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What is JuMP?
Part of the zoo of algebraic modeling languages

CMPL, CPLEX Concert, GNU MathProg, Gurobi C++/Python API, linopy, MATLAB, Mosek 
Fusion, MOSEL, ompr, OPTMODEL, PuLP, Python-MIP, YALMIP, ZIMPL, …



What is JuMP?
An open-source algebraic modeling language in Julia

using JuMP, Ipopt
function constrained_linear_regression(A::Matrix, b::Vector)
   model = Model(Ipopt.Optimizer)
   @variable(model, 0 <= x[1:size(A, 2)] <= 1)
   @variable(model, residuals[1:size(A, 1)])
   @constraint(model, residuals == A * x - b)
   @constraint(model, sum(x) <= 1)
   @objective(model, Min, sum(r^2 for r in residuals))
   optimize!(model)
   return value.(x)
end
A, y = rand(30, 20), rand(30)
x = constrained_linear_regression(A, b)



Who uses JuMP?
Academics



Who uses JuMP?
Companies



Who uses JuMP?
Energy system modellers



Who is (some of) JuMP?
https://github.com/jump-dev/JuMP.jl/graphs/contributors

https://github.com/jump-dev/JuMP.jl/graphs/contributors


In the last 12 months of github.com/jump-dev…

>600,000
downloads of jump-dev 

packages

49
unique contributors

1,104
pull requests opened

+131,132
lines added
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Improving nonlinear programming support in JuMP
https://jump.dev/JuMP.jl/stable/manual/nonlinear/

https://jump.dev/JuMP.jl/stable/manual/nonlinear/


Improving nonlinear programming support in JuMP
https://jump.dev/JuMP.jl/stable/manual/nonlinear/

using JuMP
model = Model()
@variable(model, x[1:2])
@objective(model, Min, x[2]^3 * sin(x[1])^x[2])
my_func(y) = sum(2^y[1] .+ exp.(y))
@expression(model, expr, 2 * my_func(x))
@constraint(model, expr <= 100)
@constraint(model, sqrt(x’ * x) <= 1)

https://jump.dev/JuMP.jl/stable/manual/nonlinear/


Nonlinear complementarity
https://jump.dev/JuMP.jl/stable/tutorials/nonlinear/complementarity/

using JuMP, PATHSolver
model = Model(PATHSolver.Optimizer)
@variable(model, 0 <= x[1:2] <= 1, start = 0.5)
# To add a constraint of the form `F(x) ⟂ x` do
@constraint(model, x[2]^3 - x[1] ⟂ x[1])
@constraint(model, 1 - exp(x[1]) ⟂ x[2])
optimize!(model)
value.(x)

https://jump.dev/JuMP.jl/stable/tutorials/nonlinear/complementarity/


Complex number support
https://jump.dev/JuMP.jl/stable/manual/complex/

using JuMP
model = Model()
@variable(model, x in ComplexPlane())
#    real(x) + imag(x) im

@variable(model, y[1:2, 1:2] in HermitianPSDCone())
#    2×2 LinearAlgebra.Hermitian{...}:
#     real(y[1,1])                     real(y[1,2])+imag(y[1,2])*im
#     real(y[1,2])-imag(y[1,2])*im     real(y[2,2])

https://jump.dev/JuMP.jl/stable/manual/complex/


Constraint programming
https://jump.dev/JuMP.jl/stable/tutorials/linear/constraint_programming/

using JuMP, MiniZinc
model = Model(() -> MiniZinc.Optimizer{Float64}("highs"))
@variable(model, 1 <= x[1:3] <= 3, Int)
@variable(model, 0 <= z <= 1, Bin)
@constraint(model, x in MOI.AllDifferent(3))
@constraint(model, z <--> {x[1] == 1.0})
@objective(model, Max, sum(i * x[i] for i in 1:3))
optimize!(model)
value.(x)

https://jump.dev/JuMP.jl/stable/tutorials/linear/constraint_programming/


using JuMP, HiGHS
import MultiObjectiveAlgorithms as MOA
model = Model(() -> MOA.Optimizer(HiGHS.Optimizer))
set_attribute(model, MOA.Algorithm(), MOA.Dichotomy())
@variable(model, 0 <= x[1:2] <= 3)
@objective(model, Min, [3x[1] + x[2], -x[1] - 2x[2]])
@constraint(model, 3x[1] - x[2] <= 6)
optimize!(model)
pareto_frontier = [
    value.(x; result = i) for i in 1:result_count(model)
]

Multi-objective support
https://jump.dev/JuMP.jl/stable/tutorials/linear/multi_objective_examples/

https://jump.dev/JuMP.jl/stable/tutorials/linear/multi_objective_knapsack/


Generic number support
https://jump.dev/JuMP.jl/stable/tutorials/conic/arbitrary_precision/ 

using JuMP, CDDLib
model = GenericModel{Rational{BigInt}}(
    CDDLib.Optimizer{Rational{BigInt}},
)
@variable(model, 1 // 7 <= x[1:2] <= 2 // 3)
@constraint(model, c1, (2 // 1) * x[1] + x[2] <= 1)
@constraint(model, c2, x[1] + 3x[2] <= 9 // 4)
@objective(model, Max, sum(x))
optimize!(model)
value.(x)  # Returns [1 // 6, 2 // 3]

https://jump.dev/JuMP.jl/dev/tutorials/conic/arbitrary_precision/


Generic number support
https://jump.dev/JuMP.jl/stable/tutorials/conic/arbitrary_precision/ 

using JuMP, Clarabel
model = GenericModel{BigFloat}(
    Clarabel.Optimizer{BigFloat},
)
@variable(model, x[1:2, 1:2] in PSDCone())
@variable(model, t)
y = rand(2, 2)
@constraint(model, [t; vec(x .- y)] in SecondOrderCone())
@objective(model, Min, t)
optimize!(model)
value.(x)  # Returns Vector{BigFloat}

https://jump.dev/JuMP.jl/dev/tutorials/conic/arbitrary_precision/


Time-To-First-Solve

% julia +1.6 bench.jl
VERSION = v"1.6.7"
 5.689157 seconds
 9.472270 seconds

% julia +1.9 bench.jl
VERSION = v"1.9.3"
 4.332634 seconds
 0.190987 seconds

@show VERSION
@time using JuMP, HiGHS
@time begin
  model = Model(HiGHS.Optimizer)
  set_silent(model)
  @variable(model, x >= 0)
  @variable(model, 0 <= y <= 3)
  @objective(model, Min, 12x + 20y)
  @constraint(model, c1, 6x + 8y >= 100)
  @constraint(model, c2, 7x + 12y >= 
120)
  optimize!(model)
end



Plans for next year

● Better support for Xpress and KNITRO, MINLP from Gurobi
● Modeling with scientific units

@variable(model, x, u"m/s")
● Better engagement with users

jump-teaching@googlegroups.com 
● Finding a sustainable funding source
● JuMP-dev 2024 in Montréal (before ISMP)

https://jump.dev/meetings/jumpdev2024/

mailto:jump-teaching@googlegroups.com
https://jump.dev/meetings/jumpdev2024/

