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CHAPTER |
INTRODUCTION

Traditional option pricing theories assume perfectly liquid and frictionless
markets for underlying assets. In reality, however, markets substantially diverge from
these unrealistic assumptions because there arg bid-ask spreads and transaction fees for
trading underlying assets. Many theoretical and empirical studies support that liquidity
and transaction costs significantlyaffect 6ption values. For example, Cetin, Jarrow,
Protter, and Warachka (2006) conclude that liquidity costs for trading the underlying
assets are a significant component of the option price and Increase quadratically in the
number of options being hedged, and Loeb k1983) documents that the costs of trading is
significant. The impact of liquidity and traﬁsa'étion costs on option prices is especially
large for emerging marketswhere the underlyfﬁg assets are typically not highly liquid.

In this study, we will introduce quui’dity and transaction costs into an option
pricing model. In particular, the. bingmial o'ption pricing model with liquidity and
transaction costs is developed to obtainthe replicating portfolio whose value is the option
fair price. This portfolio is consiructed by supéf—?eql__icating the payoff of the option at
maturity. This “super-replication*—strategy has a.ri' advantage of assuring that the
replicating portfolio is not worth-ess than the o’p‘iib“niS' liability at maturity. The dynamic
programming and backward recursion will be used to solve for“the optimal replicating
portfolio. The liquidity cost Is incorporated via a stochastic supply curve. This supply
curve provides the relationship between the trade size and the stock price, which is
assumed to follow a geometric Brownian motion. The proportional transaction fee is also
included in the model.

Moreover, this paper will implement the madel to take the benefit from the
existing arbitrage opportunities. The developed model with liquidity and transaction costs
will be, used-to determine.the option fair price, Then by-comparing the-madel price with
the market price;ithe trading strategy.will be executed if'the model price is:less than the
market price by shorting the overpriced option and super-replicating its payoff.
Afterward, the replicating portfolio is constructed and rebalanced every day. On the last
day of trade, which is the option’s maturity date, we check whether the arbitrage trading

strategy works by looking at the portfolio value compared to the option’s payoff.



In this study, we focus on European call options in the Thai market whose
underlying asset is the SET50 index (more details about SET50 index and options on
SET50 index are available in Appendix A). This differs from many other works that study

related issues in developed markets. In addition, our study, to the best of our knowledge,
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CHAPTER 11
LITERATURE REVIEW

The traditional Binomial and Black-Scholes pricing models are widely used in
option valuation. These models price options based on the replicating portfolio approach.
In particular, a portfolio which replicates the payeff of the option contract at maturity is
constructed using a combination of underlying assets and-a risk-free bond. This portfolio
requires dynamic rebalancing to _perfectly réplicate the option’s payoff and assumes that
the changes in the asset price follow a geometric Brownian motion. There are many
alternative models thatare built on other processes. For instance, the constant elasticity of
variance (CEV) model whieh assumes a ‘different diffusion process instead of the
geometric Brownian mgtion; a mixed juhp-aiffusion model (Merton (1976)) which
combines the continuous asset price changesf\}vith jumps; and a pure jump model called
Variance-Gamma model(Carr, Chang, and Médah (1998)). These models are formulated
under two primary assumptions: the market fovr'(_underlying assets is frictionless and the
continuous trades are possible. However, in the r{eal world, the markets are imperfect and
continuous trading is impossible: That is, there_ér:&p@_d-ask spreads and transaction fees
for trading underlying assets. In order to relax the sféndard assumptions and make them
more realistic, this study. will «ntroduce the"lﬁiq'uidity and transaction costs for the
underlying security market into the model and develop a discrete-trading strategy. We
will investigate the option prices with the presence of liquidity and.transaction costs and
then use the developed model to check the existence of arbitrage opportunities in the Thai
option market.

Thereare many literatures. studying.the arbitrage pricing theory with transaction
costs. The Importance of trading costs Is illustrated in Loeb (19883). His study considers
the trading costs in actual market using a sample of Wilshire 5000 in the U.S. equity
market. «A ~typical transaction. of this stock, causes. an soverall..transaction cost
approximately 4%. He found that the.companents of thestrading costs, whieh are bid-ask
spread, price concession and brokerage fee, are highly correlated. The transaction cost is
not only important in the magnitude in actual data but it is also a significant factor in the
portfolio selection (Constantinides (1986), Grennotte and Jung (1994) and Grossman and

Laroque (1990)). Moreover, the article of Vayanos (1998) also reveals that transaction



costs have large effects on investors’ trading strategy and turnover but very small effects
on stock prices. As a result, we can conclude that the transaction cost is a major cost of
investors that cannot be ignored.

The issues of option pricing with transaction costs for the underlying assets have
been discussed by many works in the literature. The problem of hedging call and put
options in the presence of proportional transaction.costs is considered by Leland (1985)
and Boyle and Vorst (1992). Leland (1985) develops the Black-Scholes model with a
modified option replicating strategy. This strategy depends-on the size of transaction costs
and the frequency of trading rewision. On the other hand, the study of Boyle and Vorst
(1992) has extended  the Cox-Ross-Rubinstein binemial option pricing model by
introducing the proportional transaction costs. Our approach is quite coherent with Boyle
and Vorst (1992) in the context of employing the binomial option pricing model but the
details of stock price processand other limitations are generally different.

Other related papers /in ithe context: of transaction costs are the studies of
Edirisinghe, Naik and‘Uppal (1993), Bensﬂd,Lesng,Pagésand Scheinkman (1992) and
Figlewski (1989). These studies, which. are S|m|Iar to our model, exploit the arbitrage
option pricing approach whieh is independent'6f'preferences and probability beliefs of
each individual investor. Moreever, these papfersj ‘conclude that the transaction cost
significantly affects the option valuation. In partigular, Edirisinghe, Naik and Uppal
(1993) find the least cost strategies that manufacture a payoff that is at least as large as
the desired one when there are fixed and variable transaction costsand lot size constraints
on trading. They showr that in the presence of trading frictions, 1t is no longer optimal to
revise one’s portfoli@ in each period. In the study of Bensaid, Lesne, Pagés and
Scheinkman (1992), they censider the discrete time approach to address the problem of
finding the optimal strategy in derivative asset pricing with the proportional transactions
costs. They eonstruct an alternative dynamic programming to obtain the cost-minimizing
trading strategy. The price interval is derived by setting=up the upper and lower bounds.
The upper boundis the minimum amount of an initial investment which, at'Teast;«is equal
to the value of the derivative asset. The lower bound is the maximum amount of an initial
borrowing. However, because trading is costly, investor may pay to weigh the benefits of
replication against the savings on transaction costs. They show that in the presence of
transaction costs, the replicating strategy is no longer the cheapest way to hedge the call

option.



Figlewski (1989) tries to apply the arbitrage option valuation model to the actual
imperfect market. He simulates the price data to examine the performance of options
hedging strategies and applies Monte Carlo simulations to determine the effect of some of
the market imperfections: uncertain volatility, transaction costs, indivisibilities, and
rebalancing at the discrete time intervals. The empirical results show that using the
standard arbitrage trading strategy (based on the Black-Scholes model), transactions costs
are large even being done by a market maker.“Mareover, the less-frequency trading
strategies do not help mueh-to reduce the transactions coests-and the daily hedging also has
a considerable impact-en'its riskeHowever, Dumas and Luciano (1991) have argued the
work of Figlewski (1989) that, in the presence of transactions costs, the using of a
replicating argument ingFiglewski (1989) would not provide the right option price.
Instead, they propose that.it would be more appropriate to analyze the trading strategy of
an investor who acts as'a trader in the asset market and as a dealer in the option market.

In the context of diquidity cost, this cost has recently been incorporated into the
arbitrage pricing theory. The early arbitrage pricing t_heory introduces the liquidity risk by
using the convenience yield approach..In JarrO\)\(. éﬁd Turnbull (1997), they provide the
approach to pricing and hedging London lnter-bs{ﬁk Offer Rate (LIBOR) derivatives. This
approach incorporates the liquidity premium for éé',f‘imating recovery rate and default
probabilities inherent in debt and equity market pri_ceg. The liquidity risk is combined into
the arbitrage pricing theory using the notion of convenience yield./ The convenience yield
is an implication '0f"adding short sale constraints on Treasury securities. It has a long
history in the context-of commodity pricing. However, this convenience yield approach
has a significant limitation that it does not explicitly capture thesimpact of different trade
sizes on the price, whereassall markets experienges the price inelasticities and bid/ask
spreads. Jarrow (2001).applies the approach in Jarrow 'and-Turnbull (1997) to develop the
model for pricing and hedging of derivatives on the Eurodollar term structure.
Nevertheless, the validity of the model‘awaits empirical testing.

However, ‘Cetin, Jarrow and Protter (2004) provide the liguidity riSk model that
overcomes the limitation of the convenience yield approach. They extend the classical
approach of arbitrage pricing theory by taking into account the liquidity risk. This
inclusion of liquidity risk model incorporates the impact of differing trade sizes on the
security’s price. In this approach, a stochastic supply curve for stock prices will be
introduced as a function of trade size (number of shares) and direction (buy or sell) of a



transaction. The stock price follows a geometric Brownian motion which similar to the
work of Cheridito (2003) that constructs a model of arbitrage trading strategies whose
discounted price follows a fractional Brownian motion with drift. In the context of
continuous trading strategy, the necessary and sufficient conditions on the evolution of
supply curve are specified to ensure that there are no arbitrage opportunities in the
economy. In the conclusion, they state that there 1ssno_liquidity cost when replicating an
option’s payoff using a continuous trading strategy.ef finite variation. As a result, the
option price will be equal-to-the arbitrage-free price-in-the classical economy which
assumes an infinitely hiquid market. €hen, Stanzl and \Watanabe (2001) also examine the
impact of illiquidity .en" thesSubsequent’ transaction prices by using the coherent
mathematical model but.ihey de net consider the price impact of trade.

Furthermore, CetingJariovy, Protter and Warachka (2006) model the liquidity risk
as a stochastic supply.eurveswhich assuimes that the transaction price is a function of the
trade size. They continug'the work of Cetin, Jarrow and Protter (2004) and develop the
formula used to estimate the liquidity cost Whgn the discrete trading strategy is
performed. For comparative purpose, they imp‘lnén%ent two methodologies: the optimal
discrete hedging strategy and non-optimal diséréte‘ Black-Scholes hedging strategy. The
empirical results demonstrate that the optimal hédgi"ﬁé strategy often has lower liquidity
cost as comparing to Black-Scholes strategy. A sig_nif_icant liquidity cost intrinsic to every
option, even under the optimal hedging strategy. Our study mainly,/follows the procedures
developed by this'article in the notion of liquidity; however, we ntroduce the additional
transaction cost limitation to the model and the multi-period bmomial pricing approach
will be employed.

Other related papers=which present some interesting evidences are the studies of
Bank and Baum (2004) and Liu and-Yong (2005). Both.of these studies introduce the
assumption that traders can affect the underlying price when the market is illiquid. The
study of Bank and Baum (2004) considers the hedging strategies in financial markets with
arlarge trader. Theysprovide the ireal wealth dynamics process wusing the t6-Wentzell
formula to prove the absence of arbitrage for the large investor. A general continuous
time model for an illiquid financial market is introduced and market prices can be
changed by a single trade of large trader. This approach reveals that a large investor
should use the continuous trading strategies of bounded variation to avoid transactions
costs caused by illiquidity. A large investor model applies many properties of traditional



small investor model because these assumptions are also suitable and approximately
attainable in the large investor setting. Hence, it allows the large investor to obtain the
same utility as the small investor does. This result also supports the approximation
finding in Levental and Skorohod (1997). However, we do not include such large traders
in our analysis.

