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Forecasting the Number of Tuberculosis (TBC)
Using Fuzzy Prey Predator

Sohaidah’, Putri Ukhrowi®, Achmad Alam®, Tony Yulianto®
snbaidahiizmail com! | poaleyyasyaiigmail ooy, alam 100 820 grmail com’ |

e T o |JE'|1H|.‘[I'!|1E|1.I. Wathernathecs and Science l"al.'u.h}'. slammse Umversaly el Madkied
PMamekusan, Madurn, Indonesia

Abstract, Tuberculess: (TBE ar TB) iz an infectious disease cansed by the baclenum
M voobacieruom Wwherculmses, Twherculosis (TH) & os6ll a major healiy problem in the
warkl, 5o from this it is secessary o forecast to determing the increase in the sumber of
[B discases. and lweer con be taken i prevention. Thes shody wses the Fozey prey
prunlhllrr mgdhisd, The cats soerce used 15 data o TR pu.limm nf Balanmarmar Health
Center. From the resulis of this shedy, # was found that the populsteon of Prey and
Pradaion was soughl for slabiliny, so thar alber spplving e luzey prey predaior maodel,
convergert nesels were oblomed. Prey populzbon and Predatar populaton decressed
for cne month, sflersands covergen.

kevwards: Tubercialoss (TBC), foresssnng fuzey prey preddator,

1. Introduction

Tuberculosis (TB or TB) 15 an infectious discase caused by the bacterium Mycobacterium
tubercubosis. Tuberculosis [TB) i still 4 major health probiem in the world, This cawes
health problems in milbons of people cach vear and becomes ranked second as the mun
caupse of death from disense infections worldwide pfter the Human Immumodeficiency Virus
(HIVY, In 2012, there were B.6 millon people worldwide affected by TH and 1.3 million
people died from this disease (incloding 320,000 deaths of people with HIV). Maost of the
tubercubosis { TH) germs atinck sdulis in produciive age. However, m the group of children
ane million children (014 years old) were sick becase TH and |00 children dicd of TH
in 2015 [1]. Accosding (0 WHO dota in 2001 sistes that Indonesia is rmnked fourth in the
world with the most TB sufferers after India, China and southern Africa

e World Health Organneation { WHO states that, m 1998 in Indonesis every year 583
new' cases occurred with the death of 130 patients with positive tuberculosis in their phlegm,
Whereas according to the resulis of the Kusnindar rescarch in 19990, the nomber of deaths
cavsed by tuberculosiz wis estimated ot 105,932 per year. The most inerease in wbereulosia
cases ooturs i groups of people wath weak socio-sconomic comnditions, influenced by
endurance, nueritional status, individual personal hvgiene and density of housing [2]

TB 15 one of the most infectious discases Tound in East Java, im 2015 East Java occuped
the second highest case of pulmonary THB paticnts after West Java, which amounted o
23,143 patients 3], TH sufferers in the pomekason city are ranked fidth, under Sumenep
Kegency, Lumajang, Malang City and fember [4]. Based on data from the Pameksan District
Health Office, there were 1,110 m 2004 [5].

Many methods can predict the number of T discase, ene method that can be used is
fary prey predutor. In thes method, Ty set theory 1 used 1o create o model that studies the
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interactson between prey (preyvd and predator (predatos) characters in the form of ordinany
differemtial equations thal characterize classical determnisuc modals [6]. The prey in ks
stidy was humans, whils the predotors were twberculasis. Then the decompositson of
predator-prey models thal represent the interaction hetween prey (prey) and  predator
(predator] wsing a fuzey nule-based sysieme MNext, it 15 proposed the deterministic classical
el given by the sysiem of ordinany differentizl equations, for example there is a predador-
prey system whose solubion coircides with the fuzey model. By adjusting the parameters of
the differential equation from the fuzsy msdel sbtaised. so that svslens slability analysis can
be carried out [ 6]

Based on previouws research entitfed "Predmwor Prey Mokdel with Early Fuzzy
Populations” ihe resulis of s research propose a new way o study prey-prey population
moxdels, which take into accowm the uncerfainbies that arize when determining predator and
prey initial populations. By using the concept of fuezy mderval mlersctivity, the Hunge-Eutta
Method, 1o estinmre the pumber of predators and prey over time In mesearch entithed
"PredatorPrey Fuzzy Delay System. Theory of the Existence of the Theorem and Oscillation
Solution "succeeded in proving the existence and wniqueness of FDPPF solutions ag intervals
[k, imEerval].

