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TOM TAT: Trong bdi béo ndy, ching t6i dé xudt mét thudt todn phdn cum mo méi diwa trén ma trgn két hop mo trung Idp. Dit liéu
sau khi dwoe mo héa vé dang tap mo trung ldp dwoc si dung dé tinh todn ra ma trdn két hop mo. Bang cdch xdy dung chudi hiru
han, ma tran twong dwong cua ma trgn mo trung ldp sé dwoc tao ra va sir dung dé tinh lat cat ciia ma trén két hop mo. Cac cum sé
dwoc phat hién tir ma tran lat cdt sik dung thu tuc kiém tra. Thudt todn méi sé dwoc thir nghiém danh gia vé chat lwong cum va thoi
gian tinh toan.

Tir khéa: Phan cum mo, tap mo trung ldp, ma trdn két hop me, ma trdn lat cdt, chdt wong cum.

I. GIOI THIEU

Phén cum dif lidu c6 nhiéu tmg dung quan trong trong khai pha dit liéu, nhan dang miu, truy hdi thong tin va
hoc may. Tuy nhién, trong thuc té cac dir liéu thuong phirc tap, thiéu hut hodc c¢6 tinh chit mo hd, khong chéic chan. Dé
giai quyét van dé nay, 1y thuyét tip mo di duge Zadeh [17] dé xuét trong d6 thong tin khong chic chin duge mé hinh
héa dudi dang d6 thudc cua ph?ln tir vao mdt tap. Thuat toan phan cum trén tdp mo cua Zadeh la Fuzzy C-Means
(FCM) dua ra boi Bezdek nam 1984 [2] va cho dén nay dd dwoc ing dung trong nhiéu linh vuc khac nhau véi két qua
kha quan so véi thuat toan phan cym rd.

Mot vin d& co ban trong cac nghién ctru lién quan dén tp md truyén thdng ciia Zadeh 13 kha ning biéu dién cac
thong tin lién quan dén tinh “khong thudc” va tinh “do dy”. Tuy nhién, don ctr nhu truong hop khi bo phiéu bau ct, ctr
tri co thé bo 3 loai phiéu: phiéu dong v, phleu khong dong ¥ va phiéu trung 1ép (Khong c6 ¥ kién). Khi do, tap mo
truyén théng cta Zadeh khéng phu hop dé mod hinh héa céac thong tin vé tinh “khong thudc” va tinh “do du”. Mot )
mo rong cua tdp mo truyén thong di dugc dé xuat nhu: tdp mo truc cam ciia Antanassov [1] hay tdp mo trung 1ap cia
Smarandache [9] trong d6 tip md trung 1ap 14 tong quét hoa ciia cac tip md duoc dua ra trude day nhu tdp mo, tip mo
tryc cam va tdp mo truc cam dang khoang. Tép mo trung 1ap d3 dugc nghién cliru va ap dung trong cac linh vyc khac
nhau nhu hé thong chin doan y té [7], hé hd tro quyét dinh [8], robot [10], phén tich théng tin x& hoi va gido duc, V.v.

Dbi voi bai toan phan cum md trén tdp mo trung 1ap, van dé quan trong nhit 13 x4c dinh cac d6 do twong tu dé
phan chia phén tir vao cac cum. Ye [11] dé xuét ba giai phap sir dung d6 do twong tu cho tip md trung lap gdm do do
Jaccard, Dice va Cosine dé ap dung cho hé ra quyét dinh da tiéu chi voi dir liéu mo trung 18p don gian. Trong [13] va
[12], Ye tiép tuc dé xudt cac phwong phap cai tién tap mo trung 13p cho hé chuyén gia ra quyet dinh bang cac d6 do
twong tw m¢ rong. Mondal va Pramanik [6] nghién ctru vé d6 do twong ty mo dya trén ham tiép tuyén va tng dung
trong y hoc. Cac nghién ctru vé do twong tw mo trung 1ap c6 thé xem trong [14, 15, 16].

Trong bai bao nay, ching toi d& xudt mot thuat toan phan cum mo trén tip mo trung l1ap méi s dung ma tran
két hop mo trung lap. Y twong chinh cia thuat téan 1a xay dung ma tran két hop mo trung lap tir dir lidu va sau d6 thiét
lap ma tran lat cat (A—cutting) ciia ma tran két hop tuong dwong. Tir ma tran l4t cat, cic cum duoc xac dinh dua trén
cac ¢t phan tir gidng nhau trong ma tran.

