Homework for Lecture 14 of Dr. Z.’s Dynamical Models in Biology class

Email the answers ( as .pdf file ) to

ShaloshBEkhad@gmail.com

by 8:00pm Monday, Oct. 27, 2025.

Subject: hwl4

with an attachment hwl4FirstLast.pdf and/or hwl4FirstLast.txt (preferred)
Using

http://sites.math.rutgers.edu/ zeilberg/Bio25/DMB14. txt

1. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

T:=RT([x],10);SSSg(T, [x]); SSg(T, [x],z);0RB(T, [x],[6.]1,1000,1010) [-1];

Run it twenty times. Out of these twenty times, how many times did the first and third numbers
agree?

2. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

T:=RT([x,y],10);S8g(T, [x,y]); SSSg(T, [x,y]);0RB(T, [x,y],[6.,8.]1,1000,1010) [-1];

Run it twenty times. Out of these twenty times, how many times did the first and third numbers
agree?

3. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

T:=RT([x,y,z],10);SSg(T, [x,y,z]); SSSg(T, [x,y,z]);
ORB(T, [x,y,2z],[6.,8.,11.]1,1000,1010) [-1];

Run it twenty times. Out of these twenty times, how many times did the first and third numbers
agree?

4. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt:

f:=RR([z[1],z[2]],10); T:=RecToTs(2,z,f);SSg(T, [z[1],z[2]]); SSSg(T, [z[1],z[2]]1);



Orbk(2,z,f,[5.,8.],2000,2010) [-1];

5. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

OFBRE, ZH15: 8112060 20T Oy HRecToTs (3,2,£)385g(T, [2[1] 2 (21,2311 ;
SSSg(T, [z[1]1,z[2],z[3]]1); Orbk(3,z,f,[5.,8.,11.1,2000,2010) [-1];

Run it twenty times. Out of these twenty times, how many times did the last coordinate of the
first point and the third numbers agree?

6. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

L:=rand(1..3)(); a:=rand(1..50)()/20.;c:=rand(1..50)()/20.; T:=NicholsonBailey(L,a,c,N,P)
;85g(T, [N,P]) ;SSSg(T, [N,P]);

Run it twenty times. Out of these twenty times, how many times did you get a non-empty set of
stable steady-states? (ignore those that have an error message)

7. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

a:=rand(1..10)()/10.: r:=rand(1..10)()/10.: K:=rand(1..10)():
T:=NicholsonBaileyM(a,r,K,14,N,P); SSSg(T, [N,P]);

Run it 100 times. Out of these fifty times, how many times did you get a non-empty set of stable
steady-states? (ignore those that have an error message)

Orbk(2,z,1,[5.,8.],2000,2010)[-1];
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1. Copy-and-paste the following line into your worksheet (once you have donwloaded and read
DMB14.txt):

T:=RT([x],10);SSSg(T, [x]); SSg(T, [x],z);0RB(T, [x],[6.],1000,1010) [-1];
Run it twenty times. Out of these twenty times, how many times did the first and third numbers

agree?

> Ts= RT([x], 10); SSSg(T, [x]); SSg(7, [x], 2); ORB(T, [x], [6.], 1000, 1010)[ — 1];

7+10x

T

[[—1.121320343],
[3.121320342]
"> = RI([x], 10); SS5¢(Z, [x]): SSe(Z. [x], 2): ORB(T. [x]. [6.]. 1000, 1010) [~ 1];

o |4xex
(-1 5“
| [2.561552813] ()/
"> 7= RT([x].10); SS5g(T, [x]): SS(T; [x],2): ORB(Z] [x]. [6.], 1000, 1010)[ — 1];

[ —3.608495283],

3

s

| [1.108495283] (vl
> 7= RT([x], 10); SSSg(T, [x]): SSg(T; [x], 2); ORB(T, [x], [6.], 1000, 1010)[ — 1];

T |24

[0.3874258867] ®
S>r= RT([x], 10); S55g(T, [x]): SSg(T, [x], 2); ORB(T, [x], [6.], 1000, 1010)[ — 1];

r +10x

[[—0.672603940
[1.672603940] ©
"> 7= RI([x],10); SSSg(T, [x1): SSg(T. [ ); ORB(T. [x],[6.1, 1000, 1010) [ —1;

[[—0.7862996483
[2.11963:

[> Ti= RT([x], 10); SSSg(T; [x]): SSe(7, [], ): ORB(T, [x], [6.], 1000, 1010)[ —1];

a0y

[[2333333333]]

=P ay

[> T:= RT([x], 10); SS5g(T, [x]); SSe(T; [x], =); ORB(T, [x], [6.], 1000, 1010)[ —1;

I EEST
8+ 10x
[[=1. 1
[0.5000000000] a2

[> 7= RI([x], 10); SSSg(T. [x]); SSe(. [x],2); ORB(T, [x],[6.1, 1000, 1010) [~ 1];

[ 3+x
T=|133x
a8

[1.0000 )

[> To= RT([x], 10); S55g(T, [x]); SS&(T, [x],=); ORB(T, [], [6.], 1000, 1010) [~ 1];

T
[0.50000
a9
[> T:= RT([x]. 10): SSSg(T, [x]): SSe(T. [x]. 2): ORB(T, [x], [6.], 1000, 1010)[ — 1]:
e [ 10 +2x
8+ 4x

[[—z.soooooooo’
[1.000000000 as)
- [ 2+9x
5+ 9x

[> 7= RT([x], 10); SSSg(T; [x]); SSe(T. [x], 2); ORB(T, [x], [6.], 1000, 1010)[ —1];

[[—0.2989350844,
[0.7433795290] a6

[> 7= RT([x], 10); SSSg(T; [x]): SSe(T. [x], 2): ORB(T, [x], [6.], 1000, 1010)[ —1];

> T:= RT([x]. 10); SSS¢(T. [x]): SSg(T: [x]. =): ORB(T. [x]. [6.]. 1000, 1010)[ - 1];

[[—0.7881527305
I [0.8881527310] an
[> 7= RT([x]. 10): SSSg(T. [x]): SS8(: [x]. 2): ORB(T [x]. [6.], 1000, 1010)[ — 1];

_ [9+10x
T+ 9x

[[—0.7207592197],
[1.387425887] as)
[> 7= RT([x], 10); $5S¢(T. [x]): SSe(T. [x], ); ORB(T [x], [6.], 1000, 1010)[ —1];

a9
[> 7= RT([x], 10); $5S¢(T. [x]): SS(T. [x], 2); ORB(T. [x], [6.], 1000, 1010)[ —1];
| (20)
[> T:= RT([x]. 10); S5S¢(T: [x]): $S&(T, [x]. 2): ORB(T, [x], [6.]. 1000, 1010)[ —1;
[[—2.171164610
L [0.9211646097] @y
[> T:= RT([x], 10): SSSg(T; [x]): SSe(T. [x]. ): ORB(T. [x]. [6.], 1000, 1010)[ —1];
[[—0.1561249820],
L [0.7116805376] @)
> Tw= RT([x], 10); SSSg(7, [x]); SSg(T. [x], =); ORB(T, [x], [6.], 1000, 1010)[ — 1];
Tim S+ 9x
9+ 4x
([ 1.118033988 | ([IITTS03308ETIND
[1.118033988] (23
> T= RT([x],10); SSSg(7, [x]); SSg(T. [x], =); ORB(T, [x], [6.], 1000, 1010)[ — 1];
T | 3E4X
6+ 4x

[[—1.151387819
[0.6513878189] (24)



2. Copy-and-paste the following line into your worksheet (once you have donwloaded and read

DMB14.txt):

T:=RT([x,y],10);SSg(T, [x,y]); SSSg(T, [x,y]);0RB(T, [x,y], [6.,8.]1,1000,1010) [-1];

Run it twenty times. Out of these twenty times, how many times did the first and third numbers

agree?

