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## 4370490721 : MAJOR COMPUTER SCIENCE
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WIKANES THONGMEE : AN APPROACH OF SOFT PRUNING FOR DECISION
TREES USING FUZZIFICATION. THESIS ADVISOR : ASST. PROF. BOONSERM
KIJSIRIKUL, Ph.D., 62 pp. ISBN 974-17-1457-2.

Decision trees have been widely and successfully used in machine learning
nowadays. However, they have suffered from the overfitting problem in noisy domain which
causes too many details in decision trees and reduces their accuracies. This problem has
been remedied by decision tree pruning. Many methods for decision tree pruning have
been proposed with the same basis of removing some nodes from the tree completely.
However, the removed nodes may have some significant roles in data classification. Thus,
a technique of decision tree pruning without node removal, called soft-pruning, has been
proposed. Soft-pruning gives weights to nodes according to their significances which are
determined by a backpropagation neural network.

This thesis proposes a novel fuzzy method for soft-pruning decision trees called
fuzzy soft-pruning. This method uses fuzzy membership functions to represent the decision
of each node in the soft-pruning process instead of sharp boundary decision. The sigmoid
membership functions were used for continuous attributes, while triangular membership
functions were used for discrete attributes to give some levels of uncertainty to values
around the threshold of decision. Experimental results on seventeen multi-class domains

demonstrate that the novel- method outperforms both C4.5’s error-based pruning and soft-

pruning.
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Tenudaridunanuuann@n (Membership Function) A:U—>{0, 1} lélagl
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2.1.2 A Comparative Analysis of Methods for Pruning Decision Trees e Esposito, F.,

Malerba, D. LlL 8 & Semeraro, G. [6]
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2.1.3 Soft Decision Trees: A New Approach Using Non-linear Fuzzification s Keeley
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Test File:  |D:AuzeriChatCd. Shahuttle. test
t_ ’_ < 4:.(: Z&d 4

Output File: ID:huserhghui\td.ﬁhshuttle.t-:uut

Train File: ID:'\user'\EhDi'\Ed.5'\shuttle.data |

| === W
J"S.‘f{f, ’:’::':’4’: ‘9
— — ak. Cancel |

> v \ iy "N\
Sty T

Look, ir: I "E‘i My Documents

1 FinePrint files
M o Muszic
" present lab
|1 ThaiOCR

File name: I Open

Files af bwpe: |E4.5 Mame Filz [*. names) j Cancel

717 94 wihasduiunisidanuindaya

au



45

a

2. 1y Option uniaideansn ] drudunisafrsiuliindula uazsiuldingula

do @ 9 o F= o X
WG]@L@NLL@Q@\?LL@@\‘]IM?‘]JV] 15 YN ﬁmmu‘w”lvrm‘-u Lﬂuﬂ’]ﬂiﬁ’&’]ﬂiﬂﬂ’]u@@ﬂu

Decizion Tree Option Setup il

TRIALS: o
GROUPING: [No = WINDOW: o
MIMDES: Ig— INCREMENT: [~
CF: [5 /// GAIN: [uo =]
VERBOSITY: [o F'FIU(ILH‘H_E_S_H. Mo =]

— 4
Default l_ k. - Cancel |

LUMSEEMS:

ﬂﬁ 15 MUW’QQQWM?UH‘J‘UMNH‘HVHQL@@ﬂlﬂ’m J yaan13amuldindula

3. Y Create Tree Lilumynlddninaisiuldiindulanldanuiindeyalumy

1
=

File and Path lHaa3 114399z ld0 AN LBNALN 25

’ ﬁaﬂ;mn tree: ggaqﬂf}g is finished!

