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Two flavors of data science 2

Predictive modelling Data analytics
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Basic setup

n_u_ﬂt.l § oowolo ) “ﬁ Inlf“ml

D3 ® Qo @ .-. (] ] g

oll“ o« r"ollﬂlol,llll l.l". Iﬂ.ll.l ll5n :
L © oo Bdow Py 5 =® -

Given

SampleS € P

}

Target variable y: P - {a, b, c, ...

Features Xj: P - Xj
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Basic setup

Given

SampleS € P

Target variable y: P - {a, b, ¢, ...}
Features x;: P — X;

Predictive modeling
ModelclassM € X - Y

Error measure err: Y XY — R,

Minimize

fam) =) err(m(x(0),y(D)/IS] + ylml

IES

U,
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Global models classity whole space :
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Misses interesting local phenomena
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Subgroup discovery focusses on local observations
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Subgroup discovery focusses on local observations

Given

SampleS € P

Target variable y: P - {a, b, ¢, ... }
Features x;: P — X;

Define
Propositions I1, = {mq, ... Ty}

Selection language £, = {0 (i) = m;, () A+ A, (D)}
3

Optimize
f(Q) = cov(Q)¥eff(Q)+
with
e Q={i€S:o(i) =T} extension
* cov(Q) =1Q|/|S| coverage

+ eff(Q) = (Hy(S) — Hy(Q)) /Hy (S) effect

* H,(Q)=—Xypo(y =v)logpy(y = v) entropy
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Subgroup discovery focusses on local observations
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Application 1: octet binary crystal structures 9

Population
P ={AB:A = Ag Al Ba,..AB = Br,ClF,... }

Target
y = sign(AE) where Ay = Erg — Ep

Features

x € {IP4 EAY 18, vt vf, IPB EAB v, rnf, r7,
P4 — IPB,EA4 — EAB, |r# — 15, ...}

[Ghiringhelli et al, PRL, 2015]

(EA(B) —IP(B))/rst [eV A?]

%
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TSA _ 7"pB |/ exp(rsA) ['&]
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Application 1: octet binary crystal structures 10

Population 30-
P ={AB:A = Ag Al Ba,..AB = Br,ClF,... } = lec
oL 254
T
Target = "
y = sign(AE) where Ay = Erg — Ep S BN
~ A
15
Features & BP g
= A
x € {IP4 EAY, 1 nf rd, 1P, EAB rSB,rpB a 110 : BSb  geo
P4 — IPB,EA% — EAB, |v# — 7, 3 al GaN
| S S | } E .| BeTe BeSe BeS GeGe SnC A InN -, CuF
0 o
— A ?ﬁﬁ@fe CdSe Aaaﬁa Mgs . LiCl KF Ca0" ®
0 0 g D@HED@ID me &
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TSA _ 7"pB |/ exp(rsA) ['&]
Selector oz = (|ng! — f| < 1.15) A (i < 1.27)
Parameters cov=40/82 eff=1 [Hy(oz8) =0, H,(P) =1]
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Application 1: octet binary crystal structures 11

Population 301
P ={AB:A = Ag Al Ba,..AB = Br,ClF,... } = lec
o<l 2574
T
Target Yy
y = sign(AE) where Ay = Erg — Ep ‘g BN
A
~
15
Features & BP BA
— A
x € {IP4 EAY 18, vt vf, IPB EAB v, rnf, r7, 1 10 : BSb  Beo
A _ 1pB FAA _ GAB |+A _ ..B x A GaN
IP IP®, EA? — EA®, |rd — 15, ... } E | sere eese B;SAGeAGe A e M cur
1a ) CudCl . (n o
~ A‘ :‘AAAhAnﬁ-IAEe ° CdAhse Aaa-r‘e') DA OO LIO(:I |(|:|F 0 o N’—IDarlE
) Omp § oEywg™ oo &
0 0.05 0.1 0.15 0.2 0.25
|TSA — 7"pB |/ exp(rSA) [A]
Selector oz = (|rf =8| < 1L15) A (A < 1.27)  ogs = ([ =8| = 0.91) A ;A = 1.22)

