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Analiza diagnostycznej bazy danych

Q Problem dotyczy analizy stanu technicznego autobusow
uzywanych przez jedno z przedsiebiorstw w Polsce.
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Z°metodologicznego-punktu-widzenia sugeruje sie-wykorzystywanie-poznanych-metod-eksploracji-danych-1-
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- Pewne przedsiebiorstwo -komunikacyjno-transportowe -wykorzystuje-jeden-podstawowy-typ-autobusow.-

= Autobusy-te-podlegajgregularnym-przegladom stanutechnicznego.- Zbiera-sie'réwniez dane-o-ich-biezacej-
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Analiza diagnostycznej bazy danych

e Bada sie stan techniczny 80 autobusow tego samego typu
(doktadnie ich silnikow) na podstawie symptomow stanu
technicznego - parametrow pochodzacych z okresowych badan
diagnostycznych

e Pierwsza klasyfikacja D1: autobusy sg podzielone na dwie klasy:
dobry i zty stan techniczny pojazdu
e Mozliwa jest druga klasyfikacja D2 + stan przejsciowy
e (el analizy
e Ocenia sie jakos¢ diagnostyczng symptomow stanu technicznego
e (posrednio ocena przydatnosci tzw. wartosci granicznych)

e Ocena waznosci poszczegolnych symptomow
e Ewentualnosc rankingu lub selekcji

e Poszukuje sie zaleznosci pomiedzy wartosciami
najistotniejszych w tych symptomow a przydziatem do klas

e Konstruuje sie klasyfikator stanu technicznego



Oryginalny format danych (isf)

I autobusy.isf - Notatnik
Pl Edwcja Format  ‘Widok Pomoc

**ATTRIBUTES o
a0: (omit) | number of example

MaxBpead: {continucus) | kmih

Compr_ preasure: {continucus) | Mpa

blacking: {continucus) | klacking components in exhaust gas [%]
torque: (continucous) | MNm

Summer Cons: (continucus) | summer fuel consumption 1/100km
winter cons: {continucus) | winter fuel consumption 1/100km
oil cons: {continucus) | oil consumption 1/1000km

horsepower: (continuous) | max horesepowewr Ewm

Dl: [1,2] | technical condticon of a wehicle 1 - good, 2 - bad
D= (omit) | [1,2,3]

decision: D1

**EXAMPLES

1, =20, Z.52Z, 38, 481, =2Z1.8, Z&.4, 0.7, 145, 1, 1
2, 7o, 2.11, 70, 420, 2Z.0, Z5.5, 2.7, 110, 2, 3
3, 83, 1.%s&, 82, 400, ZZ2.0, =Z4.8, 3.7, 101, 2, 3
4, 90, Z.48, 4%, 477, Z1.%, Z5.1, 1.0, 138, 1, 1
5, 85, Z.45, 5Z, 480, 2Z1.8, =5.Z2, 1.4, 130, 1, Z
6, 72, 2.20, 73, 425, 23.1, Z2Z7.4, 2.8, 11=, 2, 3
7, 8@, Z.50, 50, 480, Zl.&a, =Z4.7, 1.1, 140, 1, 1
8, 87, Z.48, 5a, 465, ZZ.8, Z7.a, 1.4, 135, 1, 1
9, 90, Z.5&, 1la, 488, 2Z6.5, 2Z27.3, 0.2, 150, 1, 1
10, &0, 1.9%5, 95, 400, 23.3, Z4.8, 4.4 2a 2, 3
11, &0, Z.41, &0, 451, 2Z21.7, Z&6.1, 1.7, 125, 1, Z
1z, 78, Z.4 , &3, 448, Z1.8, Ze.0, 1.9, 1Z0, 1, Z
13, =20, Z.58, 2Za, 482, 22.4, 2Z4.5, 0.4, 148, 1, 1
14, &2, 1.9%3, 93, 400, 22 , Z&.4, 3.9, 100, 2, 3
15, 82, Z.5 , 54, 481, 2Z22.0, Z&6.3, 1.4, 132, 1, Z



Analiza nagtowka

3 80 obserwacji (autobusow)

a 8 atrybutow
= max speed km/h
= Compresion preasure Mpa
= blacking components in exhaust gas [%]
= torque Nm
= summer fuel consumption [/100km
= winter fuel consumption |/100km
= 0il consumption |/1000km
= max horesepower kM

Q D1: [1,2] | technical conditions of a vehicle: 1 - good, 2 - bad
a D2: [1,2,3]



Wartosci graniczne symptomow
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Oglad wczytanych danych

STATISTICA - autobusyplain.sta

File Edit View Insert Format Statistics Graphs Tools Data  Window Help
0O = @ =R B« @& Add to Wworkbook ~ Add ko Report ~ %7 | &% B2
|.¢\rial ﬂllﬂﬂ B 7 U = = g évﬁvmv@ BE & & =7 B3 vars - Cases - B2 B -
B Data: autobusyplain.sta* (11v by 81c) Z §|f$__(|

» |

2 3 4 5 7 a8 9
MaxSpeed |Compr preasure | blacking | torque | surmmer cons [winter cons | oil cons | horsepower
80 252 35 451 25 264 a7 145
Fil=] 21 Fi1] 420 22 2548 27 110
B3 1,96 a2 400 22 248 37 101
g0 245 49 477 Py 251 1 138
g5 245 52 460 2148 252 14 130
72 22 73 425 231 274 258 12
i3] 2Ah a0 450 Mh 247 1.1 140
a7 245 56 4B5 225 2h 1.4 135
80 256 16 486 25 23 02 150
B0 1,95 95 400 233 248 44 95
g0 241 G0 451 M7 26,1 1.7 125
78 24 63 445 MA 26 19 120
80 255 26 452 224 245 04 148
B2 1,958 93 400 22 284 38 100
g2 2h 54 461 22 263 1.4 132
B5 222 67 402 22 238 23 103
80 245 a1 465 22 265 1.2 138
a0 2h 15 485 20 232 01 150
7B 239 B5 425 X 334 2 116
g5 242 50 454 263 1.3 129
g5 241 =] 450 22 255 15 126
g5 247 45 455 251 1.1 130
B0 1,93 a0 400 24 287 4 95
B4 22 71 420 252 25 105
7a 239 G 432 251 1.7 114
74 236 G4 420 254 19 110
Ba 215 70 400 26 25 100

o~ || = L) R —
[ Rt R n ey RSN VR O R

WKW W =MW = =W W =MW === | Wk — W) —
Ll!