ﬂﬁ 16 °1I’ﬂﬂ’)’13JLN@ZQ?’W\‘IMHiNMﬁ@HI@L@‘IQ

4. Ny View Output Weadwsuldifndulaadanan deyanldaziiuasuiudaya
fezyldlu wy File and Path 31aunmeauazidanvassiulidndulasingann
16 Ineniiai@aniiy View Output Udn aziganldaiulilsunsy notepad duiu

Woaudsdayaniudulisndula auglnar

5. Ny Exit 2ananniysunsu



46

E‘ shuttle_tout - Hotepad - |I:I|i|
File  Edit Search Help
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| A7<=5:5(2460.0/2.0)

A7 x5

| A8 <=28:10198.0/00

A0 25

| Ad<=81:

| | AZ<=5:4{2678.0/0.0)
| | A2>5:

| | | A2<=736:4(23.0/0.0)
| | | AZ>»736:6(4.0/0.0)
| A3=>81:

| | A3<=85:2(14.0/0.0)
|

| A3> 853 (24.0/0.0)

A2 <= 25 - =l
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MARNUIN A

SIEAZIAEATRNATN ME LUNITNARDY

gadayasiie ) Niflunmeaesaedineninusaiuilldiaansiain Department of

Information and Computer Science, University of California, Irvine [9] Tpeianum 17 g

TnedanuaziBunresgadayaudazgaiwsalill Inalunuanifuuudayasiaiiasazuan

Aiiluliflfaasnnianis sos

o

A9 “continuous”

y £
AatATDYA Soybean
L ey
AUIUAUFNLID 85
° ' W .

ANUIUNYN 19 naumAe diaporthe-stem-canker, charcoal-rot,
rhizoctonia-root-rot, phytophthora-rot, brown-stem-rot,
powdery-mildew, downy-mildew, brown-spot, bacterial-
blight, bacterial-pustule, purple-seed-stain, anthracnose,
phyllosticta-leaf-spot, alternarialeaf-spot, frog-eye-leaf-
spot, diaporthe-pod-&-stem-blight, cyst-nematode, 2-4-
d-injury Wag herbicide-injury

Fonuaniin A dulals Fanuaniin ATl
date 0,1,2,3,4,5,6 stem 0,1
plant-stand 0,1 lodging 0,1
precip 0,1,2 stem-cankers 0,1,2,3
temp 0,1,2 canker-lesion 0,1,2,3
hail 0,1 fruiting-bodies 0,1
crop-hist 0,1,2,3 external-decay 0,1,2
area-damaged 0,1,2,3 mycelium 0,1
severity 0,1,2 int-discolor 0,1,2
seed-tmt 01,2 sclerotia 0,1
germination 0,1,2 fruit-pods 0,1,2,3
plant-growth 0,1 fruit-spots 0,1,2,3,4
leaves 0,1 seed 0,1
leafspots-halo 0,1,2 mold-growth 0,1
leafspots-marg 0,1,2 seed-discolor 0,1
leafspot-size 0,1,2 seed-size 0,1
leaf-shread 0,1 shriveling 0,1
leaf-malf 0,1 roots 0,1,2
leaf-mild 0,1,2




= @

TATAUDNA Balance-scale
° e

[UIU Qmﬂ HUA 4

UIUNGN 3 nguAa LB uaz R
Fanmantia Andlulalle Fanmantia e
Left-Weight 1,2,3,4,5 Right-Weight 12,345
Left-Distance 1,2,34,5 Right-Distance 12,345

%@‘ﬂﬂ‘ﬁﬂua Restricted (lymphography)

° e

AIUIUAUANLIA 18

1UIUNGN 4NQNAD 1, 2, 3 UAT 4
Fanmuantia edndulalle Fanuantia A lulale
lymphatics 1.2,3,4 lym_nodes_enlar 1,2,3,4
block_of_affere 12 changes_in_lym 1,2,3
bl_of_lymph_c 1,2 defect_in_node 12,34
bl_of_lymph_s 18 changes_in_node 1,2,3,4
by_pass 1,2 changes_in_stru 1,2,3,4,5,6,7,8
extravasates 1,2 special_forms 1,2,3
regenerationof 1 dislocation_of 1,2
early_uptake_in 1,2 exclusion_of_no 1,2
lym_nodes_dimin 1,23 no_of_nodes_in 12,345,678

