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ABSTRACT

The aim of this study is to improve Poisson distribution for the approximation of a
generalized binomial distribution and to combine the improved Poisson distribution with
financial terms for the purpose of evaluating a European call and put option. It was found
that the improved Poisson approximates generalized binomial when o €[0,1],
approximates generalized binomial sufficient enough when n,ﬁ and a =0 and also
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1.INTRODUCTION

The improvement of distributions has become popular; this is because some of the existing distribution is not sufficient
enough to approach real life problems or for modeling of real data set. Evaluating the value of an option has also become popular
because the financial market have improved considerably, thus people can invest using various strategies or instrument to either
reduce the risk of trading or investing and also to maximizes profit. The generalized binomial in this study was first presented by
Dwass [6] in 1979.This distribution depends on four parameters A, B,n and «, where A and B are positive, n is a positive integer
and « is an arbitrary real number. The details of the distribution can found in[6] .Dwass [6] gave its probability function of the
form

_(n\ A4-a)...A-(x-1)(B(B~a)....B—(n—x-1)a)
Px(x) _( ) (A+B)(A+B-a).....A+B—(n—-1)a) @
A(X)B(n X)
= () mpmx=01...n @)
And the mean and variance of are A = DA and 0% = M respectively.
A+B (A+B)2(A+B-a)

A
The Poisson probability function with A = ﬁ can be used to approximate the generalized binomial probability function, if n

and A are small, approximate sufficiently enough if the bound obtained is small.
In view of that Wongkansam et al[15] gave a uniform bound on Poisson approximation to generalized binomial distribution

as follows;
B(n-1)a+A(A+B-a)
(A+B)(A+B-a) (3)

|ern PX(x) - ZxE.Q pll < (1 - e—A)

nA

Where C {0, .1}, 90, (x) 2 | A = ——and A = (n — 1)(~a), when @ < 0
Jaioun et al[8] improved Poisson for the approximation of binomial distribution as

A A2 1
np(x) e n(;_ﬁ>{ x(x 1)+0 _2 } (4)
In this work we our interest is to improved Poisson probability function &, (x) Wlth mean A = — for approximating a
generalized binomial probability function and criterion for the accuracy in of the form;
|Zxea Px(x0) = Zxea ®7(x0)|, ¥ %0 € N U {0} (®)

If @ ={xo}, where x,€ {0, ....n}, then we have | Pyx(xo) — P3(xo)|-
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And we are also interested in a particular type of derivative of security considered in Osu et al [2] and Samson Egege at el
[11], and a particular CRR binomial model proposed by Chandra et al [4] Most recently models for evaluating option price are

Coy = 20D e (A+B)(n) S Max[u*d"S) - K, 0] (6)
Where (1.4) can be also express as of the form
Coy = = Z3=0(3) W Ce (). U]
Where ¢,(x) = Max[u"d" *Swo) — K, 0] R is the interest rate, 4 and B _ are the neutral probability ,u and d is the rate
A+B A+B
at which the price move up and down respectively and k is the strike price.
) Cless) ®
— n ¥+b 7+b
Co = i () B
F+b ' F+b
Wherec,(x) = max[uxd"_xS(o) - K],(l + r)is the Oduro et al [8] gave binomial model for a two-step binomial as
f= e 2P fu +2p(L = P)fug + (1 = p)*faal- ©)
With payoff = [0, $; — K] and neutral probability p= e’—d
u—d
Nyustern[1] gave a Block —Sholes model written as a function of five variables S, K, T, r and ¢2 as
C = SN(d,) — ke "N(d,), (10)
Where In(§)+(r+ﬁ)t , where S is current value of the underlying asset ,K is the strike price of the option, t is the life to
2

d1 = K
oVt
expiration of the option , r is the riskless interest rate corresponding to the life of the option and o2 is the variance in the
In(value)of the underlying asset
Chandra et al [4] developed CRR binomial model for the case of two period of the form