MR = s = === == === = = = pa s =

ZinDescnptive Statistics:._




Ocena jakosci - statystyki podstawowe

O Statistica - descriptive statistics

B2 Basic Statistics and Tables: autobus ! E|
Cluick l

x| D esoriptive

ﬁ Carrelation matrices Cancel

ExZ ttest, independent. by aroups B Options ~

E*El I-test, independent, by variables

= Descriptive Statistics: autobusyplain.sta

[ test, dependent zamples

Bl ttest, single sample 3] Yariables: | AL Surmmary
== Breakdown & one-way ANOYVA
[uick  Advanced l Nu:urmalit_l,l] Praob. & Scatterplnts] Cateq. plu:uts] Dptinns] Cancel

H:QE:__ Breakdown; non-factonial tables

S Frequency tables | {Surnmary: Descriptive statishics | Compute statistics: E Optiohz

T ables and banners ] i o ]
— . Location, walid M Y anation, moments Percentiles, ranges
% tultiple rezponze tables - i o o )
Iv alid M Iv Standard Deviation v kinirnurn & masinunm

i - =t . ;
[Fah Diference tests: r. . means (= OpenData v Mean [ “ariance [ Lower & upper quartiles

Eﬁh Prabability calzulator

T | & ﬂ| [ Sum [ Std. er. of mean [ Percentile boundaries

EASES
[ Median [ Conf. limits for means ;‘»; tits z | O w
™ Mode j55.00 | = [fom0 (Fx=| |7

[
[ Geom. mean [+ Skewness ™ Range | Quarie ~ -
[ Harm. mean [ Std em. Skewness range
v Kurtosis :
_ Select all stats | Rieset | D deletion
[ Std. er., Eurtosis )
" Cazewize

Z] Save settings as default | "
ave settings as defau * Painwize




Raport podstawowych statystyk opisowych

d Przeanalizujmy podstawowe miary

2 Workbook2* - Descriptive Statistics (autobusyplain.sta)

£ Workbookz*
=43 Basic Statistics)”
-3 Descriptive :
Descripk
=43 Graphs of Block

£ Hiskogram i

Descriptive statistics (autobusyplain. sta)

02

g0

1,8740

100000

43,0000

057692

0, 24505

“arlahle Valid N| Mean |Minirmurm |Maximom | Std.Dev. |Skewness | Kurtosis I
id | 8081 40,5000 1,00000 80,0000 £3.23730  0,00000 -120000

Max=peed 80 8106525 6B0O0000 800000 ©91357 -085985 05157900
Compr_preasure 80 23909  1,93000 2F200 006375  -128523 11967300
blacking 80 57,9750 1500000 5950000 1657179 -008102 061765 00
targue 80 4385875 5200000 4880000 6411730 -453915 255281200
SUMMmer_cons 80 30,1650 2000000 4600000 5336880 734541 56 44600 50
winter_cons 80 255763 2180000 334000 138292 224505 127335500
oil_cons 80 20775 010000 252000 277165 752863 630751400
horsepower 80 123,1800 140000 1500000 2055264 -260904 1424515 00
D1 80 42600 100000 1300000 1808104 535214 4003185 B0

-1 BEE06 B




Spojrzmy doktadniej na wybrane atrybuty

d Np. moment obrotowy (porownaj z definicjg dziedziny)

1 28 Workbook2* - Histogram (autobusyplain.sta 11v*B1c)
23 wiorkbookz*
] 1B a Basic Statistics, Histogram (autobusyplain.sta 11w*%81c)
4 =-{3 Descriptive : tarque = S0*50%normalix; 438 6575, 64,1173
5 Descripk 45 T T : T T T
= I £ araphs of Elock
7 reralHistograr (: a0t
a
348t
30
2ot
[=]
=
220
15
10 ¢
5 L
|:| M f o o 2l M L L
] S0 100 150 200 250 300 350 400 450 S00 550
torgue
» ﬁﬁ Histogram [autobusyplain.zta 11+"81c) |




Poszukiwanie zrodta trudnosci

STATISTICA - autobusyplain.sta

“ File Edit WYiew Insert Format Statistics Graphs Tools Data ‘window Help

en .
=@ A-2-G-QE 0 HEE S | B e i vas - ceses v [0 ] 5],

“D = E '@|§@,| & 2 | K7 Cu |ﬂ Add to Workbook = Add ko Report = 7
“|nrial ;IllD;HB I g|§

B Data: autobusyplain.sta® (11v by 81c)

T
L
X

»

2 3 4 ] 7 g g
MaxSpeed |Compr preasure | blacking summer_cons |winter_cons | oil_cons | horsepower

50 2B 34 211 ! 148
&7 2724 56 235 104
75 236 &7 229 . g 112
56 242 =] 22 , i 122
85 251 50 22 142
85 238 B3 218 . 120
72 23 85 22 . . 110
75 24 =] 209 ! ' 115
BS 2 94 241 , . 95
a7 24 B0 22 ! . 131
85 246 50 21 , , 137
50 258 E]l 209 ! g 146
55 25 49 221 . . 135
87 248 52 219 ! ' 135
56 25 55 22 . ! 130
85 252 45 218 ! . 141
74 242 &7 21 . . 116
70 22 k5 ? 229 . . 102
80 2pB2 49

85 2

B0 L —=
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L Degcriptive Statistics: ..



