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Abstract

This work, determine a new improved Poisson distribution with mean u = % from Polya

distribution with parameters r, b, n and ¢ where r, b, n and c are non-negative integer. It was
found that the new improved Poisson approximates binomial distribution accurately more than
the normal Poisson for n so large and ﬁ sufficient small for x € {0,1 ...n} while the new
improved Poisson approximates Polya distribution for a certain random variables x € {0.1},

provided that n is not large enough. This implies the new improved Poisson distribution is not
sufficient to enough to approximate Polya distribution.
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1.0 INTRODUTION

Let X be a non- negative integer —valued random variable such that 0 < x < n is of the form
(E+x—1)<g+n—x—1>
X n—x
<ﬂ+n_1)

[
n

The mean and variance is given as % and

Py(x) = x=0,1,.... n 1.0

nrb(r+b+cn)

1) 2(tb10) respectively

The probability function in (1.0) can be expressed as of the form

Py(x) = (Z) (rx-1bnx-y 0 01...n 1.1

(r+b,0)pn—1

Let X be a non —negative valued random variable that has a Binomial distribution with
parameters n, and ﬁ. Its probability function can be expressed as

n rxbn—x
B(x) r = (x) G X 0,1..n 1.2
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By a taking the limit asr,r + b — o as ﬁ remain constant Py(x) - B (x), r =
(n) Ll x=01..n

r+b
X/ (r+b)n

. T Tr -
And also if n —» 00, —— = Oand u = n——remain constant then B (x), r =

'r+b
Ayx

(n) rXpn-x R 80,1(96) _ e A

X/ (r+b)n x!

x=01..n

Samson et al [1], [4] gave a new Improved Poisson in extension of Teerapabolarn [8] with
mean N?fl by deriving from the Generalized Binomial distribution as of the form

N
) (-E-) e
Goq(A,B,N) = % 1.3
2N
-Ayx
Where $,(x) = = ~ Samson et al [1], [4] used (1.3) to generate a model for determing

x!

the prices of options.'

This work, focus on determing a new improved Poisson from Polya distribution with u =
% for approximation of Polya distribution and Binomial distribution respectively , in

extension of Samson et al [1] ,[4].The level of accuracy is given in the point metric form .
2.0 METHOD

The tools for giving the result are Polya distribution. Polya distribution used in this study
was discussed by Teerapabolarn [11].1t is a discrete distribution that depends on four
parameters N,n,r and c where N,n,r and c € N and the mean and the variance of X are

=27 and g? = ZL2THDAM  he brobability distribution of a random variable X taking
T+b (r+b)2(r+b+C)

non- negative value x, such that 0 < x < n is of the form
(E+x—1)<§+n—x—1>
X n—x
(#m-l)
n
From (2.0) we obtained

P =

-

Py(x) = x=01,.... n 2.0

n) [r(r+c)..r+(x=1)c][b(b+c)..b+(n—x—1)c]
X [(r+b)...r+b+(n—-1)c]

[r.r+(x=1)c][b...b+(n—x—1)c]
[r+b..r+b+(n—1)c]

X r+b 71+b

TT+ (Tl— 1)

0ifx=0
(x—1)ifx=12..n

)
(
0if x=0,1,..n

m—x—-1ifx=0 forc =1

where = { and 9 :{
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b b 9
T T b]
c

r B
n r+b[H_b<T+b+T+b>]r+b
— C
(%)
1.1+ T+b
C
r — b b
( r+b<r+b+7‘+b)](r+b)n x[—b---m’frw]
C
- X) n—-1
(r+b)"[1 1+(T+b>]
Cc
T r B b b J
(T+b)x(1"+b)n x|:1"+b<‘r'+b+ﬂ>:||:mmm +E:|
C
X n-1
(r+b)n[1 1+(r+b>]
c
T r B b b 9
n [m(m’fg)”m---m +@]
( ) c c
X n-1
1. 1+<r+b)]
c

- T -
If r,vr+ b —> oo, while — remain constant

Py (x)

r+b

(r+b)*

n\ rxpn—x
Py(X) - B (X)n,ﬁ = (x) Tt

If X is Binomially distributed then
n\ r¥pn*
B (x),, T - (x) (r+b)"
_ n rx bn—x
B (x) (r+b)X " (r+b)n-*

B,z =G () 21

r+b

Where 1 = 2= and — =2 then (2.1) becomes
r+b r+b n

B, = (E (-

+b

e

x! n
AS n - o
B e 2
(), = )
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This is an indication that Polya and Binomial distribution can be approximated by Poisson
distribution under certain conditions on their parameters .

