| > #OK to post
>

| > #Anne Somalwar, hw20, 11.15.2021

>

>

> read "C:/Users/aks238/OneDrive - Rutgers University/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:
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: 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),
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| > #SIRS(s,i,beta,gamma,nu,N)
>




> #(i)

> TimeSeries (SIRS (S, A
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| > #(1)
. 032 .
> Eun(SIRS(s, 5 000 , 5,2, 1000), [s,z])
{[1000., 0.], [3333.333333, —1666.666667 |} 2)
>
| >
| > #(ii)
| >
. 032 .
> SEun(S]RS(s, 5 000 , 5,2, 1000), [s, z])
{[1000., 0.1} 3)

000 5 2 1000), [s, 1], [800, 2007, 0.01, 10, 1)
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1000

0.3-2
> PhaseDiag(SIRS(s, i, > 5,2, 1000), [s, 1], [800, 2007, 0.01, 10)
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#(i)

0.9-2
Eun(SIRS (s, i

000 5 2 1000), [s,z])
{[1000.,0.], [1111.111111, —79.36507937]}

092 .
SEun(SIRS(s, i o005 2 1000), [s, z])
{[1000.,0.]}

1000

TimeSeries(SIRS(S, i ,5,2, 1000), [s, 1], [800, 2007, 0.01, 10, 1)
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. 092 .
> PhaseDiag| SIRS| s, i, 1000’ 5,2,1000 |, [s,i], [800,200], 0.01, 10
200 et
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B
>
>
| > #(1)
392

> Eun(SIRS(s, I, 1000’ 5,2, 1000), [s, z])

([256.4102564, 531.1355311], [1000., 0.1} (6)
>
>
>
| > #(ii)
>
> SEun(SIRS(s, i 322 5o 1000), [s, i]j

1000
([256.4102564, 531.1355311]} W)

[ 3.9-2

> TimeSeries (S[RS (s, i

m]‘

000 52 1000), [s, ], [800, 2007, 0.01, 10, 1)
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> PhaseDiag(SlRS(s, i 5,2, 1000), [s, ], [800, 2007, 0.01, 10)
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o032 .
> Eun(S[RS(S, i, 1000 , 6,3, 1000), [s,z])

{[1000., 0.], [5000., —2666.666667 |}

| > #(ii)
>

o032 .
> SEL]MP(S]RS(S, i 1000 ° 6, 3, 1000), [s, l]j
{[1000., 0.1}

> TimeSeries(S]RS(s, i, 0.3:2

1000

,6,3, 1000), [s, ], [800, 2007, 0.01, 10, 1)

®

®
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PhaseDiag(SlRS(s, i ?(?03 , 6,3, 1000), [s, 7], [800,200], 0.01, 10)
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| > #(1)

> Eun(SIRS(s, i , 6,3, 1000), [s,i])

1000
{[1000., 0.], [1666.666667, —444.4444444 ]} (10)
>
| >
>
| > #(ii)
>

- 092 :
> SEun(SIRS(s, b 000 &3 1000), [s, z])
{[1000., 0.7} (€8 ))

> TimeSeries (SIRS (S, A

10007

1000

,6,3, 1000), [s, 1], [800, 2007, 0.01, 10, 1)
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. 092 .
> PhaseDzag(SlRS(s, i, 1000 6, 3, 1000), [s, 7], [800,200], 0.01, 10)
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| > #(1)

3.92 _
000 63 1000), [s,z])

([384.6153846, 410.2564103 1, [ 1000., 0.1} (12)

> Eun(SIRS(s, i

3.9-2
1000

> SEun(SIRS(s, i 6,3, 1000), [s, i])
([384.6153846, 410.2564103 ]} 13)

392
> TimeSeries(SIRS(S, i, 2226, 3, 1000), [s, 1], [800, 2007, 0.01, 10, 1)

1000
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> PhaseDiag| SIRS| s, i, W’ 6,3,1000 |, [s, 7], [800,200],0.01, 10
40&\
3501 +*++
3004 e
2561 " .
200 400 500 600 700 850
>
=>
=>
=>
| > #(ii)
>
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=>
> #(i)
=>
=>
. 0.3:2
> Eun(SIRS(s,z, 1000 - ) [s, ])
{[1000., 0.7, [6666.666667, — 1133.333333 ) (14)
>
=>
| > #(ii)
=>
032
> SEun(S]RS(S,l, 1000 - ) [s, ])

{[1000.,0.]} (15)

03-2
> szeSerzes(SIRS(S i 1000’ 1,4, 1000) [s, 7], [800,200],0.01, 10, 1)
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PhaseDiag(SlRS(s,i 000+ 14 1000) [s, ], [800, 2007, 0.01, 10)
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| > #(1)
0.9-2 ,
1000 14 1000), [s, 1])
{[1000., 0.], [2222.222222, —244.4444444 ]} (16)

> Eun(SIRS(s, i

. 09-2 .
> SEun(S]RS(S, b 000 1,4, 1000), [S, l])

