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Data clustering and applications have received much research attention in
recent years. During data collection, it is possible that some data with
lower confidence (wrong value, incorrect attribute, etc.). This will reduce
the clustering performance with possible outliers and noises. Several
research directions have been proposed to solve this problem. First, for
data elements with wrong values or wrong attributes can use Safe semi-
supervised fuzzy clustering methods. Secondly, for noisy data elements,
the concept of Picture Fuzzy Set can be used, although there are some
related studies to reduce noices and increase the quality of clustering, it is
only on the traditional fuzzy set. In this paper, we propose a new
algorithm named as PT2FCM, to handle the problem of data partition
with confidence problem. The proposed method is implemented and
experimentally compared against the related methods, including the
standard Picture fuzzy clustering (FCPFS), and the Confidence-weighted
safe semi-supervised clustering (CS3FCM), etc. The experimental results
show that the proposed method has better performance comparing to
selected methods on the same datasets.
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Phan cum dit liéu va cac linh vyc tng dung la mot trong nhitng huéng
nghién ciu nhan duoc nhidu sy quan tAm tir cac nha khoa hoc trong
nhig nim gan dy. Trong qua trinh thu thap dir liéu, c6 thé mot s dir
lidu co do tin cay thap hon (sai gi4 tri, thuoc tinh khong chinh xac, v.v.)
ton tai trong toan bo tap dir lidu. Bidu ndy s& 1am giam hiéu suit phan
cum Vvéi cac nhidu va ngoai 16 c6 thé xay ra. Mot s6 huéng nghién ciu
da dugc dua ra dé giai quyét van dé nay. Thur nhat, dbi voi cac dit liéu sai
gié tri, sai thuoc tinh c6 thé sir dung cac phuong phap phan cum ban
gidm sat mo an toan. Thir hai, d6i véi cac diém dit liéu nhidu cé thé sir
dung khéi niém tap mo vién canh, cho du da c6 mot s6 nghién ctu lién
quan nham ting chét luong phan cum, tuy nhién chi dimg lai & tap mo
truyén théng. Trong bai bao nay, chung t6i dé xuat mot phuong phap
méi trong phan ving dit liéu theo do tin cay duya trén phan cum mo vién
canh c6 tén goi PT2FCM. Thuat toan dé xuat dugc so sénh thuc nghiém
voi mot sb phuong phép lién quan nhu phan cum ban gidm sat mo trén
tap mo vién canh (FCPFS), phan cum ban giam sat mo an toan
(CS3FCM), v.v. Cac két qua thuc nghiém cho thdy, phuong phap dé
Xuat c6 chat lugng phan cum ot so Vé6i cac phuong phép lién quan trong
cung tap dir liéu.
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1. Giéi thiéu

Ngay nay, do sy gia ting cua cic ngudn dir liéu dén tir cac mang xa hoi, kénh da phuong tién
nhu Facebook, Amazon, Youtube, v.v. nén nhu ciu can thiét dwgc dit ra 1a clu trac phan cép dir
lidu 16n dé truy cdp va truy xuat mot cach nhanh chong, d& dang. Dir liéu c¢6 nhiéu dinh dang
khac nhau nhu van ban, hinh anh, am thanh, video,... K¥ thuét phan cum dir liéu da dugc ap dung
trong nhiéu linh vuc nhu ung dung trong sinh hoc [1], ing dung trong thu vién [2], bao hiém [3],
tai chinh [4], phan doan hinh anh y té [5], [6],... Tuy nhién, trong qua trinh thu thap dir liéu c6
thé ton tai mot s6 dit lidu co do tin cdy thap hon trong toan bé tap dir liéu. Piéu nay s& anh hudng
dén hiéu suét cua cac két qua phan cym dir liéu.

Vén dé phan cum dir li€u theo do tin cdy dugc coi la viéc gidi quyét bai toan phan cum trong
truong hop mot s6 dit lidu duoc gan nhan khong chinh xac. Nhu dugc minh hoa trong Hinh 1, gia
su tap dir li€u bao gém 2 cum va c6 mdt s6 dit liéu da duge gan nhan (hinh vuong thé hién dir
liéu da dugc gén nhan thudc Cum 1 va cac hinh tam gidc thé hién dit liéu da duoc gan nhan thudc
Cum 2), hinh tron thé hién cac diém dit liéu chua dugc gan nhan. Pudng nét dit ngam hién thi
ranh gidi gilta hai cum. Ngoai ra con mot s6 dit liéu duge gan nhan khong chinh xac, dugc biéu
dién béng dau thap phia trén cac ky hiéu cua dir li€éu duoc gan nhan. Muyc ti€u cla bai toan nay la
tim ra dudng ranh gidi “tot nhat” giita hai cum véi cac dir liéu dugc gan nhin chinh xac va khong
chinh xac.