Parameters cov=40/82 eff=1 [Hy(oz8) =0, H,(P) =1]
cov=39/82 eff=1 [H,(ors) =0, Hy(P) =1]
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Application 1: octet binary crystal structures

Population 31
P ={AB:A = Ag,Al,Ba,..AB = Br,ClF, ...}
2.5
Target o<
y = sign(AE) where Ay = Erg — Ep —
s
Features <o
x € {IP4, EAA, 74, nf, 14, IPB EAB v B 1B 15, = 1
P4 — IPB,EA4 — EAB, |r# — 15, ...}
0.5

Selector
cov = 40/82
cov = 39/82

Parameters
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A o]
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oz = (|rf =8| < 1L15) A (A < 1.27)  ogs = ([ =8| = 0.91) A ;A = 1.22)
eff =1 [Hy(oz8) = 0, H,(P) = 1]
eff =1 [Hy(ogs) =0, Hy(P) = 1]
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Subgroup discovery for real-valued targets

Given 1.0

SampleS € P

Target variable y: P - R

Features x;: P — X; 0.5 -
0.6 1

D

0.4 1
0.2 1

0.0

13
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Subgroup discovery for real-valued targets 14

1.0

Given

SampleS € P

Target variable y: P - R
Features x;: P — X; 0.8

0.6 1

0.4 1

T (c) 2017 Mario Boley
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Subgroup discovery for real-valued targets

Given

SampleS € P

Target variable y: P - R
Features x;: P — X;

Define
Propositions I1, = {mq, ... Ty}

Selection language £, = {0 (i) = m; (i) A -

Optimize
f(Q) = cov(Q)"eff(Q)+
with
 Q={i€S:o(i) =T} extension
* cov(Q) =|Q|/|S| coverage

+ eff(Q) = (5,(S) — 5,(Q)) /5, (S) effect

AN TL']l(l)}

* 5,(Q) = \/ZiEQ (¥ - y(©)°/0Ql — 1) std. dev.
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Application 2: Au structure/property relationship 16

Population
P = {c: c conf. of Au5 — Aul4}

Target
y = AEy;, HOMO-LUMO energy gap

Features
x € {a,cq,cy,C3,Cy4,Cs, Cg, 1, Shape, Moo, Mecp

AEyy, [eV]

o N B~ O
'

N = l..ﬁ(‘
1 2 3 4 5 6 7
Coordination number

8
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Application 2: Au structure/property relationship 17

Population 2.5
P = {c: c conf. of Au5 — Aul4}

Target
y = AEy;, HOMO-LUMO energy gap

= 1.54]
2 i

—
Features =
<

14 -__.-' "i::( 3
X € {a, C1,C2,C3,Cy,Cg,Cq, T, Shape; MOCO, l\/Ieco} ’ a

o N B~ O
'

N . l..ﬁ(‘
1 2 3 4 5 6 7
Coordination number

8

Selector o(i) = odd(a(i))
Parameters cov(o) = 0.5 eff(g) = 0.9 [s,,(Q) = 0.06,5,,(S) = 0.58]
[y(Q) = 0.22, y(S) = 0.42]
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Application 2: Au structure/property relationship 18

Population
P = {c: c conf. of Au5 — Aul4}

Target
y = AE, 4w van der Waals energy (ref.)

Features
x € {a,cq,cy,C3,Cy4,Cs, Cg, 1, Shape, Moo, Mecp

AEvdw [eV]

o N B~ O
'

N . l..'@'
1 2 3 4 5 6 7
Coordination number

8
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Application 2: Au structure/property relationship 19

Population
P = {c: c conf. of Au5 — Aul4}

Target
y = AE, 4w van der Waals energy (ref.)

