ME SBT -5.7973 153 217 1 ”“'Q. 779 | -3.7631 | -1.4052 -2.5588

o :
IBT -31.7052 -9.7095 | -2.0550 -9.6340

GBT -18.4280 J’ / /(‘a p;\\:\\z ) -3.5015 | -0.6261 -3.4777
ol fhos o vun)

MPE SBT -0.1094 -0.1807 | -0.0708 -0.1026
IBT -0.63368
GBT -0.3371

-0.6053 | -0.2782 -0.4420

-0.1543 | 1.1938 0.4696

MSE SBT 51.2854 31.2064 | 6.8587 | 21.5321
IBT | 1134.0215

GBT | 555.6000

130.5999 | 12.0580 | 235.3434
68.5498 | 8.8405 | 110.388275

MAPE SBT 0.1199 0.2000 | 0.4982 0.3033

IBT 0.6337 0.6053 | 0.5792 0.5837

GBT 0.

0.3981 | 1.6932 0.9849

this table shows the results of the hedging performarﬂ tests of three binomial tree model for the current month expiration puts (P1) and the subsequent month expiration puts

(P2). Out-of-the-money (OTM) options comprise calls with S/K > 1.03, Near- ‘e-money (NTM) @ptions comprise calls With 0.97 < S/K < 1.03, and In-the-money (ITM)
options comprise calls with S/K < 0. 9 u{ia: eﬁzﬂ w d%] ’1“ % an rr@ME!mean percentage error (MPE), mean square
error (MSE) and mean absolute percentage TOT ) - calculated from delta hedge errors for the sample period from ecember 2007 to 29 December 2008, which are used

for building the trees.




Table 4.8: hedgi

errors of P3 and P4

this table shows the results of the hedging performand»kuta of three binomial tree model for the curreut month expiration putu (P3) and the subsequent month expiration puts
m?h 0:97 < S/K < 1.03, and In-the-money (ITM)

L 1:?1 -!mqun qr@M)b}nean percentage error (MPE), mean square
error (MSE) and mean absolute percentage eirot (MAPE) - calculated from delta hedge errors for the sample period from 8 December 2007 to 29 December 2008, which are used

(P4). Out-of-the-money (OTM) optior
options comprise calls with S/K < 0.97. K&L b des

* gy

‘M

4 wf-%‘ %JW‘ i
Thes

Le

19 &™)
. N&'M on four

for building the trees.

Measures Models | P3 P4
OTM| NTM . OTM NTM IT™ ALL
ME  SBT | -11.9108| -9.0 | -9:684 2119 | -18.5830 | -14.9054 | -15.1547
IBT -66.6723 | -14. f 15.79" -20.4415 | -20.0110 | -25.9691
GBT | -37.3372| -122883 3 | 510,93 -24.3110 | -18.6755 | -15.9111
MPE  SBT | -0.1232| -0.3983 207 54 - -0.6813 | -09274| -0.5214
IBT -1.0659 |  -0.7588 [/ 98456 46230 | -08758| -09630| -0.5997
GBT -0.5662 | -0.6 &)g;; 40,3650 (| +2.3691 | -0.7234 | -0.9068 -0.4340
MSE  SBT |1985.6345 | 110.1375 |'55/8025 | 9: 819.2208 | 430.4631 | 200.7451 | 584.3783
IBT | 7543.9658 | 231.9079 j A 4502.2560 | 888.4885 | 436.1279 | 1065.3256
GBT | 61500967 | 1894161 ' 636.6276 | 384.3606 | 444.8157
MAPE  SBT 0.2760 0.4-3‘11‘3"; 073062 | 0.6812| 09274|  0.5656
IBT 1.0785 7538 46 4770 | 08758 | 09680|  0.6089
GBT 07709} 57 Hqﬂd‘i 0.7234 | 0.9068 | 0.4626

-~
N
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CHAPTER V
DISCUSSIONS AND CONCLUSIONS

The results for both performar lyy at trends of movement of esti-
mated option prices by using nomial ! (the SBT, IBT, and GBT
"J' e ——
models) and the may Wtimatod option price by
using the SBT and hole

he market prices more
than the IBT-and G

performances, between

o
the IBT and GBT, d type. At OTM for all type

and all moneyness of of GBT are better than
that of the IBT.

Therefore, in our empi ca}‘ﬁ w1t SET50 In dex option, the SBT shows
the better performance in both pri ‘B_‘_‘ g,g.q,g, an n lging performances for data sam-
pling period, from. ber 2007 to 29 Deceml .,_ It suggests that the

SBT which is the discrete version of ) el should wark well in

emerging market like'th e Thailand Futures Excha.nge ( EX) during this period

°“he“"“"hﬁﬁﬂ’l]°r‘lﬂﬂ‘§WEJ’]ﬂ§
R@Wﬁ“ﬂw URIINYAY

° e method used to estimate the risk-neutral probability distribution is not
appropriate for the IBT and GBT. This may be the reason why the pricing
errors of these three binomial tree models are very large. However, they still

give the movements that are quite reasonable.



