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ABSTRACT

The pricing problem of financial products is an important issue to the researchers. For this reason, this paper
proposed a novel pricing model to new financial products based on the game theory. The experimental results
suggest that this model is feasible and correct.
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INTRODUCTION

In 1880, the first composite structured investmestticle was born and since then, structured firsrmioducts
have gone into public eyes. One of the most importgpes is equity-linked notes, also called egiitged
structured products in this paper. Modern structypeducts are dated from 1970s to 1980s and grplogively
during 1990s. With the constant development of cétimed financial products, theoretical researches o
equity-linked structured products are being cardedn many countries.

Chen classified SPIN (standard poor’s 500 in. dexate) products into bonds and European call optand then
respectively employed standard bonds pricing modaeald Black-Scholes option pricing formula to makes
researches on pricing and hedging [1]. His instamadysis shows that price of this product in Arani market has
been overvalued. Chen classified MICD products icati options and put options two kinds through umiag
yielding award function and investment portfoligpgang and made pricing and hedging researches$ijg]instance
analysis shows that price of this product in Amemianarket has been overvalued. Carlin [3] has obétathe
relation between pricing and complexity throughethphase and four-phase complex pricing game motthelse
are differences in pricing even products are ofsén@e quality. The more complex products are, itjieeln the price
is. Price of products will not go to the marginakteven if large amounts of corporations take pararketing.
Brian [4] and Stoimenov [5] have also noted thevabmentioned relations. In their opinions, prodpdting is
usually higher than their theoretical value anddpigis are generally over-priced and highly compdidaPricing of
market makers is beneficial to them but usuallyiateg from the theoretical value and their pricmgchanism is
often confidential from investors, so private inees can hardly estimate true value of the prodiwd to its
complex design. Brown [6] also made analysis orhthaevy deviation of warrants pricing in Australimarket.

Mallier [7] used the Vasicek model to calculate the-free interest rate and made pricing on eglityed notes
respectively based on bonds and options from tigeaf investors through Green’s function. Durihgit research,
they discounted bonds and options with the sam@orarinterest rate in order to avoid the influenteterest rate
on option value. The research shows that the optide depends on the random interest rate andttiod price
index and obeys the partial differential equatiéthe Vasicek model. Martin [8] explored the prigirationality of

the most successful product in Swiss market - thdtifasset convertible bonds embed with barriericopst -

through the value-based multi-branch tree mod€ltegn and found that the prices of the most popl8&rproducts
in 2007 are higher than their theoretical value8 6. His analysis shows that, high prices arated with bonds,
and investors usually over-value the price of figle bonds and underestimate the vale of risk misgduwhich has
explained why it is so important to release thigdoict. Carole [9] analyzed two kinds of equalitykiéd products
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based on Black-Scholes framework through benefirdviunctions and the risk-neutral preferentialiagstion. He
proposed that the reason for the phenomenon thastors show more interests in complicated, ovieedrand
high-commission products is that they have overailihe probability of high rewards of complex proigu

Deng [10] made pricing and hedging researches ensfiread option products of basket risk assetaughro
expanding Kirt approximation method and second-ofm®indary approximation method. The instance aimly
shows that the two methods are fairly accuratetaedatter are better. Generally speaking, researoh structured
products at abroad mainly focus on product priciexploring the pricing model selection on a micewdl, the
relation between the design complexity and theipgicthe heavy deviation of product prices fromirthieeoretical
value and reasons for pricing deviation.

ANALYSISVIA GAME THEORY

In the problem of game between companies and castrmlayers are financial companies and customarso a

financial company, the set of feasible solutionthis set of prices from the acceptable minimumaiist price to

the full price. As to a customer, the feasible sohs are purchasing the new financial productu$tomers have
purchased the new financial products, financial ganes will obtain revenues in the product pricéic&

customers may select other financial productsr tieeienues are the difference between the tota$.cos

All players and sets of feasible solutions for @llhyers and their revenues are common informatioplayers.
During the financial product presale process, lfirthe company will make decisions on the presaleep then
customers will decide whether to buy the finanpiaduct or not according to the given price, ss firoblem is a
complete information dynamic game.