Features
x € {a,cq,cy,C3,Cy4,Cs, Cg, 1, Shape, Moo, Mecp

o N B~ O
'

N . l..ﬁ(‘
1 2 3 4 5 6 7
Coordination number

8

Selector o(i) =a(i) € [812] Acy(i) > 0.17 Acg(i) < 0.28A1(i) > 0.86
Parameters cov(o) = 0.2 eff(c) = 0.68 [s,,(Q) = 0.03, 5,(5) = 0.09]
[y(Q) =0.23, y(5) =0.13]
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Subgroup discovery with multiple targets

Given

1.0

@ r=a )
Sample S € P m o= ‘. ,""d'.
Target variable y;,y,: P —» R M .‘..0‘5 4% % o
Features x;: P — X; 0.8 % o ,.".. ".
° 0oy © > (4
Define °o “o.ﬂ.“‘."o
.y B e\
Propositions I1,, = {7, ... T} 0 R 0% ®ou, B o
Selection language £, = {0 (i) = m;, () A+ A, (D)} o° : oo bO0e° .’
™ e Py e e
> (©] 00
.:o ..o::.. f.o...:‘ o °
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Subgroup discovery with multiple targets

Given
SampleS € P
Target variable y{,y,: P > R
Features x;: P — X;

Define
Propositions I1, = {mq, ... Ty}

Selection language £, = {0 (i) = m;, () A+ A, (D)}
N

Optimize
f(Q) = cov(Q)eff(Q)+
with
e Q={i€eS:0o(i) =T}
« cov(Q) = [Ql/IS]

1.0

0.8 1

0.6 1

0.4 1

0.2 1

eff(Q) = (11,5, (@] = 13,5, (N)/(1 = 1,5, ()

r(Q) =

1
IQI—IZ

o

3_]1 (Q)_yl (l)

?2 (Q) —Y2 (l)

5y1 (Q)

)(

Sy (@)

)

21
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Subgroup discovery with multiple targets

Given 1.0
SampleS € P
Target variable y{,y,: P > R

Features Xj: P - Xj 0.8

Define
Propositions I1,, = {m4, ...}
Selection language £, = {a(i) =1 (D) A- A njl(i)}
3

Optimize o

f(Q) = cov(Q)"eff(Q)+ |
with
e Q={i€eS:0o(i) =T}
*+ cov(Q) = 1Ql/IS] o
: eff(Q) - (lr)’LYZ (Q)l o |r)’1;3’2 (S)l)/(l N |TJ’1J/2 (S)l)

1 7, (-1 (7,(@-y2(

° T(Q) — |Q|—_12iEQ (y S(il(g)( )) (y Sis(g)( )) 0.0 .

0.6 1

22

0.8 1.0
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Application 2: Au structure/property relationship 23

Population
P = {c: c conf. of Au5 — Aul4}

Targets
y1 = AE,y, = An chem. hardness

Features
x € {a,cq,cy,C3,Cy4,Cs, Cg, 1, Shape, Moo, Mecp

o N B~ O
'

N = l..ﬁ(‘
1 2 3 4 5 6 7
Coordination number

8
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Application 2: Au structure/property relationship 24

Population 07 e
P = {c: c conf. of Au5 — Aul4}

0.2 BaE
Targets
y1 = AE,y, = An chem. hardness §_0.4_
2 I TR
Features 5

-0.61
x € {a,cq,cy,C3,Cy4,Cs, Cg, 1, Shape, Moo, Mecp

T T ﬁ 0s.
q
1 2 3 4 5 6 7 8 0 1 2 3 4
Coordination number AE [eV]
Selector o(i) = even(a(i)) A (c5(i) < 0.24) A (AEyqw (i) < 0.18)

Parameters cov(o) =0.2 eff(c) =074 [r(Q) =-0.81,r(S) = —0.27]

©2017, Mario Boley



Ssummary

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

@ Secure https://analytics-toolkit.nomad-coe.eu/Creedo/showFrame.htm?frameld=15
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Gold clusters i3 Datatable Eal Scatter plot O Propositions
2.5 7] :%: Subgroup of Rows with $Q X
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I
0 1 2
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: i
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Try it out for yourself 27

@ Secure https://analytics-toolkit.nomad-coe.eu/Creedo/showFrame.htm?frameld=15

Crystal structure prediction

On-the-fly data analysis for the NOMAD Archive

Predicting energy differences between crystal structures

Tutorial on compressed sensing for materials property prediction

Evaluating the (dis)similarity of crystalline, disordered, and molecular compounds

Building structure maps for crystal-structure classification

paniv.oiy)

| 0 1 2 and contains 4880 data points (freq. 0.400)
HOMO-LUMO
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