Spojrz do oryginalnego pliku

I autobusy.isf - Motatnik

Plik. Edycia Format ‘Widok Pomoc
51, 20, 2.54, 40, 430, 21. 8, 25.1, 0.9, 145, aln 1 o
52, 89, 2.51, 46, 470, =22 . 25,5, 1.1, 141, e 1
53, 85, 2.48, 60, 440, 22.2, 26.3,; 1.8, 120, il 2
54, 90, 2.52, 45, 479, 21. 6, 25,1, 1 . 145, il 1
55, 920, 2.54, 47, 481, 22 o 24.9, 1 . 145, il 1
56, 85, 2.5 60, 446, 21.9, 24. a4, 1.9, 123, aln 1
57, 88, 2.5a, 50, 455, 21. &, 24.5, 1.2, 137, alr 1
58, o4, 2.32, 65, 428, 22.0, 251, 2.2, 11&, 2, 3
59, gé&, 2,47, 54, 452, 22 o 251, 1.8, 125, i 1
60, 6a, .29, ga, 402, 23.3, 2a6. 6, 3.2, 105, 2, 3
6l, 20, 2. a0, 34, 456, 21.1, 25 o 0. &, 145, aln 1
B2, &7, 2.24, Ba, 406, 23.5; 27 o 3 . 104, 2 3
63, 75, 2.36, 67, 428, 22.9, 26.1, 2.5, 112, 2 3
B4, 86a, 2,42, 60, 444, 22 . 252, 1.8, 122, il 2
65, 88, 2.51, 50, 475, 22 o 25 o 1 . 142, il 1
66, 85, 2.38, 63, 440, 21.8, 2a 2.1, 120, 2, 2
67, 72, 2.30, 85, 420, 22 o 25. 2, 3.1, 110, = 3
g8, 75, 2.4 ., 69, 428, 20.9, 25. &, 2.4, 115, 2 3
6%, B4, 2 . o4, 400, 24.1, 272, 4.1, 98 2, 3
7o, 87, 2.4 60, 480, 22 o 25. 6, 1.7, 131, i 1
71, 88, 2. 464, 50, 468, 22.1, 24.9, 1.2, 137, il 1
T2, 20, 2.58, 31, 454, 20.9, 23. 4, 0.5, 146, aln 1
73, 88, 2.5 49, 454, 22.1, 25. 2, 1.2, 138, aln 1
T4, 87, 2.48, 52, 485, 21.9, 24. 6, 1.4, 135, e 1
75, 86, 2.5 55, 456, 22.0, 25,1, 1.5, 130, il 1
e, 98, 2.52, 46, 472, 21.8, 23.8, 1.1, 141, il 1
Y 2.4Z2, 67, 421, 22.1, 25.7, 2.3, 116, n, 2
T8, 70, 2.2, 65, ? 22.9, 26.1, 2.1, 102, = 3
79, 920, 2. 62, 49, 458, 218, 26. 4, 1.7, 145, alr 1
B0, B85, 2,45 52, 460, 21.8, 252, 1.4, 120, e 2
**END

v



Poprawki w pliku

3 Przesunac wpis wiersza id. 80
d zapisy ? - wartosci srednie w klasie decyzyjnej
O Symbol spoza dziedziny ,,n”

= pewnie niesprawne autobusy - kod 2



Zmiany statystyk opisowych

2% Workbook2* - Descriptive Statistics (autobusyplainpopraw.sta)

atistics) Tables {autobus:
lcripkive skatistics dialog
Descriptive Statistics {al
Descriptive Skatistics {al
Il:uF Block, Data {aukobusy
ogram {autobuswplain, st

“ariable

Descriptive Statistics (autobusyplainpopraw. sta)

Walid M | Mean  |Minimuom |Maximum |Std.Dev. |Skewness | Kurtosis

[

MaxSpeed

Compr_preasure

blacking

torgue

sumimer cons

winter cons

ail cons

harsepower

01

02

80 40 5000 1,0000 80,0000 2323750
80 810625 wOOOODO 500000 851357
860 23965 1,9300 28200 015777
80 530375 150000 550000 1663156
60 447 9334 4000000 455 0000 26 35268
g0 24 B875 20 ,EIEIEIEII 21B:EIEIEIEI.| 2150340
60 25 B187 232000 534000 131603
g0 11,7800 0, 1000 440000 0591131
B0 124 7875 D5 0000 1500000 1529349
80 1.,4000 1,0000 20000 049295
80 1,85875 1,0000 30000 057140

Fy | 5 Descrptive Statistics (autobusyplain, sta) Descriptive Statistics [autobusyplainpopraw. sta)

0, 0oooo

891566
281213
0, 7B554

-1 20000

-0,555835 -0,
-1,34854
005844 0,
-0,31996 -1,

-0,12852) -

041609 -1,
022289 -1,

Q 218? Problem jest z separatorem ,, ,”
M 212 . 21 Q




Sprawdzenie mocy silnika (horsepower)

1 2 3 4 5 a]

2 Workbook2* - Histogram (autobusyplainpopraw.sta 11v*Bic)

ala)
atistics) Tables {autobus: Histogram (autobusyplainpoprayy .sta 11v*81c)
criptive statistics dialog horsepower = B0*S*normall:; 124 7875 15,2935)
Descripkive Skatiskics (al 12 . . . . . . . . .

