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[ITnmaH NnekKuunwu

e YUTO Takoe KnacTtepHbiu aHanus
e MeTOoobl KnacTtepHoro aHanusa
e MeTpukn paccTtosiHUSA

e Metoa k-cpegHux

e Mepapxuyeckaa knacrepusauus



UTo Takoe KnacTepHbIN aHanus

OOLee HaszBaHME MHOXecCTBa
BbIMMCITUTENBbHbLIX MpoLueayp,
MCNOSb3YEMbIX MPU CO30aHUN
Knaccugukaumm
N HanpaBfeHHbIX HA BHYTPEHHIOO
CTPYKTYpU3aLUnto OaHHbIX.



nnotesza KOMMNAaKTHOCTM

PacctosgaHne mexay OByMs OObeKkTamu,
npuHaanexawumMmm K ogHOMY MU TOMY
e KrnacTepy, Bcerga MeHblle
PACCTOSIHUA MeXay OBYyMSA OObekTamu,
npuHagnexawmmMmm K pasHbIM
KrnacTtepam.



Bunabl oby4yeHus

Supervised learning

X
X
x)(

Unsupervised learning

clusters




McxogHoOe MHOXecTBO
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[TlomeyeHHOE UCXOOHOEe MHOXEeCTBO
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Pe3ynbTaTt Knacrtepusauuu
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MeToabl KnacrtepHoro aHanusa

e lepapxunyeckme arnomepaTtuBHbIE METOAbI
e /lepapxunyeckmne OMBU3NMHbIE METOAbI

e /ITepaTnBHble MeTOObl PYNMUPOBKU

e OaKTOpHLIE METOAb

e MeToab! cryuwieHmnm

e Metoabl Teopuu rpadoB

e [lepeBba pelUueHUn

e HenpoHHbIE ceTun



MeTpukn paccTtossHuA

IBKNMMAOBO pacCcTosiHMe

p
djj = 2 (Xik -><j|<)2
k=1

TpebyeT 06si3aTerIbHOr0O HOPMUPOBAHMUA MOKa3aTenew



MeTpuUKNU paccTosAHUA

PacctosHue ropoaAcCKnx KBapTasrioB

dij = 24 Xik - Xk

MeHee 4yBCTBUTENbLHO K BblIOpoOcam



MeTpukn paccTtossHuA

PacctosHue YeObliwueBa

dij — MaX Xjk 'Xjk

Xopowo yuuTbiBaeT pas3fiuima oO6bLEKTOB



MeTpuUKNU paccTosAHUA

PacctossHne MUWHKOBCKOro

p
dij = ( 2 Xik - Xk o

B3BewwunBaer pacCToAHUe mMexay nepemMmeHHbIMU



Knactepusauna metroaom Kk-cpegHux

NMpumep mMcxogHbIX AaHHbIX

Code
LT-47
LT-51
LT-52
L-91
LT-13
LT-23
LT-48
LT-46
H-16
H-88
LT-22
LT-49
L-87
LT-55
LT-9
L-20
L-31
L-86
LT-21
LTG-2
L-19
LT-24
LT-33
L-17
LT-34
LT-36

=89
-8.9
-8.9
-8.7
-8.7
-8.7
=8
-8.6
-8.5
-8.5
=85
-8.5
-8.4
-8.4
-8.4
-8.3
-8.3
-8.3
=8.3
-8.3
-8.2
-8.2
<8.2
-8.1
-8.1
=84

X1
-8.5
-8.4
-8.6
-8.6
-8.6
8.9
-8.5
-8.2
-8.3
-8.6
~8.5
-9.0
-8.5
-8.6
-8.6
-8.4
-8.4
-8.3
-8.6
-7.8
-8:3
-8.8
-8.0
-8.0
-8.2
-8.2

X2
-6.5
-6.7
-7
-6.9
-1.2
-6.8
-6.4
-6.2
-6.5
=f.0
-6.9
-6.6
-7.0
=7.0
-6.8
-6.6
-6.9
-6.8
-6.8
-6.8
-6.6
-7.1
-6.1
-6.6
-6.3
=63

