VvV VYV

\%

>

#OK to post
#Anne Somalwar, hwi3, 10.18.21

read "C:/Users/aks238/OneDrive — Rutgers University/Documents/M13.txt"

#2
2 2
FP2 (x;l—9 x+3), (x-i2-9x+3) oyl
x+x+1 3 x"+x+4
39 22 RootOf ( Z2+3 Z+1) 2
H3, | RootOf ( ZZ+3 Z+1), 5 + 29
39 1. )
#[3, 34 is a fixed point.
2 2
SFP? (x;l—9 x+3)’ (x-|2-9x+3) oyl
x+x+1 3 x"+x+4

[[3., 1.1470588241]

#[3, % } is stable.

(x2+9-x+3) (x2+9-x+3)
CHx+1 ’ 3%+ x+ 4

OFbZ( , X%, ¥, [9.5,1.5], 1000, 1010 (;

[ [3.000000001, 1.147058824 ], [2.999999998, 1.147058823 ], [3.000000001, 1.147058824 ],

[2.999999998, 1.147058823 ], [3.000000001, 1.147058824 ], [ 2.999999998,
1.147058823 ], [3.000000001, 1.147058824 ], [2.999999998, 1.147058823 ],
[3.000000001, 1.147058824 ], [2.999999998, 1.147058823 1]

0y

2

(&)



VvV VYV

> #3

VvV VYV

for i from 1 to 20 by 1 do
F:=RT2(x,y,1,100);
print("');

print('Fixed points are: "' );
print(evalf (FP2drz(F, x,y)));
print("');

print('Stable fixed points are :');
print(evalf (SFP2drz(F, x,y)));
print('');

print('Confirm with Orb');
print(Orb2(F, x,y, [0.5, 0.5], 1000, 1010) );
print("');

end do;

e e e N e N e e

[ 93+85y+T73x T74+9y+40x
© |48+ 14y+83x° 88+ 73y +25x

Fixed points are
[[—1.348698318, 0.8826706181 ], [1.575990006, 1.171839314 ], [ —0.3894899252,
—0.78130700791], [0.4077817284, —1.127400934]]

Stable fixed points are
[[1.575990006, 1.171839314]]

Confirm with Orb
[[1.575990005, 1.171839314 ], [ 1.575990005, 1.171839314 ], [ 1.575990005, 1.171839314 ],
[1.575990005, 1.171839314], [ 1.575990005, 1.171839314], [ 1.575990005,
1.171839314 1, [1.575990005, 1.171839314 ], [ 1.575990005, 1.171839314],
[1.575990005, 1.171839314], [ 1.575990005, 1.171839314]]

o [ 95476y +5Tx S1+6y+79x
' 32+5y+4x C56+47y+45x

Fixed points are
[[9.726732862, 1.471479693 |, [ —8.885680332, 3.678229236], [ —0.3901010870,
—1.085801266 ], [46.37337264, —47.140388401] ]



Stable fixed points are
[[9.726732862, 1.471479693 1]

Confirm with Orb
[[9.726732864, 1.471479693 ], [9.726732864, 1.471479693 ], [9.726732864, 1.471479693 |,
[9.726732864, 1.471479693 |, [9.726732864, 1.471479693 ], [9.726732864,
1.471479693 ], [9.726732864, 1.471479693 ], [9.726732864, 1.471479693 |,
[9.726732864, 1.471479693 |, [9.726732864, 1.471479693 1]

[ 3+17y+21x 35+37y+100x
69+4y+8x " 10+80y+39x

Fixed points are
[[0.6606614880, 1.131718372], [ —1.174614480 — 0.1343103149 1, 0.3792971405
+ 0.9440550784 1], [0.4474423097, —0.9404966954 ], [ —1.174614480
+ 0.1343103149 1, 0.3792971405 — 0.9440550784 1]]

Stable fixed points are
[[0.6606614880, 1.131718372]]

Confirm with Orb
[[0.6606614892, 1.131718371], [0.6606614887, 1.131718372], [0.6606614892,
1.1317183711], [0.6606614887, 1.131718372], [0.6606614892, 1.131718371],
[0.6606614887, 1.131718372], [0.6606614892, 1.131718371], [0.6606614887,
1.1317183721], [0.6606614892, 1.131718371], [0.6606614887, 1.131718372]]