{[1000.,0.]} a7

0.9-2
> TimeSeries(SIRS(S, i o001 1000), [s, 1], [800, 2007, 0.01, 10, 1)
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3.9-2

> Eun(S[RS(S, i, , 1,4, 1000), [s, l])

1000
([512.8205128, 97.435897441], [ 1000., 0.1} (18)
>
=>
=>
(> #ii)
>
> sEquP|sirs(s. i 222 1 4 1000 ;
qu S, 1, 10005 s Ty 9[Sal]
([512.8205128, 97.435897441) (19)
i 3.9.2
> TimeSeries(SIRS(s, TR 1000), [s, i], [800, 2007, 0.01, 10, 1)
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392
> PhaseDiag(S]RS(s, i 1000 1,4, 1000), [s,7], [800,200],0.01, 10)
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o032 .
> Eun(S[RS(S, i, 1000 ° 10, 7, 1000), [s, z])

{[1000., 0.], [11666.66667, —6274.509804 ]} (20)

| > #(ii)
>

o032 .
> SEL]MP(S]RS(S, i 1000 ° 10, 7, 1000), [s, l]j
{[1000., 0.1} 21)

> TimeSeries(S]RS(s, i, 0.3:2

1000

,10, 7, 1000), [s, ], [800, 2007, 0.01, 10, 1)
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| > #(1)

> Eun(SIRS(s, i 10, 7, 1000), [s, 1])

1000 °
{[1000., 0.], [3888.888889, —1699.346405]} 22)
>
| >
>
| > #(ii)
>

092 .
> SEun(SIRS(s, i o0 10,7, 1000), [s, z])
{[1000.,0.]} 23)

> TimeSeries (SIRS (S, A

10007

1000 °

10, 7, 1000), [s, 1], [800, 2007, 0.01, 10, 1)
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=>
>
. 092 .
> PhaseDzag(SlRS(s, i, 1000 10, 7, 1000), [s, 7], [800,200], 0.01, 10)




| > #(1)
> Eun(SIRS(s, i
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oo 107 1000), [s,z])
([897.4358974, 60331825041, [1000., 0.1}
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1000 °

10,7, 1000), [s, i])
([897.4358974, 60.33182504 ]}

3.9-2
1000

> TimeSeries(SIRS(S, i, === 10,7, 1000), [s, 1], [800, 2007, 0.01, 10, 1)
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> #2
> #(1)

> F := RandNice([x,y],3)

F=[2—-2x—-3y)2—x—3y),(1—=x—2y)(3—2x—2y)] (26)
> EquP(F, [x,y])

o5} 3:2]
| > #(i1)

> SEquP(F, [x,y])
{[1.,0.]} (28)

> #(iii)
> TimeSeries(F, [x,y], [0.9,0.1],0.01, 10, 1)

0.98

0.96

1 2 3 x5 6 7 8 9 o

_> TimeSeries(F, [x,y], [0.9,0.1],0.01, 10, 2)




> PhaseDiag(F, [x,y], [0.9,0.1],0.01, 10)

0.107

> F := RandNice([x,y],3)
Fi=[(3=x=3y) 3=2x=3y),(1-x—3y) (1 —x—2))] (29)

> EquP(F, [x,y])

(30)



(=32 [~ L] -1 an

>
| > #(ii)
>
> SEquP(F, [x,y])
I {[3. — L]} @31)
=>
>
| > #iii)
=>
> TimeSeries(F, [x,y], [2.9, -0.9],0.01, 10, 1)
2.984
2.96
2.944
2.924
2.904
2.884

12 3 Ty T 5 s T T T8 9 o
_> TimeSeries(F, [x,y], [2.9, -0.9], 0.01, 10, 2)
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> PhaseDiag(F, [x,y], [2.9,-0.9],0.01, 10)
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F = RandNice([x,],3)

F=[2-2x—-3y)2—3x—2y),(1—x—py)3—x—3y)]

(32)



H—l,%}, [0,1],[1,0]} 33)

{[—1., 13333333331, [1.,0.]} (34)

> TimeSeries(F, [x,y], [-1.1,1.2],0.01, 10, 1)
l 2 3 vd P 9 i 8 2 10

-0.929

-0.944

-0.961

-0.989

-1.001

-1.024

-1.044

-1.067

-1.08;

L -1.1

_> TimeSeries(F, [x,y], [-1.1,1.2], 0.01, 10, 2)
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> PhaseDiag(F, [x,y], [-1.1,1.2],0.01, 10)
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+ H.20
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> #3

\%

+ z[4])
3] ,[1.,1.,1.,1.],1,100)

RN\



[1.,1.,1.,1.,2.000000000, 1.500000000, 2.000000000, 1.500000000, 2.125000000, 35)
1.560975610, 2.123873874, 1.559567977, 2.138030893, 1.566812367, 2.137823470,
1.566459320, 2.139386762, 1.567323414, 2.139364868, 1.567258715, 2.139533033,
1.567362573, 2.139532499, 1.567352076, 2.139549850, 1.567364667, 2.139550294,
1.567363067, 2.139551956, 1.567364608, 2.139552109, 1.567364373, 2.139552245,
1.567364563, 2.139552281, 1.567364529, 2.139552288, 1.567364553, 2.139552295,
1.567364548, 2.139552295, 1.567364551, 2.139552296, 1.567364550, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551, 2.139552296, 1.567364551, 2.139552296, 1.567364551, 2.139552296,
1.567364551 |

