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2 BETNA AR EA4S A3 7149 TS o] npo]ZZ o] o] (microarray) 7] T
o] FRA] I S FAFoE BT ¢ A B, ABEAY FAF 5AL 5 F ALY
SHE A7 gAML obd o8 fRAE ] /771820 FA sl A ol 4= A STt (Lee
%, 2012). o]& HAofA vlo]A R o o] B3l o= tEFY ASES SvkEA F4317] A%
whHol 3 Heled, ¥F E4E FA o= AE 753HA At (Eisen 5, 1998; Ben-Dor

[o]
S, 1999; Chen 5, 2002; Speed, 2003; Yeo, 2011; Lim -, 2012).
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£ 7FsAdE dolnEA He Dol Ak s, fAAE e A dAE =23 (dendro-
gram) O 2 ¥ 7] wfj2o) A5 4AL AAH o= oa|F 4 YA 3T} (Eisen 5, 1998; Lee =,
2011; Lim 5, 2012).

ASA A 2 2 S84 S S e s ol & o gled HEE W2 T
HE W Zohigk Azl (absolute distance) W& a2fste] 7Hg 77k 2HES AU o2 A
Y S$3A, & 2 23 U A6 g AR E &8 Fu) (Lance 5, 1967; Rohlf, 1973; Hartigan,
1975). a2t o] 2 A W FAMS SAClE F8eAIRE, TR o]A L ushA] Kehe
e ek 2 e oldAL A 2] AtA wiArdE ARske A=k v, A Wl #
A 2] 2] wIAMEE Elehe WUES Aste] AR E A st ol &k, 7EY
54 TS ET o 2o AgE WAY ¢ LS Aot

& Aol e mpolarojde] AR T B FAS 7P A d Aseh AA B8N &
uk 5 ARLe] who]lZ &2 ol o] Akl Mollineda®} Vidal (2000)°] AIX 8 Atha A=A 73 (relative
hierarchical clustering) W& 283 & 7]&9] ASA A3} P} vlaste] 2 §84E& AR
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T A 2A- 4,0 tigk ARl d(i, ) ' 2R 9k 2F i3 A"E e, O+ 9 2F 94
ANAe FHEY AR, [Cl= Coll &3 - A5, TEI dij= 27 oAl :r”d JE AL v
2 FRAEHY] AR Yzt oluf, d(i,j)= Ha Al YW (single linkage), Hth A #H
(complete linkage), 3 A2 W (average linkage) 5ol 3lUS ARE St} (Hartigan, 1975; Rohlf,
1973; Lance &, 1967).

HaAg 2 F 23 Al ARE AR wof §AEe] AEEA ZF FRC S 49
T ALY AE o A ol 2 FolA Ha ARE AREsHe et o) A” e 7
O £3= 499 F RAITY A"E tf A4S To I FolA AW A"E ARESkaL, B A
g 2 4 FA Hote 499 T AR AE of A4St o] I FHEHS AR o]&sitt
Molhnedaﬁ} Vidal (2000)°] A|AISE A& v]-5-AM (relative dissimilarity)ol] thdt D(i, j) A== &

2l (2.1)001M 9} Zo] 3, A vlFAMIS HEQA D(i,5)E °1&3te] D(i, )7t A&7 He
’Q%g ASHoE Wi AS A4 A4 o)zt Fositt.

d(i, )
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D(i,j) = —————— 2.1
(:9) = it ) (2.1)
> d(i,k)
- kECk#]
Yool -2

ARhA WA HEQ
3 j& AL YA 2HE 2l A o371 el ol T 0o Tk WRALE 2
e Peletn & 4 ATk oA S3te] Aol
Wl Qoh} B 4 A RS Feh Figwe 213} Figwe 225 4014 A24 A 71£9)
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Figure 2.1 Dendrogram by hierarchical clustering
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Figure 2.2 Dendrogram by relative hierarchical clustering
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2 AakElE dhde] D(A, C)& 04322 Aaks] 7] w2, U2 Al ¥ Bzke] Aeuhg o] &3to]
et Zo] ol F FRES W] Aol YA 2HE el Al eiste] UR At ¥ BT
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A B3 gyt i8R BB jAA RAA FRE ok oln BB skl s 24 24
o e R vl £3 AF Do FAS I AR thE TR S5 AE

ZHll= FAM3S &
A e AE BEXEZ doh. FASE SA4E Hole MESES I Fol 2HELE 98 &, 7 &
Ae] Aile] it el H7e LEBEF8(PIGP; percentage of incorrectly grouped points), 524

(homogeneity) 12|31 ©]Z A (separation)& ©]-&3te] F7} & 4= ok
Q838 (PIGP; percentage of incorrectly grouped points)

AA A=A 2 T 7|2 ASA 2R PHS AL Azt ARSLe 2R 0B nEYA
(GCM; grouping confusion matrix)E 7FA|1 LEFE&S A4Fste] B718l6 Y. L EFELS ufo]3 2
ojglo] Zkg EA A =4 ol flojof she AEe] A j&2 vk gol ¥ HJA=AE
®E2 AL T3t 2t (Mollineda, 2000).

