Note: Upo\crl-e& Mople +okes aD Lorm % rothec Hhan a/b

Final
A =2am-N~"a(n-3), a(od=1, aty=1, a{) =2
Use Orbk 1o find |on<3 term behavior of 3rd order S\/s-\-em

evaw(Orbk (3,2, 3-203-2023, [1.1, 23 1000, 1001) [2] & Orbk seks the value of 2(0) of k=1
Orbk (3,2, 2+ 202- 2123, 011,27 1000, 1001 [1]
= |.LIR033484

2 2 @)= 2@ (1-2w) (- La )
0) Find Underlying funchion
f=840-001-%2)
By hand: solve where rate of C}\ansc is O
0=%+01-)0-52)
=0, a=1, = Q
Tn Maple: EquP([£ (1= (-], [31) = {63,011, [213

l’)\ Find decivodive of Undcrl\lmg fonckion
Play= (Sa- 523 (1-14)

"
u
n
(4]

fa)= g_a- Ba*e s’
Py 3- 3232’

Checle decivative valuee ot cqufl\bdum poits
L) = % 3 inetoble 25 0

£0): -5 spable =< 0
ﬁ‘(a\= % > unshable => O
Th Map\e"- SE@’P (C2:20-2-(I- L-20] [’L_D > 707%

C) 2(100) = | bacouse | is o stable equihbrfum therefoce ot initia! valves around |,

= =1 is the shoble e%Ulllbf‘\.Um poir\'\-

the system il converge to |

Checked w Haplc'-
eval? (subs (£100, dsolve (i (ath), )= S0l (1- 2()- (1-L-211) , 4 (0)= o.|2,mm)))

S a (100) = 0.9934999999 > approximately |



3. 2= 2ata-n (I- un—n)(l——i—un—n)
0) Find fixed ponts of Undcrl\;ma -P\mdson( nwhere 1= F('ﬂ)
=22 0-0) (1-4a)

1=f§_1 (-2 (1-52)
Haple'- eval (EP([2-a- (1-2)" (1—%-{)])[11) > i[b], [b.u753 04 93] [2.52469 5077]%
L =0, 2= b6.47536u493% - 2.524L45077

b) Fnd which equfhbrium solubon  sakshes |F'cod] < |
F'= % —‘f:’- + %11
F'0Y= 2 = unstable | 2] |
F'(0475364923) = - 6.217L,06535645 = giyble | -0.217606535 65| < |
F'(2534648077) = 74,7006 5418L = vnstable | 74760650 0] > |
Tn Mople: eval? (SFP([§:2-01-2)-1-%2)], [:1) » [[o.h53049233]]
A= 0.U753649232% is +he shable equihbriom

c) 21000 = 6.U152048333 pecavse e system wl Convcrlcje + +he shable &quilibriom
i A beqns in dne r\e\shbor\r\oocl of dhot ec}/uihbrium.
Checked n Magle: Orb (L&-a-0-2: - %07, 021, [o1], 1000, 1006) D] = [0.47530u9233

H TP dhece are eq{ual proporhions of AA, Aa, and aa, then U=vew=T becouse

L+ Ve v =1, v Generehion 1 1s k=D
) Ocb (AW 3 (o, v,w), Lo, v, wl, LL;, + 31,1, l> E\] Lal
= '_I:L = Sendype Ao propor‘kon = 3lf

BY Ocb (W3 (v, v,w), Lo, v, w3, L, 5 57,922,299 1] [ 3]
\

=

|
= = 3eno+ype Aa proportion = X



3. T! +he probabilties of ma—}ma are unequal then you must incorporote Hhe probabildy

matix  and mulkiply each modma wih the probabilty of 4hat match occurrin

0) Orb( WW3g (o, v, w, LL1, 2,03, L.1,.0,.07, L1, 1,031, Do, vl 3, 5,53, DR
= 0.5 = proportion of 8e,nok,pe Aa= 0.5
Used any probobily modrix Where AA (female) * Aa (male) was dovble +hat of +he
D“'hﬁf‘ crosses

b) Ocb{ WN3g (v, v, w, [LY, 2,13, Ta,a0, 03, L1, 130D, Downd, L3, z,sl,qqq,QQQ DI[ag
= 03474661800 = propoction of genotype Aa: 0.3974LL 80k

b. USC unoleHyl 6 ’h‘ans-Porma—hon +o éxamine lbn&-‘-erm bt:lf\avior‘

3y
(’k,\ﬂ - ( Tharay’ 32\:1 )

