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Recently, fuzzy clustering is widely used to group data. Fuzzy
clustering is studied and applicable in many technical applications
like crime hot spot detection, tissue differentiation in medical images,
software quality prediction etc. The researches on fuzzy clustering
focuses mainly on the objective function to increase the performance
of the clustering process. However, the fuzzy parameter is an
important factor affecting the performace of the clustering process.
The fuzzy parameter is used to reflect the degree of fuzzifier. In this
study, the research team focuses on improving the fuzzy clustering
algorithm with fuzzy parameters for each data cluster. Main
contributions of the paper: i) building an improved algorithm from
fuzzy clustering algorithm; ii) building a fuzzy parameter caculation
function for each data cluster; iii) Executtion and evaluation the
improved algorithm compared to other algorithms in the same field.
The experimental results of study show that the improved algorithm is
more efficient than the original algorithm.
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Hiéu nang

Do do danh gi4

Phan cum m¢ duoc sir dung nhiéu trong thoi gian gan day dé phan
nhém dir liéu. Phan cum mo thuong dugc nghién ciu nhiéu trong
linh vyc phét hién diém néng toi pham, phan biét mé trong anh y té,
dur doan chét lugng phan mém... CAc nghién ctu phan cum mé tap
trung chu yéu vao viéc cai tién ham muc tiéu dé tang hiéu ning cua
qua trinh phan cum. Tuy nhién dé ting hiéu ning cua qué trinh phan
cum, mot yéu té c6 anh huéng 16n d6 1a tham sb mo. Khi d6, tham s6
mo duogc sir dung dé phan anh mirc d6 mo héa. Do vay, trong nghién
ctru ndy, nhém nghién ciru tap trung cai tién tir thuat toan phan cum
m& vai tham sé mo cho ting cum dit liéu. Pong gop chinh cia bai
bao: i) Xay dung maot thuat todn cai tién tir thuat todn phan cum mo;
i) Xay dyng ham tinh tham sé mo cho ting cum dir liéu; iii) Cai dat,
danh gia thuat todn cai tién so vai cac thuat toan cung loai. Két qua
thuc nghiém cua nghién ctru ciing cho thiy thuat toan cai tién cho
hiéu nang tot hon so vdi thuat todn gbc ban dau.
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1. Giéi thigu

Phan cum dir liéu 1a viéc phan chia cac diém dit liéu vé cac cum dir liéu, sao cho 2 diém dir
liéu co d6 tuong dong cao thudc vé cling mot cum, 2 diém dit liéu co do trong dong thap thuoc
vé 2 cum khéc nhau [1]. Céc thuét todn phan cum chia thanh 2 loai co ban: phan cum ciing va
phan cum mé. Trong phan cum cting, mdi diém di liéu thudc vé mot cum xac dinh. Voi phan
cum mo, mdi diém dix liéu cé thé thude vé nhidu cum dit liéu khac nhau véi mot do thudc vao
tirng cum 1a khéc nhau. CAc bai toan trong thé giéi thuc thuong rat kho phén chia 16 rang 1 diém
dir liéu thudc vé cum nao, do vay thoi gian gan ddy cac phwong phap phan cum mo dugc st dung
nhiéu. Cac phuong phap phan cum mo da ung dung trong phan loai tai liéu [2], phan doan anh
[3], phan loai phwong tién tham gia giao thong [4], du béo thoi tiét [5].

Céc phuong phép nghién ctru méi phat trién tir thuat todn phan cum mo (Fuzzy C-Mean:
FCM) [6] thuong dugc gici thidu dé khic phuc va nang cao kha nang phan cum cua thuat toan
nay. Mot sé nghién ciru nham b sung thém cac thong tin dé trg gidp phan cum mo, khi 6 nguoi
ta phat trién phan cum ban giam sat mo [7]-[9]. Mot nhom tac gia phat trién phan cum mo véi
c4c tap mo nang cao [10], [11]. M6t sb nhém phét trién phan cum meo cho bai toan tng dung nhu
phan doan anh thi b sung thém théng tin khong gian [12], b6 sung thong tin ddc trung nha khoa
dé phan doan anh nha khoa [13]. Cac nghién ctu trén déu thuc hién véi tham sé mo biang?2
(m=2), ma tap trung vao viéc diéu chinh cac thanh phan trong cum dé lam ting hiéu suat, tir do
lam tang chat lugng cta phan cum dir lidu. Tuy nhiéu, mot yéu t6 c6 anh husng dén qua trinh
nang cao chat lugng cum la tham s6 m& chua duoc dé cap dén. Nam 2020, tac gia Tran Pinh
Khang va cong su [14] dd nghién ctru dé cip dén viéc lwa chon mot cach tinh tham sé mo voi
tirng diém dit liéu dé 1am ting chat lwong caa qua trinh phan cum dit liéu.

