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Non-Linear Dynamic Modelling and Morecasting in Numbers of
Patients with Cancer Disease in Nineveh City by Using Bayesian
Approach

Dr. Raya Salim AL-Rassam Asmaa Ayoob Yaqgoob

Abstract:

This research deals with modeling cumulative number of patients with
cancer disease in Nineveh Iraq. The method is based on classes of
Exponential Growth Models (EGM ) and uses the ideas of Non-Linear
Dynamic Generalized Model(NLDGM). We take three types of (EGM,);
Modified exponential, Logistic and Gompertz and use the First-order
Tayler series to approximate the Non-linear model to a linear model.Also

this research, the discount factor has been explainy, and finding forecast
distribution and forecast values by using Bayesian forecasting Approach.
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introduction -1
(Modelling)

(Forecasting)
1976  Harrison and Stevens
(DLMs) (Dynamic Linear Models)
Bayesian ) (Bayesian statistic)
(West, et. al) 1985 .(forecasting

Harrison and Stevens
Dynamic ) :
. (DGLM)(Generalized Linear Model

(. 400) Hippocrates
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.(2005, ) (The Cancer)
( )
.(2005, )
Exponential Growth Models
Gamerman and

, (Migon,1991)

.2010-1980
Growth Models -2

(1994, ) 1845  (Verhulst,P.F)

Simple modified exponential model 1
(meade,1985):

X, =a—c exp(- bt)

Saturation X, a t
c b level

Logistic Model 2

(Verhulst,P.F)
a

X =
" 1+cexp(-bt)
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Gompertz model 3

X, = aexp(- ¢ exp(-bt))

1964 (Gregg ,J.V)
(modified exponential model)

u =a, +a,a,
a, a 0<a, <l

RV
u, =X,

_ —1
X'=a +a,a; :>Xt:(al+a2a§)
u, =InX,

InX,=a +a,a; =X, :exp(a1 +a, a§)
Gregg
(Generalized Exponential Growth Model)
(Migon and Gamerman,1993) : (GEGM)

1

X, :(a1+a2 ag)f

X,=U =a +a,a, A =1:
X '=a +a,a; A=—1:
InX, =a, +a,a, A =0:

Simple polynomial )
.(Box and Cox,1964) (transformation
A a,
-3
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Non-Linear Dynamic Generalized Models (NLDGMs)

(Exponential Family)

Scalar )
: .Y, (observation
- (NLDGM)
{P(yt m.6)=b(y.. 4 Jexpla[yn —a(m, )
A =9(n)=F(8)
0, =G,(0,)+w,
(Natural parameter) (Location parameter) 17,
(Precision parameter) L @,
.4, >0 : o, ¢ =0,
(Normalizing constant) -a(7,)
T
Invertible ) (Link function) :9(n,)
(Mean Response Function) n (Function
a(n)  w=Elyfn.¢)=ak) -4=F(@)
a(r,)
.(see Gill,2001)
R ()
(nx1) (State or Parameter Vector) 10,
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.6,
(nx1) (evolution errors vector) LW,
W, ¢t W, ~ (O’Wt)
w, ~ (owg)
-4
' Y
((A) ) ,2010-1980
.(Gamermn and Migon,1991)
Yi
(yt‘/ut’¢t) ~N (ﬂtav(ﬂt)ﬁ_l)
Y
(mean function) A
.(mean response function)
(Precision parameter) )
.(Solhjell,2009)
(Variance law) V()
Migon and ) :
(Gamerman,1993
V(e )=p,  (Poisson variance law) .
V(g )=4,(1- )  (Binomial variance law) .
V(e )=  (Power variance law) .
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Y, (2) Yy

(2)

(1)

*
logy, A =0
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6, =(6

1,t?

