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Forecasting the Number of Tuberculosis (TBC)
Using Fuzzy Prey Predator
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Absireat. Tubsrodnsis (TH or THi Is an mleaions diseass cosed by the bacieris
Mycobaciorimn sborculosis, Toborowhos (T = sl m nejor bealth peoblom in the
wanlal, s Feosen this dl i oocessary by ferecasl o deseomine he incriase in e s ol
TH disemos, and bibir e Be faken in prevestiam, This shilly uses e Fucody peey
predater mefd. The daia soarce wed 5 daa cn TE patismis al Boumamar Health
Cuner, Prom e reselis of (B8 skaly, dl sas sl i the pomdlagon of Froy aed
Preckand wes o ghL Dow stelviliy, o il alier apphing e ey poey pralanr menld,
o vimgenl rewlB wene oblsinal, Prey populatin wand Predalor populilinn decresiod
frar o pranshy, aftereands coveargen.

Foevvenmgds; Tubaroaioais (TIC, fomocasting. ey proy peodator,

1. Introduction

Tubercslnsi= (T or TH1 is an infectians disease caesed by the hecterium M veobacteriune
tnborculosis. Twberowlosiz (TR b il 0 mager headth problem in the wordd, This caees
healths prefilems in millioms of people each vear asd beoomes ranked second as the main
cuuse of death from disepse infections workdwide after the Human Emmuaedeficiency Vimus
(HIVY, In 2012, there were B millon poople wardwide affectod by TE and) 3 million
peoeds disd from this diseese discleding 3230 M8 deaths of peaple with HEV ). Mosa of the
tobercuboeds {TEB germs stinck odofts in productive age. Howewer, i the group af childnen
ome mnillion chikdren d& 14 yeirs old) were sick becopse TH and 170 000 chaldren died of TB
in 203 [ 1), According to WHCF datu i 2001 simtes that Indinesis = mnked {oami in dhe
wonld with the moed TH sulfersrs alter India. China amnd southern Adnica,

Tha World Health Oaganization (WHOD siakes that, in 18948 m Indonesia every yeir 583
mew chmes necurmed with ghe death of 130 patients with pragive mbercalosis in ther ghlegm
Wheneas acoonling 1o the resslt= of the Kesnindar reseasch in 19590, the momber of deaths
cuieed by fubercubosis was eetivaied ab 104 B82 per year. The st incsesce i inbe roubosie:
cusex occurs in groegs of people with weak sovio-ecnmomic conclitioms, infl venoed by
entilurimee. mutmitional datns, individual pereomal hygiene snd density of housmg [2]

T8 s o oof the menl infectinmg diseimes hound i East Jave, in 2003 Ba Jove ccoapied
the secomed highesd cice of pulmnnery TE patiests sfler Wesd i, which amoonied
FRIEE parents (3] TR sad¥erers in the pasebasan oty wre moksd fifth, onder Sumenep
Regengy, Lumvagang, Moleng Cry gnd lemsher [4], Based om datn Crom e Pomeicsn Disrcr
Health CiTice., there were 110 i 2514 5]

flany bty com predicn the mimber al TE discess, oae e ifod @it can b sl 5
Ty prey preclator. [nthis melhod, fizey el theoay 1= used lncrente & model that studies the
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interaction helween ey (pecyy omd predator Lpredaior) claracters i ghe o of oedinery
chifferential equations tiat chamcwerize clissical determimistic models (6] The prey in thix
iy was hwmans, white he prodaiors wene tberculosis. Thes (he decosposizion of
prediorprey mesfels tha mepresent the inleraction between prey dprevt aml preclator
{prechasor) uxing & fuery mie-bosid sysem. Nexst, it s proposed the detenmministic clasical
vkl giecin Iy ihe sysicos of codisary B Merenmal apains . K cvandls ihere is o percditig -
ey sysiom wikke solulion coincides with the fuzey musdel. By adpsiing the parameters of
ihes differcrdial cootion Fom e Tieey mode] oiraingd, oo thed sysicm =2ebility nalysis cain
bz carried vun [é]

Based on peevious reseach emited “Predaiwr Frey Model with Early  Fuzey
Popsations™ e icsales ol By roscuncly progees a iew wiy o shikly pey-prey poguilisiog
maibels, which ke ined socound the unceraisties i arke when determizing predior and
ey imitial popeelations. By esing the concepe of ey ineral serocivicy, the Bunge-Kuia
Mehoel, w0 estigeing the nundser of pradoors mnl geey over e In ressach eanted
*PrecatcrPrey Fuxey Delay Svsiem. Theory of die Exisence of the Thoorem: and Owucillinion
Solwtion "seeccedal b proving U eisene ol onigue s of FOPF aolulos o ok
11, imtcrval |