LEFE(PIGP; %) = [E2F7Fd AL 5/AA A& 4]+ 100 (3.1)
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5724 (homogeneity)
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Table 4.1 Means, standard deviations in data sets with round-shaped distributions

class mean (Z) mean () standard deviation (6,) standard deviation (&)
classl (N=200) -2 2 0.2 0.2
class2 (N=200) 0 -2 0.2 0.2

class3 (N=200) 2 2 0.2 0.2
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+ classi
! class2
4 * class3

Table 4.2014 Ed = FAWHS A& Foll LEFE] 2F 0%k T ZYol 2L, ©]
FAE HolA] ke Aol A ASH Rt 71 ASH 2R3 ¥y BF 9E5E ue
dIs Hole 2l &+ Ut

Table 4.2 Comparison between hierarchical clustering and relative hierarchical clustering in round-shaped data
relative hierarchical clustering

hierarchical clustering

PIGP GCM PIGP GCM
before clustering before clustering
classl class2 class3 classl class2 class3
0% it classl 200 0 0 0% ft classl 200 0 0
A T lass2 0 200 0 A T lass2 0 200 0
class3 0 0 200 class3 0 0 200
4.2. F F3 9| nefo] 25T FeE Ze AR
T TR Boko] 7tRE 7 Y] REE Hol: ARE A% A 4 3 EE Table 4.37}
2o B3t REUAE AR 2 2A) ABES oIRY FU WelA) AFREE F3) FA
2 Aela, 4 25 sAder S9Holth. Figure 4.3 o|37A AAFE A2 IS 4
A Aol th
Table 4.3 Means, standard deviations in data sets with longish-shaped distributions
class mean(Z) mean(y) standard deviation(g,) standard deviation(d,)
classl (N=200) 4 2 0.3
class2 (N=200) 4 2 2 0.3
7
& | - -
a
# class1
2 1 ] M class2
[_]
"=kl e -
[_]
1 L] -
s 2 o 2 2 s s 10 12

Figure 4.2 Distribution of classes in longish-shaped data
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Table 4.4 Comparison between hierarchical clustering and relative hierarchical clustering in longish-shape data

hierarchical clustering
PIGP GCM PIGP
before clustering

relative hierarchical clustering
GCM
before clustering

44.3% classl class2

35.5% classl class2
after classl 74 51 070 after classl 7 19
class2 126 149 class2 123 181

Table 4.5 Means, standard deviations in round-shaped data with the same mean

class mean (Z) mean () standard deviation (6,) standard deviation (&)
classl (N=200) -2 2 0.3 0.2
class2 (N=200) 0 2 0.3 0.2
class3 (N=200) 2 2 0.3 0.2
3
. A
&
2 A
'y
A:‘: s class1
class2
“ A class3
1
4 2 0 2 a

Figure 4.3 Distribution of classes in round-shaped data with the same mean

Table 4.6 Comparison between hierarchical clustering and relative hierarchical clustering in
round-shaped data with the same mean

hierarchical clustering
PIGP GCM PIGP
before clustering
classl  class2  class3

relative hierarchical clustering
GCM
before clustering
classl  class2  class3

0.5% classl 199 2 0 0.2% classl 199 0 0
after after
class2 1 198 0 class2 1 200 0
class3 0 0 200 class3 0 0 200
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2FE et AEE *3’“6}71 A 24 23 HE Table 4.73 22 B3 &
AZNE ARSI 2 2R MEEL oA FXF WA AEEE Bt FARE AEE
= SHA )t} Figure 442 7 #REE 29 2P0t}

Table 4.7 Means, standard deviations in data sets with round and longish-shaped distributions

class mean (Z) mean () standard deviation (6,) standard deviation (&)
classl (N=200) -2 2 0.2 0.2
class2 (N=200) 0 2 0.6 0.1
class3 (N=200) 2 2 0.2 0.2

+ classi
= class2
class3

Figure 4.4 Distribution of classes in round and longish-shaped data

Table 4.8°14 B0 At ASA YRS o8 B0l L8FE2 8.67%% L, 712 A
A FAHHE A3 ASol= 2 BF80] 11.33% Prh B]=E classl S class2E LEF3I 0|2 A
4 AP ST 24 Beh ANA AZA 2Q PEL A8 Aol BeAhE, Al 24 ol B
ekl A% A4z LEE 71 9ol A5 2F) 29 class20] 3 loH Sl 44 A
A 2APEe A8 AnelA o & %A A 2 4 k.