Liu and Yong (2005) propose that an option trader, who is trading in the
underlying asset for replicating the option’s payoff, can affect the underlying asset price
when the market is imperfeetly-liguid. They examine how-this imperfect liquidity affects
the replication of European call option. To compute a replicating cost of European option,
a nonlinear Black-Scholes model is derived. They show that in the presence of adverse
price impact, the replicating cests'increase. Unlike the presence of transaction cost, the
cost of super-replication isshigher than the exact option replication. As a result, compared
to the Black-Scholes model; a trader will buy(sell) more stocks to replicate a call (put)
option and the excess replicating cost is approximately quadratic in the number of unit of
option being replicated. This article is similar to our study that allows the price of the
underlying asset to move when there is a trade in‘fhél'undeﬂying asset.

There are studies investigating these'fésUes in other markets instead of the
renowned U.S. market. For instance; Brenner, TEI(jj"é? and Hauser (2001) examine the
effect of illiquidity on the value of currency options,_i;n the Israeli currency market. They
find that the non-tradable options are discounted in price about 21 percent, on average,
less than the exchahge-traded options. This discount 1S a function of the cost of
replicating the illiquid-option. Furthermore, the liquidity risk is aiso investigated by using
other procedures such-as a fuzzy measure theory. This method is«ntroduced by Cherubini
and Lunga (2001). They try. to incorporate the liquidity risk into the corporate claim
evaluation ‘using the fuzzy measure theory. The corporate claim represents a derivative
asset whoseunderlying is the value of the asset of the firm. The fuzzy measure can be
easily used to extend the available asset pricing modelin.the case of an illiquid market.
Using this technigue, they' show: that the credit risk and liquidity risk /@re pesitively
correlated. This finding conforms to the study of Ericsson and Renault (2001) which
develops a simple binomial model of liquidity and credit risk on the yield spreads of
corporate bond. They show that the liquidity spreads are an increasing function of the
volatility of the firm’s assets and leverage, which in accordance with the study of Amihud
and Mendelson (1991). In addition, there are several articles taking into account the



liquidity in their studies in many issues such as the studies of Chordia, Roll and
Subrahmanyam (2002), Acharya and Pedersen (2005) and Roger and Zane (1998).

Chordia, Roll and Subrahmanyam (2002) study the determinants and properties of
order imbalance and the relations of the imbalance between buyer-initiated and seller-
initiated orders on liquidity and market returns over a long sample period of NYSE
stocks. The study shows that the guoted spreads (liguidity) is higher if the order is more
imbalanced. Liquidity is predictable by using the market returns. That is, when market
declines in this period, ligquidity falls in the'next period-andwvice versa.

Acharya and Pedersen (2005) introduce a liguidity-adjusted capital asset pricing
model (CAPM) and provide how several channels of liquidity risk can affect asset prices.
They decompose and estimate the effect of liquidity risk into three kinds of risk: cohesion
in liquidity with the market liguidity, return-sensitivity to-market liquidity and liquidity
sensitivity to market returnss The modelkshows that liquidity moves in the same direction
with returns and can predict future returns. :, '

Roger and Zane (1998) establish the simplg expansion for the optimal solution
with two different quuidity—constraihed investﬁjefit decisions. The investor who may
invest in a riskless bank account and-a shareiﬁlcbn§idered and allowed to readjust his
portfolio between the two assets at the times of a I;’Je'isson process. The two investment
problems are different due to the different assumpt_io_ris,_of fixed and variable consumption
rate of an agent who is trying to maximize the expected utility of consumption. This study
can infer that the cost of liquidity is nversely proportional to the intgnsity of the Poisson
process.

In brief, our paper extends the classical approach by formulating a new model that
takes into account the liquidity and transactionicosts constraints. Specifically, we study
the multi-period binomial option pricing model of a European call option'on a stock index
by using thesportfolio replication technique. The dynamic programming and backward
recursion will be used to solve for the optimal replicating portfolio. This paper is also
trying to Implement ‘an arbitrage trading strategy in the Thai option market Whose data is
available to us. To the best of our knowledge, there are no any literatures studying the
topic of pricing options with both transaction and liquidity costs for the Thai market

before.



CHAPTER Il1
DATA AND METHODOLOGY

A. Data

The main purposes in this study are to investigate the liquidity and transaction
costs incurred when constructing the replicating portielio with discrete trading strategies
and to provide an exampie of implementing an-arbilrage trading strategy to the real
trading process in the Thal market.Since tﬁie SET50 index which is the underlying asset
in our study is a non-tradable«ndex; we use the TDEX SET50 index ETF which tries to
replicate the return of'the SETS0 Index as a proxy to obtain the liquidity of the underlying
asset. F

We collect TDEX SET50 Index ETF Ey tick data including prices and trading
volumes during August 1, 2008 to NovembeF428J,_ 2008 with 21,354 samples to estimate
daily liquidity parameteg(a). The average qudidity estimation Is conducted over the four-
month period with 84 trading days. All data i}i_z_this study s obtained from the Reuters
application.  /

We use both daily historieal and implied‘-.\_d/cj)lajtillities to construct binomial trees in
this study. In particular, the average daily histortcéi .'Jvolatility during August 1, 2008 to
November 28, 2008 and the average daily imﬁl-iéd-f Volatility with less than 1-month
maturity over September 1 to 30, 2008 are used as the volatility-of the'underly asset.

The contragts’of SET 50 index call options in this study.aré considered in three
maturities: December 2008, March 2009 and June 2009. All the options data is collected
from the TFEX website. The daily prices of the options are collected for one month
before their_maturities: .for_options maturing in-December 2008, .we_collect the daily
option price for each strike price during December 1t 29, 2008; for options maturing in
March and June 2009, we collect the data during March 2 to 30, 2009 and June 1 to 29,
2009 respectively:

The dailyiclosing prices of 'SET50-are collected from December 1,52008 to June
30, 2009 for constructing a tree diagram. The daily bid-ask prices of TDEX are used
during December 2008, March and June 2009 to investigate an arbitrage trading strategy

in the market.
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B. Methodology
1. Self-financing Trading Strateqy

The trading strategy is the one defined by Cetin, Jarrow and Protter (2004) and
will be used in the subsequent analysis. The trading strategy is summarized as

(X,,Y, :te[0,T]z) where X, represents the trader’s aggregate stock holding at time t

(units of the stock), Y represents the trader’s aggregate-money market account position at
time t (units of money market aceount), T represents the maturity date, and t represents
the liquidation time of the stock position in the replicating portfolio. The trading strategy
is subject to certain restrictionss

Firstly, the trading strategy must be a predictable proeess that starts with zero
units of both the stock and money market acéount and returns to zero units of the stock at
time T. This predictability condition insures that the trader cannot look ahead in time to
construct his stock positions The accumulated success or failure of trading strategy can be
noticed in the magnitude of ¥+. Secondly, the s%bck position can be liquidated prior to
time T. This will ensure that the round-trip |ith_qiity costs are incurred. By construction,
this particular self-finan€ing trading 'strategy ._gen'erates no cash flows for all time

te[O,T]. That is, the purchase.(sales) of thei.:sfopjk' must be obtained via borrowing

(investing) in the money market account. —

2. Supply Curve Estimation

In Cetin, Jacgow and Protter (2004), the existence of a stochastic supply curve is
hypothesized as a function of trade size. Specifically, the size and direction of a
transaction is used to determine the price of stock. The liquidity cost is a critical factor
that affects.the .shape. of the supply. curve. The greater.an asset’s liquidity, the more
horizontal Its supply [curve.;To value a Eurgpean call option in the presence of illiquid
economy, we assume the stock’s supply curve satisfies

$(t.x)=e%S(t:0)ywith a0 @)
where
S S e,t/t+oWt
s(t,o)ze—;=°T )

for constant drift u and volatility o, with W; denoting a standard Brownian motion, S;

denotes stock price at time t, S(t, X) represents the transaction price, per share, at time t €
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[0,T] that a trader pays/receives for order flow x normalized by the value of a money
market account where a positive order (x > 0) represents a buy, a negative order (x < 0)
represents a sale and x=0 corresponds to the marginal trade, a is the liquidity cost
parameter, and r represents the spot rate of interest.

Equation (2) states that the marginal stock price S(t, 0) follows a geometric
Brownian motion, while the extended Black-Scholes economy’s supply curve is given in
equation (1). It is important to emphasize that the-Supply curve given in expression (1) is
stochastic. After a trade-is-executed, a~new supply-eurve S(t, x) is generated for
subsequent trades.

A simple regression methodology is employed to estimate the liquidity parameter

a in equation (1). Let g denote the time index with corresponding order flow X, and

stock price S(z;, X, ) for everytransactioni = 1,' ..., N ina given day. Thus, we are led to

the following regression specification

In S(T|+1’ X‘['”l)
slz;, X,

3 a(Xm L )+ ulai-a)vos,, . (3)

#

where the error & . can be Written as ¢ ri;’lf—“'r-,-’with & being distributed N(O, 1).

Observe that the left side of equation (3) isthe Iog_-reiurn between two consecutive trades
and this expression: reduces to a standard geometric Brownian motion when o is
identically zero.

To determine Whether a given transaction is completed by a buy or sell order, we
follow the algorithm proposed in Lee and Ready (1991). Specifically, we suppose that the

order flow x_ is positive’(buy) if S, >S_, and the order flow x, is negative (sell)

ifS, <S, . If S0 =S, we assume that x, has the same sign as| x, ¢ Figure 1 below

Tisl Ti 4

illustrates some raw data used in the regression (3).
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RAW DATA REVISED DATA
Time interval
) . S(r,ﬂ, X, )
Date (GMT) Time (ti+1) price (S(TM,XTM )) Volume Buy/sel X | In[ St x L J X X, (z-H1 - ri)
v (seconds)

3/11/2008  2:56:30 3.1200 500 Buy 500 0.0064 -3765 21
3/11/2008 2:57:20 3.1100 50 Sell -50 -0.0032 -550 50
3/11/2008 2:58:04 3.1100 950 Sell -950 0.0000 -900 44
3/11/2008 2:58:26 3.1100 30 Sell 4 -30 0.0000 920 22
3/11/2008  2:59:09 3.1100 20 Sell & #20 , 0.0000 10 43
3/11/2008 2:59:14 3.1100 70 Sel 4 -7200 . 0.0000 -50 5
3/11/2008  2:59:25 3.1200 250 Buy. 250 ! 0.0032 320 11
3/11/2008 2:59:35 3.1100 903 Sell 20034 -0.0032 -1153 10
3/11/2008  3:00:08 3.1100 198 Sell -198 0.0000 705 33
3/11/2008 3:01:10 3.1100 80 Sell -80 0.0000 118 63
3/11/2008  3:01:33 3uldi00=y 10 | Sell -10 0.0000 70 23
3/11/2008  3:01:38 BENO0" i 30 | Sell -30 0.0000 -20 5
3/11/2008  3:01:59 3.1100 i) Sell -5 0.0000 25 21

Figuie™: Example of iTDEX tick data

For any discrete trading strategy, the quﬁidity cost equals

L, = ZN: [xfl_i1 £x4 ]x [S (rj,xfjl1 _ X, )— S (rj,O)] (4)
i-0

It is important to emphasize that the quuidityfcost of a transaction depends on both
a and the marginal stock price S(:,0). To make it easier to implement, this study

approximates liquidity cost™ for,a small o by using a Taylor series expansion of
exp {a(xrm - X )} This implies that the terms,i_n]t_he summation in equation (4) are

approximated by

b, —x, G0 emlabe, —x Jmtlsasko)lc =

Note that one Could estimate a directly from the approximation given by equation
(5). However, this would require marginal stock-price S(t, 0) and the liquidity cost for
each transaction whichrare difficult toobtain.

