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TOM TAT

Céc thuat toan phan cum phd 1a mét trong nhirng thuat toan hiéu qua nhat d& phan chia cac gene thanh cac
nhom theo mirc @6 twong tw bidu didn gene clia chung. Nhitng phan nhém nhuw thé cé thé d& xuét nhitng gene
twong (rng twong quan va/hodc cling dwoc didu hoa va dan dén chi ra nhirng gene dé co thé chia sé mét vai tro sinh
hoc chung. Trong bai bao nay, ba thuat toan phan cum phd phd bién nhat dwoc nghién ctru: phan cum phd khong
chuan hoa, phan cum phd chuan héa theo Shi va Malik (2000), phan cum phd chudn héa theo Ng et al. (2002).
Nhirng thuat toan nay dwoc so sanh véi nhau. Hiéu nang clia ba thuat toan nay dwoc nghién cru trén div liéu chudi
thoi gian clia biéu dién gene st dung khodng cach xoan thdi gian dong (DTW) dé do do tuong tw gitra nhitng hd so
thé hién gene. B6n dé do hiéu lwc phan cum khac nhau dwoc st dung dé danh gia cac thuat toan phan cum: D6 do
lién két (Connectivity) va chi s6 Silhouette (Silhouette Index) dé woc lwong chét lwong clia phan cum, chi s Jaccard
(Jaccard Index) @& danh gia dé 4n dinh clia phwong phap phan cum va chi sb Rand (Rand Index) d& danh gia sy
chinh x4c. Sau d6 chiing ti phan tich cac két qua thu dwoc bai kiém dinh Friedman. Phan cum phd chuén héa theo
Ng et al. (2002) chirng t6 la t6t nhét theo chi sb hiéu lwc Silhouette va Rand.

Tir khoa: HO so biéu dién gene, phan cum phd chuan hoa, phan cum phd khéng chuén hoa.
Comparison of Spectral Clustering Algorithms for Gene Expression Data

ABSTRACT

Spectral clustering algorithms have been the most effective algorithms to divide genes into groups according to
the degree of their expression similarity. Such a grouping may suggest that the respective genes are correlated
and/or co-regulated, and subsequently indicates that the genes could possibly share a common biological role. In this
paper, three spectral clustering algorithms were investigated: unnormalized spectral clustering, normalized spectral
clustering according to Shi and Malik (2000), and normalized spectral clustering according to Ng, Jordan and Weiss
(2002). The algorithms were benchmarked against each other. The performance of the three clustering algorithms
was studied on time series expression data using Dynamic Time Warping (DTW) distance in order to measure
similarity between gene expression profiles. Four different cluster validation measures were used to evaluate the
clustering algorithms: Connectivity and Silhouette Index for estimatingthe quality of clusters, Jaccard Index for
evaluating the stability of a cluster method and Rand Index for assessing the accuracy. The results were analyzed by
Friedman’s test. The performance of normalized spectral clustering according to Ng, Jordan and Weiss (2002) was
demonstrated to be the best under the Silhouette and Rand validation indices.

Keywords: Normalized spectral clustering, unnormalized spectral clustering, gene expression profiles.

. ~ ~ nghiém ho#c tai nhiing diém thdi gian khéc
1. AT VAN BE nhau. Su tién bd trong ky thuat phan tich gene

Vi mang biéu dién gene 1a ngudén sin c6 din dén sy gia tang tap di liéu biéu dién gene
nhat ctia dit lidu sinh hoc théng lugng cao. Mdi  ca vé kich ¢4 va s6 lugng (Datta, 2003; Xu et al.,
thi nghiém vi mang do mtc do biéu dién cia  2002). Phan cum gene la mdt trong nhiing
mot tap hop cac gene trong nhiing diéu kién thi nhiém vu phan tich vi mang quan trong nhAt
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trong trich xu4t nhiing théng tin cé nghia tit hd
s0 biéu dién gene. Vi dy, mot sy tuong tu cao
gitia nhiing hé so biéu dién gene c6 thé goi ¥
ring nhiing gene tuong tng tuong quan va/hodc
cing duge diéu hoa, réi didn dén chi ra nhiing
gene nay c6 thé chia sé mot vai tro sinh hoc
chung. Vi thé nhém cac gene theo sy tuong tu
biéu dién ctia ching c6 thé lam gia tang su hiéu
biét clia nhiing chiic ning gene, qua trinh t& bao
va su lién hé gita cac gene (Datta, 2003;
Quackenbush, 2001; Jiang, 2004)