Dit liéu chua gan nhin
B Dt tieu gin nhian cia Cym 1
1
-0 D ligu gan nhn sai cia Cum 1
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l :l --‘-Dﬁ'h'@u gdn nthin sai cia Cum 2
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I
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Mot trong nhitng cach tiép can dién hinh dé giai quyét van dé phan cum dir liéu theo do tin
cdy la phan cum ban giam sat mo. Pugc khoi xudng boi Pedrycz va Waletzky (7], y tuorng chinh
1a sir dung céc két qua phén loai c6 sdn nhu mot phan ciia qua trinh phan cum véi viée bd sung
vecto thé hién hai gi4 tri gitra dit liéu dugc gan nhan va khong dugc gan nhan. Ngoai ra, phan
cum ban giam sat mo an toan ciing da dugc sir dung dé giai quyét van dé phan cum dit liéu theo
do tin cdy. Y tudng chinh cua cach tiép can nay nhu duoc mé ta trong nghién ctru cia Gan va
ddng nghiép [8]-[11] bao gdm 2 bude chinh: i) tinh toan trong s tin cdy cua dit liéu dugc gan
nhin bang mot do thi cuc bo; ii) xay dung va xac dinh cac trung tdm cym va cac gia tri phan tir
mo theo dir liéu duge gan nhan co trong so tin cdy cao. Mot trong nhirng cach tlep can khac do l1a
sir dung tdp mo vién canh [12], 1a mot su khai quat va mé rong ctia tdp mo truyén théng véi tap
mo tryc cam. Cac mo hinh dya trén mo vién canh cé thé dugc ap dung cho nhiéu tinh hudng lién
quan dén cac lya chon nhu: dong y, do du, khong dong y va tir chéi tra 10i. Cac tinh hudng nay co
thé cho két qua tdt hon trén cac thult toan phan cum dya trén tdp mo truc cam hoac tap mo
truyén théng. Trong bai bao nay, ching t6i d& xuat mot phuong phap méi trong phan ving dit
liéu theo @9 tin cdy dua trén phan cum mo Vién canh c6 tén goi PT2FCM. Phuong phap dé xuat
dugc thue nghiém va so sanh dem lai hi€u suét tot so véi cac phuong phap lién quan.

Céc phan tiép theo cua bai bao dugc trinh bay nhu sau: Trong phan 2 chiang t6i trinh bay mot
sd phuong phép tiép cin trong phin cum ban giam sat mo theo do tin cdy va cac wu nhugc diém.

Hinh 1. Phdn cum dit liéu theo do tin cdy
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Chi tiét ciia phuong phap dé xuat s& duoc trinh bay trong phan 3. Trong phan 4 chung t6i tién
hanh danh gia thyc nghiém, so sanh hiu suat phan cum cua phuong phiap PT2FCM va cac
phuong phap lién quan. Cudi cung, phan 5 dwa ra cac két lun va dong gop cua bai bao, dé xuat
hudng phat trién trong thoi gian toi.

2. Mt s6 phwong phap tiép can trong phan cum ban giam sat mé theo dd tin cay

2.1. Phwong phdp phéin cum bdn gidm sdt mo tiéu chuin (SSFCM)

SSFCM la phuong phap phan cum béan gidm sat md tiéu chudn dugce dé xudt boi Pedrycz va
Waletzky [7]. Trong ham myc tiéu cua phuong phap SSFCM g6ém 2 thanh phén: thanh phéan hoc
khong giam sat va thanh phéan hoc c¢6 giam sat. V&i ham muc ti€éu duge biéu dien nhu sau:

N C N C
Jo=> > upds +a> > (uy — fib)" di — Min 1)
k=1 i=1 k=1 i=1

Trong d6, tap dit lidu X = {X;, X,,., Xy Xy} V6 86 diém dit lidu N, s6 cum: (C ), do
thudc cia diém dir liéu k dbi v6i cum i: (u,), khoang cach d,, tir diém dir liu kK dén tim cum
V., d6 thuoc f,;duoc gan nhdn K trong cum i, sdmo m.