Phan tiép theo clia bai bao €6 cau triic nhu sau: trong phan II, ching t6i dé xuét thuat toan phan cum méi thong

qua phan tich 1y thuyét chi tiét. Phan III 1a mot sb két qua thuc nghiém trén bd dir liéu thue. Cudi cung 1a két luan va
cac hudng phat trién.

II. PE XUAT THUAT TOAN PHAN CUM DUA TREN MA TRAN KET HQP MO TRUNG LAP

A. Tdp mo trung ldp

Cho X 1a mét tap khac rdng, véi mot phan tir cua X ky hiéu 1a x € X, tap mo trung 1ap A xac dinh trén khéng
gian nén X dugc dic trung boi ba ham sb: ham T, (x) do d6 thugc chi ra rang sy Kién x s& xay ra, ham do do trung lap
L,(x) tic 12 khdng c6 y kién gi vé viéc su kién x co xay ra hay khong va ham do do khong thude F,(x) tin rang sy kién
x s& khdng xay ra véi x € X. O day T, (x), I, (x), F4(x) € [0,1] va 0 < T,(x) + I,(x) + F;(x) < 3. Nhu vy vé mit
tap hop, mot tap mo trung 1ap duge biéu dién nhu sau:

A = {{x; Ty (x); 1, (x); Fy(x)): x € X}
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Cho A; = {{x; T1(x); I, (x); FL()Yx € X} va Ay = {{x; T, (x); [,(x); F(x))|x € X} 1a hai tip mo trung 14p.
Khi d6 ta c6 cac phép toan tap hgp co ban:
b) AT = {{x; Fi(x); L(x); Ty (x))|x € X};
c) A; NnAy = {(x; min{T; (x); T>(x)}; max{l; (x); I, (x)}; max{F; (x); F,(x)})|x € X},
d) A; UA; = {{(x; max{T; (x); T,(x)}; min{l; (x); I, (x)}; min{F, (x); F,(x)})|x € X}.
B. Dé xuit ma trin két hop mo trung lgp
Pinh nghia 1. Cho B; (j = 1,2, ...,n) lan tap mo trung 1ap. Khi d6 M = (m”)nxn duoc goi 1a ma tran két hop
mo trung 1ap néu cac phan tir m; = m(B;, Bj) thoa min tinh chét nhu sau:
a) 0< mi}- < 1,Vi,j = 1,2, e, N
b) m;;=1 néu va chi néu B; = B;.
C) mij =mji, Vl,] = 1,2,...,7’1,.
Dinh nghia 2. C,tho M = (mif)nxn 1a mot ma tran két hop. Ma tran M2 = M+ M = (ﬁij)nxnduqc goi la ma
tran hop thanh cua M néu
m;; = max, {min{mip,mpj}},i,j =12, ..,n 1)
B6dé1.ChoM = (mij)nxn 1a mot ma tran két hop. Khi d6 ma tran hop thanh M? ciing 1a mot ma tran két hop.
Chting minh:
(a): VI M 1a mot ma tran két hop, nén véi batkii,j = 1,2,..,n,tac6 0 < M;; < 1. Do do taco
0 < m;; = max, {min{mip,mpj}} <1
(b): Vim;; = 1khi va chi khi B; = B;,i,j = 1,2,...,n,do d6
gy = max, {minfmg,, m,;}} = 1khi va chi khi B; = B, = B;,p = 1,2,...,n.
(©): ViM;; = Mj;,i,j =1,2,3,...,n,tasuy ra
m;; = max, {min{mip,mpj}} = max, {min{mpi,mjp}}
= max, {min{mjp,mpi}} = my; |
Duya trén B6 dé 1, chiing ta ¢ thé suy ra bd dé sau:
B6dé2.ChoM = (mif)nxn la mot ma tran két hop. Khi d6 vai bat ki sb nguyén duong p, ta c6
M2p+1 — MZp % Ml (2)
Khi d6 ma tran hop thanh M?P*! ciing |a mot ma tran két hop.
Pinh nghia 3. Cho M = (mij)nxn 1a mot ma tran két hop. Néu M2 € M tac 1a véi bat ki i,j = 1,2, ...,n,bat
déng thire du6i day thoa man
max, {min{mip,mpj}} < my 3)
Khi d6, M dugc goi 1a mot ma tran két hop twong duong.
Str dung nguyén ly bic cau ciia ma tran tvong dwong, theo [18] ta c6 thé chimg minh b6 dé dudi day:
B6dé3.ChoM = (m;), ., 1 mot ma trdn két hop. Khi d6 chudi hiru han ma tran két hop cua M:
M_)MZ_)M4_)..._)MZP_)... (4)