X3
249
-7.4
-8.2
-6.9
-8:2
=710
-7.4
-7.8
-7
1.3
-1.4
-7.0
-7.5
-7.5
-1.4
-7
-7.4
-6.8
-7.1
-6.9
et
-6.8
-7.2
-7.4
=76
=71

X4
=t
-6.6
-7.0
-8.3
=7:2
5T
-6.8
-7.8
-6.6
-8.0
-8.3
-6.8
-7.8
=73
-8.0
=TS
-7.8
-8.5
-8.2
=13
=BT
-7.9
-7.0
-8.3
=5.5
-6.2

X5
=82
=81
-9.4
=9.2
=9.0
-8.8
-8.4
-7.9
-8.0
-9.3
29.0
-8.4
-8.6
-8.5
-8.4
-8.2
-8.0
-8.9
-8.8
=7:9
=83
-8.8
-7.9
-8.1
=83
=78

X6
=8
-8.6
-9:2
-8.7
-8.9
-8.2
-8.6
8.3
-8.1
-8.4
-8.3
-8.5
-8.5
-8.3
-8.2
=8.3
-8.4
-8.2
-8.2
-8.0
=8:1
B85
-7.9
=7.9
-8.1
-8.1

X7
-8.3
-8.3
-8.6
-8.9
-8.7
-8.4
=82
-7.9
-8.1
-8.0
-8.4
-8.4
-8.9
=91
-8.4
-8.1
-8.1
-8.6
-8.1
-7.4
=19
-8.2
=17
-7.8
-1.9
mhd

X8
=62
6.1
-6.4
-6.1
-6.3
-6.1
-6.2
-6.0
5.7
-6.1
-6.0
-6.0
-6.2
-6.1
=61
-6.0
=B:2
-6.1
-6.0
6.2
-6.2
2.9
-5.8
-6.1
-6.0
=0.8

X9
-6.7
=6:5
-6.8
-6.4
-6.5
-6.4
-6.6
-6.4
-6.1
-6.4
=6:3
-6.3
-6.4
-6.4
-6.4
-6.3
-6.6
-6.2
-6.2
-6.5
-6.4
-6.3
-5.9
-6.3
-6.3
-6.0

X10
et
-7.4
-8.2
-7.5
=7.5
-7.6
=1.B
-7.4
-7.3
-7.2
=75
-7.6
-7.3
-7.8
-6.9
-74
-7.4
-7.2
-71.3
-8.1
-7.6
-74
-7.1
-74
=1
-7.0

X1
=85
-8.4
-8.6
-8.2
-8.2
-8.1
-8.0
-8:2
-8.0
-71.9
-8.2
-8.0
-8.2
-8.1
=17
-8.1
-8.0
-8.0
-8.0
-8.4
=49
-7.9
-8.0
-8.0
-8.1
-8.1

X12
-6.4
-6.8
-7.5
1.0
-6.4
-7.0
-6.6
-6.2
-6.6
-6.8
-6.8
<63
-6.9
-6.7
-6.3
-6.6
-6.4
-6.9
-6.9
<69
-6.6
-6.5
-6.1
-6.5
-6.3
6.7

X13
6.3
-6.1
-6.4
-6.3
-8
-6.0
-6.1
-6.0
-6.4
-6.3
=6.5
0.3
-6.3
-6.0
-6.0
-6.1
-6.6
-6.2
<6.1
-6.8
-6.1
-6.4
5.5
-6.0
-6.1
=5.9




Knactepusauna metroaom Kk-cpegHux

“ STATISTICA - Docking TDAZ.L17 ESN B0l O
| Eile Edit View Insert FOImat Stat|st1cs Data Mining Graphs Tools Data Wmdow Help

D E.‘E S| 4 BE< ¥ Resume Col+R t- Add to MS Word - & | @& K2 .

