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Abstract

Abstract

The subject of this project is a type of large-scale ecosystem with emergent proper-
ties: interactions among organisms within the system, whose outcomes simultaneously
affect the species themselves and adjust to generate new dynamic relationships. The ex-
hibited results maintain emergent orderliness in big data. Additionally, the coefficients
of interaction within the system (diffusion terms of interactions) dynamically adjust
with time.

We abstract this practical problem into a class of delay differential equations (DDE)
iterating over time in dynamical systems. Unlike ordinary differential equations, these
equations incorporate dependencies on past times, where the system’s response depends
on the state at some past time point.

This project primarily focuses on a synthesis and summary of the viewpoints pro-
posed by the Hu, Jilong, and Jeff Gore team in their 2022 publication in Science ti-
tled "Emergent phases of ecological diversity and dynamics mapped in microcosms,”
along with relevant historical discussions. Furthermore, we construct delay differen-
tial equations based on the generalized Lotka-Volterra equation. This model possesses
the following advantages: (1) clearer predictions can be made about the future through
statistical data on past time points; (2) for certain specific community relationships in
ecosystems, such as predator-prey interactions, calculations become more straightfor-
ward, enhancing the predictability of periodicity; (3) in certain scenarios, it is equivalent
to a system of ordinary differential equations (ODEs) and can be simplified into an ODE
model.

Key Words: Delay differential equations (DDEs); Systems biology; Complex dy-
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NO = 0.25 * ones(4, 1);

alpha_mean = 0.3;

alpha_std_factor = 0.3;

alpha = alpha_mean + alpha_std_factor * rand(4);% 4 A alpha_ij
alpha(logical(eye(size(alpha)))) = 1;% % alpha_ii ¥ % 1

D = 1le-7;

f = @(t, N) N.*(1 - alpha * N) + D ;

tspan = [0 le4];

[t, N] = ode45(f, tspan, NO); %ode4d5 = K AF W4 % 0 7 42 — = U 77 %
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11 axis([1 led4 1le-6 11); %X EtH L E H [1, 1e4] , N4 & H 4 [1e-6,1]
12 ax = gca; %
13 ax.XAxis.FontSize = 10;
14 ax.YAxis .FontSize = 10;
15 xlabel('Time',"FontSize",12);
16 ylabel('abundance of species N', "FontSize",612);
15 3.1 Matlab 865
] NO = 0.02 * ones(50, 1);
2 alpha_mean = 0.5;
3 alpha_std_factor = 0.5;
4 alpha = alpha_mean + alpha_std_factor * rand(50); % 4 it alpha_ij
5 alpha(logical(eye(size(alpha)))) = 1; % 4 alpha_ii % 4 1
6D = 1e-7;
7 tau = 1;
8 £f = @(t, N, Ndelay) N.*(1 - alpha * Ndelay) + D;
9 Nt = @(t) NO;
10 tspan = [0 1e4];
11 sol = dde23(f, tau, Nt, tspan);% o i # 7 [ & B 07 0y 60 0 50 07 42
12 loglog(sol.x, sol.y);
13 %EtH AN £ R R LL10 4 R B9 x40 20 B R 4 e AN A AR
14 axis([1 led le-6 11);% K EtH L B & [1, 1ed]l ,N%E F ¥ [le-6,1]
15 ax = gca;
16 ax.XAxis.FontSize = 20;
17 ax.YAxis.FontSize = 20;
18 xlabel('Time',"FontSize",12);
19 ylabel ('abundance of species N',6 "FontSize",12);
{03 3.2 Matlab fCh5
l clear
2 close all
3 clc
4
5 A=[-4,1,0,0;1,-4,1,0;0,1,-4,1;0,0,1,-4]
6 a=diag(A,2)

15 3.3 Matlab 1865
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O NN AW

NO = 0.05 * ones (20, 1);

alpha_mean = 0.5;

alpha_std_factor = 0.5;

alpha = alpha_mean + alpha_std_factor * rand(20); % /4 it alpha_ij
alpha(logical(eye(size(alpha)))) = 1; % f alpha_ii % # 1

D = 1le-7;

f = @(t, N) N.*(1 - alpha * N) + D ;

tspan = [0 le4];