Descripkive Skatiskics (al
Descripkive Skatiskics (al

of Block. Data {autobusy 10 t
ogram [ autobusyplain, st
af Block Daka {autobusy

ogram {autobusyplainpo gl
af Block Daka {autobusy

B2
B3

65
&7
B
B3

70

71 ol

72

73 /
74 21

75 -
76 —

7 g% 80 95 100 103 110 115 120 125 130 135 140 145 130 155 160
Pl
=,

&0 < » E{,ﬁ Histogram [autobusyplainpopraw. sta 11481 ¢
al

Mo of obs
[my]

harsepowwer




Spojrzenie na rozktady

€ Workbook2* - Normal P-Plot: horsepower

= workbookz*

=4 Basic Statistics/” Mormal P-Plot: harsepower
=43 Descriptive : 3 : : , , . .
: Descript
Descript
Descript

Ela Graphs of Block,
1 Histogram {:
Ela Graphs of Block,

----- BB Histogramn (:
----- [ @raphs of Block

Expected Morrmal Yalue

a0 100 110 120 130 140 1580 160

“alue

< | > Descriptive Statistics [autn:-l:nusyplainpn:-praw.sta]I Descriptive Statistics [autobuzyplainpopraw. sta) E@ Mormal P-Plot: horsepower !
e — e




Analiza wspotzaleznosci

O Macierz korelacji

alations (autobusyplainpopraw.sta) =

Coarrelations (autobusyplainpopraw. sta)

Marked correlations are significant at p < 05000

M=B0 (Casewise deletion of missing data)
iriahle MaxSpeed | Cornpr preasure |blacking [torque |summer cons |winter cons |oil cons |horsepower | D1 | D2
axSpeed | 1,008 0,90 55 053 0,37 0,34 0,59 093 -084 -0586
IMpr preasure 050 1,00 0,85 (Weta] -0,3k -0,34 -0.91 0a% -075 -080
3cking 0,85 -0,85 100 -090 0,33 040 0 95 091 073 080
rque 093 0,58 0500 1,00 0,37 0,37 -0.92 098 -085 -0359
MMEr_cons 037 -0,36 033 -037 1,00 0,74 035 037 038 039
nter caons 0,34 -0,34 040 -037 0,74 1,00 035 036 034 040
CONS 0,89 -0.91 095 -092 0,35 0,38 1,00 091 077 082
rSEpOwWer 093 0,59 0,91 095 0,57 0,36 -0,91 1,00 -054 -050




Powigzanie pewnych symptomow

d Mozna zrobic wykresy korelacyjne (rozrzutu XY)

horsepow er(torque)

160
150

; 140 'W
T "
et (0 2

@ 120 | *
[72]

® $e o
s 110 ..:;0

T 100 ’ﬂ‘

90 ‘ ‘
395 415 435 455 475

Torque

d Wiedza dziedzinowa

ciSnienie sprezania powigzane jest z momentem obrotowym, im
wieksze cisnienie tym wiekszy mozna uzyska¢ moment obrotowy,

moment obrotowy powigzany jest z moca pojazdu,

zawartos¢ elementow smotowatych i zuzycie oleju swiadczy¢ moze o
wieku silnika i jego stanie technicznym,

Mniejsza uzytecznosc info. o zuzyciu paliwa (warunki, styl jazdy,..)



WEKA -visualize




Select attributes z WEKA

T -

Weka Explorer £|E|E|
| Preprocess | Classify | Cluster | Associste | Select attributes | visualize |
Aftribute Evaluator

;Inquain.AttrihuteEual

rSearch Method

_Ranker -T -1 7976931 3486231 5TE30E -M -1

rattribute Selection Mode - Attribute selection output -
(%) Lze full training set Dl: ~
ey — Evaluation mode: evaluate on all training data

{:} Crozz-validation [ 10 |

(Matm] [1: % || === Attribute Selection on all input data ===

Start Stop Search Method:

~Result list (right-cick for options) SEREARIEE LANE ARG

Attribute Ewvaluator (superwvised, Class (nominal): 9 Dl:):
Information Gain Ranking Filter

| Ranked attributes:

0.37a 2 A3:
0.363 g 49:
0.83 1 AZ:
0.793 4 45:
0.754 T Ag:
0.736 3 4d:
0.154 5 4G
0.13% 6 47:

Selected attributes: 2,5,1,4,7,3,5,6 : &

Shatus -




Relief (waznosc z wagowaniem k-NN

< Weka Explorer

Preprocess | Classity | Cluster | Associate | Select attributes | visualize
-Attribute Evalustor

_ReliefFAttrihuteEual M4 -DT-KI-A2
=earch Method

Ranker -T -1.7576931 3486231 57ES03 -M -1

-Attribute Selection Mode Attribute zelection output -
Lze full training et : ~

! Cross-validstion |
O 5-—;! | === Attribute Jelection on all input data ===

Jearch Method:
[Moarn) D w Arttribute ranking.

Start op | Actribute Evwaluator (Superwised, Class (nominal): 2 Dl:):
FeliefF Ranking Filter
Insztances sampled: all

Result list (right-click for options)

521 12507 - Ranker + InfoGainattributeEvsl
||21:24:16 - ForwardSelection + FeliefF AttributeEwval||
1:24:35 - Ranker + ReliefF AttributeEval

NMumber of nearest neighbours (kj: 3
Equal influence nearest neighbours

+ ReliefF Attribut

; | Ranked attributes:

0.2458 4 AL:
0.216 g A9:
0.1778 1 AZ:
0.1638 7 AS:
0.1577 2 A3:
0.132z 3 Ad:
0.0137 5 An:
0.0115 6 A7:
?Selected attributes: 4,8,1,7,2,3,5,6 ¢ §

