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Frank-Wolfe

Frank and Wolfe 1956; Levitin and Polyak 1966; Braun et al. 2022

min f(X)

st.xeC

where
* fis a convex, (L-smooth) function.
® Oracle access to f and Vf.
® C c R"is a compact convex set.

C admits an efficient Linear Minimization Oracle (LMO):

v =argmin(d,y)
yeC
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Frank-Wolfe

X
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* Xx; is always feasible.

e jterate x; can be written as a convex combination of the extreme
points of C, often stored as

e Let x* an optimal solution. Then,
fXe) = F(X) < (Vf(Xp), Xt = X*) < max (Vf(Xt), Xt — V) := g(X¢)

is called the
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FrankWolfe.jl package

FrankWolfe.jl
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Mixed-Integer Convex Optimization

min f(X)
st.xe®
Xj€Z Vjel

where
* fis a convex, (L-smooth) function.
e P c R"is compact, convex, (polyhedral) set.
e Jc [n] is a set of indices.
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BnB with Frank-Wolfe: Boscia

Hendrych et al. 2025

BnB
node bound
FW
gradient direction
LMO
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mink  f(X)

st. X e conv(Pnz)

miny  (Vf(X),V)
st. vePnz

(MI)CO with Frank-Wolfe
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Branch-and-Bound with Frank-Wolfe: Boscia. jl

Key Features:

e Precision-adaptive Frank-Wolfe allows for a trade-off between
accuracy and computational cost.

e \Warm-starting nodes via splitting the active set of the parent
node.

e Aggressive reuse of information: Lazification & shadow set
techniques

e Built-in heuristic: Integer feasible solutions from root node.
e No closed form of the objective function required.
e No comprehensive description of the feasible region required.
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FrankWolfe.jl

f(x) = norm(x - xp)~2
function grad!(storage, x)
@. storage = 2 * (x - xp)
return nothing
end
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FrankWolfe.jl

f(x) = norm(x - xp)~2
function grad!(storage, x)
@. storage = 2 * (x - xp)
return nothing
end

model = Model(HiGHS.Optimizer)

set_silent(model)

avariable(model, x[1:n])

aconstraint(model, x[1:n] > o)

aconstraint(model, sum(x) == lmo_radius)

1mo-jump = FrankWolfe.MathOptLMO(model.moi_backend)
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FrankWolfe.jl

f(x) = norm(x - xp)~2
function grad!(storage, x)
@. storage = 2 * (x - xp)
return nothing
end

model = Model(HiGHS.Optimizer)

set_silent(model)

avariable(model, x[1:n])

aconstraint(model, x[1:n] > o)

aconstraint(model, sum(x) == lmo_radius)

1mo-jump = FrankWolfe.MathOptLMO(model.moi_backend)

lmo._radius = 2.5

lmo = FrankWolfe.ProbabilitySimplexLMO(lmo.radius)
x00 = FrankWolfe.compute_extreme_point(lmo, zeros(n))
gradient = collect(xe0)
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FrankWolfe.jl

f(x) = norm(x - xp)~2
function grad!(storage, x)
@. storage = 2 * (x - xp)
return nothing
end

model = Model(HiGHS.Optimizer)

set_silent(model)

gvariable(model, x[1:n])

dconstraint(model, x[1:n] > o)

aconstraint(model, sum(x) == lmo_radius)

1mo-jump = FrankWolfe.MathOptLMO(model.moi_backend)

lmo._radius = 2.5

lmo = FrankWolfe.ProbabilitySimplexLMO(lmo.radius)
x00 = FrankWolfe.compute_extreme_point(lmo, zeros(n))
gradient = collect(xe0)

X, v, primal, dual_gap, status, trajectory = FrankWolfe.frank._wolfe(
f, grad!, lmo, collect(copy(xe0)),
max-iteration=k, line_search=FrankWolfe.Secant(),
print_iter=k / 10, verbose=true, trajectory=true,

)i
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Boscia.jl

model = Model(HiGHS.Optimizer)

set_silent(model)

avariable(model, x[1:n], Int)

adconstraint(model, x[1:n] .> o)

aconstraint(model, x[1:n] .< 1)

1mo-jump = FrankWolfe.MathOptLMO(model.moi_backend)
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Boscia.jl

model = Model(HiGHS.Optimizer)

set_silent(model)

avariable(model, x[1:n], Int)

adconstraint(model, x[1:n] .> o)

aconstraint(model, x[1:n] .< 1)

1mo-jump = FrankWolfe.MathOptLMO(model.moi_backend)

int_vars = collect(1:n)

1bs = zeros(n)

ubs = ones(n)

sblmo = FrankWolfe.ZeroOneHypercubelLMO()

1mo = Boscia.ManagedBoundedLMO(sblmo, lbs[int.vars], ubs[int.vars], int_.vars, n)
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Boscia.jl

model = Model(HiGHS.Optimizer)

set_silent(model)

avariable(model, x[1:n], Int)

adconstraint(model, x[1:n] .> o)

aconstraint(model, x[1:n] .< 1)

1mo-jump = FrankWolfe.MathOptLMO(model.moi_backend)

int_vars = collect(1:n)

1bs = zeros(n)

ubs = ones(n)

sblmo = FrankWolfe.ZeroOneHypercubelLMO()

1mo = Boscia.ManagedBoundedLMO(sblmo, lbs[int.vars], ubs[int.vars], int_.vars, n)

settings = Boscia.create._default_settings()

settings.branch_and_bound[:verbose] = true
X, -, result = Boscia.solve(f, grad!, lmo, settings=settings);
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Outlook

Practicality and Ul

e Connect to MathOptInterface (MOI) and JuMP.
e Web service.
e Precompiled and executable version.
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Outlook

Practicality and Ul

e Connect to MathOptInterface (MOI) and JuMP.
e Web service.
e Precompiled and executable version.

Capabilities
* Preprocessing and propagation.
e Non-convex objective function.
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FrankWolfe.jl Boscia.jl
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https://github.com/ZIB-IOL/FrankWolfe.jl
https://github.com/ZIB-IOL/Boscia.jl
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