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\beging enumerate;
“\item\textbt{ Detine LV-5ystem Tor population interaction. Using Numerical Simulation techniques,
demonestrate general properties ot the LV-system.
“subitem (a). Initial Condition dependence
‘subitem (b). Parameter dependencerhh

\AAtextbf{\large Soution :}
\y The \textbt{lLotka-Voltra Systemy ( also known as ‘\textbT{Prey-Predator System;) 1s a pair ot tirst-order,

used to describe the dynamics ot bioclogical systems. In this system, two species interact, one ot as a preda
time according to the pair ot equations:
\beginy center;
Phdfrac{dx ldiy=a x 1-b x 1 x 2%
\i\\wspacey.3ompbh\dtracqidx 2pqdt= ¢ x 1 x 2-d x 2%
vend center ;
where x 15 number of Prey and y 1s number of Predator, $\diracidx 1y1dt:% and 3‘\dtracidx 2;{dt}5%
represents the growth rate ot two populations over time.
“\Mow, here we see behavior ot system when initial conditions and parameter changed one by one.\\

W

\MAwinPP program Tor Z\textbT{LOTAKA-VOLTRA Systemy @ -\\

MVOAHLOTARACVOLTRA Sushemin

X1 ' =a*x1-b¥x1*x2\\

%2 =-CFR2+HdFRIF 2NN

LR

\#Initial Conditionshh

x1(@)=8.1"\

x2(8)=0.1"\

W

\#Parameterh),

par a=4.5%\

par b=8.25\

par c=4%4"

par d=8.5%\

W

\#Numerica Method\\\

W meth=RK,total=58%"

@ bound=1.8e+l18%"

done

\pagebreak

YWNow creating table Tor diftterent value ot Initial condition with Tixed parameter. Here parameter value are T1ix

is t=58.\)

WWitextbt{\large I. Initial condition dependence Simulation;

\begin{ center;
\begin{array}{|c|cl|c|c
vhline Serial Mo. & Initial Condition & x 1 &x 2 \}\
vhline 1 &x 1(e)=0.1, & 5.98143 & ©.385631 \\
£ x 2(0)=0.1 & & \\
vhline 2 & x 1(8)=08.5, & 34.6436 & 6£3.5833 \\
£ x 2(0)=0.5 & & \\
vhline 3 & x 1(@)=08.1, & 8.461834 & 65.1283 \\
£ x 2(8)=6.5 & & \)\
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vhline 4 & x 1(@)=1, & 4.493812 & ©.611741 \\
& x 2(8)=1 & & \\
vhline 5 & x 1(@)=1.5, & B8.295818 & 7.36417 \\
& X 2(8)=1 & & \\
vhline
vendjarray i
vend{ center;
\textbt{\large II. Graph related to table-I (Limit cycle and Periodic Plots)\\}
\begin{tabular}{|c|gl|c]|}
\hline Serial no. & Plot : Limit Cycle. & Periodic Plot \\
Vhline (1) & \includegraphics|[width=7.4cm]|{LCICE86.Jpe; & ‘i1ncludegraphics|{width=7.4cm]|{PPICEBG6.Jpgy \\
\hline (2) & \includegraphics|width=7.4cm]|{LCICEAY.jpe;r & ‘\includegraphics{width=7.4cm|{PPICBE7.Jpg; \\
Vhline (3) & M“includegraphics|width=7.4cm]|{LCICEBE. jpe;r & ‘\includegraphics{width=7.4cm|{PPICBA8.Jpg; \\
\hline (4) & \includegraphics|{width=7.4cm]|{LCICE89.jpe; & ‘\includegraphics|{width=7.4cm]|{PPICEA9.jpg; \\
Vhline (5) & ‘includegraphics|[width=7.4cm]{LCICB18.jpe; & ‘\includegraphics{width=7.4cm]{PPICA1B.jpg; \\
“hline
vend{ tabulary \\
“hWAnd table Tor difterent value ot parameter with tixed Initial Condition(value). Here Initial Condition(value ¢
x 2=8.1 % and total time 1s t=58.4\
YWwitextbr{\large III. Parameter dependence simulation;
\begin{ center;
\begin{array}{|c|cl|c|c
vhline Serial No. & Parameter Value & x 1 &x 2\
vhline 1 &a = 4.58 ,c= 4.6, &5.98148 & ©.385631\\
& b=06.25 , d=0.5& & \\
vhline 2 &a = 4,b= 1& ©.668323 & 8.1143682 \\
& c=4, d=1 & & \\
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vhline 3 &a = 1,b= 1& 1.3783 &8.8241489 \\
& c= 1,d= 1 & & \\

vhline 4 &3 = 1,b= 2 & B.278395 & 8.887359\\
&c= 3,d= 4 & & \\

vhline 5 &a = 4,b= 2 & 1.946777 & 8.8386599\\
& c= 2,d= 1 & & \\

vhline

vendyarray ;i

vend{ center;

\textbt{\large IV. Graph related to table-III (Limit cycle and Periodic Plots);
\begin{center}

\begin{tabular}{|c|c|g|}
‘hline Serial no. & Plot : Limit Cycle. & Periodic Plot \\

Yhline (1) & ‘\includegraphics|[width=7.4cm]{LCPCEBE.Jper & \includegraphics|[width=7.4cm]|{PPPCE@B6.JpE; \\
Yhline (2) & ‘\includegraphics|[width=7.4cm]{LCPC@@7.jpg} & ‘\includegraphics|width=7.4cm]{PPPC@&B7.3pg; \\
Vhline (3) & \includegraphics|[width=7.4cm]|{LCPCE88.Jpg;r & \includegraphics|[width=7.4cm]|{PPPCEBE. Jpgy “\\
Yhline (4) & ‘\includegraphics[width=7.4cm]|{LCPCEB9.jper & \includegraphics|[width=7.4cm]|{PPPC@B9.jpg; \\
Yhline (5) & ‘includegraphics|[width=7.4cm]|{LCPC818.Jpgy & ‘\includegraphics|[width=7.4cm|{PPPCB18.jpgy \\
Yhline
vend tabular
vend{ center ;
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vendy enumerate ;

vendy document ;