Based an the mesesch, o ane has examined the problen of (orecassing the samber of
fubarculizds, For lms reasan, i this sbady (he avthens are imlecsted in udsg Facey Prey
Fredawor ina saly cmitled *Posecasting the number of TR diseases using the Fooey Prey
Prodalon metiesl” So il b= s 15 expeeisd 10 b= oble o determing the anmuossd of TB
iliscang incrcase,

2, Definitbon of fozey logic

Fugzy liagie was Fiesl introdueeal By Prof, Lot 4, Skl i E%5. Classic el Fuecy Scis
Bimically. fueey =i theory is 28 exension of clssical =et theary. In onsp, ke value aof
membership of the dem is writen with o & fx], has 2 pesaibilities, namely [7]: One. shich
micans thid s il booomes 3 meanber i s sef, or Dovo, whach mcans that the isem 5 md =
moeamiber of o s,

3, Prey predaotor

The prey prechstor sy stem with v procastors cin b scen m she Tallewing differonial
cyualica

dN N
== (L——]—ap.u—.pa.v

i= —F + GNP

e+ vy o

K= the carrying capacity of dhe prey saviranmen!
r= prey growih e

& = first profator prowth nise

e = the growsh rate of the secand predatce

i = First predistor mats of proy

¥ = second predator costraction mbe to pruy

& = prey contrsetin mie of the firn predasar

g = proy sontmction ride of the ssooml prodaseor




4. Equilibrium point

D finition 2.1 [&]
A poina x, s said 10 be the equalibriom point of squatios
£ (] = xy(EHp — rgxg(E})
Ex(8) = walbhlpa —raze (EY)
ot B if For each @ 2 & then the readd Fix.) = 0.
From ths definition it gives the meanieg thot the equilibaism poisd 7, i= 2 conatant
sl af cgualicon
f:'|':':] - -’:'\-[”[Fﬁ = "lg‘l'glr}.:'
r(t) = walEblpy — rypoe (200
whaen (%, ) = Do that (¢} = 0 i thai poin

Proguosition 2.1 ji5]
IF e, equiliriom point is stohle, the fueey is also stohle.

5. System linewrizalion

Lincirwsion syslem of & syakem of monlivcar dillzemtial cquigions asing & Taylor
?J-"."i.l:l.
Civea o dymame aydcm i follooes
iy = filrea]
= Glr.ag [2h
Suppose the nction component f{ixg, ka4 1 = 1.2, hesa contimmgns derivative smound
thie eyuilibrlum paint (o, © ). Soothid Teevw eqestion (2.5 cen be writtes in the Corm of &
miris as Todlnvws:

ah, 2h,

#1] o ™ Yeaeed P i) [;_']
Al |k L] T

gyaiad L ||'l\. el

6. Stability

Defnddon 2.1 [3)
Suppose muaarix (1 = w ). A nonzeon vecoor vom BT s called the elgenvecar of &, 0 for
i sondar & s called the cigenvalue of marris A then it applics:
Az = Ais (1]
The vector & called the sipenvectsr of A when it cormesgonds 1o dhe cigenvelie &
To il the cigeovaluc of the motna A copiation (3 gan be wrilon as [ellows
iAd— e =0 4y
With [ is an idenity meains, Eguitiom (28] hay a nonecro sohition which i only if, det
(A —Jdpr =0 is called the characieriste equotion of &.
eguilibrivm point Aebility (5, ¥, i3 divided ingo (e, samcly as fiobkws [9]
pe the cupwilibsimos prord % g, o 155 said 1o be oy vmptobcally stable 0 & =50
b ecpuilibram poing (G, vl said o be sable i L = 0.
€ lhe oyanlibeie iy potad (. ¥ )b is ssid o be vasiable of 4, =0,




7. Mon hemogeneous system solutbons

Gives u noa homogeneoas sysvm
X ow Ax + h{i1) (1]
With A the metris n= noomd b (1) are vestors: whoess glomanls are conbmuoous functions

