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Mathematico
Abwsheachon

l+2L+\ > e 9
e VWD (__\021\31,)

rabbitfox_diagram = @relation (rabbits, foxes) begin
AU“& gr:ow»th(v rabt{t@ ) B ,_
predation(rabbits, foxes)
Code

decline(foxes)
end

ACSet with elements Box = 1:3, Port = 1:4, OuterPort = 1:2, Junction = 1:2

J \, Box name OuterPort outer_junction
v \O\ 1 growth 1 1

0 “* P “‘- 2 predation 2 2

3 decline
Junction variable

Port box junction 1 rabbits

1 1 1 2 foxes .
predation

2 2 1
3 2 2
4 3 2
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Advantages of €-Set implementation:

1. Oomain $peaific dodran SHfucture 2. OpP\Y feoturces of [ \Sed]
- imiks | colimits
- fonctorial dodo migroadion

# Define elementary diagrams of systems
rabbitfox_diagram = @relation (rabbits, foxes) begin
growth(rabbits)
predation(rabbits, foxes)
decline(foxes)

end

rabbithawk_diagram = @relation (rabbits, hawks) begin
growth(rabbits)
predation(rabbits, hawks)
decline(hawks)
end

rabbit_diagram = @relation (rabbits,) -> growth(rabbits)

# Define transformations between the diagrams
rabbitfox_transform = ACSetTransformation(
(Box=[1], Junction=[1], Port=[1], OuterPort=[1]),
rabbit_diagram, rabbitfox_diagram

)
rabbithawk_transform = ACSetTransformation(
(Box=[1], Junction=[1], Port=[1], OuterPort=[1]),
rabbit_diagram, rabbithawk_diagram

)

predation

# Take the pushout

decline land_diagram = ob(pushout(rabbitfox_transform, rabbithawk_transform))
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Hierorchicol D'\cx%mms (substitution in VWD)

I

“\“\\Q ocompose(total_diagram, [land_diagram, river_diagram])
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Recall mModhemoti Lol Julio code
) .
o siroacion
rabbit_growth = ContinuousResourceSharer{Float64}(
1, exposed ports
0 1, # states
r= @'\ : (U)p)t) -> pB 2 u, # dynamics
[1] # port
)
- rabbit_fox_predation = ContinuousResourceSharer{Float64}(
f=-act |0 g b
- 2, # states
C= '6'1\(_ -E ([u,p,t) -> [p.oa*xu[1]*u[2], p.y*u[1l]*u[2]], # dynamics
19924 ¥ port
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WISTNISTYN
# compose models
eco_sys = oapply(eco_diagram, vcat(land_models, river_models))
~= i # solve and plot
&P tspan = (0.0, 100.0)
ud = [100.0, 50.0, 20.0, 100.0]
. —
f\: . prob = ODEProblem(eco_sys, u@, tspan, params)
i\:—qp{: | - sol = solve(prob, Tsit5())
f=ycf - S B Ecosystem
o — O = —
rabbits
. foxes
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o
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CompPositiana\ ond Hievroarchical
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L3
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# flattened model specification
eco_diagram = ocompose(total_diagram, [land_diagram, river_diagram])
eco_sys = oapply(eco_diagram, vcat(land_models, river_models))
# hierarchical model specification

land_sys oapply(land_diagram, land_models)

river_sys oapply(river_diagram, river_models)

oapply(total_diagram, [land_sys, river_sys])

€co_sys
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Mothematical
Ao achion

cown (B,3), (9)1(9)

Julion Code

function get_city_diagram(ncities, roads)

end

nout_roads = map(i -> count(r -> r.first == 1, roads), l:ncities)

city_diagram = WiringDiagram([], [])
cities = map(1l:ncities) do i
add_box!(city_diagram,
oS Yelarty 1), 185, 8iLy 8Rlly 185y 81ty 24
end

wires = map(Base.Iterators.product(roads, 1:3)) do ((src, tgt), j)
add_wire!(city_diagram, (cities[src], j) => (cities[tgt], j))

end

return city_diagram

ncities = 3
roads = [1 => 2, 2 => 3]
city_diagram = get_city_diagram(ncities, roads)

