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TOM TAT - Bai bdo ndy duwoc thire hién nham muc dich nghién ciru tim hiéu thudt todn phdn cum FCM va cac y tuong cai
tién da co; tién hanh phan tich va phat hién nhitng ddc diém phi hop trong thudt toan FCM c6 thé dp dung duoc dai so gia fir - mot
ly thuyet sur dung dai s0 trong viéc biéu dién gid tri ciia cdc bién ngon ngir. Tie d6, dé xudt mot hudng cdi tién méi, dé la sir dung Iy
thuyet dai 6 gia tir vao trong s6 mi ciia thudt toan FCM va sau cung la xdy dyng cdi dat mot thudt todn phdn cum mo si: dung dai
$6 gia tir dé c6 thé dp dung gidi quyét bai todn phdn cum trong cdc tmg dung thire 16,

Tir khéa - Phén cum mo, Thudt todn FCM, Dai s6 gia tir, Thudt toan HAmFCM.
I. PAT VAN PE

Bai toan phén cum la bai toan phan hoach cac dbi twong vao cac nhém sao cho nhirng dbi tugng ciing mot nhom
thi ¢6 nhiéu diém gidng nhau trong khi nhimg d01 tuong khac nhom thi c6 it diém gidng nhau. Day 1a mot bai toan co y
nghia quan trong trong nhiéu linh vyc cta doi song con ngudi, gitp ching ta hiéu 13 hon vé ban chat, ciu tric cia dir
liéu de tir do xur ly dir liéu duge hi€u qua hon. Nham giai quyét bai toan nay, d co rat nhiéu thuat toan phén cum duge
dé xuét, trong d6 co thé noi tiéu biéu nhat 13 thuat toan FCM (Fuzzy c-Means) [1] ra doi vao nam 1981. Ké tir 6 dén
nay, da c6 rat nhiéu cac phuong phiap méi dugc dua ra dua trén nén ting FCM, nham cai tién, khic phuc cac diém con
han ché, gitp cai thién hon nita kha ning phan cum cua thudt toan nay trong nhiéu truong hop khac nhau.

Bai bao dugc thuc hién nhim muc dich nghién ciru tim hiéu thuat toan phan cum FCM va céc y tudng cai tién
da co; tién hanh phan tich va phat hién ‘nhiing déc diém phu hop trong thuat toan FCM c6 thé ap dung dwoc dai sb gia
tu (Hedge Algebra - HA) - mot ly thuyet st dung dai sb trong viéc biéu dlen gia tri cla cac b1en ngon ngir [3,4,5,6]. T
d6, bai bao dé xuat mot hudng cai tién méi, d6 1a str dung 1y thuyét dai s6 gia tir vao trong s6 mil cua thuat toan FCM,
va sau cung la xay dung cai dat mot thudt toan phan cum mo st dung dai so gia tt HAmFCM dé o thé ap dung giai
quyét bai toan phan cum trong cac tmg dung thuc t&. Phan thuc nghiém véi cac bo dit liéu UCI [7] ¢6 so sanh vdi cac
phuong phap cai tién khac FCMT2I, FCMT2G [2,8] dé minh hoa hiéu qua ctia phwong phép.

Chu tric ciia bai bdo nhu sau, Phan II trinh bay vé phan cyum mo va thudt toan FCM, Phén III 1a dé xut céi tién
HAmMFCM va Phan IV la céc thyc nghiém.

II. BAI TOAN PHAN CUM MO

A. Bai todn phdn cym: 1a bai toan phan hoach cac dbi tugng vao cac nhom sao cho nhimng dbi tugng ciing mot nhom
thi ¢6 nhiéu diém giong nhau trong khi nhimg (101 tuong khac nhom thi 6 it diém gidng nhau. Day la mot bai toan co y
nghia quan trong trong nhiéu linh vuc cta doi song con ngucn gitp chiing ta hiéu 15 hon vé ban chat, ciu trac cua dir
ligu de tir do xur 1y dir liéu duoc hi€u qua hon. Nhim giai quyét bai toan nay, da co rat nhiéu thuat toan phéan cum duoc
dé xuit, trong d6 c6 thé noi tiéu biéu nhit 14 thuat toan FCM (Fuzzy c-Means) ra doi vao nim 1981. Ké tir d6 dén nay,
da c6 rat nhiéu cac phuong phap méi duoc dua ra dwa trén nén tang FCM, nham cai tién, khic phuc cac diém con han
ché, gitip cai thién hon nita kha nang phan cum ctia thuat toan nay trong nhiéu truong hop khac nhau.