thoa mén tinh chat: ton tai mot s6 nguyén duong p sao cho M2® = M2®P+D hon nira ta c6 M2®) ciing 13 mot ma tran
ket hop tuong duong.
Dua vao khai niém ma tran Két hop twong duong, chung toi dua ra mot s6 khai niém nhu sau:
Dinh nghia 4. Cho M = (mij)nxn 1a mot ma tran két hop tuong dwong. Khi d6 M; = (Am”)nxn duoc goi la
ma tran l4t cit (A—cutting) caa M, trong d6
0, my; <4, .
Am;; = {1’ my > /1'1,] =12,..,n (5)

va A duoc goi la do tin cdy mac A€ [0, 1].
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Str dung cac khai niém vé tap mo trung 1ap néu trén, chiing t6i gidi thiéu mot thudt todn phan cum nhu sau.

C. Phéin cum mé dwa trén ma trin két hop mo trung lip

Bwéc 1: Cho U = {ul,uz, ...,up} la khéng gian nénvacho a = (al, Ay, oes ap)Tlél vector trong sb cla phén tr
a(l=12,..,p),voiq €[0,1],1=1,2,...,p,va Zle a; = 1. Xét mét ho tap mo trung lap B; (j = 1,2, ..., n), voi

B; = {(y, FRCARFACHRIACH) |y € U} (6)
(pBJ(yl) =3- TBJ(yl) - IB](yl) - FB]-(YL): ] = 1;25 o n
Budrc 2: Xay dung ma tran két hop mo trung lap nhu sau:

Z%;l(TBi(ZVL)Z Tp;(y)?+1p,(vD)?15;(v1)*+F g, (v FBJ-(YZ)Z)

my; = m(Bj, B;) =
maX(Zﬁl al(TzBi(J’z)HZBi(YI)+F23i(n)+<p23i(n)).2f=1 al<TZBj(J/z)+IZBj GD+F?p; (n)+<p23j(m)>>

Buéc 3: Néu ma tran két hop mo trung lap M = (m, j)pxplé mot ma tran két hop tuong duong, thi ching ta c6
thé xay dung ma tran lat cat M, = (Amij)nxntheo Dinh nghia 4. Néu khong, ching ta s& xay dung chudi hitu han cua

ma tran két hop M theo b6 d& 3 dé tao ra mot ma tran két hop twong dwong M va ap dung Pinh nghia 4 dé xiy dung ma
tran 14t cét.

Buée 4: Néu tat ca phan tir cua dong (cot) thir i trong M, (hoac M) glong v6i cac phan tir cia dong (cot) thir j
trong M; (hodic M,), thi cac tap mo trung lap B; va B; 1a cang cym. Bing quy tic nay, ching ta c6 thé phan loai tit ca
tap mo trung 1ap B;(j = 1,2, ...,n).

Céc budc cia thudt toan phan cum ndy c6 thé dwoc mé ta boi Hinh 1. Bang viéce st dung ma tran 14t cit cho ma
tran két hop twong duong, thuat toan phan cum md trung 1ap phén loai cac tap mo trung lap dua trén cac muc do tin
cay A cho truge. Nhu vay, mirc do tin cdy c6 mdi quan hé voi cac phan tir cia ma tran két hop tuong duong. Trong cac
ung dung thyuc té, ta co thé xac dinh duoc cac mirc do tin cay theo cac phé‘ln tr cia ma tran két hop tuong duong va cac
tinh huéng cu thé. Nhu vay, thuat toan s€ trd nén linh hoat va c6 tinh kha thi cao hon. Tuy nhién, trong nhiéu truong
hop, ta c6 thé sir dung thuat toan phan cum tu dong ma khong can phai xac dinh s6 cum thi cong. Noi cach khac, thuat
toan can phai c6 thém kha ning tu dong sinh ra tham s 1 mot cach t6i wu nhat dwa theo cau tric ciia cac cum. Van dé
nay can nghién ciru k trong twong lai.

