unanza
svalasanis: RSA4680024
falasens. saneifudouiimsulaummanguuaslawnifygimsunan
Hownidn: WISy fafins
E-mail Address: boonserm k@chula.ac.th
FEHZIAIATINT: 15 AR, 2546 — 14 §A. 2549
aw a4 a 3 w o a & e o .
Turudiviliniaueitmsdimsu (1) Yivdndwnefannmaiunsiuiwivdamsiulygwdeyanny
ngu uaz 2) vldmslsunsuassnzgaguily (lausadl) Samatudaysldygrasunu osfidagn
- J A - L Jﬂ 1 L3 1 = = Al - Ly
WanntwAeyninissuundszimdoyandsanguldataidssininwlunsldnueds 35ms
aaduimiuuiywvesdaysnaranguvildlasnmihviisudafulauusasnguanyaiu newlii
aa 2w - a Ad A, = ad dwor e oGy e a = v d av a
2sunufifenedmiunsiaduls @aed) dwitneffinduddmdueshiduwwumaongudelidadlu
" v o - v [y . o woal ~ ad A o | o
Gamasmsldnuinaikaianugnasdumsiuunlsannilndifissiuifnsiu g inldiudy
Hda & . ja Aam o W o 2 a4 A L v ad 4 &
aaedlasuiauanmiwlal e fifevmauuudsuld (efited) Felilaseahsfiviuuduranddeiuasd
. ar = ) J -~ = » L ) =l J et o .‘
Fmnszdudadulafitenss efieilianugndasgenir@dedluansAdinsaanlunisdmand
& e e jas a4 dda , vl da o Y oW = o
uananiwTlsiburusieSTudiulsiva nefiedfidondn nrlifndidenuscdivlduudaces
' - - P u H ada a ad e & o s s oA ' ur
Ini (a1fiefied) alinnadieifdgariniadieindnlyldnenualaslddansiiudaFoalwisniy

LY

n‘rsﬁ'ugiauylﬂﬁﬂ’mﬁnia AR WANITNARaIRUgaTayanaT grauan lwAuiiEnisraaniianu

] ]

-4

[ | | e ¥ a
gndiasfganiBinisaada
a5 o da a & i ar 2 A o 5 W W & A =
lowesifmnailanfivszinBnmdwiunsinniissdayaiBeduius ueid aUszpndldlousad
o e Av o ar A - - . ad
Ilauiidyammunaw nghldnnlawssfindszauiiguGasmaditnmanzdinly indieweisnms
. ~ = o w P & o w g o wod 4 A
gmiuhileuaafmusodanaivdignd Guanmabiaueiinisdoufironuudidunnied
Lo bt v ol A - ] F-% £a = A L 3 A - -
susodansivdoyadidgyarmsuniuldedniyndniaim issnndunulunisduungedmiu
=l ] I3 s A & 3 > e L ] at b w o A .
mMISuuTsMRUFsuAr i aonTe m'l.nmﬂsu'lm:uu’lauaaﬁﬂunumﬁuugm’lunutuaﬂwaw‘s‘m
' T | a a ar o we v e o B o o v
ToudIduAnils uauedaneIfufiinwndiAgidashidnssddydmiunglaveafuacld
[ . A v o i T Y | - v e
aﬂﬂm:ﬁﬁﬂﬂalLHN'\'HL'TJ“IF]TJﬂ"s’]d%aﬂﬂaﬁ‘ﬂqﬂd"\ulﬂﬁﬂﬂﬂuﬂﬂué Nﬂﬂ"ﬁﬂﬂﬂﬂﬁLLKﬂﬁl“Lﬁu‘)ﬁ'ﬂ'\ﬂd"uan‘
L . v ' at A o Ve e .~ aA . PP
frdufnitsvuldaniirzuvlousafinady mua‘lmmmua’:ﬁn’m‘%'uuguuuuauLwamlnmsaa
= a o ar o w o o a X a A e -
wiadsnanrsavannulysunsuasmegrduinilldleonts 3TnshGonifseauiadidnesne
- Lo A & Y| J L = = £ v - 3 = LA ) A
fduinite msildihsesdiadindenlyfmbuunanargua ldkaunaunsGoufidigie
[ v v A B oa - o a o e, | o P
Mndratauazanuinindsuean ke S msEnsuiuanm sunuianlsimunzasluns
e 3 - 9 . A d L ) o b [l " L=
1“1'uu3msamumm’nm'ﬁn:mmunnm'[ﬂu'l'mﬁﬁuuguuwmumamwau uanYINeassnudywIng
al . ¢ w o 4 & v e . ad A . @ w1 A
wuuguuumsn:mﬂumuamviuﬂﬁaqﬂqjmuam'lamu’mﬁminmmuammu'lmmnﬂ PROGOL 4
= ol a e
wWuszuulausafinviuade

a o Lo £ [ 3 - v 14 o a e -
ATHAN: THNaTALINABSUNTE W, n'ﬁmuunﬂi:mmmuumunqu. v ladeudfermanuulsuls

pa A ~ Mo [ . o w ool A o & o a o d
Al uiifemuszdsulduuudadelny, dronuudiiauivite, hsealaifnasinegiaud

]
HU



Abstract
Project Code: RSA4680024
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In this research, we propose methods for (1) extending Support Vector Machines
(SVMs) for dealing with multiclass problems, and (2) enabling Inductive Logic
Programming (ILP) for dealing with noisy data. SVMs were primarily designed for two-
class classification problems with their outstanding performance in real world
applications. Previous methods for solving the multiclass problem of SVMs are
typically to consider the problem as the combination of two-class decision functions.
The Decision Directed Acyclic Graph (DDAG) is a well-known method for multiclass
SVMs that has advantage of fast evaluation time and provides classification accuracy
comparable to other methods. Motivated by DDAG, we propose the Adaptive DAG
(ADAG): a modified structure of DDAG that has a lower number of decision levels.
ADAG improves the accuracy of DDAG while it maintains low computational
requirement. Next, we propose an enhancement version of ADAG, called Reordering
Adaptive Directed Acyclic Graph (RADAG), to find one best ADAG from all possible
ADAGs by using the reordering algorithm with minimum-weight perfect matching.
Experiment results on several datasets denote that our methods give higher accuracies
than those of the previous methods.

ILP is an efficient technique for relational data mining, but when ILP is applied in
noisy domains, the rules induced by ILP often struggle with the overfitting problem. We
propose methods for enabling ILP to deal with this problem. We first propose a methoed
for learning first-order Bayesian network (FOBN) which can handle noisy data
powerfully. Due to a high computation cost for directly learning FOBN, we adapt an
ILP system and a Bayesian network learner to construct FOBN. We propose a feature
extraction algorithm to generate features from ILP rules, and use these features as the
main structure of the FOBN. The experimental results show that FOBN performs better
than a traditional ILP system. We also propose a novel hybrid learning method to enable
neural networks to handle first-order logic programs directly. The proposed method,
called First-Order Logical Neural Network (FOLNN), employs the standard feed-
forward neural network and integrates inductive learning from examples and
background knowledge. We propose a method for determining the appropriate variable
substitution in FOLNN learning by using multiple-instance learning. The experimental
results on two first-order learning problems show that the proposed method performs
better than PROGOL, the state-of-the-art ILP system.

Keywords: Support Vector Machines, Multiclass Classification, Adaptive Directed
Acyclic Graphs, Reordering Adaptive Directed Acyclic Graphs, First-Order Bayesian
Networks, First-Order Logical Neural Networks.