B. Thudt toan FCM
Trudce hét, ta s& dinh nghia mot cach chinh xac bai toan phan cum. Xét bai toan phan cum n phén tir trong tap
dir liéu:
X =4x,%,,0x, }
Mbi phf?m tr X, € X ,i=1,2,...n 1a mot vector d chiu. Ta dinh nghia mdt c-phén cum cua X 1a mot phan hoach

X vao c tap (cum) C1 R C2 ,...CC , sao cho 3 diéu kién sau dugc thoa man:
- C#EOVOiIi=12,..,c

. ;:1 C, =X

- GNG=0veiiFj;i,j=12,..,c

Trong thudt toan FCM, ham thudc dugc biéu dién roi rac thanh mot ma tran thuc U kich thude n X c:
U(i, k) 1a d6 thugc cua phan tr x, vaocymthtt C,:1<i<n; 1<k<c

- Ucb nxc phan tir
- 05Uk <1
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- U(i, k) cang 16n thi phan tir x; cang c6 nhiéu kha nang thudc vao cum k
- U duoc goi la ma tran thude
. Dua trén mo6 hinh ma tran thudc nay, mot ham muc tiéu dugc xac dinh sao cho thudt toan phan cum phai tdi
thiéu hoa ham muyc tiéu. Thuat toan FCM sir dung ham muc tiéu la:

JU,0) =YY UG,k)"|X0)-C)|
i=l k=l .
o] day da st dung cac ky hi¢u sau: (D

- X (i) 1a vector gia trj ctia phan tir X;

- C la tap vector gia tri tim cum cua ¢ cym C,,C,,..C,

C (k) 1a vector gia tri tdm cym C,

. 2
- D(i,k) = ”X(l) - C(k)” 1a mgt d¢ do khoang cach giira 2 vector X (i) va C (k). Thuat toan FCM nguyén
ban sir dung d6 do Euclid
- m 1a tham s cua thuét toan, goi la trong s6 mii
Thuit tosn chi tiét:
< Budc 1: Khoi tao gia tri U, C, chon gié tri tham s6 m (m > 1 va thudng duogc chon trong khoang [2,40])
s Budc 2: V&i moi k, cip nhat gia tri C theo cong thuc:

i UG, k)" X (i)

C(k) - i=l - (2)
> UG, k)"
i=1
% Budc 3: V&i moi i, k cap nhat gia tri U theo cong thirc:
2 V!
c . -
uG,k)=Y DG, k) €)
Jj=1 D(la J)
)

Vi D(i, k) = | X (i)~ Ck)|’

< Budc 4: Kiém tra didu kién dung: Tinh gia tri ham muc tiéu J theo cong thie (1.1). Néu gia tri J thay dbi,
quay lai budc 2, trai lai ta két thuc thuét toan.
Ta c6 nhan xét rang, thut toan FCM gdém 2 bu6c chinh 1a cap nhé}t tam cum-cong thire (1.2) va cap nhat ma
tran thudc-cong t}u’rc (1.3). Hai budc nay duqc’tht_rc hién luan phién nham to6i thi€u héa ham J. Thuét toan s€ dung khi J
hoi tu. Sau khi két thiic thuat toan, ta sé ra quyét dinh phan cum dya vao gia tri U.

Nhuwoc diém thuit toan FCM:

FCM la mot thudt toan dot pha so voi cac thudt toan phan cum o khac vi FCM co kha nang biéu dién tong quat
hon va cho két qua phan cym chinh xac hon trong nhiéu truong hop. Nhung FCM van con do nhitng nhugc diém:
- Thuat toan ngam dinh mdi cum cé mot tAm cum va cac phan ttr thude cum nao thi ndm gan tam cum do

- K&t qua cua thuat toan phu thudc vao khéi tao U, C ban dau. Néu khai tao khong tot, ¢6 thé bi hdi tu dia phuong
- Thuat toan nhay cam véi sy xuat hién ctia nhidu va cac phan tir ngoai lai do chwa c6 mo hinh biéu dién nhiéu
- Phan cym chua xac dang véi cac doi tugng nam & ranh gidi gitta cac cum

- Chua c6 tiéu chi cy thé dé lya chon gid tri cho tham s6 m, thudng chon bang thir nghiém nhiéu lfm
V6i cac nhuoc diém d6, FCM van can dugc -nghién clru dé duoc cai thién hon nira. Bai bao nay sé dé xuat mot hudng
cai tién cho FCM bang cach str dung trong s6 mil ngdn ngir xac dinh boi dai s6 gia tur.

