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m LISp-Miner system
m Current research projects

m Observational calculus — logical calculus of KDD patterns
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GUHA Method and KDD

m Principle: To offer all interesting patterns true in given data
Since 1966, Prague
Method of exploratory data analysis
P. Hajek, |. Havel, M. Chytil, T. Havranek, ...
Logical and statistical theory
End of 1970s attempt to apply GUHA to data bases

m Today developed as method of KDD

m Implemented by GUHA procedures



GUHA Procedure

Simple definition of a
DATA large set of relevant
patterns

Generation and
verification of particular
relevant patterns

<

All the prime patterns

m Procedure ASSOC — mines for generalized association rules
m 6 additional procedures in LISp-Miner system,

m additional implementations,



GUHA — selected implementations (1)

m 1966 - MINSK 22 (I. Havel)
Boolean data matrix
simplified version
association rules
punch tape

m end of 1960s - IBM 7040 (I. Havel)

m 1976 IBM 370 (I. Havel, J. Rauch)
Boolean data matrix
association rules
statistical quantifiers
bit strings
punch cards




GUHA — selected implementations (2)

m Early 1990s — PC-GUHA
MS DOS
A. Sochorova, P. Hajek, J. Rauch

m  Since 1995 GUHA+- GUH @ -
Windows RE @

D. Coufal + all.

m  Since 1996 LISp-Miner L|Sp-|\/|i"]el'
Windows

J. Rauch + M. Simunek + all.
6 GUHA procedures
additional procedures

... related research

m Since 2006 Ferda, M. Ralbovsky + all



GUHA - selected publications

m Hajek P., Havel I., Chytil M.: The GUHA method of automatic hypotheses determination,
Computing 1 (1966) 293-308.

m  Hajek P., Havranek T.: Mechanizing Hypothesis Formation (Mathematical Foundations for a
General Theory), Springer-Verlag 1978, 396 pp. see http://www.cs.cas.cz/~hajek/guhabook/ | )

P Hajek T Hawanek
Mechanizing Hypothesis
Formation

Methematical Foundations

for 3 Genera Theory

Soringer-\erag
Rarlin Heidelberg Mew York

m  Hajek P. (quest editor): International Journal of man-Machine Studies, vol. 10, No 1 (special
issue on GUHA), 1978.

m  Hajek P. (quest editor): International Journal for Man-Machine Studies, vol. 15, No 3 (second
special issue on GUHA) 1981.

m Hajek P., Sochorova A., Zvarova J.: GUHA for personal computers, Comp. Stat. and Data
Anal. 19 (1995), pp. 149-153.

m  Rauch, J. - Simlinek, M.: An Alternative Approach to Mining Association Rules. In: Lin, T. Y.
et all. (ed.): Foundations of Data Mining and Knowledge Discovery. Berlin: Springer, 2005, pp.
211 - 232

m  Rauch, Logic of Association Rules. Applied Intelligence, 22, 2005

m  Rauch, J. - Simlinek, M.: GUHA Method and Granular Computing. In: Hu, X et al. (Eds.)
Proceedings of IEEE conference Granular Computing. Beijing, IEEE Computer Society
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GUHA and association rules

The Free Encyclopedia

10

http://en.wikipedia.org/wiki/Association rule learning#cite note-
Association rule learning

From wWikipedia, the free encyclopedia

In data mining, association rule learning is a popular and well researched method for discovering interesting relations hetween variables in large
databases. Fiatetslky-Shapiro M describes analzing and presenting strang rules discovered in databases using different measures of interestingness.
Based on the concept of strong rules, Agrawal et al. Elintroduced association rules far discovering regularities hetween products in large scale transaction
data recarded by pointof-sale (POS) systems in supermarkets. For example, the rule {m:-mns, pﬂfﬂfﬂ?ﬁ} = {f}?-&’f} found inthe sales data of
a supermarket would indicate that if a custormer buys anions and potatoes together, he or she is likely to also buy beef. Such information can be used as
the basis for decisions about marketing activities such as, e.q., promaotional pricing ar product placements. In addition to the abhowve example from market
hasket analysis association rules are emploved today in many application areas including Web usage mining, intrusion detection and bioinformatics.

i dif
Contents [hide] History (el

1 Defirition The concept of association rules was popularised paricularly due to the 1893 article of Agrawal [2]| which has acguired more than 6000 citations according
y to Google Schalar, as of March 2008, and is thus one of the most cited papers in the Data Mining field. However, itis possible that what is now called

2 HIS‘tDr‘:.-' "association rules” is simliar to what appears in the 1966 paper M an GUHA, a general data mining method developed by Petr Hajek et al. Bl

3 Alternative meazures of interestingness

4 Statistically sound associations HiStO ry.
5 Algarithms ) . . . .
51 Apriorl algarithm The concept of association rules was popularised particularly due to
5.2 Eclat slgorithm the 1993 article of Agrawal 2, which has acquired more than 6000
>3 Reorowth algertim citations according to Google Scholar, as of March 2008, and is thus
5.4 One-attribute-rule . . o .
5.5 OPUS search one of the most cited papers in the Data Mining field.
5.6 Zero-attribute-rule
G Lore [ . H T H H n o
54 B T e AEEEE However, itis possible that what is now called "association rules” is
7 Other types of association mining simliar to what appears in the 1966 paper . on GUHA, a general data
8 Bdernal lnks mining method developed by Petr Hajek et al. L&,
5.1 Bikliographies

5.2 Implementations
9 See also
10 References
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http://en.wikipedia.org/wiki/Association_rule_learning
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KDD, GUHA Method and LISp-Miner System

m GUHA method and KDD

m LISp-Miner system

Overview
6 GUHA procedures

application examples
bit string approach
m Current research projects

m Observational calculus — logical calculus of KDD patterns

11



L I S p- M | ner SySte IT]  htto://lispminer.vse.cz/

m Developed since 1996 at LISp University of Economics, Prague
m Research and teaching of KDD

m Tools
Input data transformations - module DataSource
7 GUHA procedures
Machine learning procedure KEX
m Research
EverMiner
SEWEBAR
Logical calculi for data mining
.., see http://lispminer.vse.cz/research/index.html

m Students work (bachelor, diploma, PhD.)

