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Mixed Integer Convex Optimization (MICONV)

min f(x)

s.t.

x 2 C

xi 2 Z i 2 I

Mostly convex f and C.

h9p://www.gurobi.com/company/example-customers



Overview

• What can we model with MICONV
• How can we solve MICONVs
– How can we access solvers 

– How solvers work 
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What can we model with MICONV?

Joint work with Miles Lubin and Ilias Zadik



What Can MICONV Model?

• Optimal discrete experimental design

• Obstacle avoidance and trajectory planning in optimal control 

• Portfolio optimization with nonlinear risk measures and combinatorial 
constraints

• …



No, Really. What Can MICONV Model?

• Integer points in parabola { ", "$ ∶ " ∈ ℤ}?
• The set of ) × ) matrices with rank ≤ 0?
• Set of prime numbers?

�
x 2 R2 : 1  kxk  2

 �
x 2 R2 : 1 + x

2
1  x

2
2

 

Spherical shell?Two sheet hyperbola?



No, Really. What Can MICONV Model?

• Integer points in parabola { ", "$ ∶ " ∈ ℤ}?
• The set of ) × ) matrices with rank ≤ 0?
• Set of prime numbers?

�
x 2 R2 : 1  kxk  2

 �
x 2 R2 : 1 + x

2
1  x

2
2

 

Spherical shell?Two sheet hyperbola?

ü Simple MICONV 
Formula3on



A Simple Obstruc0on for MICONV Formula0ons

• cannot have a MICONV formulation if there exists:
§ There exist infinite 

✗ Spherical shell
�
x 2 R2 : 1  kxk  2

 

R

infinite R ✓ S s.t.
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• Integer points in parabola { ", "$ ∶ " ∈ ℤ}?
• The set of ) × ) matrices with rank ≤ 0?
• Set of prime numbers?
– Does have non-convex polynomial MIP formula8on

No, Really. What Can MICONV Model?

�
x 2 R2 : 1  kxk  2

 �
x 2 R2 : 1 + x
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2
2

 

Spherical shell?Two sheet hyperbola?

✗
✗
✗

✗ü



MICONV = Structured Countably Infinite Unions of Convex Sets 

• Can be “strange” unions, e.g. :
– Infinite number of shapes 

• Can be REALLY strange:
– Dense discrete set

· · ·

≥ / , ≥ , ∈ Z

· · ·

||( − , )|| ≤ ( ), ∈ N

= proj
(

∩
(
R + × Z

))
=

⋃

∈ ∩Z
proj

(
∩ (R + × { })

)

q
(x1 � 2z)2 + x

2
2  1� 1/z,

z � 1, z 2 Z
<latexit sha1_base64="+3WAEaPRsEWOKsxf2JRtlptakXc="></latexit><latexit sha1_base64="+3WAEaPRsEWOKsxf2JRtlptakXc="></latexit><latexit sha1_base64="+3WAEaPRsEWOKsxf2JRtlptakXc="></latexit><latexit sha1_base64="+3WAEaPRsEWOKsxf2JRtlptakXc="></latexit>

…P1 P2 P3 P4

Unbounded Integer 
Variables

np
2x�

jp
2x

k

: x 2 N
o

✓ [0, 1]

k(z1, z1)k2  z2 + 1, k(z2, z2)k2  2z1, x1 = y1 � z2,

k(z1, z1)k2  y1, k(y1, y1)k2  2z1, z 2 Z2

Why General Integer Formulations?

Answer: Clever techniques for ideal formulations allow us to
solve integer optimization problems in practice.

2 / 23
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50+ Years of MIP = Significant Solver Speedups 

• Algorithmic Improvements (Machine Independent):
–
• v1.2 (1991) – v11 (2007): 29,000 x speedup

–
• v1 (2009) – v6.5 (2015): 48.7 x speedup 

• Also convex nonlinear:
–
• v6.0 (2014) – v6.5 (2015) quadraLc: 4.43 x

(V., Dunning, HucheQe, Lubin, 2015)

ILOG CPLEX 11.2

CPLEX
CPLEX

Gurobi 7.0 Performance Benchmarks

Gurobi 7.0 Performance Benchmarks

≈ 1.9 x / year



State of MIP Solvers

• Mature: Linear and Quadra6c (Conic Quadra6c/SOCP)
–Commercial:

– “Open Source”