Nhiing phuong phap phin cum théng dung
nhat nhu phan cum cdp bac thudng truc quan
va dé stt dung, tuy nhién ching yéu cidu nhiing
su lya chon tuy hing trén cac tham sd khac
nhau (nhu ngudng dé cit cay ...). Di liéu biéu
dién gene néi chung khé phan cum mét cach
hiéu qué do su da dang cta kiéu gene (Huang et
al., 2013). Hon niia, sy lya chon cta cac thuat
toan phin cum phu thudéc vao di liéu duge
kham pha. Chat lugng cta 161 giai phan cum
ciing bi anh hudng béi d6 do st dung dé danh
gia su tuong tu (khoang cach) giita cac hd so
biéu didn gene (Borg et al., 2013). Tac gia
Huang et al. (2013) da chi ra ring mét s6 thuat
toan phan cum phé t6t hon nhiing phuong phap
cdp bac va t6t bing nhiing thuat toan k -
means, nhung nhanh hon ching, cho phin cum
dit liéu biéu din gene khong dong nht.

Trong bai bao nay, ching téi nghién cttu ba
thuat toan phan cum phd phd bién nhit dé phan
chia di liéu vi mang DNA. Nhiing thuat toan
nay duge danh gid va so sanh véi nhau trén
nhiing chudi thoi gian ctia biéu dién gene thu
duge t mot nghién ctu kiém tra sy diéu hoa
chu ky t& bao toan thé trong sy phan hach ndm
men Schizosaccharomyces pombe. Chudi thoi
gian cta nhiing hd so biéu dién gene duge cho
rang khong chi bién déi vé bién do biéu dién ma
con vé sy tién trién theo thoi gian do qué trinh
sinh hoc c6 thé boc 16 ra véi téc d6 khac nhau
tuong ting véi diéu kién thi nghiém khac nhau
hodc bén trong nhiing ¢ quan va ca thé khac
nhau. Do vAy, nhiing khoang céch metric cé
dién nhu Oclit, Manhattan,... s& dua ra diém s6
tuong tu nghéo nan. Béi ly do nay, nhiing thuat
toan dugce nghién ctu st dung khoang céch xoin

thdi gian déng (Dynamic Time Warping) dé do
do tuong tu gitta nhiing hd so biéu dién gene.
Bén d6 do hiéu lyc ctia phan cum duge st dung
dé danh gia hidu ning cta cac thuat toan, cho
phép danh gia va so sinh nhiing khia canh khéc
nhau cta 16i giai phan cum cé duge. Hon niia
kiém dinh théng ké dudc ap dung dé xac dinh sy
khéc biét gitia cac thuat toan.

Phan con lai duge sip x&p nhu sau. Phan 2
gi6i thiéu vé cac thuat toan phan cum phd. Phan
3 trinh bay vé thiét 1ap thi nghiém. Phan 4 dua
ra nhiing két qua va thao luan. Phan 5 két luan
bai bao.

2. VAT LIEU VA PHUONG PHAP
2.1. Phuong phap nghién citu

2.1.1. D6 thj tuong tu

Cho dit liéu gdm n chudi thdi gian xy, -, x,
biéu dién cta n gene. 0 day, chung ta nghién
citu phuong phap phan cum dé xac dinh cac
méu cta biéu dién gene, véi muc dich tang su
hiéu biét vé chiic néng ctia biéu dién gene hosc
mdi lién hé gita biéu dién gene (Quackenbush,
2001; Chen et al., 2007). Nhiing mau nay c6 thé
duge kham pha ra dya trén do tuong tu, hodc
khoang cach gifia cac cap hd so biéu dién gene
(Nguyen and Li, 2009). Hai trong s6 cac ham
khoang cach duge st dung phd bién trong thuc
t& 1la khoang cach Oclit, tuong quan Pearson
(Quackenbush, 2001). Tuy nhién ching thich
hgp khi so sanh nhiing chudi thdi gian biéu dién
gene vi chudi thoi gian biéu dién gene c6 thé
tién trién 6 nhiing tdc d6 khac nhau. Dé lam
ngang bing su khac nhau trong téc d6 tién
trién, khoadng cach xodn thoi gian dong
(Dynamic Time Warping Distance) c¢6 thé dugc
st dung (Al - Naymat et al., 2009). Sau day
ching ta ky hiéu khodng cach xodn thdi gian
dong ctia cip gene (x;,x;) la d;; = DTW (x;, ;).

