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Without organisms or consumption, (Vs)'(t) = s, F — s(t)F.

s = concentration of nutrient in culture vessel.
. . . . 3
Consumption: 7%, x = concentration of organism (mass/I°).
m = maximum growth rate (1/t). a = half-saturation constant.
s = (sn—s)D—rIeX
{ at+s-y (SC)
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Find ~;’s by building Lyapunov-Krasovskii functionals (LKFs).

Equivalent to KL formulation; see Sontag 1998 SCL paper.
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x(t) = [(1+o(1))u(s(t)) — D(s(t — 7(1))]x(t)
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Goal: Under suitable conditions on an upper bound 7, for the
delay 7(t), and for constants s, € (0, si,), design the control D to
render the dynamics for X(t) = (s(t), x(t)) — (S«, Sin — Sx) ISS.
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ws= inf p4(s), w= sup i(s), pr= sup ~(s),

s€[0,5in] 5€[0,5;] 5€[0,5;]
i p2(1H1.1 1 (84) SinTm) _m(s)
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Theorem 1: For all componentwise positive initial conditions, all
solutions of the chemostat system (C) with 6(f) = 0 and

D(s(t (1)) = 1=ty (1)

remain in (0, c0)? and converge to (., Sin — S.). O

(b) :
and my < max{ , with s, < s;,.
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Step 1: For any fixed s > s;,, show that z = s;, — § — x satisfies
2(1)] < |2(0)|6 & forallt> 0. (ES)
Z=—(X—Sin+ 8:) — (8§ —8.) = =Xz — Xy. X= error variable.
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Step 3: Find constants ¢; > 0 such that

Us(st) = [0~ =dm + 2pmru [ [} (8(m))2dmdt.  (4)

S*S*

satisfies
Up(t) < —Cilka(st) + CZ%(t) + Cls(t) — sil|z(t)|  (B)
forall t > 7(|X(0)|).

Step 4: The sum U3 of a quadratic Lyapunov function for the z
variable and U/, admits a constant ¢3 > 0 such that

Us(t) < —cslla(st, 2(t)) (6)
for all t > T(]X(0)]).
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Chemostats model substrate and species interactions.

They have uncertainties, delays, and discrete measurements.
Discretization of continuous time controls can produce errors.
Our control only needs discrete delayed substrate values.

We can allow general nonmonotone growth functions.

Our barrier functions gave ISS with uncertain growth functions.
We can also cover delayed perturbed multispecies chemostats.

We plan to study PDE models of age-structured chemostats.

Thank you for your attention!
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