- - - \2
Coy = €™ [p2Cuy + 25(1-B) Cua + (1-B) Cud (1)
o - - o\ 2
Py = € [52Puy + 2B(15)Pug + (1) Pad] (12)
With neutral probability\p, _ emha,
u—-d
Instead in our case, we generated a model by equipping an improved Poisson with financial terms of the form
axx0 5 BN (13)
erat o Zano ( ) %o € (m) fSCN)
and
Ao B 14
P= Lo (et et () 500 =
For the call and put options with fS(N) the payoff and  —m4
B
The proposed model and the improved distribution applied in finance is of the form
AXo B N ~ (15)
C= rAt >N, (XO) el — et (ﬁ) max [u"odN %03 0y, -k, O]
This work seek to approach the problem of option pricing contained in Chandra et al [4]

2.METHOD
The Generalized Binomial distribution in this study was first presented by Dwass [6] (1979). It is a discrete distribution that
depends on four parameters A, B, n and a , where A and B are positive , n is a positive integer and ¢ is an arbitrary real number
,satisfying (n-1) < A + B And Tereapabolarn [13] gave Dwass identity of the form ® — x (X_a) _____ (x-(i-l)a) .
Corollary 2.1
Let X be the generalized Binomial random variable. Then foIIowing Terepabolan [13] ,its probability function is of the form
Pe(x) = (1) A e B(B0). (b (rx 1)) oG )AooB(n 0 N (16)

(A+B)(A+B-a)......(A+B-(n-1)a) (a+B)™ X

Special Cases

i. If o= 0, itreduces to Binomial distribution with parameters n and _4_
A+B
ii. If o < 0 the result of (1.7) is polya distribution with parameters A, B, nand a.

iii.If a > 0 it reduces to hypergeometric distribution with parameters A, B,n and a and , some integers 4 and B

a a
Where if « = 0, the generalized binomial reduces binomial distribution with parameters,A, Band . And its probability

function is given as
x X . 17)
Reo = (1)) Gs)

Where if o < 0, the generalized binomial reduces to Polya distribution with probability function of the form.

A B
Eﬂo_l Eﬂl-xo-l .
X0 n-xg
Py (xo) = A B

“+=+n-1
- -

n

Where if o > 0, it reduces to hyper geometric distribution with probability function
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<§>( 3 ) (18)
Py(xo) = (—“;
This can be easily proved.
2.1 ASSUMPTIONS FOR THE PROPOSED MODEL
In what follows, we assume the following:
1. The initial values of the stock is S,

2. At the end of the period , the price is either going up or down by a fixed factor |; — govat or go down by a factor g — -ovat

3. The price of an option is dependent on the following

a) The strike price K

b)The expire time T

c) The risk free rate r

d) The underlying price S,

e)Volatility o

4. govit 5 grat 5 g-oVAt 5

5. The stock pays no dividends

6. The continuous compounded interest rate r such that B(0, T) =erat
7. The length of each period At can be positive number

8.From market data for stock price one can estimate the stock price volatility ¢ per one time unit.(typically one year)
9. Set N=—

2.2 OPTION PRICING PARAMETERS

1. The current stock priceS,, : which is the prevailing market price of the stock at expiration

2. The strike priceK: which is the predetermined price at which the holder will exercised right.

3. The time to expirationT : which is the time duration the holder has to exercise right.

4.The risk-free interest rate r:which is the rate of investment on the stock

5. The volatility of the stock price ¢: which measures the uncertainty of movement in the market

Change in the above parameters affects the price of the option discussed in Osu et at [2] and oduro [10]
Lemma 2.1: Let x € N u {0} for n > 0 (Dongping Hu et at {5]);

1 1 i, (1)? x(x 1H+0 (19)
s o (1 5+ () + ) T15E)
Proof
In this work we show that lemma2.1 hold by mathematical induction
For x=1

1

() I (1 +-+ (ﬁ)z + o )z 1400 1 (5)=1

= 1 o (2)

1-[10
ey (5o (@) ()
— 14 k+k(k1) k(k1)k+o(i)_o(i)_5
n 2n n n? n

_1+:+k(k1) kz(k1)+0( )0_
1+k+k(k1)+o( ) 1+2k+k k+0(i)

Let x = k € N such that

Thusfor x =k + 1

rl2
_ 14 KD k(k+1> 40 ( ) (20)
For x = k + 1 we obtain
_1+x(x1)+0( ) (21)
Lemma 2.2 For | = 1 — qovat, arisk free interest rate e2'=ert for two period and & et g-ovAt  holds
3 A _