[ 74+24y+87x 83+ 74y+70x
| 61+9%y+31x 8+36y+86x

Fixed points are
[[0.6630908848, 2.024755766 ], [ —0.2297210197 — 1.236723607 L, 0.03828188286
+ 0.9939680150 I], [ —1.176112825, —0.0040175795301], [ —0.2297210197
+ 1.236723607 1, 0.03828188286 — 0.9939680150 I]]

Stable fixed points are
[[0.6630908848, 2.024755766]]



Confirm with Orb
[ [0.6630908828, 2.024755765 ], [0.6630908828, 2.024755765 ], [ 0.6630908828,
2.0247557651, [0.6630908828, 2.024755765 ], [0.6630908828, 2.024755765 ],
[0.6630908828, 2.0247557651], [0.6630908828, 2.024755765], [0.6630908828,
2.0247557651, [0.6630908828, 2.024755765 ], [0.6630908828, 2.024755765 ] ]

o 3+39y+42x 52+43y+60x
' 58+5y+5x  47+33y+50x

Fixed points are
[[1.645527500, 1.198065444 ], [ —6.049703500, 1.201459608 ], [ —0.6867691250,
—0.2740747484 ], [27.27917438, —42.65307954]]

Stable fixed points are
[[1.645527500, 1.198065444 ]]

Confirm with Orb
[[1.645529071, 1.198065443 ], [ 1.645529071, 1.198065443 ], [ 1.645529071, 1.198065443 ],
[1.645529071, 1.198065443 ], [ 1.645529071, 1.198065443 ], [ 1.645529071,
1.198065443 ], [1.645529071, 1.198065443 ], [ 1.645529071, 1.198065443 ],
[1.645529071, 1.198065443 ], [ 1.645529071, 1.198065443 ]]

[ 82+57y+6lx 79+43y+5x
C | 854+30y+4lx 17+100y+ 6x

Fixed points are
[[1.299208341, 1.020133937], [ —2.653675202, 1.047018579 ], [ —1.036659335,
—0.7130398952 ], [0.9352899748, —0.8184697638 1]

Stable fixed points are
[[1.299208341, 1.020133937]]

Confirm with Orb
[[1.299208364, 1.020133937], [ 1.299208365, 1.020133937], [ 1.299208364, 1.020133937],
[1.299208365, 1.020133937], [1.299208364, 1.020133937], [1.299208365,
1.0201339377], [1.299208364, 1.020133937], [ 1.299208365, 1.020133937],
[1.299208364, 1.020133937], [ 1.299208365, 1.020133937]]



_[41+18y+41x 89+ 59+ 88x
1 99+40y+16x" 34+92y+31x

Fixed points are
[[0.5436654156, 1.2646750311], [1.563147521 — 8.672504860 I, —2.251014713
+ 3.502069146 1], [0.9205567815, —1.378743806], [ 1.563147521 + 8.672504860 I,
—2.251014713 — 3.502069146 1]]

Stable fixed points are
[[0.5436654156, 1.2646750311]]

Confirm with Orb
[[0.5436654160, 1.264675031 ], [0.5436654160, 1.264675031], [0.5436654160,
1.2646750311, [0.5436654160, 1.264675031 ], [0.5436654160, 1.264675031 ],
[0.5436654160, 1.264675031 ], [0.5436654160, 1.264675031 ], [0.5436654160,
1.2646750311, [0.5436654160, 1.264675031 ], [0.5436654160, 1.264675031]]

[ 14487y+33x 9+ 17y+99x
© | 43+88y+84x’ 68 +44y+45x

Fixed points are
[[0.5984229630, 0.6425817595], [ —37.34908217, 34.61717827 ], [ —0.1442764020,
—0.1373595978 ], [ 1.700671541, —3.925344646]]

Stable fixed points are
[[0.5984229630, 0.6425817595]]

Confirm with Orb
[[0.5984229627, 0.6425817598 ], [0.5984229631, 0.6425817591 ], [0.5984229627,
0.64258175981, [0.5984229631, 0.6425817591 ], [ 0.5984229627, 0.6425817598 ],
[0.5984229631, 0.6425817591 ], [0.5984229627, 0.6425817598 ], [0.5984229631,
0.64258175911, [0.5984229627, 0.6425817598 ], [ 0.5984229631, 0.64258175911]

