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- Build tools, refine them, make life easier

- Making coffee using coffee machine

- Beans, water as input
* Press the run button

* Get a nice cup of coffee as output

- Subroutines are encapsulated for solving
complex problems
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Knowledge Discovery has iterative workflow

Patterns

o

I:E-
a==d Il

Visualization

\

~ Fraunhofer

IAIS



User is required for evaluation
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In current tools she is also required to control technical
components

Patterns
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Hence, user actually has two different roles

method
options
algorithm
params.

Visualization
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One-click-mining aims to eliminate the technical role

method
options
algorithm
params.

Visualization
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Design of one-click-mining system starts with the

algorithms to be included

Mining Algorithms
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Diverse set of algorithm from different method classes
are possible

Mining Algorithms

o
- .

\

Z Fraunhofer

IAIS



Together they define space of patterns that can
potentially be discovered by the system

Mining Algorithms
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User brings some latent utility notion

Mining Algorithms '
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Learning component controls mining algorithms in

order to maximize output in terms of utility

Mining Algorithms

o
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Alg2

Joint Pattern Space

performance model

mM-[0,1]

Learning
Component
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Learning component updates models only based on
natural user action for pattern inspection

P-R
Qe
Mining Algorithms performance model ‘
- .
Alg2
Learning inter-
Component action
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Joint Pattern Space utility approximation User Interface
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Learning component updates models only based on
natural user action for pattern inspection

P-R
Oe
Mining Algorithms performance model '
- .
Alg2
Learning inter-
Component action
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One cycle of the kd process corresponds to the period
between two mine clicks

Discovery Round
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During one user discovery round many mining rounds
can be executed in the background

Algorithm
Selection
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Overview

Mining Algorithms

Joint Pattern Space

performance model

mM-[0,1]
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Interface

Mining Algorithms

Joint Pattern Space

performance model

mM-[0,1]
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Implicit feedback can be gathered by simple Ul

Bonn Click

e by KDML Group

You are working on table: Socio-economics of Germany

Area
Code

9173

9188
9175
9172

S177
S184
9182
9185

9186
8572
8773
8315

9779
8337

9174
9373
9180

a
£

Area Name s

Bad Toelz-
Wolfratshausen

Starnberg
Ebersberg

Berchtesgadener
Land

Erding
Munich (district)
Miesbach

Neuburg-
Schrobenhausen

Pfaffenhofen a.d.Ilm
Erlangen-Hoechstadt
Dillingen a.d.Donau

Breisgau-
Hochschwarzwald

Donau-Ries
Waldshut

Dachau
Neumarkt i.d.OPf.