02,t 4 03,t )

.(3)

( Gamerman and Migon,1991a,b) :

‘91,t = 91,t—1 + ‘92,t—1 ..(4)
‘92,t = 02,t—1 * 63,t—1 -..(5)
05, =0, ...(6)
16, (Current level) 16,
(Dampening or accelerating factor ) 16,
( )

(4,5,6)
0,=6,,+0,.,
0,,=0,,+06,,
0, =0, %0,
0, =0,,%0,,,

‘91,t = ‘91,t—2 + 62,t—2 (1 + 93;—2)

t-1
_ 2 t—1 _ ]
0,=0,+06,,(1+6,,+62 +..+65) =6,,+6,,5.6),

t
92,0 _ 92,0 63,0

‘91,t = ‘91,0 +

1-60,, 1-6,,

j=0

=a +a,a,
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o 17
a3:93o’ 2 = y & =0,+ =
’ 1 19370 1-6,,
s
My = (al +a, a§ )’1* ‘91,t =a, t+a, a;
i *
91,1 = {ut f *0
logy, A4 =0
‘91,t = g(ﬂt): F (Qt)
G(6.,) (2)
(4,5,6)
‘91,t71 + ‘92;71
Gt (et—l): ‘92,t—1 * '93,t—1 ..(7)
93,t—1
‘91,t71 + '92,t4
‘9t = ‘92,t—1 * ‘93,t—1 +W
93,t—1
F(,)
: G, (gt—l)
a = E(et‘Dt—l) R (gt)
F.(6,)

F (0t ) = [Ft'(a‘[ )]T 6, +h,

= [aFt—(et)] b =F (a1 )_ [Ft,(a1 )]T a,

00,

E (Qfl‘thl): m._, Gt (‘9t 1)
Gt (gt—l): Gt,(mt—l )‘9t—1 + ht
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.11.0.0) -t
(¢t—1 ‘ Dt—l ) ~ Ga(%,hj

2
&
(#/D.,) (Variance of discount factor)
(Migon and Gamerman,1991a)
ovn_, ovd
(4[D,) ~Ga( 2“ : 2“) ..(10)
oV
: ¢ o
(0l.D.)) ~(a.R4") (12)
a = E(et ¢t’ Dt—l): E(Gt'(mt—l)et—l + ht + Wt‘Dt—l)
= Gt,(mt—l)mt—l +h,
ht
a, =G, (mtfl)
Rt = Var(@t ¢t’ Dt—l): Var(Gt,(mt—l )9t—1 + ht + Wt‘Dt—l)
= Gt’(mt—l )Ct—l [Gt,(mt—l )]T +W,
W, (Evolution error variance matrix) W,

(Ameen and Harrison,1985)
W

t

.(He,2007) (0.9-0.99)
Wt Rt

-1 -1
Rt =B? Gt,(mt—l)ct—l [Gt,(mt—l )]T B?
-1

-1 -1
Wt =B Gt,(mt—l)ct—l [Gt'(mt—l )]T B? - Gt'(mt—l)ct—l [Gt,(mt—l )]T
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(Discount Matrix) B

B:diag [ﬂ]aﬂza-"'ﬂn]
i=12,..,n 0<p<I B

(7)

M, +My a
a = Gt (mt—l): M, *My ey |=]| 8y
ms, a
Gt,(mt—l)
5G (9 ) 5 Hl,t—l + Hz,t—l
Gt,(mt—l) = |: e } = 92 t-1 *93 t-1
00 00 ’ ’
= G1=my_y =

G_1=mi_

(Schott,1997)
Oat0re)  AOat0rey) A0 1021 )
00 11 0611 00311
aGt (et—l) _ 5(92,t—1*93,t—1) 6(92,'(—1 *0311) a(5’2,t—1 *93,t—1)
00 o 0611 9611 06341
t-1 G_1=my_ 0631 0634 00341
06 11 06) 14 003t G 1=
1 1 0
=10 my ., M
0 0 1
P(yt ‘ D, ): ,[ IP(yt ‘:Ut Y/ ) P(:ut ¥ ‘ D, ) dudg, ..(12)
¢ 1

P(u.4/D.) () P(y,|£4. D)

é Dt—l)'P(th—l) ..(13)

P(luta¢t‘Dt—1)OC P(ﬂt

P(/Ut ‘¢t ) Dt—l) (10) P(¢t ‘ Dt—l)
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9(z4) (4)4..D.,)

One-one ) n
(transformation
h=g 1 =9"(R(4)) 9(x)=F(6,)
(14¢,.D..,) #=h(F.(4,)