Based on the nsearch, o one has examined the problem of fvecasting the number of
tubereulosis. For this repson, i this study the authers ore interested m wsing Fuzey Prey
Predator ina gtudy entitled "Forecasting the mumber of TB diseases using the Fuzey Prey
Predator method” 5o that this tile 15 expected to be able o determane the amount of TH
discase increase

2. Definition of fuzzy logic

Furry lngie was fiest introduced by Prol. Lot & Zadeh in 1965, Classic and Fuzey Ses
Basically, fuzey sct theory is an extension of clissical set theory. Inocrisp, the velue of
membership of the item s written with p_A [x], bas 2 possibilities, namely [7]. One, which
means that an ifem becomes a member m a set, or Zero, which means that the item s not a
member ol & set

3. Prey predator

Tlu: frre F\gd:l:ﬂ s}l’:,'u:m wilh T Fln:llﬂlnr; (T b SEe i ke ﬁ:}“ﬁwinﬁ d'in'&h:nli:l
ciuation:

X ”} aPN — QN

;- [3=3 @0

F=—:F+EHF

= e + N (1)

K = the carrving capacity ol the prey environmen
r= prey growlh rate

¢ = fiest prechator growih rate

= the growih rte of the sccond predator

= first predatoe rate of prey

v = seeond predator contraction rate to proy

= prey comraction e ol the st predator

ip = prey contmction rate of the second predator
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4. Equilibrium point

Diefinition 2.1 |6
A point X, is said oo be ibe equilibram point of eguation
() = (0, - rar )
E(e) = () = maax, (1))
it time £g, 1f for each ¢ 2 &, then the result F{x,) =0
Froan this definition it gives the meaning thar the equilibrium poant ¥, % 8 cORSEANT
solubion of eguation
Fg(t) = x ()0 — naxz (E))
() = xa(0p; — 1% (1))
swwhen fix.) = 0 5o that 2'(t) = O at that point.

FProposition 2,1 [§]
If wni v equilibrium pang 15 stable, the fuzey 15 also stable

5. System linearization

Lincanzsion system of a system of nonlmear differential equations w=ing o Taylor
seTies,
Corven a dynamic system as follows:
Xy = fi(x, %)
fa = fi(xy, x2) 2
Suppose the functien component f{xy, 20,8 = 1,2, has a continuous demvative around
the equibbnium pomt (g, 6. 5o that from equabion (2. can be wratten in the form ot a
i a5 fisllovees:
a

[y, 04 dry (Y J-"]i

E' Yz
ix §

[, e

iﬂl
41|
] i 19

-B‘.I:|

6. Stability

Mefimition 2.1 [§]
Suppose matrix (12% 1), A nonzens vectsr ¢ n B s called the etgenvictor of A if for
a scalar L is called the eigenvalue of marix A, then it applizs;
Av = Aw i3}
The vector is called the sigenvector of A when it corresponds o the eigenvalue &
To find the eigenvolue of the matns A equistion (3) cen be written oy follows:
(A—T1iw=10 14
With 1 is an identity matnx. Equation {2.8) has a nonzero splution which if only if, det
{4 = 1A} = 0 15 called the characteristic equation of A,
e librium poant sty {25,350 15 divaded mio three, namely as folbws [9];
2, the equilibebum poind {xg, v s said o be asymploticalby stable if A; < 0
b, equilibrium point (X, ¥ Jis said to be stable of A = 0.
g, the equibibrium point {xg, ¥} s smd fo be unsteble 1f 4, = 0
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7. Non homogeneous svstem solutions

Coven i non hivmogensouy syshem
= Ax + b0 (5)
With A the matnx n = nand b it} ore veciors whose elements ore continucas functions.

Defimition: [ 1]
The fundarmental solution matnix for e system

X =dx [
I3 the mairix ¢ (1) measuring n ~ n that satisfes

@) = Adit) (7
For each teR
With the muirix ¢t} = e** satisfies equation {7} with the initial value ¢{0) = I, so that
#(t) = e* is colled the fundamental matrix

Theme: [ 1]
I ehie) andd v oare fwo Tundarmenal sodution mairices for the system (6} then there is a
constani matrix C so that ${e) = Pe)E

Thenren: | 10]
IF (2] 2 the fundamental solution matnx of the system (&) then
e = Wity (0)
Theorem: | 10
IF a1 the fundamentzl matnix for the system {6 ) then the solubion of the non
homogenesus systerm (30 with (he initial vilue is X0

