?;: 6an1 O |

: “OW 6 yoert Homesoely 7 L6
* lon Hda, Aes.gnme,n\'25 p&mwg ;U,’ll

P\" 224 38-2t =0 @ 4 ls2-2 o..ao(u-hoq_z

(2V+ 3 (a) -\@Hy+3=0 . (¢
Fx\d-a2 r2=02-0=0 ve,"o )Z-'Q.‘T.SQ_.SO(U'F.“OO.'
15 2=3 olgo a goohdny < =
(3)3+3(3 V- N(BY¥2=0- | |
;ZW+;L“7—33+21 e~ (E-)5%]) =
2+ 2=0 X T No z=3i3 not o\aolu%‘c)n.

\3 2= T o solu+bn
et s [ e O Nea ' z=7T %3 2 9olotivn
Whver ooy z2=55 "

| . v O 4"/ - 1{ .
.175'. 8\ naz + co8tz ) | ~\a 2= /3 o Bolvtion

atni(vs) ¥ cosU )= \ -
a1 A A R Y&s ZE /s is G.So(ahor\
Racs oleoot Z/"VS F =)k b
SN ().~ coR (W) =1 ,
S34E5 > (54 = | > 1= Yes z="5 15 also asolutton

PUs Rz + cAsz-f

| This o fosaos, Tyogereon ety oz i s always tue
e 2eX o o\l 4plohona  Te IR {sed of 6\ vea rumbere )

Pb e Eiet ookl L X =
&Umx(t\ A x(a\ qm’ 32

l?&xeoQCVagaoQ Rx—\aoQChnﬂc X"G‘:\ lf’lt . ><"(c'~>\~ \&(1\" 43



) (LL) Orb([‘/(xﬂﬂ LXZ [6. 5_.( O Q\

5
Po: £d=(x-Wx-2)x-3) ¥ Ae x51,R,3, -1 @ Bsedpolrts?
L0y= (l INO@Y(8) 28 TS Ay o2d e
LY=0 +1 2 2MNV=( v
Pl (o f)(;z-QS(a 3+ @
PC)\- O +2 =5 LYy=2v"
L(3Y= (B-1Y)(3-2)(3-3) +3
P3Y= O + 3 = L(3Y= 3~/ |
LED= (-1 C1-2@e3y #nl s
Q(-\\ CH(-3)(-Y4Y 4 -] = Q(l)-—szs X
et X—'\f X=2, x=3 are Q%xed\:omh
X-"l 's /\DTQ-(—\KGC\ }.»o

\P? 'PCK\Q)\ ()(‘\-d-\-\ )(—- QX s (Xtﬂ\ (0 l§aﬂxdpom*7
£(0,-1y = (0+-1a1 on L2V -

£ 0N=(0) 1Y Yes [xan (0. \Srsqnxeo{;w,m -
ls (%, \ (1, 1 olso @ o Bxed Pomw
‘P( ([+l+( [- { 45"

£, \5‘ (3, 'D_) /Vo (X,j) (/ /)i‘sm—f a-&xeo(pom*\-

:(')CX\ ‘/(x+\\ X~ ] ‘
(z,\ x(oS 0 x(\y= /&‘bﬂ\ B /S- 6@3’7 x(93=yc.m1+\\ =44wz
f ) P s = a Q

— (wﬁ G ([ ‘/(xm"_( [x1,651; 1600, looo\ D
Yoo Loy 11N Sy 1 %d— L Q13633‘?8&7_7f

Pq ‘Q(X.S Z\ ()5/(“3*2\ %4X+Z\ /H)n-u\B

€) 0o, 0,10, «“(hmmo\ Cmﬁo,wwo tono = (3.%,% )
J ('333 1333,.333) -

£(.393,.353,593)= {“3”*”3, ";{1"3’5?’,,’"‘?7’77;3 b
“/l et ( 7 ,'!;'_ZQ?G) (200 200‘.2005
Flesy 3 derns vo Maple Ao ,;koﬁow

[L1.6,1:6,1.07  L353,.9%,.333] Laws, -200,.207)