'
a

ARhATANA

NUIUAUANIIR

AMUIUNAN

Restricted (primary-tumor)

17
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22 ﬂ@juﬁﬂ 1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15,

16, 17,18, 19, 20, 21 LAz 22

Fanuaniin A Elale Fanuaain ATl s
age 1,2,3 liver 1,2

sex 1,2 brain 1,2
histologic-type 12,3 skin 1,2
degree-of-diffe 1,2,3 neck 1,2

bone 1,2 supraclavicular 1,2
bone-marrow 1,2 axillar 1,2

lung 1,2 mediastinum 1,2

pleura 1.2 abdominal 1.2
peritoneum 1,2




'
=

k4 .
TRTMAUDNA Iris
o L ey
QAIUIU Qmﬂ HiR 4
o 1 oA . . . . . .
AIUIUNAN 3 NQNAR Iris-setosa, Iris-versicolor WAz Iris-virginica
Fanmantia Andlulalle Fanmantia e
sepal-length continuous petal-length continuous
sepal-width continuous petal-width continuous
a [ : 4
TATAUBNA Thyroid-disease (allbp)
o Ly
mmu@mauum 29
] 1 oA . 4 . . . .
RUIUIAUNAN 3 NaNAf increased binding protein, decreased binding
protein LAY negative
Faanantin Andilalalle Fanuaniin A Tlalale
age continuous psych f,t
sex M, F TSH measured ik t
on thyroxine fit TSH continuous
query on thyroxine fit T3 measured f,t
on antithyroid medication f, t T3 continuous
sick i g TT4 measured f,t
pregnant f,t TT4 continuous
thyroid surgery fit T4U measured fit
1131 treatment f, t T4U continuous
query hypothyroid ft FTI measured f, t
query hyperthyroid it FTI continuous
lithium -t TBG measured it
goitre i i TBG continuous
tumor f,t referral source WEST, STMW, SVHC, SVI, SVHD, other
hypopituitary it
' o ) |
AAGAUDNA Thyroid-disease (allhyper)
o .
mmu@mﬂuum 29
o 1 A . . B .
UUAUNQN 5 NgiAa hyperthyroid, T3 toxic, goitre, secondary toxic
AT negative
Fanuautin A Tlulalle Fannantin A Tlalale
age continuous psych f,t
sex M, F TSH measured f,t
on thyroxine ft TSH continuous
query on thyroxine it T3 measured f,t
on antithyroid medication f,t T3 continuous

sick

ft

TT4 measured

f,t
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Fanmantia endlulalle Fanuania A lulale
pregnant fit T4 continuous
thyroid surgery f,t T4U measured it
1131 treatment f,t T4U continuous
query hypothyroid fit FTI measured f,t
query hyperthyroid it FTI continuous
lithium f,t TBG measured ft
goitre f,t TBG continuous
tumor f,t referral source WEST, STMW, SVHC, SVI, SVHD, other
hypopituitary f,t
a £g ' 4
FATAUDNA Thyroid-disease (allhypo)
o e
mmu@mauum 29
o 1 1 A . . .
RUUIUNAQN 5 nNadAd hypothyroid, primary hypothyroid,
compensated hypothyroid, secondary hypothyroid LLAE
negative
Fanmantia eniflulalls Fannuaniia e
age continuous psych f,t
sex M, F TSH measured f,t
on thyroxine f, TSH continuous
query on thyroxine f, t T3 measured f,t
on antithyroid medication fit i continuous
sick fit TT4 measured ft
pregnant fit TT4 continuous
thyroid surgery f,t T4U measured ft
1131 treatment f, t T4U continuous
query hypothyroid f,t FTI' measured it
query hyperthyroid it FTI continuous
lithium f,t TBG measured f,t
goitre f,t TBG continuous
tumor f,t referral source WEST, STMW, SVHC, SVI, SVHD, other
hypopituitary f,t
= £g , .
TAUAUDNR Thyroid-disease (allrep)
[ L ey
muquqmﬂuum 29
o 1 oA
RUIUNAN 4 NaNAB replacement therapy, underreplacement,
overreplacement UWae negative
Fonmantia endflulle Fanuania Andilulals
age continuous psych f,t
sex M, F TSH measured f,t
on thyroxine f,t TSH continuous

