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Motivation: transient dynamics are ALSO important

Arbitrary plant in feedback with Antithetic Integral Controller (AIC) *

!Briat, C., Gupta, A., & Khammash, M. (2016). Antithetic integral feedback
ensures robust perfect adaptation in noisy biomolecular networks. Cell systems,
2(1), 15-26.
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Optimization Problem Statement
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Conversion to an Unconstrained Optimization Problem

rained Optimization
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Conversion to an Unconstrained Optimization Problem

Plant
Constrained Optimization W a= f@u); 20) = 20 J
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© Controller
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Necessary Condition of Optimality (NCO)

(Abstract) Unconstrained Optimization

minimize J(M(0);0) =: J(O)

O€cRP
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Gradient-Based Numerical Methods

Gradient: VJg = 8M*@ (Vyj(y;@)) + V@j(y;@)
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Gradient-Based Numerical Methods

Gradient: VJg = 8M*@ (Vyj(y;@)) + V@j(y;@)

Iterative Numerical Method: O, = ©; + «;d;

Gradient Descent: d; = —V.Jg

Conjugate Gradient Descent: d; = IV Je,||?

= d, 1 1> 0
IVJe, . |I>
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Gradient-Based Numerical Methods

Algorithm 1 (Conjugate) Gradient Descent Algorithm

1: Start with an initial guess ©9 € R” and set i = 0.
2: Compute the gradient at ©;, V.Je,:
(a) Simulate the closed-loop dynamics with © = ©;:

= f s, w); 2(0) = a0
p

9(zi.1

Ai = 0f orui)s
C; =0l
Bf = 0y9(:.y00)
Df = 0ykzy. 000

CP = Dok(z, ys.00)-
(¢) Solve for \;(t), with \(T) = 0:

s __[A+BD:C B

=" e,

(d) Compute &(0):
B,co]”

=- [ H‘;} } it &(T)=0.

é
() ViJo, = &(0) + Vbe,.
3: Compute the update direction s;:

(a) For a Gradient Descent Method: s5; = —V.Jg,.
(b) For a Conjugate Gradient Descent Method:

~ Ve, i=0

si= [IVJe.|[*

— Ve, + mo s 0> 0.
V.l

4: Pick a step size: a; = argmin J(©; + as;).

5: Update the estimate: G,J =0, +a;s;.

6: Set i = i+ 1 and go back to step 2. Repeat until
convergence.
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Application to Antithetic Integral Controller, Example 1
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Application to Antithetic Integral Controller, Example 1
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Application to Antithetic Integral Controller, Example 2
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Application to Antithetic Integral Controller, Example 2
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Application to Antithetic Integral Controller, Example 2
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Optimal Response
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Two Take-Home Messages

@ Transient biomolecular dynamics also matter

@ There is no way around proper tuning of biomolecular controllers

Thank you!
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