Xt) = gtdp™ (X 10) + dLe) [ b~ (518 ds (%)

8. Fuzzy prey predator model
Predator prey mesdels with feeey mifinl conditions in linear Form are given [&]

X=CX+R iy
The solution to equatien (3) 18

R(e) = {e)p= (D)F(0) + Wie) f, ()8

Cir it can b wrilien

[B.X] = ey~ (O] Fn . Xo] + (6] ()8 (10
With X(0) = £, and ¥ () = F,

9. Model Fived Point Analvsis
P

To analyre the fixed poing on the equation {1} that is by way of making % =0,—=0

sl % = {1 50 that equation (1) can be wrillen oz
0 =7N(1-3) - aPN — pQN {1



i i)

0 =—cP +ENP (2

0 =—ed + NG (5]
When % = [, then m equatien © 12) 15 ebained

—cF + NP =10
Pzlor=cP+fN=10

N=Z (14}

g
When = 0. then in equation (13) is obtained

=gl + NG =10

GElor—e+yN=10

N :i {15)
Whereas inequation {11} when % = {, it 15 phiained
W
i (1-3) —aPN — QN =0
N
N :bﬂntuuf{l _E)_ P — @ =10
IF N =1, =15 sabstinaied in egquation [ 16) then obained
r—pg=0
g:% (17}
It W=, O} = (b 15 substituted m cguation (16 then obtained
r—aPf=10
P== (18)

11
In equetion d ETpand {15} do not fulfill becaose moequation { 163 the condition i W =10,
The firs fixed poing is TE; = (0,00
Whereas if P =0 and £} = 0 are substituted im cquation ( 16§ then obtaived

r(1-3=0
r= Darau 1—E= i
N=K
Sar that the secomd Dxed pont 5 obtamed T8 = (K, 0,00
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It N = IE-I? = 015 substituted a0 equotion {16} then obinined
r{l—%}l—nP—wﬂﬂi
TE
G 'EE}‘ P
g i
SoTE, = (£, L ",E‘E]-':'] )
For the fourth fixed point, substitule ¥ = ;uru.l PP 0 i euetion { 16 ) so that § = obtained
N
r{i—;]—aﬁ—p@:l’l
z e 1 re
50 TE, = (;,D,;{i"— e )
For the fifth Gxed pomt of substitution ¥ = %,I:J = (" in equation { 16) = obaimed

r{l-%}-n!’-wﬂ':ﬂ

1 rr L

sr—fr-eg) =,
[ . ™ 4 ™

o7 = £ (0500, )

IfN = l; and @ = " are substituted in eguation {15) obdained

r(1-3)-aP-p@=0
Hr-D-w)=p

o8, = (£4{r-Z-00).0')

¥y
Subatitute ¥ ==, F = P" in epuation (16) then oblained

u
r{] ——}—nF‘—m@=ﬂ
5o -0
o7, = (5. 3(r 5 -ar))

IrN = fand Fo= P are substivted in equation 1 6) obiaimed

So78 = (5.P5(r —5—e) )

1. Linearization

Linearization 15 the process of hineanzimg nonlinear functions, from equation (1)
suppose a funciion can be written a3 follows:
For example:

W= f(NP.Q) {14}
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P=fh(N.PQ) (200

Q= fi(N.P.Q.) (21}
So that from equations (19, (205 and (21 ) by vsing a Tavier semes, the blwe mivinx s
obaained as follows;

o 24 &
.ﬁ' A an [\ 1] |"l'
ap B A
Flefes oo lp (22)
Qo e en|'@
ayap
From the equation ( 22) the Jucobic mirix s obained as follows:
§] [r-Z-eP-pg -oN N N
Pl= ap —c+ BN 0 P (23)
¢ w2 0 —&+¥N
S that based on equation (23) 15 clained
r—2N_aP-p@ —aN = —pN
A= i —c+ N 1 (24)
¥ i —& 4 ¥
11. Stability
Al s stage the eigenvalue of equation (23 will be searched as fullows
[AF = 4]
Then abtained
H—f+1:—”+wF‘+|p{? N ph
-gP A+c—fN 0 =0 (23
-¥g 0 Ate—-yN

Furthermore, from cquation {23}, the determinant will be obtained as follows
A +113{:e— N +c=fGN-=r1 +i—:__£+ﬂP + q:i[._lj +.1|::i:.-3 = cyN = FeN + fyN®—er 4