query on thyroxine

f,t

T3 measured

f,t
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Fanmantia endlulalle Fanuania A lulale
on antithyroid medication f,t T3 continuous
sick f,t TT4 measured ft
pregnant fit T4 continuous
thyroid surgery ft T4U measured fit
1131 treatment f,t T4U continuous
query hypothyroid fit FTI measured f,t
query hyperthyroid it FTI continuous
lithium f,t TBG measured f,t
goitre it TBG continuous
tumor f,t referral source WEST, STMW, SVHC, SVI, SVHD, other
hypopituitary ft
= v
TRTAUBNR Image
o Ly
mmuﬂmfauum 9
NUIUNQN 7 nguRa BRICKFACE, SKY, FOLIAGE, CEMENT,
WINDOW, PATH Llag GRASS
Fanuautin Andniulalle Hanmauin A lalale
region-centroid-col continuous rawred-mean continuous
region-centroid-row continuous: rawblue-mean continuous
region-pixel-count continuous rawgreen-mean continuous
short-line-density-5 continuous exred-mean continuous
short-line-density-2 continuous exblue-mean continuous
vedge-mean continuous exgreen-mean continuous
vegde-sd continuous value-mean continuous
hedge-mean continuous saturatoin-mean continuous
hedge-sd continuous hue-mean continuous
intensity-mean continuous
a o
TATAUBNA Statlog (satimage)
o ey
mmuﬁ]mﬂuum 36
o 1 1 A
ANUIUNAN 6ﬂ2§3~lﬂ‘ﬂ 1,2,3,4, 5087
Fanuantin A dulale Fonnaniin AniiTlulals
Al continuous A19 continuous
A2 continuous A20 continuous
A3 continuous A21 continuous
A4 continuous A22 continuous
A5 continuous A23 continuous
A6 continuous A24 continuous
A7 continuous A25 continuous
A8 continuous A26 continuous
A9 continuous A27 continuous
A10 continuous A28 continuous
A1 continuous A29 continuous



Fanmantia endlulalle Fanmantia A lalle
A12 continuous A30 continuous
A13 continuous A31 continuous
A14 continuous A32 continuous
A15 continuous A33 continuous
A16 continuous A34 continuous
A17 continuous A35 continuous
A18 continuous A36 continuous
' v
AGAUDNA Statlog (segment)
[ .
muquqmﬂuum 19
UIUNGN 7 NgNAa 1,2, 3, 4,5, 6 uay 7
Fanmantia A lulolle Fanmantia A fhlalls
Al continuous A1 continuous
A2 continuous: A12 continuous
A3 continuous A13 continuous
A4 continuous A14 continuous
A5 continuous A15 continuous
A6 continuous A16 continuous
AT continuous A17 continuous
A8 continuous A18 continuous
A9 continuous A19 continuous
A10 continuous
' £y
FRLATBNA Statlog (shuttle)
o s
QATUIU @mﬂ Hip 9
IUIUNGN 7 NguAa 1,2, 3,4, 5,6 uaz 7
Fanmantia nilulale Fanmuaniia A ulalle
A1 continuous A6 continuous
A2 continuous A7 continuous
A3 continuous A8 continuous
A4 continuous A9 continuous
A5 continuous
TaMAIDaNN Wine
o L ey
muquqmﬂuum 13