Tham sé a dugc sir dung dé can bang giira cac thanh phan hoc giam sat va hoc khong giam sat,
trong d6 b, dugc sir dung dé phan biét giita cac phan tir dwgc gan nhan va khong dugc gan nhin.

|1 nea X, fi66tgannhad @
“lo neéngoot| ai
1 nea X, AGOEgannhad
b, :{o K e 3)
neangootlai
Céac tam cum V, va d¢ thudc u, dugc tinh toan nhu sau:
N N
Zuiixk +0‘Z(“ik - fikbk)z Xy
V, =4 L : vi=1.,C (4)
zuii +0‘2(Uik — b )’ %,
k=1 k=1
C
. 1+ a[l—bkz fikj
j=1 .
u, = +af.b *, vi=1.,C, k=1,..L
ik 14-(1 :§: di ik™k (5)

d2
=1 Yk
Phuong phap phan cum bén giam sat mo tiéu chuan SSFCM c6 hi¢u suat phan cum tét do
trong phuong phap phén cum ban giam sat mo €6 sir dung cac thong tin bo tro, la cac thong tin
do nguoi dung dua vao dé huéng dan qua trinh phan cum. Phuong phép nay c6 thé dat hi¢u suat
cao va6i khdng nhicu s6 luong thdng tin bo tro duoc gan nhan cho cac diem dir licu. Tuy nhién,
hi¢u suat cua phuong phap phu thuoc vao so cum va viéc khai tao ngau nhién céc gia tri tam cum
ban dau.
2.2. Phwong phdp phén cum bdn gidm sdt an toan cé trong so dé tin cdy (CS3FCM)
Trong phuong phap CS3FCM [8] mdi mot phan tir khac nhau thi c6 mét anh huéng khac nhau
dén higu suat phan cum. V& mit hinh thire, ¢6 2 tap dit lidu: tap thir nhat 1a X =[x,X,,....x,] 12
tap dir liéu duoc gan nhan va tap thir hai X, =[X,;.X|,,.... X, ] 12 tdp dir liéu khong duoc gan

nhan. Trong d6 C 14 sé cum, phan tir X, 6 nhan y, e {1,...,c}. Trong phuong phap CS3FCM,
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CacC tac gia di sir dung FCM dé chia tat ca cac diém dit liéu thanh cic cum sau do tinh toan ma

tran phan hoach U = [u] va udc lugng cac nhan daura Y = [yl,...,yI Vi e yn] st dung thuat
cxn

toan d6i sanh Kuhn-Munkres [13], nhan wéc luong Y, |, Va nhdn chinh xéc vy, |._, dugc so

sanh dé co duoc ma tran N, bao gdm cac phan tir p;» trong d6 p; do luong kha ning cta nhén

i"" dugc phan 16p vao l6p j™.

pll p12 plC

NC _ p21 p22 pZC
' (6)

Par Pz o Pe

Piéu kién Y u; =1 va 0< p; <1

D61 v6i mot phan tir duge gan nhan X, ,néu y, =y, va pyk " la cao thi d9 an toan, tin cay cla
phan tir d6 14 cao. Trong s6 s, cua X, co thé dugc tinh toan nhu sau:

p, . *Urk if Y, =Y,

S = (7
p ><(1 Uyk) otherwise

Gan va cong su da xay dung mot biéu do cuc bd W= [Wkr ]nxn dé dinh nghia cac hang x6m cho

Vi ¥

cac phan tir duwoc gan nhan va xac dinh trong s0 cua biéu do:

0 nea ngoot lai

_Jex
Wy = p{

2 X —
—— 1 neax eN/(x) vagy, =Yy, ©)
Trong do, N, (x,) dai dién cho tdp dir liéu cua p hang x6m gn nhat cia cic phan tir dugc
gan nhdn x,, trong khi X, dai dién cho cac phan tir khéng duoc gan nhin. Him muc tiéu cua
CS3FCM duoc tinh nhu sau:

J _zzulrdli+ﬂlzsk2(ulk fik)zd +ﬂ'zz zwer(ulk ulr) _>M|n (9)

k=1 i=1 k=1 k r=I+1
Zuik =1,vk=1..,N
i=1

b thudc cua u, doi véi dir liu duge gan nhan X, dugc tinh toan nhu sau:

1_iﬂ
o, +171qjk
i c

Z* (10)

j=1 qjk
Qi
b6 thudc cta U, doi voi dit liu khong duge gan nhan X, dugc tinh toan nhu sau:

Uy =
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c 7
1-> -
i=1 S

o
r C 1 (11)

N

Tam cum V; duoc tinh bai:

N I
Zuiixk +/1lzsk (U = Fi )X,
Vi = k=1 (12)

Zulk +ﬂlzsk (u|k |k

Phuong phap phan cum ban giam sat mo an toan co trong so tin cdy CS3FCM c¢6 hiéu suat
phan cum tét hon so vai cac phuong phap SSFCM. Trong phuong phép phan cum ban giam sat
mo an toan co trong sé6 CS3FCM, thuat toan tién hanh so séanh va tinh todn cac muc d6 anh
hudng cua cac diém dir liéu. Cac diém di liéu néu c6 mac do anh hudng 1on téi cac diém con lai
thi mang trong sb 16n, nguoc lai cac diém dir c6 mie do anh huong nho thi ¢é trong sé nho. Tuy
nhién, phuong phap nay cé bét lgi vé thoi gian chay do qua trinh xay dung cac d6 thi cuc b, trai
qua qua trinh kiém tra va cap nhat cac nhan caa cac diém di liéu.

2.3. Phwong phdp phén cum mé vién cinh (FCPFS)

Khéi niém tap mo vién canh [12] duoc dua ra 1an dau vao nam 2014 béi Bui Cong Cudng trén
o s6 Mo rong va tong quat hda tap mo [14] va tap mo truc cam [15] dé d& xuat khéi niém tap mo
vién canh. Mot tap mo vién canh trong mot tap nén khong rdng X duoc dinh nghia nhu sau:

A={(x, uAX),nAX),EAX)) | x € X } (13)
Trong d6, nA(x) la d khang dinh caa mdi phan tir xe N, nA(x) 1a d6 trung lap (46 do dy)
va £A(X) la do phua dinh, thoa mén cac rang bugc:

0< g5,y & <1, 0< A(X) + 7 A(X) + EA(X) <1 (14)
Do tir chbi cia mot phan tir ky hiéu 13 $A(x) duge tinh nhu sau:
GA(X) =1—(uA(X) +nA(X) + SA(X)) (15)

Pham Huy Thong va Lé Hoang Son di dé& xuat mot thuat toan phan cum mo vidn canh
(FCPFS) [16], v6i ham muC tiéu dugc mo ta nhu sau:

J (U 7, §V) ZZ('UU(Z é])) ||X =V, || +ZZ77U(|0977U +§|J)_) Min (16)
i=1 j=1 i=1 j=1
Vi cac rang budc dugce dinh nghia nhu sau:
0< a7, & <1, 0< gy +77,+ &, <L 1<i<N,1< j<C (17)
C
Zyij(2—§ij)=1,1§i£N (18)
j=1
C 1 .
D (my+=&)=11<i<N (19)
=1 C

Str dung phuong phap Lagrange, Pham Huy Thdng va cong su di tinh toan dwoc nghiém tdi
uu cua ham muc tiéu (16) la:
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N

Z(;uij(z - éij))m X;

v, =13 (20)

Z (:uij (2- é:ij))m

My =

@-5)3 (” I &

Y % v ||2

exp(=<;)
j=e———(@ Si)

! > exp(—&y) kzl: @)
& =1ty +175) — A= (agy +77,) ") (23)

Trong d6, a (0,1) duoc goi la hé sé mii duoc sir dung dé diéu khién do tir chéi cua céc tap
ma vién canh.

Phuong phap phan cum mo vién canh FCPFS c6 hiéu suat phan cum tot hon so véi cac
phuong phép da trinh bay ¢ trén nhu SSFCM, CS3FCM, déc biét doi v6i cac dang dir liéu co
nhiéu va dir liéu bi gan nhén sai. Do trong phuong phdp phén cum mo vién canh FCPFS c0 sir
dung khai niém tap mo vién canh, trong d6 bao gom cac thuge tinh nhu d¢ thude, do trung lap va
do tir chéi cia mot diém dit liéu d6i véi cac cum. Cac thudce tinh nay cé thé cho két qua phan cum
t6t hon hiéu suat phan cum ddi vai tap mo va mo tryc cam.