A+B ~ eoVAt_g-oVAt

If rAt_,-ovVAt

Z]?:lL =1

e0VAt_g-oVAt

Lemma 2.3: If govat 5, grat 5, o0Vt -,  and no arbitrary principle exist thus the following holds
1. Ei(sz)z leAtSO

A+B
2. ( ert ooVt where j=1,2,..n

e0VAt_g-oVAt ]_ >0
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3.MAIN RESULTS

In what follows we state;

Theorem 3.1: For x, € NuU {0} and 3 — N then we have
B

—~ 1
Gbd(A, B,N,@) = &) +0 (=) (22)
and for o — o N, L large Gbd(A,B,n) = {,(x,) Where — B\V 1 1
= J—— —_— 0 -
#i(x0) = ;e (A+B) 1+X0(’2€g—1) (NZ)
Proof
Forx, =0, B\N 1
h 0 Gbd(A,B,N,a) = (m) = %,(0) +o(ﬁ)
Thus
A(A-a)....A—(x9—1)(B(B-a)....B—(N-x9—1)a) (23)
Gbd(4,B,n,a) = ( ) (A+B)(A+B-q).....A+B—(N-1)a)
_ A(x0) p(N—xq)
- (xo A+B)M
_ (N (Nai8\ (B \N (B \*0
= () () (35) ()
N
- (M) (NA/A+B)"° (z2p)
- X0 N B \X0
)"
- (N)<~A/A+B>"° (ziz)
X0 N <N /A+B)
— x A4 \*0
) () Gt
X0 N%0 A+B N0 ilB)"O
N N* A *o B N
— A+B
= (%) ”“’m(rl) )
A+B
_ e~ %0t ( B )N (24)
= Tlxy  N%o A+B
_ NN-D(N-2)...(N-x+1)(N-x)..(2)(1) e *2%0e? (L)N
T xo(xo-1)(x9—2)....(2)(1).(n-x0).(2)(1) N*0 \A+B
N(N=1)(N=2)......(N—x+1)e~41%0¢? (L)N = (1-3)(1-3)...... o P )
N"Oxol A+B A+B
xo-1(y _ L) (_B_ N —lme N 1 by lemma 2.1
H ( N) (A+B) ( ) e, e R ) 1__
We obtain
e_)‘lxe)‘(i)lv i (25)
2N
Fora =0 and B large Of1
N. =5 A+B g (NZ) -0
By corollary 1.1 we obtained Implies
e_)‘lxoel N. 2
_ g ars) (26)
Gbd(A,B,N) = P ey
14
With
EX) = and 2 ya2e2h (BN where  _ *o(xo-1) (27)
Ae (A+B) [O‘ +A)-Ave (A+B) ] a=1+———
I i LA | 2N

Var(X) = ae ( B )

a A+B a?
Equation (27) can be combine with financial terms to determine the call and put price of an option, provided the following is
satisfy

- on eAa%0er r g \N =1
Zx:O Cxl) N*0

A+B

I B \N

() >0

A+B
M. ; __8 __4

A+B ~ A+B

IV.N >0
V. 4 _ 4 andl_ A _q_ a

A+B ~ A+B A+B A+B

Theorem 3.2: let C and P be the value of a European derivation security whose payoff is (S(N)) then if

_ a2 i 1 A \2] exist implies e~2)xel and
C= et [(ﬁ) Cout 250= (1 52) Cua + (1 - 52=) ] R il (LA C10%)
1 —Alx A
P= alia T (i) F(s)
Where € and P the cost of call and put is is option respectively and f(S(N)) is the payoff. 4 and(1 _ i) is the neutral

A+B

£
¥
-

probabilities.
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Proof
Weshowthat =~ . [/ & A A X \?
C=et [(ﬁ) Cun + 2575 'ﬁ)cuﬁ(l'm)]
ForN=2wedefine , 2\ ,2\% /4 A iyand /i a2
(ﬁ)l - (m) '(ﬁ)z - ﬁ( _ﬁ) (m)g - (1_ﬁ)
Then
- 2 -
A A
E; = (v V> fuuS(2) +2<
Yy A+B A+

A A
§<1_Z+§)fuds(2)+(1_Z+—§>fdds(2)l
- (5 )Zc 2t (15 et (15 )Zc
- \A+ “w T A+B\" A+B) ™ ad