Garmisch-

At bl o

Type ¢

Rural

Rural
Rural

Rural

Rural
Rural
Rural

Rural

Rural
Rural
Rural

Rural

Rural

Rural

Rural
Rural

Rural

State 4

Bavaria

Bavaria
Bavaria

Bavaria

Bavaria
Bavaria
Bavaria

Bavaria

Bavaria
Bavaria
Bavaria

Baden-
Wuerttemberg

Bavaria

Baden-
Wuerttemberg

Bavaria
Bavaria

Bavaria

Region $

South

South
South
South

South
South
South
South

South
South
South
South

South
South

South
South
South

|

m

cou |
Gain ~

-7.7
-7.9
-7.9

-9.5
-5.5
-6.7
-5.2

-4.8
-5.7

-3.9

-7.8
-4.7

-7.8
-8.8
-8.6

SPD
Gain ~

-5.9

-6.2
-7.5
-6.9

-7.8
-7.4

-8.9

-10
-9.9
-8.1
-10.8

-8.7
-11.5

-6.8
-7.8
-5.5

FDP

Gain ~

5.8

6.3
5.3

5.3

4.8
5.7

4.8
5.8
6.5
6.6

6.2
8.3

5.3
5.4
5.5

GREEN _
Gain

2.4

2.2
2.8
a4

4.6
2.1
2.6
2.4

2.7
2.6
2.5
2.7

2.6
2.6

2.2
3.7
2.1

LEFT
Gain

2.2

1.6
1.7
2.1

1.9
1.9
1.5
2.7

3.3
3.2

1.9
2.7
1.5

Elect.
Particptn. ¢
Gain

-6.8

-4.3
-5.9
-8.5

-6.2
4.3
-6.5
7.4

-6.7
-5.3
-8.7
-6.3

Cbu ¢

46.7

39.2
42.4
50.7

45.5
39.8
48.1
52.6

48.3
3%.1
47.3
34.1

48.1
37.8

45.8
48.3
51.6

SPD ¢

12

14.1
14.8
12.3

12.4
16.7
12.2
13.2

13.7
20.5
13.2
19.8

15.1
18.6

14.7
13.4
10.2

FDP &

17.1

22.1
16.9
13.2

14.7
19.6
17.6
13.5

14.1
15.1
16.2
17.4

13.5
18.9

15.5
12.9
17.1

GREEN ¢ LEFT$

11.2

14.7
13.1
10.6

12
12.7
10.2
7.2

9.1
11.5
7.5
16.7

7.8
12.1

10.6
8.9
8.7

4.6

3.7
4.2
4.9

4.8
4.5
3.9
5.7

5.8
6.3

4.6

5.7
3.8

>

Elect.
Participtn

[om]

73.1

80
77.7
68.2

73.3
79.1
73.8
70.1

71.6
77.3
68.4
74.7

72.2
68.4

75.1
73.7
72.1 -

Login
Researcher view
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Overview
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Joint Pattern Space

performance model
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Utility model

Mining Algorithms

Joint Pattern Space

performance model

mM-[0,1]

Learning
Component

u:P-R

utility approximation

inter-
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Can be solved as online learning problem with

appropriate features

Euclidean Space

",
&

Joint Pattern Space
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Can be solved as online learning problem with

appropriate features

Euclidean Space Feature Map
DscHas(Type): 0.00904
. . e o o DscNot(Type): 0.00436
s * . e * DscHas(State): 0.00144
. * . . ° DscNot(State): 0.00751
. . . TarHas(Type): 0.00295
Py TarNot(Type): 0.00831
TarHas(State): 0.00904
TarNot(State): 0.00436
TarHas(CDU): 0.02927
TarNot(CDU): 0.00243
frq~0.5*%tarDev: 0.003358
frg*tarDev: 0.00505
frq~0.5*lift: 0.0083S
frq*lift: 0.00861
relShort: 0.00431
(DscLeng)<=2.0: 0.00448
(DsclLeng)<=4.,0: 0.00413
(frq)>=0.05: 0.00649
Joint Pattern Space (frq)>=0.1: 0.00649
=
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Can be solved as online learning problem with

appropriate features

Euclidean Space Feature Map
DscHas(Type): 0.00904
. e e 0 DscNot(Type): 0.00436
* e * . . * DscHas(State): 0.00144
. . ° DscNot(State): 0.00751

. L - n -

. ¢ . TarHas(Type): 0.00298
° TarNot(Type): 0.00531
TarHas(State): 0.00904
: TarNot(State): 0.00436
Learnlng TarHas(CDU): 0.02927
Component TarNot(CDU): 0.00243
frq~0.5%tarDev: 0.00358
A frg*tarDev: 0.00505
E frq~0.5*ift: 0.0083S
h frq*lift: 0.00861
A T relShort: 0.00451
u(p) =w qo(p) (DscLeng)<=2.0: 0.00448
E_ (DscLeng)<=4.0: 0.00419
» o (frq)>=0.05: 0.00649
Joint Pattern Space utility approximation (frq)>=0.1: 0.00645
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Can be solved as online learning problem with