Lemma 2.0 Letx € N, we have the following Teerapabolarn [10]

x-1 (1 _ i) — -1
=T T )

n

3.0 RESULT

Theorem : For x € N U {0} and M:% for r,r + b — oo then

b \*
Pr(x) = ¢;(x) and B (x), r = ;(x) where 9,(x) = %

T+b 1+757240(;2)
Proof

For x=0andr,r+b »> o

n) rxbn—x

hw = 50, 2 = (7

Py(0) = B(0), r = (TS)M= (b )n

r+b

‘r+b (T+b)n
() = ()i
X _ T N\X b \" (L) ()"
- () () G (- () < k-
r+ <n%)
T+b

- (") () (28 (™) "(5) (L )”x pr

x r \X
X/ m nh
A

= ’g | Gy (1 —i) (L)n =L ﬁl)(i)n by lemma 2.0

N/ \r+b x! 1+T+0(ﬁ r+b
)
Pv(x) = x!'\r+b ~ B (x r
Y( ) 1+X(§;1)+0(nl_2) ( )n’r+_b

Pr(x) = 9;(x) ,butifnislarge 0 (3)~0

4. NUMERICAL EXAMPLES
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The following numerical examples are given to illustrate how well the new improved Poisson
distribution with u = % approximates both Binomial and Polya distribution respectively

with parameters n and —-.

r
r+b

Example 4.1 : Suppose n = 80,

r

= 0.01,r+b =100,c=1,u = 0.808080808

R BCy ) 0200 | 220 ING) g o, | |B ), of )
u= - o 'T+b 7+ — o2(x)
' —_—
b — (x| —pa(x)
0| No 0.447523 | 0.447523 | 0.445712 | No 0.0000000 | 0.001810 | No
Resu | 21 21 65 Result 0 56 Result
It
1| No 0.361634 | 0.361634 | 0.360171 | No 0.0000000 | 0.001463 | No
Resu | 92 92 84 Result 0 08 Result
It
2| No 0.144288 | 0.144311 | 0.145523 | No 0.0000225 | 0.001235 | No
Resu | 68 23 98 Result 5 30 Result
It
3| No 0.037894 | 0.037935 | 0.039198 | No 0.0000041 | 0.001304 | No
Resu | 00 04 38 Result 05 38 Result
It
4 | No 0.007368 | 0.007396 | 0.007918 | No 0.0000280 | 0.000550 | No
Resu | 28 31 86 Result 3 59 Result
It
5| No 0.001131 | 0.001142 | 0.001279 | No 0.0000109 | 0.000148 | No
Resu | 29 24 82 Result 4 53 Result
It

Example 4.2 : Suppose n=10,r+b = 1000,# =0.01 px=0.101010101, then
numerical results are as follows

x| Py(x) B (x)n'% 2,(0) | #2(x) . |Py(99v |B x), r_ |B ), r [Py (x)
p=n—— |_ 80/1(95)| T 76 | — £0,(x0)]
- a0 | - a0
0] 0.9047906 | 0.9043820 | 0.9039239 | 0.9048374 | 0.0004086 | 0.0000000 | 0.0004553 | 0.0000046
82 75 02 18 07 00 43 74
1| 0.0905696 | 0.0913517 | 0.0913517 | 0.0904837 | 0.0007820 | 0.0000000 | 0.0008679 | 0.0000858
34 24 24 42 90 00 82 92
2| 0.0044921 | 0.0041523 | 0.0041942 | 0.0045244 | 0.0002978 | 0.0000419 | 0.0003718 | 0.0000320
81 51 94 19 87 43 36 06
3| 0.0001441 | 0.0001118 | 0.0001194 | 0.0001508 | 0.0000246 | 0.0000076 | 0.0000389 | 0.0000066
82 47 96 06 86 48 58 24
4/ 0.0000003 | 0.0000019 | 0.0000024 | 0.0000037 | 0.0000008 | 0.0000004 | 0.0000017 | 0.0000004
29 77 52 70 41 75 93 77
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0.0000000 | 0.0000000 | 0.0000000 | 0.0000000 | 0.0000000 | 0.0000000 | 0.0000000 | 0.0000000
56 24 40 75 16 16 51 19
Example 4.3 : Supposen = 300 ,r+ b = 100,% =0.01 u =3.03030303, then
numerical results are as follows
2k = - 80,1(36) r+ r+ y
Y - oa(x) —p1(x)
0| No 0.049040 | 0.049040 | 0.048301 | No 0.000000 | 0.000739 | No
Resu | 89 89 00 Result 00 89 Result
It
1| No 0.148608 | 0.148608 | 0.146366 | No 0.000000 | 0.002242 | No
Resu 77 77 66 Result 00 11 Result
It
2| No 0.224414 | 0.224416 | 0.221767 | No 0.000002 | 0.002656 | No
Resu | 25 75 67 Result 49 58 Result
It
3| No 0.225169 | 0.225187 | 0,224007 | No 0.000017 | 0.001162 | No
Resu | 86 32 75 Result 46 11 Result
It
4 | No 0.168877 | 0.168923 | 0.169702 | No 0.000046 | 0.000825 | No
Resu | 39 94 84 Result 55 45 Result
It
5| No 0.100985 | 0.101057 | 0.102850 | No 0.000071 | 0.001864 | No
Resu | 27 14 21 Result 87 94 Result
It
Example 4.4: Suppose n = 10,7 = 5,7 + b = 100 ﬁ = 0.05, 1 = 0.526315789
| W@ B, o) | 220 R |B (), |B (x),, 1 %xzxn
u _-r — 50,1(95 T 4 A
o - Pl - 9|
0| 0.61220 | 0.59873 | 0.59873 | 0.60653 | 0.01347 | 0.00000 | 0.00779 | 0.00567
7502 6939 6939 0660 0563 00 3721 6842
1] 0.29433 | 0.31512 | 0.31512 | 0.30326 | 0.02079 | 0.00000 | 0.01185 | 0.00893
0530 4705 4705 5330 4175 00 9375 4800
2| 0.07715 | 0.07463 | 0.07538 | 0.07581 | 0.00176 | 0.00075 | 0.00118 | 0.00133
4605 4799 8683 6332 5922 3884 1533 8273
3/0.01626 | 0.01047 | 0.01119 | 0.01263 | 0.00507 | 0.00071 | 0.00216 | 0.00362
5635 5089 1303 6055 4332 6214 0966 9580
410.00195 | 0.00096 | 0.00119 | 0.00157 | 0.00076 | 0.00023 | 0.00061 | 0.00037
7200 4805 6439 9507 0761 1634 4702 7693
510.00021 | 0.00006 | 0.00010 | 0.00015 | 0.00011 | 0.00003 | 0.00005 | 0.00005
1378 0935 0753 7951 0625 9818 3427 3427
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5.0 DISCUSSION