~Status




Statistica - Data Miner

STATISTICA - autobusyplainpopraw.sta 14 Daka Miner - My Procedures
'y ;
File Edit View Insert Format | Statistics Graphs Tools Data  Window 2. Data Miner - All Procedures
o 2 40 Resume... Crrl+R gﬁ Data Miner - Data Cleaning and Filtering
DeER &k & E
| Arial j m EE ByGroup Analysis m Daka Miner - General Slicer/Dicer Explorer with Drill-Down Fleases - [F= o
= oh » [ Basic Statistics/Tables ;2 Data Miner - Genera: ga;ﬂlﬂer (T;eesl and Clustersl) b
data: aulobus ainpo i - v ari 3
Yp pop M R e E Data Miner - Gerneral Maodeler and Multivariate Explorer
Y anova (&2 Daka Miner - General Forecaster *
1 £= = ! ,g_g Data Miner - General Meural Metwork, Explorer ]
i T Sl Monparametrics
|
A Distribution Fitting 222 Meural Networks
o5 o5 = : = 1
56 56 E Advanced Linear/Monlinear Models 3 % Lndeper.ndent Cononais i ) 1
a7 57 | | ST S SR e RRR Gener.alllzed EWII 8 k-Means Cluster Analysis 1
gg gg Industrial Statistics & Six Sigma ' ';I; ek S ?
m ey Al Sequence, Association, and Link Analysis
E0 60 R 3{'}5 General ClassificationfRegression Tree Models 2
61 g1 - Meural Metworks . 1
e - A, General CHAID Models
B2 2wt Data-Mining = . 2
. ) Al Interactive Trees (C&RT, CHAID)
B3 B3 QT Daka Mining 8 Rook Cause &nalysis * A}; q \aseif q . 2
G4 B4 T“:?gﬁ Text & Document Mining, Web Crawling » 50 Boosted Tree Classifiers and Regression 1
B B B Random Forests For Regression and Classification 1
FE EE Statistics of Block Data b EEY emeralized additive Models B
57 E7 ﬁ STATISTICA Yisual Basic ?.'}—E MaRSplines (Multivariate Adaptive Regression Splines) 3
[t [t - ﬁ Maching Learning (Eavesian, Suppart Yeckars, Mearest Meighbor) 2
£o go -l Probability Caloulator ’ 5
70 0 a7 54 E Rapid Deployment of Predictive Madels (PMML) 1
71 71 89 2 JIIB 2,23 Goodness of Fit, Classification, Prediction 1
72 72 an 255 H Feature Selection and Yariable Screening 1
73 73 fara] 25 E? Combining Groups {Classes) for Predictive Data-Mining 1
74 74 a7 248 o2 465 219 246 1
7a Gl oo 25 ala) 450 22 251 1
7k 7B a0 252 AR 4772 218 Z23a 1
7 77 74 242 B 421 221 2487 2
78 7a 70 272 BS 43267 229 26,1 2
79 79 a0 2h2 49 465 218 264 1
ad talll (aa] 245 all 460 218 252 1

=




CART - tree

STATISTICA - Workbook4* - [Tree graph for D1]

” File Edit Wiew Insert Format 3Statistics Graphs Tools Workbook ‘Window Help |

“D = & @‘%&‘ % m | K |ﬂ Add ko Waorkbook, ~ F\ddtaRepDrt*?_fg‘@k? -

2 Workbook5* - node 1 - 1

‘3 Workbooks* —

E"'_l SRR i Workbook4”* - Tree graph for D1
-l nade 2 - k=) wiorkhook4*
—l node 3 - § = =3 Basic Statistics” || — ! Tree graph for D7

Ela Descriptive : || —— 2 Murn. of non-terminal nodes: 1, Mum. of terminal nodes: 2
- @ Cateqg, t Model; CERT

@ Cateqg. t

TS R Y

Ela Inkterackive Tree
Ela Interactive

]

Compr_preasure

= 23085000 * 2308000
l l

— = D0 D) L R = DL L — D) —

2 1

—_|—

e b R = e e s s s R R RO R == = b R = P == B = =

B — ) | — =

\\\\Iij

bl @ Tree araph for D1
> node 1 -1




Przegladanie weztow drzewa (dec 1)

i Workbook5* - node 1 - 1

= Workbooks*
SR rode 1 -1 Node 1
—lnode 2 - 2
—lnode 3-1 Mumber of cases in node: 80

Trees C&RT Results: autuhusyplai! rz|

anager l Summar_l,l] Elassificatinn] Predictiun] Fiepl:urt]

e [grow, prune]: selected categary: 1
N Grow tree | 3] Brush tree |

Split wariahle: "Compr_preasure”
Mode 2 <=12,395000

Li Growe tree & prune | Fi'ui Remove al I:uranu:hes|

] Grow tree 1 level | %l Removel level | Node 5 > 2 395000
eview tree; . I
B Teebowe | BB Seclabltes | - -
@ Tree graph | Tree layout | =0
40

ode/branch:

. b . " 30 F
Jode id: |1 - & Customize splits |
Li rowe branch | Fi'ui Growe branch 1 level |
i Predictor stats | %] Bemove branch |
i Split criterion | Eﬁ SAL code |
E Data | Hiztogram of D4 |
ol |
i |

\ Save hee | Mew tree| Cloge | Eﬂptinnsv|




Skategoryzowane histogramy

28 Workbook4* - Categ, Histogram: Compr_preasure
] Workbooks*

-1 Basic Statistics)” Cateq. Histogram: Compr_preasure
=/ Descriptive : D1: 1 Campr_preasure = 4850 1 harmalfe 2 48248; 0,0576)
) Cated, | D1: 2 Compr_preasure = 32*0,1*normalfx; 2,2525; 0,1508)
30— . . . . . . |'|
28t
26
24
221

201
181
16

14 \ I
12 | 11
10} {1
g | {1
| % Ll 7

RIEd B

1819 2021 2223 2425 2627 18182021 22 23 24 25 26 27

Mo of obs

=k

C1:1 C1:2
COmpr_preasure

¥ | % | B Cateq. Histogram: Compr_preasure




TATISTICA - Workbook4™ - [Categ. Histogram: horsepower]

Tools

e Edit Wew Insert Formab Skakistics  Graphs
=EE &L =)

 [Mormal Graph [modi... | & iy H =

-

Warkbook  Window  Help

e @2,
AT XEY B @

I\

| Workbook4™ - Categ. Histogram: horsepower,

Wiorkbookd®
= Basitc Statistics)”
- a Descriptive :
ﬂ:@ Cateq. t
Eﬁ Cateq. t

Mo of obs

12

10 ¢

Categ. Histogram: horsepower

D1: 1 horsepower = 48%5*narmald: 135,1875; 9,00749)
D1: 2 horsepower = 32*5*harmald:s 1091875, 7,3723)