Fie 100+ 10y +82x 51 +76y+95x
' 87+ 18y+27x " 59+5y+7x

Fixed points are

[[1.085898161, 6.571516082], [ —0.5359672048 — 1.605170977 I, —1.737691583



+ 4.511466416 1], [81.91196229, —123.9183551 ], [ —0.5359672048 + 1.605170977 1,
—1.737691583 — 4.511466416 1]]

Stable fixed points are
[[1.085898161, 6.5715160821]

Confirm with Orb
[[1.085898160, 6.571516081 ], [ 1.085898160, 6.571516082 ], [1.085898160, 6.571516081 |,
[1.085898160, 6.571516082 ], [1.085898160, 6.571516081 ], [ 1.085898160,
6.5715160821, [1.085898160, 6.571516081 ], [ 1.085898160, 6.571516082 ],
[1.085898160, 6.571516081 ], [ 1.085898160, 6.5715160821]

[ 47+88y+T76x 32+75y+39x
T 98 +89y+68x7 75 +48y+ 52«

Fixed points are
[[—1.886535055, 0.59987590507, [0.7960595747, 0.7932999790], [ —0.4941872330,
—0.3126553787], [2.059574283, —3.008917378 1]

Stable fixed points are
[[0.7960595747, 0.7932999790]]

Confirm with Orb
[[0.7960595748, 0.7932999787], [0.7960595748, 0.7932999787 ], [ 0.7960595748,
0.79329997871, [0.7960595748, 0.7932999787 ], [ 0.7960595748, 0.7932999787 ],
[0.7960595748, 0.7932999787 ], [0.7960595748, 0.7932999787 ], [ 0.7960595748,
0.79329997871, [0.7960595748, 0.7932999787 ], [0.7960595748, 0.7932999787]]

_[57+38y+64x 52+451y+66x
C | 21+35y+88x’ 76+40y+41x

Fixed points are
[[—0.7390610858, 0.3577147933 ], [ 1.085464517, 1.092278443 ], [ —0.004521860424,
—1.4886358311, [ 1.084764387, —2.829067237]]

Stable fixed points are
[[1.085464517,1.092278443]]



Confirm with Orb
[[1.085464515, 1.0922784421, [1.085464515, 1.092278442 ], [1.085464515, 1.092278442],
[1.085464515, 1.092278442 ], [1.085464515, 1.0922784421, [ 1.085464515,
1.092278442 1, [1.085464515, 1.092278442 ], [ 1.085464515, 1.092278442 ],
[1.085464515, 1.092278442 ], [1.085464515, 1.0922784421]

_ [47+36y+35x 45+ 77y+27x
| 74+65y+11x° 45+ y+63x

Fixed points are
[[—6.100506100, 0.2877427002 ], [0.6097631158, 5.263111557], [ —0.02337449812,
—1.2768239651], [0.5035663257, —7.518398558]]

Stable fixed points are
[[0.6097631158, 5.263111557]]

Confirm with Orb
[[0.6097631115, 5.263111555], [0.6097631115, 5.263111555], [0.6097631115,
52631115557, [0.6097631115, 5.263111555], [0.6097631115, 5.263111555],
[0.6097631115,5.263111555], [0.6097631115, 5.263111555], [0.6097631115,
52631115557, [0.6097631115, 5.263111555], [0.6097631115, 5.263111555]]

[ 15+5y+10x 18+ 57y+7lx
| 89+57y+51x" 59+39y+63x

Fixed points are
[[0.1458738656, 0.7212256460 ], [ —3.298939025, 1.447458759], [0.4146577191
— 0.1896901192 I, —1.527226098 + 0.3485605502 1], [0.4146577191
+ 0.1896901192 I, —1.527226098 — 0.3485605502 1]

Stable fixed points are
[[0.1458738656, 0.72122564601]]

Confirm with Orb
[[0.1458738654, 0.7212256460], [0.1458738654, 0.7212256460 ], [ 0.1458738654,
0.72122564601], [0.1458738654, 0.7212256460 ], [ 0.1458738654, 0.7212256460 ],
[0.1458738654, 0.7212256460], [0.1458738654, 0.7212256460], [0.1458738654,
0.72122564601], [0.1458738654, 0.7212256460 ], [ 0.1458738654, 0.7212256460]]



[ 3+55y+94x T2+93y+57«x
" | 91+89y+39x” 75+ 84y + 88x

Fixed points are
[[0.5383969571, 0.9445291617], [ —1.192307121 — 1.264605545 1, 0.3272593440
+ 0.5248977220 1], [0.7407772925, —1.480345145], [ —1.192307121 + 1.264605545 1,
0.3272593440 — 0.5248977220 1]]

