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Rseslib 3: Motivation

Deliver library of rough set methods in Java
-~ Open source
~ Easily extensible
~ Easily modifiable
Speed-up research & development of new machine learning algorithms
~ Reduce development effort
~ Additive implementation
" Increase reusability of code
" Increase inheritance of available algorithms
~ Code organization
Speed-up experiments
~ Multi-platform executables — Java
~ Grid Computing / Network of Workstations
Didactic framework
~ Research of new algorithms
- Applications
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Rseslib 3: Overview

= Java Library providing API
" Open Source (GNU GPL) available at GitHub

= Collection of Rough Set and other Machine Learning
algorithms

" Modular component-based architecture

= Easy-to-reuse data representations and methods
= Easy-to-substitute components

= Available in Weka

" Graphical Interface

= Parallel / distributed experiments
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Library Content

" Transformation

" Discretization

" Missing value completion

" Filtering

= Sampling

" Clustering

= Sorting

" Discernibility matrix computation
" Reduct calculation

" Rule induction

" Metric induction

" Principal Component Analysis (PCA)
" Boolean reasoning

" Genetic algorithm scheme

" Classification and classifier evaluation
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Data formats

" ARFF (Weka)
" CSV + Rseslib header
~ header file apart
~ header and data in one file

" RSES 2.x
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Discretizations

s Equal Width

s Equal Frequency

« 1R (Holte, 1993)

s« Entropy Minimization Static (Fayyad, Irani, 1993)

s Entropy Minimization Dynamic (Fayyad, Irani, 1993)

s Chi Merge (Kerber, 1992)

=« Maximal Discernibility Heuristic Global (H.S. Nguyen, 1995)

=« Maximal Discernibility Heuristic Local (H.S. Nguyen, 1995)

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 7
http://rseslib.mimuw.edu.pl


http://rsproject.mimuw.edu.pl/

Discretization: Entropy Minimization
(top-down)

k
Ent|S Z log

Minimize:

Ela,v,S|= — L Ent (S )+—Ent(5 )

S - data set
C. — decision class

P(C.,S) — number of records from decision class C. in S
S,, S, — partition of S split by a value v on an attribute a
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Discretization: ChiMerge (bottom-up)

Merge the neighbouring pair of intervals with minimal:

P(C.S,|—E[C.S,||” & [P[C.S,|—E[C,.S,|[
i E[C.S,| i E[C,.S,)

S,, S, - data sets from neighbouring intervals

C. — decision class

P(C.,S) — number of records from decision class C. in S

E(C.,S) — expected number of records from decision class C. in S
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Discretization: Maximal Discernibility
(top-down)

Split a data set S into S1 and S2 with the value v maximizing:

\(x,y)ESlxszzdec(x);é dec(y)\

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 10
http://rseslib.mimuw.edu.pl


http://rsproject.mimuw.edu.pl/

Discernibility matrix: all pairs

M x,y )Z{GieA DX, yi}
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a|b|c|dec
11231
1131412 )
21111
2121112

X1 [ x2 [ x3 x4
x1 bc | abc |ac
X2 | bc abc | abc
X3 | abc | abc b
x4 'ac abc b
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Discernibility matrix;
pairs with different decisions

[aieA:xi;éyi] if dec|x|# dec| y)

dec —
M (X:y)_ .
7] if dec|x|=dec|y]
a|b|c|dec xl1 [x2 [ x3 | x4
1121311 x1 bc ac
113|4|2
211111 X2 | bc abc
212]1]2 X3 abc b
X4 | ac b
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Discernibility matrix;
pairs with different generalized decision

aiEA:xl.;éyi} if O|x|#0|y

Mgen(X,y):[
0 ifO|x|=01y

6(x):[d€VdeC:EIyEU:Vai€A:xl.=yl./\dec(y) =d]
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Discernibility matrix;
pairs with different both decisions

L
3!
=

both | :[al.eA:xl.;éyi] ifdec(x);édec(y)/\ﬁ(x)
My 0 if dec|x|=dec|y|Vvo|x|

I
ps)
=~

6(x):[d€VdeC:EIyEU:Vai€A:xl.=yl./\dec(y) =d]
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Discernibility matrix;
handling incomplete data (missing values)

* Missing value is a different value
aﬁEM(x,y)@xi =yl.\/(xl. =?AY; =?)