C. Y twéng cdi tien FCM
Khi dwa ra quyét dinh phan cum, FCM dya vao cong thirc:

U(i,k) = E(D(f’k.) )m'

Jj=1 D(Z’J)




Lé Thai Hung, Tran Dinh Khang, Lé Vin Hung 539

Cong thirc nay c6 dac diém, khi m cang nho, do tuyét ddi cia U (do dbc cua dd thi) cang cao, nhu hinh sau minh
hoa trong truong hop ¢ = 2:

=20 \m=1.1
08 0
0
=N
A 06
'E m=1
2
g
= 04
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u i " L
0 05 1

Relative Distance

RO rang, voi cac phan tir ¢ ranh giéi cum (khoang cach tuong dbi 16m), do tuyét dbi cua U phai thap hon so voi
cac phan tir & gan tam cum (khoang cach twong d01 nho). Ly do 1a boi vi ta chua thé dua ra quyét dinh phin cum véi
cac phan tir & ranh gi6i ngay dugc, cho nén ta can do thi U thoai hon dé linh ddng hon trong viéc chon cum cho céc
phan tir ndy. Trong khi d6, cac phan tir gan tdm cum nén c6 do thi U doc hon dé dam bao kiém soét sy phan cum cho
cac phan tir ¢6 ludn roi vao cum gan nhat. Do FCM chi sir dung mdt gia tri m duy nhit, nén mirc df tuyét ddi cia
U 1a nhu nhau véi cic phin tir gin tim cum va cac phin tir & ranh giéi, diéu nay 1a chwa hop ly.

Dé hop 1y, ta co quy luit sau:

- Khi khoang cach tuong dbi nho (phan tir gan nhu da ¢ rit gan mot cum nao d6) thi m nén nho, do tuyét dbi
cua U tang lén

- Khi khoang c4ch tuong ddi 16n (phan tir nam & ranh gidi gitra cac cym hodc chua qua gin mot cum nao ca) thi
m nén 16n, phan anh do tuyét doi ctia U giam xudng

Tac 1a m thay ddi theo khoang cach tuong ddi, nhu vy dé biéu dién m, ta can st dung mot tip cac gia
tri M (i, k) nam trong khoang [m_min,m_max] va cac cong thirc cap nhét s€ tré thanh:

2
Ui, k) E(Da,k)wk%l
L,k)= N
j=1 D(l,j)) (4)

-1

2 UG X0
C(k) ="
> Ui, k)"
i=1

&)

Ham muc tiéu trd thanh:

JW.C)=3Y UK |x @) - Ch)
i=1 k=1 (6)

Vén dé bay gio 1a xay dung tap gia tri M(i,k) nhu thé nao dé thoa man quy luat n6i & trén.

III. THUAT TOAN HAmFCM
A. Tidp mo trong so mii
Pau tién, ta cin dinh nghia lai khoang cach twong dbi:
D(ik)
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D@ thiy d6 do nay c6 tinh chét:
- Khi x; tién rat gan Cy, D(i, k) tién vé 0, Ty, s& c6 gié tri tién vé 0, nhung ludn 16n hon 0
- Khi x; tién ra xa Cy, D(i, k) tién ra oo, T; ;. & ludn 16n hon 0 va c6 xu huéng ting dan
Ngoai ra, mau cila T; x ludn khac 0, nén an toan trong qua trinh tinh todn. Thém nifa, dé phu hop v6i mién dinh
luong ngit nghia cia HA sau nay (tir 0 dén 1), ta tién hanh chuan hoa Tk vé mién [0,1] theo cong thirc nhu sau:
Tik—Tmin
; , . Qlk B Tmax—Tmin ®)
Tiep theo, nhac lai quy luat can thoa man:
- Q; nho thi M (i, k) nho
- Qi 16n thi M(i, k) l6n
Mot ham 4nh xa tuyén tinh don gidn c6 thé gitip tinh M (i, k) tir Q; , nhu sau:
M(i, k) = Qi) X (m_max —m_min) + My, 9
Nhu véy, ta dd c6 phuong phap dé xac dinh gié tri cac trong sb mil trong ma tran trong sé mii M. O day, cong
thac (9) pgém dinh mdi quan hé giita khoang cach tuong (;Iéi va trong §6 mi 1a quan hé tuyén tinh cung tang cung
giam. Picu nay tat nhién la chua phan anh chinh xac thyc té, do do, ta can gan voi moi gia tri trong s6 mit mot do do
thé hién do tin cdy. D¢ tin cay, ki hiéu R(i, k) thé hién muc do tin cdy cua gia tri M(i, k) khi tinh theo cong thirc (9).
Do tin cdy co tinh chét:
-0<R@Gk)<1
- R(i, k) nho, d6 chic chin cua gia tri M(i, k) nho, nhiéu kha ning s& phai thay d6i bang mot gia tri khac phu
hop hon
- R(i, k) 16n, d6 chic chin cua gia tri M (i, k) 16n, nhiéu kha ning s& phai giit nguyén
Céch tinh d¢ tin cay R(i, k):