Stable fixed points are
[[0.5383969571, 0.9445291617]]

Confirm with Orb
[[0.5383969566, 0.9445291613 ], [0.5383969566, 0.9445291613 ], [0.5383969566,
0.9445291613 1], [0.5383969566, 0.9445291613 ], [0.5383969566, 0.9445291613 ],
[0.5383969566, 0.9445291613 ], [0.5383969566, 0.9445291613 ], [0.5383969566,
0.9445291613 ], [0.5383969566, 0.9445291613 ], [0.5383969566, 0.9445291613 ]]

_[59+54y+89x 41+ 18y+25x
| 144+31y+55x" 34+ 12y +40x

Fixed points are
[[1.891960832, 0.8651643182], [ —0.7610532390 — 0.8889510620 I, 0.4186479524
+ 1.669665161 1], [1.557888591, —7.423724591 ], [ —0.7610532390 + 0.8889510620 1,
0.4186479524 — 1.669665161 1]]

Stable fixed points are
[[1.891960832, 0.8651643182]]

Confirm with Orb
[[1.891960831, 0.86516431801], [ 1.891960832, 0.86516431801], [1.891960831,
0.86516431807, [1.891960832, 0.86516431801, [ 1.891960831, 0.8651643180],
[1.891960832, 0.86516431801], [ 1.891960831, 0.86516431801], [ 1.891960832,
0.86516431807, [1.891960831, 0.86516431801, [ 1.891960832, 0.86516431801]

[ 17+99y+39x 9+ 12y+46x
744+ 38y +38x" 62+ 78y+ 14x

F:



Fixed points are
[[0.7652976795, 0.4582648796 ], [ —0.7742316814 — 2.411090435 I, —1.038327151
+ 1.188415685 1], [ —0.3303211590, —0.2188659757], [ —0.7742316814
+ 2.411090435 1, —1.038327151 — 1.188415685 I]]

Stable fixed points are
[[0.7652976795, 0.4582648796 ]

Confirm with Orb
[[0.7652976794, 0.4582648796 ], [0.7652976797, 0.4582648797], [0.7652976792,
0.45826487991], [0.7652976798, 0.4582648796 ], [0.7652976797, 0.4582648799 ],
[0.7652976793, 0.4582648794 ], [0.7652976794, 0.4582648796 ], [0.7652976797,
0.4582648797], [0.7652976792, 0.4582648799 ], [0.7652976798, 0.4582648796 ]|

[ 17+69y+41x 61 +73y+61x
97 +42y+32x7 57+21y+43x

Fixed points are
[[—3.941110650, 1.105772446], [0.8950963604, 1.871101208 ], [ —0.6441299039,
—0.4142939737], [3.220898144, —7.4737663781]]

Stable fixed points are
[[0.8950963604, 1.871101208 1]

Confirm with Orb
[[0.8950963628, 1.871101208 ], [0.8950963628, 1.871101208 ], [0.8950963628,
1.8711012087, [0.8950963628, 1.871101208 ], [0.8950963628, 1.871101208 ],
[0.8950963628, 1.871101208 ], [0.8950963628, 1.871101208 ], [0.8950963628,
1.8711012087, [0.8950963628, 1.871101208 ], [0.8950963628, 1.871101208 ]]

[28422y+89x 98+4+63y+62x
C | 264+97y+16x 87 +30y+ 60x

Fixed points are
[[0.7364644464, 1.329350758 ], [ —2.126822227 — 1.665044471 1, 0.8418431366
+ 0.3602793541 1], [0.08429139980, —2.401426545], [ —2.126822227
+ 1.665044471 1, 0.8418431366 — 0.3602793541 1]]



Stable fixed points are
[[0.7364644464, 1.329350758]]

Confirm with Orb
[[0.7364644511, 1.329350759 ], [0.7364644506, 1.329350758 ], [0.7364644511,
1.3293507591], [0.7364644506, 1.329350758 ], [0.7364644511, 1.329350759],
[0.7364644506, 1.329350758 ], [0.7364644511, 1.329350759], [0.7364644506,
1.329350758], [0.7364644511, 1.329350759], [0.7364644506, 1.329350758]]