12
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LISp-Miner, 7 GUHA procedures

http://lispminer.vse.cz

= 4ft-Miner || = SD4ft-Miner [|_| [
m KL-Miner _,l m SDKL-Miner ML lﬂ
"LKQ'E . ‘EZ‘”‘

m CF-Miner i m SDCF-Miner ] l

m Ac4ft-Miner - new procedure


http://lispminer.vse.cz/

LISp-Miner, application examples

Goals of analysis:

find new knowledge
verify if the given knowledge observed in given data

Presented:

Stulong data set
Analytical question @ (Physical, Social) ~? B (Biochemical)
Analytical question normal ® risk: B (Physical, Social) ~? B (Biochemical)

Analytical question ? TT 2 / B (¥

14
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STULONG data set

3 Discovery Challenge 2004 - Microsoft Internet Explorer _ |ﬂ |i|

Soubor  Uprawy  Zobrazit  Oblbené  Mastroje  Mapowéda

Ow-O- B 5| D Toowms &) http://euromise.vse.cz/challenge2004/ I

Adresa I@hl http: ffeuromise. vse. cz/challenge2004/index . html j Fejit | Odkazy

GDingc|C,v ;IGD + &0~ | U7 Bookmarks~ &1 241 blacked | 7 Check ~ g Autolink = | AutoFil | el Send o (L) Settings=

-

- F o

* EuroMISE, Homepage | People | Projects

* L o*

Projects » Discovery Challenge 2004

challenge overview | Pjscovery Challenge 2004

STULONG basic

Information EuroMISE — Cardio

| STULONG data set

Discovery Challenge Here you can get data set STULONG prepared for Discovery Challenge of
tasks ECML/PKDD 2004 conference.

I Data transformation STULONG is the data set concerning the twenty years lasting longitudinal study of the

I Download risk factors of the atherosclerosis in the population of 1 417 middle aged men. Four data
matrices are included.

I Contact persons

I Further use of data The goal of the discovery challenge is to get new knowledge from the STULONG data.
Especially we are interested in answers to the set of analytical questions.

STULONG data consists of raw data matrices. Various data transformations are
necessary before the analysis. We offer both results of some useful transformations and
tools for further possible transformations.

The Stulong data set was used in Discovery Challenge 2002 of ECML/PKDD-2002 and
Discovery Challenge of ECML/PKDD-2003. Thus there are some former results that can
be interestina from the boint of view of Discovery Challenae 2004 . [

@ LT[ [

15
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STULONG data set

/3 Discovery Challenge 2004 - a survey of attributes - Microsoft Internet Explorer =12 x
Soubor  Ulpravy  Zobrazik  Oblbené  Mastroje  Mapowed ] ‘F_
Qus - O - ¢ 2 (h| Ome /o DitP://euromise.vse.cz/challenge2004/data/entry/
Adresa I ttp: ffeuromise. vse.czichallenge2004/datalentry) j Pejit | Odkﬁ;
GDCngE|Cv ;IGD + E - m - | * Bookmarks @241 blocked | '@Check w % Autolink - f__ AULoFil | e Send bow OSettingsv
- L] - - ;I
| & survey of atroutes Entry examination — a survey of attributes
| identification data
I Socialeharacierisiics 1417 men have been e_xamined duri_ng the entry examinatic_:n. Values of 244 attributes
. have been surveyed with each patient. Values of 64 attributes are either codes or
I Activities results of size measurements of different variables or results of transformations of the
I Smoking rest of the attributes. Values of all these 64 attributes are stored in the data matrix Entry.
Aftributes can be divided into groups according to the Table 1.
| Atcohol
I Sugar, coffee, tea ;[‘;bl; la:n%floups of the attributes in the entry
| Personal anamnesis Number of
I Questionnaire A, S el el R attributes
I Physical exam. |der?t|ﬁcat|on da?a. 2
) ) social characteristics 6
I Biochemical exam. physical activity 4
| Risk factors smoking 3
drinking of alcohol 9
sugar, coffee, tea 3
personal anamnesis 18
questionnaire A, 3 |
physical examination 8
biochemical examination 3
risk faktors 5
[

€] Hotovo DT T T e mtenet

16
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Entry data matrix

Drata matris: I Entry

j Tatal number of rows: 1417

x|

Filter:  <Empty cedent: Murnber af filkered rows: 1417
B | Age | Beer | Cuoffe | Diaztolic | E ducation | Group of patients | Height | b arital_Status | Skinil
35 a1 upto 1 litre A dap  1-2 cups <80:90] LIRiversity rizk 177 rarried 11 ]
3B | he doez not dink. he does not drink. £80;30] Lnirversity pathological 175 rnarried ]
a7 | upta1litre A day  he does not dink. <80;30] gecondary schoal — rizk 172 rarried 28
33 43 uptollire A day  1-2 cups <80:90) apprentice schoal gk 177 marrned 10
39 43 uptallire /day  1-2 cups <80:90) apprentice schoal sk 180 marned 9
a0 4a upto 1 litre A dap  he does not drink, <301 00] apprentice school — righ 180 rarried 10
4 a8 he does not drink, 3 and more cups <80:90] gecondary school — righ 196 rarried 10
42 43 upto 1 litre A day  he does not dink. <70:30] Lnirversity normnal 174 rnarried 10
43 41 he doez not drink. 1-2 cups £80:90) apprentice schoal — rizk 174 rarried 9
44 47 1-2 cups <90:100) apprentice schoal gk 183 marrned 10
45 43 he does not dink,.— <80;30] unirversity rizk, 175 marned 4
4B 43 he doez not drink. 1-2 cups <1007310]  university rizk, 169 married 14
a7 43 upto 1 litre A dap  1-2 cups <301 00] apprentice school — rigk 177 rarried 11
43 44 upto 1 lire A day  1-2 cups <7080 Lnirversity rizk, 177 rnarried B
49 49 he doez not drink. 1-2 cups £7080) gecondary schoal — rizk 168 rarried A
a0 43 more than 1 litre he doesnotdink. <110.120]  secondary school  nisk 181 marrned 12
a1 45 uptallire /day  he doesnot dink. <100:170) universiby rizk, 183 marned 10
A2 47 1-2 cupz <100110]  basic school rizk, 176 married 9
A3 4a upto 1 litre # day 3 and more cups <B0O;F) gecondary school — righ 174 rarried 14
A4 40 more than 1 litre he does not drink, <100:110] bagic zchool pathalogical 180 rarried 19
5h 43 more than 1 litre 3 and more cupsz £80:90) gecondany schoal — rizk 175 rarried g
] 43 upto 1 litre A day 3 and more cups <7080 basic schoal nizk, 165 divorced 10
A7 | uptallire /day  he doesnotdink. <100:3110]  apprentice school — nisk 163 marned 4
T 45 uptallire /day  1-2 cups <70:80) Lniversity pathological 177 married 2
k) 40 more than 1 litre 1-2 cupsz <80:90] bazic zchool rizk 171 rarried 12
G0 Az more than 1 litre he does not drink, <301 00] apprentice school  pathological 176 rarried 14
B1 42 upta 1 litre A day  he does not dink.— <80:30] apprentice schoal — rizk 186 rarried 32
B2 42 he doez not dink. 3 and more cups <B0.90) gecondary school gk 177 divorced
B3 45 uptollire /day  1-2 cups <1107200  university nizk, 173 gingle 25
E4I 49 more than 1 litre 3 and more cups < 80:30) bazic zchool riskI 167 married 11_|L|
4 3
Cloze | Attributes Eilter E xpart