3. Phwong phap dé xuat
3.1. Y twéng thudt toan

Phuong phép phan cum ban gidm sat mo an toan vién canh dwoc dé xuat PT2FCM dua trén y
tuong két hop phan cum béan gidm sat mo an toan va tap mo vién canh, duoc biéu dién trong ham
muc tiéu mai bao gom 3 thanh phan chinh. Y tuéng va cac budc thyc hién dugc mo ta trong Hinh
2. Giai doan dau tién cia PT2FCM la giam thiéu khoang cach giira cac phan tir dix liéu va trung
tam cum thong qua d6 md vién canh. Giai doan thir hai 1a dé xu ly "dit liéu nhidu" bang cach tich
hop dai luong entropy gitra cac mirc d6 do du va do tir chdi ctia mé hinh tap mo vién canh. Giai
doan thir ba nham muc dich phéi hop phan cum bén giam sat mo an toan voi di liéu da gan nhin
dé xur ly dir liéu chwa chinh xac. Két qua dau ra cua thuat toan 1a cac cum cudi cung véi do tin
cay va mirc d6 chinh xac. Chi tiét thuat toan va cac cong thic theo ¥ tudong nay sé& dwoc trinh bay
trong phan tiép theo.

I === === == == | |
T i I
1| Tang dé thude va Gidm thidu || Téng/gidm trong 6 | ! Dit liéu
Dir liéu + .| siam thiéu kho? 88 oiam | Ay K .
¢ gidm thiéu khoang entropy dé giam | . ctia nhan ding/nhén | | sau khi
ban diu M| cich dén trung mitc 6 do du v || khong chinh xdc | - phén cym
1 thm cum dotirchoi || I -
; | 1. Phin cum mé 2. Gidm nhiéu | 3. Phiin cum an toin |
&1 dit liéu gin nhin -
N FCPFS . ¥ 1r l1eu Jan nhan |
||||||||||||||||||||||| wll

Hinh 2. M6 hinh thudt todn d@é xuat PT2FCM
3.2. Chi tiét thugt toan
3.2.1. M6 hinh héa
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Tur cac y tudng chinh ¢ trén, phan nay s€ hinh thanh m6 hinh hod phuong phéap dé xuat. Ham
muc tiéu bao gom 3 thanh phan, dugc hién thi nhu sau:

3235 g2 82X [+ 3 Sy ogmy + )+

k=1 j=1 =1 j=1

24)
L .C (2-&)1)° (
_ (s f&kl_) a) A% v, - Mmin
a ml+ (ug(2-86) )
Vi cac rang budc:
Mg+ + 6 <1 (25)
>0+ =1 (26)
= @ C
c
Zl: (,Ukj (2- S ) =1 (27)
=
k=1.N,j=1.C

Trong d6 tap dir lisu X = {X,,X,,..., X} véi s6 luong phan tir N, s6 cac phan tir dugc gan
nhan trong X : L<N; s6 lugng cum(C); £, 1, & lan luot 1a d6 thudc, do do du, do tir chéi
ctia phan tr X, ddi véi cum j .

Trong ham muc tiéu (24), 2 thanh phan dau tién la céc thanh phan cua phan cum mo vién
canh goc (FCPFS) [16], thanh phan thir 3 tuong (ng véi phan cum ban giam sat m¢ an toan
trén tdp mao vien canh.

N C

e Phan dau tién ZZ(M@ (2—-&y))’ ||Xk -V, ||2 dai dién cho phan cum ma vién canh.

k=1 j=1

=z

C
e Phanthu hai D> n,(logn, + &) dai dién cho thdng tin entropy gitp giam nhiéu dit liéu
k=1 j=1
thong qua cac mirc do do dy va tir chéi cia mot diém dir lidu.