[ 67+80y+47x 61 +54y+ 12x
" | 14+68y+80x’ 33+45y+31x

Fixed points are
[[1.155223149, 1.135692573 ], [ —3.143101331, 2.815669883 ], [0.1621512214,
—1.0184683661], [1.079111681, —1.4277257861]

Stable fixed points are
[[1.155223149, 1.135692573 1]

Confirm with Orb
[[1.155223149, 1.135692573 ], [1.155223149, 1.135692573 ], [ 1.155223149, 1.135692573 ],
[1.155223149, 1.135692573 ], [ 1.155223149, 1.135692573 ], [ 1.155223149,
1.135692573 1], [1.155223149, 1.135692573 ], [1.155223149, 1.135692573 ],
[1.155223149, 1.135692573 ], [ 1.155223149, 1.135692573]]

[ 484+79y+27x 99+ 3y+36x
T 24+96y+52x" 67+59y+93x

Fixed points are
[[0.9217876610, 0.6933860171 ], [ —1.263602407 — 1.358554454 1, 0.2164713739
+ 0.7707072659 1], [0.7494050750, —2.982041150], [ —1.263602407 + 1.358554454 1,
0.2164713739 — 0.7707072659 1]]

Stable fixed points are
[[0.9217876610, 0.6933860171]]

Confirm with Orb
[[0.9217876608, 0.6933860176], [0.9217876608, 0.6933860176], [0.9217876608,



0.6933860176], [0.9217876608, 0.6933860176], [0.9217876608, 0.6933860176 ],
[0.9217876608, 0.6933860176], [0.9217876608, 0.6933860176 ], [0.9217876608,
0.6933860176], [0.9217876608, 0.6933860176], [0.9217876608, 0.6933860176]]

I )
i b [AT 48y +46x 59+ 16y+x )
4+9y+77x" 70+77y+39x

_>
E
>
| >
| >
> #4
>
| >
> RT3 :=proc(x, y,zd, K) localra, i,j, k, 1, g, h
ra == rand(1 ..K) : #random integer from -K to K
f=add(add(add(ra( ) *x"i*y"j*z "k, k=0.d —i-j),j=0.d —i),i=0.d)
/add(add(add(ra( ) *x"i*y"j*z e, k=0..d —i—j),j=0.d—1i),i=0.d) :
g = add(add(add(ra( ) *x"i*y"Nj*z"k, k=0..d —i—j),j=0.d —i),i=0.d)
/add(add(add(ra( ) *x"i*y"Nj*ze, k=0..d —i-j),j=0.d —1i),i=0.4d) :
h = add(add(add(ra( ) *x"i*y"Nj*z e, k=0..d —i—j),j=0.d—1i),i=0.d)
/add(add(add(ra( ) *x"i*y"j*z"k, k=0..d —i-j),j=0.d —1i),i=0.4d) :
(/g h]:
end:
(> RT3(x,y,z1,10)
1+7z+2y+9x 3+4z+6y+4x T+2z+5y+3x ©6)

pt == pt0 :
for i from 1 to K/ do

od:

549z4+9y+4x’ 4+10z+8y+2x’

pti=subs({x=pt[1],y=pt[2],z=pt[3]}, F) :

5+7z+5y+4x

> Orb3 :=proc(F,x,y,z pt0,KI,K2) localpt, L, i:



L:=1]:

forifrom K/ + 1 to K2 do

L:= [op(L), pt]:

pt = subs({x=pt[1],y=pt[2],z=pt[3]}, F) :

od:

L:
end:

>

1 : 9. : 4. v+ 4 - 7. : :
>evalf(07b3([ +7z+2-y+9x 3+4z+6-y+4x T+2-z+5y+3-x

S+9-z2+9 y+4-x 4410248 y+2-x  5+7T-z+5 y+4-x [
¥,z [1.0, 1.0, 1.0, 1000, 1010) j;

[ [0.6655368677, 0.6846384024, 0.83273448791], [0.6655368677, 0.6846384024, @)
0.83273448791], [0.6655368677, 0.6846384024, 0.8327344879], [0.6655368677,
0.6846384024, 0.8327344879 ], [0.6655368677, 0.6846384024, 0.8327344879],
[0.6655368677, 0.6846384024, 0.8327344879 ], [0.6655368677, 0.6846384024,
0.83273448791], [0.6655368677, 0.6846384024, 0.8327344879], [0.6655368677,
0.6846384024, 0.8327344879 ], [0.6655368677, 0.6846384024, 0.83273448791]]