Julio. Output

cityl

city2

city3
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Reeol, mothemoti ol Jutio Code
alsiroction

city_models = map(l:ncities) do i

cityl
|\ | ContinuousMachine{Float64}(

° S # 1Lhputs
S: o 3, states
. 3, outputs

(u,x,p,t) -> p.u*(x - nout_roads[i]*u) + [

city2 T= -
e M - -p[B(1)]*u[1]*u[2], # S
- p[B(L)I*ul1]*ul2] - ply(i)]*u[2], 1

i
l l l sto1l el u_>u)p[v(x)1 ul2]]

Clty3 end

e~ k—/\f .

d‘m&ro\m o€ Q\&S\'U\I\S
?—\Q\N\Qv\\'wua mode \g




T. pirected compPosition - ImpPlemeniotionn 65 Sewmonkics

modhew okical Julion Code + OUAPUY
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sir_model = oapply(city_pattern, city_models)
S=
j‘_-.-. J. . params = LVector(py = 0.01,
. %\'-' Bl = 0.7, y1 = 0.4,
= -- . B2 = 0.4, y2 = 0.4,
T,: B3 = 0.2, y3 = 0.4
R . )
{4 25 u0 = [100.0, 1.0, 0.0,0,0,
. 100.0, 0.0, 0.0, 0,0,
= — | S.= 100.0, 0.0, 0.0, 0,0]
‘_'\‘_- . :xz: tspan = (0.0, 2.0)
@_-: e - ’ prob = ODEProblem(sir_model, u@, tspan, params)
Vo= - sol = solve(prob, Tsit5(); dtmax = 0.01)
| ' |
Sqc Infected populations of multi-city SIR model
| ! \ 13
Q = D = .. 80 -
S= - "
p___ 60 I
40
. 20
ComPoSIte,
O -
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#22: ndefendence of model IYNYOX ond mode! $emandiCs

ncities = 3
roads = [1 => 2, 2 => 3]
city_patternl = get_city_pattern(ncities, roads)

sir_model = oapply(city_patternl, city_models)

cityl

city2

| city3

Infected populations of multi-city SIR model

ncities = 3
roads —1[1=>" 2502 =911
city_pattern2 = get_city_pattern(ncities, roads)

sir_model = oapply(city_pattern2, city_models)

cityl city3

city2

Infected populations of multi-city SIR model

ncities = 3

roads = [1 => 2, 1 => 3]
city_pattern3 = get_city_pattern(ncities, roads)

sir_model = oapply(city_pattern3, city_models)

cityl

e

city2

city3

Infected populations of multi-city SIR model

60
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city 1
city 2
city 3

100

150 200



T. pirected compPosition - HidhhghiS of AlaebroicDynamics

\
\ \ \
S
Tz G < e
'S
{ \
1 ! \
S_' - . -

sirg_city_models = map(1l:ncities) do i
ContinuousMachine{Float64}(
3,
5,
t odels = map(1l:ncities) do 3,
(u,x,p,t) -> begin
Con Al Ma ne{Float64}( g_rate = 0.025 * u[2]
3, return p.p*([x..., 0,0] - nout_roads[i]*u) + [
3, -p[B(i1)]*u[1]*u[2] - q_ratexu[l] + (1 - q_rate)*u[4],
3 p[B(1)1*ul[1l]l*u[2] - pl[y(i)]*u[2] - g_rate*xu[2] + (1 - g_rate)*u[5],
(u,x,p,t) -> p.u*(x - nout_roads[i]*u) + [ ply(1)I*(ul2] + u[5]),

g_rate * u[l] - (1 - q_rate) * u[4],

;L&S(L)]*“[l]*‘ (21, g_rate * u[2] - (1 - q_rate) * u[5] - p[y(i)]1*u[5]]

[B(1)]*ul[1]*u[2] - ply(1)]*u[2],

i end,
P[‘y( )1*ul2]1, u -> uf[l:3]

d
end en

sirg_model = oapply(city_pattern, sirq_city_models)

ydel = oapply(city_pattern, r_city_models)

Infected populations of multi-city SIR model
Infected populations of multi-city SIR model
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