17



"
Entry data matrix - Social characteristics

Education

Marital status

Responsibility in a job

18



"
Entry data matrix - Physical examination

Weight [kg]

Height [cm]

Skinfold above musculus triceps [mm]

Skinfold above musculus subscapularis [mm]

...... additional attributes



"
Entry data matrix - Biochemical examination

Cholesterol [mg%]

Triglycerides in mg%

150

120

20

=lu

(=}

<110;1200 <140;150) <1T020) <200:2100 <230;2400 <260;270) <200;3007 <320;330) <350,3600 == 380

200

240

120

120

&0

2=50 (FO075> (95;100% (1200128 (195180 (17047E>  (195:200: (220225 (245260  (400;500:

20



LISp-Miner, application examples

Goals of analysis:

find new knowledge
verify if the given knowledge observed in given data

Presented:

Stulong data set
Analytical question @ (Physical, Social) ~? B (Biochemical)
Analytical question normal ® risk: B (Physical, Social) ~? B (Biochemical)

Analytical question ? TT 2 / B (¥

21



" JE
B(Social, Physical) ~? B(Biochemical)

In the ENTRY data matrix, are there some interesting relations between Boolean attributes
describing combination of results of Physical examination and Social characteristics and

results of Biochemical examination?

GUHA procedure:

Simple definition of a
DATA large set of relevant
patterns

Generation and
verification of particular
relevant patterns

<

All the prime patterns

22



" J
B(Social, Physical) ~? B(Biochemical)

Applying GUHA procedure 4ft-Miner

DATA

G

Simple definition of a Patterns: ¢ o~ )}
large set of relevant
patterns ¢ € B (Physical, Social)
Generation and Ve B (BIOChemlcaI)
verification of particular " .
relevant patterns ~° evaluated using 4-fould table

<

All the prime patterns

ENTRY | vy | -y

23



" J
Defining @ (Social, Physical) (1)

AMTECEDEMNT
Social 0-2 -
» Education [subset] 1 - 1 B, pos = Entry Succedent | — Succedent
» Marital_Status [subset], 1 -1 B. pos
» Responzibility_Job [subzet), 1 -1 B, posz Antecedent a b
FPhyzical 1-4
= WWeight [int], 10 - 10 B. pos
» Height [int], 10 - 10 B. pos — Antecedent C d
w Subzcapular [cut], 1 -4 E. pos
w [nceps [out], 1-3 B, pos

B (Social, Physical) = @B (Social) A B (Physical)

2
B (Social) = /\O [B (Education), B (Marital Status), B (Responsibility Job)]

4
B (Physical) =/\1 [B (Weight), B (Height), B (Subscapular), B (Triceps)]

24



" J
Defining @ (Social, Physical) (2)

ANTECEDENT | x
Social 0-2 « Attribute; Education Coefficient type
» Education [zubset], 1 -1 Spmun Literal type Gacs type | Subset |
+ Mantal_Status [subszet], 1 -1 B, poz & fasa & Posiive N
» Flesponsibility_Job [zubszet].1-1 B, pos B g £ Negative Livelliz el
F'|"|_|..|Sil36| 1-4 ' Both Min. length: b &, length:
» Wheight [int], 10 - 10 E. pos [ 1
= Height [int], 10 - 10 B, poz
# aubscapular [cut), 1 -4 B. pos
= Tnceps [cutl, 1-3 E. pos

Set of categories of Education:

basic school, apprentice school, secondary school, university

B (Education):  Subsets of length 1 - 1

Education (basic school), Education (apprentice school)

Education (secondary school), Education (university)

25



Remark: Attribute A with categories 1, 2, 3,4, 5

Literals with coefficients Subset (1 — 3):

Attribute: A

A1), A(2), A(3), A(4), A(S)

A(L
A(2
A(3
A4
A(L
A(2
A(3

1 2), A(L, 3), A(L, 4), A(L, 5)
13), A2, 4), A2, 5)

, 4), A3, 5)

, 5)

12,3), A1, 2, 4), A(1, 2, 5)
13, 4),A(2, 3, 5)

, 4, 5)

[ e
Subset
nt length

< hdin. l[ength:

y

v

N

Categony

26




" A
Defining @ (Social, Physical) (3)

ANTECEDENT | O ]

S acial 0.2 :I Sttribite: W eight Coefficient type
» Education [SLJtISE!t], 1-1 E poz Literal type Gace type IInter'-.-'al j
» Marital_Status [subset],1-1 B, pos @ Basic & Positive Caefficient length
» Responsiiy_Job (subset) 1-1 B, pos  Femaiing € Negai Pm et -

EICE ] 10 10
= wWeight [int), 10 - 10 B, po I
+ Height [int], 10 - 10 B, poz
# Subzcapular [cut), 1-4 E. pos
= [nceps [out], 1 -3 B. pos
Set of categories of Weight: 52,53, 54, 55, ........ , 130, 131, 132, 133

B (Weight): Intervals of length 10 - 10: Weight(52 — 61), Weight(53 —62), ...

