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Inventory management
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t=0

h(xt) + o(ut)

subject to xt+1 = xt + ut − dt

x0 = xinit

0 ≤ ut ≤ M
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How do x and u depend on the parameters?
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Linear optimization
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Tight constraints

T (θ) = {i | Ai(θ)x
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0 ≤ ut ≤ M
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Inventory management

Parameters
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h(xt) + o(ut)

subject to xt+1 = xt + ut − dt

x0 = xinit

0 ≤ ut ≤ M
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Strategy selection

xinit < 9.97

xinit < 7.91

4 2

True

d5 < 1.91

xinit < 11.61

1 3

xinit < 12.2

1 3

False
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Strategy selection

xinit < 9.97

xinit < 7.91
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xinit < 11.61
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Strategies for inventory
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Strategy 2

ut = 0 t ≤ 4

0 ≤ ut ≤ M t > 4
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Mixed-integer optimization

minimize c(θ)Tx
subject to A(θ)x ≤ b(θ)

xI ∈ Z
d
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Mixed-integer optimization

Integers

minimize c(θ)Tx
subject to A(θ)x ≤ b(θ)

xI ∈ Z
d
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Tight constraints are not enough

x1
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Strategy

s(θ) = (T (θ), x⋆

I
(θ))
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Integer variables
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Solution 

Decoding

Computing the solution from the optimal strategy
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minimize c(θ)Tx
subject to A(θ)x ≤ b(θ)

xI ∈ Z
d
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Computing the solution from the optimal strategy
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minimize c(θ)Tx
subject to A(θ)x ≤ b(θ)

xI ∈ Z
d
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Integers

minimize c(θ)Tx
subject to Ai(θ)x = bi(θ) ∀i ∈ T (θ)

xI = x⋆

I
(θ)
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Computing the solution from the optimal strategy



 24

Knapsack

maximize c
T
x

subject to a
T
x ≤ b

0 ≤ x ≤ u

x ∈ Z
n
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Knapsack

maximize c
T
x

subject to a
T
x ≤ b

0 ≤ x ≤ u

x ∈ Z
n
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Parameters
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Strategy selection

u2 < 2

a1 < 1.4

3 2

True

a2 < 1.62

4 a2 < 2.48

1 2

False
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Strategy selection

u2 < 2

a1 < 1.4

3 2

True

a2 < 1.62

4 a2 < 2.48
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False
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{

0 i ̸= 2

2 i = 2
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Mixed-integer convex optimization

x1
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minimize f(θ, x)
subject to g(θ, x) ≤ 0

xI ∈ Z
d
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Learning the strategies
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Machine Learning Optimizer

θ
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Solution 
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MLOPT

s(θ)
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Machine 

Learning
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Selecting strategies is a classification problem

θ
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ŝ(θ)
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Selecting strategies is a classification problem

θ
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Selecting strategies is a classification problem
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Optimal Classification Trees (OCT)

θ1 < 2.45

3

True

θ2 < 1.75

θ3 < 4.95

2 1

1

False
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[Bertsimas and Dunn (2017)]



 31

Optimal Classification Trees  

with Hyperplanes (OCT-H)

θ1 < 2.45

3

True

θ2 + 2.1θ3 < 1.75

2 1

False
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Neural Networks (NN)

f1
θ

f2
y1 y2 . . . fL

yL−1 ŝ
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Strategies exploration
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Classification problem
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Classification problem

Have we seen enough data?
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Will we find new strategies?
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Alan Turing already knew that

Decoded the Enigma Machine  

in  

World War II 

Only some words (labels) needed 
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Good-Turing estimator
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Simple sampling scheme

1. sample θi

2. compute s(θi)

3. update estimator GT =
N1

N
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Mixed-integer quadratic optimization

minmimize (1/2)xTPx+ qTx+ r
subject to Ax ≤ b

xI ∈ Z
d
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Quick solution
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MLOPT: Machine Learning Optimizer

Offline Learning

Online Optimization

Solution 

Decoding

Machine 

Learning
θ
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Facility location
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Facility location
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Facility location

Parameters
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Facility location results: high speed and accuracy
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Sparse portfolio optimization

Parameters

k-factor Risk Model
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maximize r
T
w − γw

T
Σw

subject to 1
T
w = 1

card(w) ≤ c
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S&P100 backtesting: high speed and accuracy

K M acc [%] suboptimality infeasibility

5 1027 99.11 9.88× 10−3 2.25× 10−9

10 1083 99.21 7.01× 10−3 8.19× 10−7

15 1120 99.30 1.92× 10−2 2.68× 10−7

20 1209 99.50 3.54× 10−3 4.12× 10−7
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Sampling scheme

Algorithm 1 Strategies exploration
1: given ✏,�,Θ = ∅,S = ∅, u = ∞

2: for k = 1, . . . , do
3: Sample ✓k and compute s(✓k) . Sample parameter and strategy.
4: Θ ← Θ ∪ {✓k} . Update set of samples.
5: if s(✓k) /∈ S then
6: S ← S ∪ {s(✓k)} . Update strategy set if new strategy found
7: end if
8: if G+ c

p

(1/k) ln(3/�) ≤ ✏ then . Break if bound less than ✏

9: break
10: end if
11: end for
12: return k,Θ,S
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