> T= RT([x.y].10); SSg(T. [x.31): SSSg(T. [x. ¥1): ORB(T. [x. ], [6..8.]. 1000, 1010)[ - 1]

rom |44 10x+8y S+3x+5y
) 2+ 7x+2y T+5x+4y

{[1.745632788, 0.7464565858 i

> T= RT(Ix ), 10); SS¢(T, [x.7): SSS¢(T; [x.71); ORB(T, [x.¥], 6. 8.], 1000, 1010) [~ 1];

8+10x+2y 8+7x+ ]

6+8x+4y " 4+ 10x+3y

i 1.051537188, 1.523154357 I

T

> 7= RT([x3],10); S5¢(T, [x ]); SSS(T, [x1]); ORB(T [x. 3], [6.,8.], 1000, 1010)[ —1];

> 7= RT([x3]10); $S¢(T, [x ¥1); SSSg(T, [x ¥1); ORB(T, [, [6.,8.], 1000, 1010)[ —1;

249x+y 4+4x+y

T+5x+2y" 6+3x+y

[ —0.309865067, 0.5920753815]]
z

[1.587572199, 0.9648325670]

T+2x+y  10+4x+6y
5+ 10x+3)" 8+ 8x+7y
{[0.6472327339, 09230130065 )

> 7= RT([x)],10); SS¢(T, [x 1); SSS(T, [x ¥]); ORB(T, [x. 1, [6., 8.1, 1000, 1010)[ -1

T

9+6x+y 3+2x+5y
2+ 9x+5)y 3+ 9x+8y

{[1.127014906, 04480178765 |}

"> T= RT(Ix¥), 10); SS¢(T, [x.7): SSSg(T; [x 1); ORB(T, [ ¥], 6., 8.], 1000, 1010) [ ~1];

[> 7= RT([%.7).10): SS¢(7, [ 3]): SS5e(% [%.3)):

[> 7= RE(1x 71 10): S5(T. [x]): S55%(. [x.)]):

> T= RT([x)].10); SSe(T: [x }1); S5Sg(T: [x }]): ORB(T.

[> 7= RT([%.9).10): SS¢(7, [3]): SSg(% [%.3]): ORB(Z. [x.7}.[6. 8.1, 1000, 1010)[—1];

oo |Stdx+sy B+Trioy
3+09x+3y 10+x+5y

[[—0.9035331901, 0.5692717868]]
El
[0.8510988810, 1.495902933]

[> 7= RT([x)].10); SSe(. [x.1); SSSe(T: [x.]): ORB(T. [x.}. [6. 8.], 1000, 1010)[ — 1];

T__[ 9+x+y 9+4x+9y]

3+ 9x+9y 24 5x+5y

[[3. —3.], [0.4543504473, 2.017830805]]
{[0.4543504473,2.017830805])
[0.4543504470, 2.017830804]

8+x+2y 2+x+9y
S+5x+8)y T+x+9y
311

0.582171280, 06201667838

[> 7= RT(Lx.y 10); SSB(T, [ ¥1): SSSE(T. [x.¥1); ORB(T, [x.5], [6. 8.1, 1000, 1010)[ ~1];

S+x+dy S+10x+ 5}']
S+5x+y S+5x+ 10y
[[0.2021960617, —0.8900436637]]
z
[0.7508491588, 0.9463446147]
[ 3+6x+6y z+sx+zy]
THxtay 2+dxty

nen e
e

ORB(T, [x¥],[6.8.], 1000, 1010)[ —1];

[> 7= RT(x.7).10): SS¢(T. [x ¥1): SSSg(T. [x.3]): ORB(Z. [x.7}.[6. 8.1, 1000, 1010)[— 1];

2+5x+6y 1+2x+8y
10+ 5x+5y" 10+ 2x+5y
{[0.4687750581, 03945777786}

ORB(T, [x.y]. [6.8.], 1000, 1010)[ —1];

1+3x+9y S+dx+4y
2+ 2x+3)y 5+ 8x+ 7y

{[1.615015944, 0.6261292450]}

ok i

{[0.9340938070, 0.6220680673 ]}

> 7= RT([x.y]10); SSe(T. [x 1); SSSg(. [x.]): ORB(Z. [x.y]. [6..8.], 1000, 1010)[ —1]; [
T=

T+5x+y 8+9x+9y

5+6x+3y" 5+3x+y

[[ 1218187898, 0.4090373769]]
z

[0.6419052153, 4.891076637]

> T= RT([x.y]10); SSe(. [x )): SSSg(. [x.]): ORB(Z. [x.y]. [6..8.], 1000, 1010)[ —1];

_ [ 9+8x+10y 3+8x+4)']
T+3x+7y L+ 7Tx+)
[[ —3.588859253, 0.9460901279]]
a
[1.650395683, 1.596487762]

> T RT([x.y]10); SSe(T. [x 1): SSSg(. [x.y]): ORB(Z. [x.y]. [6..8.], 1000, 1010)[ —1];

> T RT([%.3}10); SS¢(T, [%.1); SSS8(T [5.7]):

> T RT([%.3}10); SSe(T, [x.1): SSSE(T [x.7]):

> T= RI([xy].10): SSg(T. [x »]): S55¢(T. [x ]

[> Te= RT(Lx )], 10): SS@(T, [x11): SSSE(T, [x.5]

ro [SH8x+dy 1043x+2y
S 6+ 10x+y
[[0.3071993482, —8.375921430]]

z

[1.440808853, 0.7476820875]
ORB(T, [x.], [6.,8.], 1000, 1010)[ —1];

ro [ Tx4y 104x+10y
T2+ 9x+8y T+ Tx+5y

{[0.6455732285, 1.315132700]}

[0,
ORB(T. [x.7],[6..8.], 1000, 1010)[ — 1]
l 10+3x+5y 9+5x+7r]
i

): ORB(T, [x.3]. [6. 8.1, 1000, 1010)[ — 1];
10+9x+y 3+5x+9y
el s rea Tis——

{[0.6587766085, Z.IOSiiﬁ

): ORB(T, [x,y], [6..8.], 1000, 1010)[ —1];

roo [248x+6y _S4x+2y ]
{[1.035777768, 0.4
[
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3. Copy-and-paste the following line into your worksheet (once you have donwloaded and read

T:=RT([x,y,z],10);SSg(T, [x,y,2]); S88g(T, [x,y,z]);

fey gres

ORB(T, [x,y,z],[6.,8.,11.1,1000,1010) [-1];

Run it twenty times. Out of these twenty times, how many times did the first and third numbers
agree?

> T= RT([x,3,z].10); $Sg(T. [x. 3. z]): SSSg( T [x. 3. z]):
ORB(T. [x.).z]. [6.8.11.]. 1000, 1010)[ —1];

T 9+2x+9y+4z 9+4x+9%y+5- 4+2x+6y+7:

|2+ 8x+4y+32  14+2x+9y+92 4+4x+4y+9z
[[0.6410287956, —0.965904358, 0.242567879]]
=)
[1.317162504, 1.295733474,0.9173181249]

> T:= RT([x.2].10): SSg(T. [x.3.]); $SSg(T. [x. 3. 2]):
ORB(T. [x.).z]. [6.8.11.]. 1000, 1010)[ —1];

2+9x+5y+10z 1+4x+4y+6z 6+3x+3y+6=
T4+9x+2y+7z" 1 +8x+8y+5z" 5+ Tx+9%y+:=

{[0.9835233408, 0.6870012014, 0.8522912596}

> T= RT([x3,z].10); SSg(T. [x. 3. z]): SSSg( T [x. 3. z]);
ORB(T, [x.3,z], [6.8.11.], 1000, 1010)[ —1];