52, 53, 54, 55, 56, 57, 58, 99, 60, 61, 62, 63,...., 128, 129, 130, 131, 132, 133
52, 53, 54, 55, 56, 57, 58, 99, 60, 61, 62, 63,...., 128, 129, 130, 131, 132, 133
52, 53, 54, 55, 56, 57, 58, 99, 60, 61, 62, 63,...., 128, 129, 130, 131, 132, 133

52, 53, 54, 55, 56, ..., 123,124,125, 126, 127, 128, 129, 130, 131, 132, 133



" J
Defining @ (Social, Physical) (4)

AMTECEDENT | x|
S acial -2 w attribute; Tricepz Coefficient type
» Education [zubget]. 1 -1 B. pos _I Literal type Gace type | Cut =l
» Mantal_Status [subset]. T -1 B. pos @ Basic @ Pasitive Coefficient Jength
;EE?PTHSihi“tLJDh [subset]. 1-1 E'HDDE € Remaining :: E'Eia“”e |7Min. length: Mas, lergth
PEICS - 1 2
= wWeight [int), 10 - 10 B, poz I
+ Height [int], 10 - 10 B, poz
# Subzcapular [cut), 1-4 E. pos
w 1nceps [cut], 1 -3 B, pos
Set of categories of Triceps: (0;5), (5;10), (10;15), ..., (25;30) (30;35) (35;40)

B (Triceps): Cuts1l -3

Left cuts 1 -3

(0;5), (5;10), (10;15), (15;20), (20;25), (25;30), (30;35), (35;40 ) i.e. Triceps(1-5)
(0;5), (5;10), (10;15), (15;20), (20;25), (25;30), (30;35), (35;40 ) i.e. Triceps(1-10)
(0;5), (5;10), (10;15), (15;20), (20;25), (25;30), (30;35), (35;40 ) i.e. Triceps(1-195)

28



"
Defining @ (Social, Physical) (5)

AMTECEDENT | x|
S acial -2 w attribute; Tricepz Coefficient type
» Education [zubget]. 1 -1 B. pos _I Literal type Gace type | Cut =l
» Mantal_Status [subset]. T -1 B. pos @ Basic @ Pasitive Coefficient Jength
;EE?PTHSihi“tLJDh [subset]. 1-1 E'HDDE € Remaining :: E'Eia“”e |7Min. length: Mas, lergth
PEICS - 1 2
= wWeight [int), 10 - 10 B, poz I
+ Height [int], 10 - 10 B, poz
# Subzcapular [cut), 1-4 E. pos
w 1nceps [cut], 1 -3 B, pos
Set of categories of Triceps: (0;5), (5;10), (10;15), ..., (25;30) (30;35) (35;40)

B (Triceps): Cuts1l -3

Right cuts 1 -3

(0;5), (5;10), (10;15), (15;20), (20;25), (25;30), (30;35), (35;40 ) ie. Triceps(35 - 40)
(0;5), (5;10), (10;15), (15;20), (20;25), (25;30), (30;35), (35;40 ) ie. Triceps(30 - 40)
(0;5), (5;10), (10;15), (15;20), (20;25), (25;30), (30;35), (35;40 ) ie. Triceps(25 - 45)

29



"
Defining @ (Social, Physical) (6)

AMTECEDENT |
Social n-2z :l
» Education [zubset), 1 -1 E. pos
» Marntal_Status [zubzet], 1 -1 B, poz
+ Rezponzibility_Job [zubzet]), 1 -1 B, posz
Phyzical 1-4
= wWeight [int), 10 - 10 B, poz
+ Height [int], 10 - 10 B, poz
# Subzcapular [cut), 1-4 E. pos
= [nceps [out], 1 -3 B. pos

Examples of (o € B (Social, Physical):

Education (basic school)

Education (university) A Marital Status(single) A Weight (52 — 61)
Marital _Status(divorced ) A Weight (52 — 61) A Triceps (25 — 45)

Weight (52 — 61) A Height (52 — 61) A Subscapular(0 — 10) A Triceps (25 — 45)
30



Remark: Types of coefficients

Coefficient type

Cne category
— |Interval

Cwvelical intervals
—  |Cut

EEE— Left cut
Fight cut

—— See examples above

subset b

31



"
Defining @B (Biochemical)

SUCCEDENT
Biochernical - : :
» Chalesterol [cut], 1 - 10 B pos Analogously to B (Social, Physical)
» Tnglicendes [cut], 1-15 E. pos

Examples of \y € B (Biochemical):

Cholesterol (110 — 120), Cholesterol (110 — 130), ..., Cholesterol (110 — 210)
Cholesterol (> 380), Cholesterol (> 370), ..., Cholesterol (> 290)

Cholesterol (> 380) A Triglicerides (< 50), ...

Cholesterol (> 380) A Triglicerides (< 300), ...

ey

32



"
Defining ~? in ¢~" vy

~? is called 4ft — quantifier, it corresponds to a condition concerning

Aft(p, w, M) — four fold table of ¢ and yin M

M \l} — \|] GLluantifier

E-quantifier

(P a b Founded Implication

Lower Critical Implication
Upper Critizal Implication

C d Bbove Average Implication
L (P Below Awerage Implication

Drouble Founded Implication

Drouble Lower Critical Implication
Double Upper Critical Implication
Founded Equivalence

Lower Critical Equivalence
Upper Critical Equivalence

17 types of 4ft-quantifiers | = |sinple Deviation

Fis_her quantifier

ok Flmll = Cancel | Lrefault values |




"
Two examples of =7

0) a b
o d
Founded implication =, ——2=pAazB

a+b
¢ =pp W at least 100p per cent of objects of M satisfying ¢ satisfy also

¢ and there are at least Base objects satisfying both ¢ and

d a+cC
Above average =", 5 —— > (1+p) ra>B

a+b a+b+c+d

¢ :J’p,B y : the relative frequency of objects of M satisfying v among the objects satisfying ¢

is at least 100p per cent higher than the relative frequency of y in the whole data matrix M

and there are at least Base objects satisfying both ¢ and

34



Solving ®(Social, Physical) = 57 B(Biochemical) (1)

X

— Bazic parameters
Mame: __ CLT 1  Founded implication 0.9.50
Comment: Dermo UMCC

Group of tazks: Default tazk-group

Drata matris: Entry

Owrner Powerllser

Edit

T ake awnership

AMTECEDEMT | QUAMTIEIERS | SUCCEDEMWT

Social o-2 ;I BASE count=50.000 :I Biochemical 1-2 &
» Education [subszet], 1 -1 B. pos FUI  p=0.900 » Cholesteral [cut], 1-10 B.poz~
» Marital_Status [subzet], 1 -1 B. poz » Tnglcendes [cut], 1-15 B, poz
» Responahbility_Job [subzet], 1 -1 B, poz
Phyzical 1-4 :>O 950
= WWheight [int], 10 - 10 B. pos -J, i i
+ Height [int], 10 -10 E. pos @(BIOChemlcal)
» Subzcapular [cut], 1-4 B. poz
w Tniceps [cut], 1 -3 B. poz

B(Social, Physical)
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Solving ®(Social, Physical) = 4 57 B(Biochemical) (2)