R(,K) = R(M(i,K)) = R(Qiie) = fn (v™1(Qi)) (10)
Tir day, ta c6 tip mé trong sé mi tuong g la:
— R,k
A= 2 L (11
VM (i ke M(l:k)

m_min,m_max |

B. Cip nhit trong sé mii

Neu sir dung truc tiép M(i, k) tinh theo cong thie (9) thi hoi cing nhéc vi quan hé giira khoang cach twong dbi
va trong s6 mii c6 thé khong pha1 1a quan hé tuyén tinh. Do d6 dé 1am linh hoat, ta s& ding d tin cdy cua trong sé mii
dé cap nhat lai gié tri trong s6 mii. Cach lam nhu sau, tai vong lap thu t, tinh Ql‘k( ) tr tap dir li€u, sau d6 cap nhat gid
tri Qi_k(t) M (i, k)® nhu sau:
Qi,k(t) = Qi,k(t_l) + R(i, k) X (Qi,k(*) - Qi,k(t_l))
M(i, k)® = Qi_k(t) X (m_max — m_min) + m_min (12)
O day d? thdy, néu do tin cy la tuyét d6i R(i, k) = 1, khi d6 QP = Q. va M(i, k) dugc tinh y hét nhu
(9). Va khi do tin cdy R(i,k) = 0, Qi1 = Q. ™, tuc 1a khong c6 su cap nhat gia tri Q;, va M, k)®. Noi
chung, do tin cdy cang cao, gia tri M(i, k) cang tién gin dén gia tri tinh dugc bang cong thirc (9)-tire 14 tién gan dén
mot gia tri méi xac dinh tir &nh xa tuyén tinh cta trang thai phan cum hién tai, con khi d¢ tin cay thép, gia tri Qi_k(t) va
M(i, k)® c6 xu hudng it tudn theo quy luat tuyén tinh cta su thay doi ciia trang thai phan cum.

C. Téi wu tham sé HA

Trong cong thie (3), anh huong cua dai lugng do tin cdy 1a rat to 1on, quyét dinh truc tiép dén gia tri M(i, k) va
do tin cdy nay hoan toan xac dinh boi HA. No6i cach khac, gi tri cac tham sé mo ciia HA ciing tham gia vao qua trinh
xéac dinh M (i, k). Viéc cap nhat thay ddi cac tham sb HA lam thay d6i kha ning biéu didn ngon ngit cua HA, tir d6 tac
dong dén hiéu qua cua thuat toan HAmFCM. O dy, ta dua ra tiéu chi cap nhét tham s6 HA d6 1a lam giam 15i 4nh xa
ngit nghia va ham muc tiéu. Trudc hét, ta dinh nghia 16i 4nh xa ngit nghia cua gia tri thuc g chinh 14 sai khac giira q va
dinh lugng ngit nghia cia HA:

e(q) = v(v™ () —ql (13)

Ta thay rang khi 13i nay cang nho, HA cang biéu dién tét cac gia tri trong s6 mil vi cac gi4 tri ngdn ngir cla
HA c6 dinh luong ngir nghia rat gan voi cac gia tri g - trong g voi cac trong s6 mil. Viéc tim ra mot phuong an cap
nhat tham sb HA sao cho chic chin lam giam 18i nay 1a khong d&. Do d6, NVDA di st dung mot ¥ tuong heuristic
nhu sau: khi 16i nay nho, ta mong mudn HA s& dugc cp nht it di, khong cén thay ddi qua nhiéu. Nguoc lai, khi 15
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nay ch 16n, cac tham sb cua HA can phai duoc cap nhat véi mét lugng 16n hon vai hi vong s€ dat dwoc trang thai
giup 10i anh xa ngtr nghia nh6 hon. .

