Optimization
Algorithm Design via
Electric Circuits

Stephen P. Boyd!, Tetiana Parshakova*!

Ernest K. Ryu?, Jaewook J. Suh*3
I Stanford, 2 UCLA, 3 Rice University

Distributed convex optimization

minimize f(x)

subjectto x € R(ET)
o f: R" — RU {00} is closed, convex, and proper
ennets Ny, ..., N, forming a partition of {1, ..., m}
e £ ¢ R""™is a selection matrix
Lt jeN,
i { 0 otherwise

Circuit interpretation: KKT conditions
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Circuit interpretation: Dynamic inter-
connect

y(t) € 0f (x(t)) (resistor)

v(t) = AT x(1) (KVL) Dynamic interconnect
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Continuous-time convergence

e energy dissipation leads to convergence
- £(t) = Slve(t) — veld, + Hlic(t) — i3,
—%8< —(x(t) — x*, y(t) —y*) <0
- iMoo X(t) = X*

¢ not every discretization leads to a convergent algorithm

This Is a convergent

optimization algorithm!
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Automatic discretization

e find discretization preserving the proof structure

- & =3llve = v lip, +3llif = izllp,
- &1 — E + XK — x*, yK — y*) <0 for somen > 0
—limy_ oo XK = Xx*

e automate using computer-assisted proof framework PEP

Design your algorithm via circuits!

step 1: create the static interconnect representing the
optimality conditions of your problem

step 2: design your algorithm: design RLC circuit that
relaxes to the static interconnect in equilibrium

step 3: write the V-l relations: this is a convergent
dynamics by the construction

step 4:leverage our PEP-based automatic discretization

package ciropt and obtain discrete algorithm
step 5:your algorithm is ready to use!

Numerical result: DADMM+C
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e casy-to-use framework for designing new convergent
optimization algorithms via RLC circuits

e identified electric circuits for many standard methods

e established convergence proof structure

e PEP-based automated discretization
- preserves proof structure
- open-source package ciropt