§%4 LM _STULONG.mdb Metabase - LISp-Miner 4ftResult module

Datasource  Task description  Hwpotheses  Help

CaoRm: -

. Tazk: _ CLT1 Founded implication 09,50 & Show all hypotheses
2 min. 40 SecC. Cormment Dema MO £ Show hypotheses justf

PC with 1.66 GHz, 2 GB RAM

Group of tazks: Default tazk-goup

5. 106 rules verified Drata matrix: Entry

art: 200102007 150721
Mumber of verfications: 5003726
mber af hypothezes: 0

Total time:  Oh 2m 40s

O true patterns

Add group | Del group

Actual graup of hypothezes! pofhiests

MHumber of hppotheses in the group: O Mumber of actually shown hypathezes: O
Mr. Id Conf Hypothesis

Problem: Confidence 0.9 in =454 too high

Solution: Use confidence 0.5
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Solving B(Social, Physical(BiochemicaI) (1)

Task ki

— Basic parameters
Mame: _ CLT 14 Founded implication 0.5, 50

Cormment; Demao UMCC

aroup of tasks: Default tazk-group E di
Drata matris: Entny —

Owner: Powerllser Take cwnership

AMTECEDEMT | LAMTIEIERS | SUCCEDEMT
Social o-2 BASE count= H0.000 :I Biochemical 1-2|a
» Education [subzet), 1 -1 B. pos FUl  p=0.500 # Cholesterol [cut], 1 -10 B.pos ™
= Marital_Statuz [zubszet], 1 -1 B, pos = Inglcendes [cut], 1-15 B, pos
» Respongibility_Job [zubzet).1 -1 B, pos
Phyzical 1-4 —
= Wheight [int], 10 - 10 E.pos 0.5,50 B(Biochemical
= Height [int], 10 - 10 E. pos ( )
w Subgcapular [cut), 1 -4 B. poz
w [nceps [cut], 1-3 B. poz
B(Social, Physical)
=1 =1
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" J
Solving ®(Social, Physical) = 5 5 B(Biochemical) (2)

78 LM _STULONG.mdb Metabase - LISp-Miner 4ftResult module
Datasource  Task description  Hypotheses  Help

ROSD r v

Tazk: _ CLT 14 Founded implication 0.5, 50 % Show all hypotheszes
Comment: Demo LMCC
Group of tazks: Default tazk-group
[rata matrix: Entry
Task run
Start: 20.10.2007 15:23:47 Total tirne: Ok 2m 53z
Murnber of verifications: 5003720
Murmber of hypotheses: 30 Addgroup | Delgoup | Edit aroup

€ Show hypotheses just fram groum;

Actual group of hypotheses: Al hypothesis

MHumber of hypatheszes in the group: 30 MHumber of actually shown hypotheses: 30
Mr. Id Conf Hypothesziz
1.9 0526 Subzcapular[0:5:, [H0x ] ==+ Traicendes<=[110:115:]
2 B 0.525 ‘weight(59... 78] & Height[177...186] ==+ Triglicerides(<= [1151203]
3 10 0519 Weight[71...80] & Height{176...185] & Subscapular(<= [15:20:] & Triceps(<= [10;15:] ++= Trnglicendes(<= [115120:]
4 9 0519 weight{71...80] & Height{176...185] & Subscapular[<= [15:20:] ==+ Trnglicendes(<=[115;120x]
5 18 0515 Weight[73...82] & Height{177...186] & Subscapular(<= [15:203] ==+ Triglicendes(<=[110;115]
B 14 0514 Weight[72...81] & Height[176...185] & Subscapular<= [15:20:] & Triceps(<= [10;15:] =+= Trglicendes(<= [115120:]
713 0514 Weight{72...81] & Height{176...185] & Subscapular(<= [15:20:] ==+ Trnglcendes(<=[115;120:]
g 24 1513 Height{177...186] & Subzcapular(<= [10;153] === Triglcendes(<=[115;120:]

30 rules with confidence > 0.5
Problem: The strongest rule has confidence only 0.526, see detail

Solution: Search for rules expressing 70% higher relative frequency than average

It means to use(=",,5, instead of =55,
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" A
Solving ®(Social, Physical) = 5 5 B(Biochemical) (3)

Detail of results - the strongest rule

x|
Antecedent:  Subscapular([0:5:, (510x] Antecedent Subscapular(05>, (5:105)
Succedent:  Triglicerides(<=[110;115>] i::;;:»:nt R’?‘liii‘fjii,’[”U'"E”
Condition: [M o restriction)
TEXT | DaTa GRAPH/MAP ARNL |
TE=T DATA I GRAPHMAP I AREHL Beta-version of 3D graph!
## Hypathesiz [0; 29
Antecedent
Antecedsant Subscapular (05, (510
Succedent Trglicendes [<=[110;115z2]
Contingency table
Succedent MOT Succedent
Antecedent a1 46 97 hantecedent
MOT Antecedent 303 729 1032
354 75 1123
¥ alues from contingency table: [
a 51 | afrequency from the contingency table o pE—— 72¢
b 46 416 b-frequency from the cantingency table Vo & Abs  C Relaum © Rel mas e
[ 303 303 c-frequency from the contingency table € Relrow " Relcol £| il ﬁl ﬂ @ vl Rt |
d 729 729 d-frequency from the contingency table
T 97 97 Hrequency [a+h] from the contingency kable tess | | 4wl | men | [ st | | dbioslimona |
n 1129 1123 nfrequency (a+b+c+d) from the contingency table
Conf 0.53 0.5257731959 Confidence [walidity]: a/[a+b)

Entry Triglicerides(<115) |- Triglicerides(<115)

Subscapular(0;10) 51 46

— Subscapular(0;10) 303 729

Subscapular(0;10) = 55 5; Triglicerides(<115)
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" J
Solving B(Social, Physical)-@(Biochemical) (1)

Task x|
—Bazic parameters
Mame: __CLT 2  Ad - Above average 0.7, 50
Cornment; Demo LIMCC
Group of tazksz: Default tazk-group E dit
Drata matrid: Entry —
Owiner: Powerllzer Liake avrersti
AMTECEDEMNT | TIFIERS | SUCCEDEMT
Social -2 4( BASE count=R0.000 :I Biochernical 1-2 &
» Education [subzet), 1 -1 B. poz .&IF 0.700 # Cholesteral [cut). 1 - 10 B, pos ™
» M anital_Status [zubzet], 1 -1 B, poz # Tnglicendes [cut), 1-15 B. pos
» Rezponzbility_Job [subset], 1 -1 B, pos
Physizal 1-4 + . .
+ Weight [int), 10 - 10 E. pos =0.7,50 (B(Biochemical)
» Height [int], 10 - 10 B. poz
» Subgcapular [cut], 1 -4 B. poz
w Tnceps [cut). 1 -3 B, poz