Thém nita, cac tham s6 HA ta can cap nhat bao gom:

- u(less), u(possibly), u(more), u(very)

- fm(small), f,(big)

S& 14 hop 1y néu ta chi cap nhat cac tham s c6 lién quan dén 15i e(q). No6i cach khac, véi mot gia tri g, ta tim
duogc gia tri ngdn ngir £ = v~1(q), & s& chtra cac gia ttr va mot phan tir sinh. Ta sé& chi cap nhat y, f,, cla cac gia tir
va phan tir sinh nay. Ly vi du, néu £ = "very very more big" va e(q)=0.01, ta tién hanh cap nhat nhu sau;

u(very) = u(very) + e(q) * 2 = u(very) + 0.02
u(more) = u(more) + e(q) = u(more) + 0.01
fm(big) = fm(blg) +e(q) = fn(big) +0.01 (14)

Cach cap nhat nhu viy dam bao nguyén tac:

- Khi 161 anh xa ngit nghia nhd, thi lugng cap nhat la nho

- Chi cap nhat cac tham s6 co lién quan dén 15i

Tuy nhién, do day chi la dé xuat mang tinh heuristic, dé dam bao tiéu chi ham muc tiéu ludn giam, ta phai thuc
hién cac phuong phap sau: )

- Sau khi cap nhat tham s6 HA, ta tinh ham muc tiéu

- Néu ham muc tiéu giam so voi trude do, tiép tuc cap nhat HA, néu khong ta ding viéc cdp nhat va khoi phuc

trang thai trudc do

- Ngoai ra, dé dam bao tinh dung dén ciia tham sb HA (cac tham s6 HA nam trong khoang tir 0 dén 1) ta con

phai chuén hoa tham s6 HA

) Thyc hién cac quy tac tr§n khong nhitng dam bao thuat toan ding v& mit toan hoc (}ém ham muc tiév giam, dan
dén mot trang thai phan cym t6t) ma con dam bao sw hoi tu cua thuat toan. Trong thuc € thir nghiém, thudng thi chi
sau khoang 15-20 vong ldp, ta cé thé dung viéc cap nhat HA.
D. Thudt toan HAmFCM

Cac budc chinh thuit toan

Capnhat M
X
Cap nhat HA
X
Cap nhat C
L)
CapnhatU

Thuat toan HAmFCM

Piu vao: Tap cac phﬁn tir can phan cum X, véi X(i),i = 1,2..nla phﬁn tir thtr i. S6 cum ¢ can phan loai. Dai gia tri
trong s6 mil [m_min, m_max]

PAu ra: Vi tri tim cac cum C,v6i C(k),k = 1,2...cla gia tri vector ciia tdim cum thir k. Nhan tén cum cuia cac phfin
tir, v6i label(i), i = 1,2, ...n 1a nhan cua phan tir thir i.

Buéc 1: Khoi tao

HA = (AX,{small, big},{less, possibly, more, very}, <), quan hé SIG, L = 3;

Khéi tao ngau nhién C;

Khai tao bién Cyyq = 0;

Khéi tao ma tran U(i, k) = 0 Vi, k;

Khoi tao ma tran Q(i, k) = 0 Vi, k;

Khoi tao ma tran R(i, k) = 0 Vi, k;

Khoi tao ma tran M (i, k) = my,;, Vi, k;

Khoi tao bién J,;q = o0,] = 1;

Khéi tao bién update = true;

Buwére 2: Cap nhat M

FORi=1TOn
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FORk=1TOc
Thuc hién (7);
Thyc hién (8);
Thuc hién (10);
Thyc hién (12);
Buée 3: Kiém tra ham muc tiéu
Thuc hién (6);

IF J >J,;a THEN
update = false;
Joua =5
Buwére 4: Cap nhat HA
IF update THEN

FORi=1TOn
FORk=1TOc
Cép nhat HA nhu (14)
Chuén héa tham s6 HA

Buwére 5: Cap nhéat C, U
FOR i=1TOn
FORk=1TOc
Thuc hién (5);
Thyc hién (6);
Budre 6: Kiém tra diéu kién dimg
IF C,;q # C THEN
Cota = C;
Quay lai Budc 2;
ELSE
Chuyén dén Budc 7;
Bude 7: Doc két qua phan cum
FORi=1TOn
label(i) = argmaxk(U(i, k));
RETURN |[C, label];

Do phire tap thuét toan:

O day, ta danh gia d6 phirc tap theo s6 phan tir ddu vao can phan cum n. Cac yéu té khac tham gia vao do phirc
tap cta thuat toan nhu sb cum c¢ can phan hoach va cac tham sé ctia HA nhu |H|, |G|, va L déu duoc coi 14 hing sb.
Trudce hét, ta danh gia do phtc tap cta mot vong lap cua thudt toan nay (tir bude 2 dén budce 6) nhu sau:

- Budc 2: Do céc tinh toan trong vong lap déu c6 do phirc tap 0(1), do phirc tap cho budc nay la sb vong lap,

trc1la0(n x ¢) = 0(n)