]

7

%

i

N

|

85 95 105 115 125 135 145 155
100 110 120 130 140 150 160

a0

01:

1

% | 1if Catea Histooram: Compr_preasure BB Categ, Histogram: horsspower

]

79

=l

22

85 95 105 115 125 135 145 155
90 100 110 120 130 140 150 160

01:2

harsepower

49

9

orsepower

10
B)

4RE 2148 264

1.7

= MMM == _mmwm=m = AR == MR =R =)= = =




Podejscie teorii zbiorow przyblizonych

0O - |

# (=] Preprocessing
'}@ Approximations =
=-{& Reduction Buseskod.isf

'}@ Core

‘5& Lattice Search
'}@ Dizcernibility b atrix
'}@ Heurizhic Search
‘5@ tarwal Search

E ci

#- =] Rule Induction
(5] Y alidation
(58] Similarity Aelation

“+ Reduct Viewer - C:\Usr\Jurek\students\dyp

File  \iew

B Cloze

# Reduct Length

Compr_preasure, blacking, torgue
MawSpeed, ol_conz

b axSpeed, Compr_preasure
Compr_preasure, oil_cons
Compr_preasure, horsepower

ROSE2

Rough Sets Data Explorer

-11-05]

= Lo o —
| S L L

. (] Methods




Dyskretne dane + teoria zbiorow przyblizonych
Hierarchia waznosci symptomow dla klasyfikacji autobusow

e Mozna ustalac wzgledna waznosc symptomow dla
klasyfikacji przyktadow - przyktadowa hierarchia
waznosci s8, s1, s3, s4 inne mniej istotne - analiza
statystyczna

e w przypadku dyskretyzacji dziedzin wartosci w oparciu
o normy mozliwe ustalenie podzbiorow zredukowanych
{s2,s3,s8}, {s2,s3,s4}, {s1,s2} - teoria zbiorow
przyblizonych

e Notacja s1 - predkos¢c maksymalna



Drzewo J4.8 (WEKA

Weka Explorer El [El [Zl

| Preprocess ' Classify | Cluster | sssociste || Select sttributes || Visualize |
Classifier -
(croose Jus w2
~Test options - 1 Classifier output -
(1 Use training set G L) I
© Supplied test set a3 <= zu3m: oz oqze.D)
(%) Cross—validation  Folds i'l_l?__! A3: > Z2.39: 1 (47.0/1.0)
Percertage split | Bt .
O i !——l Mumbher of Leawes @ 2
[ More options ... ]
Si=ze of the tree : 3
CMore) O b
Start St Time taken to build model: 0.01 seconds
:_Resurl list (right-click for options)- 1| === Strrarified cross-wvalidation ===
2521:25:02-rule3.hﬂudlem === 3ummary ===
2707 - trees J45
G-t g Correctly Classified Instances 75 a5.6842 %
3td Dew. of Corr. Class. Inst. 3.75 %
Incorrectly Classified Instances 1 1.3158 %
Kappa statistic 0.9723
Mean absolute error 0.0259
Root mean squared error 0.116
Relatiwve absolute error 5.4081 %
Root relative scquared error 23.726 %
Total Number of Instances K=l
=== Detailed Accuracy By Class ===
TP Rate FP Rarte Precision Fecall F-Measure Class
1 0.033 0.973 1 0.259 1 1
0.957 a 1 0.957 0.983 2
=== Confusion Matrix === o
I Status
| | | oo sy T |



C4.5 z troche innymi parametrami

ah B A h o B K 0 pc ) L]
s !
Data Tree Rul Cross-validation - Spedial  Help
ﬁ'|f€_ ? | :‘-:‘-@|0
Before pruning After pruning Org. % C45 |b g
Tree |3ize |Errors Errors (test] |Size |Errors Errors (test) |Estimate b 32 :
g 1 a7
> 2003-08-1914:43 -
> 2003-08-19 14:45 -
> 2004-02-18 09:57 ----
(] L] B (] L]
Tree Tree
— Tule 1: [97,1%]
= e I:J I:;:umé:ur_preasure (=239 IF MaxSpeed > 75
L =L LND  Compr preasure > 2.39
[=]- Compr_preasure > 2.33 =1+ Compr_preazure » 2.39 e
: ¥ THEN g
F;!-M_a:-cSpeed =78 = MarSpeed <= 73
[= MaxSpeed > 78 = MawSpeed » 78 Fule Z: [95.53%]
g Loy IF Compr preasure <= 2,39
THEN &k
Fule 3: [90.9%]
IF Maxipeed <= 78
THEN b
Default class: g
= Errors in training set: 1 [1.2%)
din .
N cooea-t1-a |f Cd Codoo: W s 1IN e |l T I Ires b b




Algorytm MODLEM

Weka Eln rer E|E|E|

| Preprocess | Classify | Cluster | Associste | Select attributes | Visualize |

-Clazsifier -
 Test options - 1 1 Classifier output
) Use training set === Classifier model (full training set) === 2

) Supplied test set

Rule 1.({A3: »= 2.4)s(Ah2: >= 75.5) =» (Dl: = 1l); [46, 46, 100%, 100%]

rirmc I ]
(3) Cross-validation  Folds g_1_9__! Fule 2.(Aa3: < 2.4) == (Dl: = 2); [29, 29, 96.67%, 100%]
) Percentage spit {“. | Bule 3.(AZ: < 75.5) =»= (Dl: = 2); [23, 23, 76.67%, 100%]
[ Mare aptions... l Number of rules: 3
Inber of conditions: 4
[Marm) D: w
Start Time taken to build mwodel: 0.07 seconds