}T.'lr—ET'I'|'.-I-'r'|'l1i’%—n::‘:+MTH—¥+EEF—FHHP+EEP+E¢IQ+E¢Q—
R rpd 3
ByNQ )+ (—cer + cyrl + BorN — fyrN? + 2 - 22 —w:,"' +zﬁ:" + ceuP —

cyal P + cep) — ﬁeHﬂ] =1l (26)
The parameter caleulation of equation ¢ 1) is az follows
__ Eterkonfirman
i tetal
2
T 295
=0373
K= & for dorek odak dilekoken
. ForEal
G4

205
= 0,831



30

0 Corgh fdad gidgAuk as akderia g s

€= total

_ 113
—
= (363

E far corak cidok diiakakas erdiaghosls ik
rarof

g =
_iag
295
=119
i B pasibl F ekerrinlogisy Fhnkdaristngiy
®= frdial } :I
1I9Y § 118
=)
= [L170
g M. pogsitif bakteriologis {tﬂkmfl'mmé}
B total total

7y 7 150
= z92) ()

lakni

tatal totol

~ b))
= (014
M. positif terdiagnosis .F:ﬁm's) [Ierkﬁnﬂfm-us[}

total total
. [ 21 }[ 150 }
— \295/ \total
= (L0206
Bazed on these parameter values. a prey predator mode] with two predatons is obained

L] W
- = 0373 [1 ‘ﬁ} —0,170PN —0,014QN  (27)

¥ M.positif terdiagnosts J;Ilfﬂis) {te'rdfuynmr's keltris

jr_" = —(1383F + 0,148NF (28}
f— = =0,1199 + 0,026N0 (29)

Furthermonz, the values of these parameters are substinmied s the knovan fixed poines as
Tollows
Fesr the firt fized poing obitamed

TE, = (0.0,0] (30}
Far the second fixed paant
TE, = (K, 0,0}
= (0,831;0) 31}

For the third fixed point eblzined

7o = (5:2(-5) )
= (2.588: ~7.93:0) (32)
Far the fourth fxed pomt obtamed:

)



"l'l'l

TE, = (E;ﬂ:él:ruﬁ )
= (4.577; 0; —110)
(33)
For the fifih fixed point obtained:
L L
TE;—':E.E{T Fx w ]-G}
= (2,588; —4,647 - 0,0820%; Q") (34)
Faor the zixth fixed point ohtained:

w1 re Koy
TE, = (Sii(r - —e0)i0)
= (4577, =9,571 - 0,0822*; qQ°}) {35)
For the seventh fixed pomt obtained:

TE; = (i—:P':i[r - % - -E:F"::I)

= (2,588: P'; —56,429 — 12,143P") (36)
For the eighth ised point obtamed:

TEi= (ﬁ:P':éir— E—EF‘}]

= [4577: P —116214 — 12,143F7) (37)
Furthermore, (o fimd oul the stability of the fised point, the fised point value of equaton
(301 and the parameters are substituled in equation {26} 50 that il is abtained
AN 40,1294° —0,1414 - 0,017 = 0 {38)

50 the lanwla value of equation (38} is 4, = 03723, 4y = —0.30817 dan iy = 0,119
Furthermore, to determine the stability of the fixed point, the fixed point value of equation
(317 and the parameters are substituied in equation {26} so that if is obtained

A40T9E -016A=0013 =0 {34}

Bo the lamda value of equation {39) s 4; = =0423%. 4, = —=0,1526 dan d; = -0,1528
Tor firsd ot the stabality of the fxed point, the fixed peint value of equation (12) and the
parameters are substituted in equsation (26) 5o that o s obtained

A + 06544 — 04841 — 0015 =0 40
San thee Lamda valkue of equation (40} 1s &; = —1,1045; 4; = 04180 dan A3 = 0,0325
Furthermore, to determine the stability of the fixed pont, the fixed point value of equation
(337 and the parameters are substfuled in equation {267 so that o 5 obtaned

AT+ 19028 — 0.8294 + BI26 =0 411

S0 the lamda value of equation (4118 4; = 30990, 4; = 0,5985 dan 43 = 0,5985
Furthermore, to determine the stabality of the fized point, the fixed peint value of equaton
(547 and the parameters are substinned in equarion {26 o0 that i1 iz obtained