> FP3 :=proc(F,x,y,z) localL,i:
L := [solve({F[1]=x,F[2]=y,F[3]=2z}, {x,y,2})]:

[seq(subs(L[i], [x,y,z]),i=1.nops(L))]:
end:

> evalf(FPS([

)

1+7-z+2-y+9x 3+4-z+6-y+4-x T7+2-z+5-y+3-x
x
549-z+9-y+4-x" 4+10-z24+8 y+2-x" 5+7z+5-y+4 x|

[[8.027706, —3.7549129, 0.5994661946 ] | 3

> SFP3 :=proc(F,x,y,z) local L, J, S, JO, i, pt, EV :

L == evalf (FP3(F,x,y,z)) :
#F is the list of ALL fixed points of the transformation [x,y]- > F using the previous procedure

FP2(F,x,y), but since we are interested in numbers we take the floating point version using
evalf




J i= Matrix(normal([ [diff (F[ 1], x)., diff (F[2), x), diff (F[3),x)], [diff (F[1], »). diff (F[2],
¥). diff (F[3),») ). [diff (F[ 1], 2), diff (FI2]. =), diff (F[3},2)1])) -
#J is the Jacobian matrix in general (in terms of the variables x and y). Note that J is a
SYMBOLIC matrix featuring variables x and y

S = [ ]: #Sis the list of stable fixed points that starts out empty

for i from 1 tonops(L) do #we examime it case by case
pt == L[i]: #ptis the current fixed point to be examined

JO :=subs({x=pt[1],y=pt[2],z=pt[3]},]) :
#J0 is the NUMERICAL matrix obtained by plugging-in the examined fixed pt

EV = Eigenvalues(J0) :
# We used Maple's command Eigenavalues to find the eigenvalues of this 3 by 3 matrix

ifabs(EV[1]) < 1 andabs(EV[2]) < 1 andabs(EV[3]) < 1 then
S = [op(S),pt]:

#1f all eigenvalues have absolute value less than 1 it means that they are stable, so we append

the examined fixed point, pt, to the list of fixed points

fi:

od:

S : #the output is S

end:
1 . 2. . 344 6 - 4 - 2. 5. 3.

SFP3 +7-z+2-y+9 x’ +4-z4+6-y+ x’7+ z+5-y+ x,x,y,z
549 z+9-y+4-x 4+10-z+8-y+2-x 5+7-z+5-y+4x

[ ]

forifrom 1 to 10 by 1 do
F:=RT3(x,y,z1,100);
print("');

print('Fixed points are: "' );
print(evalf (FP3(F,x,y,2)));
print("');

print('Stable fixed points are '),
print(evalf (SFP3(F, x,y, z)));
print("');

print('Confirm with Orb');
print(Orb3(F, x,y, z, [0.5,0.5,0.5], 1000, 1010) );
print("');

end do;
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b [39+442+ 100y +38x 90+34z+18y+52x 90+93z+60y+93x
T 694+272+96y+17x " 56 +43z+83y+25x" 14+50z+47y+ 8x

Fixed points are
[[1.254534792, 0.9408767631, 2.554740902]]

Stable fixed points are
[[1.254534792, 0.9408767631, 2.554740902]]

Confirm with Orb
[[1.254534792, 0.9408767629, 2.554740901 ], [ 1.254534792, 0.9408767632, 2.554740901 |,
[1.254534791, 0.9408767632, 2.554740901 ], [ 1.254534792, 0.9408767629,
2.554740901 1, [1.254534792, 0.9408767632, 2.554740901 ], [ 1.254534791,
0.9408767632, 2.554740901 ], [ 1.254534792, 0.9408767629, 2.554740901 |,
[1.254534792, 0.9408767632, 2.554740901 ], [ 1.254534791, 0.9408767632,
2.554740901 7, [1.254534792, 0.9408767629, 2.554740901 ] ]

b [46+ 449y +7Tx TT+392492y+Tlx 124192+ 63y +40x
T | 594 16z+y+70x T 67+78z+51y+53x" 90+3z+49y+49x

Fixed points are
[[0.6317083865, —1.057434086, —0.607445584 1]

Stable fixed points are

[]

