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ABSTRACT

The classification decision tree is the most commonly used classification tool in
data mining and machine learning in medical and engineering applications. There are
mainly two types of classification trees: C&ART and multivariate classification tree.
The C&ART is usually used and constructed by a hierarchical tree of decision nodes.
The structure of the Multi-layer Classifier, proposed by Wu (2009), is differs from the
C&ART by constructing each layer consisting of two or three nodes, of which only the
node with unclassified data will be classified further into the next layer and the rest
nodes contain data completely classified. The tree construction continues until a stop
criterion is reached. However, the structure of the Multi-layer Classifier or C&ART
combined with Fisher Linear Discriminant analysis (FLD) may not improve
classification tree efficiency when it is applied to medical exploration (such as diagnosis
of tumor). Hence, this thesis aims at constructing a more effective Multi-layer Hybrid

Classification Tree and utilizes empirical data to validate its performance.

In the modeling of tree structure, this study first introduces a parameter, B, to be

used to adjust the proportion of nodes constructed by FLD. At the same time, according
to the theoretical discussion by Lai (2010), the multi-layer classifier and the C&ART
can complement each other’s insufficiency. Therefore, this study introduces a second

parameter, P, to be used to adjust likelihood for each tree layer of data to be

classified according to the Multi-layer or C&ART decision. When a node is to be split,

it needs to decide first whether to apply FLD based on the value of P . Then it needs

to decide whether to split into two nodes with C&ART decision or three (or two)

nodes with Multi-layer decision based on the value of P, -

In order to verify the performance of the proposed model, this study uses 366
breast cancer cases provided by National Taiwan University Hospital (NTUH) to test
the proposed tree, 266 of which are taken as training samples for selection and training
parameters, and the other 100 is isolated as the independent test sample. We compare
this proposed Multi-layer Hybrid Classifier with C&ART, Multi-Layer Classification
Tree  (ML-ROC), as well as Enhanced Multi-layer Classification
Tree(Enhanced-ML-ROC) proposed by Lai (2010) based on results of single tree
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performance and BI-RADS results generated by Adaptive Multi-phase Ensemble
(Chuang, 2012).

Based on the verification results, it is found that the classification efficiency of the
newly proposed algorithm is indeed superior to other methods, and the BIRADS result
shows that it not only increases the benign case number of BIRADS 3 by an observable
size, but also maintains the number malignant cases of BIRADS 3 in an acceptable

range.

Key words: Classification and regression trees; Multi-layer Classifier; Nonparametric

AUC, Multi-layer Hybrid Classification Tree; Fisher discriminant analysis
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Chapter2 = IEJ\-:};’; 3
AE 218 LA4EROCcurve B AT & f#:2.2 & /1 ST & ff 0F & (Hanley
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A Hoe

| 5 Bisms o 1e{1,2,3.., A -
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o APALTEEB LRSS TP BB Eaisici FP~ 2o TN
HEE LR E G FN 530 Tl’“ﬁf‘u? MNP EEBABOLBREFEBERES

P[5 M % (true positive rate)pt & 5

TP
TP+FN

BH 12 5 (false positive rate)pt T & 5
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< BT 7 U E 1 e AR

% @t ROC curve }

2]

P EER e Lded 22

e 1218 3] 28 28] - ROC curve o

B A 2 ROC

curve tp B FAL > KB - BIERFMEF(I-FREE)FL X A& A i Y Bk
» ¥ 11 17 7| Figure 2-2 ROC curve 7 &, Bl ] & 3 A5 » ¥

oA PG4 R

1 4 2 L 4
0 T ‘ T ‘ ‘ T ‘ T T 1
15 20 25 30 35 40
Figure 2-1 &1+ A (& 22 47 W] 47 i [B)
% 2-2 1 A 22 ROC curve 4p B 742
C  Specificity Sensitivity FPR TPR ~ C  Specificity Sensitivity FPR TPR
18 0 1 1 1 28 0.8 0.6 0.2 0.6
21 0.2 1 0.8 32 0.8 0.4 02 04
24 0.4 1 0.6 1 34 1 0.4 0 04
25 0.6 1 04 1 36 1 0.2 0 02
26 0.6 0.8 04 08 = 1 0 0 0
27 0.8 0.8 0.2 0.8
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Figure 2-2 ROC curve 7+ &, B

2.1.2 ROC curve 2. 587 & #4

ROC curve 7341 & ## (area under ROC curve » f§ - AUC) ¥ £ i¥ ROC curve
11T e #f (4o Figure 2-3 ROC curve AT 6 ISR A 6 ff) > 4% RiFE -
B A A 4 endp R 0 T AR G AR 0SS FPRS1 4§ I P e 305 2 2
WAL A B OSTPRS1F R T 3o B 2o - BRI SA #i 4 %45 ROC curve
e 22 Fpt AUC 484 (B2 2 hA 51 B H AUC 5 1) @ 2 2it$ A%
%4 pFoROCocurve 5 45 & & £ % 5 (AUC 5 0.5)° % AUC /[ *20.5p% » 2 i ¢
R SRR o fjﬁa{?i%‘sﬁ”i B 228 £ 375 W ROC curve -
A -] E B ek A - B RS s=-1 0 j g E I AUC 427 0.5 59 ROC
curve ’ i E‘Ji%?fé_'ﬁ‘i‘ﬁiﬁ&’» BE A st f 5L £ 478 %W ROC curve ¥ | Figure