appropria

te features

Euclidean Space update rule Feature Map
x DscHas(Type): 0.00904
) o o - W 9|Y|8i DscNot(Type): 0.00436
to analysis ® . . . * ‘(;Vl_ wie DscHas(State): 0.00144
. . . i = @;i(x) —9;(2) DscNot(State):  0.00751
. . - - -
J1 V2 o
. untouched deleted TarHas(Type): 0.00295
® TarNot(Type): 0.00831
TarHas(State): 0.00904]
: TarNot(State): 0.00436
@:P - R4 Leaming TarHas(COU):  0.02927
Component TarNot(CDU): 0.00243
frg~0.5%tarDev: 0.003358
A frq*tarDev: 0.00505
E frq~0.5*lift: 0.00839
A frq*lift: 0.00861
~ T relShort: 0.004391
u(p) =w qo(p) (Dscleng)<=2.0: 0.00448
(DscLeng)<=4.0: 0.004193
» o (frq)>=0.05: 0.00649
Joint Pattern Space utility approximation (frq)>=0.1: 0.00649
|
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Ranking score that balances relevance and diversity is
crucial within user-supported search

Euclidean Space update rule Extension to Ranking
X
0|Y|é; (r) =
to analysis ® .. M . w; « w;e ¥18; @i( )ITI
e 5= -0@| | [(@im)
L . . L i A t\’J j=1
* ® Z )
.yl .}’z o
. untouched deleted
Learning
Component

(p) = wlo(p) Q

Joint Pattern Space utility approximation 6

N\

~ Fraunhofer
1AIS



Overview

Mining Algorithms

Joint Pattern Space

performance model
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Performance model

Mining Algorithms

performance model

mM-[0,1]

Joint Pattern Space

Learning
Component

u:P-R

utility approximation

inter-
action

= 1l
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Algorithm management can be modeled as multi-armed
bandit problem with shifting rewards

Mining Algorithms
o | [oF] o
- - - . - -

Alg1 Alg2 Alg3

S=RaHN--RSHESH

Pattern Cache
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Algorithm management can be modeled as multi-armed
bandit problem with shifting rewards

Mining Algorithms

X5 | | ¥
Cul BE SRR

Y

B -5 BB =5 =Y

Pattern Cache

g = @(r(Cpew)) — 2(r(Cora)))/c
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Algorithm management can be modeled as multi-armed
bandit problem with shifting rewards

Mining Algorithms
- - - - - -
Alg1 Alg2 Alg3
y

B =)

Pattern Cache

N

performance model

M - [0,1]

1
N(m)=y@+(1—}');

Learning Component

g = @(r(Cpew)) — 2(r(Cora)))/c

v; « v;e

reward-based updates
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Controlled experiment with real users is planned to
evaluate effectiveness of approach

Participants
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We are interested in performance of the system

compared to manual variant

Participants

Q O

Mining

%

Seart Mining (Manual Canfig)
Abgorithm

- Azsodiation
& subgraup
Beam Search | =] | GO

feam width  Result size

fraquency * deviation =]

Target
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Users are further split into groups according to different
analysis questions they have to tackle

Participants

Q 00 OO0

ﬁ%& Ai o Mining
958

Answer Q1 Answer Q2
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Participants

Mining

& subgraup
Beam Search |« | GO

Seam wicth Result size
5 & 10
Interastnass function

fraquency * deviation [»]

TawrQet
FOP Gain -

Answer Q1

Answer Q2

Evaluate Q2

Evaluate Q1

After producing answers (patterns) to questions; quality
of solutions is assessed by members of other group
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Participants

Setup allows to compute expressive evaluation metrics

Evaluation

Mining

Assosiation

Interastnass function
frequency * deviation E]

Turget
FDP Gain -

compare median

®

time

\ X4
‘R

clicks

&

until interesting
result is found

Answer Q1

Answer Q2

Evaluate Q2

Evaluate Q1
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Current Work

- Evaluation

- Improve user interface

- Embedding representation
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method
options
algorithm

params.