Table 4.8 Comparison between hierarchical clustering and relative hierarchical clustering in round
and longish-shaped data

ol 4 ol ol

rl

rO

hierarchical clustering relative hierarchical clustering
PIGP GCM PIGP GCM
before clustering before clustering
classl class2  class3 classl class2  class3
11.33% afte class1 195 16 0 8.67% afte classl 183 6 0
T T
class2 5 169 30 class2 17 187 22
class3 0 15 170 class3 0 7 178
o]¢} Zro] HOHARE Sl BT AR E BT AaollA Al 24 Boo] BF T2 BG5S A,
JAAE gon, TR FHE AANY 42 DPE WE PES Hole ARANE F 24 B
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T oRF &0 (%2 F FHE HAZYUL HAW, TH RFo] 1
9% A A5 Phel AE9 AZE TAP e} g 2
&5 gk ANE AN Ggtort F7 AL AZHL ol g3l

5. AAAE £

ute]az ol o] Ag5+ JY ¢ F2 Ik 7RO thst /M o] glor, 23 7H7ﬂ‘: Atole] fFAHY
o o +HE& FAst7] Wil ute]azoj# o] A5 SulE FATHA £4E AdiME FH4E T
9 54 selelel 2UE Aolel BAE 7o 4 gl 7 $40] F-83keh (Ben-Dor 5, 1999
Chen 5, 2002; Eisen 5, 1998; Speed, 2003). & Ao A A1&-3 AA A7 += NP (leukemia) S F
Wl FRRRe] AR nlo]aRojd o] AR E o] &skith 38709 BAIXZ g4 H=74 WEH (B-cell
ALL; B-cell acute lymphoblastic leukemia) A<, 9712] THE 4 HZFA WY (T-cell ALL) A
Z, 25709 FA4 Z54 WEY (AML; acute myeloid leukemia) A EXFEZ o] F o3 35717}]«] 4
2} WHARLE (gene expression data; http://www.genome.wi.mit.edu/MPR)S &&391, 2+ §-2x}
=9 54 HA=7 TYst7] diwol £4ke] 1o] H7] S8 531 de+ itk 2

= 7P 7R kNG o] S 9 £, o] & k7Y AFRAES AMEEt] ASAE FAs YRSl k-F
27 )% (k-nearest neighbor) ¢118|& (sz)% AREERATE ATE AEF ZA H 712 Al
28 2 s AL3 A9E o8 e
et FAE AR, Aol A2 .

Figure 5.1 PCA biplot2 AFgSlo] WEy 28 E o]} A4xd J#l28 HolFE 2oz o|a}
9 2 zoMEe 54 2274 WEY (ALL)F 54 F54 989 (AML)o] & #2594 I5<
NS B3 GA AT 5 A3, 34 1y (ALL)3} 34 &4 98% (AML)2 A2
249 BT Pl 4% 2y ARE A8t 4 A
=3 ‘75{15}3]' 7]—“94 73“ A 257 WEgs, 5245

=5 35

Table 5.1 Comparison between hierarchical clustering and relative hierarchical
clustering using homogeneity and separation

hierarchical clustering relative hierarchical clustering
homogeneity 6.60 2.94
separation 0.14 0.16
(a) 2-dimensional plot (b) 3-dimensional plot

0000
-
-
A0000 o
T
’ -é-
. C
-A0Dd
-8100] . . i
S-S0 -20000 o <0000 Eome

%

Figure 5.1 PCA biplot (row plot) of leukemia gene expression data set. 2-dimensional (a) and
3-dimensional (b) plots. B-cell ALL: blue dots; T cell ALL: red dots; AML: yellow dots
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Table 5.2 Comparison between hierarchical clustering and relative hierarchical clustering using PIGP
and GCM in leukemia data

hierarchical clustering relative hierarchical clustering
PIGP GCM PIGP GCM
before clustering before clustering
B-cell T-ALL AML B-cell T-ALL AML
36% after B-cell 37 7 18 23.6% after B-cell 30 0 0
T-ALL 1 2 0 T-ALL 7 8 9
AML 0 0 7 AML 1 1 16

Table 5.1 Atha A2 TAYHAA 7129 ASH w48 2otk 474 ol & 4o &

FEE UGS HolFa ot o]AA FrtlAe A ASA YA 71EL A

o] ¢ Hrh ORRE 2 ghe Holu Ao 7k 24 ¢Fgktt. Table 5.2&
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Abstract

Hierarchical clustering analysis helps easily exploring massive microarray data and
understanding biological phenomena with dendrogram. But, because hierarchical clus-
tering algorithms only consider the absolute similarity, it is difficult to illustrate a
relative dissimilarity, which consider not only the distance between a pair of clusters,
but also how distant are they from the rest of the clusters. In this study, we intro-
duced the relative hierarchical clustering method proposed by Mollineda and Vidal
(2000) and compared hierarchical clustering method and relative hierarchical method
using the simulated data and the real data in the various situations. The evaluation of
the quality of two hierarchical methods was performed using percentage of incorrectly
grouped points (PIGP), homogeneity and separation.

Keywords: Hierarchical clustering, homogeneity, percentage of incorrectly grouped

points, relative hierarchical clustering, separation.
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