_[9+3x+8y+5z 9+ 10x+8y+8z 4+6x+9%y+4:
| 24+ 5x+10y+z 24+4x+3y+102° 2+ 10x+ 2y + 3=
[[0.3927438884, 0.12173545, —1.97889587]]
j=3
[1.253144062, 1.751511178, 1.477392012]

T

> T'= RT([x.z].10); SSg(T. [x. 3. z]): SSSg( T [x. 3. z]);
ORB(T, [x.3,z]. [6.8.11.], 1000, 1010)[ —1];
3+4x+4y+6z S5+2x+10y+3z 4+ 10x+3y+4:
T+5x+2y+10z" 6+5x+9y+:z- ~ T+TIx+y+7:z
[[0.3568517562, —0.82424832, 0.58235887]]
j=3
[0.7045134768, 0.9844002525, 0.9140619222]

T:=

> T'= RT([x3.2].10); SSg(T. [x. 3. z]): SSSg( T [x. 3. z]);
ORB(T, [x.3,z], [6.8.11.], 1000, 1010)[ —1];
1+2x+y+4z 6+Tx+8y+3z 3+5x+4y+3:z

T:=
T4+9x+8y+9z" 3+42x+2y+:-" 10+x+8y+3:z

{[0.1669136937, 3.36995429, 0.48654787]}

> T'= RT([x..2].10); SSg(T. [x. 3. z]): SSSg(T. [x. 3. z]):
ORB(T. [x.y.z]. [6.8.11.]. 1000, 1010)[ — 1]
T 8+8x+7y+5z 6+6x+6y+4- 9+ 5x+10y+ 9=
6+ T7x+y+5-° 10+ 10x+ Si'+ 9z 5+ 5x+2y+4:z
“1.269845917 0.57828166i 1.901658766“
> T= RT([x 2], 10); S5g(T, [x3: 2]); SSSg(T, [x.3:2]):
ORB(T. [x.y.z]. [6.8.11.]. 1000, 1010)[ — 1]
T 9+ 10x+3y+7z 9+ 10x+7y+9z 1+3x+3y+ 10z
1+4x+9y+5-z7 6+x+5y+2z ° 9+9x+2y+ 2=
{[1.111444348,2.158621547. 0.7312695410]}
> Ti= RT([x 3.2, 10): SSg(T. [x. 5. =]): SSSg(T. [x. 3. ]):
ORB(T. [x.y.z]. [6.8.11.]. 1000, 1010)[ — 1]
e 34+ 10x+5y+3z 10+7x+6y+6-z 3+8x+y+ 10z
8+ 2x+3y+z "8+ 10x+4y+5z" 6+8x+ 10y+9:
[[0.9856701781. 8.90701596, — 10.53709701]]
&z
[1.863968442, 0.9721852327, 0.7009148972]
> T:= RT([x..z].10); SSg(T. [x, . 2]);: $SSg(T. [x. 3. z]);
ORB(T. [x.).z]. [6.8.11.], 1000, 1010)[ —1]:
T T7+8x+2y+ 10z 7+5x+2y+5z 10+5x+y+4:z
: 3+ 7x+4y+7z" 6+4x+y+7z 10+ Tx+8y+ 2z
[[—2.379671330, 3.650157528, 0.09352608318]]
Iz
[1.242135363, 1116520001, 0.6927391257]
> T'= RT([x.).2].10); SSg(T. [x. 3. z]): SSSg(T. [x. 3. z]):
ORB(T. [x.y.z]. [6.8.11.]. 1000, 1010)[ — 1]
T 2+ 7x+9%y+9z 10+8x+5y+6z 10+ 7x+5y+4:

6+x+4y+8z " 1+2x+Ty+6z" 6+4x+4y+3:
[[0.2069369080, —7.932927744, 8.532334823]]
f=3
[1.576803812, 1.620080724, 1.508680891]
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v

A\

T:= RT([x.).z]. 10): SSg(T. [x. 3. =]): SSSg(T. [x. 3. 2]):
ORB(T, [x.z].[6.8.11.], 1000, 1010)[ —1];

T:= RT([x.».z],10): SSg(T. [x. 3. =]): SSSg(T. [x. 3. =]):
ORB(T, [x.z].[6..8.11.], 1000, 1010)[ — 1];

T:= RT([x.».z],10): SSg(T. [x. . =]): SSSg(T. [x. 3. =]):
ORB(T, [x.z].[6..8.11.], 1000, 1010)[ — 1];

T:= RT([x.».z],10): SSg(T. [x. 3. =]): SSSg(T. [x. 3. =]):
ORB(T. [x.3.z]. [6. 8. 11.]. 1000, 1010)[ —1];

T:= RT([x.».z],10); SSg(T. [x. 3. =]): SSSg(T. [x. 3. =]):
ORB(T, [x.3. -] [6.. 8., 11.], 1000, 1010)[—1];

ORB(T, [x.y,z].[6.8.11.],1000, 1010)[ —1];

ORB(T, [x,y,z].[6.8.11.],1000, 1010)[ —1];

ORB(T, [x..=), [6. 8. 11.], 1000, 1010)[ —1];

ORB(T, [x..2], [6. 8. 11.], 1000, 1010)[ —1];

ORB(T, [x..2].[6. 8. 11.], 1000, 1010)[ —1];

> T= RT([x.3,z], 10): SSg(T. [x, 3. z]): SSSg(T. [x. 3. z]):

> T:= RT([x,).z]. 10): SSg(T. [x. ). ]); SSSg(T. [x. . z]):

> 7= RT([x,).z], 10): SSg(T. [x, ). z]); SSSg(T. [x. 3. z]);

> T:= RT([x..z]. 10): SSg(T. [x, . z]): SSSg(T. [x. 3. =]):

> T:= RT([x.3,z]. 10): SSg(T. [x, . z]): SSSg(T. [x. 3. z]):

T4+ 6x+6y+7- T+4x+3y+2z 9+2x+2y+2:

T = | TF 275048 S+8xt3r+4-" 34 2x 40y 40-
[[0.7721046707, —4.419290744, —0.045317532]]
=)
[2.131292501, 0.6309131875, 0.8004643296 ]
T 1+3x+10y+2: T+x+y+9: 1+4x+y+6:
9+ x+2y+8z T2+ 2x+5y+32" 4+9x+10y+ 4z
[[0.239072995. 0.05905157107, —0.8086224432]]
=)
[1.083838025, 1.124000405, 0.3186773417]
T 8§+ S5x+4y+6-z T+3x+5y+3z 4+9x+6y+7:

4+8x+9y+9-" 9+ 2x+3y+3z7 6+x+Ty+5=
[[0.1426317665, 1.040372633, —2.291166327]]
=)
[0.7627933799, 1.049232115, 1.273511329]

4+5x+5y+2- 2+4x+y+3z S+x+5y+7:z
10+2x+Ty+5z" 6+9x+2y+9z" 9+ Tx+y+ 8z
[[0.1839797317, —0.60361586, —0.71446680]]
=)
[0.5953721697, 0.3736290865, 0.6400195255]

T:=

3+8x+10y+ 2= 3+8x+y+4:z 9+ x+5y+8:
3+ 6x+4y+4-7 104+3x+10y+7z" 9+ 6x+ 10y+ 3=

{[1.305341002, 0.6627518081, 0.766837864]}

[1303341000;0:0627318084;0:7668378649])

1+4\'+3)+3- 4+5x+4y+3z 9+3x+2y+2:

9%
{[0.4741279627, 0.596203224, 0.. 5765818i _

I [ 74+3x+6y+2- 1+10x+6y+ 10z 1+9x+4y+6= l
T+3x+4y+8z" 1+10x+2y+9z" 2+ 8x+6y+ 3z
[[0.02688631069, —1.283131530, 0.3756539739]]
=)
[0.8462091852, 1.291816580, 1.015848272]