A , S (/ukj(z_é:kj)fkj)z 20 N . A b de 1ia

e Phanthtba » > —2 & - ||Xk -V, || Ia thanh phan cho cac phan tir dit liéu

1 lt (/ka (2- gkj) fkj)
dugc gan nhén, trong d6 k=1.L va L 1a sé phan tir dir lieu dwogc gan nhan. Phan tir sb
(1443 (2— &) f4)? MO ta phan cum ban gidm sat mo, trong do f 1a mot gid tri hang sb, co gia tri
bang 1 hoic 0.
. 1 nea phaa tok naéntrong cum j 28)
“ o neé ngoot: |ai

Phan mau s6 1+ (g, (2—&,)f;)* MO ta phan cum ban giam sat an toan. Y nghia ciia thanh
phan nay nhu sau: Sau khi phan cum, néu bt ky diém’dﬁ' liéu nao dugc gan ding nhén, trong s6
sé duogc tang 1én; néu khéng, trong so6 sé duoc giam xuong.

e Thong tin bo tro cho phan cum ban giam sat mo la cac cap d6 thanh vién trude do. Su
dung thuat toan FCPFS ban dau dé phan cum tat ca dir liéu bao gom ca dit liéu dugc gan nhan va
khong dugc gan nhan. Tir d6 tinh duoc 4 gid tri (14,,77,,,&,,V) dé€ 1am co s tinh toan cho tat ca
c4c phan tir dir ligu.

3.2.2. Gidi nghi¢m
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Céac phuong an téi wu cia md hinh duoc xac dinh trong céc cong thuc (24-27) théng qua
phuong phap Lagrange.

Z(/ukj (Z_é:kj ))2 Xy +

- (/ka (2- §kj) fkj)2
kZ:l‘l+ (;kj (2 _Ekj) fkj )’

k

V. = (29)
T L (4,2 ) )
Z(/’lkj(z_é:kj))2+z 2 o 2
k=1 k=11+(/ukj (2_§kj)fkj)
Do thudc u cta dir liéu duge gan nhan nhu sau:
1
Hg = (f )2
ki 2
A (Gay@-E1, ) il
K\~ 6k ) Iy 30
2-£)Y : (30)
i=1
fy 2
e Uiy
((,Uki (2-¢4) fki )
Do thudce u cua dit ligu chua duge gan nhan nhu sau: 4, = ” ”
(31)
2808
Céac do thuge khac dugc tinh toan nhu sau: 7, = Z§k,
i=1 —& (32)
Ze |
1
é:kj =1- (/ukj + 77kj) -~ (;ukj +17 ))e (33)

3.2.3. Chi tiét thudt toan PT2FCM

Thu4t toan cua phan cum bén gidm sat mo an toan trén tap mo vién canh (PT2FCM) trude hét
sir dung FCPFS dé phan ving tat ca dir liéu voi két qua dong vai tro 1a dau vao cua phuong phap
dugc dé xuat. Phuong phap PT2FCM mé rong thuat toan FCPFS véi viéc thém phan tir ban giam
sat an toan cho dit liéu dugc gdn nhan. Phuong phép phan ving dit ligu nay khdng nhitng dem lai
hiéu qua cao ddi véi dir lidu dugc gan nhan ma con giam sb luong nhan nghi ngd. Thuat toan dé
xuit duoc trinh bay trong Thuat toan 1 dudi déy:

Thuat toan 1. Cdc budc chinh cua thugt toan PT2FCM

R Tap dir liéu X vai sb luong phan tir N trong d chiéu, s6 luong phan tir dugc gén nhan
D\au trong X: L<N; s6 lugng cum (C); ngudng ¢ ; tham s6 mo m; so mi « €(0,1] va so
vao A re . LK.

lan lap toi da Maxsteps >0
?aﬁu Céac ma tran do thuoc u,n,& va cac tdm cum v

Chay thuat toan FCPFS véi tat ca c4c phan tir dit lidu dé 1y (u4,77,,&,5.V)
Khaitao: t=0

3 14 <—random;z," <—random; &' «<—random

' (k=1..N, j=1..C) thoa man céc rang budc (25-27)
4: Repeat
5: t=t+1
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6: Tinh V; (j=1..,C) bang cdng thirc (29)

7: Tinh 4 cho dir liéu da duoc gan nhan (k=1,...,L; j=1,...,C) bing cong thuc (30)

N Tinh 24 cho dit li¢u chua dugc gan nhan (k=L+1,..,C; j=1..,C) bing cong thirc
(31)

o: Tinh 7$) (k=1...,N; j=1,...,C) bing cong thirc (32)

10: Tinh & (k=1..,N; j=1,...,C) bing cong thirc (33)

11: until |l = u |+t =77 +|¢ = €7 < & hodic Maxsteps > s6 lan Igp ti da

4. Panh gia thuc nghiém

4.1. Cdc diéu kién thuc nghiégm

Céc thuat toan duoc thuc hién trén may tinh dé ban véi bo vi xir ly Intel(R) Xeon(R), 16GB
RAM; ngdn ngir 1ap trinh C vai Dev-C ++ IDE. Cac bo dir liéu thir nghiém dugc 1y tir Kho luu
trir hoc may UCI [17] duogc trinh bay trong Bang 1. Trong phan nay, chung toi cai dat thuc
nghiém dé so sanh, danh gia hiéu nang cua phuong phap dé& xuat PT2FCM véi cac phuong phap

SSFCM, CS3FCM va FCPFS d truoc trinh bay trong phan 2.