XAy dung d6 thi tuong tu cho phan cum phd
khong phai 1a nhiém vu dé dang, do c6 rat it co
s6 1y thuyét. C6 mot s6 cach xay dung phd bién
dé bién d6i n chudi thoi gian x,,--,x,, clia n gene
da cho v6i khoang cach cua tiing cdp d;; thanh
mdt db thi nhu db thi € - 1an can, d6 thi k - hang
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xém gin nhédt, d6 thi lién théng day du
(Luxburg, 2007). o} day ching t6i nghién ctu cac
thuat toan phan cum phé st dung d6 thi k -
hang x6m gin nhét. Tuy nhién dé c6 thé si
dung hai phuong phap x4y dung 6 thi tuong tu
trén, trudc tién ching ta phai xay dyng do thi
tuong tu day du st dung khoang cach xoén thoi
gian dong. Trong d6 thi nay mdi dinh x; dai dién
cho méi gene x;,i = 1,--,n, trong d6 n la téng
s6 gene va cac canh c6 trong so khéng am d6i
xiing s;; ma héa do anh hudng 14n nhau gitia cac
cap gene. Do anh hudng biéu thi kha nang mot
cap gene thugc vao cing nhém. o} day chung toi
st dung mot dang bién d6i ctia khodng cach
xoén thoi gian dong d;nhu la d anh hudng,
dugc tinh trén chudi thoi gian biéu dién gene.

_arccos(d;j/dinax) z
sy = exp( —(sin————"=

trong d6  dpex = max{|d;l,i,j = 1,~,n}.
Do tuong tu nay dd dem lai thanh coéng thuc
nghiém trong phan cum dit liéu biéu dién gene
(Frey and Dueck, 2007).

Trong céch xay dung d6 thi € - 1an can,
ching t6i néi tat ca cac gene méa khoang cach
gitia ching nhd hon €. Khi khoang céach giiia cac
dinh ké nhau xap xi ciing mot mtc (tdi da €),
danh trong s6 cac canh khong thé két hgp thém
thong tin tit di liéu vao dd thi. Do d6 @6 thie -
lan can thudng duge coi 1a mot do thi khong
trong s6. P6i v6i db thi € - 1an can, ching ta c6
thé thdy rat kho dé chon mot tham s& e hiiu ich.
Diéu nay thudng xay ra néu ching ta cé dit liéu
trén nhiing thang khac nhau, do d6 khoang cach
gitia cac diém di liéu 1a khac nhau trong nhiing
vung khéac nhau cta khong gian.

