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Overview

• About MOSEK

• Conic Optimization in a Nutshell

• Conic Optimization with Fusion

• Conclusion



MOSEK is one of the leading provider of high-quality optimization
software world-wide.

LP

QP

CQP

SDP

General
Convex

MIP



MOSEK APIs

Core API

Python

Java

C/C++

.NET

MATLAB



Conic Optimization - Definition

min
∑

j〈Cj ,Xj〉

s.t. ∑
j〈Aij ,Xj〉+ Bi ∈ Kni

i i = 1, . . . , k

where Kni
i is one of the following

Rni
+ = {x ∈ Rni |xj ≥ 0 ∀j = 1, . . . , ni}

Qni =
{

x ∈ Rni |x1 ≥
√∑ni

j=2 x2
j

}
Sni+ =

{
X ∈Mni×ni |X = XT and positive semidefinite

}



Conic Optimization Modeling

A huge number of functions are conic representable, eg.

• geometric and harmonic means

• convex (de)increasing rational powers

• sum of eigenvalues

• spectral radius

• roots of the determinant

• nonnegativity and convexity of polynomials

...other than plain LPs, QCQPs, CQPs, SPDs!



Conic Optimization - Main benefits

• conicity implies convexity

• rich duality theory

• polinomial complexity upper bound

Users should use conic formulations directly and with full
understanding of the benefits.



Sadly conic optimization not yet well know:

• not yet a common teaching

• sometimes hidden under the hood

• lack of material on modeling (see our Modeling Cook Book)

• cumbersome interfaces!



Modern frameworks (Yalmip, CVX, PICOS,...) help a lot!

But....

• Lack of transparency and control

• Performance degradation

• Additional dependencies, support, etc....
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(almost) Seamlessly multi-language
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Minimalistic and Safe
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Limited overhead
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Fusion - Basic Idea

min
∑

j〈Cj ,Xj〉

s.t. ∑
j〈Aij ,Xj〉+ Bi ∈ Kni

i i = 1, . . . , k

Basic constructs:
obj. fun. := ( linear expression , sense)

variable := ( dimension , domain)

constraint:= ( linear expression , domain)

Linear expressions need:
linear operators

matrices

variables
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Fusion

A single class to rule them all: Model

Model building:
var = M.variable( [name], dimension, domain)

cons = M.constraint( [name], linear expression , domain)

M.objective( [name], sense, linear expression)

Solver access:
M.solve()

...

Note: each model owns the objects it builds!



Fusion only performs the following transformation:

Ax + b ∈ K,

becomes

Ax + b = y

y ∈ K,

All other manipulations are left to the solver.



Fusion Example - Portfolio Optimization

maximize µT x
subject to eT x = 1,

xTFx ≤ γ2,
x ≥ 0,

Since F = GGT , then xTFx = ‖GT x‖2 ≤ γ2,

maximize µT x
subject to eT x = 1,(

γ,GT x
)
∈ Qn+1,

x ≥ 0,
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M = Model(’Basic Markowitz’)

# Defines the variables (holdings).

x = M.variable(n, Domain.greaterThan(0.0))

# The amount invested must be 1

M.constraint(Expr.sum(x), Domain.equalsTo(1.))

# Imposes a bound on the risk

conevars = Expr.vstack( gamma,Expr.mul(GT,x))

M.constraint(conevars, Domain.inQCone())

# Maximize expected return

M.objective(ObjectiveSense.Maximize, Expr.dot(mu,x))

M.solve()

print x.level()



Example - Nearest Correlation

min ‖A− X‖F
s.t.

Xii = 1 i = 1, . . . , n
X ∈ Sn+

but being ‖A− X‖F =
√∑

ij(Aij − Xij)2 we get

min t
s.t.

Xii = 1 i = 1, . . . , n
(t,A11 − X11, . . .) ∈ Q
X ∈ Sn+
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M = Model(’NearestCorrelation’)

X = M.variable(’X’, Domain.inPSDCone(N))

t = M.variable(’t’, 1, Domain.unbounded())

# (t, vec(A-X)) \in Q

delta= Expr.sub(A,X).flatten()

M.constraint(Expr.vstack(t, delta), Domain.inQCone())

# diag(X) = e

M.constraint(X.diag(), Domain.equalsTo(1.0))

M.objective(ObjectiveSense.Minimize, t)

M.solve()

print X.level(), t.level()



A primer

MOSEK and SolverStudio!

Thanks to the Python interface, MOSEK can be called from
SolverStudio with no additional setup!

• all functionalities of the Optimizer and Fusion Python APIs
are available

• Fusion fits particularly well!







Fusion - What’s next

Upcoming MOSEK version 8 will include an extensive Fusion

refactoring, including

• improved perfomance

• support for C++11

• new expressions and syntactic sugar

• pretty printing
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Thank you!
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