[l [ i Tk apians) === Stratified cross-wvalidation ===

=== JUNmary ===

Correctly Classified Instances T3 96,0528 %
3td Dev. of Corr. Class. Inst. G.966 %

Incorrectly Classified Instances 3 3.9474 %
Eappa statistic 0.9159

HMean absolute error 0.0385

Root mean sdquared error 0.1987

Relative ahsolute error g.2469 %

Root relative squared error 40.6335 %

Total Number of Instances 76

=== Detailed Accuracy By Class ===

TP Rarte FP Rarte Precizion Recall F-Measure Clazs
1 0.1 0.939 1 0.968 1
0.9 0 1 0.9 0.947 2

| === Confusion Matrix === w




Ripper - alternatywne podejscie do indukcji regut

< Weka Elnrer E“EJ E]

| Preprocess | Classity | Cluster | Associate | Select sttributes || visualize |

Claz=zifier -

IJRip SFE-M20-02-51
~Test options- 1 rClassitier output

) Use training set ' o &

Test mode: 10-fold cross-walidation
) Supplied test et
@ Crossvaiidation: Fols BT | ||| === Classifier model (full training set) ===
: F|

{:}F‘ercentage =plit ,_| JEIF Files:

[ Mare options.. ] ShSnioooons

. o || (B33 <= 2.39) => Dl:=2 (28.0/0.0]

[hlor O == Dl:=1 (47.0/1.0)

[ Start

Mwher of Bules : 2
Reszult list (right-click for options)-

0:16 - rules. JRip
Time taken to build model: 0.06 seconds
=== Stratified cross-wvalidation === =
=== S'l_mma]: ===
Correctly Classified Instances 74 97,3684 %
Std Dew. of Corr. Class. Inst. 5 %
Incorrectly Claszsified Instances z 2.63l6 %
Kappa statistic 0,9449
HMean absolute error 0.0387

23

[ Status 1
Al Log o ]




Podsumowanie klasyfikatorow

d Dosc efektywny klasyfikator

= Trafnosci okoto 97-98%
= Rozpoznawanie trudniejszej klasy 90%

QA Klasyfikatory symboliczne porownywalne do

niesymbolicznych:

= MLP BP-97,37%

= SVM-97,37% (klasa n 0,93)
= RBF-93,27%

= IBL (3) - 97,37%

= J4.8-98,68%

3 Mozna dokonac oceny wiedzy symbolicznej

J

Podobnga analize warto przeprowadzic dla drugiej
klasyfikacji.



Trudnosci pomiaru — alternatywne reprezentacje

wiedzy klasyfikujacej

A Cisnienie sprezania — najtrudniejsze do pomiaru

I autobusy.nam - Notatnik

Pli. Edwvcja Format  Widok Pomoc

B, g. | D1l : technical condtion of a wvehicle 1,9 - good, 2,k - bad
MaxBpead: continuous=s. | kmih

Compr preasure: ignore | continuocus. | Mpa

blacking: continucus. | bklacking components in exhaust gas [%]
torgque: continuous. | HNm

Summer Cons: continuocus. | summer fuel consumption 1/100km
winter cons: continucus. | winter fuel consumption 1/100km

0il cons: continucus. | oil consumption 1/1000km

horsepower: continucus. | max horesepower En




Pomijanie trudnych atrybutow (- cisnienie sprezania)

Data Tree FRules Cross-valdation  Specal Help

Before pruning After pruning Org % C45 |b q

Tree |Size |Errors Errors (test) |Size |Errors Errors (test) |Estimate b A >'|

g 1 47

; it = Pruned tree

Trae Tree

= tarque <= 441 =) torgue <= 441

= torque > 441 5 torque > 441
e g L g

I4



Maskujmy dalsze atrybuty

3 ob 8 a 0 o (0 te L] 0 0 i 0 L]
Data Tree Rules Cross-validation  Special Help Org. “C4.5 |b g
@ B2 @ | @ b 3
a 43
EBefore pruning After pruning
Tree |3ize |Errors Errors [(test) [3ize |Errors Errors Estimate
1/ LOUKEm
[ =T = L] d =,
Tree Tree
= ail_conz > 1.9 EH
[ i idh
= oil_cons <= 1.9 = oi_cons <=1.9
L?I h-'!a:-:Speed <=7k E-MaxSpeed =76
o i Rl
= MaxSpeed » 76 = MaxSpeed > 75
b g Leg
i i 0 1
Data Tree Rules Cross-validation Special Help
— e e o e
Eefore pruning After pruning
Tree |3ize |Errors Errors (test) [Size |Errors Errors (test) |Estimate

T

3 5 1 1
4 5 o 0
5 5 o 0
& 7 1 1
7 5 o 0
g 5 o 0
9 5 o 0
10 3 1 1
Ivg., | 4.8 0.5 ( D

2 { 2%
0 0
o
11z
o
0 0
o
2 (25

0.7 { &

2 {258
o0
o 0
112
o 0
o0
o 0
2 (25

0.7 { 8

T

<




Jeszcze inne mozliwosci

d Dalsze maskowania atrybutow w drzewie prowadza do
nizszych trafnosci

O Jakie jeszcze metody oferuja symboliczng
reprezentacje wiedzy?

Q Jak stworzyc profil/charakterystyke autobusu
nalezacego do okreslonej klasy stanu technicznego?



Minimalny zbior regut klasyfikujacych (MODLEM)

1. if (s222.4 MPa) & (s7<2.1 [/1000km) then
(technical state=good) [46]

2. if (s2<2.4 MPa) then (technical state=bad) [29]
3. if (s7>2.1 [/1000km) then (technical state=bad) [24]

Oszacowana trafnosc klasyfikowania
(‘leaving one out’ test) 98.7%.



Explore algorithm (Stefanowski, Vanderpooten)

d

d

d

d

Inny cel poszukiwania regut

= to extract from data set inducing all rules that satisfy some
user’s requirements connected with his interest (regarding,
e.g. the strength of the rule, level of confidence, length,
sometimes also emphasis on the syntax of rules).