B A+B
i\, A A a
=C|lz—=| U +2—=%|(1-—=<|du+|1—-—c—=) d
A+ B A+ B A+B B
A aN T
=C |—<u+|(1—=——=]|d
A+ B A+B
E 5 = Ce™(27)
- - - m
Making € the subject we obtained
¥ ¥ - 5 \2 x x 5 \2
) fuusm+z,§+§<1-;ﬁ>fuds<z>+<1-$>fdds<z>]]= () 225 (12 ua (1) ca
_ by binomial expansion
c= e [fpu s (1-575)d] f(5@)
N
Ny A¥oBN~%0
c= e—rAtZ( )(v 5 f(s)
1 <o /N A"OBN %o o |
C= z< ) — Max [umd" S — K, 0
eTAtxzo X (2+§)(x0)(2+§)(n x0)
Where N e Nand x, € N

N

A <« N, =
1 Z (N) N 4. B A B
erst Xo A+B) \A+B

A
x=0
N i X0 5 \N
1 M (Y41 B (7
- e"“Z <x) N (i)xﬂ Max [u*d" =05 — K, 0]
x=0 A+B

(N) NZ/71+E’ : (74l

xo( A
1wy (N) N "(m) ( B )N o 20
erit =x=0 |\ xo N*0 A+B a

ﬁ] Max [u*d" "5, — K, 0]
v (55)

A\ -
N\ No[ == B

(o) | 25 (z T E) Max [u™d"™S ) - K, 0]
x=0 4B
NN =1(N=2)....(N —x + 1N —x)..(2)(1) mﬂ( B )"’
xO(xO - 1)(.X'0 - Z)

N
1
= rAtZ

-+ (2)(1).(n = x0)..(2)(1)

N* \A+B Max [u**d"™0S ) — K, 0]
= N
1 N INN-1(N-2)....N—x+1)e?2%( B 2
— — M XodN-xo§ . — K,0
eTAt szo Nx() xl a + B ax [u 0) ]

Ny e~42%0 _ (28)
ﬁ ro(0) N* (A+B) el [Max [uod"=*05 ) - K, 0]]
Where ) —™and x € (0 1 n)Put option follows exactly the same derivation as the call option (10) implies
B

A 3%, 29
erAt No(M)E Njoo (A+B) et [Max [ K — uXodV=%0§ g 0]] (29)
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4 NUMERICAL RESULTS
The following numerical examples are given to illustrate how well improved Poisson distribution can approximate

Samson O. Egegeet al./Elixir Appl. Math.121 (2018) 51509-51519

generalized binomial distribution.
Example4.1:Len =20,4 = 25,A+ B = 1000,4A = 0.512820513,14 = 0.5t

Table 4.1 .A Generalized Binomial distribution approximation of an improved Poisson distribution when a = 0.

% | GbdA,B,n) | p; 91| 16bd — ;] | |Gbd — ]
0 0.602687680 0.602687680 | 0.606530660 | 0.000000000 | 0.003842980
1 0.309070605 0.309070605 | 0.303265330 | 0.000000000 | 0.005805275
2 0.075286429 0.075474117 | 0.075816332 | 0.000188688 | 0.000529903
3 0.011582528 0.011779840 | 0.012636055 | 0.000197312 | 0.001053527
4 0.001262199 0.001335978 | 0.001579507 | 0.000073779 | 0.000317308
5 0.000103565 0.000118754 | 0.000157951 | 0.000015189 | 0.000054386
6 0.000006639 0.000008700 | 0.000013163 | 0.000002061 | 0.000006524
7 0.000000340 0.000000544 | 0.000000940 | 0.000000204 | 0.000000600
8 0.000000014 0.000000030 | 0.000000059 | 0.000000016 | 0.000000045

0.007

0.006

0.005

0.004 ® |Gbd- A |

0.003 Gbd-¢ X

. -
0.002 | oA
0.001
0 T T T T T T 1
01 2 3 45 6 7 8

Figure4.1.A graph |Gbd — ©;| against |Gbd — g, |.

