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> read "/Users/]j;104/Documents/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:
hitp://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. Helpl();
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),

______________________________ 1)

;} read "/Users/]jj104/Documents/M5.txt";

> #1
x := RecToSeq([1,1,2],[2,0,-1],999)[999];
y = RecToSeq([1,1,2],[2,0,-1], 1000)[1000];

eva!f(*}%);

X =
26863810024485359386146727202142923967616609318986952340123175997617981700\
24788168933836965448335656419182785616144335631297667364221035032463485041)\
0377680367334151172899169723197082763985615764450078474174626

y —
43466557686937456435688527675040625802564660517371780402481729089536555417\
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0.7478789080 ], [0.4705902280, 0.7478789080 ], [0.4705902280, 0.7478789080 |,
10.4705902280, 0.7478789080 |, [0.4705902280, 0.7478789080 ], [0.4705902280,

04905189040387984007925516929592259308032263477520968962323987332247116164\
2996440906533187938298969649928516003704476137795166849228875
i 1.618033989 (2)
> #2¢
Diff := dsa[ue({diﬁ“(x(r), 1) = % x(2) (1 —x( ( % X ) x(0)=0.1 }, Y Xl }J;
St
2
19 ¢
Diff = x(1) = _ 3
£l
19 e ( | )
31 | - o e -
{ 81 } 51
2
19 e
1
» o | * 81 )
_} #3c
5 I
Orb( (2 x)-(l—x) (1—53: sl [0.1]11000,1);
7
I 170.4753049232 1) 4)
> #4
11
orb( HW3 2.2
F ( (Hj vﬁ w)j‘ [u} Vﬂ' W]:‘ [ 3 . 3 b 3 “5‘ ;] Jﬂ‘
Orb(HW&‘(u, B, AR [ ; ; ; ] 1000, 1000);
S
4°2° 4|
SR
I 4024 %)
> #5
:[ ) 1”1 L 17171 1 1']_
g3 erla sl )l
Oer(HW3g[u, v, w M), [u, v, wl, :13, ;’, ; 2,2);
Oer[HWSg[u, o 5, Tt v ; ; ; 1000, 1000);
170.2647058824, 0.5000000000, 0.23529411771]
i 170.3757562480, 0.4935706703, 0.13067308177) (6)
> #6
(L gy ] S35 )
Oer[[ e 32 | ey [100,1000], 1000, 1010 )
170.4705902280, 0.7478789080 1, [0.4705902280. 0.74787890801. [0.4705902280. (7)
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0.7478789080 |, [0.4705902280, 0.7478789080 ], [0.4705902280, 0.7478789080 ],
10.4705902280, 0.7478789080 ] ]

> #7

N = 1000;

v = 100:

g = 0.5;
)

ba = 0.05-| = |

¢ (NJ
V

bhi= 14+ — |:

(7}

afunc := SIRS(x, y, ba, g, v, N );
SEquP(afunc, [x, y]);

RemovedA = 1000 — (1000 +0);
bfﬂﬂﬂ' = SIRS(X, Vs bb& 8.V, N)!!
SEquP(bfunc, [x,y]);

RemovedB = 1000 — (700 +1);

N = 1000
v i= 100
g:=0.5

ba = 0.005000000000
bb = 0.1400000000

afunc := [ -0.005000000000 x y + 500.0 — 0.5 x — 0.5 y, 0.005000000000 x y — 100 y]
{11000., 0.]}
RemovedA = 0
bfunc = [ -0.1400000000 x y + 500.0 — 0.5 x — 0.5 y, 0.1400000000 x y — 100 y]
{[714.2857143, 1.421464108 ]}
RemovedB = 299 (8)

n = 2;

G := GeneNet(al, a, b, n, m01, m02, m03, p01, p02, p03);
ml = trunc(evalf (rand( ) *10"~(-11)));

m2 = trunc(evalf (rand( ) * 10" (-11)));

m3 = trunc(evalf (rand( ) * 10~ (-11)));

pl = trunc(evalf (rand( ) * 10" (-11)));

p2 = trunc(evalf (rand( ) * 10"~ (-11)));

p3 = trunc(evalf (rand( ) *10"(-11)));

SEquP(G, [m01, m02, m03, p01, p02, p03]):

TimeSeries (G, [m01, m02, m03, p01, p02, p03], [mi, m2, m3, pl, p2, p3], 0.01, 10, 1);
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bh:i=102
n =2
G:=|-m0l + 21 , —m(2 + 21 ., —m03 + 21 , =0.2 ptl 4+ 0.2 mi}l,
o LE e B pol™ 1 pU” 1

-0.2 p02 + 0.2 m02, -0.2 p03 + 0.2 m03

ml = 8
m2 i= 8
m3 =9
pl =4
p2 =3
p3 =3

{[0.6823278038, 0.6823278038, 0.6823278038, 0.6823278038, 0.6823278038,
0.6823278038 ] }