Trong nghién ctru ndy, nhdm nghién ciru dwa ra mot cai tién thuat toan phan cum ma véi tham sb
mo cho ting cum dit lidu. Khi do6 s& thiy duoc cac mdi quan hé giia trong s6 mii m trong thuét toan
phan cum va ban kinh, kich thuéc mdi cum, ciing nhu khoang cach twong ddi gitra cac phan tir dang
xét vao tam mdi cum. Nhém nghién ctru, cai dit danh gia thir nghiém thuat toan cai tién vai thuat toan
phan cum ma va thuat toan phan cum md véi tham sb mo caa timg diém dit lidu.

Céc phan tiép theo cua bai béo dugc chu tric nhu sau: muc 2 ching toi trinh bay cac nghién
ctru lién quan dé phat trién trong nghién ctu ndy. Muc 3, ching t6i trinh bay chi tiét cai tién phan
cum mo Véi tham sé mo cho tung cum dix liéu. Muc 4, ching tdi trinh “bay cac két qua thuc
nghiém, danh gia so sanh cua thuat toan cai tién phan cum mo véi tham sé mo cho ting cum di
lieu véi mot so thuat toan khac. Cudi cing, 1a két luan chi ra nhitng dong gop cua bai bao va
huéng phat trién caa bai béo.

2. Nghién cru lién quan
2.1. Thudt toan Fuzzy C-Mean

Thuat todn phan cum mo dugc Bezdek [6] dé xuat dua trén d6 thudc uk; caa phan tir di liéu X
ttr cum j. Ham muc tiéu duoc Xéc dinh nhu sau:

J= Z w7t ||x; " - min &)
i=1j=1
Trong do:
- mlatham s6 mo hoa
- Clasé cum dit lidu; N 12 s6 phan ter dit liéu.
- U;j 1a d6 thuoc cua phan tir dir liéu X tir cum j.
- X; € R"laphan trtha k caa X = {X;, X, .., X }.
V;j la tdm cta cum j.
Khl do rang budc cua (1) la:
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C

Zuij = 1; ‘LLU [O 1] Vi = 1, (2)
=1
Str dung phuong phép Lagrange giai tdi wu ham muc tiéu (1) véi rang budc (2), xac dinh duoc
tdm cua cum dua vao (3) va do thudc dua vao (4).
pyil lu{'}Xl

=

v = 5 vji=1C ©)
i=1 l]
uij= 1 Vizl,N; ijl,C
s (ux vk||>m-1 (4)
vl

Khi d6 thuat todn Fuzzy C-means nhu sau (xem bang 1).
Béang 1. Thugt todn Fuzzy C-means

Input Tap dir ligu X gom N phn tir trong khong gian r chiéu; s6 cum C; mo héa m; ngudng €; 6
lan lap I6n nhat MaxStep>0.

Output Ma tran U va tdm cum V.

FCM

1 Khai tao t=0

2 S) « random; (i =1,N;j = 1,C) théa man diéu kién (2)

3 Repeat

3.1 t=t+1

3.2 Tinh VY; (j =1 C) bai cong thirc (3)

33 Tinh u; (i = T,N;j = 1, C)bai cong thuc (4)

3.4 Until HU ®) —U(t_l)H < & hoict> MaxStep

2.2. Thugt toan phan cum mé véi tham sé mé cho tirng diém dir ligu
Bang 2. Thugt toAn MCFCM

Input | Tapdix liéu X gdm N phan tir , s6 cum C, mi, ngudng &, s6 lan lap téi da maxStep > 0.

Output | Matran U vatdm cum V.