* Symmetric similiarity
al.%M(x,y)ﬁxi =y.Vx.=?Vy. =7

* Nonsymmetric similarity
al.%M(x,y)@(xi =Y. Ny .#F?|VXx, =7
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Reduct Algorithms

a All Global

s All Local

4 One Johnson
2 All Johnson

s Partial Global

4 Partial Local
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All Reducts (Skowron 1993)

" Data Table — Discernibility Matrix — Prime Implicants — Reducts

dec

1

N|—= WIN|T
== h WO

NN = -0

2
1
2

" Global reducts

—

Xx1|x2 |x3 |x4
X1 bc ac Prime Implicants {a, b}
x2 | bc abc :> P —y |::> {b, c}
3 abe b CNF —DNF
x4 |ac b

‘bvc)Alavbvcelanlave|Albl=]a,b|,|b,c|
" Local reducts

x1:(bvcIAalave|=|a,bl,|c]

" Advanced algorithm finding prime implicants
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Johnson Reduct

=  Repeat
> Find most frequent attribute a in discernibility
matrix
> Remove all fields with a from discernibility matrix
> AddatoR

« until discernibility matrix is empty
«  Remove redundant attributes from R
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Partial Reducts
(H.S. Nguyen, D. Slezak 1999)

dec

1

NN —=—=|0
N W(N|T
= =AW O

2
1
2

R I1s an a-reduct If:

X1|x2 [x3 |x4
x1 bc ac
[::i> x2 | bc abc
X3 abc b
x4 |ac b

discerns = (1 — a) of non-empty fields of discernibility matrix
none subset of R satisfies the above property

{b} is 0.25-reduct but is not 0.2-reduct
{a,c} Is not 0.25-reduct because {c} is 0.25-reduct

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java
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Reduct computation time (sec.)

Dataset Attrs Objects All global
segment 19 1540 0.6
chess 36 2131 4.1
mushroom 22 5416 2.9
pendigit 16 7494 10.4
nursery 8 8640 6.5
letter 16 15000 44.6
adult 13 30162 62.1
shuttle 9 43500 91.8
covtype 12 387342 8591.9
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All local

0.9

66.1

4.9

23.2

6.7

179.7

70.1

92.5

8859.0

Global
partial

0.2

0.2

0.8

2.2

1.5

9.7

18.0

22.7

903.7
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Local
partial

0.2
0.4
1.5
4.3
2.8
20.5
33.0
48.4
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http://rsproject.mimuw.edu.pl/

Rule induction algorithms

" From global reducts
" From local reducts

" AQ15

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java
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Decision rules from global reducts

’IXEUIXI.IZVI/\.../\XI. =vp/\dec(x)=de

ailzvl/\.../\al—p=vp=>(pl,---,Pm) p.=
J ‘[

- -y |
[XEU°Xi]‘V1/\"-/\XiP‘Vp[‘

Templates(GR|= { /\ a.=x.:REGR,x€E U]

alER

Rules(GR)Z[tz(pl,... ,pm):teTemplates(GR)}

GR — a set of global reducts
U — data set used to compute reducts
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Decision rules from local reducts

’fer:x. =V, ALLAX SV /\dec(x):d.l‘
I i, °p il

ai1=v1/\.../\aip=vp=>(pl,...,pm) L

pi= [ L —y |
“[XEU°X1']‘Vz/\"-/\xip‘vp{‘

Templates(LR)Z[ A al.=xl.:R€LR(x),x€U}

a,€R
Rules(LR )= [t=> [Py ,pm):teTemplates (LR)]

LR:U—>P(A) — algorithm computing local reducts given an object
U — data set used to compute reducts
A — a set of attributes describing U
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AQ15 rule induction algorithm
(Michalski at al. 1986)

