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Challenges: 

 Noisy data (measurement errors, uncollected variables)

 Few data (cost money and time)
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Data-based Modeling

 Often unphysical

 Often not trustworthy 
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Shape-Constrained Regression

Consider:

min
𝑤𝑤∈𝑊𝑊

 �
𝑙𝑙=1

𝑁𝑁

𝑦𝑦𝑙𝑙 − �𝑦𝑦 𝑤𝑤, 𝑥𝑥𝑙𝑙
2

+ 𝜆𝜆 𝑤𝑤 2
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As a Semi-Infinites Optimization Problem:

SIP: min
𝑤𝑤∈𝑊𝑊

 𝑓𝑓 𝑤𝑤 𝑠𝑠. 𝑡𝑡.  𝑔𝑔𝑖𝑖 𝑤𝑤, 𝑥𝑥 ≤ 0, 𝑥𝑥 ∈ 𝑋𝑋, 𝑖𝑖 ∈ 𝐼𝐼 .
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= 𝑓𝑓 𝑤𝑤

= 𝑔𝑔𝑖𝑖 𝑤𝑤, 𝑥𝑥
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Core Algorithm 

Input: 𝜺𝜺 ≥ 0 (restriction parameter), 𝝆𝝆 ∈ [0,∞] (exchange parameter), 𝑿𝑿𝟎𝟎 ⊂ 𝑋𝑋 finite (initial discretization), 𝜹𝜹,𝜹𝜹 ≥ 0 (approximation error of 
upper and lower level)

1. Set 𝑘𝑘 = 0 and 𝑋𝑋𝑘𝑘 = 𝑿𝑿𝟎𝟎

2. Find a 𝜹𝜹-optimal solution 𝑤𝑤𝑘𝑘 of the upper-level problem:

 𝑂𝑂𝑂𝑂𝑃𝑃 𝑋𝑋𝑘𝑘 :  min
𝑤𝑤∈𝑊𝑊

𝑓𝑓 𝑤𝑤  𝑠𝑠. 𝑡𝑡.  𝑔𝑔 𝑤𝑤, 𝑥𝑥 ≤ −𝜺𝜺, ∀𝑥𝑥 ∈ 𝑋𝑋𝑘𝑘 .
3. Find a 𝜹𝜹-optimal solution 𝑥𝑥𝑘𝑘 of the lower-level problem:

 𝑈𝑈𝑂𝑂𝑃𝑃 𝑤𝑤𝑘𝑘 :  max
𝑥𝑥∈𝑋𝑋

𝑔𝑔 𝑤𝑤𝑘𝑘, 𝑥𝑥  

4. If 𝑔𝑔 𝑤𝑤𝑘𝑘, 𝑥𝑥𝑘𝑘 ≤ −𝜹𝜹:
• Terminate and return 𝑤𝑤𝑘𝑘

5. Else:
• Set 𝑋𝑋𝑘𝑘+1: = 𝑥𝑥 ∈ 𝑋𝑋𝑘𝑘:𝑔𝑔 𝑤𝑤𝑘𝑘, 𝑥𝑥 ≥ −𝜺𝜺 − 𝝆𝝆 ∪ 𝑥𝑥𝑘𝑘

• Set 𝑘𝑘 ≔ 𝑘𝑘 + 1 and jump to step 2
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Python-Package
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SIASCOR
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From Manufacturing 
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 Goal: Find a function that models product quality w.r.t. process parameters

Glas Bending

Brushing

Milling

Press Hardening



Results
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Shape-constrained Regression for the Brushing Example

Shape-Constraints 

Shape-Constrained Model

Unconstrained Model



Thank you!
—
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