Oer([my>';—$sTﬂ »[x,y1, [1no, 10003, 1000, 1001 | LAT2T = 0.7478789080

A+A+3e
OcoF ([ Ll e ], \La,4T, [100,10003, 1000, 1001 | [81127 = 0.7478789080

FEZ LY ) 3aasaey

Eﬂufh’br\um of \,a-\— 0.747872908D

7. Find how many susceptble and infected in dhe long run and then do N-s-i +o
Lind  recovered (1000-5s-1i)
o) SE%UP( STRS (s, i 0.05,0.5,100,1000), (s, i3) 2 {000, 1%
OR Dis (STRS (5,4, 0.05,0.5, 100, 1000), Ls,il, [3060,3003, 0.01,20)[-13
> [20.01, [494.9b6ez01, £.94798ua15 % 16°“1] > aopeew. [1000, 03
OO0 - 1000-0 = O recovered
b) SE%UP( SLRS(s i, 1.4, 05,100, 1000), [g,;ﬂ > FU71 42857143, 4 4197583511 %
|DDO - 71.u28 571U3 - Y.LlI175835| = Qa3 451670319 recoverad
c) Find valve of b where =0 3 b= p.)
o \STes S0 b, 0.5,100, 1000) S Lrom STRS mode)
\xo\Q\L SysEq = {-sib* S00.0 - 0.55- 0.5i= O, sib=-100L=0%

solve for b



8. 0) SEquP (Gene Net (0,1, 0.9, 3, ml, md, m3,p), p2, p2), [ml, ma, m3.p1, p2, p31)
Stople equilibriom at  0.b82327€038
b) Time Secies ( Gene Net (0,3,0.9,2, ml, m3, m3, pl, %, Pgﬁ, L), m3,m3,p, p2, p37,L0.9,01,
6.3,0., 0.4, 0.5], 6.6\, 200, 1)
ﬁgm\ﬂn n Mo.p\e = there is a horizontal OS\./mp-\-o'i'e
SEquP (Gene Net (0,3,0.9, 2, m), md, m3, o1, p2, p3Y, [m1, m2, m3, o1, p2, p31 )
\-\e\gh} of horizental asymplote = stoble ezim\ubm’um at 1.213411b63
¢) Foond where +he system o lonéer hod a stable equihlom’um
Frst found wher SEquP ovtputted an emply set with step size | bewe
3 and 50. This gqave a= 8 as 4he least enty with on emply set
Then found where 4he output wos the emphy set between 7 and €
with chep size 0.): 7.4. Then vsed step size 0.D! and +he
greatest a with @ nonemply set was 7.39. Code \n Magle.

9. Foond stable equfhlarium pom% o Chemostotr model

SEqoP ( ChemoStat (N, €,2.5,2.7), [N, €1) = & [5.083333333, 0 bobbbbbte7]?