* Uses a=vanda #vdescriptors for symbolic attributes

* Uses the a < v descriptor type for numerical attributes
without discretization

* Implements covering algorithm, separate for each
decision class
* Heuristic search for each rule:
* from most general to more specific
* driven by a selected training object

* candidate rules are extended until they are consistenst
with the training set, the next rule is selected among final
consistent candidate rules
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Classification: Uniqgue Implementations

" Rough Set Rule Classifier
" K Nearest Neighbors / RIONA

" K Nearest Neighbors with Local Metric Induction

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 2 5
http://rseslib.mimuw.edu.pl


http://rsproject.mimuw.edu.pl/

Classification: Classics

" Decision tree C4.5 (Quinlan)
" Rule Classifier AQ15 (Michalski et al)
" Neural Network
" Naive Bayes
= Support Vector Machine
" PCA classifier
" Local PCA classifier
" Metaclassifiers
~ Bagging
~ AdaBoost

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java
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Rough Set Rule Classifier

s Uses discretization
s Generates reducts and decision rules from reducts
« Classification:
votej(x)z Z pj-support(t=>(pl,...,pm))

t= (pl,...,pm)ERules:xmatchest

dec, |, hset(x)z max vote .(x)
g d,ev J

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 2 7
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K Nearest Neighbors

* Metrics working for data with both numerical and
symbolic attributes

* Weighting attributes in metrics
* Fast indexing-based nearest neighbors search
* Number k of nearest neighbors optimized automatically

* Distance-dependent voting for decision by nearest
neighbors

* Mode to work as RIONA algorithm

* For details and experimental evaluation see:

* Wojna A., Analogy-Based Reasoning in Classifier
Construction (phd thesis)
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RIONA — Rule Induction with Optimal
Neighborhood Algorithm (Gora, Wojna)

* Combines rule induction with k nearest neighbors

* Only neighbors matching any consistent decision
rule covering the classified object vote for decision

* Performs efficiently by

* Ultilizing the fact that decision support for
classification can be calculated without explicit

computation of rules
* Restricting decision voting to nearest neighbors
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K Nearest Neighbors with Local Metric
Induction (Skowron, Wojna, 2004)

* Selects a large set S of nearest neighbors using
global metric M

* Uses S to induce local metric M(S)

* Selects the decision using k nearest neighbors
from the set S with respect to the local metric M(S)
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Other algorithms

& Transformations: missing value completion (non-invasive data imputation by Gediga and
Duentsch), attribute selection, numerical attribute scaling, new attributes (radial, linear and
arithmetic transformations)

# Filtering: missing values filter, Wilson's editing, Minimal Consistent Subset (MSC) by
Dasarathy, universal boolean function based filter

Sampling: with repetitions, without repetitions, with given class distribution
Clustering: k approximate centers algorithm
Sorting: attribute value related, distance related

Metric induction: Hamming and Value Difference Metric (VDM) for nominal attributes, city-
block Manhattan, Interpolated Value Difference Metric (IVDM) and Density-Based Value
Difference Metric (DBVDM) for numerical attributes, attribute weighting (distance-based,
accuracy-based, perceptron)

4 Principal Component Analysis (PCA): OjaRLS algorithm

Boolean reasoning: two different algorithms generating prime implicant from CNF boolean
formula

4 Genetic algorithm scheme: user provides cross-over operation, mutation operation and fithess
function only

a4 Classifier evaluation: single train-and-classify test, cross-validation, multiple test with random
train-and-classify split, multiple cross-validation (all types of tests can be executed on many
classifiers)

E B E kK
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Modularity

«  Modules

« |nterfaces

« |solated elementary mathematical objects
« |solated processing algorithms
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Modularity: mathematical objects

4 Basic: attribute, data header, data object, boolean data object, numbered data object,
data table, nominal attribute histogram, numeric attribute histogram, decision
distribution