j"bﬂ ' ;;:all_ ;;asl,_‘%[%mBaﬁcStatlsﬁcsﬂables | SR B BN | B D 6, | 'i.:ﬂi M VM%E&—Z*&?@E?EE‘T <

|7 Multiple Regression
. Data: Docking TDAZ_LL7* (14 52 ANOVA

Clustering 4 Nonparametrics ]

1 2 [ Distribution Fitting 8 g 10 11 12 13 14
Y X1 = KT X8 X9 X10 X11 X12 X13
LT47[ 80 =Y l* Advanced Linear/Nonlinear Models S ) A7 = "o A A 63
LT-511 -89 -8 , :JZ Multivariate Exploratory Techniques ;==.J'} Cluster Analysis -6.1
LT-52| -89 @ -8.¢E= Industrial Statistics & Six Sigma » 5 Factor Analysis -6.4
L-91 | -87 -8 ¢ ¥ Power Analysis | @ Principal Components & Classification Analysis | -6.3
LT-13] -8.7 -8.£ %8 Autom ated Neural Networks ' * Canonical Analysis -5.8
LT-23| -8.7 = -8.L@if PLS, PCA, Multivariate/Batch SPC j‘-@ Reliability/Ttem Analysis 6.0
ti‘jg ‘2; ‘2; Variance Estim ation and Precision (VEPAC) ;fm Classification Trees 'gg]
TS -8.5 -8 Statistics of Block Data g ;42 Cor@spond@ce _A_nalysis -6:4
Hss | -85 -5 ¢ £ STATISTICA Visual Basic ‘% fvl}_llﬂflll?]Gl\SlOlml Sc.almg 5
LT-22| -85 -8.¢ YR Batch (BiGroup) Analysm Q‘j Discriminant Analysis -6.5

T 5 - | %8 General Discriminant Analysis Models =
LT-49| -85 -9. (/,qn p ‘ 6.3
robability Calculator |

L-87 | -84 -8.5 U o U ohe) oo -89 -6.2 -6.4 -7.3 -8.2 -6.9 -6.3

LT-55| -84 -86 -7.0 -75 -7.3 -85 -8.3 -9.1 -6.0 -6.4 -7.8 -8.1 -6.7 -6.0 __|
LT-9 | -84 -86 -6.8 -74 -8.0 -84 -8.2 -8.4 -6.1 -6.4 -6.9 -7.7 -6.3 -6.0




Knactepusauma metroaom Kk-cpeaHux

5} Clustering Method: Docking TDAz L17 e ]@
Quick | = oK
S+ Joining (tree clustering) Cancel
S Two-way joining & Options ~

= OpenData

SELECT
RE \ S w




Knactepusauna metroaom Kk-cpegHux

; Cluster Analysis: K-Means Clustering: Docking TDAz_L17

Quick Advanced |

B! Variahles: I Y.

Cluster: Cases (rows) v

MNumber of clusters: 3

Number of iterations: 10

Initial cluster centers
( Choose observations to maximize initial between-cluster distances
(@ Sortdistances and take observations at constant intervals

(" Choose the first N (Number of clusters) observations

| Batch processing and reporting

Cancel

B Options  ~

SELECT
T | S w |

MD deletion

(@ Casewise

(" Mean
substitution




Knactepusauna metroaom Kk-cpegHux

o

5‘ k - Means Clustering Results: Docking TDAz_L17 s l — Ilﬂl

Nunbher of wariables: 1

Nuuber of cases: 41

K-means clustering of cases

Missing data were casewise deleted
Nunber of clusters: 3

Solution was obtained after Z iterations

LIEY

' Summary
Summary: Cluster means & Euclidean distances Cancel
iiii Analysis of variance B Options ~
Graph of means “WB By Group