MCFCM

1 Khoi tao =0

2 Khoi tao ngau nhién V¢

3 Repeat

3.1 t=t+1

3.2 Tinh ma tran U* dya trén cong thic u;; = SR S

X—V |\t

Zf:l( Xi-V,; >

3.3 Tinh ma tran V' dya trén cong thuc V, = M
Th=q k™

3.4 Until |[V® — v@D]| > ¢ or t > MaxStep

Trong thuat todn phan cum ma véi nhiéu tham sb mo duoc Tran Pinh Khang va cong su [14]
xay dung dya trén thuat toan phan cum mo véi moi dlem dir liéu xay dung maot tham sé6 mo riéng
cho timg diém dir liéu. Khi do, viéc xac dinh tham sé mo duge xéac dinh boi cong thuc (5).

Si - Smin )a

Smax - Smin

my = my + (my = my) [i=TN ©)
Trong do:

- my, my 1a cac gia tri can trén va can dudi caa tham sé m; (1 <mi<my)
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- «latham sb du vao.
X0 o] (i)

- Smax = maxiEN(Si)- Smin = minieN (Si) .
Thuat todn phan cum mo vai tham s6 mo cho ting diém dir liéu (MCFCM) nhu sau (Bang 2).

3. Cai tién phan cum mé véi tham sé mé theo tirng cum dik liéu

Trong muc nay, chdng toi trinh by noi dung cai tién phan cum ma véi tham sb ma cho cac
cum dir liéu. Khi d6 cac mdi quan hé giira tham s6 mo trong thuat toan phan cum va béan kinh,
kich thudc mdi cum, ciing nhu khoang cach tuong di giira cac diém dir lidu voi tam tung cum.
Khi xét do thudc cia mot phan tir x; nao d6 vao cum j:

e Néu ban kinh cum j 16n thi m nén nhé va nguoc lai, khi ban kinh cum j nhé thi m nén
I6n dé c6 thé t6i wu hoa ving mo tdi da vé phia cum do.

e Néu khoang cach twong ddi giita diém x; vao cum j 16n so voi khoang cach téi cac cum
khéc thi m nén nho va nguoc lai, khi khoang cach tuong ddi giira diém x; vao cum j nho so Vi
khoang cach téi cac cum khac thi m nén I6n vi kha nang x; thudc vao cum j la cao hon.

e Néu mot diém c6 xu huéng thudc vao mot cum nao d6 sin, vi du nhu diém thudc ving
tap trung dong cac diém khac thi m nén nho vi khi do, kha ning x; dwoc xét vao mot cum cu thé
nao do6 cao hon cac diém khac.

e Mo hinh nay dang thuc nghiém dua trén kinh nghiém.

Khi d6 viéc xac dinh md hinh duoc thuc hién nhu sau:

Ham muyc tiéu cia phan cum ma véi tham sé ma theo timng cum duoc xac dinh boi cong thuc (6).

J = 2w X = vl > min (6)

Vi céc rang budc xac dinh bai (2).

Véi dé xuat tinh gia tri tham s6 m;bai cong thuc (7).

mj=1+Wi=LC (7
Trong do:
1 1 .
uj = sziECj 1 ] = 1,C (8)
/ yC_ (”Xi_vk">m_1
x|

- |¢]: 12 luc Tuong cira céc phan ta & cum j;
- G latap cac diem dit ligu c6 do thugc I6n nhat 1a cum j.

.....

( N c
L:]—Z)IL- Zuij—1
i=1 j=1
3 a

7
aL

0

\ 6uij -
Xac dinh duoc tdm cua cum dua vao (9) va do thuoc dua vao (10).
1
Ujj = 2
Z}gzl<||xi—vk||>mf—1 )

|xi-v]
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N m;i
Dicq Uik I X;

Ve =1 wi™ (10)
Thuat toan phan cum mo véi tham sé mo caa cac cum (MCFCM-C) duoc thuc hién nhu sau
(Bang 3).
Bang 3. Thugt toan MCFCM-C
Input | Téap dix liéu X gdm N phan tir , s6 cum C, mj, ngudng &, s6 1an 1ap téi da maxStep > 0.
Qutput | Matran U va tdm cum V.
MCFCM-C
1 Khai tao t=0
2 Khai tao ngau nhién V¢
3 Repeat
3.1 t=t+1
3.2 Tinh ma tran U¢ dua trén cong thirc (9)
3.3 Ti an 1/t an oA - _ I ua X
inh ma tran V* dua trén coéng thic V, = =5%———
L= Uj !
3.4 Until |[V® — v@D]| > £ or t > MaxStep