Table 4.2. Generalized binomial distribution approximation of an improved Poisson when a = 1

Xo A B ) 55;1 £, (A B ) - (A B )
de(—,—,n,l 6bd (== n1) -5 | 16bd (2,2 n1) -
PP I PP 23l || P il
0 | 0.599719601 0.602687680 | 0.606530660 | 0.002968079 0.006811089
1 | 0.313660879 0.309070605 | 0.303265330 | 0.004590274 0.010395549
2 | 0.074727984 0.075475117 | 0.075816332 | 0.000747133 0.001088340
3 | 0.010764574 0.011779840 | 0.012636055 | 0.001015266 0.001871481
4 | 0.001049518 0.001335978 | 0.001579507 | 0.000286460 0.000529989
5 | 0.000073466 0.000118754 | 0.000157951 | 0.000045288 0.000084485
6 | 0.000003822 0.000008700 | 0.000013163 | 0.000004874 0.000009341
7 | 0.000000151 0000000544 | 0.000000940 | 0.000000393 0.000000789
8 | 0.000000005 0.000000030 | 0.000000059 | 0.000000025 0.000000054
0.016
0.014
0.012
0.01 B |Gbd(A/a,B/a,n,1)-
0.008 P\ |
0.006 ® |Gbd(A/a,B/a,n,1)-
y N
0.004 oA
0.002
0
0123 465¢6 7 8

i . A B ~ i A B
Figure 4.2: Agraphof|cpq (;,;,n, 1) — ;| 2gainst | 6bd (;,;,n, 1) ot
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Table 4.3. A generalized Binomial approximation of an improved Poisson distribution when ¢ = —1.

Xo A B ) 5232 o ( A B ) - ( A B )
de(—,—,—l Gbd|—,—,-1|— %5 | |Gbd|—,—,—1) —
P | o' “a x| | o’ —a £l

0 0.60559234 0.602687680 | 0.606530660 | 0.002905054 0.000937926
1 0.304624112 0.309070605 | 0.303265330 | 0.004446493 0.001358782
2 0.075772864 0.075475117 | 0.075816332 | 0.000297447 0.000043768
3 0.012374148 0.011779840 | 0.012636055 | 0.000594304 0.000261907
4 0.001485897 0.001335978 | 0.001579507 | 0.000149919 0.000093613
5 0.000139284 0.000118754 | 0.000157951 | 0.000020530 0.000018667
6 0.000010562 0.000008700 | 0.000013163 | 0.000001862 0.000002601
7 0.000000663 0.000000544 | 0.000000940 | 0.000000119 0.000000277
8 0.000000035 0.000000030 | 0.000000059 | 0.000000005 0.000000024

0.007

0.006

0.005 -

0,004 = | Gbd(A/(-0B/(-),-1)-

PN
0.003
H | Gbd(A/(-a),B/(-a),-
0.002 1)_80"_()\0"
0.001
0
0 1 2 3 4 5 6 7 8

Figure 4.3.A graph of | ¢cpq (%’%‘_1) —85;1‘|| against | zpd (_ia'_%'_l) ot
Example4.4 :Let , —30, 4=50 A+ B = 1000,A = "2 = 1.578947368 -2 = 0.05

B

A+B

Table 4.4.A generalized binomial approximation of an Improved Poisson when a = 0.