AMUIUNAN

3NguAa 1, 2 WAz 3
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Fanuauiin A dulalle Fanuauiin A lalale
A1 continuous A8 continuous
A2 continuous A9 continuous
A3 continuous A10 continuous
A4 continuous A1 continuous
A5 continuous A12 continuous
A6 continuous A13 continuous
AT continuous

a o

TATAUDANR Waveform

o ey

mu’;u@mﬂuum 21

o ' oA

ANTIUIUNAN =) naNAf 0, 1 uae 2
Fanuaniin il la Fanuaniia ATl s
A1 continuous A12 continuous
A2 continuous A13 continuous
A3 continuous A14 continuous
A4 continuous A15 continuous
A5 continuous A16 continuous
A6 continuous A17 continuous
AT continuous A18 continuous
A8 continuous A19 continuous
A9 continuous A20 continuous
A10 continuous A21 continuous
A11 continuous

= v

TATAUDNA Waveform + noise

IUIUAUANIIB 40

o ' y

ANIUIUNAN 3A8 0,1 LAY 2
Fonmantia endlulle Fonmuantia A lulals
A1 continuous A21 continuous
A2 continuous A22 continuous
A3 continuous A23 continuous
A4 continuous A24 continuous
A5 continuous A25 continuous
AB continuous A26 continuous
A7 continuous A27 continuous
A8 continuous A28 continuous
A9 continuous A29 continuous
A10 continuous A30 continuous
A1 continuous A31 continuous
A12 continuous A32 continuous
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Fanmantia endlulalle Fanmantia A lalle
A13 continuous A33 continuous
A14 continuous A34 continuous
A15 continuous A35 continuous
A16 continuous A36 continuous
A17 continuous A37 continuous
A18 continuous A38 continuous
A19 continuous A39 continuous
A20 continuous A40 continuous

TaMAIDNAN Glass

[ L ey

'Q’IU'JUQNNNUM Q)

o ' A

ATUIUNAN 6 NANAR 1,2,3,5 6 WAL 7
Fanmantia anfiilulalle’ Fonmantia Ardndulals
RI continuous: K continuous
Na continuous Ca continuous
Mg continuous Ba continuous
Al continuous Fe continuous
Si continuous
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¥
sAnednusatuild degrees of freedom (df) AN

WUl 6 TWam

A1519ANLAgLLU L t (t Distribution)

NMARNUIN 3

g

nu

AN NUMANLAILLL t RiTuaen g lunnsrszsuaddulaluiadan 2.1.5 @l

5 AMMFUNITNIATAZINALATU

syauRNUladi N (%)

