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What we’ll discuss

▶ a very decomposable problem
▶ column generation approach
→ ML to learn good heuristics
▶ benders decomposition approach
→ replacing subproblem with a learned representation?

⚠ Disclaimer: Rough ideas - i bring questions, not answers
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Goal: Support Strategic Location Planning in Freight Networks
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What’s in a Problem?

Hub (Facility) Location
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Pick-Up and Delivery (Vehicle Routing)

▶ operational
▶ unpredictable
▶ hard to solve
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Decisions in Hub Location and Service Network Design

Decisions
▶ facilities to open
▶ assignments
▶ paths for goods
▶ truck services

Example
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Speeding Up Column Generation with Learned Heuristics
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Master Problem

available paths:
1 → a → b → 3
1 → d → 3
…

available services:
a → e → a
…

Find better services

Find better paths

1 → 3
2 → 4
3 → 2
5 → 4

Subproblems

dual solution

Termination

no improvement

better services
and paths

solve heuristically (Morabit et al. 2022)

filter columns
(Morabit et al. 2021)

select subproblems
to solve

CG generally: Lübbecke et al. 2005,
for hub location with services: Rothenbächer et al. 2016

P. 17



Speeding Up Column Generation with Learned Heuristics

warehouse

a
warehouse

b

warehouse

c

warehouse

d

warehouse

e

1

2×📦pallet→ 3

25×📦pallet→ 4 3 3×📦pallet→ 2

4

5 9×📦pallet→ 46

Master Problem

available paths:
1 → a → b → 3
1 → d → 3
…

available services:
a → e → a
…

Find better services

Find better paths

1 → 3
2 → 4
3 → 2
5 → 4

Subproblems

dual solution

Termination

no improvement

better services
and paths

solve heuristically (Morabit et al. 2022)

filter columns
(Morabit et al. 2021)

select subproblems
to solve

CG generally: Lübbecke et al. 2005,
for hub location with services: Rothenbächer et al. 2016

P. 18



Speeding Up Column Generation with Learned Heuristics

warehouse

a
warehouse

b

warehouse

c

warehouse

d

warehouse

e

1

2×📦pallet→ 3

25×📦pallet→ 4 3 3×📦pallet→ 2

4

5 9×📦pallet→ 46

Master Problem

available paths:
1 → a → b → 3
1 → d → 3
…

available services:
a → e → a
…

Find better services

Find better paths

1 → 3
2 → 4
3 → 2
5 → 4

Subproblems

dual solution

Termination

no improvement

better services
and paths

solve heuristically (Morabit et al. 2022)

filter columns
(Morabit et al. 2021)

select subproblems
to solve

CG generally: Lübbecke et al. 2005,
for hub location with services: Rothenbächer et al. 2016

P. 19



Speeding Up Column Generation with Learned Heuristics

warehouse

a
warehouse

b

warehouse

c

warehouse

d

warehouse

e

1

2×📦pallet→ 3

25×📦pallet→ 4 3 3×📦pallet→ 2

4

5 9×📦pallet→ 46

Master Problem

available paths:
1 → a → b → 3
1 → d → 3
…

available services:
a → e → a
…

Find better services

Find better paths

1 → 3
2 → 4
3 → 2
5 → 4

Subproblems

dual solution

Termination

no improvement

better services
and paths

solve heuristically (Morabit et al. 2022)

filter columns
(Morabit et al. 2021)

select subproblems
to solve

CG generally: Lübbecke et al. 2005,
for hub location with services: Rothenbächer et al. 2016

P. 20



Speeding Up Column Generation with Learned Heuristics

warehouse

a
warehouse

b

warehouse

c

warehouse

d

warehouse

e

1

2×📦pallet→ 3

25×📦pallet→ 4 3 3×📦pallet→ 2

4

5 9×📦pallet→ 46

Master Problem

available paths:
1 → a → b → 3
1 → d → 3
…

available services:
a → e → a
…

Find better services

Find better paths

1 → 3
2 → 4
3 → 2
5 → 4

Subproblems

dual solution

Termination

no improvement

better services
and paths

solve heuristically (Morabit et al. 2022)

filter columns
(Morabit et al. 2021)

select subproblems
to solve

CG generally: Lübbecke et al. 2005,
for hub location with services: Rothenbächer et al. 2016

P. 21



Speeding Up Column Generation with Learned Heuristics

warehouse

a
warehouse

b

warehouse

c

warehouse

d

warehouse

e

1

2×📦pallet→ 3

25×📦pallet→ 4 3 3×📦pallet→ 2

4

5 9×📦pallet→ 46

Master Problem

available paths:
1 → a → b → 3
1 → d → 3
…

available services:
a → e → a
…

Find better services

Find better paths

1 → 3
2 → 4
3 → 2
5 → 4

Subproblems

dual solution

Termination

no improvement

better services
and paths

solve heuristically (Morabit et al. 2022)

filter columns
(Morabit et al. 2021)

select subproblems
to solve

CG generally: Lübbecke et al. 2005,
for hub location with services: Rothenbächer et al. 2016

P. 22



A Bit More Out There: Approximate Benders Cuts?
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Master Problem

decisions:
• facilities to open
• assignments

Obj: min ftx + η
additional constraints:
η ≥ πtq(b−Bx) ∀q ∈ Q

With h = b−Bx solve
z∗(h) = min{cty | Ay ≥ h, y ≥ 0}

warehouse

warehouse

warehousewarehouse
warehousetrailertruck-moving

trailertruck-moving

Subproblem

primal solution x′, η′

Termination

η′ = z∗

new constraint,
Q← q′

Note: πqi =
∂z∗

∂hi
(h′)

Train model ψ(h) ≈ z∗(h)?

⇒ ‘approximate’ benders cut

Benders decomposition: Benders 1962
P. 23
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What we’ve seen and where to go

▶ ML can support decomposition methods
▶ CG: learn better heuristics - still an exact method
▶ Benders: could replace subproblem - now a heuristic

▶ (partially) open questions:
▶ appropriate ML models
▶ generating sufficient training data
▶ for benders: can models scale well?
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