From example 4.1-4.3 , it was found that the new improved Poisson is sufficient enough to
- - . . - - - - T -
approximate Binomial more the normal Poisson distribution provided —5 1S small , but not

sufficient to approximate Polya distribution.

6. CONCLUSION

In this work , the new improved Poisson distribution with yu = rb—r is obtained from Polya

distribution with parameters r, b, n and c. The result obtained gives a good approximation to

Binomial distribution provided r:b is small, but not sufficient enough to give a good

approximation to Polya distribution. By comparison new improved Poisson remain the best
approximation to Binomial and while normal Poisson remains the best approximation to
Polya distribution more the new improved Poisson distribution .

References

[1] Bright O.Osu ,Samson O.Egege and Silas Thedioha “Option Evaluation : Black Scholes
Model versus Improved Poisson Model in Option Pricing” Transaction on Nigeria
Association of Mathematics Physics (NAMP) vol7, pp55-62, 2016

[2] Dongping Hu, Yongquan Cui, and Aihua Yin “An improved Negative Binomial
Approximation for Negative Hypergeometric Distribution”, Applied Mechanice and Material,
vol 427-429,pp 106-110,2013

[3] Samson O.Egege ,Bright O. Osu and Emmanuel J. Ekpeyong “Application of generalized
Binomial model in option pricing ,American Journal of Applied Mathematics and Statistics
,vol5, NO 2 pp 62-71, 2017

[4] Samson O. Egege , Bright .O. Osu and Chigozie Chibuisi “An Improved Poisson
Distribution and Its Application in Option Pricing” , Open Science Journal of Mathematics
and Application vol 6, No3 pp 15-22 ,2018

[5] Samson O. Egege ,Bright O.Osu and Chigozie Chibuisi “A non Uniform bound
approximation of Polya via Poisson , using Stein’s Chen method and w-function and its
application in option pricing”, International journal of Mathematics and Statistics Invention
vol 6.1ssue 3 pp 09-20, 2018

[6] Samson O. Egege , Bright O. Osu , Kingsley Uchendu and Chiemela B. Akachi “An
improved Poisson approximation for the generalized Binomial distribution with financial

Application” Elixir International journal of Applied Mathematics , 121, pp 51509-51519 ,
2018

[7] Samson O.Egege, Bright O. Osu and Chogozie Chibuisi. “A non- uniform bound
approximation of Polya via Poisson,Using ,Stein —Chen method and W- function and its
application in option pricing”. International journal of Mathematics and Statistics Invention
(IIMSI) Vol 6 Issue 3 ,PP 09-20, 2018

IIARD — International Institute of Academic Research and Development



http://www.iiardjournals.org/

Research Journal of Pure Science and Technology E-ISSN 2579-0536 P-ISSN 2695-2696
Vol 7. No. 6 2024 www.iiardjournals.org Online version

[8] Teerapabolarn K. and Jaioun K. “A improved Poisson Approximation for Binomial

Distribution “Applied Mathematics Sciences , vol 8, no 174,pp 8651-8654,2014

[9] Teerapabolarn K “Approximation of Binomial Distribution by an Improved Poisson
Distribution” International Journal of Pure and Applied Mathematics vol 97,n0 4 pp 491-495

, 2014

[10] Teerapabolarn K “An improved Poisson Aproximation to Binomial Distribution’
International journal of Mathematics Trend and Technology , vol 68,issue 9, pp16-20

b

,2022

[11] Teerapabolarn K “Binomial Approximation to the Polya Distribution” international

journal of Pure and Applied Mathematics ,vol 78 N0.5 pp 635-640 , 2012

IIARD — International Institute of Academic Research and Development



http://www.iiardjournals.org/