Drefimd thon: 101
The fundiomemtal sahtion matrix for the sy=tem

Y= Ax i)
I the madris o (1) mezsuring e nothot sabisfes

B = Al (7
Fuorcuch fef
With the mainix ${t} = e satidhes egustion (7) with the iznial valee @] = {, s dlun
alth=e" is called the fundemental murix

Thame; [ 11]
IF gt marwd v e vwe Runadaime mal solation matrices for the sysiem (60 then there §s o
cinpiamd medrix C so thar @i} = gh{ejd

Thevrone | 1HE]
If @it is dhe Descsmeiual sodotion mons of the system (&) thea
e = giehp
Therreme | 111
If ghlr Jix e uadaimenial meatrix for she system (6] thes (e solution of the non
I g ncnis systean €3 widh the indtiol vakie is X170

Xied = g~ 00N 003 + ghir] ;'I“.:p"n::_-h d's (Hh

H. Fozzy proy predstor miodd
Erredaior prey medels with faxzy inital concitions in linear form sre given j6]

X=[CX+8 i
The solutiion ne eguatios (§)is
Fied = g 7 HO0S 000 + 'J'[f.",ﬂ: iR
Oy it zan b weritlon
|£.X] = witip O Lo+ 900 [y tE am
With Xl = X, aad ¥ = ¥,

. Model Fixed Point Analysis

Tir anatyiee the fixed podnt on the couation (1) that is by way of makizg %= I},'IEF =0
uu% = [} s thet eguation (15 can be writen

0= rw{1-2) —arn - pgn i




il

—F + HNI? el
0 =—ol + ¥ i3
Whaen "—H‘- = [k, theiw in eqgeation (12) is obained
L
—cfF+ P =0
Pl =P+ KN =10

] =% i 14%
I
Whan ':—T = {1, theny in egpeation (1 3] is obained

-+ N =0
g=0or—e+ydN =0
H-E e

Whereas in eguaiion {1 1) when % = b, # e obdxined

rN (1=~ aPN - g =0

. N
Wo# Dataer|1- FI — P = @i} = 0
If M=0,F=d i spbatifis] ill-l.'ill:llﬁi'.ﬂl-“":l!":"n'll (R T R

F=gd =0

= (17
If M=, ) =10 is suhstinsed m equation { 16} then obionsed
=g =0

s LT

I equetion { LT} end (18) do nol I'ull':il beconse inequetion { 16) the condition is ™ « 0.
T first fined pedm is TE; = 10041
Whareas iF P =0 and O =11 are sobedilnded inegration | 160 $hen oblained

(1-8)-0
o i ppan | ";-"I]‘
N=K

S thant she wecond Fxed pomm s obaimed TE; = (&, 0.0])




If K= E.l:l‘ = [ ia suhsdifudedd ineguation | 1) then obdaimed
L -
r(1=7] : af =g =0
T
e =
.f[' ,ﬁ‘k'}
=g g TE
SoTE = (g, i H],m
Fid the mimh Nixgl podinn, sabstignge N o= Edlll.tp = Chin aqumbod (100 sotlar i is ofaingd
W
rli —E}—EP .;-q:-n
“|Lr ==)=f
¥ 1 s
SoTE, = {_;.u.;{r— - }
Foathe Filh fived palne Gf aibsisoies & = : & Finacpianion {61 obiinsg
'|::|‘—] =if =p=0
-|l'r - ‘1“ - liI:'fJ' } [}
80 TE, _{ r-Z—w').g )
E = ; wnd (F =" me wshstitted mooquation ¢ 131 obimined
rl:.:l ——}I— al — gl =10
Hr-Eee)=r

Fl:-T.E'.,_:I{E.'—[r———w::' | ]

Rubegilpte N = Fi"F = " im equithon 165 fhen obtamed
{:——J—up p=0
i
et L
SuTE, = {ﬁ.r‘ (1=t =wr])
IF Y = :_-.llrdin"' = P geg substidnicd m cgeotem § b oldmimed
N
rl::]-r]—n:rF—;-'l;.l'-El
1 .
R ROR.
.%TS.-{ o [r———:rF']]l

1. Linearizatlon

Lineat eation i the process of lineanizing somliness fnctiens, from cgeation (1)
suppmse & fimction can ke wrilien = fllows:
For examgle:
W= i, e ) {19y




[ L o

Q= HNPG)