Since the SET50 index is a non-tradable security, this study uses TDEX as a
proxy. TDEX is_an exchange-traded fund established in.Thailand. The objective of this
fund is to achieve a price and.yield performance similarly to that of the/SET50 index.
TDEX has provided the returns that very close to the return of SET50 index since the first
launch on September 2007. The table and figure below show the daily return of SET50

index and TDEX. The average value of the absolute differences between SET50 index
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and TDEX daily return is 0.4926%. The correlation between these two securities is 0.96

which means that they are highly correlated.

Table 1: Descriptive statistics of the dally return of SET50 and TDEX

SET50 TDEX
Mean -0.0018 -0.0018
Median -0.0015 0.0000
Maximum Daily Return 0.0892 0.0876
Minimum Daily Return -0.1256 -0.1178

Std. Dev. 0.0227 0.0225

Average value of the

index and TDEX dally re® 7/ | DN 0.0049
Correlation - 0.9554
; Return
0.1
0.05 - . }7
o ﬂ Y
ahaps o b L
.I )
-0.05 :
= TDEX
-0.1 SETS0
-0.15
™~ ™~
o o
8 &
s 2
=]

N a3 e e s e

of the absolute differences between SET50 index and TDEX is approximately 6.35 points
and the correlation between these two securities is almost 1. Since the tracking error of
TDEX is very small, TDEX can be used as a good proxy for SET50 index.
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Table 2: Descriptive statistics of SET50 and TDEX value

SET50 TDEX

Mean 501.0717 507.3492
Median 562.9850 567.0000
Maximum Value 681.8200 685.0000

261.3000 274.0000
127.1331 125.4399

Minimum Value

Standard Deviation

TDEX value
Correlation

6.3466
0.9997

—TDEX

SETS50

- c_llllfﬂll'ih'ifl.i.f...
i 5
i i

-
the pOSIItTvﬁreﬂr Y- gﬂ %Of da'ﬁtt”n'jbe gee fﬁ5ﬁng§DEx illustrates
RN TN 1AINYR

d
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Scatter diagram of daily returns between SET50 and TDEX
UL .
o4
x-0.15 0.1
2
E
&
Figure 4¢ Da \ d TDEX
J JIIJM d
The plot of the n b of ‘E each transaction size (number
of units per transactlon) over SSample-pe ! some interesting evidences.

|
Precisely, TDEX has mostly bee -'- ded-in ‘ity i.e. less than 100 unit per trade.
Note that 100 unlts of TDE ﬂ_;.-,é..,g : . T50. The nmber of transactions

with less than 10 ‘ ,897 which accounts

_—_—",-'

for approximately | }f’,- .

rfll'_:@nsactlon SI@Of TDEX

20
30
40
50
601 -
70
80
901
1001

Figure 5: Number of each transaction size of TDEX
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3. Transaction cost estimation

The trading cost will be charged on the change in the net stock position, whether
buying or selling stocks. In Edirisinghe, Naik and Uppal (1993), the transaction cost can

be divided into two types: variable cost and fixed cost. Let
M

R; = Z [
j=0

denote the total transaction cost where M is the numberof periods considered, n denotes a

|ostx)5 (4 )] ©)

X, —X

fixed component to the trading costs and 0 is the variable component. I(t, j) = 0 if

X, =X, »and 1 otherwise. The iavestor who buys one share of stock when the stock

tjg
price is S(t, xX) pays S(t, x)(1+0) + . Onﬁ the other hand, when establishing a short
position, the investor reeeives S(t x)(1-0) - n.

However, this paper only conceras the variable costs because the rebalancing of
replicating portfoliosis based jon the internet trading which has no fixed cost. The
transaction costs of integnet trading are definea by the stock exchange of Thailand (SET)
as composed of two compenents. The, first coz.r'r:l_ponent is the commission fee given by
(0.1%)*(number of share traded)*(stock price per share). The second component is 7%
tax of the commission fee. Thus the value of 0 i;,féqgqu t0 0.00107. Moreover, there is no

lot size effect because the 0 is constant for all trarrsaéti'ons.

—f -

4. The multi=period binomial tree construction

The following offers a brief summary of the steps requiréd to implement the
dynamic programming procedure using a binomial stock price process. Consider a three-
period binomial tree with an initial stock price at time 0 denoted by S, and U and D are
the up and down factors (See ‘Figure 4 below). At time 1, the stock. price. is either SU or
SD. At time 2, the.stock price could be any of SUU, SUD,;or SDD. At time 3, which is the
option’s maturity date, the stock price has 4 possible scenarios: SUUU, SUDU, SUDD
and, SBPD.~Note, that, the, binomial tree, in this study-Is a feceambining.iree. In the
framework of the binomial tree of Cox, Ross and Rubinstien (1979), thereafter CRR, the

up and down factors are as follow:
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where o is the volatility and At is equal to 1 day. In this study, we allow price to move N
times per day. For example, if we suppose that the price will go up or down for 5 times in
one day, N is equals to 5 and the binomial tree will be constructed by more than two

possible events in one day. This diagrar ’r/\

o~ ;‘,i

. ST
“ I:Eure 6: Frequency of sf6c '

o e

el

L

The tree has_m: which makes it more
flexible and consisteﬁwith the real price changes ing strategy will be chosen
more accurately once thwcgng price is knownmIlr

o ot bl o b AL ol e
regression)” and lted volatility”into" t odel*~for comparison purposes. The

following table illustrates the empirical evidence whenag employ the CRdeel with

ARIRINIRHATIRY IR Y
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Table 3: Statistical data of the CRR model

Historical Vol Implied Vol
o 0.0352 0.0215
U 1.0158 1.0096
D 0.9844 0.9905
for 20 trading days (100 periods)
initial stock price ) stock will go up to
100 481.7566 261.0392

Equation (3)"is employed (o estima}te the historical volatility by using simple
regression method (thesdetailds given in Chapter 1V). When exploit the CRR model to our
historical data during August 0 November ZOOé"; the prices increase from 100 to 481.76 if
the stock price keeps going up for the nextinQ_ periods. For comparison, the implied
volatility of SET50 index is used for repre!sven‘ting o over the same sample period.
However, since this study investigates the pricing of option within 1-month maturity, we
collect the implied volatility of SET50 index ov_gh_r_September 2008 period (with maturity
less than 1 month). The restlts show that SETS0 index increases from 100 to 261.04
when the index keeps going up for the next 100 ;)eriods. The percentage change is
approximately 161,04 %. Asatesult. in this study, the implied volatility will be employed
to construct the kinOmial tree since it provides a more realistic_price process than the

historical volatility-and it is widely used in practice.

5. Optimal discrete option hedging strategies

This.section derives..optimal .discrete time ;hedging, strategies for replicating an
option. This differs from the strategies of (Ceting Jarrow, Protter and Warachka (2006) in
that we add the transaction cost into the dynamic programming.

Avreplication ds often~inveked in theyincomplete markets jliterature duejto its
independence from investor preferenees and probability beliefs. The portfolio value (2)
equals the amount of money in the bank account plus the value of stock holding. In
particular, let Z; = X;S(t, 0) + Y; denote the time t marked-to-market value of the
replicating portfolio where X; represents the trader’s aggregate holding of stock at time t
and Y is the aggregate position in the money market account at time t. To find the least-
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cost of a replicating portfolio, which will represent the option price, the following

optimization problem is solved:

minZ,
(x.y)
subject to
Z,.>C, = max{S(T,O)— Ke™T ,0} 7)
N-1
2, vy + %8@0= 30, [5le, OISO L R, ®
j=0

where Xq is the initial stock-helding.at the beginning of trade, yo represents initial position
in the money market account, S(0,0) represents an initial stock price, and Ct denotes the
option payoff at time T, aormalized by the value of the money market account, with a
strike price K and maturity F. F

The dynamic pregramming techniqueiisr used to solve for the optimal replicating
portfolio value. This'is done by starting from thedast day and going backward one day at
a time until we reach the first day. In particdl_ar, at time t, we solve for the following

minimization problem

i =)

subject to ‘
Y, +%,8U 2al < FSU e < x 8 U Fmax(s,u - KOI®m (9
y; +%,3;D % efkC=% | S;DFOXC =¥ (S;DFEmMax(S;P=K 0) () (10)

where I(t) = 0 if t < T=1 and I(t) = 1 if t= T-1. ZJ is the portfolid Value at time t at node j,
yj is the money market account, and X; is the number of stock holding at time t after
rebalancing at node j. The.€ondition in inequality.(9) states that the value of the portfolio
at time t+1 when the-stock goes up~must be no less than the cost of rebalancing the
portfolio to the target holding x,-U plus the option obligation if t+1 is the expiration date.
Similarly, condition in inequality (10) is for the case when‘the stock goes down:.

For instance, ‘consider a problem with term to maturity equal to three days (see
Figure 7 and 8 below). At the maturity date (time 3), all shares will be liquidated to obtain
the cash value of the portfolio on the last day of trade. As a result, the problem will begin
at time 2 and then is solved backward to time 1 and time 0O, respectively. Since we will
consider only a short trading horizon, we will assume that r = 0. The minimization

problem in each stage will be described as follows:
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SUuUu

WB: f : loney accour !ac#scenario

QRS0 IAENIANLNAY

e Inthe up state efore maturity (time 2), our objective is to
solve for yyy and xyu. The stocks holding will then be liquidated at the end

(time 3). The following minimization problem is solved for yyy and xyy by

minZ3¥ =y, +X,,SUU (11)
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subject to

You + Xuu SUUU > max(SUUU - K ,0)+ a[0 - x,, ]*SUUU + 6|0 - x,, [SUUU

You + Xuu SUUD = max(SUUD - K,0)+ &[0 — X, ]*SUUD + 6|0 — x,,, |SUUD

where yyy represents the amount of money in the bank account before maturity and xyy is
the number of stock holding before liquidating at:imaturity. SUUU is the stock price after
the stock keeps going up for 3 periods. To find thedeast.eost of replicating portfolio, the
objective function is to minimize the portfolio valuesubject to those constraints. Each of
the equations above is one.efthe twe possible stock price paths from time 2 to time 3. In
particular, the left side displays.ihe portfolio value after the change in stock price, while
the right side is the option payoff at eithér the up or down node plus the associated
liquidity and transaciion cost for; Iqu|dat|ng the portfollo at time 3.

e In the up-down node (UD) the followmg minimization problem is solved
)
minZg° £y, #x;5SUB (12)

for Yup and XuD

subject to £,

T/
Yup + XupSUUD = max(SUUD —K,0) + a[O,— Xup] SUUD + 6|0 — x,|SUUD
Yoo + Xup SUDD > max(SUDD K0} +=-a[0 Xup | SUDD + 6|0 — X,,|SUDD

where yyp represents the amount of money in the bank account befare maturity and Xyp is
the number of stock helding-before-liguidating-ai-maturity=—The-SUDU is the stock price
which goes up, down and up in period 1 to period 3, respectively. While SUDD is the

price of stock after the stock goes up in the first period and then goes down in the next 2

periods.
e In the down node (DD), the following minimization-problem is solved for
Ypp andXpp
minZ,° =y, # X,,SDD (13)
subject 10

Yoo + Xpp SUDD = max(SUDD — K,0)+ &[0 — X, | SUDD + 6|0 — X, [SUDD

Yop + Xpp SDDD = max(SDDD — K,0)+ &[0 — X, | SDDD + 6|0 — X, [SDDD



22

where ypp represents the amount of money in the bank account before maturity and Xpp is
the number of stock holding before liquidating at maturity. SDDD is the stock price after

the stock goes down for 3 periods.