QUVVIVOVIVOVOVIVI0VvIVvIdddvrvrddoovvvdovoogvoaodad

(Lb\ Orb([%-\j-m\ d.{m-rz) %x-hﬁ-] L}(,v z] E.CD 1.6 lgoj-O 23-

(UL) O(b([%ﬂﬂ.\ /Hx*'l-) +;ﬂ:p] [?(d Z] E 0 (-0,)- 0.7 IOCD {600) Ll]
| You je+ Ea.oooqmsous‘l 0. ooom‘75ot|5‘7 o,OmH97750u57]

Y Therts Uno BlOY . K = /x

Pl x(n) =x(n-O% - 2xtn-1V2 2

| (}nde,\r\a}‘n% Qunc.—\-.\or\ | $£0605= Xa = 2AX ¥ D.

X K- Dt D
X2-3x+2 =0
(x-DY(x-2) = 0O
Ox=\ X=X K- 8 =
Tese eQuiltorium so(u-\n‘ons XCﬂ\ l & X(n\ aY

I REPTRG A T

U‘nc&e‘f\dna Vun(’)\“@h L= 54 x (1-xD
= %4 x (1-x)
5/;.z>< Y2 P xT-%x=0
xX(%x-3%)=0
x=G , x= ¥5 or .G
Jewo eguil:briom golubons (n\ 0, x(n)=Y5 00 G

P1as  xlnY= wxta-1Y (1-x(n-))
w\w Fonchton P02 ks (1-x)
X= lsx (1- x\
X,-T—(KX 1-4)(25 @ KREAx
Xk s+ hxt= 0O
X (1= K) - w )= O
K= bkx = —(l-KkY) > x=

5
<
Two e_(qu brivm elotigns X(ny=0 , ¥X(a\="1"

-l



i P\\ "Fad v a++ach¢d Mq Ie.P lc
Pl&‘- Fﬂd be a-\—-\-&c\ncd /'“\qple -Q‘le
QPH“‘ e X(n\ xcn-n ;zx(n»m;
W= X2- ax -\—D, 019
PN = Qs €D = Fmd = (Vv 2
O = 2-2=-0 = 10 4\ x=)\ ts stable
£ = ANnNa= 9~ >\ xfél‘s vnsteble

Plate  x(a)= % Xln- IB(\'X(n—))S
£:)= B4 % (1 - x\ > 8w o Fh x>
R = B4 = Bx |
i (0\" 5/4 -50) = 5/;# l5/1|>\ -—O 's unstalole
£ (""/53 = %;. 5(%\ 5’;'@/&""‘/1 de AN
4 oI X5 el ts S’nb)&g

i —



[> read "/Users/jeton/Desktop/Math 336/DMB.txt"
First Written: Nov. 2021

This is DMB.txt, A Maple package to explore Dynamical models in Biology (both discrete and
continuous)

accompanying the class Dynamical Models in Biology, Rutgers University. Taught by Dr. Z.
(Doron Zeilbeger)

The most current version is available on WWW at:
http://sites.math.rutgers.edu/~zeilberg/tokhniot/DMB. txt .

Please report all bugs to: DoronZeil at gmail dot com .

For general help, and a list of the MAIN functions,
type "Help(),". For specific help type "Help(procedure name),"

For a list of the supporting functions type: Help1();
For help with any of them type: Help(ProcedureName),

For a list of the functions that give examples of Discrete-time dynamical systems (some famous),
type: HelpDDM(),;
For help with any of them type: Help(ProcedureName),

For a list of the functions continuous-time dynamical systems (some famous) type: HelpCDM(),
For help with any of them type: Help(ProcedureName),

i )
[> #P8 (iii.)
Orb([1/(x+1)],[x],[0.5],1000,1000)[1];
[0.6180339887] 2)
[> #P9 (iii.)
Oorb([x/ (1+y+z),y/ (1+x+2),z/(1+x+y)],[%,Y,2],[1.0,1.0,1.0],1000,
1000)[1];
[0.0004997501157, 0.0004997501157, 0.0004997501157 ] Q)

> #P11'