Céc tiéu chi dé so sanh, danh gia giira cac thuat toan nhu sau: i). Do 9hinh xac phan cum: Gia
tri cao hon ctia dg chinh xac phan cum CA (Clustering Accuracy) [8] the hién cho hiéu suat phan
cum tot hon. ii). Chat lugng phan cum: Gia tri nhé hon cua d6 do DB (Davies—Bouldin index)

[18] dem lai chat luong phan cum tét hon.
Bang 1. Dir liéu UCI dung cho thuc nghiém

STT Bd di liéu S6 lrong miu S6 thudc tinh S6 cum

1 Australian 690 14 2

2 Balance-scale 625 4 3

3 Dermatology 366 34 6

4 Heart 270 13 2

5 Iris 150 4 3

6 Spambase 4601 57 2

7 Tae 151 5 3

8 Waweform 5000 40 3

9 Wdbc 569 30 2

10 Wine 178 13 3
4.2. Két qud theec nghigm
4.2.1. Danh gia theo d¢ chinh x&c phan cum

Bang 2. Gia tri do chinh xdc phdn cum (CA) doi véi 10 bé dir liéu
PT2FCM FCPFS CS3FCM SSFCM
Phuong phap Tt:"ung Phu'q'ng Trung binh Phu'q'ng Trung binh Phu’q’ng TI:ung Phqung
inh sai sai sai binh sai

Australian 0,5576 0,0274 0,5312 0,0150 0,5186 0,0153 0,5227 0,0162
Balance-scale 0,5212 0,0417 0,5944 0,0388 0,5404 0,0218 0,5490 0,0305
Dermatology 0,6872 0,0274 0,7155 0,0203 0,6728 0,0154 0,6719 0,0162
Heart 0,8331 0,0306 0,7233 0,0188 0,8081 0,0164 0,5414 0,0194
Iris 0,8103 0,0287 0,7542 0,0327 0,8069 0,0833 0,6411 0,0175
Spambase 0,5940 0,0255 0,5447 0,0146 0,5674 0,0478 0,5144 0,0143
Tae 0,4821 0,0293 0,4618 0,0461 0,4844 0,0194 0,4580 0,0181
Waweform 0,5519 0,0365 0,5174 0,0229 0,5134 0,0312 0,5711 0,0253
Wdbc 0,6835 0,0265 0,7471 0,0161 0,6041 0,0286 0,5683 0,0153
Wine 0,8405 0,0301 0,7922 0,0586 0,7579 0,0329 0,5889 0,0189
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D6 chinh xac phan cum cia phuong phap d& xuit PT2FCM duoc so sanh véi cac phuong
phap SSFCM, CS3FCM va FCPFS dugc trinh bay trong Bang 2.

Trong Bang 2, phuong phap dé xuat PT2FCM c6 5/10 gia tri tot nhat (Australian, Heart, Iris,
Spambase Wine); phuong phap FCPFS c6 3/10 gia tri tot nhat (Balance-scale, Dermatology,
Wdbc); phuong phap CS3FCM chi ¢6 1/10 gia tri tét nhat (Tae); con lai phuong phap SSFCM
cling chi ¢ 1/10 gia tri tot nhat (Waweform). Mat khéc, ti s6 trung binh ctia d¢ chinh xac phan
cum theo phuong phap PT2FCM so Véi cac phuong phap FCPFS, CS3FCM va SSFCM lan luot
la 1,03, 1,05 va 1,17. Do d6, mét cach tong thé do chinh xac phan cum theo phwong phap
PT2FCM tét hon cac phuong phap FCPFS, CS3FCM va SSECM.

4.2.2. Pdnh gid theo chat lwong cum

Chat luong phan cum theo d6 do DB cua phuong phap dé xuat PT2FCM duoc so sanh véi cac
phuong phap SSFCM, CS3FCM va FCPFS dugc trinh bay trong Bang 3.