[HH Descriptive statistics for each cluster

Members of each cluster & distances

ﬁ Sawve classifications and distances




Knactepusauma metroaom Kk-cpeaHux

3 WorkbookL* Cluster Means (Docking TDAzZ_L17)
El~-~~@ Cluster Analysis (Docking TDAz_L17) Cluster | Cluster | Cluster
= K-means clustering results dialog Variable | No. 1 No. 2 No. 3
- Cluster Means [Docking TDAz_L17) Y -8.22353] -7.62500 -8.67500

------ Euclidean Distances between Clusters (Docking TDAz_L17)

------ Analysis of Variance (Docking TDAzZ_L17)

------ Descriptive Statistics for Cluster 1 (Docking TDAz_L17)

------ Descriptive Statistics for Cluster 2 (Docking TDAz_L17)

------ Descrniptive Statistics for Cluster 3 (Docking TDAz_L17)

------ Members of Cluster Number 1 (Docking TDAz_L17)

------ Members of Cluster Number 2 (Docking TDAz_L17) 4 »

...... Members of Cluster Number 3 (Docking TDAz_L17) Cluster Means (Docking TDAz_L17) [E] Euclidean |




Knactepusauma metroaom Kk-cpeaHux

3 Workb

ookl*

El@ Cluster Analysis (Docking TDAZ_L17)

&6

K-means clustering results dialog

[ Cluster Means (Docking TDAzZ_L17)

Euclidean Distances between Clusters (Docking TDAz_L17)

~[E]] Analysis of Variance {Docking TDAz_L17)

Descriptive Statistics for Cluster 1 (Docking TDAz_L17)
Descriptive Statistics for Cluster 2 (Docking TDAz_L17)
Descrniptive Statistics for Cluster 3 (Docking TDAz_L17)

3 Members of Cluster Number 1 (Docking TDAz_L17)

Members of Cluster Number 2 (Docking TDAz_L17)
Members of Cluster Number 3 (Docking TDAz_L17)

4

Analysis of Variance (Docking TDAz_L17)

Analysis of Variance (Docking TDAz_L17)
Between df | ‘ithin | df B signif.
Variable SS SS n
i 6.6688021 2 1.175588 38]|107.7820 0.000000

M

=7 Descriptive Statistics




Knactepusauna metogom Kk-cpeaHux

3 Workbook1*
é}-»-@ Cluster Analysis (Docking TDAz_L17)

El@ K-means clustering results dialog
----- Cluster Means (Docking TDAz_L17)

----- Analysis of Variance (Docking TDAz_L17)

------ Descriptive Statistics for Cluster 1 (Docking TDAZ_L17)
------ Descriptive Statistics for Cluster 2 (Docking TDAz_L17)
------ Descriptive Statistics for Cluster 3 (Docking TDAzZ_L17)
------ Members of Cluster Number L (Docking TDAz_L17)

»»»»»» Members of Cluster Number 2 (Docking TDAz_L17)

------ Members of Cluster Number 3 bocking TDAz_L17)

------ Euclidean Distances between Clusters (Docking TDAzZ_L17)

Members of Cluster Number 3 {(Docking TDAz_L17)
and Distances from Respective Cluster Center
Cluster contains 12 cases
Distance [

LT-47 0.2250008

LT-51 0.225000%

LT-52 0.225000

L-91 0.025000

LT-13 0.025000

LT-23 0.025000

LT-48 0.025000

LT-46 0.0750007

H-16 0.175000

H-88 0.175000

LT-22 0.175000
0.175000

Members of Cluster Number 3 (Docking TDAz_L17) | B




Knactepusauna metogom Kk-cpeaHux

@ WorkbookL*
=33 Cluster Analysis (Docking TDAZ_L17)

=50 K-means clustering results dialog
------ Cluster Means (Docking TDAzZ_L17)

~~~~~~ Analysis of Variance (Docking TDAz_L17)

------ Descriptive Statistics for Cluster 1 (Docking TDAz_L17)
~~~~~~ Descriptive Statistics for Cluster 2 (Docking TDAz_L17)
------ Descriptive Statistics for Cluster 3 (Docking TDAz_L17)
‘‘‘‘‘‘ Members of Cluster Number 1 bocking TDAz_L17)