Muc dich ctia db thi k - hang xém gin nhat
la ndi dinh (gene) x; v6i dinh x; néu x; nim
trong k - hang xém gan nht ctia x;. Tuy nhién,
dinh nghia nay din dén mot dd thi dinh huéng
vi quan hé hang x6m khong d6i xting. Cé hai
cach dé 1am d6 thi nay v6 huéng. Cach ddu tién
don gian 1a b qua huéng clia canh, dé 1a ching
ta ndi x; va x; v6i mot canh khéng dinh huéng
néu x; ném trong k - hang xém gén nhét cta x;
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hodc néu x; ndm trong k - hang x6m gan nhat
ctia x;. P4 thi thu duge thudng duge goi 1a d6 thi
k - hang x6ém gin nhat. Lua chon thi hai la néi
hai dinh x; va x; néu c& x; ndm trong k hang
xém gin nhat cla x; va x; ndm trong k hang
x6m gin nhit ctia x;. DO thi thu duge goi la d6
thi k - hang x6m gan nhat chung. Trong ca hai
trudng hgp, sau khi néi nhiing dinh thich hgp
ching ta danh trong s8 ctia canh bing dd tuong
ty gitia cac dinh. Khac v6i @6 thi € - 1an can, d6
thi k - hang x6m gin nhét c6 thé két ndi cac
diém dit liéu trén cic thang khac nhau. Day la
mot tinh chat tong quat rat hitu ich ctia db thi k
- hang x6m gin nhat. D4 thi k - hang x6m gin
nhét c¢6 thé cit thanh mot vai thanh phin
khong lién théng néu c6 moét vai viing mat do
cao tuong doi xa nhau. D6 thi k - hang xém gan
nh&t chung ¢6 xu huéng néi diém di liéu trong
nhiing ving ¢6 mat dé6 nhu nhau, nhung khéng
ndi nhiing viing ¢6 mat d6 khac nhau. Do d6 d6
thi k - hang x6m gin nh&t chung c6 thé coi nhu
“ndm gitia” d6 thi € - 1an can va do thi k - hang
x6m gan nhédt. N6 ¢6 thé tac dong trén nhiing
thang khac nhau, nhung khéng tron 1an nhiing
thang nay véi nhau. Ky hiéu § = (s;;) la ma
tran trong s6 ctia do thi. Hon nita, véi d6 thi
tuong ty ddy du, ma tran trong s6 S khong la
ma tran thua nhung v6i dd thi k - hang x6m gan
nh4t chung, ma tran trong s8 S 1a ma tran thua.
Do d6 ching t6i st dung d6 thi k - hang xém
gan nhat chung khi ting dung cac thuat toan
phan cum phé cho dit liéu biéu dién gene.

2.1.2. D6 thi Laplace

Cong cu chinh cho phén cum phé 14 cic ma
tran d6 thi Laplace. Ton tai cA mot linh vuc
danh cho nghién ciu cac ma tran nay, goi la ly
thuyét d6 thi phd (Chung, 1997). Trong phin
nay ching t6i mudn dinh nghia nhiing ma tran
d6 thi Laplace khac nhau. Chu ¥ ring trong tai
liéu, khong c6 quy tic duy nhat goi tén cdc ma
tran @6 thi Laplace. Thong thudng, méi tac gia
chi goi ma tran ctia “anh ta” 12 ma tran Laplace.
Do d6 can than trong khi doc tai liéu vé ma tran
d6 thi Laplace.
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Sau day chiing ta gia st rang G = (V, E) la
mot do thi khong dinh huéng trén cac dinh
= {,,~,}. Trong nhiing phén tiép theo chiing
ta gia st ring d6 thi G c6 trong s8, mdi canh
gifia dinh va mang mot trong s8 khéng am >
0. Ma tran trong s6 ctia d6 thi la ma tran
khong néi nhau. Vi G la khong dinh huéng,
ching ta c6 s;; = s; =2 0. Khi st dung vects
riéng clia mot ma tran, ching ta sé khong can
gia st ring ching duge chuan héa. Vi du, vecto
héng I va bdi al véi a # 0 sé duge coi nhu cac
vectd riéng giong nhau. Cac gia tri riéng sé luon
duge sp xép ting dan tuong tng véi s6 boi. “k
vecto riéng dau tién” duge quy cho nhiing vecto
riéng tuong Ging véi k gia tri riéng nho nhat.
Ma tran ctia db thi Laplace khong chudn
héa dugc xac dinh bdi Mohar (1991, 1997):

L =D-5.

trong d6, D 1a ma tran chéo véi cAc phan ti
chéo 12 cac bac ctia cac dinh x;,i = 1,+,n
n
d; = Z Sy
=1

Chu ¥ ring, that su téng nay chi chay trén
tat ca cac canh lién ké véi x;, vi doi véi tat ca
nhiing dinh x; cdn lai trong s6's;; = 0.

C6 hai cich dinh nghia ma tran cta db thi
Laplace chudn héa trong céc tai liéu tham khao.
Ca hai ma tran nay quan hé mat thiét vé6i nhau
va dudce dinh nghia nhu sau (Chung, 1997):

11 1.1
Lgym = D72LD"2 = [ —=D"25D"2
Ly =D"*L = 1—-D71S.

Ching ta ky hiéu ma tran dau tién la Lsym
bdi né 14 mot ma tran do6i xting, ma tran thi hai
14 L., bdi né lién hé mat thiét véi phuong phap
bude di ngAu nhién (random walk).