[}

(2E}

S thiad Broen eguations (1979, 206 and (20) by usme o T eydos serics, e hloe iy is

obtmned as fillows:

i 45
y de AR &)
i By ag  EE i
. -1 4 C|fp
: aE AP oSG
@l o 45 an|l@
AW ArF &

Froim i cquitioes © 220 thes Tacoie sy =«

driinid g follows

w] [r- ? — &t — i} —iali —p ([N
= P -c+EN D H
'[;' pid il - i i
So that based os equaion (23 is abinined:
r—?—rﬂ'—'—wﬂ —aN —qpN
d= ap -+ il i
¥ L] —s =

11. Stability

Al this stape the vipemal ue of cguaticn (231 will be smrched as Follous

[Ar— 4]
Then chiinned
A—r+ 2t up+ g0 aM Y
- A we = 0 s
¥ i} At g =FN

Furthe e, fromccustion (251, e determinant will be oliined s fisflows

I

{11}

{243

(13

A+t (e —ph+e— N —r+ s ab + 00 | + 1 ce - o — el + TyN? —er +

o HrE? | law A

w1

yriN —or + Sriv + -:1;-— —* == ==t eal —yaNF + cal +opl + @l -

,I'l'qn'u'l]'}l i [ dark b oy e Herdy |'.|rr.'-|!
cral P + copl) — el ) = b

i’ el
L .

Thw parsmeter cileulaton of eguattom (s s foflows

E= T Errkoa flrmpsl
- dior e
[

= s
BA73

X

o Efet ferok rifak ddintites

ristind

1
i HH"— b celP

[T




& L SVEA dlh il ik v LT gL

it ol
3
T
= {13683
- o ol dinrork sk abTunbn Bad i e v ibagma sl Kidis
= dodnl
=1l
i
=119
- ] i 1 1 s b o ) (s S 18
o [h faeal l,:l (3 }
LT iZn
= ll.ﬁ:“::mnm'}
= 1170
i [:.EH' pasdrif llu'ktm'ul'qlp.u':}[rt'ri:-:-'ll.fl"l'm-:-::.'iI]II
todal total
_ [11.'iI |: 150 ]I
T h2us) \oral
= 1148

o {E M. positif terdiagrosis kfl:ll.n!i]l l:'tcrdl..uyrum.'r Ju:.!uus]

fafid Fodard
21 i1H
=il

= L014
M. posiflf e diggnants linigy sterbanfirmas
p - (PRl e B }{ ity
— () (=
205 \ietal
= 0,024

Birstad o fhesse Parkimeer willigs, o prey e model with 1o predaior: 5 obaised
E L
r = OITIN 1 - -] —0,170PN - 001408 27}
= —0.393F + 0,148NP {2
= 119G + 0 026NG (19}
Furthermnre, she values of shese parmelers e sehstiteted al the kaowa Tived points ac
Tinllin'w' s

Forthe fird fined poind abiined:
TEp = (RO} (30h
Forthe secvmd Nieed poinn
TE: = (K, 0]
= [0R31;0) LE1Y]
Fraihe ihmd fixed poend nbeained

e T
TEy = (5ii(r - 32):0)
m (2 B ~T. 93 0 {33}
Forthe fourth fived point odstained -




] L] nr
Tﬁ-‘, = [Fﬂ':t'r' _TT»:I:J
= {4577,0, -110]
133
For the Aifth fived poind efiingid;
o1 re M 4
T8 =(Gig[r - G- v0)iC)
= [Z.088 =4647 = LOBZG" Q") i3
For the sixgh fixed paint obtined:
ik ™ H -
76 = (ol e e)ie)
= [4,577; =H571 — (OB %) {33}
Forthe sevesth Toed point ohimined:

olip s
TE, —|:£.P .vl::r = aP]]|
= [2,588; F; —56.429 — 1214387 )
Foor il sighith Nixed pastim ol sl

TE, = [E':PI:iET _ﬁ ! ”.]J

= (45T, P —116 34 — 12,1430} ATy
Furthermaore, b find ol the swhilfy of the fised point, the fisod poani value of sgamtinn
{30 and the miamwiers s substimted i ogaetion (26) o thal it i ohained
A nanat — 01404 - 8017 =0 EEE- 13

So the lamsfa viloo of eysetion (38 s Ay = 037235 4z = —03BLY dan Az = L1196

Furthermone, & detemmize the slubility of the fised paint, the Bxed point value of squmbion

{30 and the parameiors wre substinsed e sguation {16) 50 that in is obaized
A+ -0163- 03 =0 {35