O\BBA&er\'m( Popu\a‘h'on densf-h/ = 5.083333333 gogl-‘-eer:(stt'k-qpop Nutrient concentrochion

b\ Nutrient concentrahon =0. bblbblbbblb 67

ID. Created 4he Aransiion maedrix for Jhe probabily of moving fom Paﬁe—}o Pag:
Rows of 4ransihon modix most som 4o 4
Called ¥ motix P in qu\c
Toke e limd: moe P” o in Maple P
Foll code in Maple
Site 1" 0.01L223067L,55 Site 8: 0.1538U L1530

1000



| > #Shreya Ghosh, Maple Code for Final Exam

> read "/Users/shreyaghosh/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: 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);

] &)
;> #1)
Orbk(3,z,2-2[1]— z[3], [1, 1, 2], 1000, 1001)[2]
> ev“lf( Orbk(3,z,2-z[1]—z[3], [1, 1, 2], 1000, 1001)[1] )
I 1.618033989 Q)
;>
| > #2a)
> Eun( —x(1 —x)-(l - %x) , [x]j

{[0L [1], [2]} (€)



%

v

v

v

\"

\"

v

\"

\"

#2b)
SEquP (

St (1 1))

#2c)

evalf(subs(tz 100, dsolve({diﬁ”(x(t), t) = %-x(t) (1 —x(1))- (1 —

o))

x(100) = 0.9999999999

#3a)
evalf(FP( %-x-(l —x)-(l — %x) , [x])j
{[0.], [0.475304923 ], [2.524695077 |}
#3b)
evalf(SFP( %-x-(l —x)-(l — %x) , [x])j
{[0.475304923 ]}
#3c)

Orb([%-x-(l —x)-(l — %x)

, [x], [0.1], 1000, 1000) [1]

[0.4753049232 ]
#4a)
1 1 1
Orb(HWS(u, v, w), [u, v, w], [?, 3 ?], 1, 1) [1][2]
1S
2
#4b)
1 1 1
Orb(HW.?(u, v, w), [u, v, w], [?, 3 ?}, 999, 999) [1][2]
1
2
#5a)
Orb(HW.?g(u, vow, [[.1,.2,.1], [.1,.1,.1], [.1,.1,.1]]), [u, v, w],

0.5000000001

Orb(HW3g(u, vow, [[1,.2,.17, [.1,.1, .17, [.1,.1, .17]), [u, v, w],

w|»—~

w|_a

1
E{'X(f)

wl»—a

u.)|.—

UJl»—A

UJl»—A

J,x(0)=0.1},

(C))

(C))

(6

(M

®

®

(10

,1,1j[1][2]

an



999)[1][2]

0.3974661806 (12)
>
| > #6)
[ 1+x+y 14+x+3y]
> OrbF 100, 10007, 1000, 1001 |[1][2
or (_2+x+3-y’3+x+2-y_’[x’y]’[ ’ J, 1000, )[ I[2]
0.7478789080 (13)
[ [ 1+x+y 1+x+3-y]
> F 100, 1 1000, 1001 |[2][2
0| 5 S et 2y | o7 1100, 10001, 1000, 1001 | 23721
0.7478789080 (14)
>
| > #7a)
> SEquP(SIRS(s, i,0.05, 0.5, 100, 1000), [s, i])
{[1000.,0.1} (15)
> Dis(SIRS(s, i, 0.05, 0.5, 100, 1000), [s, i, [300, 3007, 0.01, 20)[ - 1]
[20.01, [999.9666301, 6.997984915 x 10~ 8¢]] (16)
(> #7b)
> SEquP(SIRS(s, i, 1.4,0.5, 100, 1000), [s, i])
{[71.42857143, 4.6197583511} 17)
> #7¢)
> SIRS(s, i, b, 0.5, 100, 1000)
[-bsi+500.0—055s—0.5ibsi— 100i] (18)
[> SysEq:= {-bsi+500.0—055—05i=0,bsi—100i=0)
SysEq == {-bsi+500.0—0.55s—0.5i=0,bsi—100i=0} (19)
> solve(SysEq, {s,i})
0.4975124378 (10.b — 1. 100.
{i=0.,5=1000.}, {i= ( ) .S = (20)
b b
[ 0.4975124378 (10.h — 1.
> solve(0= b ( ) ,b)
0.1000000000 (21)
[ 100.
> solve(lOOOZ %,b)
0.1000000000 (22)
>
| > #8a)