'S #8b

al = 0;

a:=3;

b = 0.2;

n =2,

G = GeneNet(al, a, b, n, m01, m02, m03, pOl, p02, p03);

ml = trunc(evalf (rand( ) * 107 (-11)));
m2 = trunc(evalf (rand( ) * 10" (-11)));
m3 = trunc(evalf (rand( ) * 10"~ (-11)));
pl = trunc(evalf (rand( ) * 10" (-11)));
p2 = trunc(evalf (rand( ) * 10" (-11)));
p3 = trunc(evalf (rand( ) *10"~(-11)))

i
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SEquP (G, [m01, m02, m03, p01, p02, p03]);
TimeSeries( G, [m01, m02, m03, p01, p02, p03], [ml, m2, m3, pl, p2, p3], 0.01, 10, 1);

al == 0
a:=3
b:=0.2
n:=2
. 3 3 3
G:=|-m0l + > , —m02 + ; s > , =0.2 p01 + 0.2 m01,
p03~ + 1 pti~ -+ 1 p02" + 1

-0.2 p02 +0.2 m02, -0.2 p03 + 0.2 m03

ml =3

ml==5b

m3 =9

pl =4

p2 =3

pj’ — 8

{[1.213411663, 1.213411663, 1.213411663, 1.213411663, 1.213411663, 1.213411663 ]}

3-
2.5
2
.54
1
0.5

V“
HH

Sc
al) = 0;
a =174,
b :=0.2;
ni=2:
G = GeneNet(al, a, b, n, m01, m02, m03, p01, p02, p03);
ml = trunc(evalf (rand( ) * 10~ (-11)));
mZ2 = trunc(e

(
(evalf (rand( ) * 10" (-11)));
m3 := trunc(evalf (rand( ) * 10" (-11)));
pl = trunc(evalf (rand( ) * 10" (-11)));
p2 = trunc(evalf (rand( ) * 10" (-11)));
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p3 = trunc(evalf (rand( ) ¥ 10" (-11)));
SEquP(G, [m01, m02, m03, p01, p02, p031]);
TimeSeries (G, [m01, m02, m03, p01, p02, p03 ], [ml, m2, m3, pl, p2, p3], 0.01, 10, 1);

al =0
a:=74
b:=0.2
ni=2
G:=|-m0l + 24 , —m02 + 7; , —m03 + ?2‘4 , 0.2 p01 + 0.2 m01,
plly~+1 pol~ +1 p02- +1

-0.2 p02 + 0.2 m02, -0.2 p03 + 0.2 m03

ml =5
ms =B
m3 =]
pl =6
p2 =06
p3 =8
%)

O

oy

7

(r

a

4

H

2-

]-

> #9
chemokq := ChemoStat(N, C, 2.5, 2.7);
Dis(chemoEq, [N, C],[1,1],0.01, 10)[1001 J;

25CN CN
chemoLq = C 1 N, C 41 S
i [10.01, [5.083019282, 0.6667361650] ] 9)
> #10
M = Matrix([[0.2, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1 ], [0.1, 0.2, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1,
0.1} [0.1,0.1,0.2,0.1, 0.1, 0.1,0.1, 0.1, 0.1 ]; [0.075, 0.075, 0.075, 0.4, 0.075, 0.075,
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0.075, 0.075, 0.075 ], [0.075, 0.075, 0.075, 0.075, 0.4, 0.075, 0.075, 0.075, 0.075 ], [0.075,
0.075, 0.075, 0.075, 0.075, 0.4, 0.075, 0.075, 0.075 ], [0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.6,
0.05, 0.05], [0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.6, 0.05], [0.05, 0.05, 0.05, 0.05, 0.05,

0.05, 0.05, 0.05, 0.611):
evalf (M");
0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1
0.075 0.075 0.075 0.4 0.075 0.075 0.075 0.075 0.075
M:=] 0.075 0.075 0.075 0.075 04 0.075 0.075 0.075 0.075
0.075 0.075 0.075 0.075 0.075 0.4 0.075 0.075 0.075
0.05 005 005 005 005 005 06 005 0.05
0.05 005 005 005 005 0.05 005 06 0.05
0.05 0.05 0.05 0.05 005 005 005 005 0.6

[[0.0769230769230796, 0.0769230769230796, 0.0769230769230796, 0.102564102564106,
0.102564102564106, 0.102564102564106, 0.153846153846159, 0.153846153846159,

0.153846153846159 |,
0.0769230769230796, 0.0769230769230796, 0.0769230769230796,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 |,
[0.0769230769230796, 0.0769230769230796, 0.0769230769230796,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 ],
[0.0769230769230795, 0.0769230769230795, 0.0769230769230795,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 |,
0.0769230769230795, 0.0769230769230796, 0.0769230769230796,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 |,
0.0769230769230795, 0.0769230769230795, 0.0769230769230795,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 |,
[0.0769230769230796, 0.0769230769230796, 0.0769230769230796,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 |,
[0.0769230769230796, 0.0769230769230796, 0.0769230769230796,

0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,

0.153846153846159, 0.153846153846159 |,
0.0769230769230795, 0.0769230769230795, 0.0769230769230795,

(10)
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0.102564102564106, 0.102564102564106, 0.102564102564106, 0.153846153846159,
0.153846153846159, 0.153846153846159 ]]
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