B(Social, Physical)
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" J
Solving ®(Social, Physical) =*; ; 5o B(Biochemical) (2)

78 LM _STULONG.mdb Metabase - LISp-Miner 4ftResult module

Datasource  Task description  Hypotheses  Help

B89 N[ »

Tazk: _CLT 2 Above average 0.7 %' Show all hypotheses
Comment: Baze =20 p=1.2 delka intervalu » sukcedentu j2 1 ) Show hypotheses just from group;
Eroup of tasks: Default tazk-group
[rata matris: Entry
Taszk run
Start; 20071002007 15:18: 27 Total time:  Oh 2m 40z
Mumber of werifications: B003726
Murmber of hypatheses: 14 Addgroup| Delgroup | Edit group

Actual group of hypothezes: Al hppathesiz
Mumber of hypothezes in the group: 14 Mumber of actually shown hypotheses: 14
Mr. Id gD Hypothesis

B 0.827 “wWeight{BE...75) & Subscapular(<=[1015>] & Triceps(<=[10:15] =++ Trglicendes(<= [90;55:]

3 0816 “Weight(BE...75] & Subscapular[<= [1015x] +++ Triglicerides(<= [30;953]

10 0.784 “weight{B3...77) & Subscapular(<=[1015x] & Triceps(<=[10:15:] +++ Triglicendes(<= [90;95>]

q 0.773 Wweight{B3...77] & Subscapular[<= [1015x] +++ Triglicerides(<= [30;953]

3 0.763 Weight{B7...76) & Subscapular(<=[1015>] & Triceps(<=[10:15:] +++ Triglicendes(<= [90;95>]

0.763 “wWeight{B9...78) & Subscapular(<=[1015:] & Triceps(<=[10;15:] =++ Triglicendes(<= [30;55:]

2 0757 wWeight{Bh...74] & Subscapular<=[1015:] & Triceps([0:5:, [5:10:] «++ Trglicendesz{<= [100;105:]

7 0.753 Weight{B7...76] & Subscapular[<= [1015:] +++ Triglicerides(<= [30;95:]

11 0.753 Wweight{B9...73) & Subscapular[<= [1015:] +++ Triglicerides(<= [30;95:]

0.739 Subscapular(<= [1015:] & Triceps([0:5:, [510:] +++ Triglicerides(<= [80:85:]

0.737 "weight(E1...70) & Tricepz([0:5:, (5:10:] +++ Triglicendes(<= [100:105:)

07z Waght[EE 78] & Subzcapular(<= (10151 & Triceps([0:5:, [5 10:] =++= Triglcendesz(<=[95;100:]
hiEE.. .'-"5 £ Sul:usu:aular-(— 1 EI 155 & T ricepsl[0: 5> 510 nllcendes-(— [100:105:

—_
LD 00 - O LT e D O —
—_
-2

—_ 1

OF L [0 —
—_

SELT] f= —L L0

14 rules with relative frequency of succedent > 0.7 than average

Example — see detalil 41



" A
Solving ®(Social, Physical) =*; ; 5o B(Biochemical) (3)

Detail of results - the strongest rule (i.e. the greatest AA)

¢@: Weight (65;75) A Subscapular(<15) A Triceps(<15) Entry | v mA
o | 51 | 114 | 165

—@ | 140 | 824 | 964
confidence =51/ 165 = 0.31 (not interesting!) 191 | 938 | 1129

y: Triglicerides (< 95)

51+140

relative frequency of patients satisfyin in the whole Entry data matrix: =0.17
quency orp fying \in the w y X 51+114+140+824

51
51+114

=0.31 i.e. 82 % higher

relative frequency of patients satisfying v among the patients satisfying o:

51 _ (1+0.82) 51+140
51+114 51+114+140+824

+
thus @ = "gg251 Y
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"
4ft-Miner Summary

m mines rules B(attributes group 1) ~ B(attributes group 2)
m also onditional rules ®B(attributes 1) ~ B(attributes 2) / B(attributes 3)

m very fine tools to define set of Boolean characteristics @B (attributes)
m automatically generates general literals like
O Subscapular (<15)
O Weight (66;75)
m various measures of association on (a, b, c, d)
m works very fast
m output directly filtered by chosen measure

m does not use Apriori, uses bit string approach
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LISp-Miner, application examples

Goals of analysis:

find new knowledge
verify if the given knowledge observed in given data

Presented:

Stulong data set
Analytical question @ (Physical, Social) ~? B (Biochemical)
Analytical question normal ® risk: B (Physical, Social) ~? B (Biochemical)

Analytical question ? TT 2 / B (¥

44



"
normal ® risk: @B (Social, Physical) ~? $B (Biochemical)

Motivation:

normal pathologlcal

Are there any differences in ¢ =, g W between normal and risk ?

Example of difference:
normal |y | <y risk |y | =y
| confidence,,,,,— confidence,, | > 0.3 0 a, b1 0 a, b,
— c, | d; -¢ | C, | d,
Condition of interestingness: | 4 |>0.3Ar82>03A4a,>0.3
a, + b1 a, + b
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normal ® risk: B (Social, Physical) ~? B (Biochemical)

Pattern normal ® risk: ¢ =P 33030 W  is true in data matrix Entry

if it is: | 4 a2|203Aq2Q3A%2Q3
a+b a,+h,

Entry / normal U} =\ Entry / risk U} =\
¢ dq b, ¢ a b,
— o d, - C, d,
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" J
Solving normal ® risk: B (Social, Physical) ~? B (Biochemical) (1)

El
[ S - SD4ft-Miner procedure
Comrment: -

Group of tazks: Default tazk-group

. E dit
Drata matrix: Entkry —

Owner: Powerllser Tiake awnership

AMTECEDEMT | QUAMTIEIERS |
S ocial 0-2 «| Type Fel Value Units
» Education(®) B, poz EASE FirstS et w= 3000 Abz :I » Cholestenal[*) B, poz
= Martal_Status(*] B, poz BASE SecondSet w= 000 Abs # 1 nglicendes(*) B, poz
» Responsibility_Job("] B. pos FLII Diffy albs »= 030 Abs.
Phyzical 1-4
= Weight[¥] B, poz . )
» Height(*] B. pos | G __ % |>03Aa>03Aa,>0.3 @(Blochemlcal)
# Subscapular(®) B. pos a+b a,+b, 2
w1 riceps) B, poz J _I
@(SOClal, PhySICal) ll Total length: 1-2

