MATH 330 - Hy %20 -
\ (_“t T ) K SEIEL
IS
ay - Aa et
> . ‘—\ __._utm_,\:] 4D\ 'L_L\L\ N-2a:2MA-2)
L Moo I, 13
e r = T
VAT iy Gyt Anm, o oe EAET SN Rl SELTIIE 56 B |
P, \ l
l W-N= O
> = \5 D ) £ :
i
@ ;: e ot - 26 - c ° ‘-] 4 C .eibn \

o geernl sowmeat () Gig ' eot et fy T el 2 &
b $ \"
, \-\_\
> 19}
L 3 ks [ Yo (/L_t“‘ ; \,,\S_mb_‘\mﬂc_\_fpm‘\\ﬁms- .
e : bl ;
L o B o1 A el P < g 1= CiaCy " i)
- ! : 5
Lo + & ; ‘,:_(_\_..(a._——‘(z~0
[
' ( YW (v et = 1 ¥inotSewhon  X(b)2yih x|
! CHIES SR



Prow  Plove:

Y
¢

59

>

Z
7
4
l%
Vd

~N
\,‘l‘ g

b i ) _\'\.\'._l '.»_‘_,~,_
A
~.\\\ \L

?\}‘\\ =

\iY

1

B L ﬁo\\:hm_(,\no\Lp.\iLH\W;Mm_ML‘QMuvamh;oL(‘\;Lt\"\\)«\ *\

3. See £ B oo
B3

l,'

L.

. sae Giteorto vk b

T
NS

\

L

i

&

H
I
|

X 2
X/

7
A\ 4

¥V

VA W

\ )

N
N7

R,

7

,,_‘,,
\
\L

7

o
\ 7/

T

v

< ,"
\
-/

SN
Rk} XA

\/

FAXTIAY
\ s

\ T,
\ ' ’l




> read 'DMB.txt’,
For a list of the Main procedures type: Help(); for help with a specific procedure type: Help

(ProcedureName), for example Help(Feig),
For a list of the Continuous Dynamical Models procedures type: HelpC(), for help with a specific (1)
procedure type: Help(ProcedureName), for example Help(Feig),

>

> Matl = RandMat(2, 5);

Matl = [[3,4], [4.5]] )
> Mar2 = RandMat(2, 5);
Mat2 == [[3,1], [5,2]] 3)
=> Mat3 = RandMat(Z,S);
I Mat3 = [[3,2], [2.4]] )
> eqnl = diff (x(t), 1) =3- x(t) +4-y(1),diff (y(t), 1) =4~ x(t) +5- y(?)
eqnl = % x(t) =3x(t) +4y(1), % y(t)=4x(t) +5y(t) &)
=> egn2 == diff (x(t),t) =3-x(t) + y(t), diff (y(t), 1) =5-x(t) +2- y(t)
eqn2 = it x(t)=3x(t) +y(1), % y(t)=5x(t) +2y(1) 6)
=> eqn3 = diff (x(t), t) =3~ x(t) +2- y(1),diff (y(t), 1) =2- x(t) +4- y(?)
eqn3==%x(1)=3x()+2y() di y(t)=2x(t) +4y(1) @)
=> Sl=a’solve( {eqnl,x(O) =1,y(0) =1}, {x( ) ( )})
M- [% * : 3417 J e(4+m)t+ [% B : 3417 ] e_(_4+m>t,y(t) ®
1 317 44 [17 )1t 1 3 =4+ /17
(54_7)6( J_)\/W (?_ \/_) J_\/—
- 4 B 4
L3 ey [ 3J_ (~4+4T7):
P T 2
* 4 * 4

=> S2 =dsolve( {egn2,x(0) =1,y(0) =1}, {x(1),»(?)});