At time 1
e In the up state (U), the following minimization problem is solved for yy

and xy.
minZY =y + x,SU (14)
subject to

y"Fx, SWU 200K -x§ JPSUU +@lxy, = X, [SUU

yg™+ x, SUDE gl = xg SUD + 6]x 5 = X5 |SUD
where yy represents the ameunt of money- in-the bank account in the up stage at time 1
and Xy is the number of stock holding in the up stage at time 1. xyy and xup is the optimal
number of stock holding in the UU and UD- stages, respectively, obtained from the
previous steps. SUU is the price of- stdck after thg thbck keeps going up for 2 periods and
SUD is the stock price after the stack goes up" fn the first period and then goes down in

the period after. £

e Similarly, in the dewn hode (D), th_e"_Quantities yp and xp are obtained as
the salution to this following minfmization problem
| I minZ? =y, +x,SD
subject to
Yo + XDSUD > aXyp — X, | SUD + 6], — X, |SUD |
Yot X SDD £ afx.5 £ x5] 1SDD +#8x 5p/ Xg|SDD

where yp represents theramount of ‘money in the"bank account in the down stage at time 1

(15)

and Xxp is the number of stock holdingsin the down stage.at time 1, and SDDsis the stock

price after the stoek keeps'going down for 2 periods.

At time 0
e Attime 0, the minimization problem is
MINZ, = X,S + Yo +0X5S + 6]%|S

subject to
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Yo +%,(SU)2 ¥y +%,5U +alx, —x,'SU +6Jx, —x,[sU )

Yo +%,(SD)= Yo + X, SD+afxo — X, | SD+ Q‘XD - XO‘SD
where yo represents the initial amount of money in the bank account and X is the initial

number of stock holding. From the opti and yo values, the price of the call option
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CHAPTER IV
RESULTS

A. Empirical Results

1. Liquidity parameter

To estimate the liquidi imple regression methodology is

employed by using the equa’ : » data including prices, trading
volumes and time of trading transac ons is: m’nation of o and p. We use
the data from August 20C 354 samples over the 84

trading days. Table4 S L

ﬂmm
dge Days) (Days)
54 59
0 5

The estimated daily o sa;@'ﬂ,mg’ |ye y ist ally significant at the 5% level for
o -
59 days out of SZ%ﬁys while p’s are 5|gn| icar

"

average of these a’s-equals 7.5417x10" which will be used as the

0 for only 5 days. The

The plot of @ own in Figure 9. The

liquidity parameter in

the dynamic programnihgzgf the subsequent@ydies The average of estimated a’s
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Average alpha
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urgl9: Plot of estimated alpha parameter

2. Call option prices ﬁ:-

To investigate the dmpact of lidu .1‘ / nsaction costs on the option prices,
our study introduces the four different'specifi s on option valuation: pricing option
without liquidity and transaction! ; rici ‘ only liquidity cost, pricing
option with only transaction co and.pri ing rwith both liquidity and transaction
costs. These options.ar Pt e 2008, March 2009
and June 2009 : ey and out-of-the-

money. The option [
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At-the-money call option price -
December 2008 series
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At-the-money call option price - June
2009 series

10000
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In-the-money call option price - June

2009 series
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Out-of-the-money call option price -
March 2009 series
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The &ults are the same for nkthe money and out of-the-money c“ptlons of

“ﬁ"ﬂﬁﬂﬁﬂﬁm by (M b

app oaches zero.

Table 5 below illustrates the impact of the cost components as a percentage of the
option price when there are no liquidity and transaction costs. Observe that the transaction
cost component increases the option price by approximately only 3-5% while the liquidity
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cost component increases the option price by approximately 25-33%. Moreover, we can
see that the sum of the impact from the transaction cost and the impact from the liquidity

cost is less than the total impact when both transaction and liquidity costs are present.

CRR Model (20)
March June

3.3473 3.3751

25.9194 25.3607
29.3946 28.8741

In-the-money

At-the-money 4.1404 3.9474

- 28.5320 27.8235
- 32.9163 32.0100

4.4223 4.4027

26.4303 28.7420
31.2518 33.5143

Out-of-the-money
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CHAPTER V
ARBITRAGE TRADING STRATEGY

A. Strategy

This chapter provides an example of ansarbitrage trading strategy in the real
trading process by applying the dynamic programming. A portfolio of both stock and
money market account will"be eonstructed to replicaie-the call option payoff. The idea is
to determine whether it is_possible to conétruct the portfolio which has terminal value
(after deducting all liquidity-and_ eransaction costs) higher than the payoff of the options
with a cost lower thanthe option‘price. If the answer is YES, it's likely that there might
be an arbitrage opporiunity ebtained by issuing a call option and then using the obtained
option premium to constructsa porfolio wh'rc;'\ finally generates higher terminal value
(covering the payback of the options). |

Generally, peoplé degide to trade if th”'e;_ términal value of the portfolio is higher
than the option payoff because they can earn the profit. But if the terminal value of the
portfolio is less than payoff of the options, thﬁey_will short stock and long the option
instead. -, ,

The trading strategy of shoriing options ﬁd E)uying stocks will be introduced to
examine an arbitrage opportunity when the optiah' br;ibe' from the model is less than the
market option price.in each day, the portfolio will be rebalanced only at the end of the
day by matching the‘market closing price of the stock to the stock price from the binomial
tree. From the model, each node of the binomial tree Is associated with different price and
different number of stock needed to hold. By matching the model price from the tree with
the market price-of the,underlying-asset; the-numberof stock helding.isknown. However,
if the market pricerof stock falls between any two nodes of the tree, theglosest node will
be chosen. Then the number of stock.to be traded will be known. If the anticipated
number ©f stock-holding«is,greater-than thejstock holding from the flast,day; weihave to
long more stock and need more.maney. Thus money market account.(y) will decrease. On
the other hand, if the anticipated amount of stock holding is less than the stock holding
from the previous day, we have to short more stock and the money market account will

increase. Moreover, we have to subtract the transaction costs of buying or selling the
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stocks from the money market account to update their value in each trading day. In the
next day, the same step will be exploited until the last trading day.

Andso on...

At the last day of trade, : an unt ¢ k.holding 'Ilbe liquidated. Thus if the
value of the liquidated portfolio is gréé‘.té?{ he option payoff, this means that our

arbitrage trading strategy sl alue of the liquidated portfolio is less than

liquidity and transaction costs and a discrete -r,.-!-Q--,----;---e-!----é ‘termining the arbitrage
opportunities. Howe: er in real world, the ( yrs affecting option prices

and consequently theﬁofltge erat
existence of a real arbitra IHge opportunity. We Ieave this issue for the future research.

ﬂum RYNTNYINT

I option prices from the ‘;nodel with liquidity and transaction costs and the
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At-the-money call option price - June
2009 series
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Out-of-the-money call option price -
June 2009 series
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Table 6: Summary statistics of monthly returns of SET50

Monthly-SET50

Average Value (in absolute) 13.9561

Maximum Value 28.7179

-27.4000
9.0725

Minimum Value
Standard Deviation

40 -
30 -
20 -
10 -
[ = Mothly SETSO
-10 m
20 4
30

-40 -

of one-month SET50 index

With the s,f-—T'E. each maturity are
)

)
ﬂUEI’J'VIEWl?WEHﬂ‘i
’QW]NT]‘?WMW]’JV]EJ’I@EJ

presented as follow



At-the-money call option price -
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At-the-money call option price - June
2009 series
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Figure 33: Prices of in-the-money call option in December series (sigma=0.1)



6000.0
5000.0
4000.0
3000.0
2000.0
1000.0

0.0

Figure 34: Price

In-the-money call option price - March
2009 series

=L )77 g
SN
_W

Model Price

Market Price

‘o o
e S

2-Mar-09

7000.0
6000.0
5000.0
4000.0
3000.0

1000.0
0.0

2000.0 =

= —odel Price
- 4

"
Y, ‘ arket Price

42

For |mhe -money call option of‘December 2008 series, the model pru&iare lower
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Out-of-the-money call option price -
December 2008 series
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Out-of-the-money call option price -
June 2009 series
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Figure 38: Prices of out-of-the-money{:a,ll option in June series (sigma=0.1)

For out-of-the-money call optlon of December 2008 series, the model prices are
lower than the market prices forthe whole pérlod However, in March 2009 series, the
model prices are higher than the market prices and then they are turned to be lower in the
last period. In June 2009 serigs, the model pffgbs are generally higher than the market
prices more than the first-half of this:month. Th,e_r_] ;hey are fluctuated and turned to be

lower in the last period. ' T
In brief, these graphs illustrate that there E;Fe“"%fpbroximatel_y half of the time that

the model prices are.'laess than the market prices in December serieJS_I. fzor at-the-money, in-

the-money and odt-df—the-money of March and June 2009 series,-"however, the model
prices are generally hlgher than the market prices. This is because the volatility in stock
price process assumed in the binomial tree is quite high. Specmcally, we set the implied
volatility to-10%, whiehjallows.the price c€hange.t0-31:96% in-one-month. However, the
one-month'percentage change in price of December, March and June series are 14.99%,
6.84% and 3:5%, respectively. As a result, the model prices are mostly higher than the
markeh prices; However, this relatively: highpvalue efithesimplied molatitity mill make our
arbitrage ‘trading strategy more conservative.

Since the model prices are frequently higher than the market prices for out-of-the-

money call option series, we are able to examine the arbitrage trading strategy in the next
section.
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C. Findings

The trading strategy of shorting options and buying underlying stocks will be
established to examine an arbitrage opportunity if the option price from the model is less
than the market option price (option is overpriced). A one-month (before the option’s
maturity) sample period is considered for each of the three maturities: December, March
and June. A portfolio will be constructed to replicate the option payoff at maturity and
will be rebalanced every day. By using our modelwithliquidity and transaction costs, the
positive profit after dedueting the trading cests can be pre=identified based on an arbitrage
opportunity by selling-the optica-and replicating its payoffs. However, we note that the
trading costs are the tranSaction cest and the cost of buying/selling the option which is
approximately 90.95 baht persone option contract. Since the fixed cost of trading an
option is 90.95 baht, we will pot trade if the pre-identified profit is less than that cost.
Moreover, SET50 index is untradeable-hence we will trade the TDEX instead. We will
buy the TDEX at its ask price and sell at its bid price.

For the tablessin Appendix D, €ach row of_ each table represents the beginning
trading day and each column gharactérizes the ét!rilke price. For example, in Table 18, if
date = 4, strike price = 280, then maturity = 15'.“;'.rhe first trading day starts on December
4, 2008 and the replicating portfolio-will be rebal;ijlﬂ'bed every day until maturity. The
profit of selling option and replicating portfolio,eq_uais_ to 381.67 baht. The profit in each
row and column is the total profit earned at the liguidating date (Maturity). In the
December and Mareh trading periods, our trading strategy generatés positive profit for
most cases. On the other hand, there Is one more negative earning than positive earnings
in June.