4 Boolean functions/operators: attribute equality, attribute interval, attribute value
subset, binary discrimination, metric cube, negation, conjunction, disjunction

s Real functions/operators: scaler, perceptron, radius, multiplication, addition
4 |nteger functions: discrimination (discretization, 3-value cut)

a8 Decision distribution functions: nominal to dec distr, numeric to vicinity-based dec
distr, numeric to interpolated dec distr

4 Vector space: vector, linear subspace, PCA subspace, vector function

4 Linear order

4 Indiscernibility relations

4 Rules: universal boolean function rule, equality descriptors rule, partial matching rule

4 Reducts

4 Metrics: City + Hamming, City + VDM, IVDM, DBVDM, metric-based indexing tree

4 Probability: guassian kernel function, hypercube kernel function, m-estimate

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 33
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Modularity: example

A
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Modularity: examples

«  Attribute weighting in metric
> Perceptron as one of weighting methods

«  Estimate of value probability at given decision
> Probability defined by k nearest neighbours
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Tools for Rseslib 3

«  Weka
«  QMAK
«  Simple Grid Manager

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java
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Rseslib 3 iIn Weka

= Official registered package
> Available in Weka Package Manager
> requires Weka 3.8.0 or later
s 3 classifiers available now in Weka
> Rough Set Rule Classifier
> K Nearest Neighbors / RIONA

> K Nearest Neighbors with Local Metric Induction

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 3 7
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QMAK: interacting with and visualizing classifiers

Length | Support | Accuracy Rules
18.0 1.0 ( petal_length_in_cm = [2.45-5.0) ) & ( petal_width_in_cm = (-inf-1.45) ) == { DEC = { Iris-versicolor } )
23.0 1.0 ( petal_length_in_cm = [5.0-+inf) } -> { DEC = { Iris-virginica } )
8.0 1.0 ( petal length in_cm = [2.45-5.0) ) & ( petal width_in_cm = [1.45-1.65) ) -= ( DEC = { Iris-versicolor } )
23.0 1.0 ( petal_length_in_cm = (-inf-2.45) ) -= ( DEC = { Iris-setosa } )
25.0 1.0 ( petal_width_in_cm = [1.65-+inf) } -= { DEC = { Irisvirginica } )

| My Project*
—oject Options Help

sible rules(selected)/All rules in dassifier: 5/5
Sort by‘nnne

iris_train % I INeuraI Networﬂ
Branching for petal_length_in_cm:

= 4.95 == 4.95 TestResult

Confusion matrix

Iris-setosa  [Iris-versico...|Iris-virginica |Decision accuracy
Iris-setosa |27 0 0 100.0%
Iris-versico...|0 21 E 87.50%
Iris-virginica |0 0 24 100.0%

J_| Select:none

[4]

Decision distribution in node:

Iris-versicolor

.. Rough Set Classifier
.J Decision Tree| E
iris ——

Iris-virginica 3

Classification accuracy: 96.0%

. iris test ’—> i" TestResult

Chart num*num*symb

-6,27 == waight < -4.64
-4.84 == weight < -3.01
-3.01 == weight =< -1.38
-1.39 == weight =< 0.237

N
7.25 A

= % Iris-versicolor

. . 0.237 == weight = 1.866
E . sepal width_in =
i, e Jdetad Pl O 1.666 <= weight < 3.494
e ® s o .
' e 3,494 <= weight =< Inf
5, £.00 . . .
EI 575 i 20 . " petal_length_in O =3 Iris-setosa
T 550 . . i . . ]
B s2s

Iris-virginica

150 175 =200 225 250 275 3500 325 350 375 400 425 450 475
sepal_width_in_cm

M Iris-setosa M Iris-versicolor M Iris-virginica
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QMAK functionality

2 Visualization of
» data
> classifiers
» single object classification
# Interactive classifier modification
a4 Presentation of misclassified objects
s  Comparing classifiers with tests
» multiple cross-validation
» multiple random split
a  (Classifiers with visualization implemented by users
» can be added using menu or in the configuration file
» do not require changes in Qmak
a4  Watch 5-minute demo of Qmak:
» http://rseslib.mimuw.edu.pl/gmak