5+8x+10y+z S5+4x+8y+:z S5+4x+9y+9:
1+ 7x+7y+8z" 5+ 6x+Ty+4z" 14+2x+9y+4:
[[—2.536423176,0.4651268569, 2.107870421]]
=)
[0.7536548384, 0.7039120037, 1.913845881]

§+4x+6y+6z 10+6x+y+3z 8+5x+9%y+ 5z
8+ 7x+10y+3z" 14+x+7y+327 10+3x+6y+2=
[[—1.824399896, 0.1705134395, 0.3370914600]]
=)
[0.8731855907, 1.345913473, 1.333184810]

T:=

4+5x+3y+2z 6+6x+8y+8z 4+2x+4y+2:
64+ 6x+6y+10z" 10+x+T7y+3z7 1+ 8x+8y+ 3=z
[[—0.1793924622, —1.015391689, 0.04027339613]]
f=4
[0.4987260840, 1.146821272, 0.6754259176 ]

Ti=

(20)

@y

@2

23)

@4

1s)

16)

a7

as)

19



4. Copy-and-paste the following line into your worksheet (once you have donwloaded and read

DMB14.txt:

£:=RR([z[1],z[2]],10); T:=RecToTs(2,z,f);SSg(T, [z[1],z[2]]); SSSg(T, [z[1],z[2]]);

Orbk(2,z,f,[5.,8.]1,2000,2010) [-1];

>f RR([=[1].4(2]]. 10): T == RecToTs(2. = f): SSg(T. [=[1]. 2[2]]): SSS¢(T.

11,2000, 2010)[ —1];

> /= RR([2[1].2[2]]. 10): T := RecToTs(2.=.f): $Sg(T. [[1]. z[2]]): $SSg(T.

Orbi(2. £ [5..8.1.2000,2010)[—1];

SENERIIE

6+85+4x
= S¥in555
6+85+45

T= af [

{[1.068419234, 1.068419234]}
HERERIIE
_ 3+553+35
T 10+ 95+ 63

3+553+3
10+95+65°

([0.3854886655, 0.3854886655 ]}

> fi= RR([[1].2[2]]. 10): T := RecToTs(2,=f): SSg(T. [=[1]. 2[2]]): $SSg(T. [ 1]. [2]]):

Orbi{2, = £ [5.8.], 2000, 2010)[ — 1];

OrbA(2, %, £, 3., 8.1, 2000, 2010) [ —1);

> f= RR([2[1],2[2]], 10); T'= RecToT5(2,=.f); $Sg(T, [ 11.2[211); SSSg(T, [ 11 2[211);
Orbk2,=.f, [5., 8., 2000, 2010)[ -1

> f= RR([2[1],2[2]], 10); T'= RecToT5(2,=.f); $Sg(T, [=[11.2[211); SSSg(T, [ 11,2 211);
Orbk2.=.f, [5., 8., 2000, 2010)[ -1

> f=RR([2[1],2[2]], 10); T = RecToTs(2, =, f); SSg(T, [=[11,2[2]1); $SSg(T; [=[11.2[2]1);
Orbk2,=.f, [5., 8., 2000, 2010)[ -1

> fi= RR([[1],2(2]}, 10); T= RecToT5(2,5,f); SSg( 7, [[11,=(211); SSSe( T, [=(11,=(211):
oqu,,f,[s 81,2000, 2010)[ —1];

>f RR([2[1],[2]], 10); 7= RecToTs(2,5f); SSg( T, [=[11.2[211); $SSg( T, [[11.2[211):
Orbk(2,=. £, 3. 8.1,2000, 2010) [ —1];

[> f:= RR(1={11,(2]), 10); T= RecToTs(2,=,); SSg(T; [=(11, =1211); SSS(7, [=[11.=[21]);
OrbH2, = £, 3., 8.1, 2000, 2010) [ —1];

[> £:= RR(1={1},2(21},10); = RuTaB(Z.-f),“x(T['lll =[211); $8S(T, 1= 1121210);
Orsk(2,=.1, 3. 8.1, 2000, 2010) [ — 1]

1+95+3
= Tvan v
a+3n

I 1+953+35 |
ST+ + af =l

{[0.8771507064. 0.8771507064]}

{10.8070445132, 0.8070445132 ]}

Mﬁe\)\ 0\6

70(10

[©]

10

an

a

a3

a9

as
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©
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10); 1= Reclols(2,f); 85g(4, [=[ 1], [ 2]]): $35g( L. [=[1).=[2]1):

> fr=RR([=[1).=]2]],
Orb(2,=.f, 5., 81,2000, 2010) [ —1;
248548z
Al s s
L a6)
> f=RR([=[1],2]2]], 10); T= RecToT5(2, = f); SSg(T, [=[ 11, 2[211); S$Sg( T, [=[11.[211);
Orbk(2,=.f, 5., 8.],2000,2010) [ —1;
L an
> f=RR([=[1],2]2]], 10); T= RecToT5(2, = f); SSg(T, [=[11.2[211); S$Sg( T, [=[11.[211);
Ordk(2,xf, [3.,8.],2000,2010) [ —1];
£ as
> f=RR([=[1],2[2]], 10); T:= R‘CTOBIL—,fLSSg(T[ [13.21210); $8Sg(T; [=[11.5(211);
Orb(2, %, 3., 8.1,2000,2010) [ —1;
{[1.148331477, 1148331477 )}
a9
1.1483314/8 uy)
>f RR([=[1],2[2]],10); T'= R“RE(Z,—,f),SSg(TI [13,21210): $SSg( T [=[1).2[211);
Orbk(2,z.f, 5., 8.1, 2000, 2010) [ —1};
L @0)
> f=RR([Z[1].2[2]), 10); T = RecToTs(2, = f); $Sg( T, [=[1].2[2]]); $SS¢(Z; [=[11.2[211);
Orbi(2,= £, [5.,8.],2000,2010) [ —1];
L @y
> fi=RR([[1],2[2]], 10); T'= RecToTs(2, 5 f); $Sg( T, [=[ 1],2[211); $8S¢(T. [=[11.2[21]);
Orbk(2,z.f, 5., 8.1, 2000, 2010) [ —1;
L @)
> f=RR([z[1].2[2]), 10); T = RecToTs(2, = f); $Sg( T, [=[1].2[2]]);: $SS¢(Z; [=[11.2[211);
Orbi(2,=f, 5., 8.],2000,2010) [ —1};
{10.6030226892, 0.6030226892 ]}
~ osmen @
V.OVIVLLODYL wa)
> fr= RR([z[1],2]2]), 10); 7= RecToT5(2, =, f); SSg( T, [=[1),2(2]]); $SSg( T, [=[1),2(2]));
Orék(2,z,/, (5.,8.],2000,2010)[ - 1};
8+8z+9z
/v-
@9

{[1.835781669, IBSSiW




5. Copy-and-paste the following line into your worksheet (once you have donwloaded and read

DMB14.txt):

~f:=RR([z[1],z[2],2[3]],10); T:=RecToTs(3,z,f);SSg(T, [z[1],z[2],z[3]]);

SSSg(T, [z[1],z[2],z[3]]); Orbk(3,z,f,[5.,8.,11.]1,2000,2010) [-1];

Run it twenty times. Out of these twenty times, how many times did the last coordinate of the

first point and the third numbers agree?