Special technique of exploration the space of possible rules:

* Progressively generation rules of increasing size using in the
most efficient way some ‘good’ pruning and stopping
condition that reject unnecessary candidates for rules.

Similar to adaptations of Apriori principle for looking frequent
itemsets [AIS94]; Brute [Etzioni]

Wiecej: J.Stefanowski, D.Vanderpooten: Induction of decision rules in
classification and discovery-oriented perspectives, International
Journal of Intelligent Systems, vol. 16 no. 1, 2001, 13-28.

Lub monografia J.Stefanowski: Algorytmy indukcji regul decyzyjnych
w odkrywaniu wiedzy => patrz
http://www.cs.put.poznan.pl/jstefanowski/jspspdf.html



Poszukiwanie zbioru regut silnych (EXPLORE)

Prog satysfakcji (51%):
if (s7>85 km/h) then (technical state=good) [34]
if (s8>134 kM) then (technical state=good) [26]
if (s2>2.4 MPa) & (s3<61 %) then (technical state=good) [44]
if (s2>2.4 MPa) & (s4>444 Nm) then (technical state=good) [44]
if (s2>2.4 MPa) & (s7<2.1 //1000km) then (technical state=good) [46]
if (s3<61 %) & (s4>444 Nm) then (technical state=good) [42]
if (s7<77 km/h) then (technical state=bad) [25]
if (s2<2.4 MPa) then (technical state=bad) [29]
if (s7>2.1 //1000km) then (technical state=bad) [24]
if (§3>61 %) & (s4<444 Nm) then (technical state=bad) [28]
11. if (s3361 %) & (s8<120 kM) then (technical state=bad) [27]

© 0o N o a0 O D=



Mozliwosc dodatkowego ograniczania

d
d

Interactive Explore
Sterowanie procedurg poszukiwania regut decyzyjnych za pomoca
nastepujacych parametrow :
= ustalenie atrybutu decyzyjnego i jego klas decyzyjnych,
= zbior preferowanych i zakazanych atrybutow warunkowych,
= zbior preferowanych i zakazanych warunkow elementarnych,
= preferowany warunek ztozony (czesc¢ przestanki),
= zbior zakazanych warunkow ztozonych,
= maksymalna wielkosc zbioru znalezionych regut,
= minimalne wsparcie reguty,
= maksymalna dtugosc¢ reguty,
= minimalny stopien dyskryminacji
(doktadnosc) reguty.



Sterowanie wyborem

d Interactive Explores

User preferences

Conditionz l

82 [ag las |2 a7 A7 -
W cnvF, 1553 Wy H: Hi- (-INF, 0=

| REC-IRE . Hl: H:- Hi- B, -
Wlcar 17, +nr Wl . [ 1 e [
I Bl i

[T
Bl ] Atributes ]

., il hd
Pl » Fetures

Attributes B
(%" Farhidden
Features

A2

Bl -7
B2

& Meutral
" Meutral " Prefered H-: s
B2

'M " Prefered
Cancel <4 Prev ‘
Bl =10

[T

‘ B2

P statistic | View | 211
[T TSE =l

LCancel << Prew ‘

[f Statistic | View




Przegladanie zbioru regut

#% RuleEdit - Buseskod.D1.rlf
Eile  Edit Miew \Window Help

ID=eH 2R &2 me

. . . . I =
C nker_col Length Abs. Strength Rel. Strength Discr, Level Generality
o1 4z 0.91 0.55
0z 46 1 | 061
0z . 44 096 ! 058
0z | 46 1 | 061
0z 4 a4 | | 0,58
0z | 45 [ [ 059
0z a1 [ [ 041
0z 46 | a6 [ [ 061
0z | | 43| | | 0.57 |
0z | 31| | | 041
0z | 31 | 3 041
oz | | 45 | [ | 059
o1 5 | | 0,33
ot | 29 [ | 0.38 |
ot 27 ) | 0.36 |
ol | 26| [ | 034
0z | | 28 | | 0,37
0z | 15 5 | 0.z
0z | 07| 23 ! 0,092
oz | | 15 5| | oz
oz | ] 07| 23 | 0092

% Parsing ISF file. ..
A YARNING: Line 4 — truncating 1.5 to integer wvalus
Parszing 0K,
File D:“Usr~dyplomanciZ000~rose_2“guidip-ezanplez“1-Buseskod . isf opened.
Par=zing EXHM file. ..
Par=sing OK.
File D ~Usrs~dyplomanciZ000~rose 2nwguidip~exanples~1~Buseskod . D1l .rlf opensd.
Par=ing RLF file. ..
Parsing OK.

[

]

[ Buseskad.D1.0F Full Yiew |




Wymagania do sprawozdania

L

Krotki opis problemu (raczej Twoje zrozumienie + cele
postawione przez klienta)

Informacje o danych

Scenariusz metodyczny

Wstepna ocena danych i ew. czyszczenie
Analiza statystyk opisowych / korelacji itp./

Ocena waznosci atrybutow

» Ranking

= Ew. selekcja / redukcja

Podsumowanie wiedzy klasyfikacyjnej

= Nie tylko trafnosci

= Proba interpretacji reprezentacji wiedzy
O Whnioski dla klienta

I W Wy W N

O




Zrédto danych do problemu

d Dane zebrane przez dr hab. inz. J.Zak Wydziatu maszyn
Roboczych i Pojazdow Politechniki Poznanskiej

Q J. Zak, J. Stefanowski. Determining maintenance
activities of motor vehicles using rough sets aproach.
In Precedings of Euromaintenance’94 Conference.
Amsterdam 1994, 39 - 42.



O jakie autobusy chodzito X

AUTOSAN

O Autosan H9-21(prototyp 1969, produkowany lata
73-84) w Sanockiej Fabryce Autobusow .

O Podstawowy model autobusu miedzymiastowego
PKS w poprzednim okresie