> SEquP(GeneNet(0,1,0.2,2, ml,m2, m3,pl, p2,p3), [ml,m2,m3,pl, p2, p3])
{[0.6823278038, 0.6823278038, 0.6823278038, 0.6823278038, 0.6823278038, 0.6823278038]} (23)

| > #8b)
_>
> TimeSeries (GeneNet(0, 3,0.2,2, ml,m2,m3,pl,p2,p3), [ml,m2, m3,pl, p2,p3],[0.2,0.1,




0.3,0.1,04,0.5], 0.01, 200, 1)

1.6 1

0.8 1

0.6 1

0.4 1

0.2 1

50 100 150 200

> SEquP(GeneNet(0, 3,0.2,2, ml,m2, m3,pl, p2,p3), [ml,m2, m3,pl, p2, p3])
{[1.213411663, 1.213411663, 1.213411663, 1.213411663, 1.213411663, 1.213411663 |}
| > #8¢)
> for a from 3 by 1 to 50
do
print(a);
SEquP(GeneNet(0,a,0.2,2, ml,m2,m3,pl, p2,p3), [ml,m2,m3,pl,p2, p3]) ;
end do;
3

([1.213411663, 1.213411663, 1.213411663, 1213411663, 1.213411663, 1.213411663 ]}
4

{[1.378796700, 1378796700, 1.378796700, 1.378796700, 1.378796700, 1.3787967001}
5

([1.515980228, 1.515980228, 1.515980228, 1.515980228, 1.515980228, 1.515980228}
6

([1.634365293, 1.634365293, 1.634365293, 1.634365293, 1.634365293, 1.634365293 ]}
7

(11.739203861, 1.739203861, 1.739203861, 1739203861, 1.739203861, 1.739203861 ]}

8

17
9

17
10
17
11

(24)






(> for a from 7 by 0.1 to 8
do
print(a);

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

(25)



SEquP(GeneNet(0,a,0.2,2, ml,m2,m3,pl, p2,p3), [ml,m2,m3,pl, p2, p3]) ;
end do;
7

{[1.739203861, 1.739203861, 1.739203861, 1.739203861, 1.739203861, 1.739203861 |}
7.1

{[1.749079318, 1.749079318, 1.749079318, 1.749079318, 1.749079318, 1.749079318 | }
7.2

{[1.758855227, 1.758855227, 1.758855227, 1.758855227, 1.758855227, 1.758855227 |}
7.3

{[1.768534008, 1.768534008, 1.768534008, 1.768534008, 1.768534008, 1.768534008 | }

7.4
17
7.5
17
7.6
17
7.7
17
7.8

> for a from 7.3 by 0.01 to 7.4
do
print(a);
SEquP(GeneNet(0, a,0.2,2, m1, m2,m3,pl, p2,p3), [ml,m2, m3,pl, p2,p3]) ;
end do;
7.3

{[1.768534008, 1.768534008, 1.768534008, 1.768534008, 1.768534008, 1.768534008 ] }
7.31

{[1.769496635, 1.769496635, 1.769496635, 1.769496635, 1.769496635, 1.769496635 | }
7.32

{[1.770458315, 1.770458315, 1.770458315, 1.770458315, 1.770458315, 1.770458315 ]}
7.33

{[1.771419053, 1.771419053, 1.771419053, 1.771419053, 1.771419053, 1.771419053 ] }
7.34

{[1.772378849, 1.772378849, 1.772378849, 1.772378849, 1.772378849, 1.772378849 ]}
7.35

(26)



{[1.773337706, 1.773337706, 1.773337706, 1.773337706, 1.773337706, 1.773337706 ]}
7.36

{[1.774295627, 1.774295627, 1.774295627, 1.774295627, 1.774295627, 1.774295627 | }
7.37

{[1.775252614, 1.775252614, 1.775252614, 1.775252614, 1.775252614, 1.775252614 ]}
7.38

{[1.776208668, 1.776208668, 1.776208668, 1.776208668, 1.776208668, 1.776208668 | }
7.39