We make profits for. 95 times of outi99 times that we decided to trade in
December. When we make a profit, the average profit is 652.09 baht, while when we lose,
the average loss Is 281.49 baht. In March, our strategy still creates average profit about
216.93 baht for 24 days out of 28 days. However, foradune period, an average profit is
only 231,51 baht for'10 days out of 23 days while average loss is 402.46 baht.for13 days.
Theinet profit of December and March is 614.37 baht and 178.71 baht, respectively. In

contrast, the net loss in June is 126.82 baht. Table 7 summarizes these results.
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Table 7: Summary of Profit/Loss in December, March and June

PROFIT LOSS NET

AVERAGE _MAX _MIN 9 DAYS AVERAGE _MAX _ MIN 9% DAys "ROFIT

DECEMBER 652.09 2481.48 9.05 95.96 95 -281.49 -486.09 -20.23 4.04 4 614.37
MARCH 216.93 1020.98 20.66 14.29 24 -50.61 -178.89 -2.13 1429 4 178.71
JUNE 231.51 690.17 3.59 43.48 10 -40246 . -1111.10 -31.02 56.52 13 -126.82

The profit and loss can be decomposed-inio 4 parts. The first one is transaction
cost (TCOST). This cost always has a negative sign _and will be deducted from the
earnings. The second is.theiguidity cost (LCOST). This eesi is similar to TCOST and its
value is negative. The third pait 15 the DIFF which is the sum of differences between
TDEX and SET50 multiplied by the number of stock bought/sold. If the TDEX is greater
than SET50, this means that' wewill buy (sell) TDEX at a high price which is bad (good)
for us and DIFF is posiiive (negative). On thelqtlrler hand, If TDEX is less than SET50, we
will buy (sell) stock at a'low price which iSI good (bad) for us and DIFF is negative
(positive). Note that this parameter is an uncc;n_trolled factor and will affect the profit of
our trading strategy. §H

Figure 39, 40 and 41 exhibii the effect’e‘%‘DlFF on profit and loss of one month
trading in December, March and’June: PROFIT/LOSS is the gross profit before deducting
any costs while PROFIT/LOSS - DIEE is the grg_prgfit after deducting only DIFF. This
will present the effect of DIFF fé}ctor on our prbf'it-gnd. loss. REALIZED P/L is the net
profit/loss after concernmng-att-costs:-DiFE-TCOSTand LCOST..In December, DIFF is
typically bad and thus reduces (increases) the profit (loss). At K=290, though the profit
after deducting DIFE is positive, the realized profit is negative because of high TCOST
and LCOST. In March,«DIEF is good for us, thus this factor increase our profit. After
deducting all costs, the realized profitis still positive; However, inJuné;LOSS — DIFF is
more negative because DIFF is bad~for‘us and thus pushes the loss“up (more loss).
Consequently, the realized loss is gredter because it have to include all negative costs

incurred.
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One month trading in June
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or positive value depending on; 1.-*:' SETS ading direction (buying or selling

stock). The last component is th‘ reali: : which is the real profit (loss) by
using our trading strategy after ity co t, transaction cost and the
uncontrolled facter (DIFF).—In brief,-we can include ""-—f:feff':ﬂ hip into the following
equation: Y _ >

=

REALIZED P/L PROFIT/LOSS TCOT LCOST - DIFF
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Profit/Loss Decomposition in June
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The expecte yrofi culated and strat iH"\ppendix D. Note that
sen the mode ice and the market price. The
difference between the re pected profitis ir E. In December and June,
the real profit is less thar |
This is different from the N

rors have negative values.
gs are higher than expected.

The liquidity and transaQﬂEosts are shown in Appendix F. Normally, the
aads ) i -i_!r;.

transaction costs de,pend on the trafd}mg’vol radigilze lrsJarge the transaction
costs will be hlgﬁr results 4 ' of the options with
longer time to maturit ' ns-with shorter time to

are often greater t
e e
maturity (comparmgﬁ imi i uidity co ﬁt can be computed by
multiplying the trading unlts with the half of the difference between the bid price and ask

:;:;::Taw‘ﬁ IEN R Ei i R

Table below summarizes the average value of TCOST, LCOST and DIFF in

A TiVp i a1V LT

cember but its lowest value is in June. For DIFF parameter, there are more negative

DIFF (TDEX<SETS50) in December and March but less in June. However, on average,
DIFF is positive in December and June but negative in March. Figure 45 to 50 exhibit the

liquidity and transaction costs incurred by exploiting the trading strategy in December,
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March and June with different strike prices in each month. In Appendix G, provides more

examples.

Table 8: Summary of average transaction cost, liquidity cost and diff

. DECEMBER MARCH JUNE
AVERAGE TCOST | \\\ f, 45.59 45.85
AVERAGE LCOST o 825" 76.85 51.04
AVERAGE DIFF — g -33.07 15.48

75.99 (4 33.06 (9) 48.50 (14)
-31.60.(54) " -64.39 (19) -35.87 (9)

AVERAGE DIFF (+) =

AVERAGE DIFF (-)

* (+) is the number of days
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0.00

Figure 45: Total-ﬂnsaction costs of daily-rebalancing portfefio during December
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Total Liquidity cost in December
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Total Liquidity cost in June
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All in all, the trag ing /Strategy 0 : uyi | elling overpriced options
mostly succeeds to generate | ve pi 2l market. However, this study only
accounts for the I|qU|d|ty d franse cost al W rld, there are other factors
affecting the option prlc S s as th \ 50 index and TDEX. As a
result, the profitability of olr arbitrage tradine y might not imply the existence of

real arbitrage opportunities. Thi :-. 1 udies.
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CHAPTER VI
CONCLUSION

This study develops the option valuation model with liquidity and transaction
ete trading strategy is employed to

investigate the option prices. " 3 : ing the data of European call
options from the Thai optien.ima ' proportional transaction fee

e liquidity cost is incorporated

into the model in the form stochasti ool 2, assuming that the underlying
ctions ion si results show that the
: | all. This positivity of
this parameter confirms ihat the 1y 6un BN, e g. We found that option
prices obtained from ydel de iate fro | i y cases. An arbitrage
‘ ‘ : 60) ion is demonstrated by
introducing the annualized ied vol _‘_ y.of 1 aily rebalancing of the
, | the positive profits (after
deducting all the liquidity a d ct on‘c,:_ sts) in tt i market. However, we note

that this finding does not suggest he existence of arbitrage opportunities, especially as in

the real world, thegre other fabiof?%ctm the
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APPENDIX A

Table 9: The terms of SET50 Index

Index code

Index Type

T Index.
italization-weighted price index
ks that have been suspended

Calculation Methodology

of 50 selected SET

djusted to

of securities that
tocks.

> offerings,

Base value adjustment

Base value

Base date
Source: www.set.or.th

Note that SET50 Inde ide a ber ma of investment in the

Stock Exchange @ Jex futures and options
prices of the top 50 listed
of Ia@ market capitalization,

high I|qU|d|ty and compllance with requirements regarding the distribution of shares to

minor sharg wed every Six
months in ﬂf ﬁ:ﬁe t at ﬁc rred ?Tiﬂ ﬁk market. After

assessment, I&l)cks that meet the neces&ary quallflcatlons are selected to become parts of

WWﬁﬁﬂﬁﬁUNW'}’mﬂ'}ﬂ d

in derivatives market. This index is ca

companies on SET. ﬂesec pa



Table 10: Summary of SET50 Index Options Contract Specifications
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Heading Individual Contract specification
Underlying index SET50 Index which is compiled, computed and disseminated by
the Stock Exchange of Thailand
i
Contract Multiplier 200 Baht per index point
Contract Months March, June, Septemb‘én’fpiﬁrﬁmper up to 4 quarters
Minimum price 0.10 index points, 4 7
fluctuations
Price Limit -2 Wi,?}-the pret/ious day’s SET50 Tndex
Exercise style European

Strike price interval p nts (at Ieast in-the-money strikes, 5 out-of-the-money
/ stiikessand 1 at-themoney: strike).

S ) CAR
Trading Hours Pre -ogend® . 9:15.-945 hrs!
Morning se_55|on. | 4:9:145-12:30 hrs.
Prefopen: " 0 14:00 - 14:30.hrs.

Afternoon session: id 14:30 - 16:55 hrs.

Speculative Position limit I\Iet ,000'délta equivalent' SET50 Index Futures contracts on
oneside of fhe:market'i }) any contract month or all contract
m ths ceimi)"ined 2
s
Final Trading Day The buSmess day immediat precedlng the last business day of
the contract month. Time at which trading ceases on Final
Trading-Dayis' 16:30 h"r?._r.._'__: -

Final Settlement P_ﬂcé‘ The final settlement price shall be the mungrigal value of the

| J_mWWMWmﬂmmmo decimal points
- as determined by the exchange, and shall he average value

= of the SET50 Index taken during last 15 minutes plus the closing
| index value, afterdeleting the three hlghest and three lowest

'

values.
Settlement Rrocedures Cash:Settlement
Exchange and clearing TiHB 10 per caontract per side
fee
Brokerage commission Freely negotiable

Source; www.tfex:co.th

Note that’'SETS0 Index;Options were launched on October 29, 2007 by Thailand
Futures Exchange Pcl (TFEX) to complement the SET50 Index Futures. This new

financial product offered investors an opportunity to limit the risks of undesirable market

direction and take advantage on anticipated market movements. As a result, it will help

protect the investors’ equity portfolio value.
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Table 11: Summary of ThaiDex SET50 ETF Information

Fund Code TDEX
Fund Number 10070
Type of Fund Open-Ended Equity Exchange Traded Fund

Listing Date on SET er 6,

Registered Fund Size Baht 0," illion
Inception Date - T v 4
Trustee

Registrar

Fiscal Year
er 31, 2008.)

Dividend Policy Ividend to unit holders from

. Such dividend payment
ear at a rate of not more

Subscription ticipating Dealers can order the

stmen directly with the Management
‘Company at a minimum order of 1 creation unit and increase

- in multiple of L-ereation unit, using the price of the trade

" “Gate of the/basket of Securities.as specified by the

Manageme

‘=§ pool of the fund as a
e SEC, the Management
e invest L

a giste t units of the fund as a
listed security on the SET. Investors or participating dealers

can purchase investment units of the fund on the SET by

7 ‘-ﬁ. complying with'thé rules, regulations and practice of the
have a ding account
‘ ith a securitieg-brokerage company. ‘
q'l Inves?rs can purchase investment units by means of
: _ ivering the basket.of Securities through.the participating
q1ﬂ'.]‘aqn§ ers accor t?;iesnyr}c S spe oﬁme
articip dealers. ] |
|
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Redemption 1) Participating dealers : Participating Dealers can order the
sale of investment directly with the Management Company
at a minimum order of 1 creation unit and increase in
multiple of 1 creation unit on every business day of the SET.
The Management Company will pay in kind by the basket of
securities according to the ratio and details of securities

ice of the SEC, the Management

ol vestment units of the fund as a
estors or participating dealers
stmewund on the SET by
: |th ,;L Ules; regulations and practice of the

ecurities trading account

by means of paying in
rough the participating
‘ dures specified by the

Dealing Time
Settlement Date

Source: www.one-asset.con

Note that the benchmark i — Tl x SET50 ETF is SET50 Index.
Therefore, this fund will malnly nvest ir ne securities which are constituents of SET50
e return of SET50 Index by

Index. Moreover, the obje

trying to maintain.the tracking error bet :m.m-.mu..:-_m-.m-fk d the SET50 Index
e Y

ﬂﬂ&l’)ﬂﬂﬂ‘ﬁﬂﬂ’]ﬂ‘i
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Table 12: Estimatea option price of December 2008 series
; AT N
NN