- Buéc 3: D6 phie tap 0(1)

Budc 4: Do céc tinh toan trong vong lip déu co do phirc tap 0(1), d6 phirc tap cho budc nay 1a s6 vong lap,
tec1la0(n x ¢) = 0(n)

Budc 5: Do céc tinh toan trong vong lap déu co do phirc tap 0(1), d6 phirc tap cho bude nay 1a s6 vong lap,
tecla O(n X ¢) = 0(n)

- Buéc 6: D6 phie tap 0(1)

Ngoai vong lap chinh nay, ta con phéi xét:

- Budc 1 (khéi tao): khéi tao cac ma tran ciing chi mat O(n).
- Budc 7 (doc két qua): Tim gié tri 16n nhat cta d6 thudc ciing chi c6 do phirc tap 1a 0(n)
Do d6, d¢ phtrc tap cua ca thuat toan s¢€ 1a:
s6 vong ldp x O(n)
Nhic lai réng thuat toan HAmMFCM (va ca thuat toan FCM) chi dung khi khong con sy cap nhat ¢ tam cum, tuc
1a s6 vong lap 1a khong biét trudce, tham chi trong truong hop x4u, sé vong lap co thé tién dén vo cing. Do do, viée
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danh gia do phtre tap chi c¢6 y nghia trong mot vong 1dp. Va khi so sanh d6 phirc tap cia HAmFCM véi FCM, ta cling

chi can so sanh do phtic tap trong mot vong lap ma théi. Va nhu ta thy, di HAmFCM c6 thém 2 giai doan |4 cap nhat

M va cap nhat HA, thi so voi FCM, d6 phirc tap 1y thuyét trong mot vong 13p cta chiing van bang nhau va bang O(n).

U'u diém ciia HAmFCM so véi FCM:

Nhu ta da biét, diém khac biét 16n nhét gitta HAmFCM va FCM nam & chd, HAmFCM sir dung mot tap cac gia
tri trong sO mil trong qua trinh cap nhat 6 thudc va tam cum thay vi chi sir dung mét gia tri duy nhat nhu ciia FCM. Hé
ua la:

! - Do thude U duge xac dinh mot cach linh hoat hon, thay dbi theo su thay d6i @6 16m cua trong s6 mii va khoang
cach tuong dbi tuong ung dugc st dung. Diéu nay gitp quyét dinh phén cum tré nén da dang, xac dang hon
cho cac phan tir nam & ranh giGi giita cac cum-nhing ddi twong can sir dung trong sé mii khac véi nhimg phan
tr nam gan tam cum.

- Viée str dung mot dai cdc gia tri trong s6 mil giup don gian hoa cong doan do tim tham 5O trong s6 mii. Néu
nhu trong FCM, ta can phai thir chon tham s0 trong s6 mii nhiéu 1an cho dén khi tim duogc gia tri co két qua
phan cum t6t nhit, thi HAmFCM chi can x4c dinh gi4 tri [m min, m_max] mot 1an duy nhét va 4p dung cho
hau hét moi bai toan. Thuat toan HAMFCM sé& ty dong cap nhat tim ra cac trong sb mii pht hop dé 4p dung
cho mdi phan tir trong qué trinh phan cum.

Viéc HAmFCM biéu dlen trong s& mii nhu mot tdp md ngdn ngit con cd vai tro giap ching ta hiéu 16 hon y
nghia cua gia tri cac trong s6 mil trong qua trinh van hanh thuét toan. M6 ta cac con s6 thanh nhitng khai niém ngon
ngit ciia con ngudi dé dé hinh dung, d& nam bit va diéu chinh 1a dic tinh cua dai sé gia tir. HAmMFCM d ké thira dwoc
tinh chat nay.

IV. THUC NGHIEM

Duéi day 1a hinh anh minh hoa giao dién chuong trinh:

B HamFCMgui =
|
~— Option Clustering Visual
| M_min-m_max-c FCM HAmMmFCM
2-40-3 10 10
— Choose Test 8 . 8 3 8
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Hinh 1. Giao dién chuong trinh

Chuong trinh cho phép nguoi dung nhdp tham s6 cua thuat toan HAmFCM, d6 1a dai gia tri trong s6 mi
[m_min, m_max] va sd cum can phan hoach c. Giao dién bén tréi 1a lya chon cac ché d6 thir nghiém thuat toan. Giao
dién bén phai 1a minh hoa hinh anh dién bién qua trinh phan cum céc phan ti cua b dir liéu. Giao dién phia dudi hién
thi mot s6 thong s6, két qua sau khi chay thuat toan.