9 )=F(4)

E(9(z)¢.D )=F.(a)=u,
var(g(u )i, Dy )=[Fi@ )] R 4 'F(a) = ag;”
Delta ) (yt\¢t, D.,)

(1991, ) (method
E(u ¢ D, , )= E[h(g(x))l#:. D, |=h[E(g (s )ig:. D,

=h[F.(a)]= 7,
Var(,ut ‘¢t ,D, )= Var[h(g (,ut ))‘ 1, D,

=[W(F. (@) var(g(x )jg.. D)

=[n(F(a)] a4’
: (:”t ‘¢t ’ Dt—l)
(ul¢-D.) ~N{g.[n(F(@)Fag”) . »...(14)
, _oh(F(a,
v(F(a)- T
F(a)=a, F(6)=6,
9, =E(u|¢,,D., )=h[F.(a)]= h(a,)=g"(a,)

i a, ;A =1
h(al,t): g" (al,t): (2-11,1)/1* ;/1:& ’ - al_tl A =-1
;/1 =0 ajg ;ﬂ* —0
(R (a)f
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a *
[h'(Ft (at ))]2 = [h'(al,t )]2 :|: oa . :| = al_,t4 A =-1
N e =0
G Fla)
!
(36'”
Ft'(at){a':‘—(e‘)} {80“} =| % l=] 0
6 br=a 96 b=a | 060 0
X
(14) P(u/¢.D,,) (13)

A (10) P(¢t ‘ D, )

((Normal-Gamma

F(a))la,

v(g,)  viw) (12) P(u,4/D.,)

P(lut’¢t‘Dt—l)oc ¢t+_l exp{ _2¢t |: [h'( 1 (/Ut - yt)+ &/dtlj| }

(Do) ~tludud s (R (& )F o, (3. avm,, )
V(yt) V(:Ut ) V(:ut ) = K,

(yt‘Dt—l) ~1 {9ta§\/dt—1|:|t 95‘/nt—1}

: y7A
P(:“t ‘¢t D, ) o P(yt ‘/“t’¢t Dy ) P(:”t ‘¢t ) Dt—l)
P(u)¢.D.,)  (2) P(y, |, 4,.D.,)
(4)¢..D,) (14)
(4).D,) ~N(7.V.'4) ...(15)

ﬁt = yt + [h’(Ft (a‘t ))]2 qtl:lt_let
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B —v(5.)+ VR @), e (- 5.)

My (g (:ut )‘¢t ] Dt)
: (15)
E(g(z4 ). D, )= 9(Elul;. D D=o()=u
Var( :Ut )Wt ) [ /7 )] (:ut ‘¢t )
=[0'(@)IV 4" = ot
(1)
A A=
U, = g(ﬁt): ﬁt_l =-1
logr, ;4 =0
| A =
[g’(:ut )]2 = {a%(jlt )} = ﬁt_4 =1
Hy ) .
Hy A =0
(et‘g(lut )a &, Dt) 6,
(et ‘g(:ut )a &, Dt—l) (Ht ‘g(/ut )9 &, Dt—l)
. (West and Harrison,1997, pp.124 )
(LBE)

(Ht ‘g(/ut )9 &, Dt—l)
E(et‘g(:ut )’¢t’ Dt—l): a+R Ft,(at )(g (:ut)_ Uy )/qt
var(0]9(14).4.D )= R ¢ —R ¢ F(a [F(a) R /q
: o,
(@)4.D,) ~(m.C.4")

B(64.D,)=E(E@)9( . 4.D,, )4.D,)
=a, + RtFt'(a()(uf _ut)/qt =
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var(6,|¢, D, )= var[£(9] 0 (x4 ). 4. D, , ). D, |+ E[var(6,|a (x .41, D, ). D]

=¢% R -R F(a)FR(a)f R[l—gtj/qt} =%:

(#/D,) (#/D,) %

P(#[D, )= P(y, . Do )- P(#/D,.,)
: P(yt ‘¢t ) Dt—l)