Xq Gbd(A,B,n) P 01 |Gbd — §, | |Gbd — $; |
2 0.255636738 0.258924431 | 0.251021450 | 0.000287693 | 0.007615308
3 0.127049626 0.128016864 | 0.125510715 | 0.000967238 | 0.001538911
4 0.045136051 0.046321892 | 0.047066518 | 0.001185841 | 0.001930467
5 0.012353025 0.013651691 | 0.014119955 | 0.000812144 | 0.001766930
6 0.002708997 0.003079572 | 0.003529989 | 0.000370575 | 0.000820992
7 0.000488841 0.000612918 | 0.000756426 | 0.000124077 | 0.000143508
8 0.000073969 0.000106371 | 0.000141830 | 0.000032402 | 0.000074875
0.009
| | -
0.008 [Gbd-9 A |
0.007 |
0.006
0.005
0.004
0.003
0.002
0.001
0 T T 1
2 3 4 5 6 7 8
Figure 4.4.A graph of | Gbd — §0,| against | Gbd — g,
Table 4.5.A generalized binomial approximation of an improved Poisson when o = —1.
%o de(_—a,_—a —1) [ #i |de(_%,_%,—1)—gzﬂ |de(_i“,%,—1)—5al|
2 | 0.254309554 0.258924431 0.251021430 0.004614766 0.007903388
3 | 0.126330560 0.128016864 0.125510715 0.001711264 0.002505049
4 | 0.046306810 0.046321820 0.047066518 0.000015010 0.000744698
5 | 0.013336158 0.013165169 0.014119955 0.000170989 0.000954786
6 | 0.003137785 0.003079572 0.003529981 0.000058213 0.000392196
7 | 0.000656938 0.0000612918 0.000756426 0.000044020 0.000143508
8 | 0.000104396 0.0000106371 0.00141830 0.000001975 0.000035459
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x| Gbd | HYd | P, | p; 22 |Gbd HYd P, 6bd [ [HYd — ;] | [Py — ;]
— il — @il — §il Zl
1 | 0.028632 | 0.007237 | X 0.028632 | 0.033690 | 0.000000 0.021395 X 0.005058 0.026453 X
2 | 0.077943 | 0.037993 | X 0.077974 | 0.084224 | 0.000031 0.039981 X 0.006281 0.046231 X
3 | 0.138565 | 0.113096 | X 0.138948 | 0.110480 | 0.000383 0.025851 X 0.001809 0.027277 X
4 | 0.180905 | 0.211413 | X 0.182644 | 0.175467 | 0.001739 0.028769 X 0.005457 0.035946 X
5 1 0.184926 | 0.259334 | X 0.189409 | 0.175467 | 0.004483 0.069925 X 0.009459 0.083866 X
6 | 0.154104 | 0.211413 | X 0.161888 | 0.104486 | 0.007784 0.022004 X 0.007881 0.065190 X
7 | 0.10728 0.11396 X 0.117625 | 0.104445 | 0.009997 0.004529 X 0.003179 0.008651 X
0.014
0.012
0.01
0.008 B || Gbd(A/(-a),B/(-at),-1)-
PN\
0.006 = | Gbd(A/(-0),B/(-a),-1)-
o (A)
0.004  _(N)
0.002
0
7 8
i A B ~ i A B
Figure 4.5.A graph of | (3’;’ _1) ~ Pzl against | Ghd (__a'__a, _1) — il
Table 4.6.A generalized binomial approximation of an improved Poisson when a = 1.
o de(g,g,n,l) o1 #a |de(g,g,n,1)—§51| |de(§,g,n,1)—5ol|
2 0.263162818 0.258924431 0.251021430 0.004238387 0.013448842
3 0.127732332 0.128016864 0.125510715 0.000284532 0.002506149
4 0.043856150 0.046321892 0.047066518 0.002465742 0.003209030
5 0.011340963 0.013165169 0.014119955 0.003209030 0.002778992
6 0.002296361 0.003079872 0.003529989 0.000783211 0.001233628
7 0.000373703 0.000612918 0.000756426 0.001233628 0.000382723
8 0.000049783 0.000106371 0.000141830 0.000056588 0.000092047

Example 4.5.Let ;, — 100,4=50, A+ B = 1000,A:;B =0.05,1=5.263157895-

WhereHYd = Gbd (ggn 1) ,Gbd = Gbd(A,B,n) P, = Gbd (_ia_% —1)andx = NO result

5.APPLICATION OF IMPROVED POISSON IN OPTION PRICING
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Figure 4.6: A graph of a generalized binomial approximation of an improved Poisson .

The following numerical results show how an proved Poisson approaches CRR binomial model, to validate the theoretical

results in comparison with CRR binomial model [4]
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Example 5.1

Suppose a non —dividend pay stock is selling at Rs100 and stock’s volatility is 24%. Assume that the continuously
compounded risk-free is 5% .A European call and put option is offered on this stock and time of maturity is 4years and strike
price Rs125. Calculate the prince of the options
Solution

1
So = Rs100, K = Rs125,T = 4yrs,r =0.05,0 = 0.24, u= E=1.4041,d=0.7122

~—=0.5680 z:;y =0.4320 and A = 2.6296 . fS(N) = max[u*d"~*S, — K, 0]
Cp = 72.1479 , Coy = 0,and Cgy = 0

By (16) .
1 Nyeao/ B \" _
€= ﬁ}.(x) N* <Zl+§) ¢’ [M“x [wod¥ 05, - K, 0]|

x=0
o
= 01 [2Ce26296 x BB 5 626298  (0.4320) X 0 + 2C; X e262% x

e32629 x (0.4320)% x 96.0664|= Rs21.056
For put price by (15)