210 220 230 240 2508 2604 S 270~ 280 290, 800 310 320 330 340 350 360 370
4 14322.3 123205 10326.3 83200  6329.0 9 ‘,;.-,7‘11--- 3 ) ‘2. - 351 4.6 03 00 00 00 00
8 17257.8 15251.5 13252.4 11253.3 925020 7254. 282.6 34403 19162 8715 3186 783 126 10 00 00 0.0
9  19554.0 17557.1 15556.6 13554.7 11556. 557 731;51 ;.E_., 2.0 986.0 3575 942 159 13 00 00
11 197742 177785 15782.3 13778.7 11776.7 4 9778.3 82 5844 387 1029.7 3663 914 135 07 00 00
12 19759.9 17757.2 15754.6 13757.7 117562 9f54.60 77554 - 5761.5 3833. 963.2 3150 652 64 00 00 00
15 217259 19724.0 177266 15726.6 137257 1472 &91"@5@ 21076 9136 2848 541 41 00 00
16 23067.6 21065.6 190607 170725 15068.8 (130663 110694 ~ 90864 70652 50752 31758 16019 600.3 1448 158 00 00
17 232127 21209.1 192129 172147 15211.3 132182 142088 7208.6 5211.9 3271.3 16343 5848 1222 7.4 0.0 0.0
18 241346 22130.8 201343 181314 16139.3 14134.0';°12185.6 1013C 35.5 6130.8 4138.8 22846 9150 217.7 143 0.0 0.0
19 23157.0 21161.1 19156.7 17160.7 15159.3 13157.0 91584 7159.0 5156.7 31757 14435 3987 275 00 00 0.0
22 20970.7 18969.5 16973.4 14969.0 12969.0 10979_};,,&0}:3‘... ?..- A '.' )6 4970.0 20732 11931 199.7 00 00 00 00 00
23 21890.2 19895.7 17893.8 15890.2 13890.2 ~11890.2 9895.7 ' 7895.7 5 384.8 00 00 00 00 00
24 215291 19529.1 17529.1 15529.1 135291 11529.1 9529.1  7529.1 55291 35291 70.7 00 00 00 00 00
25 21930.0 19930.0 17930.0 15930.0 18920.0 11930.0 993 110.4 00 00 00 00 00
26 21464.2 19464.2 174642 15464.2 0.0 00 00 00 00 00
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Table 13: Estimated .. fion rf :

arch 2009 series

STIOR}KE SRICE(

DATE

230 240 250 ZSOWOO 310 320 330 340 350
2 13489.4 11487.4 9488.4 577.9 2250 71.7 18.1 3.4
3 12893.9 10892.7 8895.5 2. 7. \ , 4025 1400 385 8.0 1.1
4  13652.6 11656.0 96534 51. 03.0 3¢ 366. 8 5495 200.3 57.8 125 1.8
5  13578.2 11580.4 9579.6 , ' 5 490.3 167.7 443 85 1.0
6  14867.0 11956.5 99543 . )82:3 . 411 1 5532 1895 558 89 1.0
9 126655 10665.0 8664.5 _ . 2387 598 9.7 08 0.0
10 13782.3 11785.2 9780.5 j ~3910. 4250 1228 239 26 0.1
11  13275.0 11274.8 9277.3 ' 413435, . 58 2756 63.8 88 05 0.0
12  13359.3 11363.0 9360.5 /' 7359.8 371;’ 2552 519 49 0.0 0.0
13 14960.2 12072.2 109729 89711 6969.5 4 633.0 1755 288 1.8 0.0
16  14975.1 12978.9 109740 89718 69759 49 578.6 139.4 154 0.0 0.0
17  14460.7 12459.6 10457.4 ~ 8457.3 64 §:~ zg_ > 1 3583 594 20 00 00
18  15101.3 13105.0 11103.2 9100.9 9 3154 4 4928 835 1.3 00 0.0
19  15329.5 13328.4 11328.1 9306«@3 6 4942 650 00 00 0.0
20  15679.1 13682.8 11682.6 9679.1 76792 568 5472 559 0.0 0.0 0.0
23 170959 15099.1 13095.9 110991 ~909 9-5 5:0 2357 00 00 0.0
24  17066.0 15066.0 13@9}}) 11060.6 9066.0 70641 951 0.0 0.0 0.0
25 16775.3 14775.3 75 00 00 00 00
26  16756.1 14756.1 00 00 00 00
27 16285.1 14285.1 00 00 00 00
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Table 14: Estimated option price-of June 2009 series

DATE i STRIKE PRICE(K)
|

350 360 370 380 390 g 108F 410, 420 430 440 450 460 470 480 490 500
1 15642.3 13639.1 11648.6 9687.3 7781.9 60035 4401.9% 3042.3 1964.2 1182.6 659.5 339.6 158.8 66.3 24.4 8.3
2 14663.9 12658.7 10680.0 8726.8 68558 5385.2 3627+1 ) 2389.7 1464.0 835.8 437.2 200.8 83.8 33.5 9.7 2.7
3 15964.2 13968.4 119725 9992.0 8058.5 6224.7 4358.2° « 3132.4° 20045  1182.1 641.6 315.3 137.9 54.2 17.9 5.2
4 17841.4 15836.7 13837.9 11846.0 9867.4 7928 .8 6097:5°°4444.9 3033.0 1921.2 11215 594.8 287.6 1223 46.1 14.5
5 19598.2 17604.5 15599.7 13597.3 11601.9 9622.1 7696.9 5875.2 4237.6 2851.1 1773.8 1010.7 525.3 244.7 99.2 34.2
8 18808.5 16812.9 14807.2 12809.7 10818.5 8845. 1% :16928.5 ‘2144'.6 3580.3 2296.8 1349.1 718.7 353.0 140.7 54.3 13.7
9 20075.0 18069.4 16068.7 14067.0 12074.1 10079.4 8113.9 232.6  4503.7 3022.0 1854.1 10335 515.5 227.4 89.4 24.2

ol il

10 23001.0 21004.5 18997.5 17005.0 14998.4 12999.3 11006.0  9022.4 70879 5273.2 3656.7 2331.1 13483 704.8 3209 123.6
11 23577.1 21574.1 19572.6 17571.4 15573.2 13575.2 11573.9 9.157J4.7 " 7614.5 5737.5 4039.6 2610.7 1520.4 8055 358.1 136.0
12 23836.0 21829.5 19829.1 17828.8 158351 13828.5 ‘1‘11830.0 98_3?_{5 7855.1 5937.0 4180.1 2690.5 1553.7 788.7 339.3 117.9
15 21180.7 19181.2 17186.8 15186.2 13181.3 11179.0 91838 7200.-7; 45289.8 3563.8 2146.4 1128.6 4975 173.1 45.3 7.0
16 18760.0 16759.9 14766.1 12764.4 10765.0 876065~ ~ 6772.5 48@:‘#‘%137.4 1758.2 830.1 310.6 84.1 12.8 0.0 0.0

17 16889.8 14889.6 128911 108914  8889.2 68932 ~ 49310 31457 +17128 7572 2459  46.9 06 00 00 00
18 14264.8 12268.0 10264.4 8264.5 6264.5 . 4306:0 - 2547.4 12117 ~ 4222 83.4 0.0 0.0 00 00 00 00
19 174014 15403.3 13397.8 11408.7 = 9896.3  7398.7 5405.2 34719 18281 7144 | 162.1 11 00 00 00 00
22 16222.6 142255 122243 10222.0 | 8222:8=6225:0-dPfri=2351:9037:8-187.2" 0.0 0.0 00 00 00 00
23 141943 12201.5 102015 8199.0 +6494.3  4200.8 2203.0 6842 266 0.00 0.0 0.0 00 00 00 00
24 16002.3 14002.3 12002.3 10002.3 80023 6002.3  4002.3 20023  360.9 0.0 0.0 0.0 00 00 00 00
25 16898.1 14898.1 12898.1 10898.1  8893.1  6898.1  4898.1 2898.1 9047 - 0.0 0.0 0.0 00 00 00 00
26  16852.4 14852.4 128524 10852.4  8852.4 68524  4852.4 2852.4  852.4 0.0 0.0 0.0 00 00 00 00
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Figure 51: The
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APPENDIX C

Amount of Profit/ Loss Decomposition in December
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Figure 53: The Amount of Profit/ Loss Decomposition in June

Loss decomposition of 1-month
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Table 15: Expected profi

~

 ———
of portfolio replicatic

in December 2008

Mﬁ‘ N

DATE

210 220 230 240 250 260 270 #0804 F990 | 3 S\\\_\\_\B 330 340 350 360 370
4 000 0.00 0.00 000 0.00 42433 £ P .- 69538  579.73  400.00 280.00 180.00 120.00
8 0.00 0.00 0.0 0.0 0.00 0.00 9. 683 ' ‘ A b 1021.67 1007.44  779.01 480.00 340.00 300.00
9 000 0.00 0.0 0.0 0.00 0.00 : 8 94248  1285.82  984.14 698.73 500.00 340.00
11 0.00 0.00 0.00 0.00 0.00 0.00 . .00/ 1077.05 1430.25 83367  608.57 906.48 579.25 420.00 280.00
12 0.00 0.00 0.00 0.00 0.00 0.00 . . 9.66 581 138505 17485 833.56 560.00 38000 240.00
15 0.00 0.00 0.00 0.00 0.00 0.00 o ' 541 121521  965.94 675.85 440.00 280.00
16 0.00 0.00 0.00 0.00 0.00 0.00 . off 4.9 080 4 n'\ 98.14 1259.70  615.16 844.19 560.00 260.00
17 0.0 0.00 0.00 0.00 0.00 0.00  0.00 ) el 26q. 000 117525 1057.82 772.61 500.00 300.00
18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 LGRERT 0.00 23538 14504 38231 865.66 560.00 340.00
19 0.0 0.00 0.00 0.00 0.00 0.00  0.00 oo.."-‘ ';,’.i 2435 53648  601.32 472.52 600.00 360.00 200.00
22 0.0 0.00 0.00 0.00 0.00 0.00  0.00 ooo —0:01 300.33  600.00  200.00 140.00 0.00  0.00
23 0.00 0.00 0.00 0.00 0.00 0.00 375.18  500.00  340.00 160.00 0.00  0.00
24 0.0 0.00 0.00 0.00 0.00 0.00 0. | 0.00 29.35*  300.00  220.00 100.00 0.00  0.00
25 0.00 0.00 0.00 0.00 0.00 0.00 |« ), 20000 220.00  0.00 0.00  0.00
26 0.00 0.00 0.00 0.00 0.00 400.00  140.00  0.00 0.00  0.00

000 L"Gioo 000 2
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Table 16:

Expected p '-..‘ portfolio’ .

iqation in March 2009

S STRIKE PRt

DATE

230 240 330 340 350
2 0.00 0.00 108.35 0.00 0.00
3 0.00 0.00 81.52 0.00 0.00
4 0.00 0.00 102.21  0.00 0.00
5 0.00 0.00 95.75 0.00 0.00
6 0.00 0.00 84.24 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00
11  0.00 0.00 O. _ 56 17 0.00 0.00 0.00
12  0.00 0.00 0.00 . ) 00", 0.00 48.08  0.00 0.00 0.00
13  0.00 0.00 O. 0. | 44.49 0.00 0.00 0.00
16  0.00 0.00 0.00 20.57 0.00 0.00 0.00
17  0.00 0.00 0.00 40.63  0.00 0.00 0.00
18 0.00 0.00 0.00 36.46  0.00 0.00 0.00
19 0.00 0.00 0.00 55.03  0.00 0.00 0.00
20 0.00 0.00 64.07 0.00 0.00 0.00
23  0.00 0.00 0.00 0.00 0.00 0.00
24  0.00 0.00 0.00 0.00 0.00
25  0.00 0.00 oo — 0 0.00 0.00 0.00
26  0.00 0.00 "‘ﬁa 0.00 0.00 0.00
27  0.00 0.00 <4 ‘ﬂ"p.oo 0.00 0.00 0.00
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Table 17: Expected ~~% f [ eplication in June 2009
STRIKE PRICE

DATE '
350 360 370 380 390 420 43 450 460 470 480 490 500
1 0.00 0.00 0.00 0.00 0.00 - P .0C M -O. 0.00 0.00 1.25 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 @ g’ /i ' : 99.24 16.17 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.¢ 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.12
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00 0.00" 0.00 89.37 15.92 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00 114.11  133.08 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00 0.00 180.00 0.00 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00 0.00 0.00 25.59 77.90 138.93 0.00 0.00 0.00 0.00
22 0.00 0.00 0.00 0.00 "‘'"@'"f)'(zj:'r"""lll‘i'f 0.00 0.00 0.00 0.00 0.00
23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26 0.00 0.00 107.55 0.00 0.00 0.00 0.00 0.00 0.00
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Table 18: Profit/Los \Q‘- AL ion in December 2008