Player 1 is financial company and player 2 is custio Supposé (i =1,2,--)is feasible solution of the financial

companyl andV are functions about the pricfgaand respectively the revenlerefers to ACCEPT ani refers to
REFUSAL. The tree diagram for the dynamic gamé@as in Fig. 1.

Fig. 1. Thetree diagram for the dynamic game

In this tree diagram, any sub-tree formed by nodewlards the right will form a sub-game with onliayer 2.
Obviously, player 2 is rational and his decisiopel®ds on the value of the second component in dhenfhesis,
namely the optimal decision of player 2 is

Y, V>0,
{ )

N V<O0.

Whether player 1 will obtain the revenue or notetegs on the decision of player 2. The game betwesipanies
and customers is a non-antagonistic cooperativeegamd players will try their best to obtain the tm@venue. As
to airline, the best result is that his reveduis as big as possible on the basis ¥hat0. Therefore, the optimal

decisionf " of player 1 should satisfy

U(f7)=maxQ (f)),V (" )>0 2

In this dynamic game, player 1 acts first and thiayer 2 makes decisions according to the decisigiayer 1, so
any player should take measures to form the sitnéfi',Y), or, they will suffer loss. The situatioh,Y)is
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actually the Nash Equilibrium of this dynamic game.

NOVEL PRICING MODEL
Based on the above analysis, we know that thefgbemptimal financial products during the pregadgiod is the
Nash Equilibrium of the airline:

£ =(f, ) 3

When the number of customers is bigger than 1 @ ¢éiane node, the company’s decision will turnt®influence
on the number of customers which will book finahgeoducts. At this time, the original game willgtade to a
single game of financial company in which, compaviil control the number of customers in each tineda
through price control so as to maximize its revenue

Based on features of the new financial product, s#iferetize the presale period by day. Time dade<T is the

number of days from it begins to satkis the number of customers need in the same da, tie number of
customers booking new financial product befatays from it begins to sale is

K} =[F(ft*)k‘] (4)

Here -] refers to round down. Then the sale revenue ohfis company in the same day is

s =k f, (5

Due to the influence of many factors, there are pwssibilities as to customers that have bookedéwe financial
productk’ refers to the number of customers with No Show Huatked the financial product in thday and they

can get a refund|,. If stochastic No Show is considered during thespte process, a situation that the number of

customers may be larger than the nuntbeBuppose the loss (including refund and compemsataused by each
DB passenger i§ , then the total revenue function is

ist -kt i(kf, -k')-c<0
U(f*’kd’k”)z t:l T - T (6)
Y8 - (kg —k) -0 fy, X (kg —ky)-c>0

t=1

Since all variables are stochastic and the numb&tooShow customers is related with the number ust@mers
booking tickets, it is hard to get the revenue eigq@on through the above function. Since the réfiug has no
relations with the booking time and product holdpegiod of customers, namely that the probabilftiNo Show is
the same no matter how long the ticket has beemHhioand whenever it is bought. The function (6) ce&n
simplified as:

T T
> s -k, f,, EQ_kj)—k,—c<0
U(f" kg k)= = (7)

s - (EQK) -k, =0T, EQK) -k, —c>0

t=1

Here,E(+) refers to the expectation ofThe total revenue is composed of sale revexiand losd) ~, then the total
revenue expectation is
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E(U)=EU")-EU") ®

The number of customers that will buy the finangabduct at théday is regarded as the Poisson process (a
discrete Markov process in a continuous time sjatith the strengthi, , then

E(U")= E(Zst )=Z f EK) =
> [FODERY]= o

Y A [F(E)A].

t=1

No Show of customers obeys a binomial distribut®nppose No Show is an independent event and tipitity
that No Show happens on each customer is the panteen the mathematical expectation of the lossediy No

Show and DB is

B¢ . .
EUT)= Z(ﬂ- j=ofCip@-p,)" +
B

f.Cip@-p,Y ", (10)
j=p-c

A=Y [F(1)A]

t=1
In a word, the Nash Equilibrium of financial prodgcice problem can be solved through the optinozat
maxeE U (f,.f, ;- ,f;)).

