Homework for Lecture 6 of Dr. Z.’s Dynamical Models in Biology class

Email the answers (either as .pdf file or .txt file) to
ShaloshBEkhad@gmail.com

by 8:00pm Monday, Sept. 29, 2025.

Subject: hw6

with an attachment hw6FirstLast.pdf and/or hw6FirstLast.txt
Also please indicate (EITHER way) whether it is OK to post

1. Using procedure RandomLeslieMatrix from today’s Maple code, generate ten random Leslie
matrices for five age groups, where By finding the eigenvalues decide which population is doomed
to extinction, and which ones will grow out of hand.

2. In a mini-internet there are four websites, let’s call them 57, S, S3, S4.
If a random surfer is currently at a given site, his or her

e Probability of staying at site Sy is 0.5

e Probability of staying at site S, is 0.4

e Probability of staying at site S3 is 0.3

e Probability of staying at site Sy is 0.2

We also assume that, for each of the four sites , the probabilities of moving to another site are
the same. In other words, for example, the probability of moving from site 1 to site 2, probability of
moving from site 1 to site 3, probability of moving from site 1 to site 4 are the same, and similarly
for the departures from each site. (Of course, it is not possible that the probability of moving from
any site to a different site are all equal to each other).

a: Set up the transition matrix P for this Markov chain.

b. What fraction of the surfers stay in each of the above web-sites? Use this to determine the the
page-ranks of these four web-sites in this mini-internet. In other words rank them according to
“popularity”.



1. Using procedure RandomLeslieMatrix from today’s Maple code, generate ten random Leslie
matrices for five age groups, where By finding the eigenvalues decide which population is doomed
to extinction, and which ones will grow out of hand.

> 4= RandomLeslieMatrix(s, 3) > 4= RandomLeslieMarrix(s. )
0 2510000000 1.620000000 2740000000 1800000000 1.710000000 ) 4770000000 3980000000  0.5000000000 3790000000 1750000000
0.8300000000 0 0 0 0 0 0.08000000000 0 [ 0 0 0
0 02500000000 0 o 0 o 0 0.4600000000 0 0 0 0
0 o 09000000000 o 0 0 o o 04400000000 o o o
0 0 0 0.9300000000 0 o
0 0 0 0.09000000000 0 0
0 0 0 0 0.6000000000 0
0 0 0 0 0.7700000000 0
> cigomalues(4) L
1.60969081319620, — 1.42634570798784, 0.243611066579597 -+ 0.5422517509918641 0.243611066579597 — 0.542251750991864L —0. 7940 L >
T 0339283619183779 — 0.3274260099469321 0.775393461859122, —0.363929681588175 + 0.225375365541345 1 —0.363929681588175 — 0.225375365541345 1 0.103360485908797 + 0. 101
L — 0.208984397933885 1 —0.254255070500368
€21 . pop.-will grow exponenadily €19\ - Pop will >extinction
> 4= RandomLeslieMarrix(7, 2) > 4= RandomLeslieMatrix(7,7)
0 1870000000 1440000000 1290000000  1.980000000 0.7700000000 1100000000 - 03900000000 o 0.1500000000 4470000000 3460000000  6.430000000  1.770000000 3570000000 2.020000000
09200000000 0 o 0 o 0 o 0 05000000000 0 0 0 0 0 0 0
0 07100000000 0 0 0 o 0 0 0 07400000000 I 0 0 0 0 0
- o 0 06700000000 0 o 0 o o . 0 o 02700000000 0 0 0 o 0
0 0 0 07800000000 0 0 0 0 0 0 0 09800000000 0 0 0 0
o 0 0 0 05100000000 0 0 o 0 0 0 0 07200000000 0 0 0
o 0 0 0 0 05300000000 0 o 0 0 o 0 0 0.02000000000 o 0
0 0 0 0 0 0 01200000000 0 0 0 0 0 0 0 07300000000 0
> eigamvalues(A) > cigemvalues(4)
1.63876989076638, —0.931262631991538 + 0.243967816777815 T, — 0.931262631991538 — 0243967816777815L 0.21 s +0 021 522568, —0.731085770172694 + 1.13479574304608  —0.731085770172694 — 1 13479574304608 1 0025 5 + 0.61 0.0259180374225405
— 0.5568205762998701 + 1-0. —o041 1 -00446025719136596

5 — 061 —0.22566154 0015 543136 + 0.1 010015 -0 o1

- pop. wull grou exponenaally egz)\ .. pop: will arou exponenaally

eg 7|

> 4 == RandomLeslieMeatrix(3, 3) > RandomLeslieMarrix(3,7)
0. 2970000000 2310000000 2.600000000 [} 2660000000 1430000000 5210000000
0.4400000000 0 0 0 0.1200000000 0 0 0
0 0.1300000000 0 0 o 0 0.5200000000 0 0
0 0 0.1900000000 0 0 0 02500000000 0
> egomalis() 25 3, —0.04 45863135 + 0.137840118844685, —0.0493052745863135 — 0.137840118844685 T > eigemalues()

- 0.759864935242103, —0.621369257158775, —0.0692478390416642 + 0.409075176450744 1 —0.0692478390416642 — 0.4090751764507441