> [ BRUALLE2LA31) 10) T o= ReToTs 3,259 L 111212150310
SSS(T (<11, 212}, 21311); Ordk(3, 51, [5. 8., 11,1, 3000, 2010) [~ 1};

[> 7= RR(=A1L212), 2131}, 10); To= ReeToTs(3,.1); SSe( T [211],2 [21,'[311),
SSSg( T, [=[11,2[21,2[311); Ordki3,= /. |5,,sv.u.1.2000 10|o M-

[> fi= RR([[1],2[21,2[3]1. 10); T= RecToT5(3, = f); SSe (T, [= [11-'[21-1[3]]),
SSSg( . =111, 2121, 213 11); Ordk(3,=.£, 5., 8., 11,1, 2000, 2010) [ —

[> f1= RR(=[11212 2131, 10); T = RecToTs(3, . ); SSE( T, [ [11:5[11:5[3]]):
SSSg(T [=[11.212]2[311); Ordk(3,5 £, [3., 8., 11., 2000, 2010) [ - 1;

> fr=RR([2[1],2[2],2[3]}, 10); T'= RecToI5(3, =, f); SSg (T, [=[ 1), "121:2[311),
SSSg (L [=[11.2[2).2[3]]); Orbi(3. = £, 3., 8., 111, 2000, 2010) [~ 1]

> fo= BRUALL 21311 10 T o= ReoTs(3,5/); SSg(E < 11121 1310
SSSg(T (2111, 2121 2311); Orbi(3, 5 £ 5., 8. 11.), 2000, 2010) [~ 1};

> = RR([=[1},2(2], (3], 10); T'= RecToT5(3, 5,/); SSe(T [[11.2(21,=(311):
SSSg(T [211], 2121 311); Orbi(3, 5 £ 5., 8., 11.), 3000, 2010) [~ 1};

> f=RR([=[1].2[2],2[3]}. 10); T:= RecToI3(3,f); $Sg( L, [=[11.2[2].[31]);
SSSg( L [=[11.2[21.2[3]1); Ordi(3, 5 £, 3., 8, 1.1, 2000, 2010) [ - 1],

[> f:= RR([2[1],2[2),2[3]), 10); T'= RecToTs(3, =.£); SSg( T, [[1}, =121, 2[311):
'S8Sg(7; [=[11, 2121, 2[311); Orbk(3, 5./, 5., 8., 11.],2000,2010) 1,

[> fi= RR(=(1L2(21.2(3]), 10); T= RecToTs(3, % £): SSg( T [2[1], [2I =300
SSSg(T (2111221, 2(311); Orbii3, 5./, (5., 8., 11.]. 2000, 2010) [ —

[> fi= RR(211 1212121311, 10); T'= RecToTs(3, .1); SSE(, [211], 2121, 31));
SSSg(T, [[11,2[21, =[311); Orbk(3, 5 £, [5., 8., 11.],2000, 2010) [ - 1];

[> f:= RR([=11,2121, 23]}, 10); T= ReeToTs(3, 2.£); SSg( T, [2[1}, 212 2(31));
SSSg(T; [=[1],2[21.2[3]]): Ordk(3, = £, [3.. 8., 11.],2000, 2010) [ —1];

{[0.8404050733, 0.84040507: 8404050733}

2462, +105,+2z,
Rt o e erea
2462, +102,+22,

{[1.157128741, 1157128741, 1.157128741 ]}

24355, 455,47z,
Ml v oy e

[ L O
{[0.8960073293, 0.8960073293, 0.896007329:

546z, +62,+4z,
F Al P
5+6.‘+6.,+4:‘

{10.6984226500, 0.69842265 84226500]}
0‘”&

([0.7830951895,0.783“’ 5,0.7830951895 1}

34105, +105,+3z,

-0 S11
{10.8436307095, 0.8436307095, 0.8436307095 1}

6+10z, +62,+22,

{[1.252655075, 1.252655075, 1.252655075]}

Phey o qgglree

\§

®

®

a0

an

a2

LU
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a3

ay

as

e



> f:=RR([=[1],5[2].2[3]}, 10); T:= RecToIs(3,=,f); SSg(, [=[1].2[21,=[3]1);
S8Sg(T; [=[1], 5121, 2[311); Ordk(3, £, [5. 8., 11.1, 2000, 2010) [ — 1

[> f:= RR(1=11221231) 10); To= ReeToTs(3,5.1); S L)
SSSg(T, 21112121 =1311); O7d(3, =, 15, 8., 1.1, 3000, 2010) [ —

[> f= RR(=1L 202 1311 10): o= ReeToT (3,5 SSe(7 2111, s
SSSe(T L3, i, 15,511 Sood 28161

>f RR([=[1],2(2],2[3]], 10); T= RecToT3(3,=.1); SSg(T, [=] [11,5[2],1[3]]L
S8Sg(T; [=[1], 5121, =[311); Ordi(3, £, [5. 8., 11.1, 2000, 2010) [ — 1

SSSg(T, [=[1),212),2(31]); Ordk(3,5 £, [5., 8., 11.], 2000, 2010) |

SSSgUT, [=[1),212),2(31]); Ordk(3,5 £, [5., 8., 11.], 2000, 2010) |

SSSg(T, [=[1),2(2),2(31]); Ordki3,=.f, (5., 8., 1. ]~2°°° ZOWDI

SSSg(T, [=[1),2(2),2(31]); Ordki3,=.f, (5., 8., 11. ]~2°°° ZOWDI

[> f= RR([2(1],2(21,2(3]), 10); 7= ReeToTs(3,=,1); SSg( T, [ Ill»-;llllv-ﬂll)‘

[> f1= RR([2(1],2(2),2(3]), 10); T o= ReeToTs(3,5,/); SSg(T, |2 Ill»-;llzlv-”ll)-

[> f= RR[2(1],2(21,2(3]}, 10); 7= ReeToTs(3,5,1); SSg(T [2(1], ll]zlv-IJIIL

[> f= RR[2(1],2(21,2(3]}, 10); 7= ReeToTs(3,5,1); SSg(T [2(1], llzlv-IJIl),
13

84105 +75,+42,

= —0. —o0. 1. 1333333333, 1333333333, 1.333333:

{[1.333333333, 1.333333333, 1.333333333 ]}
1333333333

503, 2.054404503, 2.054404503 )}

an

asy

a9

()

@n

@2)

@3y

@4



6. Copy-and-paste the following line into your worksheet (once you have donwloaded and read

DMB14.txt):

L:=rand(1..3)(); a:=rand(1..50)()/20.;c:=rand(1..50)()/20.; T:=NicholsonBailey(L,a,c,N,P)

O V@/

;88g(T, [N,P]);SSSg(T, [N,P]);

Run it twenty times. Out of these twenty times, how many times did you get a non-empty set of

i stable steadv-states? (ignore those that have an error message)
[> L= rand(1.3)( );a = rand(1..50)( }/20; ¢ *= rand(1.50)( )20 T'= NicholsonBailey(L, a,c, N P)
SS¢(T, [N, P)): S552(Z, [N.2));