2-2 ROC curve 7+ & B ° #& AUC m#%}ﬁ A3 051 22 /F -
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Figure 2-3 ROC curve F AT & f#
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curve + & - BELAT@EFE M - T2 A E ROC curve (1 AUC Apfe & £4piT > ¥
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Figure 4-1 ji = if|3# 4% & BI-RADS & 5% % (FiFwAF * B &%)
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Fo 432 AR oA STATRIEIE A A S A A

C&ART-Gini ML-ROC ML-FLD-ROC Enhanced-ML-ROC Hybrid-noFLD Hybrid-FLD

Layer(Ave) 7.0000 3.6990 4.5593 4.9207 6.3610 6.3770
Layer(Std) 0.0000 1.4491 1.2286 1.0935 0.9527 0.9782
Sensi(Ave) 0.4435 0.5524 0.4653 0.4413 0.4648 0.4604
Sensi(Std) 0.1403 0.3225 0.3038 0.2105 0.1773 0.1839
Speci(Ave) 0.7459 0.6135 0.6698 0.7461 0.7746 0.7779
Speci(Std) 0.0952 0.2876 0.2944 0.1873 0.1177 0.1176
Youden Ave(Ave)  0.5947 0.5829 0.5676 0.5937 0.6197 0.6192
Youden Ave(Std) 0.0740 0.0689 0.0760 0.0745 0.0748 0.0744

d % 4-3 ¥ 4> Hybrid-noFLD §= Hybrid-FLD 2 Youden Ave T 2 4 %] =3¢
H 5 0 B EA Y S 0.6197 40 0.6192 » C&ART-Gini §- Enhanced-ML-ROC 7] 4 %]
POTE 4405 5o 4 w5 0.5947 47 0.5937 2 = ¥ ¢h Youden_Ave ek #5 2L 21T o
ik 5w > i Sensi(Ave)fr Speci(Ave): ¥ 12 4 3 Hybrid-noFLD fr Hybrid-FLD
% i > 2 & Speci(Ave){r Sensi(Ave)I=f & 3 ﬁ % 0 F]m 3 H Youden Ave #hig
B o

4 % 42 7 v » Hybrid-FLD # i ch%#ice £ ¢ Py p% 00 R4 2 3% FLD
S Rt iE o FIP o 45T K Bt g 7 Hybrid-noFLD & p <0 fa4 8% rr B i
B (AE#B32  2012) 1 BI-RADS 4 & % o

AEGLE 2 S R ISR T T 2 A AR AR Y F B iy
‘b B4 N = TR B3R R }(EI);}E R e’ 4 g;f%\g{%;&é /i}'tt s AT 7@:" b
AUBHE M PR EATHNCA o A BB B A 42 R -

43.1 ‘*’“]73‘1?‘*% REE W E (2 E-)
| & ¢ B3 10 = b= Bl3# 50 AUC o BIRADS 3 e i % » 4rd 4-4 97
T oo * I A fE At BIRADS enig 3] 4 7 BlfriE 2B ¥ Lotdr o d & 44 ¥ 5¢
ML-FLD-ROC 7 AUC T35 @ &% 5 0.7681 » e H 2 # 4 &+ 5 0.0436 >
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C&ART-Gini =t 2. (0.7605) izt # %] (0.025) % @ Hybrid-noFLD #1 AUC T
2 15 (0.7603) - 3 i Hybrid-noFLD £ BIRADS 3 @ 1% 351 fick. 3
(10.7) = B2t 5 3% B2 fRed 203 B 5] 2% R AU W iRk A B L ¥

YL I B 4% o

44T RSB IFEDEMEE (P2 -) B RPREFLEL

C&ART-Gini ML-ROC ML-FLD-ROC Enhanced-ML-ROC Hybrid-noFLD

AUC Mean 0.7605 0.7461 0.7681 0.7490 0.7603
STD 0.0250 0.0245 0.0436 0.0372 0.0350
BIRADS 3(Benign) Mean 9.5000 5.4000 6.3000 8.7000 10.7000
STD 2.4608 2.2706 2.7101 3.1640 4.0838
BIRADS 3(Malign) Mean 0.1000 0.0000 0.2000 0.4000 0.3000
STD 0.3162 0.0000 0.4216 0.6992 0.4830