€71 . pop.will grow exponenaaily €94\ - pop will >extinctzon

RandomLeslieMarix(s, 2) > 4= RandomLesleMatrix(s, )
0 07200000000 1050000000 1130000000 0.9000000000 01800000000 1710000000 1160000000  1.830000000 o 1370000000  7.080000000 3.390000000 1250000000 4.470000000 3560000000  4.540000000 6760000000
0.4000000000 0 o 0 0 0 0 0 0 0.1000000000 0 0 0 0 0 0 0 0
0 0.1700000000 o 0 0 0 0 0 ] 0 0.4000000000 0 0 0 0 0 0 0
0 0 07000000000 0 0 0 0 0 0 ) o 0.6600000000 0 0 0 0 0 0
0 0 0 05200000000 0 o 0 0 0 0 0 0 0.8700000000 o o 0 0 0
0 o 0 0 0.8100000000 0 0 o 0 0 0 0 0 0.1600000000 0 0 0 0
0 0 0 0 0 0.8700000000 0 0 0 0 0 0 0 0 0.9800000000 0 0 0
0 0 0 0 0 0 03400000000 0 0 o o o o ) o 0.4300000000 0 0
0 0 o o 0 o 0 08500000000 o o o o o 0 o o 05300000000 o
[> eigemvalues(4) . - _ "> cigenvalues(d)
0.810803601866479, —0.628560496562101 + 0.218867124839722 1 —0.628580496562101 — 0.2188671248397221 0. o 61795073310 0 554669199626257, — 0 AT6188045373881 + 0,201 o < o201 1 —0305372383105676 -+ 0.5243882989064181
— 03959626179507331 —0.2377. + 04T —oxT o4 LOOISIIILEIET2TTL + 0.523612973557872 L —0.305372383105676 — 0.524388298906418 1 0.374255807866672 + 0.3385706374106061, 0.374255807866672 — 0.3385706374106061, —0.0200299792002441
0.0189311163672771 — 0.5236129755578721

+ 0.508461247477745 L —0.0200299792002441 — 0.5084612474777451

€ge - pop will >exénction €L\ pop will >extnction

"> A = RandomLeslieMatrix(6, 7) == RandomLeslieMarrix(6, 1)

o 5730000000 0.4700000000 2840000000  4.590000000 $.150000000 1070000000 o 0.4000000000 0.5800000000 0.9300000000 0.9800000000 0.1100000000 0.3000000000

0.1100000000 3 0 0 0 0 0 0.06000000000 0 0 0 0 0 0
0 03700000000 0 0 0 0 0 0 03200000000 0 0 0 0 0
0 0 07500000000 0 0 0 0 0 0 0.4000000000 0 0 0 0
0 0 0 004000000000 0 0 0 o 0 0 02400000000 0 0 0
0 0 0 0 09100000000 0 0 ] 0 0 0 08000000000 0 0
0 0 0 0 0 02200000000 0 0 0 0 0 0 0.9600000000 0
"> cigemalues(4) B o B .
3 5, -0 0,11 02847243432249251 0.113898853962036 — 0.284724343224925 1, —0.105951004861005 + 0.2616140072354121 88281 — 0.1385104254115591 0 310 s
—0.105951004861005 — 0.261614007235412.1, —0.0462966486155979 — 0245379914922573 1, —0.0624081241164120 + 0.3209900507167041, —0.0624081241164120 — 0.3209900507167041

€ig ¢\ - Pop will >exénction €ig L\ - pop will >exéinction



2. In a mini-internet there are four websites, let’s call them Sy, Sa, S3, S4.

If a random surfer is currently at a given site, his or her

e Probability of staying at site Sy is 0.5

e Probability of staying at site Sy is 0.4

e Probability of staying at site S5 is 0.3

e Probability of staying at site Sy is 0.2

‘We also assume that, for each of the four sites , the probabilities of moving to another site are

the same. In other words, for example, the probability of moving from site 1 to site 2, probability of
moving from site 1 to site 3, probability of moving from site 1 to site 4 are the same, and similarly

for the departures from each site. (Of course, it is not possible that the probability of moving from

any site to a different site are all equal to each other).

a: Set up the transition matrix P for this Markov chain.

o ' g | s ols A
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2|07 04 02 01
2l & 19203
Ol | S| 5= |01

b. What fraction of the surfers stay in each of the above web-sites? Use this to determine the the

~ page-ranks of these four web-sites in this mini-internet. In other words rank them according to
“popularity”.

| | | | | | | | | | | | | |
[> read( DMBG6t):
For alist of the Main procedures type: Help6(); for help with a specific procedure type: Help6(ProcediureName); for example Help6(Random MC);
For a list of the other procedures type: Help6a(); for help with a specific procedure type: Help6(ProcedireName); for example Help6(RandomMC);
> with(Lineardlgebra) :

A = matrix([
[0.5,0.1667,0.1667,0.1667],
[02,04,02,02]
[0.2333,0.2333,0.3,0.2333],
[0.2667,0.2667.0.2667,0.2]

D:

Page_Rank = PageRank(4.4) :
print("S1: ", Page_Rank{1]);
print("S2:", Page_Rank{2]);
print(*S3:", Page_Rank{3]):
print("S4: ", Page_Rank{4]);

"S1:",0.3243932851
"§2:",0.2703431932
"§3:",0.2317322007
"S4:",0.2027528776