>

) (3 +2[2] + 2[3] + 2[4])
> Orbk(4,z, s ,[0.1,0.1,0.1,0.1],1,100)

[0.1,0.1, 0.1, 0.1, 2.750000000, 0.8571428571, 3.040145986, 0.9877759434, 3.391059472, 36)
1.061074792, 3.417347160, 1.080874832, 3.459470304, 1.086644044, 3.459392897,
1.089422681, 3.465137289, 1.089712503, 3.464449365, 1.090129013, 3.465361121,
1.090100564, 3.465139617, 1.090169585, 3.465303507, 1.090154690, 3.465248118,
1.090167266, 3.465280079, 1.090163210, 3.465267381, 1.090165666, 3.465273907,
1.090164712, 3.465271101, 1.090165213, 3.465272465, 1.090165000, 3.465271856,
1.090165104, 3.465272145, 1.090165058, 3.465272012, 1.090165080, 3.465272076,
1.090165070, 3.465272047, 1.090165075, 3.465272059, 1.090165073, 3.465272053,
1.090165074, 3.465272054, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074, 3.465272053, 1.090165074, 3.465272053, 1.090165074, 3.465272053,
1.090165074 |

(> Orbk(4,2, (3 + 2[2] + 2[3] + 2[4])/ (1 + 2[1] + 2[3]), [5 5., 5., 5.1, 1, 100)

(N



[5.,5.,5.,5., 1.636363636, 2.357142857, 1751359752, 2.733423561, 1.435805087, (37)
2.350498857, 1.466256107, 2.439666379, 1.425271942, 2.378608409, 1431901162,
2.396456286, 1.426093377, 2.386464202, 1.427384458, 2.389792873, 1426519272,
2.388134779, 1.426756633, 2.388732899, 1426622721, 2.388455292, 1426665011,
2.388560510, 1.426643670, 2.388513762, 1.426651070, 2.388532039, 1.426647596,
2.388524137, 1.426648877, 2.388527287, 1.426648303, 2.388525948, 1.426648523,
2.388526489, 1.426648427, 2.388526262, 1.426648465, 2.388526354, 1.426648449,
2.388526316, 1.426648455, 2.388526332, 1.426648452, 2.388526326, 1.426648453,
2.388526329, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328, 1.426648453, 2.388526328, 1.426648453, 2.388526328, 1.426648453,
2.388526328]

(> Orbk(4,z, (3 + z[2] + z[3] + 2[4])/ (1 + z[1] + z[3]), [2.0, 2.0, 2.0, 2.0], 1, 100)

[2.0, 2.0, 2.0, 2.0, 1.800000000, 1.875000000, 1.805128205, 1.883769488, 1.782000205, (38)
1.866940911, 1.783080253, 1.869126006, 1.780384762, 1.866815488, 1.780552195,
1.867231741, 1.780242578, 1.866911327, 1.780264431, 1.866982252, 1.780229782,
1.866937576, 1.780232190, 1.866948932, 1.780228473, 1.866942690, 1.780228672,
1.866944437, 1.780228301, 1.866943565, 1.780228304, 1.866943826, 1.780228272,
1.866943705, 1.780228268, 1.866943743, 1.780228266, 1.866943726, 1.780228265,
1.866943732, 1.780228265, 1.866943730, 1.780228265, 1.866943731, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730, 1.780228265, 1.866943730, 1.780228265, 1.866943730, 1.780228265,
1.866943730]

(> Orbk(4,2, (3 + 2[2] + 2[3] + 2[4])/ (1 + z[1] + 2[3]), [1.8, 2., 3., 1.8], 1, 100)

[1.8,2.,3., 1.8, 2.041666667, 1.622068965, 2.225579643, 1.606861562, 2.102024429, (39)
1.586925390, 2.130405225, 1.585460662, 2.113743775, 1.583248546, 2.118068021,




1.583094596, 2.115778764, 1.582853206, 2.116431074, 1.582835326,2.116111893,
1.582809670, 2.116209687, 1.582807318, 2.116164610, 1.582804709, 2.116179221,
1.582804362,2.116172783, 1.582804117, 2.116174962, 1.582804062, 2.116174033,
1.582804042, 2.116174358, 1.582804033, 2.116174223, 1.582804032, 2.116174272,
1.582804031, 2.116174252, 1.582804031, 2.116174259, 1.582804031, 2.116174256,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031, 2.116174257, 1.582804031, 2.116174257, 1.582804031, 2.116174257,
1.582804031 ]

;> #This is odd, it' s not landing on any fixed point.

>

=> ToSys(4,z, (3 +z[2] + z[3] + z[4]) /(1 + z[1] + z[3]))
3+6+%+a

(> SFP(%)
{1.822875656, 1.822875656, 1.822875656, 1.822875656]} (41)




