1.Lorenz 63
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using PyPlot
using Statistics
using LinearAlgebra

function f(x::Array{FT,1}, o::FT, r::FT, B::FT) where {FT<:AbstractFloat}
return [ox(x[2]1-x[11); x[11x(r-=x[31)=x[2]; x[1]*x[2]-B*xx[3]]
end

function df_dx(x::Array{FT,1}, o::FT, r::FT, B::FT) where {FT<:AbstractFloat}

return [-o o 0.0;
(r=x[3]) -1.0 -x[1]1;
x[2] x[1] -B1
end

function df_de(x::Array{FT,1}, o::FT, r::FT, B::FT) where {FT<:AbstractFloat}

return [(x[2]-x[1]) 0.0 0.0;
0.0 x[1] 0.0;
0.0 0.0 -x[31]

end

# integrate Lorenz63 with forward Euler method
function compute_Lorenz63_FE(xO::Array{FT,1}, 6::Array{FT,1}, At::FT, N_t::IT) where {FT<:AbstractFlo

N_x = length(x0)

xs = zeros(N_x, N_t+1)
xsl[:, 1] = x0
for i = 1:N_t
xs[:, i+1] = xs[:, il + Atxf(xs[:, il, o, r, B)
end

return Xxs
end

function f_mean_x3(x::Array{FT,1}) where {FT<:AbstractFloat}
J = [x[3];]
pJ_px = FT.([0 @ 11)
return J, pJ_px

end

# Compute objective function J, and dJ/dxs
function compute_J(xs::Array{FT,2}, func::Function, j::IT, k::IT) where {FT<:AbstractFloat, IT<:Int}
# J 1is defined as the average
# J =) {i=j}~{k} func(x(t_i)) /(k-j+1)
# return J and dJ/dxs
N x, N.t = size(xs, 1), size(xs, 2) -1
J =10.0
0J_oxs = zeros(N_x, N_t+1)

for i = j:k
J i, 83 oxs_i = func(xsl[:,il])
J += J_il[1]
0J_oxsl:,i]l = 9J_oxs_i

end

0J_oxs ./= (k-j+1)

J /= (k—]+1)

return J, 90J_0xs
end

# Compute objective function dJ/db
function compute_gradient_adjoint(@::Array{FT,1}, xs::Array<{FT,2}, 8J_oxs::Array{FT,2}, At::FT) where
N x, N.t = size(xs, 1), size(xs, 2) -1
o, r, B=26
N_6 = length(@)
As = zeros(N_x, N_t+1)
As[:,N_t+1] .= 983 _oxsl[:,N_t+1]

for i=N_t:-1:1
As[:,i] = 8J_oxsl:,i] + As[:,i+1] + Atkdf_dx(xsl[:,il, o, r, B)'sxAs[:,i+1]
end

dJ_de = zeros(FT, N_0)
for i=2:N_t+1

d)_de .+= df_de(xs[:,i-1], o, r, B)" * As[:,i]*At
end

return dJ_d6
end

function compute_dx3_dr_adjoint(rs = Array(LinRange(0, 50, 1001)))
FT = Float64
Tobs = 20.0
Tspinup = 30.0
At = 0.001

Int64(T/At)

Tobs + Tspinup
urn_in = Int64(Tspinup/At)

=
N_t
N_b

N_r = length(rs)

mean_x3s = zeros(FT, N_r)
dmean_x3_drs = zeros(FT, N_r)

x0 = [-8.0; 5.0; 25]
for i = 1:N_r
e = [10.0; rs[i]; 8.0/3.0]
Xs = compute_Lorenz63_FE(x0, 6, At, N_t)

J, 8J_oxs = compute_J(xs, f_mean_x3, N_burn_in + 1, N_t + 1)
dJ_d® = compute_gradient_adjoint(8, xs, 8J_axs, At)
mean_x3s[i], dmean_x3_drs[i] = J, dJ_de[2]

end

return rs, mean_x3s, dmean_x3_drs
end

WARNING: method definition for compute_gradient_adjoint at In[86]:68 declares type variable IT but doe
s not use it.

compute_dx3_dr_adjoint (generic function with 2 methods)

T = 100

At = 0.001

N_t = Int64(T/At)

X0 = [-8.0; 5.0; 25]

fig = plt.figure()
ax = fig.add_subplot(projection="3d")

O = [10.0; 5.0; 8.0/3.0]

xs = compute_Lorenz63_FE(x@, 6, At, N_t)

ax.plot(xs[1,:], xsl[2,:]1, xs[3,:], color="C1", label="r=5", alpha=0.9)
ax.legend()

O = [10.0; 18.0; 8.0/3.0]

xs = compute_Lorenz63_FE(x@, 6, At, N_t)

ax.plot(xs[1,:], xsl[2,:]1, xs[3,:], color="C2", label="r=18", alpha=0.9)
ax.legend()

0 = [10.0; 28.0; 8.0/3.0]

xs = compute_Lorenz63_FE(x@, 6, At, N_t)

ax.plot(xs[1,:], xsl[2,:]1, xs[3,:], color="grey", label="r=28", alpha=0.2)
ax.legend()

ax.set_xlabel("x1")
ax.set_ylabel("x2")
ax.set_zlabel("xs3")

fig.tight_layout()
fig.savefig("Lorenz63-r.pdf")

—_— =5
— =18
r=28

e = [10.0; 28.0; 8.0/3.0]
T = 50
At = 0.001

N_t = Int64(T/At)
ts = Array(LinRange(@, T, N_t+1))

X0 = [-8.0; 5.0; 25]
Xxs = compute_Lorenz63_FE(x@, 6, At, N_t)
fig= PyPlot.figure(figsize=(6,3))

PyPlot.plot(ts, xs[2,:])

X0 [-8.0; 5.0; 25] + [0; 1e-6; O]
Xxs = compute_Lorenz63_FE(x@, 6, At, N_t)
PyPlot.plot(ts, xsl[2,:1)

PyPlot.xlabel("t")
PyPlot.ylabel("xz2")
PyPlot.tight_layout()
fig.savefig("Lorenz63-t.pdf")
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rs = Array(LinRange(0, 50, 1001))
rs, mean_x3s, dmean_x3_drs = compute_dx3_dr_adjoint(rs)
fig, (ax1, ax2) = PyPlot.subplots(ncols=2, figsize=(6,3))

axl.plot(rs, mean_x3s, "—-", fillstyle="none")
ax1l.set_xlabel(L"r")
axl.set_ylabel(L"\mathcal{G}(r)")
ax1l.grid("on")

ax2.semilogy(rs, abs.(dmean_x3_drs), "or", markersize=1)
ax2.set_xlabel("\$r\s$")

ax2.set_ylabel(L" |d\mathcal{G}(r)|")

ax2.grid("on")

fig.tight_layout()

fig.savefig("Lorenz63-g.png")
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