S the lameda vilue of egantion (3908 1y = — 04239 Ay = —01526 cban d; = -0, 1546
To fimed ut the casbality of the foed poim,, the fixed point volue of equotion |22 and the
rmeters ane s listod inoquation {261 so ghat it is obiined

At DAG4AE — 0,4843 ~ 0015 = 0 il
5ot lamada vilug of gyantion FObis 4, = =1, 1045: 4; = 04180 dan 4; = RIE2S
Furthermore, m detenmise she siohilay af the fixed paint, she fixed paim value of sguation
{33 ) and the parameiors s substiteted in equuation {16 =0 Lhat it is chaired

A+ 12 - 0820 + 8526 = 4 i1

S the lamda value of eguation (€104 1, = —3,0000; 1, = 055985 dan 1; = B59E5
Furtharmore, w detenmize the siohilty of the fised paint; she fized poimt value af cguation
134} and the paramelers i substipated |8 sguarion {26) 5o that in iz obuaised

A7+ L,2134% + (— 147 — 004G + (0,12 — g = 1 {42)

1€ G = &, the lamsfa salue of equmtion (424 is 4; = — 134994 = 0,0665; and 45 =
D0E65, ond if §° = 3, the lomda volue of equaticon (4255 4y = —1,3252: 4, =0,1673 dan
Ay = 0054




Furthe rminme:, B cledgrmnise: whe slanil &y of ihe Fixed podnt, e Tived podm valie of sgaarion
(A5 and the pirameiers ae substitated in equation {28 =a that it ix nhained
LBISA® & [=1LTZ1 = 000707 )4 & (129 = (MBY") = i {43

IF 0" = 2 the Lamaks walie of equaibon (455 0y 4, = = 25092 4, = 0T0AT; sl 4; =
=01 Y5 e i 0 = 5 then the imada wiloe of eguatom 145 4y = —2.4T%2: 4, =
NAMYT den d; = =04060H.
Furthermnne, o desemmize she stabilay of the e point, the fixed point salue of equation
{3k and the paramensrs gie subeginset s sgerkan (200 o i s obiained

A 1,21207 b (0OHS & 0,05P7 A+ (2581 + 0 551F =0 B

IF #* = £, ihe lancla vahe ol equition (44 s 4 = —F021%; 1, = 04050 dim Ay =
{1 ALSD
Furthermnre, o cdelemmiee ghe stahilay of the fixed paint, the fixed pomt wabue of sguation
{375 and the parayeiers wre subeginassl i® sgaion {300 0 il in is obebeed
AV L202AE 4 (00 S 0S8 RA+ (L5E] +0551F =0 1450

If P = 2. she lamda valve of cumSing (95) x4, = =51668:; 4, = 06757 dea 4; = 0ATSY

12, Application of Fuzzy Based Prey Predator dMaodel
sustitoie fixod points M= U577 inegquition (275 s that they ane abiain

N =03734.57T ['.| - ﬁ‘l — 17005 P — O 014{ 4,577
Cim e =implified o be
N o= 70958462142 — 0,77E0900 — O0,6407THG 14h1
Subsequenily the substitulion of fixed points P =208 | in equanion {23 folkms
A [ [ = I I 0 I i 3
Cimn B simyslified o by )
P = 382873 = 1477 BN (ET]
Funthermnre, substinnion of fixed poinis () = £ ineqostion {29 folkms
= =B 1005 + 0265
Cim b smglilied 0 be
0 = —1595 + 013N 148}
Favm cpiisatims g0, (=75 nml 1901 gan e niele 5O malng seasiind 3 203 gl vecin
B nkcaanmg 3 = 1 s follows

0 =0,7T#E)T =478 = THH4HE 14
£ =|-14TT16 i ik and & = Jazzye
i3 i ¥ =[5

By wsing menggmakon 4 = = LA4THE the cigomee s will be scarchod from ghe
merin 2= follews: (1 = Alx = {1

(R 1] ¥ 07T -0 ds078) | 1y i
247210 1 |]-|—|—1.4.'-".’1EE o [ Pl = -ul
oo 01% 0 (1] iy il