• Emerging: Convex Nonlinear (e.g. SDP)
–Open-Source + Commercial linear MIP Solver > Commercial

CPLEX

Gurobi 7.0 Performance Benchmarks

SCIP CBC GLPK



Accessing MIP Solvers = Modelling Languages

• User-friendly algebraic modelling languages (AML):

• Fast and VersaBle, but complicated (and possibly proprietary)

– Low-level C/C++ solver or Coin-OR interphases & frameworks 

• 21st Century AMLs:

Based on General Language and Versatile

5/25/17, 11(03 AM

Page 1 of 1file:///Users/jvielma/delme/gams.svg

Standalone and Fast
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21st Century Programming/Modelling Languages

• Open-source and free!

• Developed at MIT

• “Floats like python/matlab, sGngs like 

C/Fortran”

• Easy to use and wide library 

ecosystem (specialized and frontend)

• Only language besides C/C++/Fortran 

to scale to 1 Petaflop!
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• Modelling language, interface 

and soPware ecosystem for 

opGmizaGon

• Easy to use and advanced 

• Integrated into Julia

• Created at MIT and beyond…



Large So)ware Stack and Vibrant Community
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Large So)ware Stack and Vibrant Community

June 27-29, 2018. 

Martin Biel, KTH • Oscar Dowson, U. of Auckland • Joaquim 
Dias Garcia, PSR & PUC-Rio • Hassan Hijazi, LANL • Jean-
Hubert Hours, Artelys • Oliver Huber, UW-Madison • Joey 
Huchette, MIT • Ole Kroger, Uni Heidelberg • Benoît Legat, 
UCLouvain • Miles Lubin, Google • Guillaume Marques, U. de 
Bordeaux • Harsha Nagarajan, LANL • François Pacaud, 
CERMICS, ENPC • Abel Soares Siqueira, Federal University of 
Paraná • Julie Sliwak, RTE • Mohamed Tarek, UNSW Canberra • 
Matthew Wilhelm, U. of Connecticut • Ulf Worsøe, Mosek

Speakers

Sponsored by:

WORKSHOP

THE SECOND ANNUAL
-dev

A Primer on Computing

for  
OPERATIONS RESEARCH

 

 

 
 

www.juliaopt.org/meetings/bordeaux2018

I n s t i t u t   d e 
Mathémathiques de 
B o r d e a u x  
____

2016

Iain Dunning, Miles Lubin
and Joey Huchette



Not Just a Modeling Language / Interphase

• JuMP domain specific language (DSL) 

• Solve abstrac@on layers:

– MathProgBase / MathOptInterface

• Solver interfaces

• Solvers: Pajarito.jl, Pavito.jl

• Extensions: SumOfSquares.jl, PolyJuMP.jl

• Now a NumFOCUS Sponsored project!

[FISCALLY SPONSORED PROJECT]



More               Packages 
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And More               Packages (Based on https://www.flickr.com/photos/153311384@N03/)
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Julia and JuMP In Production Environments

3

PSR
Provider of analytical solutions and consulting services in electricity and 
natural gas since 1987

Our team has more than 60 experts (17 PhDs, 31 MSc) in engineering, 
optimization, energy systems, statistics, finance, regulation, IT and 
environment analysis

Joaquim Dias Garcia

!
Peruvian Energy 

Ministry 



An MICONV Example
• Problem: Steer a quadcopter through obstacles [Deits/Tedrake:2015]

§ ∼2 week of work by Joey HucheOe for SIOPT ‘17
• PosiRon described by polynomials:

• SoluRon approach:
– split domain into “safe polyhedrons” + discreRze Rme into intervals 

(px(t), py(t))
t2[0,1]