Confirm with Orb
[[1.162115979, 1.215214421, 0.7121565102 ], [ 1.162115979, 1.215214421, 0.7121565102 ],
[1.162115979, 1.215214421, 0.7121565102 ], [ 1.162115979, 1.215214421,
0.71215651027, [1.162115979, 1.215214421, 0.7121565102 ], [ 1.162115979,
1.215214421, 0.7121565102 ], [1.162115979, 1.215214421, 0.7121565102 ],
[1.162115979, 1.215214421, 0.7121565102 ], [ 1.162115979, 1.215214421,
0.71215651027, [1.162115979, 1.215214421, 0.7121565102]]

oo [T+ T4z 490y + 74y T34BSz4ly+dx 1S+ 64z+ 9+ 12
' 274+98z+72y+2x " 444+ 13z+19y+10x’ 52 4+25z4+72y+90x

Fixed points are



[[2.45740726, 1.617085528, 0.1788798404 ] ]

Stable fixed points are
[[2.45740726, 1.617085528, 0.1788798404 ]]

Confirm with Orb
[[2.457407575, 1.617085521, 0.1788798405 ], [2.457407576, 1.617085521, 0.1788798404 ],
[2.457407574, 1.617085521, 0.1788798405], [2.457407575, 1.617085521,
0.17887984051], [2.457407576, 1.617085521, 0.1788798404 ], [2.457407574,
1.617085521, 0.1788798405 ], [2.457407575, 1.617085521, 0.1788798405 |,
[2.457407576, 1.617085521, 0.1788798404 ], [2.457407574, 1.617085521,
0.1788798405], [2.457407575, 1.617085521, 0.1788798405]

[ 18+43z+55y+40x 87+34z+85y+9x 70+36z+36y+ 10x
' 174+70z+52y+81x” 68+83z4+63y+100x’ 40+ 66z+4+87y+ 16x

Fixed points are
[[0.7170657983, 0.7249749609, 0.7901526826]]

Stable fixed points are
[[0.7170657983, 0.7249749609, 0.7901526826]]

Confirm with Orb
[[0.7170657978, 0.7249749585, 0.7901526826 ], [0.7170657986, 0.7249749588,
0.79015268311], [0.7170657978, 0.7249749585, 0.7901526826 ], [ 0.7170657986,
0.7249749588, 0.7901526831 1], [0.7170657978, 0.7249749585, 0.7901526826 |,
[0.7170657986, 0.7249749588, 0.7901526831 ], [0.7170657978, 0.7249749585,
0.79015268261, [0.7170657986, 0.7249749588, 0.7901526831 ], [0.7170657978,
0.7249749585, 0.7901526826 ], [0.7170657986, 0.7249749588, 0.7901526831 ] ]

P [ 98443243y +6lx S+ 1z+37y+75x 8+93z498y+ 1lx
' 474+28z+75y+3x  4+91z+22y+40x " 30+ 6z+32y+40x

Fixed points are
[[2.150927164, 0.6603458634, 2.479116249 ]

Stable fixed points are
[[2.150927164, 0.6603458634, 2.479116249]]



Confirm with Orb
[[2.150927164, 0.6603458633, 2.479116254 ], [2.150927164, 0.6603458633, 2.479116254 ],
[2.150927164, 0.6603458633, 2.479116254 ], [2.150927164, 0.6603458633,
2.4791162541, [2.150927164, 0.6603458633, 2.479116254 ], [2.150927164,
0.6603458633, 2.479116254 1], [2.150927164, 0.6603458633, 2.479116254 ],
[2.150927164, 0.6603458633, 2.479116254 1], [2.150927164, 0.6603458633,
2.4791162541, [2.150927164, 0.6603458633, 2.479116254 ] ]

[ 24+80z+9%y+1lx 67+81z+65y+69x 96+94z+31y+8lx
' 23+41z+52y+58x" 24+36z+61y+84x 31 4+54z4+67y+59x

Fixed points are
[[0.9140405380, —8.045807733, 10.00380501 ]]

Stable fixed points are

[]

Confirm with Orb
[[1.257408951, 1.458632901, 1.340624954 ], [ 1.257408950, 1.458632900, 1.340624953 ],
[1.257408950, 1.458632900, 1.340624954 1], [ 1.257408951, 1.458632901, 1.340624954
[1.257408950, 1.458632900, 1.340624953 ], [ 1.257408950, 1.458632900, 1.340624954
[1.257408951, 1.458632901, 1.340624954 1], [ 1.257408950, 1.458632900, 1.340624953
[1.257408950, 1.458632900, 1.340624954 1], [ 1.257408951, 1.458632901, 1.340624954