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java
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Simple Grid Manager

a Train-and-test experiments with Rseslib classifiers

4 Ad-hoc cluster creation

o Resuming failed jobs

a Skipping completed jobs in case of restart

o Robust communication: working in non-reliable networks
o Many clients on one machine utilizes multicore CPU

RoughSetRuleClassifier att_1.

e

=

RSESLIB 3 - Rough Sets an
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Manager: 127.0.0.1
Channel: 1 (4008)
Computed taks: 0

Task : Trying UDPChannel 1
Up-time: 110ms

| will die in: 148h 17m 59s
Relay server is disabled

~=1o]x]

i SE-Node 1.3
Manager: 127.0.0.1

Channel: 11 (1443)
Computed taks: 0

Task : Trying UDPChannel 11
Up-time: 110ms

| will die in: 148h 18m 59s
Relay server is disabled

-0l x|

Manager: 127.0.0.1
Channel: 0 (1433)
C taks: 0

Task : Trying UDPChannel 0
Up-time: 672ms
1 will die in: 148h 18m 57s

RoughSetRuleClassifier .
RoughSetRuleClassifier att_3.trn att_3.tst
RoughSetRuleClassifier att_4.trn att_4.tst

Lt att_List
2.

n att_2.tst

=
3
2
N o
23

N [=1E3

Relaying servers: 4 Relayed messages: 0

Exit

Manager: 127.0.0.1
Channel: 0 (1433)
Computed taks: 0
Task : Trying UDPChannel 0
Up-time: 672ms

I will die in: 148h 18m 57s

Relaying servers: 4 Relayed messages: 0

Exit

5 S6-Node 1.3
Manager: 127.0.0.1
Channel: 1 (4008)
Computed taks: 0

Task : Trying UDPChannel 1
Up-time: 110ms

1 will die in: 148h 17m 59s
Relay server is disabled

8 (=] E3

Manager: 127.0.0.1
Channel: 11 (1443)
Computed taks: 0

Task : Trying UDPChannel 11

Up-time: 110ms
I will die in: 148h 18m 59s
Relay server is disabled

8 [=] B3

o oo o

=] |

Jav
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Projects using Rseslib 3

s«  TunedIT

> system for automated evaluation, benchmarking and
comparison of data mining and machine learning algorithms

s Debellor

> framework for scalable data mining and machine learning
with data streaming

s«  Mahout-extensions
> attribute selection extensions to Mahout

«  DMEXL

> data mining expression library facilitating development of
concurrent data mining algorithms

RSESLIB 3 - Rough Sets and Machine Learning Open Source in Java 41
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Contributors

" Library
Jan Bazan, Rafat Falkowski, Grzegorz Gora, Wiktor Gromniak, Marcin
Jatmuzna, Ltukasz Kosson, tukasz Kowalski, Michat Kurzydtowski, Rafat
Latkowski, tukasz Ligowski, Michat Mikotajczyk, Krzysztof Niemkiewicz,
Dariusz Ogorek, Marcin Piliszczuk, Maciej Prochniak, Jakub Sakowicz,
Sebastian Stawicki, Cezary Tkaczyk, Arkadiusz Wojna, Witold Woijtyra,
Damian Wojcik, Beata Zielosko

" Graphical interface Qmak
Katarzyna Jachim, Damian Manski, Michat Manski, Krzysztof Mroczek, Robert
Piszczatowski, Maciej Prochniak, Tomasz Romanczuk, Piotr Skibinski, Marcin
Staszczyk, Michat Szostakiewicz, Leszek Tur, Arkadiusz Wojna, Damian
Wojcik, Maciej Zuchniak

" Simple Grid Manager
Rafat Latkowski
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Summary

" Ready to use Open Source Java Library

" Broad collection of Rough Set & Machine Learning
algorithms

" Easy to use & implement own algorithms
" Mailing list
»  rseslib-users@googlegroups.com

" Visit the website:
»  http://rseslib.mimuw.edu.pl
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