4. Két qua thwc nghiém

Dit liéu thuc nghiém duoc 1a cac bo dir liéu Liver, Diabetes, Arhythmia lay trén kho dir liéu
chuan UCI Machine Learning Repository. Cac d6 do dung dé danh gia va so sanh hiéu ning cua
céc thuat toan duogc cai dat trong bai b4do nay gdm Davies-Bouldin (DB) [15], PBM [15],
Partition Coefficient (PC) [16] and Classification Entropy (CE) [16], Rand index (RI) [14]. Thuat
toan cai tién phan cum mo véi nhidu tham sé mo theo tirng cum (MCFCM-C) duoc cai dit clng
V6i cac thuat toan di co6 bao gdm thuat toan phan cum md véi nhiéu tham sé (MCFCM [14]),
phan cum mo (FCM [6]).

Két qua thuc nghiém véi cac do do danh gia hiéu ning gita thuat toan phan cum mo véi nhiéu
tham s6 mo theo tirng cum (trinh bay muc 3) véi cac thuat toan phan cum cuing loai trén cac bo
dir liéu Liver, Diabetes, Arhythmia thé hién ¢ bang 4. Két qua thuc nghiém ciing cho thay: véi do
do DB thi phuong phap MCFCM-C tét hon 2 phuong phap FCM, MCFCM & ca 3 b dir liéu; véi
d6 do PBM thi phuong phap MCFCM-C t6t hon 2 phuong phap FCM, MCFCM & ca 3 bo dit
lieu; v6i do do CE thi phwong phap MCFCM tét ¢ 2 bo dix liéu Liver, Arrhythmia con phuong
phap MCFCM-C tt & bo dir liéu Diabetes, véi do do RI thi phuong phap MCFCM-C tét & 2 bo
dir liéu Diabetes, Arrhythmia con phuong phap MCFCM-C t6t & bo dir liéu Liver. Dya trén 3 d6
do danh gia hiéu ning cua thuat toan thi hi¢u nang cua thuat toan MCFCM-C cai tién cho gia tri
t6t v4i 9/12 gid tri danh gia va thuat toan MCFCM cho gi4 tri tot véi 3/12 gié tri danh gia. Véi
két qua nay thi thuat toan MCFCM-C tét hon céc thuat toan so sanh 12 FCM va MCFCM.

Bang 4. Két qua thuc nghiém trén bg di lidu Wine

Data bé do FCM MCFCM MCFCM-C
DB- 4,78 3,89 3,78
Liver PBM+ 193,27 273,47 372,37
CE- 0,243 0,223 0,235
RI+ 0,637 0,643 0,641
DB- 3,27 3,19 3,07
Diabetes PBM+ 283,63 344,76 382,37
CE- 0,321 0,289 0,273
RI+ 0,837 0,874 0,883
DB- 4,92 4,67 4,52
Arthythmia PBM+ 482,73 492,38 503,47
CE- 0,427 0,352 0,398
RI+ 0,746 0,782 0,802
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5. Két luan

Trong nghién ciru ndy, chung téi tip trung vao viéc cai tién thuat toan Fuzzy C-Mean voi
tham sb mo theo timg cum. Pong gop chinh cua nhém tac gia 1a cai tién thuat toan Fuzzy C-
Mean v6i tham s6 mo theo ting cum, xay dung cach tinh tham sé mo theo ting cum. Pong thoi,
chung t6i da cai dat thuc nghiém dé danh gia so sanh gitta MCFCM-C véi 2 thuat toan FCM va
MCFCM. Céac két qua thr nghiém cho théy, thuat toan MCFCM-C cho hiéu nang chét lugng cum
t6t hon so v6i thuat toan FCM, MCFCM. Trong nghién ciru tiép theo, chiing t6i s& phan tich vai
nhiéu loai dit liéu dé dua ra khuyén céo phu hop véi dir lidu loai gi, xdy dung cach tinh tham sb
mo phu hop véi tung loai dit lidu.
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