Accelerating Quadratic Optimization
with Reinforcement Learning
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The problem

minimize  (1/2)z2' Pz + ¢’ x
subjectto Ax €C

Quadratic program: C = [I, u] Ar e




OSQP

Operator Splitting solver for Quadratic Programs

OSQP

Y - 2
Get started

Embeddable
(can be division freel)

Supports
warm-starting

Detects
Infeasibility

Solves large-scale
problems




OSQP algorithm

minimize  (1/2)z" Pz + ¢«
subjectto [ < Ax <u

minimize  (1/2)z? Pz + q''z
——» Subjectto Axr ==z
[ < z<u

KKT System Algorithm

\_ e ) ] )

S0l P AT xk—l—l
olve
A —diag(p)~ | [vT]

P 2F 4 diag(p) T (VAT — )

Critical
P I (2" + diag(p) 'y") step size

y T« y¥ + diag(p) (2°! — 2F ) p={p1, . Pm)




Hand-tuned step size
minimize  (1/2)z? Pz + q''z
subjectto [ < Ax <u l; = (Az™); or (Ax™); =

Vector step size
P = (1017'°'7/0m)

Tight constraints

Never tight Otherwise Always tight
li:—ooandui:oo l ZZIUZ#OO
l Balance residuals l

pEL e i |/l

Can we learn a
better update rule
from data? 6



Step size choice as a control problem

controller algorithm
Sk _ (.CIZk, zk,yk) pk: Sk_|_1
p=¢(s) |——|s"" = ADMM,(s")

Stage cost Cumulative cost
0(s) = 1 ?f not convergea . i VR o(sF)
0 If converged 1

Train with
Deep Policy Gradient methods (TD3)



Constraint-wise control policy

Per-constraint update rule

Generalize to

different
dimensions

Pi

— ¢c(3i)

Per-constraint state

Sj

_min(zz- — li, U; — Zz)
Yi

Low-dimensional
state per
constraint

slacks
Infeasibility
dual variable

Small NN

policy
¢c(3i)




Visualize learned policy

Interpretable policy

High step size p;
when we reach bounds
2 and Zi X U;.




Shifted Geometric Mean
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Timings for high-accuracy convergence criteria

Gurobi
OSQP
RLQP (scalar) [EE
RLQP (vector) I
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Performance with step size learning

Up to 3x faster
than Gurobi
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Conclusions

Integrate RL and ADMM to dynamically

tune parameters

amb -
s Stellato.io

* Faster convergence

W% bstellato@princeton.edu

e \ery low overhead (/) github.com/bstellato

. @b_stell
* |nterpretable policy W eb_stellato
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