(2.6296)*
21

(2.6296)2

e262% x (0.4320)2 X 0 + 2C, X e26296 x 222
2

fS(N) = Max[K — u*d"~*S,, 0]
P,,=0,P,; =25 ,and P,; = 74.2771
ByP= —=2N,(}) I:AOO (55 A+B)N et [Max | KewrodNxos g, 0” we obtained
C =Rs23.64
By CRR binomial model [4] for call price
C= e ™ p%Cyy + 2P(1 — P)Cpq + (1 — P)?Cyq] = Rs21.056

For Put price we have fS(N) = max[K — u*d"™*S,]
P, =0,P, =25and Py, = 74.2771

By CRR binomial model [4] for put price

e [P Cyy + 2P(1 — P)Cyq + (1 — P)*C4q] = R523.64
By CRR binomial model [4] for call price
C= e ™ Pp?Cypy +2P(1 —P)Cyuq + (1 — P)?*Cyq] = Rs21.056

For Put price we have fS(N) = max[K — u*d"™*S,]
P, =0,P,;=25and Py, = 74.2771
By CRR binomial model [4] for put price

e B2 Cyy + 2P(1 — P)Cug + (1 — P)*Cqq] = Rs23.64

Example 5.2

A non-dividend paying stock is currently selling at Rs100 with annual volatility 20% .Assume that the continuously
compound risk free interest rate is 5% . Find the price of European call option on this stock with a strike price of Rs 80 and time to
expiration 4 years .Using a two period CRR binomial option model and improved Poisson distribution model.
Solution
Given S, = 100,K=80,T = 4,r0.05,06 = 0.2, A— — =3.1706 .Then a fixed up factor and down factor u = eVt = 1,3269,

d—— 07536,vv‘06132andvv—03868

Now Payoff values f(sV) = Max [u*d"*S, — K, 0]
Cpu = 96.0664 , C,y = 20and Cgy = 0

By (14) for call price

rargN et o B AN N- -31706 ,, 3:1706)° 31706 2 -3.1706
C=eTatyN (525) Max [uxds,-K, 0] = 2Coe31706 x =202 x ¢31706 x (0.3868)% X 20 + 2C; x e™317%6 x

NX A+B

1

(3'127—1’6) x €3176 x (0.3868)2 x 20 + 2C, x e~31706 x 31796 ""6) x €31796 x (0.3868)% x 96.0664

C = e %1[45.6090] = Rs 41.27. Chandra[4] for call price. C(o) = e M PAC oy + 2P(1 — P)Cpq + (1 — P)2Ca4]

= e °1[(0.3760)(96.0664) + (0.4744)(20.00) + 0]

=Rs 41.27.
To calculate the put price is left as an exercise for the reader.
6.DISCUSSION

From example 4.1-4.7 (table4.1-table4.7) ,it is clear that an improved Poisson approximate generalized binomial more better
than Poisson distribution, when @ = 0 and a = 1. From figure 4.1-figure 4.7
If the blue or green dotted line graph is close to X axise it shows a good approximation. And a good approximation is obtained
when a@ = 0 anda = 1. The improved Poisson distribution in this study approximates more better than the improved Poisson
discussed in Teeraporlan et al [8] .From example 5.1-5.2, it was found that CRR binomial model discussed in Chandra[4] for
two period model of non-dividend paying stock of a European (call and put) gives exactly the same numerical results with an
improved Poisson distribution model , when equipped with financial terms, under the same conditions on its parameters.
7.CONCLUSION

The option pricing model for two periods of non- dividend paying was discussed in Chandra et al[4], Oduro et al [10] and
Rutkowoki [9]. This work is much interested in Chandra et al[4], Chandra et al [4] gave a two periods model by matching CRR
model with a multi-period binomial model. The applicability of the model in Chandra et al[4] works in good agreement with the
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proposed model. An improved Poisson with mean 4 = % was used to approximate a generalized binomial with parameters

AB,n and a . In view of the approximation, it shows that an improved Poisson distribution with the mean 1 = % can
approximates generalized binomial more better than Poisson when a = 0 and 1 .And approximate sufficiently enough when
n_—— is larger and a = 0.An improved Poisson in this study gives a better result when used to approximates binomial

distribution then the improved Poisson discussed in Jaioun et al [8].
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APPENDIX
Proof of Case (i)
The form (15) can be expressed as of the form
n\[AA—a)...A— (xg—1a][B(B—a)..B— (n—xy— 1)a]
Px(x0) = ( ) A+B)A+B—-a)... A+B—(n-Da
Where xy € N U (0)