P(yt ‘¢t ) Dt—l): J.P(yt‘lut’¢t Dy ) P(ﬂtm Dy )d:ut

Mt

P(y,|e4.¢.D,.,) (14) P(u)¢,.D,.,)
; (2)
P D e exp| 2y - /) + I (R @)}
(10) P(/D,.,) P(y,[¢.D,.,)
- P(¢,[D,)

O o -9)
PAID )< 4 p{ : {(v@tw[w(a(a»)]zqt) ‘”d}}

(¢D,) ~Ga(n,/2.d,/2)

n=ovn_+1 ,d =dvd_ +eH’

€ =Y~ yt > I_A|t :V(yt)-l_ [h'(Ft (a( ))]2 o

(9t+k ‘¢t H Dt)
t+k (3)
9t+k = Gt+k (9t+k—1 ) +W,

t+k

(9)

!
9t+k = Gt+k 9t+k71 + ht+k + Wik
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=G G

(9t+k ‘¢t ) Dt) - (at(k)’ Rt(k)¢t_1)

at(k) = Gt+k (a(k_l))

R B Gt,+k (-t [Gt'+k]

I\J"‘_

g (/ut+k) t+k( t+k ) [ t+k ]T 0t+k + bt+k

#.D,)= Hk(af”)=u§”

E( (ﬂt+k)

Var( :ut+k )‘ ¢t ) [ t+k ]T ¢t t+k

Forecast Function = E(g,,, 4,

1ut+k

(/ut+k ¢t

Fx (at(k)): al(i) o

D, )=

(9t+k ) = 91,t+k

)= HlE0 (e ) Db, (69)- 0 (Fu )

o {aeﬁk (Ot 1))}
+k
t [ B
0t+k
g (/ut+k )
(8)
bt+k Ft+k ( ) [Ft+k ]T
E(yt+k ‘ Dt )
= h(g(/uwk )) Hy = h(g (/ut ))
1ut+k

F(6)=0,

E(:utJrk ‘ ¢t b Dt )
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al¥) A4 =1
E(s. #,0,)=1(@)" ;4 =-1
ea‘(p A =0
-5
t=1 0
(6]4.D,) ~N(a,R 4)
a, a=(a,a, a,
al
(1)
t=1 a (2
a,, a, a,,
0.95 30 200
0.95 0.03 0.005
0.95 34 5.3
a‘l,l
a, a, ,1980
a ;
4, : a, In
a3,1
0.95
Rl
R, =diag(r,,r,,ry;)
Rl
ry N, I .(4,5,6)
(2)
t=1 R (2



I r, r,
0.06 65 200
0.05 0.05 0.05
0.06 1 0.9

; t=1 é
ovn, ovd
(#/D,) ~Ga( i Toj
0.97 N
t=1 é d,=0.1 n,=0.1
(4|D,) ~Ga(0.05,0.05)
E(y|D..,) J,
((A) ) ' .B=(0.9,0.9,0.95)
1981 '
(MAE) (Mean Absolute Error)
Z‘yt - yt
MAE ==L
n
.(3) (Matlab)
MAE (3)
MAE
125.931
87.5172
84.4828
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L L L L L
1980 1985 1990 1995 2000 2005 2010

(©)
(4)
(b) @ & :
()

k=1234 Yeu
2010 2009 2008 2007
2014 2013 2012 2011 ,

(4)
k=4 (4)
Y,
4725 4639 5303 5130 2007
5496 5211 6106 5550 2008
6318 6066 6960 6094 2009
6797 6491 7516 6489 2010
7700 6765 7966 2011
8113 7116 8459 2012
8709 7655 9087 2013
9223 8109 9664 2014

[281]




alalyylly spuilall osle dl6al a1l golall soipell pildss sl ssc

2011

2014 2013 2012
)

T T T T T T T T T T T T "
8000 * | 9000} .
. .
20001 . 8000} . R
.
S 7000+ 4
60001 4 *
6000 >
L . 1
5000 PRe g .’
.72 5000 *o R
. &
40001 4 4 4
,.' . 4000 A R
3000 - R *
3% 3000} % > B
>
o> 2
2000 - R 2000 > |
1000~ 1 1000+ B
= . . . . . . " . . . . .
1980 1985 1990 1905 2000 2005 2010 2015 1980 1085 1900 1995 2000 2005 2010 2015
\ \"7
10000 - - T T T T
9000 '
-
8000 LI
.
7000 g
6000 R
5000 R
4000 R
3000 R
2000 o R
1000 -/ 1
o= | . . . . .
1980 1985 1990 1995 2000 2005 2010 2015

(b)

@) .