------ Members of Cluster Number 2 (Docking TDAz_L17)

------ Members of Cluster Number 3 (Docking TDAz_L17)

~~~~~~ Euclidean Distances between Clusters (Docking TDAz_L17)

Members of Cluster Number 1 {Docking TDAz_L17
and Distances from Respective Cluster Center
Cluster contains 17 cases
Distance

L-87 01764711

LT-55 0.176471

LT-9 0.176471

L-20 0.076471)

L-31 0.076471

L-86 0.076471

LT-21 0.076471

LTG-2 0.076471

L-19 10.023529

LT-24 0.023529

LT-33 0.023529

L-17 0.123529

LT-34 0.123529

LT-36 0.123529

LT-50 10:123529

LT-5 0:123529

H-18 0.223529

[ET b

Members of Cluster Number 1 (Docking TDAz_L17) Members of Cluster Nun 4




Knactepusauna metogom Kk-cpeaHux

‘3 Workbookl* Members of Cluster Number 2 (Docking TDAz_L17)zI
=3 Cluster Analysis (Docking TDAz_L17) and Distances from Respective Cluster Center
=3 K-means clustering results dialog Cluster contains 12 cases
444444 Cluster Means (Docking TDAz_L17) Distance
------ Euclidean Distances between Clusters (Docking TDAz_L17) |H-69
~~~~~~ Analysis of Variance (Docking TDAz_L17) LT-30 LDt
------ Descriptive Statistics for Cluster 1 (Docking TDAz_L17) LT-31 0.175000§
444444 Descriptive Statistics for Cluster 2 (Docking TDAz 117)  |LT-32 0.175000§
~~~~~~ Descriptive Statistics for Cluster 3 (Docking TDAz_L17) :ﬁ:gg 88;2888 :
------ Members of Cluster Number 1 (Docking TDAZ_L17) [T-32 040'2'5*000
------ Members of Cluster Number 2 (QJocking TDAz L17) LT-38 0:025000 ¢
~~~~~~ Members of Cluster Number 3 (Docking TDAz_L17) 28T 0 125000
H-42 0.225000
LT-53 0.225000]
0.525000

Members of Cluster Number 2 (Docking TDAz_L17) Members of Cluster Nun 4 I >




Knactepusauna metroaom Kk-cpegHux

paHUUbI KnactepoB
[Y(LT-49) + Y(L-87)] / 2 =-8.45
[Y(L-18) + Y(L-69)] / 2 = -7.95