DATE - : ‘ —
210 220 230 240 250 260 270 A _ 30¢ 31 330 340 350 360 370

4 1l [ [ [ [ 762.9 1160 3¢ 290.87 309.1 189.1  89.05  29.05
8 1 1 1 [ 0 0 i 475.8 643.7 389.1 249.1  209.1
9 1 1 1 0 0 1 1 900.27 872.7 609.2  409.1  249.1
11 1 [ 1 1l 0 1| i 12327 761.3  488.7 329.1  189.1
12 I 1 1 0 0 1 1 -314.02 704.6  469.1  289.1  149.1
15 1 0 1 1l 1| 1] 1 919.58 8929  591.4 349 189
16 [ [ 0 [ [ 1 1042.7 559.3  763.7 469 169
17 1 [ 1 0 1 1 1 956.6 988.8  686.5 409 209
18 I 1] 1] [ 0 1] ] 27.126 3119  778.9 469 249
19 1} 1 0 0 1 1 8.7 265.32 327.2 509.1 269.1  109.1
22 11 1} 1 0 1 0 0 1 509.05 109  49.05 ] 1
23 11 [ 1 1 0 0 1 1 673  409.05 249.1  69.05 [] 1
24 1 1 1 1 1 1 1 319.7  209.05 129 9.05 ] 1
25 [ 0 1 1l 1 1] 0 0 396.1  109.05 129 ] 0 0
26 I 1 [ 0 [ [ -+ [ 829 ~309.05 49.05 [] 1 1

=
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Table 19: Profit/Loss of portfolio replication in March 2009
s *"” ! *"‘_,p“

—  STRIKEPEIl
DATE = . =
230 240 250 260 0. 280 2 S— 320 330 340 350

2 1 0 1 - . 292.4 60.4 ] 0
3 0 0 0 261.6  -9.25 ] 0
4 0 0 168.3 216 [ 0
5 0 0 0 142.9  -213 ] 0
6 0 0 173.4  -122 ] 0
9 1] 1] 1] 1146 [ 1] 1]
10 0 0 - 99.8 [l 1] 1
11 0 0 75.12 ] 0 0
12 0 1] 1] 2172 ] 1] [
13 0 0 0 69.16 [] 0 0
16 0 0 0 26.77 I 0 0
17 0 0 0 42.06 ] 0 0
18 0 0 0 0 54.92 ] 0 0
19 0 0 0 0 80.46 [] 0 0
20 0 0 0 0 54.45 ] 0 0
23 1] 1] n ] 0 1] 0
24 0 1] 1] 1] [
25 0 1] —c——= 0 0 1]
26 1] 1] 0 1] O
27 0 1] 1] 1] [
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/40 ation in June 2009

Table 20: Profit/L.c

STRIKE PRICE

350 360 370 380 390 4 410~ 420 430 440 450

OoooCooOooooOooooOooooQ|o .

]

s s s s e s s s e e s s e s s s s s

460 470 480 490 500

0

]

,q““ﬁamh -1111.1 -871.7

o e s e s s [ s s s |

-223.2
-111.33 3.585

-31.015 47.63

=i=R=l=E=l=E === ===l =R == =R ===
1:’—::::5:::::

rn{l.
s I s [ s s s

-682
-734

s s s e s s s s s

-149

OoOoooooo0oQ4d

1]
1]
0
0

s s s s

[
e

OoOoooooooooo

1]
I
1]

(]
-316
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Table 21: The differenc rea andr%rofit in December 2008

DATE

210 220 230 240 250

2176 A/ﬂ\\\n

[e¢]

11
12
15
16
17
18
19
22
23
24
25
26

s s e e s s e s s s e e s s e |

jmn}

s e e s s e s s [ s e s s

1|
1]
1l
1]
0
1l
1]
0
1]
1]
1l
1]
0
I
1]

o}

OoOooCoooooooOoooOoOd

)

s s s s s e e s s e s s

260 o g, 330 340 350 360 370
338.52 31.84 . 27. .- ‘ ‘n 61 -288.86 -90.95 -90.95 -90.95 -90.95
0 ‘ -531.63 -135.34 -90.95 -90.95 -90.95
0 -385.56 -111.46 -89.57 -90.95 -90.95
0 /5., /6 -485.30 -145.13 -90.60 -90.95 -90.95
0 457  -390.55 -488.86 -128.98 -90.95 -90.95 -90.95
0 . 8642 29563 -73.07 -8450 -90.95 -90.95
0 0 il - W | 139.60 -217.02 -55.83 -80.45 -90.95 -90.95
0 0 0 -218.64 -69.06 -86.14 -90.95 -90.95
0 o A~ 2 ‘ 86.84 -117.92 -70.44 -86.77 -90.95 -90.95
0 : T 4219 -335.99 -145.31 -90.95 -90.95 -90.95
0 199.23 23498 -90.95 -90.95 -90.95 [ 0
0 i 297.78  -90.95 -90.95 -90.95 [] 0
0 -9.64~ -90.95 -90.95 -90.95 [] 0
0 B4 O O p -90.95  -90.95 0 0 0
0 -90.95  -90.95 0 0 0

ﬂ‘lJEﬂ’II‘VIHVl‘ﬁWEI’]ﬂ‘ﬁ
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230 240

330

CODoOOoooooeooooeoooeEooosQos 4o

340

350

-47.96 []
90.77 1
-80.65 []
-97.88 []
-96.40

OoOoocoooDoooOoQ4DD4D

1] i
[] .l' 0 -351.17

ODoOOoooooooooSeoooEseEooo QD4
s s s e e s s e e s s e e e s e e s s s

OoOooooooooDoOooooQ|se4d

=

s s s s e s s e e s s e s s s s s s [ e e
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Table 23: The differe

=

)ected profit in June 2009

s I s [ e e s s R e s s s e s s s e s s I s

0 0
[ [
[ [
0 0
[ [
[ [
0 0
[ [
[ [
[ [
[ [
0 0
[ [
[ [
0 0
[ 1
0 0
[ [
[ [
34225 ]

460 470 480 490 500
0 ] -683.20 [] 0 0
i -970.90 -750.12 [] 0 0
I 1 1 a O I
O 0 0 o o O
1 a a 1 -316.89 [l
O a0 1] o 1] O
O 0 0 o o O
I 1 1 a O I
O a0 1] o 1] O
I 1 1 a a I
I 1 1 a O I
-312.61 -164.54 [] 0 0
-129.50 [ 0 0 0
a O 1l 1 0
o o o o -16237  -108 -91.29 [] 0 0 0
al a 1 1 0
O o 1 1 0
a 0 1 1 0
I] I] a 0 1l 1
-90.95 [] 0 1 0 0
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ammmm UAIINYA Y

78



Table 24:

DATE 210 220 230 240 250 260 270 80 340 350 360 370
4 NaN NaN NaN NaN NaN 133.15 136.15 4134.85 0.00 5.50E-10 5.50E-10  5.50E-10
8 NaN  NaN NaN NaN NaN NaN NaN 13 9.85 0.00 2.06E-10  2.06E-10
9 NaN  NaN NaN NaN NaN NaN NaN 22.96 3.23 0.00 8.96E-11
11 NaN NaN NaN NaN NaN NaN NaN Nal 23.02 2.43  3.89E-11  3.89E-11
12 NaN NaN NaN NaN NaN NaN NaN ‘ 9.70 0.00 3.96E-11  3.96E-11
15 NaN NaN NaN NaN NaN NaN NaN a dnia ‘ 19.08 54.38 20.03 1.79 1.52E-11  1.52E-11
16 NaN NaN NaN NaN NaN NaN NaN | 56.42 22.24 3.06 0.00 4.17E-12
17 NaN NaN NaN NaN NaN NaN NaN 56.71 20.86 1.86 9.90E-12  9.90E-12
18 NaN NaN NaN NaN NaN NaN NaN 56.33 21.13 1.92 3.29E-12  3.29E-12
19 NaN NaN NaN NaN NaN NaN NaN NaN : 32.34 3.57 2.86E-12 2.86E-12  2.86E-12
22 NaN NaN NaN NaN NaN NaN NaN NaN ‘ 40.40 4.66E-12 4.66E-12 4.66E-12 NaN NaN
23 NaN NaN NaN NaN NaN NaN NaN : \ J. 43.03 1.83E-12 1.83E-12 1.83E-12 NaN NaN
24 NaN NaN NaN NaN NaN NaN N -1 11E 1.11E-12 1.11E-12 NaN NaN
25 NaN NaN NaN NaN NaN NaN 2.96 3.71E 3.71E-13 NaN NaN NaN
26 NaN NaN NaN NaN NaN NaN 4, é 3.57E-13 NaN NaN NaN

[
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Table 25: Total tran
" ._ ]

March trading

\E
. RIKEPRICE(K)

PATE 230 240 250260270 003 310 320 330 340 350
2 NaN NaN N _an 7 10.69 NaN NaN
3 NaN Na 9.82 NaN NaN
4 NaN NaN 9.40 NaN NaN
5 NaN Na 8.83 NaN NaN
6 NaN NaN 19.13 NaN NaN
9 NaN NaN NaN NaN NaN
10 NaN Na NaN NaN  NaN
11 NaN NaN NaN NaN  NaN
12 NaN NaN 37.56 NaN NaN NaN
13 NaN NaN 35.82 NaN NaN NaN
16 NaN NaN 36.85 NaN NaN NaN
17 NaN NaN 30.37 NaN NaN  NaN
18 NaN NaN NaN ‘ ) : 24.25 NaN NaN NaN
19 NaN NaN NaN NaN 3 an N ‘NaN  NaN 23.50 NaN NaN NaN
20 NaN : J 1253 NaN  NaN NaN
23 NaN \ NaN NaN  NaN
24 NaN ‘NaN: NaN NaN NaN N - NaN—— 115 NaN NaN NaN
25 NaN Ne NaN NaN NaN
26 NaN I f'l aN  NaN  NaN NaN
27 NaN NaN aN NaN NaN Nal \aN" Nal 35.97 = NaN NaN NaN NaN
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Table 26: n June trading
DATE

350 360 370 460 470 480 490 500
1 NaN NaN NaN NaN 89 NaN NaN NaN
2 NaN NaN NaN 108.62 79 NaN NaN NaN
3 NaN NaN NaN NaN NaN NaN NaN NaN
4 NaN NaN NaN NaN NaN NaN NaN NaN
5 NaN NaN NaN NaN NaN NaN 31 NaN
8 NaN NaN NaN NaN NaN NaN NaN NaN
9 NaN NaN NaN NaN NaN NaN NaN NaN
10 NaN NaN NaN NaN NaN NaN NaN NaN
11 NaN NaN NaN NaN NaN NaN NaN NaN
12 NaN NaN NaN NaN NaN NaN NaN 12
15 NaN NaN NaN NaN NaN NaN NaN NaN
16 NaN NaN NaN 26.78 9.3 NaN NaN NaN
17 NaN NaN NaN ) 590 NaN NaN NaN NaN
18 NaN NaN NaN . l——'"""— NaN NaN NaN NaN NaN
19 NaN NaN NaN Nam;wﬁ(.@d& - 0.14 NaN NaN NaN NaN
22 NaN NaN NaN 3 NaN NaN NaN NaN NaN
23 NaN NaN NaN NaN NaN NaN NaN NaN
24 NaN NaN NaN NaN NaN NaN NaN NaN
25 NaN NaN NaN NaN NaN NaN NaN NaN
26 NaN NaN 78.30 NaN NaN NaN NaN NaN

