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Qualitative influences
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1Wellman AI 1990
2Robertson, Wright, and Dykstra 1988, Altendorf et al. UAI 2005, Yang and Natarajan ECML-PKDD 2013
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Qualitative Constraint

2Altendorf et al. UAI 2005, Yang and Natarajan ECML-PKDD 2013 

𝑥0 < 𝑥1 ⇒ 𝑃 𝑌 ≤ 𝑦6 𝑥7) ≥ 𝑃 𝑌 ≤ 𝑦6| 𝑥6
𝑥1 < 𝑥2 ⇒ 𝑃 𝑌 ≤ 𝑦6 𝑥6) ≥ 𝑃 𝑌 ≤ 𝑦6| 𝑥8

y2

y1

y0

x0 x1 x2

Y 
= 
𝜓

(X
)

𝑥1 < 𝑥2 ⇒ 𝑃 𝑌 ≤ 𝑘|𝒑𝒂-
./ ≥ 𝑃(𝑌 ≤ 𝑘|𝒑𝒂-

.2)*

X

𝑥0 < 𝑥1 ⇒ 𝜓 𝑥7 ≤ 𝜓(𝑥6)

order-restricted constraints

conditional-probability constraints2

*caeteris paribus



Knowledge-intensive Gradient Boosting
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KiGB

§ Leaf update equation



Monotonic Trees Ensemble

■ Usually for classification tasks3

■ Focus on global monotonicity
– prune 
– preprocessed data by reweighting
– voting mechanism4

– restrict split criteria5

■ Monoensemble6 converts trees to rules and recalculate leaf values

3Cano et al. Neurocomputing 2019, 4 Dembczynski et al. 2009 
5Ke et al. NIPS 2017 (LightGBM), Chen et al. KDD 2016 (XGBoost), 6Bartley et al. AAAI 2019 



Sparse data
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Sparse data

KiGB  with 𝜆 = 0
standard boosting

KiGB  with 𝜆 = 3 KiGB  with 𝜆 = 8



Overfitting by monotonic function



Experiments
Standard baselines

classification task (accuracy)

regression task (mean-squared error)

Monotonic baselines
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KiGB: ours with S/L 
SGB: Scikit-learn gradient boosting
LGBM: LightGBM
LMC: LightGBM with monotonic constraints
MONO: Monoensemble
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Experiments

Real datasets

Learning curve

Logistics : Turvo
HELOC : FICO xML challenge
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