®



(5+\/T)t (—5+\/T>t
1 21 1 21 ) -
S2’x(t) =+ J;Je e \/;]e Lo ©)
(5+y27)¢ (=5 +2T):
1A / LA -
B 27 ]e J2ar [5_ 14 ]e Jr
- 2 B 2
[i \/ﬁje(5+\/zﬁ)t [i \/ﬁ]e_(_5+jﬁ)t
2 14 2 14
B 2 B 2
=> S3=dsolve( {eqnj’,x(O) =1,y(0) =1}, {x(t),y(t)});
(7+/T7) ¢ (=1+y17)
S3’x(t) %-i- 3441_7](3 - %— 3\441_7]6 L) (10)
(7+/17) ¢ (=7+/17) ¢
1 3 /17 S 1 317 )
2T T )e J17 (5_ 34 ]e J17
- 4 B 4
1317 7+ T7): 1 317 ere )
PR 27 34 €
* 4 * 4

> with( DEtools) :
> phaseportrait([eqnl], [x(t),y(t)],t=0.10, [[x(0) =1,»(0) =1]]);
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=> phaseportmit( [ean], [x(t),y(t) ], t=0.10, [[x(O) = l,y(O) =1 ]]),
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=> phaseportmit( [eqn3], [x(t),y(t) ], t=0.10, [[x(O) = l,y(O) =1 ]]),
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> LI = Lotka(1,2,3,4,5,6,NI,N2);
NI (2—=NI—5N2) 3N2(4—N2—-6NI)

Ll =
2 ’ 4

>
> Dis(L1, [NI,N2], [0.5,0.5],0.01, 10)[1..10];
[[0.01, [0.5,0.5]], [0.02, [0.4975000000, 0.5018750000]], [0.03, [0.4949953984,

0.5038064346 ], [0.04, [0.4924857035, 0.5057947867 ], [0.05, [0.4899704322,
0.5078405660]], [0.06, [0.4874491099, 0.5099443089 ], [0.07, [0.4849212703,
0.5121065787]], [0.08, [0.4823864555, 0.5143279657]], [0.09, [0.4798442155,
0.5166090873]], [0.10, [0.4772941082, 0.5189505881]]]

> L2= Lotka(2,2,2,2,2,2, NI, N2);

L2:=[NI (2= NI —2N2),N2 (2= N2 —2NI)]
> Dis(L2, [N1,N2], [0.5,0.5],0.01, 10)[1..10];

[[0.01, [0.5,0.5]], [0.02, [0.5025, 0.5025]], [0.03, [0.5049748125, 0.5049748125 ], [0.04,
[0.5074243219, 0.50742432191], [0.05, [0.5098484251, 0.5098484251]], [0.06,
[0.5122470311, 0.5122470311]], [0.07, [0.5146200611, 0.5146200611]], [0.08,
[0.5169674481, 0.51696744811], [0.09, [0.5192891368, 0.5192891368]], [0.10,
[0.5215850833, 0.5215850833]]

> L3 := Lotka(6,5,4,3,2,1, NI, N2);
6NI (5—NI—2N2) 4N2(3—N2—NI)
5 ’ 3
> Dis(L3, [N1,N2], [0.5,0.5],0.01, 10)[1..10];
[[0.01, [0.5,0.5]], [0.02, [0.5210000000, 0.5133333333]], [0.03, [0.5425839880,

05267872296, [0.04, [0.5647464271, 0.5403476374 1], [0.05, [0.5874801249,
05539997433}, [0.06, [0.6107762055, 0.5677280056 ||, [0.07, [0.6346240928,
0.5815161945]], [0.08, [0.6590115050, 0.5953474387 ], [0.09, [0.6839244619,
06092042778 ], [0.10, [0.7093473046, 0.6230687214 ]

> VI = Volterra(1,2,3, 4, x,);

VI=[=2xy+x4xy—3y]

=> Dis(V1, [x,y], [0.5,0.5],0.01, 10)[1..10];

[[0.01, [0.5,0.5]], [0.02, [0.5000, 0.49501]], [0.03, [0.5000500000, 0.49005000001], [0.04,
[0.5001495100, 0.4851504801 ]], [ 0.05, [0.5002980496, 0.4803018767]], [0.06,
[0.5004951483, 0.4755045841 ], [0.07, [0.5007403451, 0.4707589561]], [ 0.08,
[0.5010331886, 0.4660653075]], [0.09, [0.5013732368, 0.4614239158]], [0.10,

an
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13)