Bbicokasa Y <-8.45
YMmepeHHaa -845=5Y<-7.95
Huskaa Y =2-7.95



Uepapxnyeckaa Knacrtepusauus

Tree Diagram for 41 Cases

Single Linkage
Euclidean distances

RERREE=E=
G
]
=
===

aoue)siq abeyur




CamoopraHusywwmecsa cetn KoxoHeHa

[/1] STATISTICA - Docking TDAZ_L17 E=0 ol "X
| File Edit View Insert Format Statistics Data Mining Graphs Tools Data Window Help
DR &R & < WL | Automated Neural Networks P _ |
a|;|m Lé B Ll OO | [ 23 e s e lli Machine Learning (Bayesian, Support Vectors, NearestNeighbor) L ¢- o= & o TR
[Fr—————————————== () General Classification/Regression Tree Models [
Data: Docking TDAZ_L17* (14v by 43¢) -+ General CHAID Models E=n fo8 X
Clustering A Interactive Trees (C&RT, CHAID) |
1 2 3 A% Boosted Tree Classifiers and Regression 12 13 14
Y X1 X2 #% Random Forests for Regression and Classification X11 X12 X13
t?g.: 'gg 'gi ‘g? A Generalized Additive Models —gi 'gg "gi’
[T52| -89 86 57 -3 MARSplines (Multivariate Adaptive Regression Splines) 86 75 64
L-91 | -8.7 -86 -6.9 &5 Generalized EM & k-Means Cluster Analysis -8.2 -7.0 -6.3
LT-13| -8.7 -8.6 =T.7 7 -8.2 -6.4 -5.8
[T-23| -87 85 68 IM! Independent Components Analysis 81 70 60
LT-48| -8.7 -8.5 -6.4 R Text & Document Mining, Web Crawling - Methods 4 -8.0 -6.6 -6.1
LT-46| -8.6 -8.2 -6.2 e -8.2 -6.2 -6.0
H-16 | -8.5 -8.3 -6.5 % S A iati I Link Analvsi -8.0 -6.6 -6.4
Hss | -85 86 _7 o ‘¥ Sequence Association, and Link Analysis 79 68 63
LT-22| -85 -85  -6.9 ¥z Rapid Deployment of Predictive Models (PMML) -82  -68 -65
LT-49] -8.5 -9.0 -6.6 1 Goodness of Fit, Classification, Prediction -8.0 -6.3 -6.3
L-87 | -84 -8.5 -7.0 f2 Feature Selection and Variable Screening -8.2 -6.9 -6.3
LT-55| -8.4 -8.6 -71.0 2 Combining Groups (Classes) for Predictive Data Mining -8.1 -6.7 -6.0
LT-9 | -84 -8.6 -68 el Wonea . =77 -6.3 -6.0
B0l -83 | <84 | -6.6 o Cas HOTRAEES 81 | 66 6.1
[-31] -83 -84 -6.9 & QC Data Mining & Root Cause Analysis - Methods y -8.0 6.4 6.6 =—
L-86 [ -8.3 8.3 | -6:8 -6.8 -85 =89 | =82 -8.6 -6.1 -6.2 -71.2 -8.0 -6.9 -6.2




CamoopraHusywwmecsa cetn KoxoHeHa

ﬁ SANN - Analysis/Deployment Docking TDAz_L17 7 | — [
New analysis{Deployment l
. oK
(" Deployment (@ New analysis
= Load network files l Regression Eebies]
' ' . . |.'T_’ Classification
‘Net... | Net.name | Hidden.. | Output.. | I& Time series (regression) E Options v
M Time series (classification)




CamoopraHusywwmecsa cetn KoxoHeHa

: Quick | Sampling |

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

SANN - Data selection: Docking TDAz_L17

Strategy
L

=

Lo Yariables
selected variables
Continuous targets: none
Categorical target: none
Continuous inputs: Y
Categorical inputs: none

7| - [
0K

Cancel
E] Options v
MD deletion

(@ Casewise
(" Mean substitution
=

SELECT .
CASES Case selection

D Case weights




CamoopraHusywwmecsa cetn KoxoHeHa

3

ﬁ SANN - Custom Neural Network: Docking TDAZ_L17 e s @

Active neural networks

Net. ... | Net. name | Algorithm l

Quick (Kohonen) - Kohonen Training |

Stopping conditions Train
Training =
Training cycles:  |1000 [v Enable stopping conditions Go to results
Learning rates Impravement |_DDDDDU1 B e

Start: |~1 Cycles: I’wigl

i Data statistics
Enc:  [02 o -
72 = Network randomization
o T Summary
Neighborhoods (@ Normal randomization

Start: |3 ] (" Uniform randomization
Meanihin: |[]. @
End: [0

YarianceiMax; |.1 E Cancel

E Options v




CamoopraHusywwmecsa cetn KoxoHeHa

35 SANN - Results: Docking TDAZ_L17 ? | — [
—Active neural networks

Net. ... | Net name Algorithm
1 SOFM 1-4 Kohanen 1...

@8 SelectDeselect active networks ‘ @B Delete networks

Predictions (Kohonen)l Graphs (Kohonen) Kohonen graph |

Summary
Save ~v
+++
+¢# + - ; 2 # Cancel
-+
B oOptions ~
Sample
[v Train
[ Test
P + V
+ + + + r-
+ 4
0
L@.f; Kohonen i Kohonen SelectAll Clear 0
none