9 [t, N] = ode45(f, tspan, NO); %ode4d5 & KM AW LM o 7 & — = W 77 ik
10 loglog(t, N); %t N4 £ & F LL10 4 KR89 4 48 Z| B &k 4 &l ¢ FaN A AR
11 axis([1 led le-6 1]1); %W EtH B E & [1, 1ed] N E ¥ [1e-6,1]
12 ax = gca; %
13 ax.XAxis.FontSize = 10;
14 ax.YAxis.FontSize = 10;
15 xlabel('Time' ,"FontSize",12);
16 ylabel ('abundance of species N', "FontSize",612);
{01 3.4  Matlab 1UA5
| NO = 0.25 * ones(4, 1);
2 alpha_mean = 0.5;
3 alpha_std_factor = 0.5;
4 alpha = alpha_mean + alpha_std_factor * rand(4); % 4 i alpha_ij
5 alpha(logical (eye(size(alpha)))) = 1; % 4 alpha_ii % % 1
6D = 1e-7;
7f = @(t, N) N.*x(1 - alpha * N) + D ;
8 tspan = [0 le4];
9 [t, N] = oded5(f, tspan, NO); %odedb Z KM EN %o 7 — F W 7 &
10 loglog(t, N); %aEtim ANt F & A LL10 K K & X % & 5k 4 &) ¢ fo N A 47
11 axis([1 led 1le-6 11); %X EtH B # [1, 1e4] N5 F 4 [1e-6,1]
12 ax = gca; %
13 ax.XAxis .FontSize = 10;
14 ax.YAxis.FontSize = 10;
15 xlabel ('Time',"FontSize",12);
16 ylabel ('abundance of species N', "FontSize",612);
AR 3.5 Matlab f0HL
| alpha_mean = 0.3;
2 alpha_std_factor = 0.3;
3 alpha = alpha_mean + alpha_std_factor * rand(20);
4 alpha(logical(eye(size(alpha))))=1;
5 alpha
415 3.6 Matlab 11
]l clc;clear;
2 NO = 0.02 * ones(50, 1);
3 alpha_mean = 0.3;
4 alpha_std_factor = 0.3;

16
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5 alpha = alpha_mean + alpha_std_factor * rand(50);
6 alpha(logical(eye(size(alpha)))) = 1;
7D = 1e-7;
8 tau = 1;
9 f = @(t, N, Ndelay) N.*(1 - alpha * Ndelay) + D;
10 Nt = @(t) NO;
Il tspan = [0 1le4d];
12
13 sol = dde23(f, tau, Nt, tspan);
14 loglog(sol.x, sol.y);
15 axis([1 1e4 1e-6 1]1);
16 ax = gca;
17 ax.XAxis.FontSize = 20;
18 ax.YAxis.FontSize = 20;
19 xlabel('Time',"FontSize",20);
20 ylabel('abundance of species N', "FontSize",620);
R 3.7  Matlab 1865
] NO = 0.05 * ones (20, 1);
2 alpha_mean = 0.3;
3 alpha_std_factor = 0.3;
4 alpha = alpha_mean + alpha_std_factor * rand(20);% “ & alpha_ij
5 alpha(logical(eye(size(alpha)))) = 1;% ¥ alpha_ii % 4 1
6D = 1le-7;
7 tau = 1;
8
9 f = @(t, N, Ndelay) N.*x(1 - alpha * Ndelay) + D;
10 Nt = @(t) NO;
Il tspan = [0 1le4];
12 sol = dde23(f, tau, Nt, tspan);¥ K 7 & E = 8 i 8y 8 i o 77 72
13 loglog(sol.x, sol.y);
14 Rt ANE BN A LL10KN KB H 2 E k% & o foN 24T
15 axis([1 le4 1e-6 11);% K Et# T EH & [1, 1e4] N% G E # [1e-6,1]
16 ax = gca;
17 ax.XAxis.FontSize = 20;
18 ax.YAxis.FontSize = 20;
19 xlabel('Time',"FontSize",12);
20 ylabel('abundance of species N', 6 "FontSize",612);
G 3.8 Matlab 1UA%
1 s=30;%¥ it Kk H &
2 alpha_mean = 0.3; %78 & {F A % = 07 ¥ (&
3 alpha_std_factor = 0.3;
4 alpha = alpha_mean + alpha_std_factor * rand(s);
5 alpha(logical(eye(size(alpha)))) = 1; %4 A8 & F i 4 %
6 %D = 1le-7; hAEKT KX
7 %KAM ls &R
8 r=ones(s,1);
9 B=-inv(alpha)*r;
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

J=diag(B)*alpha;

[V.D]=eig(J);

store=zeros(s,1);

for i=1:s
j=D(i,1i);
store(i)=store(i)+1/abs(j)*atan(abs(real(j)/imag(j)));

end

delayc=min(store) ;

NO = 0.25 * ones(s, 1);

delay = 1.58;

f = @(t, N, Ndelay) N.*(1 - alpha * Ndelay) ;%% A i 77 77 12
Nt = @(t) NO;

tspan = [0 1led];% K IX |4

sol = dde23(f, delay, Nt, tspan);% ki dde

loglog(sol.x, sol.y);%% K
axis ([1 le4 1le-6 11);

ax = gca;
ax.XAxis.FontSize = 20;
ax.YAxis.FontSize = 20;

xlabel ('Time', 'FontSize',20);
ylabel ('abundance of species N', 'FontSize',20);
title('delay=1.58");

4% 3.9 Matlab fChL
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