[A]1FIRST SET 2] SECOMD SET COMDITION |
First zet 1-1 Second set 1-1 & Candition - D:I
» Group of patientz[ normal] B, pos » [aroup of patients( rizk) B, poz
normal risk
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Solving normal ® risk: B (Social, Physical) ~? B (Biochemical) (2)

E7 LM _STULONG.mdb Metabase - LISp-Miner SD4ft-Result module

Daktasource  Task description  Hwpotheses  Help

2 : =
5 2 ¥

Task: _CLT 3 SD4ft demo ' Show all hypotheszes

Comment; - = Show hypotheses just from groum

Group of tazks: Default bazk-group
Drata matrix: Enkry
Tazk run
Start; 22102007 19:25:41  Total tirme: Ok 10m 15s
Murmber of verifications: 18333250
Murnber of hypotheses: 32

Add group | | Dellgroup | | Edit group

Actual group of hypatheses: Al hypothesis
Hurnber of hypotheszes in the group: 32 MHumber of actually shawn hypotheses: 32 Dielet
Mr. |d Df-Conf 1:Conf ZConf Hypothesis —

1 27 0349 0581 0212 Marntal_Status[marned) & Weight[7E...85] & Height[172..181] & Trceps(<= [10;15:] +=+ Cholesterall<= <200:210]] : Group of patientz{normal] > Group of patients]n
2 20 0337 0666 0.229 Mantal Statuz[married] & Weight[74.. 83] & Height{167...176] & Triceps(<= [10;15:] =++ Chalesterol[<= <200:210]] : Group of patientz{normal] = Group of patients(n
3029 0336 0571 0.236 Martal_Status[married) & Weight[77...861 & Height[172...181) & Triceps(<= [10;15:] ==+ Cholesteral<= <200:2100] : Group of patientz{normal] > Group of patientslr

19 000 000 patterns verified in 10 minutes
32 patterns found

The strongest one — see detail
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" J
Solving normal ® risk: B (Social, Physical) ~? B (Biochemical) (3)
Detail of results - the strongest pattern

¢@: Marital_Status(married) A Weight (75,85) /A Height (172,181) A Triceps(<15)

y: Cholesterol (< 210)

Entry / normal W —\y
¢ 32 25 ﬁﬂ confidence, g,y = 0.56
—¢ 90 129

Entry / risk U} —\
0 32 119
—Q 188 520

confidence, = 0.21

Corncldencenormal_ COr]ﬁdencerisk = 0.35 normal ® risk: ¢ :>D0_35,32’32 4
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SD4ft-Miner Summary

mines patterns B (a*) ® B (B*): B (¢*) = B(y*) | B(y*)
Interpretation: Are there any differences between some sets «and S what

concerns relation of some ¢ and i when some of conditions y is satisfied?

based on the same principles as 4ft-Miner

Q definitions of B (*)

O measures of association on {a, b, c, d)
powerful tool, requires careful applications

necessity to use background knowledge
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LISp-Miner, application examples

Goals of analysis:

find new knowledge
verify if the given knowledge observed in given data

Presented:

Stulong data set
Analytical question @ (Physical, Social) ~? B (Biochemical)
Analytical question normal ® risk: B (Physical, Social) ~? B (Biochemical)

Analytical question  ? TT 2 / B (¥) o]

KL-Miner
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" JEE
GUHA Method and the LISp-Miner System

m GUHA method and KDD

m LISp-Miner system

Overview
6 GUHA procedures

application examples

bit string approach

Bit string
m Current research projects

m Observational calculus — logical calculus of KDD patterns
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"
GUHA Method and the LISp-Miner System

m GUHA method and KDD

m LISp-Miner system

Overview
6 GUHA procedures

application examples
bit string approach
m Current research projects

m Observational calculus — logical calculus of KDD patterns
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Current research projects
Starting points:

m Hard to use all fine possibilities of particular *-Miners even for specialists
Automated formulation of analytical questions

Project EverMiner

m Particular results of particular *-Miners not too much useful
Automated production of analytical reports

m Necessity to use background knowledge in all phases of data mining
Project LISp-Miner Knowledge Base

m  Similar data bases produced and mined in various places
Project SEWEBAR

m See also 10 Challenging Problems in Data Mining Research
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" N
10 Challenging Problems in Data Mining Research

<23 ICDM: IEEE International Conference on Data Mining - Microsoft Internet Explorer =l8].x

Soubor  Upravy Zobrazit  Oblbend  Nastroje  Napovéda . | W

Qe - © - [x] () | i Leame @] (2- 12 - )@ B WWW.CS.UVM.edu/~icdm/

Adresa IE hikbpef P o5, uvm edu/ ~icdmy j Prejit | Odkazy
Home Page © Bl woztkopi [ (B P Hedst gm]}\/ybreﬂ = Q-E fq @ [ - @ F0F-1E - B v

Organizers Guide
10 Challenging Problems
Submission Numbers

ICDM 2006
1ICDM 2005

|

|

|

|

|

|

| ICDM 2004
[ ICDM 2003
| ICDM 2002
|

|

|

|

|

|

|

|

ICDM 2001

Sponsors

Sponsor Benefits
Steering Committee
Topics

10 Challenging Problems 1n

Data Mining Research
prepared for ICDM 2005

Publications
ICOM Awards

Data Mining Links

]

E-mail the Steerin
Committee

Edited by
Qiang Yang, Hong Kong Univ. of Sci. & Tech.,
http://www.cs.ust.hk
and

Xindong Wu, University of Vermont

= i 4] == [p pi[O © | Fll = i
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ﬁ | Adobe Reader - [10Problems-05.pdf]
E File Edit “iew Document Tools Window Help
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4. Mining Complex Knowledge from
Complex Data

O Mining graphs
O  Data that are not 1.1.d. (independent and identically distributed)
®  many objects are not independent of each other, and are not of a single type.

®»  mine the rich structure of relations among objects,
: ®  E.g.:interlinked Web pages, social networks, metabolic networks in the cell

__—=—megration of data mining and knowledge inference

®m  The biggest gap: unable to relate the results of mining to the real-world
decisions they affect - all they can do 1s hand the results back to the user.