{pi : [Ti, Ti+1] ! R2}Ni=1

0 = T1 < T2 < . . . < TN = 1
<latexit sha1_base64="3n8IY9U4DDwmKYRu61lB3KXZHK8=">AAACBXicdVDLSgMxFM34rPVVdamLYBFcDUlb2wotFN24kgp9QVtKJpO2oZkHSUYopRs3/oobF4q49R/c+Tdm2goqeiDh5Jx7ubnHCQVXGqEPa2l5ZXVtPbGR3Nza3tlN7e03VBBJyuo0EIFsOUQxwX1W11wL1golI54jWNMZXcZ+85ZJxQO/psch63pk4PM+p0QbqZc6QmVY6+GSuTKwBDvCDbSC8fO6jHupNLLPs3mMMER2LouK2bwhuIDz6AxiG82QBgtUe6n3jhvQyGO+poIo1cYo1N0JkZpTwabJTqRYSOiIDFjbUJ94THUnsy2m8MQoLuwH0hxfw5n6vWNCPKXGnmMqPaKH6rcXi3957Uj3i90J98NIM5/OB/UjAXUA40igyyWjWowNIVRy81dIh0QSqk1wSRPC16bwf9LI2Ngkc5NLVy4WcSTAITgGpwCDAqiAK1AFdUDBHXgAT+DZurcerRfrdV66ZC16DsAPWG+f1xyVng==</latexit><latexit sha1_base64="3n8IY9U4DDwmKYRu61lB3KXZHK8=">AAACBXicdVDLSgMxFM34rPVVdamLYBFcDUlb2wotFN24kgp9QVtKJpO2oZkHSUYopRs3/oobF4q49R/c+Tdm2goqeiDh5Jx7ubnHCQVXGqEPa2l5ZXVtPbGR3Nza3tlN7e03VBBJyuo0EIFsOUQxwX1W11wL1golI54jWNMZXcZ+85ZJxQO/psch63pk4PM+p0QbqZc6QmVY6+GSuTKwBDvCDbSC8fO6jHupNLLPs3mMMER2LouK2bwhuIDz6AxiG82QBgtUe6n3jhvQyGO+poIo1cYo1N0JkZpTwabJTqRYSOiIDFjbUJ94THUnsy2m8MQoLuwH0hxfw5n6vWNCPKXGnmMqPaKH6rcXi3957Uj3i90J98NIM5/OB/UjAXUA40igyyWjWowNIVRy81dIh0QSqk1wSRPC16bwf9LI2Ngkc5NLVy4WcSTAITgGpwCDAqiAK1AFdUDBHXgAT+DZurcerRfrdV66ZC16DsAPWG+f1xyVng==</latexit><latexit sha1_base64="3n8IY9U4DDwmKYRu61lB3KXZHK8=">AAACBXicdVDLSgMxFM34rPVVdamLYBFcDUlb2wotFN24kgp9QVtKJpO2oZkHSUYopRs3/oobF4q49R/c+Tdm2goqeiDh5Jx7ubnHCQVXGqEPa2l5ZXVtPbGR3Nza3tlN7e03VBBJyuo0EIFsOUQxwX1W11wL1golI54jWNMZXcZ+85ZJxQO/psch63pk4PM+p0QbqZc6QmVY6+GSuTKwBDvCDbSC8fO6jHupNLLPs3mMMER2LouK2bwhuIDz6AxiG82QBgtUe6n3jhvQyGO+poIo1cYo1N0JkZpTwabJTqRYSOiIDFjbUJ94THUnsy2m8MQoLuwH0hxfw5n6vWNCPKXGnmMqPaKH6rcXi3957Uj3i90J98NIM5/OB/UjAXUA40igyyWjWowNIVRy81dIh0QSqk1wSRPC16bwf9LI2Ngkc5NLVy4WcSTAITgGpwCDAqiAK1AFdUDBHXgAT+DZurcerRfrdV66ZC16DsAPWG+f1xyVng==</latexit><latexit sha1_base64="3n8IY9U4DDwmKYRu61lB3KXZHK8=">AAACBXicdVDLSgMxFM34rPVVdamLYBFcDUlb2wotFN24kgp9QVtKJpO2oZkHSUYopRs3/oobF4q49R/c+Tdm2goqeiDh5Jx7ubnHCQVXGqEPa2l5ZXVtPbGR3Nza3tlN7e03VBBJyuo0EIFsOUQxwX1W11wL1golI54jWNMZXcZ+85ZJxQO/psch63pk4PM+p0QbqZc6QmVY6+GSuTKwBDvCDbSC8fO6jHupNLLPs3mMMER2LouK2bwhuIDz6AxiG82QBgtUe6n3jhvQyGO+poIo1cYo1N0JkZpTwabJTqRYSOiIDFjbUJ94THUnsy2m8MQoLuwH0hxfw5n6vWNCPKXGnmMqPaKH6rcXi3957Uj3i90J98NIM5/OB/UjAXUA40igyyWjWowNIVRy81dIh0QSqk1wSRPC16bwf9LI2Ngkc5NLVy4WcSTAITgGpwCDAqiAK1AFdUDBHXgAT+DZurcerRfrdV66ZC16DsAPWG+f1xyVng==</latexit>