Thiét lap cac
tham soO

Xay dyng ma
tran ket hop

- J

Hinh 1. M6 hinh phan cum mo trung 1ap dya trén ma tran két hop
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III. THUC NGHIEM VA PANH GIA
A. Moi trwong thuc nghiém

1. Cong cu thuc nghiém

Trong phan nay ching toi cai dat va thir nghiém so sanh thuét toan cua ching toi v6i cac thuat toan ciia Ye2014
[13] va Ye2016 [14]. Khac véi thuat toan dé xudt ciia chung toi, thuat toan ctia Ye2014 [13] sir dung ma tran twong tu
dé tién hanh xac dinh cum trong CSDL. Déi véi thuat toan Ye2016 [14], thuat toan ciia tic gia da s dung ma tran két
hop mo trung lap tuong dwong dé tién hanh xac dinh cum. Do d6, ching toi da Iya chon 2 thudt toan Ye2014 va
Ye2016 dé tién hanh so sanh véi thuat toan dé xuét.

Thuat toan duoc thuc hién trén ngdn ngtr 1ap trinh Matlab 2015a, st dung mdy tinh ¢6 CPU Intel(R) Core (TM)
i5-2520M toc d6 2.4 GHz, bd nhé RAM 4096 MB va sir dung hé diéu hanh Windows 7 Professional 64 bits.
2. Tap du liéu EPPO

EPPO [4] 1a bd co so di liéll; toan cau do Ban thu ky cua Tb chic Bao vé thuc vat chau Au va Dia Trung Hai
(EPPO) tao ra. Co s¢ dir liéu nay van con dang dugc phat trién, muc tiéu cua EPPO 1a thu thap cac thong tin vé dich
bénh trong nong nghiép. Bang 1 dudi diy cung cap cho chiung ta cdc thong tin vé cac dich bénh trén thyuc vat.

Béng 1. Bang mo6 ta dir liéu thuc nghiém

B dir liéu S6 phin tir | S6 thudc tinh S6 16p
eppo_standard ppl 1452 289 4
eppo_standard_pm8 167 3 2
eppo_standard pm4 555 35 2

3. P06 do phan cum
Do do Davies-Bouldin (DB) [3]:

1
DB = - ¥, Dy, (8)

D; = max;em{Dym}; Dim = (d; + dn)/dpm-

Véi d;, d,, 1a cac khoang cach trong nhém trung binh cua cac cum thi [ va thit m tuong tng, con dp,,; la
khoang cach giira cac cum nay. Vi cong thic tinh nhu sau:

1 _ o
di = —Yxecllxi =%l dym = 1% — Xl

Ny A
Khi cac thuat toan dugc cai dat thuc nghi¢m, Kkét qua do do DB nhén dugc cang nho cang tdt.

Do do Simplified Silhouete Width Criterion (SSWC):

1
SSWce = m ;Vzlsxj 9
— _Ppimpj
ij - max{ay, j,bp j}

Véi d6 do SSWC, khi cai dat thyc nghiém, gié tri d0 do cang 16n thi thudt toan cang hi€u qua.
bo do IFV [5]:

2
1RV = 255, (50 w2 [log, € — S5, log, | | x e (10)
SDmax = Maxi; Vi = Vil 7 = 226 (3 Z0oallXe = vi[I°)-

Thuat toan cang tot thi gia tri IVF cang cao.