ﬂ‘lJEJ’J‘VIEm‘ﬁW?J']ﬂ‘i
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Table 27: T¢

DATE .
210 220 230 240 250 260 270
4 NaN NaN NaN NaN NaN 206.58 214.83
8 NaN NaN NaN NaN NaN NaN '
9 NaN NaN  NaN NaN NaN NaN
11 NaN NaN NaN NaN NaN NaN
12 NaN  NaN NaN  NaN NaN NaN
15 NaN NaN NaN NaN NaN NaN
16 NaN NaN NaN NaN NaN NaN
17 NaN NaN NaN NaN NaN NaN
18 NaN NaN NaN NaN NaN NaN
19 NaN NaN NaN  NaN NaN NaN
22 NaN NaN NaN NaN NaN NaN
23 NaN NaN NaN NaN NaN NaN NaN
24 NaN  NaN NaN  NaN NaN NaN NaN
25 NaN NaN NaN NaN NaN NaN NaN
26  NaN NaN NaN NaN NaN NaN

1 December

330 340 350 360 370

21.37 0.00 9.41E-10 9.41E-10 9.41E-10

82.89 16.74 0.00 3.89E-10  3.89E-10

109.50 36.70 4.73 0.00 1.97E-10

120.58 38.20 3.57 6.17E-11 6.17E-11

80.96 16.26 0.00 5.82E-11 5.82E-11

103.81 31.48 258 2.23E-11  2.23E-11

107.86 35.25 4.39 0.00 6.44E-12

106.30 32.99 2.66 1.46E-11 1.46E-11

99.70 33.32 2.74 4.85E-12  4.85E-12

61.14 7.83 6.05E-12  6.05E-12  6.05E-12
7.11E-12  7.11E-12 7.11E-12 NaN NaN
63.05 2.68E-12 2.68E-12 2.68E-12 NaN NaN
21.94 1.61E-12 1.61E-12 1.61E-12 NaN NaN
18.86 5.39E-13  5.39E-13 NaN NaN NaN
5.18E-13 5.18E-13 5.18E-13 NaN NaN NaN

g

| 1
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Table 28

|

\‘\Q-d” 7 .v_ 0

DATE
230
2 NaN
3 NaN
4 NaN
5 NaN
6 NaN
9 NaN
10 NaN
11 NaN
12 NaN NaN
13 NaN NaN
16 NaN NaN
17 NaN NaN
18 NaN NaN
19 NaN NaN
20 NaN
23 NaN
24 NaN
25 NaN
26 NaN
27 NaN

5 in March

RIKEPRICE(K)

sy
651"

i
al

NaN aN
aN

‘NaN NaN
NaN

NaN NaN

330 340 350
18.40 NaN NaN
18.71 NaN NaN
17.93 NaN NaN
21.59 NaN NaN
30.34 NaN NaN
NaN NaN NaN
NaN NaN NaN
53.75 NaN NaN NaN
61.18 NaN NaN NaN
57.35 NaN NaN NaN
55.61 NaN NaN NaN
45.85 NaN NaN NaN
43.16 NaN NaN NaN
34.66 NaN NaN NaN
18.47 NaN NaN NaN
NaN NaN NaN
NaN NaN NaN
NaN NaN NaN
NaN NaN NaN
NaN NaN NaN

ﬂ‘HEI’ZI‘VIEWl‘ﬁWEJ\’lﬂ‘i
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s in June

DATE

350 360 370 450 460 470 480 490 500

1 NaN NaN NaN NaN 101 NaN NaN NaN
2 NaN NaN NaN 2.78 121.50 87 NaN NaN NaN
3 NaN NaN NaN NaN NaN NaN NaN NaN
4 NaN NaN NaN NaN NaN NaN NaN NaN
5 NaN NaN NaN NaN NaN NaN 37 NaN
8 NaN NaN NaN NaN NaN NaN NaN NaN
9 NaN NaN NaN NaN NaN NaN NaN NaN
10 NaN NaN NaN NaN NaN NaN NaN NaN
11 NaN NaN NaN NaN NaN NaN NaN NaN
12 NaN NaN NaN \ NaN NaN NaN NaN 12
15 NaN NaN NaN NaN NaN NaN NaN NaN NaN
16 NaN NaN NaN NaN 29.49 10 NaN NaN NaN
17 NaN NaN NaN aN 38.38 6.65 NaN NaN NaN NaN
18 NaN NaN NaN 21.59 0.00 NaN NaN NaN NaN NaN
19 NaN NaN NaN 60.4758 20.23 0.16 NaN NaN NaN NaN
22 NaN NaN NaN NaN NaN NaN NaN NaN
23 NaN NaN NaN NaN NaN NaN NaN NaN
24 NaN NaN NaN NaN NaN NaN NaN NaN
25 NaN NaN NaN . NaN NaN NaN NaN NaN NaN
26 NaN NaN 84.21 NaN aN Nal 48E-13 _' aN NaN NaN NaN NaN NaN
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APPENDIX G

Figure 54: Total transaction costs in December with strike price=310
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Figure 56:

Total transaction costs in June with strike price=460
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Figure 57: Total lig strike price=310
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Figure 58: Total liquidity costs in March with strike price=330
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APPENDIX H

Main binomial tree option pricing code

function [TotalPrice,ff,yy,xx] =
MainBT_CRR(alpha,theta,sigma,stri

e, input,N)

[row, column] = size(input)
rowkK = size(strike,1);

for i=1:row-1 .

SO = input(i,l)s
display(["current
numPeriods = ra@
for j=1l:rowK

Tree = T

[f.y.x] =
Minimization_arbi

{i.j}=f;
xXx{i, J=x;"
TotalPrice(i,
end

end

L

\Z

1
’
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Multi-periods of binomial tree construction code

function Tree = TreeGeneration_CRR(SO,numPeriods,sigma,N)

Tree(1,1) = SO;
dt = 1/(N*260);

up = exp(sigma*sqrt(dt));
down = exp(- sigma*sqrt(dt

for 1=2:numPeriods*N+1
power = i-1;

for j=1:i
Tree(j,1) _
power = power
end .
end

end

AUEAINENTNEINS
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Minimization of super replicating portfolio code

function [f,y,x] = Minimization_arbitrage_jik(Tree,alpha,theta,strike,N)
% y: money market account

% x: number of shares of underlying

% f: call price

totalLevel = size(Tree,2); % totalLevel = m*N+1 , m = number of days(eg.
50days*15steps/day = 750steps)

%options = optimset("TolCon®,1e-006);

%options = optimset("display”, “off", "TolFun*;10"(-6), "TolX",10"(-6));

options = optimset("display®, off");

for i=totallLevel-N:-N:1"% T = i"th stage in the tree (column), N =
freqency per day

currentPrice = _(free(a,1))7;

futurePrice = (Tree(:,i+t\N))";

node = i; % nede represents the number of nodes at the current
treeileyel

for j=l:node %'J =/3"'th scenariq;at stage 1 (row)

e

S = currentPrice(j); - n
Sfuture = futurgPrice(q:J+N);

if j:: o y

= [0:47: o
else vl

= [z(1);:z(D}: =Tl
end s
clear z; —"

if(i==totallLevel-N) i,
%X = fmlncon(@myfun x0,A,b Aeq beq,lb ub,@mycon);
[z,fval]l = fmincon(@(z) MinFunction(z,S).zO0,[1.[1.L1.01.,
[1.11.@(z) Constraintli(z,.Sfuture alpha,theta,strike,SvI\),options);
elseif (i==1)
xfuture = x(:jJ+N,i+N);
yfuture = y(J:J+N,i1+N);
[z,fval,exitFlag,output] = fmincon(@(z) -
MinFunctionl(z,S,alpha,theta),z0,[1.[1.[1.01. [1.[1.0(2)
Constraint(z,yfuture, xfuture,Sfuture,alpha, theta,S,N),options);

else
xfuture.= X{j:J+N,i+N)j;
yfuture = y(@:j+N,i+N);
[z, fval,exitflag,output] = fmincon(@(z)

MinFunction(z,S),z0, [, [1-[1.0[1, E1.[}.@(=)
Constraint(z,yifuture ,xfuture,Sfuture, alpha, theta,S,N),options);

end

ya.i) = z(@);
x(d,.1) = z(2);
fg.,i) = fval;

end
end

end



function ¥ = MinFunction(z,S)
f =2z(Q) + (z(2)*S); %z(1) = yt, z(2) = xt
end

function ¥ = MinFunctionl(z,S,alpha
if theta > 0

f=2z@) + (z(@2)*S) +
else

f=z()
end
end

for k = 1:N+1
if theta > 0

(theta*Sfuture( ' 2)*Sfuture(k));

else
(alpha*Sfuture(k future (k) -z \ 2(2)*sfuture(k)):

c(N+2) = -z(D)
ceq = [1;
end
end

function [c,ceq]= Constrai
for k = 1:N+1 /
if theta > 0

a,theta,strike,S,N)

c(k) = (200*max(0 *”W'.r : *_ ~(alpha*Sfuture(k)*((0-
2())™2)) + (theta*Sfutireck)™ ¢z ; 1) +
(z(2)*Sfuture( W .

else

c(k) = 'g
z(2))"2))) - (z
end

= uture(k)*((o‘
c(N+2) = ‘Z( )
ceq = [1;

(i
# Augangningins
ARIAINTUURIINYIAY

(z(2)*S);
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Arbitrage trading strategy code

function

[xnewAll,LcostAll,TcostAll,DiffALl,yAll ,profitAll,TotalLcostAll,TotalTco
stAll,TotalDiffALl] =

Main_Test_newnew(yOall,xall,theta,strikeall, inputall,N,optionTcost)

%Tree = a multiperiod binomia
%y0 = revenue from selllng,
xnewAll = {};
LcostAll = {};
TcostAll = {};
DiffAll = {};

yAll = {};
profitAll = {};
TotalLcostAll= [];
TotalTcostAll= [1;
TotalDiffAIl = [

Numdate = size(in
NumK = size(strikeal

TOt LCo
o

else . i‘,
X =

ﬁEBI{l date,
stri = strlkeall(l _K);
input -tnputall(l date:end, )

EREINENININT
AR WAN TN AN

numPeriods = T-1;

Tree = TreeGeneration_jik(S0,numPeriods,N);
ModelPrice = Tree;

MktPrice = (input(:,1));

BidPrice 100*(input(:,2));

AskPrice = 100*(input(:,3));

TDEX = 100*(input(:,4));



end

93

for j=1:T % i = column , T = maturity date, liquidate stock
so that xnew = 0 on maturity date

node = 1+N*(j-1);

if g==1) % at the First trading day

‘ -‘L“ ng more stock
\\ )*AskPrice(J);

\k AskPrice(j);
A tock

elt *BidPrice(j);
))'A dPrice(J);

Price(j))*abs(deltax(j));
J ‘)' s

\"_
ou Iowm - Tcost(j);

é/(]) = y(g-1)+ |nflow(J) - outflow(j) - Tcost(j):
end

ALEANNINGINT
AN

OptionPayoff = 200*max(0,MktPrice(T)-strike)
profit = yEnd - Opt nPayoff - optio nTcost;

BEEEMID8 Y



xnewAll{i_date,i_K} = xnew;
TotalLcostAll(i_date,i_K)= TotallLcost;
TotalTcostAll(i_date,i_K)= TotalTcost;
TotalDiffAll(i_date,i_K) = TotalDiff;
LcostAll{i_date,i_K} = Lcost;
TcostAll{i_date,i_K} = Tcost;
DiffAll{i_date,i_K} = Diff;
yAll{i_date,i_K} = y;
profitAll1{i_date,i

end
end
end

AUEAINENTNEINS
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