Disjunc(ve Polynomial Op(miza(on Formula(on

Initial/Terminal 
Conditions

Interstitial 
Smoothing 
Conditions

Avoid Collision = Remain in Safe Regions

Variables = Polynomials : {pi : [Ti, Ti+1] ! R2}Ni=1

min

p

XN

i=1
||p000i (t)||2

s.t. p1(0) = X0, p
0
(0) = X 0

0, p
00
(0) = X 00

0

pN (1) = Xf , p
0
N (1) = X 0

f , p
00
N (1) = X 00

f

pi(Ti+1) = pi+1(Ti+1) 8i 2 {1, . . . , N � 1}
p0i(Ti+1) = p0i+1(Ti+1) 8i 2 {1, . . . , N � 1}
p00i (Ti+1) = p00i+1(Ti+1) 8i 2 {1, . . . , N � 1}
_R

r=1
[Arpi(t)  br] for t 2 [Ti, Ti+1] 8i 2 {1, . . . , N � 1}

MIP
+

… Mixed Integer Semidefinite Programming



+



Results for 9 Regions and 8 2me steps

First Feasible Solution:
58 seconds

Optimal Solution:
651 seconds



Helicopter Game / Flappy Bird

• 60 horizontal segments, obstacle every 5 = 80 sec. to opt.



How can we solve MICONV?

Joint work with Russell Bent, Chris Coey, Iain Dunning, 
Joey Huchette, Lea Kapelevich, Miles Lubin, Emre 

Yamangil, …



MICONV B&B Algorithms

• NLP (QCP) Based B&B 
• (Dynamic) LP Based B&B 
– Few cuts = high speed.
– Possible slow convergence.

• LiHed LP B&B 
– Extended or LiHed relaxaKon.
– StaKc relaxaKon
• Mimic NLP B&B. 

– Dynamic relaxaKon
• Standard LP B&B



Li#ed or Extended Approxima1ons
• Projection = multiply constraints.
• V., Ahmed. and Nemhauser 2008:
– Extremely accurate, but static and 

complex approximation by Ben-Tal and 
Nemirovski

• V., Dunning, Huchette and Lubin 2015: 
Simple, dynamic and good approximation:
– First talks: May ‘14 (SIOPT), Dec ‘14 IBM
– Paper in arxive, May ’15
– Adopted in CPLEX v12.6.2, Jun 15’
– Gurobi (Oct ‘15), Xpress (May ‘16), SCIP (Mar’ 17)

y2i  zi · y0 8i 2 [n]
Xn

i=1
zi  y0

Image from Lipton and Regan, https://rjlipton.wordpress.com

kyk2  y0



Not MICONV but, Mixed Integer Conic Programming (MICP)

• closed convex cones
– Linear, SOCP, rotated SOCP, SDP
– ExponenBal cone, power cone, …
– Spectral norm, relaBve entropy, 

sum-of-squares, …

Mixed-integer conic form

min
2RN

h , i : (M)

k � k 2 Ck 8k 2 [M]

xi 2 Z 8i 2 [I ]

CK+1, . . . , CM are polyhedral cones, e.g. R+, R�, {0}
C1, . . . , CK are closed convex nonpolyhedral cones, e.g.

L second-order cone (epi k·k2)
E exponential cone (epi cl per exp)

P positive semidefinite cone (S+ on S)

Assume that if M is feasible then its optimal value is attained

Chris Coey (MIT ORC) Conic OA for MICP SIAM Opt. 2017 6 / 19
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• Fast and stable interior point algorithms for continuous relaxation
• Geometrically intuitive conic duality guides linear inequality selection
• Conic formulation techniques usually lead to extended formulations 
– MINLPLIB2 instances unsolved since 2001 solved by re-write to MISOCP



Pajarito: A Julia-based MICP Solver

MI-convex model:

CBF, Convex.jl, CVXPY, JuMP

MI-conic solver:

Pajarito

Continuous solver:

CSDP, ECOS,
MOSEK, SCS, SDPA

MILP solver:

CBC, CPLEX, GLPK,
Gurobi, MOSEK, SCIP

conic interface

conic interface
linear/quadratic interface

(through JuMP)