——__More research on inferestingness of knowledge

/\
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ﬁ | Adobe Reader - [10Problems-05.pdf] ;lilll

IE|Eile Edit  Wiew Document Tools ‘Window Help -|5’|5|

%@ ESa\-’eaCnp\; [g] % " % ﬂ IhSelect E} %@F’j _Ic-_-bl = Ia?% - @ %%v ggHelpv % Search ek | YT | %1

8. Data-mining-Process Related
Problems

O How to automate
mining process’?

w the composition of data
mining operations

Data cleaning. with Y
logging capabilities I Mining. ..
Visualization and

mining automation O Need a methodology: help

users avoid many data
mining mistakes

=  What is a canonical set of
data mining operations? ™

ﬁ- Comments ‘ Attachments

= 4 4 v T Bl © O | | 4 PESEHGED
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Project LISp-Miner Knowledge Base

Storing and maintaining groups of attributes:

I eta-attribute

- Difficuliies
...... [ Palpitation
------ [ Swellings
=1 EKG
...... [ PO Interval
------ [ GRS Interval
...... [ Rwtrmus
=[] Labaratomy
------ [ Chalesteral
...... [ Triglycerides
=[] Perzonal characteristics

------ [0 Age

------ [1 Department

------ [ Sex

=[] Social characteristics

------ [1 Education

------ [ Lives alone

------ [ Marital status

------ [ Responzbility in a job

Dretail Add Del Clane [H kit

Cloze Shio [izt




Project LISp-Miner Knowledge Base

Mutual influence of attributes

Mutual influence of meta-attributes

Meta-attribute grid

Age

Beer consumption

B

Cigarettes / day

Education

Age  Beer . BMI  Cigars. lEducatioanypennS:Obesiw:

Sex | Wine

Q

e

® ¢+5

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

T’“

~

i~

-4

! N'T
3

?¢+s

If Age increases then

BMI mcreases too

T'E
1r -

?

=

If Education increases then Beer
consumption decreases 59




" J
Analytical report from data mining

m  An attempt to bridge the gap between data mining and the real world

m Presents answer to a given analytical question

m Arranged according to

user's needs
analyzed problem
background knowledge

analyzed data
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" A
Sketch of analytical report for B [EKG] =?@ [Difficulties]

1. Introduction
Informal formulation of analytical question. Description of structure of the report.

2. Analysed data
Overview of basic statistics of used attributes

3. Answering B [EKG] ~’B|[Difficulties]
Explanation of B [EKG], B [Difficulties], =, gaser ="p, ase

4. Results overview
Statistics of all found patterns, suitable statistics on particular attributes occurrences.
Assertions of "second order" like ,there is no pattern concerning Cough®

5. Particular patterns for = g

Structured list of patterns with quantifier =, gaee

6. Particular patterns for =", Base
Structured list of patterns with quantifier =% g,

7. Conclusions

Suggestions of additional analysis
61



Project SEWEBAR — principle
(SEmantic WEB and Analytical Reports)

|
|
Global analytical JJ
report
J

.......................................................................................................................................

Local analytical
report

Local analytical
report




" JEE
SEWEBAR - pilot project
STULONG and ADAMEK data sets

http://[sewebar.vse.cz/adamek/index.php/adamek-
aslav/72-adamek-aslav-6x4/947-xfarj05-xkoll22-mi-ob-
caslav-512

http://sewebar-
dev.vse.cz/index.php?option=com content&view=arti

cle&id=46&Itemid=54
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Formulating Local Analytical Questions
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Formulating Local Analytical Questions — example 1

Mutual influence of meta-attributes

Meta-attribute grid
Age | Besr
Age ~
Beet consurmption
Bl

Education @ @@

Is the given item of background knowledge O observed in the ADAMEK data ?

Can be answered using the GUHA procedures implemented in the LISp-Miner system, see e.g.

Rauch J., Siminek M: GUHA Method and Granular Computing. In: Hu, X et al (ed.).
Proceedings of IEEE conference Granular Computing. 2005, pp. 630-635.
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Formulating Local Analytical Questions — example 2

26 Groups of attributes in the ADAMEK data:
Personal information, Family history, Social data, Measures, EKG, Difficulties, ...

What strong relations between Boolean characteristics of two

groups X and Y of attributes are observed in the ADAMEK data?

ADAMEK: B [X] ~? B[Y]

B [X] — set of all interesting Boolean characteristics of X

B [Y] -set of all interesting Boolean characteristics of Y

Example: ADAMEK: B [EKG] ~? B [Difficulties]
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Project EverMiner - a vision

Initial setup of set of relevant patterns lEM-Wizard -

EM-Wizard [N] U EM-Wizard [2N]

Run GUHA procedure

Define narrower set <: Define broader set of
of relevant patterns :> relevant patterns

L emwizard BY

Filter true patterns

[Too big ] @ froo small]

Test number
of patterns
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Ever Miner - Wizard ,Literal”

H
Aftribute: Age Coefficient type
Gace type IInteNaI LI
o Positi\,.fe Coefficient length
((: gecﬂatlve hdin. length: haoc length:
i
i IE 10
Categony
! 7
Comment
Ok I Cancel

Type of atributes
Number of categories
Frekvencies

Task we solve

W — literal

Typ of coefficient
Minimal length

Maximal length
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Ever Miner - Wizard ,4ft-quantifier *

N

List of quantifiers

Task: 04 Cholesterol => Triglicerides RIGHT CUTS

Type Parameters

FDunded Implicatian p=0.700

=
Quantier | Add. | gase;Cei|| Del |
Close | Up | Diouwn | Copy | Paste
W — 4ft quant.

Solved task
Current results — — | E.Q.: =095 450
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Ever Miner - Wizard ,categories definition”

Xl

Aftribute:  Age - priklad

— Ivpe of cregtion——————
& FEach value - one categony Mat suitable for columns of tvpe 'float’. Float numbers are not precise!

(" Equidistant intervals
(~ Equifrequency intervals
(" Bywalues in associated table

—Source column
Column Age Walue tdean: 45 4
Type:  Longinteger bin:  23.0
Mumber of distinctvalues: 47 bz B9.0

Number of values _
W — Categ. Def. Typ of categories

Frequencies of values

Task we solve Length of intervals

Current results

Number of intervals
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GUHA Method and the LISp-Miner System

m GUHA method and KDD
m LISp-Miner system

Overview
6 GUHA procedures

application examples
bit string approach
m Current research projects
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