OSQP

A Julia wrapper for the Operator Splitting QP solver

Bartolomeo Stellato

joint work with Goran Banjac,

Nicholas Moehle, Paul Goulart, Alberto Bemporad, Stephen Boyd

JUMP Developers Meetup, 13 Jun 2017



Why quadratic programming”



AN ALGORITHM FOR QUADRATIC PROGRAMMING

Marguerite Frank and Philip Wolfel

Princeton University

A finite iteration method for calculating the solution of quadratic
programming problems is described. Extensions to more general non=
linear problems are suggested,

1. INTRODUCTION
The problem of maximizing a concave quadratic function whose variables are subject to

linear inequality constraints has been the subject of several recent studies, from both the com-
putational side and the theoretical (see Bibliography). Our aim here has been to develop a
method for solving this non-linear programming problem which should be particularly well

adapted to high-speed machine computation,
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First-order methods

Pros Ccons
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General Purpose QP Solver

Based on first-order
methods

Detects
Infeasibility



The OSQP Solver



The problem

Quadratic Program
minimize %:L‘TPx +qlx
subjectto [ < Ax < u




ADMM

minimize  f(z) + g(x)

minimize f(37) =+ g(:li‘) Subjec’[ 0O ==



ADMM

minimize  f(z) + g(x)
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minimize

subject to

How to split the QP?

minimize  faz! Px +¢'x
subjectto Ax =z
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minimize

subject to

How to split the QP?

minimize  saz! Px + ¢’
subjectto Ax = z

f
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minimize

subject to

How to split the QP?

minimize  saz! Px + ¢’
subjectto Ax = z
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OSQP

Problem
minimize %LET.PQ? +qlx
subjectto [ <Az <u
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OSQP

Problem
minimize %LETPLE +qlx
subjectto [ <Az <u

Algorithm
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OSQP

Problem
minimize %LETPLE +qlx
subjectto [ <Az <u

Algorithm
. T k+1 k
Linear system k+1 . k+1 P+ol A z | 07 q
solve (ZIZ , UV ) < solve |: A _%] Vk—|—1 — Zk L %yk
~k—|— %Z 4+ 1 ( k+1 yk)
Easy 1, H( s 1yk)
operations

y—l— —y _|_p(k—|—1 k—l—l)

11



OSQP

Problem
minimize %LETP.Q? +qlx
subjectto [ <Az <u
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OSQP

Problem
minimize %LET.PQ? +qlx
subjectto [ <Az <u

Algorithm
. T k+1 k
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Warm Factorization
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OSQP

Problem
minimize %LET.PQ? +qlx
subjectto [ <Az <u
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OSQP

osgp.readthedocs. 10

Gasd UNIVERSITY OF

&Y OXFORD

Docs » OSQP solver documentation € Edit on GitHub

OSQP solver documentation

Join our forum for any questions related to the solver!

Detects
Infeasibility
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Embeddable
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http://osqp.readthedocs.io

Compiled code size ~80kb

OsSQP  — =&

300x
Reduction!

GUROBI

CPLEX
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Languages

INnterfaces

Parsers

JUMP

CVXPY

YALMIP
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OSQP interface

@, python’

# Create OSQP object
m = osqgp.OSQP ()

# Initialize solver
m.setup (P, g, A, |, u,
settings)

# Solve
results = m.solve ()

# Update cost with g_new
m. update (g=g_new)

# Solve again
results_new = m.solve ()

4\ MATLAB

% Create OSQP object
m = o0sgp () ;

% Initialize solver
m.setup (P, g, A, |, u,
settings);

% Solve
results = m.solve();

% Update cost with g_new
m.update( ‘g, g_new)

% Solve again
results_new = m.solve () ;
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Code generation

# Create OSQP object
m = osqgp .OSQP()

# Initialize solver
m.setup (P, g, A, |, u,
settings)

# Generate C code

m.codegen( folder_name ")

Optimized
C code

/ Main ADMM algorithm

or (iter = 1; iter <= work->settings->max_iter; iter ++) {

/7 U
swap
swap

/% A
/* (
upda

/% (
upda

/* (

I upda

/* (
upda

#ifd
// q
if (

#end

/ Main ADMM algorithm

or (iter = 1; iter <= work->settings->max_iter; iter ++) {

/7 L

datn rer -

rore foe 1 +nrl maline~)

swap
swap

/x A
/* C
updg

/*
upda

/.
upda

/* (
updg

#ifd
/7 C
if (

#end

Embedded
hardware

A

[/ Main ADMM algori

thm

or (iter = 1; iter <= work->settings->max_iter; iter ++) {
// Update x_prev, z_prev (preallocated, no malloc)
swap_vectors(&(work->x), &(work->x_prev));
swap_vectors(&(work->z), &(work->z_prev));

/* ADMM STEPS x

/* Compute \til

/
de{x}~{k+1}, \tilde{z}"{k+1} */

update_xz_tilde(work);

/* Compute x~{k+1} %/

update_x(work);

/% Compute z~{k+1} */

update_z(work);

/* Compute y"{k

update_y(work);
/* End of ADMM

#ifdef CTRLC

+1} */

Steps x/

// Check the interrupt signal

if (isInterrupted()) {
update_status(work->info, 0SQP_SIGINT);
c_print("Solver interrupted\n");
endInterruptListener();

return 1;
}
#endif

// exitflag
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Numerical Example



minimize

Features
T

. asso

| Az —bl|3 + Allz|x

Data points
m = 100n
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minimize

Features
T

[ asSso
Weighting

/ parameter

| Az —bl|3 + Allz|x

Data points
m = 100n
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Lasso timings
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OSQP
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minimize
subject to

MIQP

%LETP.CE—I-QTZIZ
| < Az < u
x;, €4 Viel
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minimize
subject to

MIQP

%LIZ‘TP$—I—QT£IZ
| < Az < u
x, €4 Viel

Integer
constraints
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minimize
subject to

QP (—o0, 3)

QP(—00, 2)

MIQP

%.CETPLE +qlx
[ < Ax < u

r, €42 Yiel Integgr
constraints
QP(_OO7 _I_OO)
QP (3, +00)
QP(2, 3)
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minimize
subject to

Inner QPs

QP(z,T)

Lol P+ ql'x
| < Ax < u
. <x;, <x; Viel
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Inner QPs

QP(z, )

minimize %xTPx g1z
subjectto [ < Ax <u |
v, <2, <7 Viel Changing
bounds

|

Reusing
factorization




Saving computations

Factorization N Warm
caching starting

ADMM QP(z,7) Ri/ﬁga;:d
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MIQP Timings

Hybrid Model Predictive Control
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