Figure 1: Pajarito’s integration with MathProgBase.

coefficient vectors, variable and constraint cones expressed as lists of standard
primitive cones (1-dimensional vector sets) with corresponding ordered row in-
dices, and a vector of variable types (each continuous, binary, or general integer).
In addition to the basic linear cones (nonnegative, nonpositive, zero, and free
cones), Pajarito recognizes three standard primitive nonpolyhedral cones intro-
duced in section 1.2: exponential cones (see appendix A.1), second-order cones
(see appendix A.2), and positive semidefinite cones (see appendix A.3).19

Friberg [2016] designed the Conic Benchmark Format (CBF) as a file for-
mat originally to support mixed-integer second-order cone (SOCP) and positive
semidefinite cone (SDP) instances. In collaboration with Henrik Friberg, we
extended the format to support exponential cones in Version 2, and developed
a Julia interface ConicBenchmarkUtilities.jl to provide utilities for translating
between CBF and MathProgBase conic format.20 One may use Pajarito to
solve any instance in the Conic Benchmark Library (CBLIB), which contains
thousands of benchmark problems from a wide variety of sources.

Lubin et al. [2016] demonstrate that all 333 known MI-convex instances in
MINLPLib2 [Vigerske, 2018] are representable with linear, second-order, expo-
nential, and power cones. Since a power cone constraint is representable with
linear and exponential cone constraints, Pajarito can be used to solve any of
the MI-convex instances in MINLPLib2. We translated 115 instances from the
MINLPLIB2 library to CBF and contributed them to CBLIB.21 Many of the

19As we note in appendix A.2, Pajarito also recognizes rotated second-order cones, but for
simplicity converts them to second-order cones during preprocessing.

20Pajarito’s extensive unit tests rely on small example instances loaded from CBF files.
21Lubin et al. [2016] first translated these instances from the MINLPLIB2 library into Con-

vex.jl models. We used ConicBenchmarkUtilities.jl to translate these to CBF. The instances,
available at github.com/mlubin/MICPExperiments, are 48 ‘rsyn’ instances, 48 ‘syn’ instances,
6 ‘tls’ instances, 12 ‘clay’ instances, and the challenging ‘gams01’ instance.

21

• Early version solved gams01, tls5 and tls6 (MINLPLIB2)
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Performance for MISOCP Instances (120 from CBLIB)



Also Exponential Cone + LP / SOCP / SDP

• Discrete experimental design 

• Portfolio Optimization with entropic risk constraints
• All 333 MICONVs from MINLPLIB2
• Pajarito with SCS or Mosek (version 7.5.2)

Fig. 5.1: The boundary of the exponential cone K
exp

. The red isolines are graphs of x
2

!
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2

log(x
1

/x
2

) for fixed x
1

, see (5.3).

5.2 Modeling with the exponential cone

Extending the conic optimization toolbox with the exponential cone leads to new types of
constraint building blocks and new types of representable sets. In this section we list the
basic operations available using the exponential cone.

5.2.1 Exponential
The epigraph t � ex is a section of K

exp

:

t � ex () (t, 1, x) 2 K
exp

. (5.4)

5.2.2 Logarithm
Similarly, we can express the hypograph t  log x, x � 0:

t  log x () (x, 1, t) 2 K
exp

. (5.5)

5.2.3 Entropy
The entropy function H(x) = �x log x can be maximized using the following representation
which follows directly from (5.3):

t  �x log x () t  x log(1/x) () (1, x, t) 2 K
exp

. (5.6)
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Chapter 5

Exponential cone optimization

So far we discussed optimization problems involving the major “polynomial” families of cones:
linear, quadratic and power cones. In this chapter we introduce a single new object, namely
the three-dimensional exponential cone, together with examples and applications. The ex-
ponential cone can be used to model a variety of constraints involving exponentials and
logarithms.