‘v M-ine

inspect
apply
restart

E%% Ll

Visualization
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Patterns
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. Login
Bonn Click P
A One-Click Mining Prototype by KDML Group, Unive nn and Fraunhofer IAIS
You are working on table: Socio-economics of Germany —— -
Area CDU_ SPD, FDP _ GREEN LeFT, Eect Elect. [z [SPD Gain=low
. + Types + Regions . . 3 3 + Particptn. ¢ s SPDs FOP& s LEFTe = S
o AreaName ype s State Regions o lle C0e on® cain * caim 5:: icptn. & CDUs SPDs FDPs GREENs LEFTe =0 |=] |FEm Sl
Frequency : 0,342233
5173 g Toc Rural | Bavaria South  -82 55 |58 2.4 22 68 467 12 171 112 46 731 Dev. of LEFT Gain: 0,463916
Wolfratshausen
Subgroup
method 9188 | Starnberg Rural | Bavaria South 7.7 62 |63 22 16 a3 392 141 221 147 37 80
Constr. workf. =
options 9175 Ebersberg Rural | Bavaria South 7.8 75 |53 28 17 58 424 145 (165 |13 42 777 e
y 9172  Berchtesgadener Rural  Bavaria South 7.9 69 5 4 2.1 -8.5 50.7 12.3 13.2 106 a9 68.2 GDP growth 2009=low
algorithm Land
<din s i E - - Frequency : 0,152013
params. - 9177 Erding Rural | Bavaria South -85 78 53 46 19 62 455 124 147 |12 a8 733 e O e
5184 | Munich (district) Rural | Bavaria South 55 7.4 s 21 18 a3 388 167 196 127 45 79
Subgroup
9176 | Eichstaett Rural | Bavaria South  -28 -10.8 44 2.4 26 59 sie 157 112 |78 53 753
9182 | Miesbach Rural | Bavaria South  -67 7 48 26 15 -85 481 122 176 (102 |39 738 e [
9185  Neuburg- Rural | Bavaria South  -52 -85 |57 2.4 27 |74 s26 132 135 72 57 701 Finance workf.=high
Patterns Schrobenhausen
° Frequency : 0,288835
. 9186 | Pfaffenhofen a.d.im  Rural | Bavaria South  -48 -10 |48 27 24 |67 483 137 141 |91 s6 716 Dev. of Pop. Density: 0,001365
9185 | Traunstein Rural | Bavaria South  -82 7.4 |45 47 2 75 477 127 |128 121 51 703 Ennarons
o0 9572 | Erlangen-Hoechstadt  Rural | Bavaria South  -57 95 |58 26 3 53 391 205 151 115 s 773 o
9773 Dillingen a.d.Donau  Rural | Bavaria South -8 -81 |65 2.5 3 -8.7 47.3 132 162 7.5 6 68.4 GREEN=low
8315 | Breisgau- Rural | Baden- South  -38 -10.8 65 2.7 29 63 341 198 17.4 167 64 747 Frequency : 0,322816
Dev. of Elect. Particptn. Gain: 0,406395
8311 Freiburg im Breisgau | Urban | Baden- South 22 96 |44 -08 45 52 242 216 128 254 0 |741 Subgroup
Wuerttemberg
Cou=low
5779 | Donau-Ries Rural | Bavaria South 7.8 87 62 26 33 71 491 151 135 7.8 se 722 e
9675 Wuerzburg Region=East South  -46 86 |45 3.2 23 |49 413 188 135 121 s 787 .
= eerd R Lo Frequency : 0,310680
<1 Unemploy.=high » Dev. of SPD Gain: 0.225062 2
Income=low
Subgroup Children Pop.=low
O | CDUGain=high g
Unemploy.=high Frequency : 0,211165
Income=low Deviation of LEFT: 0,162206
o !Patter Mean: 28848276
Frequency : 0,211165 Global Mean : 12,604369