L=
a= 2450000000
¢ := 1.100000000
= [3 NeT 0 1 100000000 N (1 — e~ F) |
[[0.,0.], [0.6114725169, 0.4484131790]]
L a ®
[> L:=rand(1.3)( );a = rand(1.50)( }/20; ¢ = rand(1.50)( }/20.; T:= NicholsonBailey(L, a,c,
$SSg(L [N, P]); SSSg(L [N, P);
250000000 N (1 — e~ 07y |
I[\' 0.1
S, nnot determine if this expression is true or false: max 1l |DMB14.txt:489
= rand(1.3)( ); rand(1.50)( )/20; ¢ »= rand(1.50)( ) /20.; T+= NicholsonBailey(L, a, ¢,
SSg(L N P); SSSg(L [N P):
.900000000
.500000000
¥ 1.500000000 N (1 — e~ ") |
[[N.0.1]
£ this expres )s -.2.850000000%abs(N)) < 1 |DMB14.tx
i( 120; ¢ = rand(1.50)( }/20.; T= NicholsonBailey(L, a, c, N,
S8 [N Pl) SSSng[\'P]) B
a = 2400000000
= 2.100000000
= [3 N L 2.100000000 \" (1 — e™> 40 #) ]
[10.,0.], [0.3269679431, 0.4577551203]]
L a ©)
[> L:=rand(1.3)( ); @ = rand(1.50)( }/20.; ¢ = rand(1.50)( }/20.; T:= NicholsonBailey(L, a,c, N, P)
s SSg(T [N P)); SSSg(L [N P]);
Ti= [2 N 5500000000 N (1 — &™) |
[10.,0.1, [1. 14369‘819 03150669003 ]]
=4 (]
3 o
> L= rand(1.3)( ); a = rand(1.50)( }/20; ¢ = rand(1.50)( }/20.; T = NicholsonBailey(L, a, c, N, P)
S SSg(T [N, P)); SSSg(L [N, Pl): I
a = 1.900000000
¢ = 1.950000000
Ti=[Ne™"™ £, 1.950000000 N (1 — & "0 f) |
[[N.0.7)
Error ) cannot determine if this expression is true or : max(1.,3.7 00*abs (N) ) 1l |DMB14.txt:489
> L:=rand(1.3)( );a = rand(1.50)()/20,;¢ := rand(1..50)( )/20.; T:= NicholsonBailey(L, a,c, N, P)
SSg(T N, PD SSSg(LIN.PI):
[2 N~ 7 0,.1500000000 N (1 — ™' |
[10.,0.], [5.281121376, 0.3960841032]]
=3 ®)
> L:=rand(1.3)( );a = rand(1.30)()/20;¢ = rand(1.30)( }/20.; T = NicholsonBailey(L, a, ¢, N, P)
$SSg(T [N, P)); SSSg(T [N 1)
= [3 NI 1 950000000 N (1 — &I ) |
[10., 0.1, [0.4122372565, 0.5359084335]]
@ ©
> L= rand(1.3)( ); a = rand(1.30)( }/20; ¢ = rand(1.50)( )/20.; T:= NicholsonBailey(L, a,c, N, P)
3 SSg(L [N, P]); SSSg(L [N Pl); 13
= 2.350000000
0.3500000000
T= 500000000 N (1 — e™
1, [2.003548247, 04674945909
a0

> L= rand(1.3)( ); a = rand(1.50)( ) /20; ¢ == rand{(1.50)( )/20.; T:= NicholsonBailey (L, a,c, N, P)
1 SSg(T, [N, P1); $SSg(T, [N, P]); N

Tim [2 Ne™'30000000% 1 650000000 N (1 — &= >4) |

[10.,0.], [0. “oomw . 0.5776226305]]
an



o i

> L= rand(1.3)( );a = rand(1.50)( ) /20; ¢ *= rand(1.50)( ) /20.; T'= NicholsonBailey(L, a, c, N, P)
S SSg(L [N P)): SSSg( T [N, P)):

L=1
a = 1.100000000
¢ := 2.200000000

i [N 3 300000000 (1 — &0 ) |
[[N.0.1]
s) <1

> L= rand(1.3)( );a = rand(1.50)( }/20. ?)
SSSg(TIN.P1); SSS¢( L [V, 21):
=2
= 1600000000
¢ = 0.8000000000

Tim [2Ne™H 4007 0 8000000000 N (1 — ™" %) |
[10.,0.], [1.083042470, 0.4332169878 )
o

a
> L= rand(1.3)( ); a = rand(1.50)( /20 ¢ := rand(1.50)( }/20.; T= NicholsonBailey(L, a,c, N, P)
SSg(L [N P)): SSSgU T [N.P)): I3
a = 2250000000
¢ = 1.450000000
Ti= [3Ne 50 1450000000 N (1 — &7 7) |
[10.,0.], [0.5051090982, 0.4882721283]]
e a3
> L= rand(1.3)( );a = rand(1.50)( /20 ¢ := rand(1.50)( )/20.; T = NicholsonBailey(L a,c, N, P)
+SSg(T, [N P1); $S5g( T, [N P1):
Te= [2Ne™559%9% 005000000000 N (1 — &™) |
[10.,0.1, [12.05473357, 0.3013683394]]
@ a4
SI= rand(1.3)( ); a = rand(1.50)( )/20.;¢ == rand(1..50)( }/20.; T:= NicholsonBailey(L, a,c, N, P)
S SSg(L [N P]); SSSg( T [N P)); Lea
a = 1.350000000
¢ := 1.850000000
Ti= [2Ne™ "S54 1 850000000 N (1 — ™" =0 %) |
[10.,0.], [0.4834505183, 0.4471917294]]
@ as

> L:=rand(1.3)( );a = rand(1.50)( )/20.;¢ := rand(1.50)( )/20.; T:= NicholsonBailey(L, a, ¢, N, P)
$SSg( T [N P]): SSSg(L [N.P1): Lt
a := 2.150000000
¢ == 0.05000000000
Ti= [Ne™H 0 0.05000000000 N (1 — &™) ]
[[N.0.1]
(in SSSg) cannot determine if this expression is true or false: max(l.,.1075000000%abs(N)) < 1 |DMB14.txt:489
L 1.3)( );a = rand(1.50)( )/20; ¢ = rand(1.50)( )/20.; T'= NicholsonBailey(L, a, ¢, N, P)
$SSg(T [N P]): SSSg( T [N.21):

L=1
a := 1.900000000
¢ = 2.200000000
Tim [Ne™ Um0, 2 360000000 N (1 — g~ <0000 #) |
[[.0.0]
{in SSSg) cannot determine if this expression is true or false: max(1.,4.180000000%abs(N)) < 1 |DMB14.txt:489

L= rand(1.3)( ); a = rand(1.50)( )/20.; ¢ := rand(1..50)( }/20.; T'= NicholsonBailey(L, a,c, N, P)

3 SSg(T [N, P1); SSSg (L [N, P]); Les
a = 0.1500000000
¢ »= 1.250000000

Tim [2 N0 1 950000000 N (1 — =100 ) |
[10.,0.], [7.393569926, 4.620981204])
o

ae
> L= rand(1.3)( ); a = rand(1.30)( )/20.; ¢ = rand(1.50)( )/20.; T := NicholsonBailey(L, a,¢, N, P}
: SSg(T [N, P1); SSSg (L [N, P]);
Ti= [3 N7 0.3000000000 N (1 — e~ *** %) |
[[0-,0.], [0.8582908505, 0.4577551203]]
z an

> L:=rand(1.3)( );a = rand(1.50)( )/20.; ¢ = rand(1.50)( ) /20.; T'= NicholsonBailey(L, a, ¢, N, P)
3 SSg(T [N, P1); SSSg (L [N, P]);

T [ I 300000000 (1 — a7 45
[10.,0.], [0.7617001984, 0.4951051290]]
= as)




7. Copy-and-paste the following line into your worksheet (once you have donwloaded and read

'\ gﬁ

DMB14.txt):

a:=rand(1..10) ()/10.:

T:=NicholsonBaileyM(a,r,K,14,N,P); SSSg(T,[N,P]);

r:=rand(1..10) ()/10.:

K:=rand(1..10)():

%om—em

Run it 100 times. Out of these fifty times, how many times did you get a non-empty set of stable
steady-states? (ignore those that have an error message)