5.1 Exponential cone

The exponential cone is a convex subset of R3 defined as

K
exp

=
�

(x
1

, x
2

, x
3

) : x
1

� x
2

ex3/x2 , x
2

> 0
 [

{(x
1

, 0, x
3

) : x
1

� 0, x
3

 0} . (5.1)

Thus the exponential cone is the closure in R3 of the set of points which satisfy

x
1

� x
2

ex3/x2 , x
1

, x
2

> 0. (5.2)

When working with logarithms, a convenient reformulation of (5.2) is

x
3

 x
2

log(x
1

/x
2

), x
1

, x
2

> 0. (5.3)

Alternatively, one can write the same condition as

x
1

/x
2

� ex3/x2 , x
1

, x
2

> 0,

which immediately shows that K
exp

is in fact a cone, i.e. ↵x 2 K
exp

for x 2 K
exp

and ↵ � 0.
Convexity of K

exp

follows from the fact that the Hessian of f(x, y) = y exp(x/y), namely

D2(f) = ex/y


y�1 �xy�2

�xy�2 x2y�3

�

is positive semidefinite for y > 0.
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Hypa%a: Pure Julia-based IPM Beyond “Standard” Cones 

• Extension of methods in CVXOPT and Alfonso

– A customizable homogeneous interior-point solver 

for nonsymmetric convex

– Skajaa and Ye ‘15, Papp and Yıldız ‘17, Andersen, 

Dahl, and Vandenberghe ‘04-18

• Cones: LP, dual Sum-of-Squares, SOCP, RSOCP, 

3-dim exponential cone, PSD, L∞, n-dim 

power cone (using AD), spectral norm, …

• Potential: 

– flexible number types and linear algebra

– BOB: bring your own barrier (in ∼50 lines of code)

– Alternative prediction steps (Runge–Kutta)

Chris Coey



Early Comparison with Alfonso for LP and SOS
Aug 23Aug 19

chriscoey / Hypatia.jl Private

No one—assign yourself

None yet

No milestone

2 participants

Alfonso matlab code comparison #23
 Open chriscoey opened this issue on Aug 5 · 3 comments

Edit New issue

Assignees

Labels

info

speed

tests

Projects

Milestone

Notifications

chriscoey commented on Aug 5 • 

running Alfonso 75cba5f  with default options against the following Alfonso.m Matlab code with (the
same) default options:

seed	=	2017;
tol	=	1e-06;
results	=	random_lp(500,	1000,	tol,	seed);
seed	=	2017;
tol	=	1e-06;
intParams	=	ChebInterval(5);	
results	=	polyEnv(intParams,	2,	5,	tol,	seed);
tol	=	1e-06;
intParams	=	FeketeCube(6,	2);	
results	=	polyOpt(intParams,	'butcher',	tol);
intParams	=	FeketeCube(4,	4);	
results	=	polyOpt(intParams,	'caprasse',	tol);
intParams	=	FeketeCube(4,	3);
results	=	polyOpt(intParams,	'lotka-volterra',	tol);
intParams	=	PaduaSquare(7);	
results	=	polyOpt(intParams,	'motzkin',	tol);
intParams	=	FeketeCube(3,	4);	
results	=	polyOpt(intParams,	'reaction-diffusion',	tol);
intParams	=	PaduaSquare(8);
results	=	polyOpt(intParams,	'robinson',	tol);

primal and dual objectives for the Julia code and Matlab code match. the iteration counts (very similar)
and timings (in seconds) are:

test iters Matlab 75cba5f c9f1eb5 133b422

dense lp 65 5.8 4.1 2.03 1.25

envelope 30 0.085 0.043 0.020 x

butcher 32/30 0.63 0.41 0.357 0.136

caprasse 31/30 1.38 1.87 1.80 0.530

lotka-volt 31/30 0.47 0.38 0.37 0.104

motzkin 41/42 0.35 0.24 x 0.054

reac-diff 29/30 0.32 0.23 0.19 0.075

robinson 29 0.34 0.23 0.17 0.034

edited 

 chriscoey added speed  info  labels on Aug 5

 chriscoey changed the title from Matlab code comparison to [info] Matlab code comparison
on Aug 5

 chriscoey referenced this issue on Aug 6

Aug 5

Linear Op@miza@on
Polynomial Envelope

Polynomial 
Minimization

First Hypatia commit : Jul 15

• First Batch of Tests on CBLIB Instances (SDP/SOCP): Only 2 – 10K @mes 
slower than Mosek 8!  



Summary

• MICONV can model many problems (but not all)
• How to solve MICONVs? Don’t solve MICONVs, solve MICPs
• Easy access to optimization modeling and solvers with JuMP
• Advanced solver development with Julia
• Disclaimers:
– Julia just reached version 1 ( Yay! )
–… JuMP is undergoing a major redesign 
• Try in Julia 1.0 through “] add JuMP#v0.19-alpha”