Malign Percent 1% 0% 3% 4% 3%

Ideal Malign Percent 2% 2% 2% 2% 2%
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432 #WAlZEHEE* gEE L (2 ED)

Aol a g B IR 10 = b2 pl# 0 AUC e BIRADS 3 s B8 % > 4o 4-5 47
7T oo 7 Fe & #pHFen BIRADS e & i BAeiE W7 Lk o d & 45 ¥ 5
Enhanced-ML-FLD e AUC T35 &3 5 0.7947 > w H g # 5 &~ 5 0.0545 >
ML-FLD-ROC = z_ (0.7904 ) ® A #+ = * (0.0484)> 72 @ Hybrid-noFLD 2 AUC
T3S 2% = 22(0.7750) fe gk #s ] (0.0364)° % i Hybrid-noFLD £ BIRADS
3¢ M TR EE S (10.7) 2 EH 65 3% Bkt 330 B 6] 2% »
P IRAE R BT R Gt 6] 4% o

Wk 4-dqed 450 NPT PR AT AR 222 HAUC TEE Y

BNk o BT R E S (A AT TR Y R SRR b o

2 45T AR AR IFEDREME () B RPlREEEREE

C&ART-Gini ML-ROC ML-FLD-ROC Enhanced-ML-ROC Hybrid-noFLD

AUC Mean 0.7811 0.7692 0.7904 0.7947 0.7848
STD 0.0329 0.0277 0.0484 0.0545 0.0364
BIRADS 3(Benign) Mean 9.5000 5.4000 6.3000 9.0000 10.7000
STD 2.4608 2.2706 2.7101 2.0548 4.0838
BIRADS 3(Malign) Mean 0.1000 0.0000 0.2000 0.0000 0.3000
STD 0.3162 0.0000 0.4216 0.0000 0.4830
Malign Percent 1% 0% 3% 0% 3%
Ideal Malign Percent 2% 2% 2% 2% 2%
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ekt T A4 A 2 2 RE BIRADS 4 & 4 %
1.1 C&ART-Gini #3 (3 - )

1395 10 =t C&ART-Gini = [ 3 3# 4 (22 - ) B plE o BIRADS & %

52 5% % W48 A Bl4e Figure 4-2 #75% > @ %) Bl4e Figure 4-3 #7571 o
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C&ART(Gini)-Method1
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1.2 ML-ROC #3% (22— )
1235 10 =t ML-ROC = Fp B3 843 (2% - ) #b2 32+ BIRADS ~ & %
% % ® eh49 3] B4 Figure 4-6 #751 > @ i%3) B4 Figure 4-7 #7171 °
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ML-ROC-Method1
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1.3 ML-FLD-ROC ##3# (2 - )

1345 10 & ML-FLD-ROC = F¥ & 33 3843 (22 - ) Jb 2 ipl3# 57 BIRADS &

Bl % 3 W enfa 2 W4 Figure 4-12 #070 » @ ) Fl4 Figure 4-13 #77 -
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ML-FLD-ROC -Method1
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1.4 Enhanced -ML-ROC #3%# (3 - )

1395 10 == Enhanced -ML-FLD-ROC = ¢ BB #FHME (22 - ) B2 BlFED
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Enhanced -ML-ROC-Method1
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1.5 Hybrid-noFLD #3 (32 - )

1395 10 =x Hybrid-noFLD = FF &3 3# a3 (22 - ) B2 Rl BIRADS »
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ML-ROC-Combi-FLD(Method1)
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1.6 C&ART-Gini #% (3 - )
1245 10 =t C&ART-Gini = Fg B33 324813 (272 = ) B2 Pl5# 0 BIRADS & %

& 5 & 4 e ) Bl 4o Figure 4-18 557 » @ %7 Bl4e Figure 4-19 #57
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C&ART-Gini(Method2)
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1.7 ML-ROC 43 (#2)
1995 10 == ML-ROC = Fy &b s# A (22 = ) b2 Rl3# 0 BIRADS & &%
% % W 48 A Bl 4e Figure 4-22 #7757 > @ i35 Bl 4e Figure 4-23 #7777 ©
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1.8 ML-FLD-ROC #t3# (= 2 =)
JFJ%L 10 &t ML-FLD-ROC = FEE B A (22 - ) b2 pl@E 9 BIRADS &
BE5 g?l #] e48 7| B4 Figure 4-28 #7177 » @ %3 B4 Figure 4-29 #7175 o
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ML-FLD-ROC-Method?2
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1.9 Enhanced -ML-FLD-ROC ##3 (3 2= )
1395 10 == Enhanced -ML-FLD-ROC = ¢ BB HHME (22 - ) B2 BlRED
BIRADS % % % % g % ¢4 4| B4 Figure 4-32 #77% » @ i% 2 @] 4v Figure 4-33 #7775 ©
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Enhanced -ML-ROC(Method2)
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1.10 Hybrid-noFLD #3% (= 2 =)
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Hybrid-noFLD(Method 2)
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