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Two flavors of data science 2

Predictive modelling Data analytics
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Basic setup 3

Given
Sample ! ⊆ #
Target variable $: # → {(, *, +, … }
Features ./: # → 0/
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Basic setup 4

Given
Sample ! ⊆ #
Target variable $: # → {(, *, +, … }
Features ./: # → 0/

Predictive modeling
Model class 1 ⊆ 0 → 2
Error measure err: 2×2 → ℝ7

Minimize

8 9 =;
<∈>

⁄err 9(. A ), $ A |!| + E 9
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Global models classify whole space 5

Given
Sample ! ⊆ #
Target variable $: # → {(, *, +, … }
Features ./: # → 0/

Decision tree

Misses interesting local phenomena
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x1 ≤ 0.486
gini = 0.4996

samples = 975
value = [474, 501]

class = b

x2 ≤ 0.4476
gini = 0.4947

samples = 468
value = [258, 210]

class = a

True

x2 ≤ 0.4831
gini = 0.4891

samples = 507
value = [216, 291]

class = b

False

gini = 0.4596
samples = 285

value = [183, 102]
class = a

gini = 0.4837
samples = 183

value = [75, 108]
class = b

gini = 0.4311
samples = 299

value = [94, 205]
class = b

gini = 0.485
samples = 208

value = [122, 86]
class = a



Subgroup discovery focusses on local observations 6

Given
Sample ! ⊆ #
Target variable $: # → {(, *, +, … }
Features ./: # → 0/

Define
Propositions Π2 = {45, …46}
Selection language ℒ2 = 8 9 = 4/: 9 ∧ ⋯∧ 4/= 9
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Subgroup discovery focusses on local observations 7
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Given
Sample ! ⊆ #
Target variable $: # → {(, *, +, … }
Features ./: # → 0/

Define
Propositions Π2 = {45, …46}
Selection language ℒ2 = 8 9 = 4/: 9 ∧ ⋯∧ 4/= 9

Optimize
> ? = cov(?)Eeff ? H

with
• Q = 9 ∈ !: 8 9 = ⊤ extension
• cov ? = ? /|!| coverage
• eff ? = ST ! − ST ? /ST ! effect
• ST ? = −∑W XY $ = Z log XY($ = Z) entropy



Subgroup discovery focusses on local observations 8
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Application 1: octet binary crystal structures
Population
! = #$: # = Ag, Al, Ba, …∧ $ = Br, Cl, F, …

Target
1 = sign Δ6 where Δ7 = 689 − 6;<

Features
= ∈ {IPB, EAB, DEB, DFB, DGB, IPH, EAH, DEH, DFH, DGH,

IPB − IPH, EAB − EAH, |DEB − DEH|, … }

9

©2017, Mario Boley

EA
$

−
IP
$

/D
FB

[e
V 

Å-2
]

|DEB − DFH|/exp(DEB) [Å]

[Ghiringhelli et al, PRL, 2015]



Application 1: octet binary crystal structures
Population
! = #$: # = Ag, Al, Ba, …∧ $ = Br, Cl, F, …

Target
1 = sign Δ6 where Δ7 = 689 − 6;<

Features
= ∈ {IPB, EAB, DE

B, DF
B, DG

B
, IPH, EAH, DE

H, DF
H, DG

H
,

IPB − IPH, EAB − EAH, |DE
B − DE

H|, … }

10

Selector K;< ≡ DF
B − DF

H ≤ 1.15 ∧ DE
B ≤ 1.27

Parameters cov = ⁄40 82 eff = 1 [\](K;<) = 0, \](!) = 1]

©2017, Mario Boley

E
A
$

−
IP
$

/
D F
B

[e
V 

Å-2
]

|DE
B − DF

H|/exp(DE
B) [Å]



Application 1: octet binary crystal structures
Population
! = #$: # = Ag, Al, Ba, …∧ $ = Br, Cl, F, …

Target
1 = sign Δ6 where Δ7 = 689 − 6;<

Features
= ∈ {IPB, EAB, DE

B, DF
B, DG

B
, IPH, EAH, DE

H, DF
H, DG

H
,

IPB − IPH, EAB − EAH, |DE
B − DE

H|, … }
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Selector K;< ≡ DF
B − DF

H ≤ 1.15 ∧ DE
B ≤ 1.27 K89 ≡ DF

B − DF
H ≥ 0.91 ∧ DE

B ≥ 1.22

Parameters cov = ⁄40 82 eff = 1 [^_(K;<) = 0, ^_(!) = 1]
cov = ⁄39 82 eff = 1 [^_(K89) = 0, ^_(!) = 1]
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Application 1: octet binary crystal structures
Population
! = #$: # = Ag, Al, Ba, …∧ $ = Br, Cl, F, …

Target
1 = sign Δ6 where Δ7 = 689 − 6;<

Features
= ∈ {IPB, EAB, DE

B, DF
B, DG

B
, IPH, EAH, DE

H, DF
H, DG

H
,

IPB − IPH, EAB − EAH, |DE
B − DE

H|, … }
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Selector K;< ≡ DF
B − DF

H ≤ 1.15 ∧ DE
B ≤ 1.27 K89 ≡ DF

B − DF
H ≥ 0.91 ∧ DE

B ≥ 1.22

Parameters cov = ⁄40 82 eff = 1 [^_(K;<) = 0, ^_(!) = 1]
cov = ⁄39 82 eff = 1 [^_(K89) = 0, ^_(!) = 1]
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Subgroup discovery for real-valued targets 13