A. Thir nghiém véi b div liéu chuin UCI

Cu thé:
- Dit liéu hoa, Iris: s6 chiéu 4, sé cum 3, s6 mau 150
- Di liéu ruou vang, Wine: s6 chiéu 13, s6 cum 3, s6 mau 178
Hai thuat toan HAmFCM va FCM ciing s€ dugc chay lan Iwot 20 1an trén mdi bd dir lidu. Tham sb cho
HAmFCM van 1a déi gia tri cho trong 6 mi, con tham s6 cho FCM 1a mot sd gia tri trong s6 mii cu thé. Cac con s6 cu
thé c6 thé thay doi theo timg bd dit liéu, s& dugc ghi cu thé & phan thong bao két qua. Déi vai dit liéu thyc té, ta chi
quan tim dén truong hop t6t nhat, do d6 phan két qua do chinh xac cting chi néu cac thong s6 cho trudng hop tbt nhét.
Téap mo trong sO mi ngdn ngtr tim duge s& duoc chi ra cho mdi trudng hop phan cum. Bén canh d6, tham s6 mo ctia
HA tim dugc ciing dugc néu ra dé tién theo dbi, bao gom.

fm(small), f(big), u(less), u(possibly), u(more), u(very)
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Pé tham khao thém, ta cling dua ra lgét gué thir nghiém dugc cong bd cta cac thult toan cai tién dtﬁ co la
FCMT2I va FCMT2G. Céc ket qua nay c6 thé kiém ching trong tai liéu tham khao [2] va [8]. Ngoai ra, mot sO thong
tin khong duogc cong bo cua cac thuat toan tham khao (thoi gian chay, s6 vong 1ap) sé dugc dién ki hiéu N/A.

Két qua:
BO dir liéu Iris: )
Bang 1. Két qua cho b dit ligu Iris

Tidu chi HAmFCM FCM FCMT2I | FCMT2G
1520 [1.5]10]20

Do chinh xac (%) 96.67 96 | 96 | 60 | 95.73 96.13

S6 vong lap trung binh 15 9 |24 | 1 N/A N/A

Thoi gian trung binh (gidy) 7.5 14138]0.2 N/A N/A

Tham s0 mo:

- fm(small) = 0.5556, f;,(big) = 0.4444,
- u(less) = 0.4466, u(possibly) = 0.1089 u(more) = 0.2291, u(very) =0.2154
Tap mo trong s6 mi:

Reliability Rate of M(i,k)

I I A I |
10 12 14 16 18
M

1
2 4 6 8

20

Hinh 2. Tap mo trong $6 mii cho b6 dit liéu Iris

B dir liéu Wine: )
Bang 2. Két qua cho bd dir li¢u Wine

Tiéu chi HAmFCM FCM FCMT2I | FCMT2G
1.1-40 1.1 10 40
Do chinh xac 96.62 | 95.51 | 26.96 | 26.96 | 95.24 94.66
S6 vong lap trung binh 9 10 14 13 N/A N/A
Thoi gian trung binh 5.1 1.6 2.2 2.0 N/A N/A
Tham sb mo:

- fm(small) = 0.4386, f,,(big) = 0.5614
- u(less) = 0.2924, u(possibly) = 0.1462, u(more) = 0.2121, u(very) =0.3493

Tap mo trong s6 mil:
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Hinh 3. Tap mo trong s6 mil cho bo dit liéu Wine
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Nhan xét:
- Trong ca hai truong hop, HAmFCM déu cho ti 1& phan cum chinh x4c nhinh hon FCM va twong duong véi
cac thudt toan cai tién da cé (chénh Iéch tur 1-2%)

- So vdi 2 thuat toan cai tién khac thi HAmFCM ciing cho thiy két qua tot twong duong va c6 phan nhinh hon

- Thoi gian trung binh cia HAmFCM nhu thuong 18 van lau hon ctia FCM

- S6 vong lap trung binh cia HAmFCM van tuong dwong FCM
B. Thir nghi¢m irng dung phdn ving anh mau

Néu coi mdi pixel trén mot birc anh 1a mot phan tir ¢6 gia tri (R,G,B) 1a gia tri mau cia pixel. Ta c6 thé chuyén
bai toan phan vung anh mau, thanh bai todn phan cum nhu sau:

- S6 phan tir 14 sb pixel trén birc anh

- Gié tri cia mdi phén tir 1a (R,G,B): 3 chiéu

- S6 cum 14 s ving anh ta mudn phén hoach

Ta sé& lan lug’t chay hai thuat toan trén 3 anh khac phau, tuong ung véi $b cum can tim trén anh duce chon 14n
luot 1a 2,3 va 4. Moi bue anh, ting thuat todn s& chay 10 1an va chon ra birc anh sau khi phan ving ¢6 hinh énh thi gidc
hop 1y nhat. Do mot buc anh pho thong thuong c6 hang tram ngan, tham chi hang tri¢u pixel, néu chay tryc tiép trén
btrc anh d6 s€ cho thoi gian xt ly rat lau, ngay ca v6i thuat toan FCM. Do @6, truge khi ap dung thuét toan phéan cum

vao anh, anh da dugc thu nho dén kich ¢c& chuan 1a 48 x 48. Nhu thuong 1€, tham s6 cho HAmMFCM vén 12 dai gia tri
cho trong s6 mil, con tham s cho FCM 1a mét s6 gia tri trong s6 mil cu thé.

Tham s6 str dung trong thir nghiém nay la:
- HAmFCM: m € [2 40]
- FCM: m = 2,4,10, 15, 20, 40. Sau khi chay FCM cho ca 3 truong hgp chon tham s6 cho két qua tdt nhat
) Anh két qua dugc sip xép theo trinh tu: anh gdc - anh phan viing béi HAmFCM - anh phén ving boi FCM.
Két qua cho anh 2 phdn ving:

Shs
#%
N

L‘i‘

Hinh 4. Két qua phan cum anh 2 phan ving

Nhan xét:

- Anh gbc ¢6 2 viing can phan biét 1a phan nén tring va céac ki hiéu mau den trén quan bai, do anh kich thudc
nho nén do nhicu la cao

- Anh phén ving do HAmFCM va FCM noi chung twong ddi gidng nhau trong trudong hop nay

- Tuy nhién, dé y ki s& thdy HAmFCM giit dugc duong vién twong doi lién mach & mép trén va hai bén ciia anh
goc, trong khi FCM that bai

- Tham s6 tot nhét ciia FCM trong trudng hop nay 1am = 2
Két qua cho anh 3 phdn ving:

Hinh 5. K&t qua phan cum anh 3 phan ving
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Nhén xét:
- Anh gbc ¢6 3 ving can phan biét 1a ving trdi, viing con bd va ving ¢
- HAmMFCM cho két qua phén viing troi va ving con bo gidng véi FCM
- Tuy nhién, & viing ¢, HAmFCM 16 rang lam t6t hon han FCM khi xac dinh nhiéu pixel thugc viing 0 hon.
FCM xac dinh nham kha nhiéu pixel vung co6 thanh cac pixel thuéc cum danh cho viing con bo, dan dén chat
luong anh phan vung t¢ hon
- Tham s6 tot nhét cia FCM trong trudng hop nay 1am = 10
Két qua cho anh 4 phén viing:

Hinh 6. Két qua phan cum anh 4 phan ving
Nhén xét:
- Anh gbc ¢6 4 ving can phan biét 1a ving trdi, viing méy, ving dét va ving con ngya
- HAmFCM cho 'két quéa phan ving khé tot khi chi ra 13 céc pixel thuge cac vung tuong tng trong khi FCM ¢6
the noi 1a da that bai khi khong phan biét duge vung dat va ving may trong birc anh
- Tham s tot nhat cia FCM trong truong hop nay 1a m = 2
V.KET LUAN
~ Baibaoda dé xuit phuong an str dung dai s6 gia tir nhu mot mod hinh mo hoa trong s6 mil ctia thuat toan FCM.
Keét qua thtr nghiém budc dau cho thay, thuat toAn HAmFCM c6 kha nang gidi quyét bai toan phan cum tot hon han so

v6i thuat toan FCM trong nhiéu tinh huéng va diéu kién da dang. D9 chinh xéc phan cym cia HamFCM ¢6 thé so sanh
twong duong voi cac thudt toan cai tien da ¢c6 nhu FCMT2I va FCMT2G.
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FUZZY CLUSTERING USING LINGUISTIC-VALUED EXPONENT

Le Thai Hung, Tran Dinh Khang, Le Van Hung

ABSTRACT - The purpose of this paper is to study the algorithm FCM and some of its famous innovations, analyze and discover
the method of applying hedge algebra-a theory that uses algebra to represent linguistic-valued variables, to FCM. Then, this thesis
will propose a new FCM-based algorithm which uses hedge algebra to model FCM'’s exponent parameter. Finally, the design,
analysis and implementation of the new algorithm as well some experimental results will be presented to prove my algorithm’s
capacity of solving clustering problems in practice.