Bang 3. Gia tri chat lirong phan cum theo dé do DB doi véi 10 bé di liéu

PT2FCM FCPFS CS3FCM SSFCM
Phwong phap Trung Phwong Phuon N Phwong N Phuwong
binh sai Trung binh g sai Trung binh sai Trung binh sai
Australian 2,3610  0,1678 3,3491 0,0182 6,0265 0,0152 2,2527 0,0377

Balance-scale  3,0984  0,2812 3,1854 0,1062 4,9964 0,1919 3,9196 0,1511
Dermatology 12,5601  1,1231 9,9297 1,8434 15,5687 2,0770 19,5570 0,9930

Heart 2,1627  1,0649 2,2254 0,0261 2,4040 0,1521 2,5519 0,9348
Iris 3,0312  0,1798 3,0838 0,0539 3,4747 0,2629 3,0464 0,0497
Spambase 2,6472  0,2487 3,2775 0,0157 4,4607 0,5125 2,7543 0,1186
Tae 2,8903  0,1694 2,7060 0,1394 2,7640 0,0443 2,8909 0,0393
Waweform 8,3421  1,2704 9,4595 3,0705 5,1157 0,1207 22,9106 1,9370
Wdbc 1,9235  0,0591 2,6836 0,0983 2,2870 0,0151 2,0328 0,0299
Wine 3,1089  0,0465 2,7263 0,0400 3,0655 0,0648 2,8765 0,0191

Trong Bang 3, phuong phap PT2FCM c6 5/10 gi4 trji tot nhat (Balance-scale, Heart, Iris,
Spambase, Wdbc); phuong phap FCPES c6 3/10 gia tri t6t nhat (Dermatology, Tae, Wine);
phuong phap CS3FCM chi ¢6 1/10 gia tri t6t nhat (Waveform); con lai phuong phap SSFCM
cling chi ¢6 1/10 gié tri tét nhat (Australian). Ti sé trung binh cua chat luong phan cum cua
phuong phap PT2FCM so véi cac phuong phap FCPFS, CS3FCM va SSFCM lan luot 1a 0,98,
0,84 va 0,65. Do d6, chat lwong phan cum theo phuwong phap PT2FCM tét hon cac phuong phap
lién quan.

5. Két luan

Trong bai bao nay, chung t6i dé xuit mot phuong phap mai trong phan ving dit liéu theo do
tin cay dua trén phan cum mo vién canh c6 tén goi PT2FCM. Thuat toan dé& xuat dugc so sanh
thuc nghiém céc thuat toan phan cum ban giam sat mo tiéu chuan (SSFCM), phan cum ban giam
st md an toan vai trong sb tin cdy (CS3FCM) va phan cum bén gidm sat mo trén tap mo vién
canh (FCPFS) theo céc tiéu chi vé d6 chinh xéac phan cum va chit luong cum. Cac két qua thuc
nghiém cho thay, phuong phap dé xuét co d6 chinh xac phan cum va chét luong phan cum tét so
V6i cac phuong phap lién quan. Cu thé nhu sau: i.) V& do chinh xé&c phan cum: Ti sb trung binh
cia d6 chinh xac phan cum theo phuong phip PT2FCM so véi cdc phuong phap FCPFS,
CS3FCM va SSFCM lan lwot 12 1,03, 1,05 va 1,17.; ii). V& chat luong cum: Ti s6 trung binh cua
chat luong phan cum theo phuong phap PT2FCM so véi cac phuong phap FCPFS, CS3FCM va
SSFCM lan luot 120,98, 0,84 va 0,65.

Thuat toan dugc dé xuat c6 kha ning loai bo hoac giam bot mic d6 anh huong cua cac phan
tor dir lieu bi nhidu. Tuy nhién, phuong phap nay van con mot s6 han ché nhur mé hinh chia nhiéu
tham s dan dén thoi gian tinh toan cao. Trong nhiing nghién ctu tiép theo, nhom tac gia s& phat
trién cac thuat toan mai dé khac phuc nhiing nhugc diém nay.
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Loi cam on

Nghién ctru nay duoc tai trg boi Truong Dai hoc Cong ngh¢ Thong tin va Truyén théng - Dai
hoc Thai Nguyén; trong dé tai ma so T2022-07-03.
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