> a=rand(1.10)( )/10.: r = rand(1..10)( }/10.: X = ramd(1..10)( ) :
T= NicholsonBaileyM(a, », K, 14, N, P); SSSg(. [N, P]);
[> a:= rand(1.10)()/10.: 7 L10)():
T'= NicholsonBaileyM(a,
[> a= rand(1.10)( )/10.: 7 += rand(1.10)( ) /10.: K = rand(1 .10)( ) :
T'= NicholsonBaileyM(a, », K, 14, N, P); SSSg( T, [N, P]);
[> = rand(1.10)( )/10.: 7 == rand(1.10)( ) /10.: 10)():
NicholsonBaileyM(a, r, K., 14, N, P): SSSg(T. |
[> = rand(1.10)( )/10.  r = rand(1.10)( ) /10.: L10)():
T'= NicholsonBaileyM(a, , K, 14, N, P); SSSg( . |
B
> a=rand(1.10)( )/10.: r == rand(1.10)( ) /10.: 10)():
T= NicholsonBaileyMia, 7, K, 14, N, P); $55g(T. |
[> = rand(1.10)( )/10.  r = rand(1.10)( }/10.: K := rand(1.10)( ) :
T'= NicholsonBaileyM(a, », K. 14, N P); SSSg( T, [N, P]);
[> = rand(1.10)( )/10.: 7 == rand(1.10)( ) /10.: K = ramd(1 .10} () :
NicholsonBaileyM(a, r, K. 14, N, P): SSSg(T. [N, P]):
[> = rand(1.10)( )/10.: r == ramd(1.10)( ) /1 rand(1.10)( ) :
NicholsonBaileyM(a, r, K. 14, N, P): $SSg(T, [N, P]):
[> = rand(1.10)( )/10.: 7 == rand(1.10)( ) /10.: K = ramd(1 .10} () :
NicholsonBaileyM(a, r, K. 14, N, P): SSSg(T. [N, P]):
B
> @=rand(1.10)( }/10. 7 == rand(1.10)( ) /10.: 10)():
NicholsonBaileyM(a, r, K., 14, N, P): SSSg(T. |
e a2 O = A T rama S
T = NicholsonBaileyM(a, r, K, 14, N, P); $SSg(T, [N, P]);
[> @ = rand(1.10)( )/10.: r = rand(1 .10 }/10. rand(1.10)():
T= NicholsonBaileyM(a, r, K, 14, N, P); SSSg (T, [N, P]);
[> a= rand(1.10)( )/10.: 7 = rand(1.10)( ) /10.: K = randi(1 .10} ) :

T'= NicholsonBaileyMia, r, K, 14, N, P); $SS¢(T, [N, P1);

> a=rand(1.10)( )/10.: 7= rand(1.10)( }/10.: K = rand(1..10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g(T; [N, P));
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= rand(1.10)( )/10.: 7 = ramd(1.10)( }/10.: K = ramd(1..10) () :
T'= NicholsonBaileyMia, r, K, 14, N, P); $SS¢(T, [N, P]);

> = rand(1.10)( )/10.: 7 = rand(1.10)( ) /10, rand(1.10)( ) :
T= NicholsonBaileyMia, N, P); $35g( T, [N, P]);
[> = rand(1.10)( )/10.: 7= rand(1 .10)( )/10.: K = ramd(1..10)( ) :

T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g(T; [N, P]);

> = rand(1.10)()/10.:7 = 10)():
= NicholsonBaileyM(a, r, K,

[> a:=rand(1.10)( )/10.: 7 = ramd(1..10)( }/10.: 10)():
T'= NicholsonBaileyMia, 7, K, 14, N, P); SSS¢(T, [N

i)

[> a:=rand(1.10)( )/10.: 7 = ramd(1..10)( }/10.: 10)():
T'= NicholsonBaileyMia, 7, K, 14, N, P); SSS¢(T, [N

[> = rand(1.10)( )/10.: 7= rand(1 .10)( )/10.: K = ramd(1..10)( ) :

T'= NicholsonBaileyMia, 7, K, 14, N, P; SSSg(T, [N
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rand(1..10)( )/10.: 7= rand(1..10)( )/10.: K := rand(1..10)( ) :
VicholsonBaileyM(a. r, K, 14, N, P); $88g(T. [N, P);

i [14 g7 2000007~ 000000 K 14 _ 34 =0 400000080 1

I o s @

> @ = rand(1.10)( )/10.: 7= rand(1.10)( ) /10.: K = rand(1 .10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $SSg( T, [N, P]);
Ti=[14e™" L14—14e gl
L o @8)
[> a=rand(1.10)( )/10.: 7 = rand(1.10)( }/10.: K = ramd(1.10)( ) :
T:= NicholsonBaileyM(a,r, K, 14, N, P); $38g(T, [N, P]);
Te=[14¢™ Y 14— 14e g
= 29)

kvl

= rand(1.10)( /10 7= rand(1..10)( /10 K := ramd(1.10) () :
T:= NicholsonBaileyM(a, 1, K, 14, N, P); $SSg( T [N, P]);

D TS P

@0)
and(1.10)( ) /10.: 7= rand(1.10)( }/10.: K := rand(1.10)( ) :
VicholsonBaileyM(a, 1, K, 14, N, P); $85g(T. [N, P]);
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Ti=[14¢”" " 14— 14e g
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B rand(1..10)( )/10.: 7= rand(1.10)( )/10.: K := rand(1..10)( ) :
icholsonBaileyM(a, r, K, 14, N, P); $SSg( T, [N, P]);
Ti=[14e7"" L14—14e o
= 33)

rand(1.10)( )/10. 7 = rand(1.10)( )/10.: K = rand(1.10)( ) :
VicholsonBaileyM(a, r, K, 14, N, P); SSSg(T. [N, P]);
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rand(1..10)( )/10.: 7= rand(1.10)( )/10.: K := rand(1..10)( ) :
VicholsonBaileyM(a, r, K, 14, N, P); 88S¢(T. [N, P]);
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rand(1..10)( )/10.: 7= rand(1.10)( ) /10.: K := rand(1..10)( ) :

VicholsonBaileyM(a, r, K, 14, N, P); $8Sg(T, [N, P]);
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VicholsonBaileyM(a, r, K, 14, N, P); $SSg( T, [N, P);
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> a:= rand(1.10)( )/10.: r == rand(1.10)( )/10.: L10)():
T icholsonBaileyM(a. . K, 14, N, P); SSSg(T.
Ti=[14e™ 14— 14¢ "
| @ 39
>
> a=rand(1.10)( )/10.: 7= rand(1.10)( )/ 10.: .10)():
T:= NicholsonBaileyM(a, r, K, 14, N, P); SSSg( T,
Tﬂ”ﬂ _ 14" 1
A “0)
> a:= rand(1.10)( )/10.: r == rand(1.10)( )/10.: L10)():
T= NicholsonBaileyM(a, r, K, 14, N, P); SSSg( T,
Tim [14 gisseonnnn ooy _oonmenn)
and(1.10)( ) /10. : r = ramd(1.10)( )/10. L10)():
icholsonBaileyM(a. . K, 14, N, P); S8Sg( T [N,
Ti=[14¢” 14— 14¢ "
(1134902148, 365286061} @
> a= rand(1.10)( ) /10, r = rand(1.10)( )/10. L10)():
T icholsonBaileyM(a. . K, 14, N, P); SSSg(T.
Ti=[14e™ 14— 14e "
@ “3)

and(1.10)( )/10.: 7= rand(1.10)( )/10.: K := rand(1..10)( ) :
cholsonBailey)M(a, r, K. 14, N, P); SSSg(T, [N, P
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=4 @9

> = rand(1.10)( )/10.: 7 = rand(1..10)( )/10.: K = rand(1.10)( ) :
= NicholsonBaileyMia, r, X, 14, N, P); SSSg(T, [N, P]);

Tim [ 14 ¢~07000000000- 000000000 N 14 _ 1.4 =0 700000 ]
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> a= rand(1.10)( )/10.: r == rand(1.10)( )/10.: K = rand(1_.10)( ) :
T icholsonBaileyM(a. . K, 14, N, P); S3Sg(T. [N, P]);
Tim [14 6710000000 010000 14 _ 14 g-010m000 %]
\ { (46)
> a= rand(1.10)( )/10.: r == rand(1.10)( )/10. L10)():
T:= NicholsonBaileyM(a, 1, K, 14, N, P); $8Sg( T,
Ti= (147 Y 14— 14¢ y|
> a= rand(1.10)( )/10. r = rand(1.10)( )/10. L10)():
T:= NicholsonBaileyM(a, r, K, 14, N, P); $8Sg( T,
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> = rand(1.10)( )/10.: 7 = rand(1.10)( ) /10.: K = ramd(1.10)( ) :