> Oorb([x"2-2*x+2],[x],[1],1000,1010);
(L YL (L (YL (L [ (1 () (1 (1], [1]] C))

> #Confirms that x(n) = 1 is indeed an equilibrium solution




[> orb([x"2-2*x+2],[x],[1.1],1000,1010);
[[1.000000000], [1.000000000 ], [1.000000000 1], [1.0000000007, [1.000000000], 5)

[1.000000000], [ 1.000000000 ], [ 1.000000000], [ 1.000000000], [ 1.000000000],
[1.000000000]]

> Orb([x~2-2*x+2],[x],[.9],1000,1010);
[[1.000000000], [ 1.000000000], [ 1.000000000], [ 1.000000000], [ 1.000000000], (6)

[ 1.000000000], [1.0000000001], [1.0000000001], [ 1.000000000 ], [ 1.000000000 ],

[ 1.0000000001]

[> #Starting close to x(n) = 1, the limit does still tend to 1 so we
can say it is a stable equilibrium solution.

> orb([x~2-2*x+2],[x],[2],1000,1010);

I [12]. 2] [2] [2]. [2], 2. [2]: [2}, [2], 2], [2]] ™

> #Again, confirms x(n) = 2 is an equilibrium solution

> Orb([x~2-2*x+2],[x],[2.1],1000,1010);

[ [Float(undefined) ], [ Float(undefined) ], [ Float(undefined) ], [ Float(undefined) |, [ t))
Float(undefined) |, [ Float(undefined) ], [ Float(undefined) ], [ Float(undefined) ],
Float(undefined) ], [ Float(undefined) ], [ Float(undefined) ]|

> Orb([x"2-2*x+2],[x],[1.9999],1000,1010);
[[1.000000000], [ 1.000000000], [ 1.000000000], [ 1.000000000], [ 1.000000000], ©)

[1.000000000], [ 1.000000000], [ 1.000000000], [ 1.000000000], [ 1.000000000],
[1.0000000001]

> #Even when we start around 2, the limit does not tend toward it,
when we start a little over 2 we go to infinity, but a little under
2 even at 1.999 we go back to 1. So x(n)=2 is not a stable
equilibrium point.

> #P12'

> orb([5/2*x*(1-x)1,[x],[0],1000,1010);
[[0]. [0}, [0], [0], [0}, [0], [0]. [0}, [0, [0}, [0]] (10)
> #Confirms x(n) = 0 is an equilibrium solution
> orb([5/2*x*(1-x)],[x],[0.001],1000,1010);
[ [0.6000000000 ], [0.6000000000 ], [0.6000000000 ], [ 0.6000000000 ], [ 0.6000000000 |, a1
[0.6000000000 ], [0.6000000000 ], [0.6000000000 ], [ 0.6000000000 ], [0.6000000000 ],
[0.6000000000]]

> #Even when we start near 0 at .001 the limit goes towards .6 so x
(n) = 0 is NOT a stable equilibrium solution.

[> orb([5/2%x*(1-x)1,[x],[.6],1000,1010);

[[0.6000000000 ], [0.6000000000], [0.6000000000], [ 0.6000000000], [0.6000000000], (12)
[0.6000000000 ], [0.6000000000], [0.6000000000 ], [0.6000000000 ], [0.6000000000],
[0.6000000000]]

> #Confirms x(n) = .6 is an equilibrium solution




[> orb([5/2*x*(1-x)]1,[x],[0.5],1000,1010);

[ [0.6000000000 ], [0.6000000000], [0.6000000000], [0.6000000000], [0.6000000000], (13)
[0.6000000000 7], [0.6000000000], [0.6000000000], [0.6000000000], [0.6000000000],
[0.6000000000]]

> orb([5/2*x*(1-x)],[x],[0.7],1000,1010);
[ [0.6000000000 ], [0.6000000000], [0.6000000000], [0.6000000000], [0.6000000000], (14)

[0.6000000000 ], [0.6000000000], [0.6000000000 ], [0.6000000000 ], [0.6000000000],
[0.6000000000]]

> #Wwhen we start around .6 the limit tends towards it so we can say
that x(n) = .6 is a stable equilibrium solution.
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