AP+ L2124 (0,047 — 00040704 + (0,12 — 0044071 = 0 (42}

Irg* =2, the lamda value ol equation (42) s A, = —1,34494; = 00665, and 1, =
(LO6B5, and if " = 3, the lamda value of equation (42} s 4, = —1,3252; 4, = 01,1673 dan
d; = =0,054
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Furthermore, b detemmine the stability of the fixed point, the fixed point value of equation
(357 aml the parameters are subsniuted in equation (267 so that i is abtained
181587 4 (=1,721 = 0,0070*)4 + (0,129 — 0,080") = 0 (43}

IWg* = 2, the lomda value of equation (4315 4, = —25032; 4; = (LT0GT, and 4y =
=0,0175and if §* = 5 then the lamda value of equation (43) isd;, = —24792; 4, =
(LB00Y dan A3 = —0,0601,
Furthermore, o determine the stability of the fized pont, the fixed point value of equatson
(36) and the porameters are subsiituied 1n equation {26 ) so that i = obinned

A+ 121245 + (0,084 + D05P A+ (2,581 + 0551P" =1 {44)

If P* = 2, the lamdo value of equation (44} 15 4y = —2,0219; 4; = 04050 dan A3 =
(hA050
Furthermore, to detemmine the stakality of the fixed pomt, the fixed poind value of equeation
(37 amd the parameters are subsiatued mequation {26 5o hat it s obtned

¥+ 121247 + (0,084 4+ 0,05P )4+ (2,581 + 0551P) =10 (#5)

IF P = 2, the larmda valoe of equation (45115 4, = —3,16064; 4; = 06757 don 4, = 06757

12. Application of Fuzey Based Prey Predator Model
Substitute fixed points M= 4,577 in equasion (27} 5o that they are obtam

¥ = 0,373(3,577) (1 - 2I0) ~ 0.170(4577)P — 0,014(4,577)Q
Can be simplified fo be .
N = —7.6958482142 — 0,77809P — 0,0640780 )

Subseguenily the sabstitution of fixed poits P = -9.981 in equation {28} follows

P = —0,383(—0,981) + 0,148(-9,981)N
Can be simplified 1o be

Po=3822723 - 1477188N 147
Furthermore, substitution of fixed pomts O = 5 o equeation [ 29) follows

@ = —0119{5) + 0,026(5)N
Can be simplified 10 be

() = =0595+0,13N [48)
Froim equations (36, (47} and (48) can be made a © mamin messunng 3 = 3 and vecwor

B measuring 3 = 1 a5 follows:

0 =0,77809  =0,064078 76058482142
C = |- L4778k i ] Ianﬂ = 3822723 ]
0,13 0 0 =0,595

By using menggunakan 4, = —2 4792 the cigenveciors will be searched lrom the ©
matrix a8 follows: (4, = Ax =10

1L @0 0 —LTFR09  —006407E] | TV i
-2 4752 IEI 1 [I] - (=1,477188 0 0 Pl= DI
oo 1 0,13 0 i il 1}
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—Za4Ta2 1] 0 I 0 —0L77E09  —0,064078
0 =2.4792 i = |=1477188 1] 0
i 1] —24792 013 1 0
—24792  OTFTE0Y  O0RA0TH] N
{l.ﬂ?laﬂ —2.4702 ] | lf‘
=13 0 =2 4792 | 1§
Can be wrinien o be
—ZAT9ZN + 0,77009F + 00640780 = O (49)
14771088 — 24792 = 0 1541
—0,13N — 247920 = 0 (51}
S0 the eigenvecion of equation (49) is

=2 A792ZN + 0,77809F + 0,0640787 = O

LL0G4078F = 2ATIZN - 0,77800P

g = LATHAN=D T A
s TA
1
1

f,54T4RROOTH
For the eigervector of equabion (307 1t 15 obtnined

1477188N — 2 4T02P

=10
=2 ATWZP = ] 4TT1HEN
p = CLaTrsss
T =raT
1
5958325266
i
For the gigervector of equation (31 it 15 obtained
-0,13N = 247920 = 0

—2ATIZQ =0,13N

_ miaN

¢ =

1
—(LO524362698
From the kinown gigenvectors, the fundamenial matris i obiained as follows:
E—.‘.‘_-I.'.'I'-IH E-:lmr E,-:r_r.'qz:
Wit) = [ g R ATH 0.59583202 A6 ~2479 i
26,547 400097 fp 24T ¥ —{),0524362 A0 4TI
s(32}
Surbsriiue equanon (32 i equaton (9 as follows

t
Xor) = ey (0IX(D) + (2) j ¥ (s)8 ds
Then abtammed

N
q
¢
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NCE) = 150p 34T . @ -247R0D 2192504 82247920 — 2 621925048) —
g~ ATHEN0,020310269e 27 — 0,020310269) — £ ATHE, 7057807 26e 4T —~