Bay gid chung t6i xin phat biéu ba thuét
toan phan cum phd phd bién nhét: phan cum
phé khéng chudn héa, phan cum phd chudn héa
theo Shi and Malik (2000), phan cum phé chuén
héa theo Ng et al. (2002). Chiing ta gia st c6 dit
liéu gom n chudi thai gian {xy, ..., x,} cia n gene.

Chung ta do do tuong ty clia ting cip gene
sij = s(x,%;) bang phudng phap da miéu ta
trong phan 2.1.1. va ky hidu ma tran tuong tu
tuong Gng béi S = (5;)j=1,.,n-

2.1.3. Phan cum phé khéng chuidn héa

Dau  vao: Ma  tran  tuong  tu
S = (sij)ij=1-n € R™™, s8 cum k dé xay dung

e Xay dung mot dd thi tusng tu bing mot
trong nhiing cach dugc miéu ta trong phan
2.1.1.. D4t S 12 ma tran trong s6 ctia né.

¢ Tinh ma tran Laplace khéng chuén héa L.

e Tinh k vecto riéng dau tién uy, -, uy
ctia ma tran L.

e Dat U e R™* la ma tran gom cac cot 1a
cac vectd uy, -+, Ug.

o Véi i =1,-,n, dat y; €R* la vecto
tuong ing véi hang tht i cia U.

e Phan cum cac diém (y,);=,,_, trong R

v6i thuat toan k - means thanh cac cum

Cip ey G
Pau ra: Cac cum Ay, .., 4, véi A; =
{ily; e ¢}

C6 hai phién ban khac nhau ctia phan cum
phé chuén héa, phu thudce dé thi Laplace chuin
héa dugc st dung. Tén cta hai thuat toan dugc
dit theo hai bai bao phé bién (Shi and Malik,
2000; Ng et al., 2002).

2.1.4. Phin cum phé chuin héa theo Shi
and Malik (2000)

Dau  vao: Ma  tran  tuong  tu
S = (5;j)ij=1.-n € R™", 0 cum k dé xay dung

e Xay dung mét d6 thi tuong tu bing mot
trong nhiing cach dugc miéu td trong phin
2.1.1.. D4t S 1a ma tran trong s6 cia né.

e Tinh ma tran Laplace khong chuén héa L.

¢ Tinh k vectd riéng suy rong dau
tién uy,--,u; ctia bai toan riéng suy rong
Lu = ADu.

e Dat U e R™* la ma tran gém cac cot 1a
cac vectd uy, -, Ug.

e Véi i =1,-,n, dat y; €R* la vecto
tuong ing v6i hang tht i cia U.
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e Phén cum céc diém (¥,);=,,, trong R¥
v6i thuat toan k - means thanh cac cum

Cyoees Cge
Dau ra: Cac cum Ay, .., 4, véi A; =
{ily; € ¢.}.

Chd y rang thuat toan nay st dung cac
vecto riéng suy rong cta L, theo (Chung, 1997)
ching tuong duong véi cac vecto riéng cia ma
tran L,,,. Vi vay, thuc t& thuat toan lam viéc véi
céc vecto riéng ctia ma tran Laplace chudn hoéa
Ly, va do d6 dugc goi 1a phan cum phd chudn
héa. Thuat toan tiép theo ciing st dung mot ma
tran Laplace chuin héa, nhung 14n nay 1a ma
tran Lgy, thay cho L,,. Nhu ching ta sé thay,
thuét toan nay cin dua thém budc chudn héa
hang, budc nay khéng cin trong nhiing thuat
toan phé khac. Ly do vi sao dudc trinh bay rd
rang trong bai bao (Ng et al., 2002).

2.1.5. Phan cum phé chuin héa theo Ng et
al. (2002)
Pau vao: Ma

tran tuong tu

S = (si)ij=1.-n € R, 88 cum k dé xay dung

e Xay dung mot db thi tuong tu bing mot
trong nhiing cach duge miéu ta trong phan
2.1.1. Dat S 1a ma tran trong s6 ctia no.

o Tinh ma tran Laplace khong chuén héa L.