{[1.777163792, 1.777163792, 1.777163792, 1.777163792, 1.777163792, 1.777163792 ]}

7.40
@ @7

>

| > #9a,b)
> SEquP(ChemoStat(N, C,2.5,2.7), [N, C])
{[5.083333333, 0.6666666667 |} (28)

>

[> #10)

08 08 08 08 08 08 08 087]7[08 08 08 08
>P'_H028 8’8’8’8’8’8’8“8’0'2’
08 08 08 081708 08 , 08 08 08 08 08 0.8 06 06
8’8’8’8“8’8"’8’8’8’ ’ Hs
06 ., 06 06 06 06 06][06 06 06 06 040 0.6
"8’8’8’8’8“8’8’8’8"’8 8 8’
06106 06 06 06 06 ~, 06 06 06][04 04 04 04 04
8H8’8’8’8’8"’8’8’8“8’8’8’8’8’
0.4 0.4 0.4] [0.4 04 04 04 04 04 04 0.4] [0.4 0.4

8’0'6’8’8 8’8’8’8’8’8’8’0'6’8 g8 > 8~
04 04 04 04 04 0.4 06”

8 2 87 87 8 8 8

= [[0.2, 0.1000000000, 0.1000000000, 0.1000000000, 0.1000000000, 0.1000000000, (29)
0.1000000000, 0.1000000000, 0.1000000000 ], [0.1000000000, 0.2, 0.1000000000,
0.1000000000, 0.1000000000, 0.1000000000, 0.1000000000, 0.1000000000, 0.1000000000 |,
[0.1000000000, 0.1000000000, 0.2, 0.1000000000, 0.1000000000, 0.1000000000,
0.1000000000, 0.1000000000, 0.1000000000 ], [0.07500000000, 0.07500000000,
0.07500000000, 0.4, 0.07500000000, 0.07500000000, 0.07500000000, 0.07500000000,
0.075000000001], [0.07500000000, 0.07500000000, 0.07500000000, 0.07500000000, 0.4,
0.07500000000, 0.07500000000, 0.07500000000, 0.07500000000 ], [ 0.07500000000,
0.07500000000, 0.07500000000, 0.07500000000, 0.07500000000, 0.4, 0.07500000000,
0.07500000000, 0.07500000000 ], [ 0.05000000000, 0.05000000000, 0.05000000000,
0.05000000000, 0.05000000000, 0.05000000000, 0.6, 0.05000000000, 0.05000000000 ],




[0.05000000000, 0.05000000000, 0.05000000000, 0.05000000000, 0.05000000000,
0.05000000000, 0.05000000000, 0.6, 0.05000000000 ], [0.05000000000, 0.05000000000,
0.05000000000, 0.05000000000, 0.05000000000, 0.05000000000, 0.05000000000,
0.05000000000, 0.6 ]

> evalm(PlOOO)
[[0.07692307655, 0.07692307655, 0.07692307655, 0.1025641021, 0.1025641021, 30)

0.1025641021, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307655, 0.07692307655, 0.07692307655, 0.1025641021, 0.1025641021,
0.1025641021, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307655, 0.07692307655, 0.07692307655, 0.1025641021, 0.1025641021,
0.1025641021, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307651, 0.07692307651, 0.07692307651, 0.1025641020, 0.1025641020,
0.1025641020, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307651, 0.07692307651, 0.07692307651, 0.1025641020, 0.1025641020,
0.1025641020, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307651, 0.07692307651, 0.07692307651, 0.1025641020, 0.1025641020,
0.1025641020, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307651, 0.07692307651, 0.07692307651, 0.1025641020, 0.1025641020,
0.1025641020, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307651, 0.07692307651, 0.07692307651, 0.1025641020, 0.1025641020,
0.1025641020, 0.1538461530, 0.1538461530, 0.1538461530 |,
[0.07692307651, 0.07692307651, 0.07692307651, 0.1025641020, 0.1025641020,
0.1025641020, 0.1538461530, 0.1538461530, 0.1538461530 ]]