T= NicholsonBaileyM(a, r, K, 14, N, P); $$5g( T, [N, P]);

>
> @ = rand(1.10)( }/10.: 7 = ramd(1.10)( )/10.: 10)():
cholsonBaileyM(a, r, K. 14, N, P); SSSg( T,
rand(1.10)( }/10.: 7 += ramd(1..10)( )/10.: K = rand(1.10)( ) :
= NicholsonBaileyM(a, 7, K, 14, N, P); SSSg(T. [N, P]):
> = rand(1.10)( )/10.: 7 = rand(1.10)( ) /10.: K = ramd(1.10)( } :
T= NicholsonBaileyM(a, , K, 14, N, P); $35g( T, [N. P]);
> = rand(1.10)()/10. 7 = rand(1_.10)( )/ 10. L10)():
T= NicholsonBaileyM(a, r, K, 14, N, P); $SSg( T,
rand(1.10)( }/10.: 7 += rand(1..10)( )/10. 10)():
= NicholsonBaileyM(a, », K, 14, N, P); SSSg(T,
>
>
> @ = rand(1.10)( }/10.: 7 = rand(1.10)( )/10. 10)():

NicholsonBaileyM(a, 1, K, 14, N, P); SSSg(T,

> a= rand(1.10)( )/10.: 7 := rand(1..10)( ) /10.: K := rand(1..10)( ) :

T= NicholsonBaileyM(a, 1, K, 14, N, P); $8Sg( T, [N, P]);

> = rand(1.10)( )/10.: 7= rand(1.10)( }/10.: K = rand(1.10)( ) :
T'= NicholsonBaileyM(a, r, K, 14, N, P); SSSg(T, [N, P1);
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T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
> a = rand(1.10)( }/10.: 7= rand(1.10)( }/10.: K := rand(1..10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
rand(1..10)( )/10.: 7= rand(1..10)( ) /10.: K == rand(1..10)( ) :
VicholsonBaileyM(a, . K, 14, N, P); $SSg(T. [N, P]);
[> a:= rand(1.10)( )/10.: 7= rand(1.10)( ) /10.: K = rand(1.10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
> a and(1..10)( )/10.: 7= rand(1.10)( }/10.: K = rand(1.10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
B
>
> a:=rand(1.10)( }/10.: 7= rand(1.10)( }/10.: K = rand(1.10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $S5g(T; [N, P1);
> a rand(1..10)( )/10.: 7= rand(1.10)( ) /10.: K == rand(1..10)( )
T= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
E ramd(1.10)( /10, 7 = ramd(1.10)( )/10.: K := rand(1.10)( ) :
VicholsonBaileyM(a, 1, K, 14, N, P); $SSg(T [N, P);
E and(1..10)( }/10.: 7= rand(1..10)( ) /10.: K := rand(1.10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
> a: rand(1..10)( )/10.: 7= rand(1..10)( ) /10.: K == rand(1..10)( )
T= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
B
> rand(1..10)( )/10.: 7= rand(1..10)( ) /10.: K == rand(1..10)( ) :
VicholsonBaileyM(a, 1, K, 14, N, P); $8Sg(T. [N, P]);
[> a= rand(1.10)(}/10.: 7= rand(1.10)( }/10.: K = ran1.10)( ) :
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I= J\tchakaan]q'M(a K 14, N, P); 885g(T, [N, P]);

a = rand(1.10)( )/10.:r = rand(1.10)( }/10.: K := rand(1.10)( ) :
T:= NicholsonBaileyM(a, r, K, 14, N, P); $SSg(T; [N, P]);

L10)():

a = rand(1..10)( )/10.: 7 := rand(1.10)( )/10. rand(1.10)( ) :
T:= NicholsonBaileyM(a, , K, 14, N, P); $8Sg(T; |
a = rand(1.10)( )/10.:r = rand(1.10)( }/10.: K := rand(1.10)( ) :

T:= NicholsonBaileyM(a, r, K, 14, N, P); $SSg(T; [N, P]);

= rand(1..10)( )/10.: 7 = rand(1..10)( }/10.: K = rand(1.10)( ) :

T:= NicholsonBaileyM(a, r, K, 14, N, P); SSSg(T; [N, P]);

a = rand(1.10)( )/10.:r = rand(1.10)( }/10.: X
:= NicholsonBaileyM(a, r, K, 14, N, P); SSSg(T. |\

L10)() -

L10)():

a = rand(1.10)( )/10.: 7= rand(1.10)( )/10.: K = rand(1.10)( ) :

T:= NicholsonBaileyM(a, r, K, 14, N, P); $SSg( T, [N, P]);

a = rand(1.10)( )/10.:r = rand(1.10)( }/10.: K
= NicholsonBaileyM(a, r, K, 14, N, P); $3Sg(T, [N, P]);
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T = NicholsonBaileyM(a, r, K, 14, N, P); S38g(T. [N, P]):

a = rand(1.10)( )/10.: 7= rand(1.10)( )/10.: rand(1 ..
T:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);
a = rand(1.10)( }/10.: 7 = rand(1.10)( )/ 10.

Ti=

VicholsonBaileyM(a, r, K, 14, N, P); $85g( T,

a = rand(1.10)( )/10.: 7 = rand(1..10)( ) /10.:
T:= NicholsonBaileyM(a, r, K, 14, N, P); $585g(T, |

a = rand(1.10)( )/10.: 7= rand(1.10)( )/10.:
= NicholsonBaileyM(a, r, K, 14, N, P); $3Sg( T, [ A

a= and(l 10)()/10.: 7 += rand(1.10)( ) /10.: K
T:= NicholsonBaileyM(a, r, K, 14, N, P); 885g(T, [ N.
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rand(1..10)( )/10.: 7= rand(1.10)( )/10.: K = rand(1 ..
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T:= NicholsonBaileyM(a, . K, 14, N, P); S88g( T, [N,
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ranai s .av) ). ranag
NicholsonBaileyM(a, , K, 14, N, P); $85g(T. [N, P]);

o E

:= NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P]);

NicholsonBaileyM(a, r, K, 14, N, P); SSSg( T, [N, P]);

= rand(1.10)( /10, 7 = rand(1..10)( } /10.: K
T= NicholsonBaileyMia, r, K, 14, N, P); SSSg(T, [N, P]);

>a- rand(1.10)( }/10.: 7= rand(1.10)( )/10.: K := rand(1..
T

NicholsonBaileyM(a, r, K, 14, N, P); SSSg( T, [N, P]);

>a- rand(1..10)( }/10.: 7= rand(1.10)( ) /10.: K := rand(1..
T

NicholsonBaileyM(a, r, K, 14, N, P); SSSg( T, [N, P]);

> a = rand(1.10)( )/10.: 7= rand(1.10)( }/10.: K := rand(1 .
T

NicholsonBaileyM(a, r, K, 14, N, P); S38g(T, [N, P]):

> a=rand(1.10)( )/10.: r = rand(1..10)( }/10.: K = rand(1 ..
NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P);
Sa= rand(1..10)( }/10.: r = rand(1..10)( ) /10.: X := rand(1..

T

NicholsonBaileyM(a, r, K, 14, N, P); 88Sg(T. [N, P]);
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NicholsonBaileyM(a, r, K, 14, N, P); 8Sg( T, [N, P1);

NicholsonBaileyM(a, r, K, 14, N, P); $85g( T, [N, P);
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T:= NicholsonBaileyM(a, r, K, 14, N, P); $8Sg(T; [N, P]);
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