Given
Sample ! ⊆ #
Target variable $: # → ℝ
Features (): # → *)
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Subgroup discovery for real-valued targets 14

Given
Sample ! ⊆ #
Target variable $: # → ℝ
Features (): # → *)
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Subgroup discovery for real-valued targets 15

Given
Sample ! ⊆ #
Target variable $: # → ℝ
Features (): # → *)

Define
Propositions Π, = {/0, …/3}
Selection language ℒ, = 6 7 = /)8 7 ∧ ⋯∧ /); 7

Optimize
< = = cov(=)Ceff = F

with
• Q = 7 ∈ !: 6 7 = ⊤ extension
• cov = = = /|!| coverage
• eff = = QR ! − QR = /QR ! effect

• QR = = ∑U∈V W$ − $ 7 X = − 1 std. dev.
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Application 2: Au structure/property relationship
Population

) = +: + conf. of Au5 − Au14

Target
8 = Δ"#$ HOMO-LUMO energy gap

Features
9 ∈ ;, +=, +>, +?, +@, +A, +B, C, shape,MoIJ,MeIJ

16
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Application 2: Au structure/property relationship
Population

) = +: + conf. of Au5 − Au14

Target
8 = Δ"#$ HOMO-LUMO energy gap

Features
9 ∈ ;, +=, +>, +?, +@, +A, +B, C, shape,MoIJ,MeIJ

17

Selector K(M) ≡ odd(;(M))

Parameters cov K = 0.5 eff K = 0.9 [TU V = 0.06, TU X = 0.58]
[8(V) = 0.22, 8(X) = 0.42]
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Application 2: Au structure/property relationship
Population

* = ,: , conf. of Au5 − Au14

Target
9 = Δ"#$% van der Waals energy (ref.)

Features
: ∈ <, ,>, ,?, ,@, ,A, ,B, ,C, D, shape,MoJK,MeJK

18
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Application 2: Au structure/property relationship
Population

* = ,: , conf. of Au5 − Au14

Target
9 = Δ"#$% van der Waals energy (ref.)

Features
: ∈ <, ,>, ,?, ,@, ,A, ,B, ,C, D, shape,MoJK,MeJK

19

Selector L M ≡ < M ∈ 8,12 ∧ ,? M > 0.17 ∧ ,C M < 0.28 ∧ D M > 0.86

Parameters cov L = 0.2 eff L = 0.68 [XY Z = 0.03, XY \ = 0.09]
[9(Z) = 0.23, 9(\) = 0.13]
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Subgroup discovery with multiple targets 20

Given
Sample ! ⊆ #
Target variable $%, $': # → ℝ
Features +,: # → -,

Define
Propositions Π/ = {2%, …24}
Selection language ℒ/ = 7 8 = 2,9 8 ∧ ⋯∧ 2,< 8
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Subgroup discovery with multiple targets 21

Given
Sample ! ⊆ #
Target variable $%, $': # → ℝ
Features +,: # → -,

Define
Propositions Π/ = {2%, …24}
Selection language ℒ/ = 7 8 = 2,9 8 ∧ ⋯∧ 2,< 8

Optimize
= > = cov(>)Deff > G

with
• Q = 8 ∈ !: 7 8 = ⊤
• cov > = > /|!|
• eff > = M|NO9,OP > | − |NO9,OP ! | 1 − |NO9,OP ! |
• N > = %

S T%∑V∈S
O9 S TO9(V)
WX9(S)

OP S TOP(V)
WXY(S)
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Subgroup discovery with multiple targets 22

Given
Sample ! ⊆ #
Target variable $%, $': # → ℝ
Features +,: # → -,

Define
Propositions Π/ = {2%, …24}
Selection language ℒ/ = 7 8 = 2,9 8 ∧ ⋯∧ 2,< 8

Optimize
= > = cov(>)Deff > G

with
• Q = 8 ∈ !: 7 8 = ⊤
• cov > = > /|!|
• eff > = M|NO9,OP > | − |NO9,OP ! | 1 − |NO9,OP ! |
• N > = %

S T%∑V∈S
O9 S TO9(V)
WX9(S)

OP S TOP(V)
WXY(S)
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Application 2: Au structure/property relationship
Population

' = ): ) conf. of Au5 − Au14

Targets
67 = Δ8, 6: = Δ" chem. hardness

Features
; ∈ =, )7, ):, )>, )?, )@, )A, B, shape,MoHI,MeHI

23

©2017, Mario Boley

Coordination number

)

Δ8 [eV]



Δ"
[e
V]

Application 2: Au structure/property relationship
Population

' = ): ) conf. of Au5 − Au14

Targets
67 = Δ8, 6: = Δ" chem. hardness

Features
; ∈ =, )7, ):, )>, )?, )@, )A, B, shape,MoHI,MeHI

24

Selector J K ≡ even = K ∧ ()@ K ≤ 0.24) ∧ (ΔEUVW K ≤ 0.18)
Parameters cov J = 0.2 eff J = 0.74 [B Z = −0.81, B [ = −0.27]
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Summary
Topics
• Basic concepts: selectors, extensions, objective functions
• Application I: octet binary crystal structures
• A glimpse beyond: numeric and multiple targets
• Application II: Au structure/property relationship
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Try it out for yourself 26

©2018, Mario Boleyhttps://analytics-toolkit.nomad-coe.eu



Try it out for yourself 27

©2018, Mario Boleyhttps://analytics-toolkit.nomad-coe.eu