—2, 4T 1}

1] i =0, 7TROY  —00G407E]) [
i =F 4747 [H] = =14771H3 ] [|] n
q 1] —T 4792 1% a i i)
—=214792  0IT7I0F 004079 [N
1ATFI8E -2 4792 1] F
oE o “EATIE LG
Cim b wmifion w0 bo
—2ATE2N 4+ 0, T70090 + 006407865 =4 {49
LATTIBBN — 247928 = {¥ {50
—0,13N -24702 ) = 0O {51}
5o the eigenvector of cquation (4% &
ZATIIN 4 BFTE0SP + BOGHITED = 0
MOEA0780 = 2ATI2N — 0.7 TEGP
ZATHIN <00, T AR
U=
1
]
26,54 74BN TE
Frr the sipemvecinr of sgoatinn { 500 01 s ohinined
1ATIIEEN = 24700 = 0
—ZATAZP = —LATTIEAN
_ =143710AN
P=—rw
1
hGOEHE2S 200
o
For the cigeaveior of cgueabion d 51131 & obliimes]
=[L1IN = Z AT Q= I
—24702 0 = 0,15N
0= 220
-2 AT Rz
1
LL
—0AS24362650
From the ke eigenvectors. the fundsmesdsd mammis is chaized o follows
a=TAT a=TATEL o= ATRL
T l A 05958325266~ 0
26, 54 THHE Tl ST [ —I},Dﬁiﬁﬁ-zﬂﬁ-rtf'""'
=32
Substitute vopustion (527 im equirtion {95 i folloss

SO0y = i mg e Wmxm + u'n:qu -5 R ds
L]

Tirasrb skt i nesid

0
fl

0
= |0
0

Al




Wleh = 150270 4 @ 2R T AR 192 S0 R BT _ B RR 191 SIME] —
o BV O N MIZER e LTI ), 0203 T2RY) = o " TATYE (5 05 TR T26L DTN -

S TOSTHOT 26 [53)

Al

Pleh = 120579 4§ SOLEYICI T 24TE ) L2192 0040 5T 3 L0 19PCMR) -
& ETEN D03 MIERSE T — O 0203 1KERT) [5d)

Amcl

QUY = Ge T _ pR BT TR 00203 10265 TR _ 0 0203 10269) +
A5 2AAE2Te ~ 2T E SOETHOT Rbe 1T 5 VORTHOT RGN (451

From egquation {530, (%) e squtics (A% by uiing MATIAH RI0 1% soltware, Giraps | s

crhfinined ax Todlows:
e o e

-

Flg. 1. Pepalation of Crisp Peey Predoton

Im Figare | it can be esplaned that the populabion popsslation ond predator pogsilation
taath decredsed Eorone mionth afer it was convergent-

13, Application of Fuzzy Initial Yaloe to Prey Frodator Models

By substituting the initinl walues for wiengolor fusy nombens, it i ohained

- %J 110 < < 150
CUEEE s s 170

=5
BT B« x= 1215

Po = faass
ST 125 < x < 145
T

i; = T I <= x =60

S, Gl x <80
(A" = [40u + 110,170 = 20|
(B0 = [40ur + 85, 145 — 2ika]
(31" = Mg + 20, 30 — 20a)

1o L1
S0 = [145| and X, = | 85
B0 z0
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Thecin By amsing Xy= IH-E il coqutioan U0 e i s obcained
Al

Ple} = 170 2W%E0 4 240000 57100 504Be ™4™ _ 3 421025040) -
&SV (A 102692247 — (,020310269) — e 347V (5 TO5TR0T 26V —

& TOSTACOTEG) {56}
Arac]

Pe} = 14554720 ¢ (E0SERA52T e~ 24T [ L2 102504854710 _ 3 62 19Z504E) —
AR 20T 102692471 0 6203 10265 {37y

Al

Q= B0 VT o pp o rie - LM i 203 10269 DT - 0, 020310260 4
00524362 T =240 R NPT e T T _ 5 205 TAOT 26} {34}

Fronycquations (36, 1571 ond eqguaions (58], osieg MATLAR R20158 softweee, Graph 2 5
udtsingel as fidhows:

e e e

Fig. & Fexzy Popuolatios Prey spper peedsar




InFigure 2, itcew he cxplained mhar the Tuesy populanion prey pred sior npper is fonvserpent
1140

Fut Ng = | 85
20

Ny = 110e 3V £ @240 00 A2 10250 Ee ™ — 2 AZ192504E]) —

oA OZ0A 1AM IATR — DIT03 1020} — 2 EATIE TOETR0T 20047 ~

B e a0 dn coguariog O e obiiked

5, TO5TH0TZE) {59}
A

Pled = 85 45 o 59583252 Te —24" 2 AR 1925048 247 = 262 1 92504E)
AT AN ER9e ST - 00203 10269 ()
Al