[282]

Y, , Yi

()




",2005, , -1
",2005, : -2

, ",1991, : -3

",1994, , -4

1- Ameen, J.R.M. and Harrison,J.P.,1985,““Normal Discount Bayesian
Models’’, Bayesian Statistics 2, PP. 271-298.
2- Box, G.E.P. and Cox, D.R., 1964, An Analysis of transformations’’,
J. R. Statist. Soc. Series B,vol. 26, No. 2, pp. 211-252.
3- Gamerman, D. and Migon, H.S., 1991a,’* Tractors in Spain-A
Dynamic Reanalysis’’, J. Opl. Res. Soc, pp. 119-124.
4- Gamerman, D. and Migon, H.S., 1991,** Forecasting the Number
of Aids Cases in Brazil’’, J. R. Statist. Soc. Series D (The
Statisticians), Vol. 40, No. 4, pp. 427-442.
5- Gill, J., 2001, Generalized Linear Models: A Unified Approach”’,
by Sage Publications, Inc.

6- Harrison, P.J. and Stevens, G.F., 1976,*° Bayesian Forecasting ’’, J.

[283]



alalyylly spuilall osle dl6al a1l golall soipell pildss sl ssc

R. Statist. Soc. B, Vol. 38, pp. 205-247.

7- He, J., 2007, Bayesian Dynamic Survival Models For
Longitudinal Aging Data’’, P.H.D. Thesis, Dept. of Statistics,
University of Florida State.

8- Meade, N., 1985, Forecasting Using Growth Curves-An Adaptve
Approach’’, J. opl Res.Soc, Vol 36,No. 12, pp. 1103-1115.

9- Migon, H.S. and Gamerman, D., 1993, Generalized Exponential
Growth Models A Bayesian Approach’’, J. of Forecasting, Vol. 12,
pp. 573-584.

10- Schott, J.R., 1997, Matrix Analysis for Statistics’’, By Johan
Wiley & Sons, Inc.

11- Solhjell, I.K., 2009, Bayesian Forecasting and Dynamic Models
Applied to Strain Data From The G ta River Bridge’, M.S.C.
Thesis, Statistic Division, Dept. of Mathematics, University of Oslo.

12- West, M.; Harrison, P.J. and Migon, H.S., 1985, Dynamic
Generalized Linear Models and Bayesian Forecasting’’, J. Amer.

Statist. Ass., Vol. 80, No. 389, pp. 73-97.

13- West, M. and Harrison, P.J., 1997, Bayesian Forecasting and

Dynamic Models’’, 2" ed, Springer-Verlag New York, Inc.

[284]



, ) 2 Y,
y, Yy
200 200 200 237 | 1980
7096 29 249 265 | 1981
300 297 287 295 | 1982
327 330 324 335 | 1983
377 380 369 372 | 1984
415 426 412 438 | 1985
489 507 486 507 | 1986
569 602 572 575 | 1987
651 686 659 655 | 1988
741 772 753 761 | 1989
856 894 873 884 | 1990
995 1044 1018 1005 | 1991
1142 1185 1167 1152 | 1992
1309 1350 1337 1359 | 1993
1535 1595 1563 1548 | 1994
1770 1828 1780 1755 | 1995
2017 2062 2050 1939 | 1996
2242 2255 2285 2128 | 1997
2448 2434 2508 2348 | 1998
2667 2638 2742 2555 | 1999
2880 2838 2973 2670 | 2000
3021 2957 3139 2873 | 2001
3185 3111 3320 3138 | 2002
3405 3327 3553 3632 | 2003
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3799 3724 3954 4191 | 2004
4326 4259 4492 4681 | 2005
4896 4841 5075 4845 | 2006
5312 5242 5518 5130 | 2007
o677 5579 5916 5550 | 2008
6073 5955 6343 6094 | 2009
6560 6434 6852 6489 | 2010
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