¢ Tinh k vectd riéng suy réong dau
tién uy, -, uy cia ma tran Lgy,,.

e Dat U € R™* la ma tran gém cac cot 1a
cac vecto uy, -+, Uy.

e Véi i =1,-,n, dat y, €R* la vectd
tuong ng v6i hang thi i caa U.

e Thanh lidp ma tran T € R™* tit U
bang cach chuin héa cac hang sao cho cac
hang ¢6 chuén 1, nghia 1a cac phén tit ciia

wij
(Trud)
e Phan cum céc diém (¥,);=4,, trong R¥

ma tran T xac dinh béi t; = I
z

v6i thuat todn k - means thanh cac cum

Cyyoeer Cgee
Pau ra: Cac cum A4,..,4, véi A; =
{ily; e ¢;}.

Tt ca ba thuat toan phat biéu § trén trong
kh4 giohg nhau, ngoai trit viéc ching st dung ba
d6 thi Laplace khac nhau. Trong c& ba thuat toan,
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tht thuat chinh 1a thay sy biéu dién cta cac diém
dii liéu triru tugng x; thanh diém y; € R¥. Do céac
tinh chét cla d6 thi Laplace, nhiing thay déi biéu
dién lam tang kha ning phan cum trong di liéu,
dén miic cac cum c6 thé duge phat hién dé dang
trong biéu dién méi. Cu thé, thuat toan phan cum
k - means khéng c6 khé khan dé phat hién cac
cum trong biéu dién méi.

2.2. Vat liéu nghién cttu

Trong muc nay, dau tién ching t6i mo ta
tap dit liéu vi mang dugc st dung dé chiing thuc
va danh gia cac thuat toan phan cum duge miéu
ta trong muc trén. Tiép theo, chiing t6i cung cap
mot tdng quan ngin gon ctia nhiing dé do hiéu
Iuc ctia phan cum dugc st dung.

2.2.1. Tap dit liéu vi mang

Két qua phan cum cta nhiing thuat toan
phan cum ké trén dugc danh gia trén dit liéu
chudi thdi gian biéu dién gene thu dude tit mot
nghién ctu su diéu hoa chu ky t&€ bao toan thé
phan hach
Schizosaccharomyces pombe (Rustici et al.,
2004). Nghién ctiu nay bao gébm 8 thi nghiém
ddc 1ap theo tién trinh thoi gian dong bd héa bdi:
1) Su gan sach (lip sinh hoc doc lap 3 14n); 2)
Giai phéng khéi cde25 (1dp sinh hoc doc lap 2
14n, mot trong hai sao chép ky thuat d6i nhuém
va mot thi nghiém trong nén dot bign sepl) va
3) Mot phoi hop ctia hai phuong phéap (gan sach
va gidi phéng khéi cde25 ciing nhu gan sach va
giai phéng khéi cdc10). Do d6, c6 chin tap di
litu biéu dién gene kiém tra khac nhau: elul,
elu2, elu3, cde25 - 1, cde25 - 2.1, cde25 - 2.2,
cde25 - sepl, elu - cdcl0 va elu - cde25. Trong
pha tién xti 1y s8 liéu nhiing dong véi thidu hon
25% s6 phan t& bi loc khéi m&i ma tran bidu
dién va nhiing phén ti biéu dién con thidu khac
duge dua vao bing thuat toan DTWinpute
(Tsiporkova and Boeva, 2007). Bang cach nay,
chiing ta thu dugc 9 ma tran day du.

Rustici et al. (2004) da xac dinh 407 gene c6
chiic niang diéu hoa chu ky t& bao. Chiing dugc
dua ra dé phan cum diéu nay din dén hinh

trong su nam men

thanh b6én cum rdi nhau. Nhiing gene khéong
xudt hién cung trong 9 tap di lidu goc da duge
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loai bd, con lai 267 gene. Réi sau d6, hd so biéu
dién theo thdi gian ctia nhiing gene nay dudc
trich rdt tit ma tran dit lidu ddy dd, hinh thanh
tap dit liéu tiéu chudn gém 9 ma tran méi.

Céac tap di liéu tiéu chudn nay duge chudn
héa thém niia bing cach ap dung mot phuong
phap bién d6i di liéu duge dua ra béi Boeva and
Tsiporkova (2010).