Qit) = B0e TV 34 ST B9 — TR0 BI040 2™ — 0 B20II0269) +
052436278 2T S 05TROTZ 6 S - 5 T OSTHOFER) Ly

From eyuatens {395 (605 and cypations (61 Ben wieg MATLAB B30 50 software is
efmminel in Cirapsy ¥ as Mollows;

e et § g P e

|

Flg. 3. Loower livwer Fuzey peey Bredmar popalation
Im Fignre 5.1 can be explisined thal furey prey populalioes e loeer comverging
predignrs. Prey upper and prey lovse combined resulis can ke seen m graph 4 as fiollowes:
L L =

| =
. ==

Fig, 4. The prey upger mnil livwer prey popadatoms proted convergent




T congbieed sesiles of the A= apper predator wal e predaior cas e seen inersph 3 6
foslhow s:

B b b B

il
i

Frgmne 5 T Tirsd Fuiery pajiald ation presdai
In: Figueree 5 it cun be explamed this the upper first predier popalaton end the (st lower
redpgor proved Coivverpens,
The cambized resules of the socoad apper and second predaior lowe can e seen in graph b
as Litllonas:
R e Sl e e

=

Figune B Second Popalation Feeey Predator
In Figuree it can be explamed that the upper first predeier pogslatinn aed the fra lower
pcdsor proved converges

14. Conclde

Basel om he simulabon resaits vemg e Faoeey Proy Predoior method, she conclison is
thet the populaion of Prey and Predains s stohle, so ibat after applving the Poeey Prey
Fredator mosdel, commerpead renlic are ohbiined. Prey papolation sed Predasar pogalation
tvwe declmed Torone momth . efter thor covergen

Acknow ledgments

T dnsthor would fike 1o thask:
1. Buisiekdikti who hove prosided fundmg scistnce melited 1o PEM PE.
2. Dean. study program MIPA UM e Sapesvizor who have sscceeded PERM PE
3. The Bannar mer healih cemer bas helped in the comple won of FKM PE.




Heferences

(%]
1+

107

E. Movita and . [smh, “Suldi Komkienstik Famen Tuburodosis o Pustesamas
Sehorang.” Lumes £ Pulilfe Heal |, p. 219, 20107,

HL Mubyante, “Lima Indikstor Periluky Eidup Bosih dan Schat,” p. 356, 1974

Chinis Besehatan Tawas Tomer, Proffl Provcorsd Joneg Timne . Snrobaaes Dhmas Keschaimr
Frovinsd fowo Tmur. Surabuye: Dings Besehaton Pravined Jewa Timwr, 2006

B. Budixma, 6 Bulare. 200 Keras THC OF Peevedaza. Pamekosim: Compascom, 2001,
Dines Bewchamn Pamekosen, Profll Kesetonee Kobagaren Panelines. Pamelasae
[hnies Beseharan Kabnpaen Pumelasan, 2014

b d. Prisebe, L. C. Bamos, aad B O Bmsimen, “Proedstar-prey ey model,”™ Eosd,
Mool vial, 214, pp. 3924, 2000,

T. Yuliante, 5. Komarryah, md N Ublaniyah, “Application of fuzsy imlerence sysbem
hy Sugenn melhod on estmiding of ol production” in ASF Conferencs Proceedingr,
2007, pp. (200

Lidiharsann, “Azalizis Kegahilan dim Beunimgan Maksimam Madcd Predior-Proy
Fusgsi Hesgerm Tipe Hollisg B denges LUsaia Pemasenaa,” £ Maiagema, p. 3 15, 20046,
lamaluddin. “Analisis Tk Setimbing dan Kestdmlan Mode]l Masermatika  pocda
Fenyakil Hepatitis © {HCY ) dengan 8T, Undver atas Tdam Wadura, 200 5.

K. P Esiorasnn, ¥ivet Dinder Nestbosioges, Vogpakema Aathematice  Depanment
Yoryakarta Sate Uni vencty. HILY




Determining The Types Of Tiles Based On Building Location
And Building Elevation Using Fuzzy Weighted Product (WP)

Methods

ORIGINALITY REPORT

5. o} 3 o}

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

2%
* www.researchgate.net

Internet Source

Exclude quotes On Exclude matches <1%

Exclude bibliography On