5,7057BUTZ6) (33}

And

P(t) = 125247921 4 50583252 T34 (2 4219750484 ™"F — 2 421025048) —
g~ AT (00203102698 7% — 0,020310269) i54)

A

Gt} = 60e T4 _ 26 5474809 14T 0 02031026979 - 0,020310269) +
0,0524 36279~ 4™ (5 F05TR07 262447 — § TOST7R0726) (55}

From equation (53), (54} and equation {55 by using MATLAR R2015a seftware, Graph | is
obtivined as follows:

s ||
M| |

Fig. 1. Population of Crisp Prey Predator

Iin Figure |t can be explaingd that the population population amd predatos population
both decrepsed for one month after i was convergent

13. Application of Fuzey Initial Value o Prey Predator Models

By substiting the mitial values (o tnangular Meey numbers, it is obtained

= 110 < x < 150
'ﬁr’ﬂ: e T

W
o 150 x = 170

B85 <x=125

["5“” 125 < ¥ = 145

’—“ 2 < x < 60

%= ";“ Bl < x < B0

()" = [40e 4+ 110,170 — 20a]
(f3)° = [40a + 85, 145 — 20a]
(3,)" = [40ax + 20,80 — 20a]

170 11
o X, = [145] and X, = | B85
&0 20
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170
145 [in equaton § 10} then it 15 obtained
Hid

Then by using X; =

P(1) = 170e 447U 4 o247 £ 1025048 #4"HE0 _ 2. £31025048) —
gAML AINF L0269 54T — (,020310269) = ™47 (L TOSTROT I 6T =

5,7 05TROTEAR) 156)

And

P(t) = 14524792 4 0,59583252 74702 (2, 6219250482471 — 2 621925048) -
g~ EATI () N203 10260224732 _ ) 0203 10260) (57

And

@) = 80e " — 26 547409 40,0203 102692 2V — 0,020310269) +
0,05243627e 247925 FO5780 7262 2475 — 5 705760726) (58}

From squatiens { 36}, {37 and equations (3£), using MATLAB R2015a software, Graph 2 is
obtamed as fonlloas:

v Pl Vet Sry @ s e

Fig, 1. Fuzzy Population Prey upper predator
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In Figure 2, it can be explained that the fuzzy population prey predator uppaer is convergent,

110
For Xy = lﬂﬁl it 15 referred to moequation (104 then obdained
— lzo

RN{t) = 110e 347" 4 p—2472(7 47192504847 — ZAZ1925048) —

g 0203102692597 — 0,020310269) — £ 24742(5, 7057807 2624742 —

3, FSTROT2A] (59)
And

P(t) = BSe 17 4 0,59583252Te 47" (2,62192 504827 %7% — 2 621925048) —
g~ =AML0 D203 10269979 — 0,020310269) (il
A

(e} = 202479 — 26, 547489 2M0,02031026%9 247 — 0,020310269) +
0524362 7e T8, 7057807262 — 5, 05TB0OT2R) [aly

From equastions (397, (60} and equetions (61 then using MATLAR R201 5a software s
obkmned m Graph 3 as follows:

drwmtn i

Fig. 3. Lower lvwer Fuzzy prey Predator population

In Figmre 3, it can be exploned that fuzzy prey populations are [ower convergimg
predators. Prey apper amd prey lowe combined resulis can be seen in graph 4 as ollows:

ot By Faparms Frary Froy
- =R
(|
wth
[ |
o
£
-l
!
-t
| .
il N 3
| e
|= |
" ]
: A g

Fig. 4. The prey upper and lower prey populations proved convergent
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The combined resulis of the first upper predator and first predator can be seen in graph 5 as
Tirlbawys

Figure 5 The first Fusey populetion predator
In figure 5 it can beexplained that the upper first predator population and the first lower
predatos proved convergent
The combined resulis of the second upper and sccond predevor Towe can be seen in graph 6
s folbows:
Frer Py By e

Frigure 6 Second Popalaiion Fueey Predator
In figure & it can be cxplained that the upper first predator popuiation and the first lower
predutor proved convergent

14. Conclude

Based on the srmulation resules using the Fuzey Prey Predator method, the conclusaon is
thsat the population of Prey and Predator is stable, so thar sfier applying the Fueey Prey
Predator model, convergent results are obtamed. Prey population and Predotor populistion
have declimed For ane month, atfter that covergen
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