2.2.2. P6 do hiéu luc phidn cum

Mot trong nhiing vdn dé quan trong nhit
ctia phan tich phan cum la hiéu luc phan cum.
Vé ban chat nhiing kj thuat danh gia hiéu luc
phan cum duge thist k& dé tim sy phan chia
khdép nhat véi cde cum da biét va do d6 nén duge
coi 1a mdt chia khéa dé hiéu két qua phan cum.

Do khéng mot thuat toan phan cum nao déu
thé hién t6t nhét trong tit ca cac kich ban, nén
st dung mot do do hiéu luc don 18 12 khong dang
tin cy, do vay thay vao d6 ching toi st dung it
nhat hai @6 do phan 4nh nhiing khia canh khac
nhau cia mét su phan chia. Véi cach nghi nay,
chung t6i thyc hién bén d6 do hiéu luc khac
nhau. D& danh gia chdt lugng ctia phan cum
ching tbi sti dung do do lién ké&t (Connectivity)
dé udc lugng su két néi (Handl et al., 2005) va
chi s6 Silhouette (Silhouette Index) cho uéc
lugng tinh chia cit va chit cia moét sy phan
chia. Hon niia chi s& Jaccard (Jaccard Index)
dudgc st dung cho danh gia su 6n dinh cta mot
phuong phap phan cum (Jaccard, 1912). Phuong
phap xem xét dugc ngiu nhién héa, sao cho khi
ap dung p lan cho cac ké&t qua khac nhau.
Chiing t6i tinh chi s8 Jaccard trung binh qua tat
¢ p(p - 1)/2 cip caa p két qua, sy 6n dinh ctha
phuong phap dugc udc lugng bdi chi s§ nay. Cusi
ciing ching t6i st dung chi s6 Rand (Rand
Index) cho uéc lugng do chinh xac (Rand, 1971).
D6 do nay duge ap dung dé tinh toan su tuong
hop gifia két qua phAn cum sinh bdi phuong
phap dugde xem xét va 15i giai phan cum da biét
(161 giai dung) (Rustici et al., 2004).

3. KET QUA VA THAO LUAN

Trong phan nay, hiéu ning ctia ba thuat
toan phan cum phd duge nghién ctiu trén ma

tran biéu dién gene chudn bing cach st dung do
do hiéu lyc phan cum dugec miéu ta trong phan
2.2.2. Kiém dinh Friedman dudc ap dung dé
phat hién su khac biét gitia cac thuat toan.

3.1. Chat lugng ctia phan cum

Trong phén nay, ching t6i danh gia va so
sanh chat lugng cua cac 161 giai phan cum duge
sinh ra bdi ba thuét toan phan cum phé duge thao
luan trong phan 2.1. trén tap di liéu chuén duge
miéu ta trong phan 2.2.1. bing cach st dung hai
d6 do hiéu lyc phan cum: chi s§ Silhouette va do
do lién két. Trong bang 1(a), cdc hang biéu dién
gia tri trung binh d do lién két cta cac 161 giai
phan cum thu dugc bdi cac thuat toan phan cum
phé khac nhau trén tap di lidu chudn. Bac trung
binh cta cac thuat toan chi ra thuat toan phan
cum phd chuén héa theo Shi and Malik (2000) c6
hiéu nang t6t nhat. Kiém dinh Friedman chi ra
ring c6 su khac biét gitia cac thuat toan, X2 =
9,1,df = 2,p = 0,05. Tuong tu, bang 1(b) biéu
dién diém trung binh ca chi s6 Silhoutte. Béc
trung binh ctia cic thuat toan chi ra thuat toan
phan cum phé chuén héa theo Ng et al. (2002) ¢6
hiéu ning t&t nhat. Kiém dinh Friedman chi ra
ring c6 khac biét giita cAc thuat toan, X2 =
10,9,df = 2,p = 0,01

3.2. Sy 6n dinh phan cum

Trong phan nay, chiing t6i danh gia va so
sanh su 6n dinh cta céac 13i giai phan cum tao ra
bang cach st dung chi s6 Jaccard. Nhu c6 thé
thay tit bang 1(c), thuat toan phan cum phd
khéng chuén hoéa c6 hiéu ning t6t nhat theo chi
s0 Jaccard. Nhin chung cac thuat toan ching to
¢6 sy 6n dinh tot. Theo kiém dinh Friedman, c6
su khac biét ton tai gifta cac thuat toan,
X2 = 104,df = 2,p = 0,01.