St O fn o

f2f,22f.

(11)

In reality, the price control is expressed withesaV kinds of discounts, so the feasible regiothf optimization is
not continuous and this optimization problem bekng one with discrete feasible region for whicleréhare
multiple solving methods. For the convenience atdssion, the feasible region is regarded as amnis and
optimization functions in Matlab are used to sdalve model.

RESULTS

Pricing principles are generally the same once maeefunctions for products with multiple stock opis are
determined, so this paper only takes NO. 0809 mwiodfiYing Feng Financial Service in Shenzhen Coneiaé
Bank for example and studies its pricing methodlef®nt product specifications are as follows: Thigncial
product totally promises the safety of principak Vield is linked with six stocks listed in HongolRg Stock
Exchange.

The initial price of each linked stock is defineslthe closing price of the stock at the initial @tvation day. The
maturity price of each linked stock is definedlas tlosing price of the stock at the last obseovatiay.

Financial income calculation is as follows:

1) When the product is at maturity, respectivellcaiate the absolute value of the performance adksprice as to
six linked stocks. The calculation formula is
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: maturity stock price
absolute value of the performance of smglepkt% y P J\

initial stock price

The initial observation date is Jul. 23, 2007 drmrhaturity observation date is Jul. 18, 2008.

2) Multiply the minimal absolute value of the siRes by the participation rate and we can get i fiield rate of
the financial product. The detailed calculatiomfata is: yield rate of the financial product at oréty (Hong Kong
dollar)=50%x the minimal absolute value.

3) Terminate the product and redeem the principdliaterest.

According to the above-described yield calculatioethod, the total yield rate of this product is B84east and has

no ceiling. This product is a principal-protectédistured financial product linked with multiple derlying stock
portfolios, issued by Shenzhen Ping An Bank. Actwydo its specificationsi =0, F =1000,0 = 0., So the revenue

function can be represented with

F@+A) if §; =S, astoalli=12;-,6

HS)= F{1+5min

%—JH if §; #S, thereis certaind{ 1,2, n}

t

In order to release the relevance among produdtspaper adopts the maturity closing prices ohesiock during
the period from Jul. 1, 2005 to Jul. 1, 2007 assdm@ple data to evaluate the drift rate and flumnaate of stock
price.

Based on the above data, make one hundred simmdatio the maturity value of each stock price, dateuthe
revenue functions respectively and we get the yéejokectation 1 022. 886 356 yuan, so this prodasthe priced
as

C, =€°%%x1022.886 356 982.385131ydian

Therefore, the theoretical price of the productustidoe 989.3851 (round to four decimal places) yWsde can see
that, this product is priced high actually and atfual yield rate will be lower than the expectaew avhich is
actually on the high side compared with the riskestors should take. Actually, the yield rate foistproduct at
maturity is only 0.974%.

CONCLUSION

The key to pricing multi-asset principal-protecteglity-linked products lies on the maturity reveriuection for
the product. Once the revenue function is deterdhidonte Carlo Simulation can be used to simulde t
underlying asset price and finally we obtain theduct price. Therefore, Monte Carlo Simulationasly practical,
convenient and flexible as to pricing products ddkvith multiple but not too many underlying asseiswever, the
pricing study in this paper is based on ratherroge assumptions, namely a perfect market, but wistirrent
markets are not perfect ones which will challenge &pplicability of the product pricing. Thereforfeyther
researches can be made on pricing principal-pmdeetuity-linked products based on multi-assetootion an
imperfect market.
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