3
3

3

]

—_ e e

[ 66+ 12z+49y+90x 24+8z+63y+78x 98+ 9z+53y+3x
354 152+26y+100x° 23+ 732422y +32x 984692+ 3+ 73 x

Fixed points are
[[0.7581797577, —1.715996617, 0.064913963 ]]

Stable fixed points are

[]

Confirm with Orb
[[1.239378867, 1.456465894, 0.7576953106], [ 1.239378867, 1.456465894, 0.7576953106 ],
[1.239378867, 1.456465894, 0.7576953106 ], [ 1.239378867, 1.456465894,
0.75769531061, [1.239378867, 1.456465894, 0.7576953106], [ 1.239378867,



1.456465894, 0.7576953106 ], [1.239378867, 1.456465894, 0.7576953106 |,
[1.239378867, 1.456465894, 0.7576953106 ], [ 1.239378867, 1.456465894,
0.7576953106], [1.239378867, 1.456465894, 0.7576953106] ]

[ 8 +37z+60y+94x 3+45z+67y+40x 69+33z+30y+x
' 524+ 16z4+29y+51x" 71 4+74z4+49y+60x" 83 +9z+64y+43x

Fixed points are
[[1.8412178, 0.5552576636, 0.5166491]

Stable fixed points are
[[1.8412178, 0.5552576636, 0.5166491]

Confirm with Orb
[[1.841217881, 0.5552576638, 0.5166486817], [1.841217881, 0.5552576638,
0.51664868171, [1.841217881, 0.5552576638, 0.5166486817 ], [ 1.841217881,
0.5552576638, 0.51664868171, [1.841217881, 0.5552576638, 0.5166486817 ],
[1.841217881, 0.5552576638, 0.5166486817], [1.841217881, 0.5552576638,
0.51664868171, [1.841217881, 0.5552576638, 0.5166486817 ], [ 1.841217881,
0.5552576638, 0.51664868171, [1.841217881, 0.5552576638, 0.5166486817]]

[ 5S7T+52z+62y+46x 88+50z+37y+76x 24+97z+44y+9x

76 +9z4+53y+37x " 95+8z+92y+92x " 30+ 14z+79y+ 73 x

Fixed points are
[[0.3801042908, 0.4499335101, —1.21622087]]

Stable fixed points are

[]

Confirm with Orb
[[1.133155672, 0.8294348918, 0.5476544536], [1.133155672, 0.8294348915,
0.54765445361, [1.133155672, 0.8294348918, 0.5476544536 ], [1.133155672,
0.8294348915, 0.5476544536 1, [ 1.133155672, 0.8294348918, 0.5476544536],
[1.133155672, 0.8294348915, 0.5476544536], [ 1.133155672, 0.8294348918,
0.54765445361, [1.133155672, 0.8294348915, 0.5476544536 1], [ 1.133155672,
0.8294348918, 0.5476544536], [ 1.133155672, 0.8294348915, 0.5476544536]]



_[21+78z+49y+93x 21 +42z+21y+5x 97+4z+92y+46x
' 154+56z+69y+17x 58 +3z4+86y+55x" 88+34z+68y+49x

Fixed points are
[[2.612774991, 0.3435507475, 0.931598400]]

Stable fixed points are
[[2.612774991, 0.3435507475, 0.931598400]]

Confirm with Orb
[[2.612774994, 0.3435507474, 0.9315983994 ], [2.612774994, 0.3435507474,
0.9315983994 1], [2.612774994, 0.3435507474, 0.9315983994 ], [2.612774994,
0.3435507474, 0.9315983994 ], [2.612774994, 0.3435507474, 0.9315983994 ],
[2.612774994, 0.3435507474, 0.9315983994 |, [2.612774994, 0.3435507474,
0.9315983994 1], [2.612774994, 0.3435507474, 0.9315983994 ], [2.612774994,
0.3435507474, 0.9315983994 ], [2.612774994, 0.3435507474, 0.9315983994]]

| > #It definitely missed a few fixed points.

vV VYV

> #5

VvV VYV

NB = proc(lambda, a, c¢) :

print( lambda - In(lambda) In(lambda) D
(lambda -1)-a-c ~’ a ’

print("It is not stable.");

end:

> NB(3,1,2)

31In(3)
1 ,ln(3)}

"It is not stable."

(10)

an