Dev. of LEFT! 0,162206
Visualization
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A One lining Prototype by KDML Group, University of Bonn and Fraunhofer IAIS
You are working on table: Socio-economics of Germany e -
Area CDU_ SPD, FDP _ GREEN LeFT, Eect Elect. | |sPo Gain=low
B Nam s Types + Regions (U SPD FOP B + Particptn.¢ CDU$ SPDs FDP Ne LEFTS S
fren s AreaName yoe s state 99019 | Gain ® | Gan ® cain® [Gain * |cain ® PErcPn & (COU | SPD. DR ¢ | GREEN o |LEFTe | poryc (3| TP
Frequency : 0,342233
9173 Bad Toelz- Rural | Bavaria South 8.2 -5 58 24 22 -8 467 12 |71 112 46 731 Dev. of LEFT Gain: 0,453516
0se Wolfratshausen =
Subgrou
method 9188 | Starnberg Rural | Bavaria South 7.7 62 |63 22 16 a3 392 141 221 147 37 80 L) ~
) 9175 Ebersberg Rural | Bavaria South 7.8 75 53 28 w7 s 424 148 (169 131 42 |777 Constyuorics =
options Workforce=high
> 9172 Berchtesgadener  Rural | Bavaria souh 7.9 -6s |5 4 21 as s07 123 132 106 49 es2 GOP growth 2009=low
algorithm Land
i . . § B ; Frequency : 0,152913
params. = 5177 Erding Rural  Bavaria South -85 7.8 53 46 13 2 455 124 147 |12 a8 733 ey 0213 s0a: 0,120975
9184 Munich (district) Rural  Bavaria South 55 7.4 s 21 19 a3 3.8 167 196 127 |45 791
Subgroup
9176 Eichstaett Rural | Bavaria South 28 -108 44 2.4 26 53 sLe 157 112 |78 53 753
9182 Miesbach Rural | Bavaria south 67 7 48 26 s -es 481 122 176 102 39 738 ATl gupr=ton I
{ o 9185 Neuburg- Rural  Bavaria Seuth  -5.2 -85 57 2.4 27 |74 s26 132 135 |72 s7 701 Finance workf.=high
Patterns Schrobenhausen
° Frequency : 0,268835
. 5186 pfaffenhofen s.d.lim  Rursl  Bavaris South 48 -0 48 27 24 67 s3 137 141 e: ss 71 Dev. of Pop. Density: 0,001365
9189 Traunstein Rural | Bavaria South |-9.2 7.4 |45 47 2 7. 477 127 128 121 |51 703 Sungrous
o0 9572 Erlangen-Hoechstadt | Rural  Bavaria South 57 -85 58 26 3 53 1 205 151 115 6 7.3 T
5773 Dillngen a.d.Donau  Rural  Bavaria South -8 81 &5 25 3 87 473 132 162 |75 s 8.4 GREEN=low
8315 Breisgau- Rural | Baden- South -3 -108 66 27 23 63 361 198 17.4 167 |64 747 Frequency : 0,322816
9 Dev. of Elect. Particptn. Gai
8311 Freiburg im Breisgau | Urban  Baden- South 22 | -9.6 44 -08 45 52 242 216 128 254 |10 741 B
Wuerttemberg
Cou=low
9773 Donau-Ries Rural | Bavaria south 7.8 -87 62 26 33 |7 491 151 135 |78 ss 722 e
9679 Wuerzburg RegionzEast South  -46 8.6 45 32 23 -4 413 188 (135 121 s 7 .
79 |Wuerbuo [ p South Frequency : 0,310680
<0 Unemploy.=high ’ Dev. of SPD Gain: 0.225062 =
Income=iow
oo Children Pop.=low
e | CDUGain=high 0
Unemploy.=high Frequency : 0211165
Income=low Deviation of LEFT: 0,162206
|l Pattern Mean: 28,848276 I
Frequency : 0,211165 Global Mean : 12,604369
Dev. of LEFT: 0,162206 A
Visualization