(14)
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(16)

17

(18)



[0.5017600572, 045683502241

> V2= Volterra(1, 1, 1, 1, x, y);

V2= [—xy+xxy—y]

> Dis(V2, [x,y], [0.5,05],0.01,10)[1..10];

[[0.01, [0.5,0.5]], [0.02, [0.5025, 0.4975]], [0.03, [0.5050250625, 0.4950249375 ], [0.04,
[0.5075753131, 0.4925746881], [0.05, [0.5101508787, 0.4901491287]], [0.06,
[0.5127518874, 0.4877481375 ], [0.07, [0.5153784685, 0.4853715939 ], [0.08,
[0.5180307525, 0.4830193787 ], [0.09, [0.5207088711, 0.4806913738 ], [0.10,
[0.5234129572, 04783874627 ]|

> V3= Volterra(4,3,2, 1, %, );

V3i=[=3xy+4xxy—2y]

> Dis(V3, [x,y], [0.5,05],0.01, 10)[1..10];

[[0.01, 0.5, 0.5]], [0.02, [0.5125,0.4925]], [0.03, [0.5254278125, 0.4851740625 ], [0.04,
[0.5387972066, 0.4780198207 ], [0.05, [0.5526224226, 0.4710349817 1], [0.06,
[0.5669181847, 0.46421732701], [0.07, [0.5816997148, 0.4575647129]], [0.08,
[0.5969827455, 04510750712, [0.09, [0.6127835343, 0.44474641011], [0.10,
[0.6291188774, 04385768147 ]

> VM1 = VolterraM(1,2,3,4,2,x,7);

X

VMI = X(I_ZJ —2xy,2xy—3y

(> Dis(VMI, [x,y], [0.5,0.5], 0.01, 10)[1..10];
[[0.01, [0.5,0.5]], [0.02, [0.4993750000, 0.4900]], [0.03, [0.4988514365, 0.4801938750]],

[0.04, [0.4984269109, 0.4705789669 ||, [0.05, [0.4980991221, 04611525823 ], [0.06,

[0.4978658626, 0.4519119987 ], [0.07, [0.4977250141, 0.4428544698]], [0.08,

[0.4976745439, 0.4339772306]], [0.09, [0.4977125011, 0.42527750211], [0.10,

[0.4978370132, 04167524956

> VM2 = VolierraM (1, 1, 1, 1, 4,x, y);

VM2 = [x (1 =x) —xy,4xy—y]

> Dis(VM2, [x, ], [0.5,0.5], 001, 10) [1..10];

[[0.01, [0.5, 0.5]], [0.02, [0.5000, 0.5050]], [0.03, [0.4999750000, 0.51005000001], [0.04,
[0.4999248775, 0.5151499900], [0.05, [0.4998495144, 0.5202999419 ], [0.06,
[0.4997487975, 0.5254998094 ], [0.07, [0.4996226179, 0.5307495272]], [0.08,
[0.4994708718,0.5360490106 ], [0.09, [0.4992934603, 0.54139815521], [0.10,
[0.4990902897, 0.5467968359]]

> VM3 = VolterraM (4,3,2,1,1,x,7);

19)

(20)

€3y

(22)
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VM3 = [4x (1 —x) =3xy,xy—2y] 27
=> Dis(VM3, [x,y], [0.5,0.5],0.01, 10)[1..10];
[[0.01,]0.5,0.5]], [0.02, [0.5025, 0.4925]], [0.03, [0.5050753125, 0.4851248125]], [0.04, (28)
[0.5077235451, 0.47787256191]], [0.05, [0.5104423445, 0.4707413822 ], [0.06,
[0.5132293928, 0.4637294179 ], [0.07, [0.5160824051, 0.4568348252 ], [ 0.08,
[0.5189991268, 0.4500557729 1], [0.09, [0.5219773315, 0.4433904429 ], [0.10,
[0.5250148186, 0.4368370316]]]