74

e Since the weight function used in the GBT is not the optimal for all mon-
eyness, in our empirical test the GBT method was not better than the IBT.
For the better performance of GBT we should use the weight function that

is appropriate for each moneyness.

e Since SET50 Index options are new type of derivatives for Thai investors,
this market transaction p

i utures market. The data used
in this work is the S:u est ask quotes) of each day.

T —
For better estimati the y~hour transaction price as the

data.

e The results from thi el is suitable for obtaining

SET50 Index pling data. However,
it is not clear t

this market tr

during the period of

sampling duta.m

AUEINENTNYINT
RIAINTUNNIINYAY
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APPENDIX A : DATA

The Figure 5.1 has shown the example of data used in this work.

AULINENINYINg
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Example of data

1:

e 0.

.
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APPENDIX B : METHODOLOGY

Call premium
CallPremium(UnadjustedPrice, StrikePrice, Years, Volatility, RiskfreeRate, Div-
idendYield)

e UndajustedPrice: The pr:

. J,//)lnderlymg security (i.e., the stock

price), before adjus ure div. dendS__

or ”.083”. For an option

time period ronﬁly’" aal

continuous compogndmg terms. If omlttod zero is assumed.

. DlVlderﬂ’ u &anmlﬂanﬁ w %J q Q ﬁderlymg security,

expressed in continuous com undm termsaIf omitted, zeré.is assumed.

AN 3TN RTINS

PutPremium(UnadjustedPrice, StrikePrice, Years, Volatility, RiskfreeRate, Div-

life oahe option, expressed in

idendYield)

e UndajustedPrice: The present price of the underlying security (i.e., the stock

price), before adjusting for future dividends.



formula

lying security may /be bo ht or sa!h {1:1.)01 exercise of the option.

| r J:i
o StrikePrice: Als}/z// "exercise price”, the price at which the under-

i :-I"J_
AGC A
Years: The time inyears until the op }»n expires. For example, for an option
s

P w,

that expires in one 'ontjr_'._lycgu ma.y-{@;?”l /12" or ”.083". For an option

that expires in forty-five gaér_g, you ni__fg,gt,er ”45/365”.
b ' i
i'&- - — —_— ;"’
Volatility: Tllsj_annuahzed estimated volatility cf'_i't}e underlying security,

expressed as a pqﬁrcentage greater than zero.

T

RiskfreeRate: , The annual risk-free rate,of interest which corresponds to a
time period roughly equal to"the remaining life of the option, expressed in

continupus compounding terms;, If emitted,zero.is assumed,

DividendYield: The annualized dividend yield of the underlying security,

expressed in continuous compounding terms. If omitted, zero is assumed.

Implied velatility I'Vel(OptionType, UnadjustedPrice, StrikePrice, Start-

Date, EndDate, OptionPremium, RiskfreeRate, DividendYield, WeekdaysOnly-
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Figure 5.3: Using ex’cM ut premium as determined by the Black-Scheles

formula

Mode, Precision)

o ": ‘15 4
or” Gall”'&p for call option; "P” or "Put” or 1 for

o A ..-'."-:,,4 L]

e OptionType:

put option. If o

’.

, the_ﬂﬁnetid{f umes "Call”.

e s il
UndajustedPrice: The presznt prlce:‘f:tﬁe underlying security (i.e., the stock
- "I'-. e
price), before fdjustmg for future dmdends f
w_ - —

—

StrikePrice: 7630 known as ”exercise price”, the.prlce at which the under-
.|

lying security may be bought or sold upen exercise of the option.

StartDate: Thebeginning day of the period measure. If valuing an option as
of today, you may enter "now()” for this argument. If omitted, the function
treats this argument as zero. (Using zero as the start daté is usually done
in conjunction with a fixed time period such as ”365,” rather than an actual

date, as the end date.)

EndDate: The maturity, expiration, or exercise date of the option. If 0 was

entered as the StartDate, then enter as the EndDate the number of days
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remaining until expiration rather than the absolute date of expiration.
OptionPremium: The current value or price of the option.

RiskfreeRate: The annual risk-free rate of interest which corresponds to a
time period roughly equal to the remaining life of the option, expressed in

continuous compounding ter ContCompRate function.) If omitted,

zero is assumed.

DividendYield: the underlying security, ex-

Ay N

.,~ result. By default this

pressed in continug ContCompRate function).

If omitted, zero i
WeekdaysOnly

Precision: The . n
function will retu: eor;E 0.1 ’ - Nl) Since this function

iterates to find the cor NSV -m_' g a higher value may speed ex-

e
(i ‘*' | 100) instances of this function.

ecution in a works

Lower value f‘;}“’f se-the-precision—i: fie's xact implied volatility
is 25%, setting " Precisio hemlnction to return a value

between 24.95% 'nd 25.05%.

ﬂumwﬂmwmm
Q‘Fﬂﬂﬂﬂiﬁu AN Y
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Figure 5.4: Using exxﬂ n

AUEINENTNYINT
ARIAN TN ING Y

; mm’led by the Black-Scholes

| k
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