Xo

[AA-a)...A— (Bal[B(B—a)..B—(n—xy,— 1a]
A+B)(A+B—-a)...A+B—(n—1a

P.(x9) = (;l)

_ 0ifxg=0 _(0ifxo=12..n
Where § = {(xo —1ifxg=1,2...n and & = {(n —x0 — Dif xq
Now setting e = 0
xptimes n—xgtimes
n\ A(A)(4)........ AB(B)(B)....... B n, A*B"~%o n A*oBm—*o
PaCxo) = () = W7 - Qarmearm=
x A+B(A+B).... A+B x/ A+ B x/ (A + B)*0°(A + B)" %o

ntimes

roo=() (545 (e5)

p _(m [AA-—a)...A— (xg—1Da][B(B—a)..B—(n—x,—1)a]
«(%0) = (xo) A+B)(A+B—-a)....A+B—(n—1)a
- ( n ) Aa(A/a—l) ....... a(A/a—(xo—l)(Ba(B/a—l) ....... (x(B/a—(n—xo—l))

X0 (A+B)a(A/a+B/a—1) ...... a(A/a+B/a—n—1)

n—xo

For case ii
With
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[ 1
| |
ax|A —aq"[B/ (B/_,+1)....B/_ +(m—xy—1)
l/_a(A/a‘l'1)...........A/_a+(x0_1)J| [ /a( / a ) / a 0 ]
n
(xo) _“"[(A/ a+B/—a)(A —a+B/q+1). A _q+B/_q+ (- 1)
Note — o0 —g—X0 _ aXo+n— xo __ _aﬂ n __ao _
) ) _(n A/—a(A/—a)---A/—a+(x0—1)(3/—a(8/—a+1)----B/—a+("—x0_1))
- (xo) Aot B/_ oA _q+B/_gq+1)... ] _q+B/_y+(n-1)
e Kareu
Py (x0)= (=)
If
et _ g—ovit
Z eoVit _ o—aVht -
]:
Proof
Let

i _ erAt_e—o'\/H 2 i _ 9 erAt_e—a'\/E ea‘x/?_erAt d A _ ea‘x/?_erAt 2
(,TH.E)l - eoVAt_g—aVit | ! (,TH-_E)Z - e0VAt_g—0aVit | \ goVAt_g—avit an (71+§)3 - e0VAL_g—aVAt
erAt_o—avVht eTAt_o—avAt 2 eTAt_o—ovAt eTAt_o—ovAt oTAt_ p—avAt 2
Z] 1 e”\/_— —-oVAt (em/ﬁ_e—m/ﬂ> +2 (em/ﬁ_e—m/ﬁ> <1 - eaw/ﬂ_e—nm>+<1 - eam_e—am>
et _ e—m/ﬂ 2 et _ e—a\/E et _ e—a\/ﬂ 2 et _ e—ax/ﬂ 2
= \oovm —poovm ) Y2\ govm gt ) T 2\ o —goovm | T\ T ovm — poovm
2
rAt e—ar erAt_e—a\/H
(ear_e-ar) - (eam_e-am) +1=1
(s )_ ZTAtSO
ﬁ

erAt_e—m/E .
m)l > OWhere] = 1,2,..n
J

N

Proof (1): For S(2) implies t = 2 so that

- < 2 < 2 < ~ % \2
Gy +1-5%) = () 21 ) + (- 58)"

y defining

< < (2 < = < = < (2
@), = Gs) (), = 2 (1 -5) 4 (555), = (1-728)
and
E 1 S@) = [(Z:LE)Z u2So + 2= (1~ s1-uds, ) + (1 - Z%)Z dSo].
Therefore

s 1 5 12 _g eTAt_o—0vAt VAt _grit d 2 _g ety _e=0Vity,  ooVALy_ o TAtg _g 2rAt
0 [m +1- ATB] =50 |\ var_govm | Ut i govm ) 4| = S0 co VBt = D¢
Proof(2): Since e®VAt > Tt > g=oVAt > @ it follows that

erAt_e—m/E .
(m)i >0vi=1,2..n.