B. Ddnh gid hiéu suit

Hinh 2, 3, 4 biéu dién cac két qua cta cac thuat toan phan cum. MOdi mau séc trong hinh dai dién cho mot cum.
Sb lwong cac cym phy thudc vao timg phuong phap va cac tham sd dau vao mdi phuong phép. 0 day ching 61 lua
chon s6 luong cum 6 mdi thuat toan xip xi nhau. Qua mdi hinh va cac hinh con cua nd, ta c6 thé thiy thuat toan dé
xuét biéu dién 1o rang cac cum hon so v6i nhitng thuat toan khac.
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Hinh 4. Két qua phan cum cua 3 thudt toan v&i bo dit liéu eppo_standard_pm4

Béang 2 dua ra céac chi s6 (DB, SSWC, IFV va PBM) sau khi chudn héa cac bo dir liéu twong ung véi 3 bo dir

lidu thyc nghiém. D& dang nhan thiy ddi vai chi sé DB, thuat toan dé xgét co lgét qua khong tot so voi Ye2014 va
Ye2016, nhung véi chi s6 SSWC va IFV thuét todn ctia chung t6i lai cho két qua tot hon.

Bang 2. Két qua so sanh gitra thut toan dé )fuét véi Ye2014 va Ye2016
(Bo6i dam thé hién ket qua tot nhat trong mot cot)

B dik liéu Thuét toan DB SSWC IFV
Ye2014 28.155232 0.557163 399.482864
eppo_standard_ppl Ye2016 30.859587 0.712286 559.711
Thuat toén dé xuat | 508.395223 | 0.998623 589.791505
Ye2014 5.720429 0.660127 20036.600822
eppo_standard_pm4 Ye2016 5.720429 0.712286 559711.195116
Thut toan dé xudt | 145.697383 | 1 8769117.402737
Ye2014 38.40345 0.581924 13108.155304
eppo_standard_pm8 Ye2016 3.323803 0.671745 10186.476571
Thuét toan dé xuit | 72.11886 1 475193.424271

Bang 3 dua ra thoi gian phan cum cua cac thudt toan mgvéi 3 bo dit liéu thuc nghiém.

Béng 3. So sanh thoi gian chay (gidy) gitra cac thuat toan

B§ dir liéu Ye21014 Ye2016 Thuit toan
dé xuit
eppo_standard_ppl | 1501.350482 | 283.430899 4222.546329
eppo_standard_pm8 | 41.350550 8.953963 77.954504
eppo_standard_pm4 | 4535.715869 | 53.485130 1043.375767

Vé thoi gian chay, thuat toan Ye2016 c6 thoi gian thyc hién nho. Nhung dbi véi bo dit licu eppo_standard_pm4,

thi thuat toan dé xuit chay nhanh hon so v&i thuat toan Ye2014. V& chat luong cum, thuat toan dé xudt c6 chi sb danh
gid SSWC va IFV cao hO’I} ) ycl 2 thuit todn Ye2014 va Ye2016. Dua vao ~do thi biéu dién c6 thé nhan thay két qua
phén cum cua thudt todn d€ xuat c6 tinh gom cum hon, khong rdi rac va it nhieu.



Lé Hoang Son, Nguyén Vin Cin, Hoang Viét Long, Poan Ngoc Tt 647

IV. KET LUAN

Trong bai b&o nay, chung t6i da dé xudt mot thuat toan phan cum md méi dua trén ma tran két hop mo trung
1ap. Két qua thyc nghiém trén bo dir liéu EPPO cho thay chét luong ctia thuat toan mai 14 t6t hon cac thuat toan phan
cum mo trung 1ap khéac. Cac két qua phan cum ciing phan bd rd rang va it nhidu va ngoai 1. Tuy nhién thoi gian tinh
toan lai 1au hon cac thuat toan khac. Do vay, trong twong lai chiing toi s& nghién ciru cai tién thoi gian thyc hién cta
thuat todn phan cum mo trén tap mo trung 1ap.
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A NEW APPROACH FOR FUZZY CLUSTERING BASED ON
NEUTROSOPHIC ASSOCIATION MATRIX

Le Hoang Son, Nguyen Van Can, Hoang Viet Long, Doan Ngoc Tu

ABSTRACT: In this paper, we propose a new fuzzy clutering algorithm based on the neutrosophic association matrix.Data that are
fuzzified into neutrosophic sets are used to create the neutrosophic association matrix. By deriving a finite sequence of neutrosophic
association matrices, we generate the neutrosophic equivalence matrix and futher its lamda-cutting. Clusters are determined based
on the lamda-cutting matrix. We evaluate the algorithms by both the clustering quality and computational time.

Keywords: Fuzzy clustering,neutrosophic set, association matrix, cutting matrix, clustering qualiy.