3.3. D6 phan cum chinh xac

Trong phan nay, chi s6 Rand dugc st dung
dé danh gia d6 chinh xAc ctia 16i gidi phan cum
tao bdi cac thuat toan ké trén. Nhu ¢6 thé thay
trong bang 1(d), thuat toan phan cum phd
khéng chuén héa va chudn héa theo Shi and
Malik (2000) chiing t6 d6 chinh x4c tuong d6i thap
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Bang 1. D6 do phan cum trung binh va bac thuat toan trung binh
a. g do lién két

d1 d2 d3 d4 d5 dé d7 ds d9 R®
kch 199,2 162,8 183,7 177,8 172,2 182,7 155,9 104 162,9 2,92
sm 66,8 25 45,5 6 4 4 5 14 12 1,22
njw 123 159,6 186,2 166 166 166 159,6 166 139,8 2,22

b. Chi sb Silhouette

d1 d2 d3 d4 d5 dé d7 ds d9 R®
kch 0,54 0,51 0,38 0,42 0,39 0,40 0,38 0,56 0,55 2,88
sm -0,49 -0,29 -0,.21 0,83 0,84 0,95 -0,48 0,58 0,62 2,88
njw 0,55 0,54 0,44 0,47 0,32 0,42 0,36 0,65 0,57 1,44

c. Chi sé Jaccard

d1 d2 d3 d4 d5 dé d7 d8 d9 R®
kech 1,00 1,00 0,85 1,00 0,91 0,71 0,86 1,00 1,00 1,28
sm 0,74 0,70 0,72 0,92 0,94 0,94 0,93 0,82 0,84 2,33
njw 0,99 0,99 0,79 0,65 0,65 0,65 0,99 0,53 0,43 2,88

d. Chi sé Rand

d1 d2 d3 d4 d5 dé d7 d8 d9 R
kch 0,43 0,44 0,43 0,36 0,35 0,35 0,36 0,39 0,38 2,91
sm 0,34 0,34 0,37 0,60 0,60 0,60 0,34 0,57 0,51 2,56
njw 0,62 0,59 0,62 0,65 0,62 0,64 0,61 0,54 0,60 1,55

Ghi chii: kch: khéng chudn héa; sm: chudn héa theo Shi and Malik (2000); njw: chudn héa theo Ng et al. (2002); d1 - d9: elul,
elu2, elu3, cde25 - 1, cde25 - 2.1, cde25 - 2.2, ¢de25 - sepl, elu - ¢del0, va elu - cde25; R®: bac trung binh.

(chi s§ Rand < 0,5). Thuat toan phan cum phd
chuén hoéa theo Ng et al. (2002) c6 hiéu ning t6t
nhét. Kiém dinh Friedman phat hién c6 khac biét
gitia cac thuat toan X? = 15,3,df = 2,p = 0,01.

4. KET LUAN

Trong bai b4o nay, ba thuat todn phin cum
phd phé bién nhat da duge nghién ciu: phan cum
phé khéng chudn héa, phan cum phd chuén héa
theo Shi and Malik (2000), phan cum phé chudn
hoa theo Ng et al. (2002). Khoang céch xoén thoi
gian dong duge ap dung dé do do tuong tu gitia
cac hd so biéu dién gene. Bon do do hiéu luc dudge
sti dung dé danh gia chat lugng, do 6n dinh, va
chinh x4c ctia phan cum. Thuat toan phan cum
phé chuéin héa theo Ng et al. (2002) duge chi ra 1a
t6t hon so véi hai thuat toan phé con lai dudi hai
@6 do hiéu luc phan cum 1a chi s¢ Silhouette va
chi 6 Rand. Nhu nhiing két qua danh gia dugec
dua ra, thuat toan phan cum phd chuén héa theo
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Ng et al. (2002) nén dugc tién cti trong cac thuat
toan phan cum phd cho tng dung phan cum di
liéu biéu dién gene.
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