Euclidean Space Mining Algorithms

t * . e e L,
o analysis . ® . .
. . L . .
.

L ]
. .
deleted
untouched Alg1 Alg2 Alg3

Y

::C/—éj..

[ X))

EE =% BB =90

Joint Pattern Space Pattern Cache

h

~ Fraunhofer
IAIS



05€
method
options
algorithm
params.

E%% 11

Visualization

2=
Patterns

oY

A One e e by KDML Group, e a
You are working on table: Socio-econemics of Germany
Area cou
+ Area. + Types + R &
Code® AreaName ype ¢ State egion s
9173 Bad Toelz- Rural | Bavaria South  -8.2
Wolfratshausen
9188 Starnberg Rural | Bavaria South  -7.7
5175 Ebersberg Rural  Bavaria South 7.8
9172 Berchtesgadener Rural | Bavaria South 7.8
Land
9177  Erding Rural  Bavaria South  -3.5
9184 Munich (district) Rural | Bavaria South 5.5
9176 | Eichstaett Rural | Bavaria South  -2.8
9182 Miesbach Rural | Bavaria South 6.7
9185 Neuburg- Rural | Bavaria South  -5.2
Schrobenhausen
9186  Pfaffenhofen a.d.lm  Rural | SBavaria South  -a.8
9188 Traunstein Rural | Bavaria South  -8.2
9572 Erlangen-Hoechstadt  Rural  Bavaria south  -5.7
9773 Dillingen a.d.Donau  Rural | Bavaria South -8
8315 Breisgau- Rural | Baden- South  -3.8
8311 Freiburg im Sreisgau  Urban | Baden- South  -2.2
Wuerttemberg
9775 Donau-Ries Bavaria South
9678 Wuerzburg Region= South
«Loo| Unemploy.=high
Incomex=lo
EnCar Children Pop.=low
CDU Gain=high
Unemploy.=high Frequency : 0,211165
rzzmeE Deviation of LEFT: 0,162206
Pattern Mean : 28,848276
Frequency : 0,211165 Global Mean : 12,604369
Dev. of LEFT: 0,162206

o

sPD
Gain ~

3

FOP
Gain

5.8

6.3

6.2
a5

GREEN _
Gain  ~

2.2
2.8

a5
21
24
26
24

LEFT
Gain ~

2.2

3.3
2.3

39.2
a2.4
50.7

55
308
514
81
526

283

as.1
213

141
14.9
12.3

12.4
167
157
122
132

13.7
127
205
132
198

15.1
8.8

FOP &

22.1
6.9
13.2

14.7

141
12.8
15.1
16.2
17.4

13.5
135

Subgroup.
Elect. SPD Gain=low
REEN ¢ LEFT & E 5
CREEN SJ(LE Participtn LA
Frequency : 0,342233
1.2 a5 731 Dev. of LEFT Gain: 0,463916
Subgrou
147 37 a0 oroup
Constr. workf.=low
31 42 777 Workforce=high
106 ss  es2 GDP growth 2009=low
Frequency : 0,152913
2 48 1733 Dev. of GDP growth 2008: 0,120925
127 a5 791
Subgroup.
7.8 53 753
102 20 738 Agricul, workd.=low
7.2 57 701 Finance workf.=high
Frequency : 0,288835
o1 s6 716 Dev. of Pop. Density: 0,001365
121 s1 703 Eaiprom
s s 773 Elect. Participtn.=low
7.5 s s5.a GREEN=low
167 64 747 Frequency : 0,322816
Dev. of Elect. Particptn. Gain: 0,406355
25.4 10 741 Stibgroup)
CDU=lov
e 58 722 LEFT Gain=high
121 s 78.7 .
Frequency : 0,310680
’ Dev. of SPD Gain: 0.225052

Euclidean Space

o e o .
toanalysis * | o ¢ .
L d .
° .
. .
. .
untouched

L ]
deleted

Mining Algorithms

o

Alg1 Alg2 Alg3

|4

4

Joint Pattern Space

EE =% BB =90

Pattern Cache

Algorithm
Selection

Mining
Round
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We are hiring...

Post-doc position for 1y+ at mining and learning group of U. of Bonn, FhG
Working on one click mining; e.g., bringing in your analysis technique

Get in touch with me (mario.boley@iais.fraunhofer.de)
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