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5-input-output-relation
June 13, 2023

from sympy import *
from DifferentialAlgebra import *
init_printing ()

t, k12, k21, Ve, ke = var ('t, k 12, k.21, V. e, k e')
params = [k12, k21, ke, Vel
params

[k127 k217 ke? Ve]

x1, x2, y, u = function ('x_1, x_2, y, u')

R = DifferentialRing (derivations = [t], blocks = [y, x1, x2, u, params],
parameters = params)

syst = [ Eq(Derivative(x1(t),t), -k12*x1(t) + k21*x2(t) - Ve*xxl1l(t)/(ke+x1(t)) +,
su(t)),
Eq(Derivative(x2(t),t), k12*xx1(t) - k21*x2(t)),
Eq(y(t),x1(t))]
A_R = RegularDifferentialChain (syst, R)
A R.equations (solved=True)

X, (1) = _ —kaxy (t) — % X, () a x, (t) = —Vo %y (t) = kyohke Xy (8) = kg%, (£) + Koy b Xo (1) + Koy xy (8) X5 (1)
L= k Cat Y ke +x (t)
12 e T X1

S = DifferentialRing (derivations = [t],
blocks = [x1, x2, y, u, params],
parameters = params)

A_S = A_R.change_ranking (S)
A_S.equations (solved=True)

fﬁiy(t)-— ‘*V;k21key<t)“'V;k2192(t>“'V;keé%y(t)“'k12k§é%y(t>“'lezkey(t)é%y(t)“'k1292(t)é%y(t>‘+’k21kgu(t)
dt? N

leader = var ('leader')
I0_rel = A_S.equations (selection = Eq(leader,Derivative(y(t),t,t))) [0]
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I0_rel

d d d d
Vokorkoy(t)+V kg 92 (t) +Vekeﬁy(t) +k12k§$y(t)+2kmkey(t)*y(t)Jrklzyz(t)%y(t) — ko K2u(t)+

dt
d d d d
k21k§%y(t) — 2kg kb u(t)y(t) + 2k21key(t)ay(t) - kzlu(t)gf(t) + k21y2(t)%y(t) - kE@U(O +
9 d? d d? N 5 d?
2 (t) — 2k y(6) 7 ul) + 2k y(8) Try(t) — y(0) ult) + ()5 (0)

I0_rel = I0_rel / S.initial (I0_rel)
I0_rel

V;lekey(t)—%‘V;k21y2(t)—%‘V;keégy(t)-+-k12k§é%y(t)—+»2k12key(t)§%y(t)-+-k12y2(t)é%y(t)——»lekgu(t)+—k21k§é%y(ﬂ

I0_rel_integrated = S.integrate (I0_rel, t)
I0_rel_integrated

Voko1y(t) — korku(t) — kogu(t)y(t) — ke%U(t) - y(t)%u(t) —V.k, — k12kg + k1292(t> - k21kg + k2192<t>

) ) t
bt o) ko4 o(0) o
I0_rel_integrated = I0_rel_integrated[0] + \

Derivative (IO_rel_integrated[1], t) + \

Derivative (I0_rel_integrated[2], t, t)
I0_rel_integrated
Q —Vk, — k12kg + k12y2(t) - kzlkg + k2192(t> d? Voko1y(t) — kgrku(t) — kayu(t)y(t) — ke%u(t) - y(t)%'

at k, + y(t) az?® k, + y(t)

simplify (I0_rel / S.initial (I0_rel) - I0_rel_integrated.doit())
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