o 50 60 70 80 90 95 9% 98 99 99.5 99.8 99.9
1 1000 | 1376 | 1.963 | 3078 | 6314 | 12.71 1589 | 31.82 | 6366 | 127.3 | 3183 | 636.6
2 816 1.061 1386 | 1886 | 2920 | 4303 | 4849 | 6965 | 9925 | 1409 | 2233 | 31.60
3 765 978 1250 | 1.638 | 2353 | 3.182 | 3482 | 4541 | 5841 | 7.453 | 10.21 12.92
4 741 941 1190 | 1533 | 2132 | 2776 | 2999 | 3.747 | 4604 | 5598 | 7.173 | 8.610
5 727 920 1156 | 1.476 | 2015 | 2571 | 2757 | 3.365 | 4.032 | 4773 | 5893 | 6.869
6 718 906 1134 | 1.440 | 1943 | 2447 | 2612 | 3143 | 3707 | 4317 | 5208 | 5.959
7 711 896 1119 | 1415 | 1895 | 2.365 | 2517 | 2.998 | 3499 | 4029 | 4.785 | 5.408
8 706 889 1108 | 1.397 | 1860 | 2.306 | 2449 | 2896 | 3.355 | 3.833 | 4.501 | 5.041
9 703 883 1100 | 1.383 | 1.833 | 2262 | 2398 | 2821 | 8250 | 3.690 | 4.297 | 4.781
10 700 879 1093 | 1372 | 1812 | 2228 | 2359 | 2764 | 3.169 | 3.581 | 4.144 | 4587
1 697 876 1088 | 1363 | 1.796 | 2201 | 2328 | 2718 | 3.106 | 3.497 | 4.025 | 4.437
12 695 873 1083 | 1.356 | 1.782 | 2179 | 2303 | 2681 | 3.055 | 3428 | 3930 | 4.318
13 694 870 1079 | 1350 | 1771 | 2160 | 2282 | 2650 | 3.012 | 3.372 | 3.852 | 4.221
14 692 868 1076 | 1.345 | 1761 | 2145 | 2264 | 2624 | 2.977 | 3.326 | 3.787 | 4.140
15 691 866 1074 | 1341 | 1753 | 2131 | 2249 | 2602 | 2947 | 3286 | 3733 | 4.073
16 690 865 1.071 1337 | 1746 | 2120 | 2235 | 2583 | 2921 | 3252 | 3686 | 4.015
17 689 863 1.069 | 1.333 | 1740 | 2110 | 2224 | 2567 | 2.898 | 3.222 | 3646 | 3.965
18 688 862 1067 | 1.330 | 1734 | 2101 | 2214 | 2552 | 2878 | 3197 | 3611 | 3.922
19 688 861 1.066 | 1.328 | 1.729 | 2.093 | 2205 | 2539 | 2861 | 3.174 | 3579 | 3.883
20 687 860 1064 | 1.325 | 1725 | 2.086 | 2197 | 2528 | 2:845 | 3.153 | 3552 | 3.850
21 663. 859 1063 | 1.323 | 1721 | 2.080 | 2189 | 2518 | 2.831 | 3.135 | 3527 | 3.819
22 686 858 1.061 1321 | 1717 | 2074 | 2183 | 2508 | 2819 | 3.119 | 3505 | 3.792
23 685 858 1.060 | 1.319 | 1.714 | 2.069 | 2177 | 2500 | 2.807 | 3.104 | 3485 | 3.768
24 685 857 1059 | 1.318 | 1.711 | 2.064 | 2172 | 2492 | 2.797 | 3.091 | 3467 | 3.745
25 684 856 1.058 | 1.316 | 1.708 | 2.060- | 2167 | 2485 | 2.787 | 3.078 | 3450 | 3.725
26 684 856 1058 | 1.315 | 1706 | 2.056 | 2162 | 2479 | 2.779 | 3.067 | 3435 | 3.707
27 684 855 1057 | 1.314 | 1703 | 2052 | 215 2473 | 2771 | 3.057 |-8.421 | 3.690
28 683 855 1.056 | 1313 | 1.701 |.2.048 - | 2154 | 2467 | 2.763 | 3.047 .| 3408 | 3.674
29 683 854 1055 | 1.311 | 1699 | 2045 | 2150 | 2462 | 2.756 | 3.038 | 3.396 | 3.659
30 683 854 1055 | 1.310 | 1697 | 2.042 | 2147 | 2457 | 2750 | 3.030 | 3.385 | 3.646
40 681 851 1050 | 1.303 | 1684 | 2021 | 2123 | 2423 | 2704 | 2971 | 3307 | 3.551
50 679 849 1047 | 1295 | 1676 | 2009 | 2109 | 2403 | 2678 | 2937 | 3261 | 3.49
60 679 848 1.045 | 1296 | 1671 | 2.000 | 2.099 | 2390 | 2.660 | 2.915 | 3.232 | 3.460
80 678 846 1043 | 1292 | 1664 | 1.990 | 2088 | 2374 | 2639 | 2.887 | 3.195 | 3.416
100 677 845 1042 | 1290 | 1660 | 1.984 | 2081 | 2.364 | 2626 | 2871 | 3.174 | 3.390
1000 | 675 842 1037 | 1282 | 1646 | 1.962 | 2056 | 2.330 | 2581 | 2.813 | 3.098 | 3.300
inf. 674 841 1036 | 1.282 | 1645 | 1.960 | 2054 | 2.326 | 2576 | 2.807 | 3.091 | 3.291
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