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CAITIEN CAC THUAT TOAN PHAN LGP DU LI)E:U FCM, AVQ
VA UNG DUNG CHO HE LUAT MO XAP XI

L& Ngoc Thanh
Trudng Pai Hoc Kinh T€ Tp.HCM
(Bai nhdn ngay 10 thang 4 ndm 2004, hoan chinh sita chita ngay 30 thdng 6 ndm2005)

TOM TAT: Khdm phd tri thitc tir dit ligu la m@t vdan dé quan trong cia céng nghé tri
thitc. Trong dé, vai tro cila cdc thudt todn phdn I6p dit ligu gép phdn quyét dinh dén chdt
lugng ciia tri thitc thu nhdn dugc. Bai bdo nay trinh bay mét s& cdi tién cho cdc thudt todn
phdn 16p dit liéu FCM va AVQ. Pong thoi dp dung cdc thudt todn cdi tién nay vao qud trinh
hoc cdu triic ciia hé ludt mo SAM xdp xi quan hé tuong quan trong dit liéu hoc.

Tit khéa: Phén ldp dit liéu, Thudt todn Fuzzy C-Means, Thudt todn AVQ. HE ludt mo,
Mé hinh hé mo cong chudn.

1. Gidi thiéu

Phin 16p dit liéu 12 khdu quan trong trong qud trinh tao tri thifc tir dir li¢u. Dya trén
k&t qui phén 16p dif liéu, ta c6 thé xdy dung cdc ki€n tric tri thi¥c khdc nhau (mang neuron,
hé luit, hé ludt md,...) thy theo yéu cdu clia md hinh nhim biéu din cdc ndi dung tri thifc
in chita bén trong dir liéu. M6 hinh hé ludt md cong chufn (Standard Additive Model —
SAM [1]) 12 ki€n triic bao gdm c4c ludt md hoat ddng song song va két hgp theo md hinh
cdng-tich (sum-product) cho phép thé hién quan hé tuong quan gilta hai dai lugng bat ky
théng qua viéc hoc cdc méu dit liéu théng ké phdn d4nh quan hé giita hai dai lugng dé.

Viéc st dung hé m3 SAM cho mé hinh tuong quan xui't ph4t tif nhitng wu di€m cia
kién triic nay. V&i hé thong cdc ludt md, hé SAM trd nén gan giii véi ngudi sk dung, cho
phép ho tham gia diéu chinh mé hinh ba't cif lic nao. Ngoai ra, hé SAM c6 thé d& dang
duge x4y dung dua trén cdc phin 16p dir liéu do cdc thuét todn phdn 16p dir liéu tao ra tr
dit liéu hoc.

N6i dung bai bdo bao gdm ba phdn chinh. Pdu tién la phdn trinh bay hai thuit todn
phéan 16p dif lidu va mot s8 cdi tién thudt todn. Phin ti€p theo 1a sy vin dung thudt todn cdi
ti€n cho hé m& SAM. Cudi ciing 12 @ng dung k&t qud nghién citu cho van dé xap xi tudng
quan va du bdo.

2. Thuét todn phin lép di¥ liéu

Phin ldp dit liéu 12 qud trinh gom cdc mau di liu thanh tirng 16p. Mdi ldp 1a mot tdp
hop cdc miu dif liéu tuong tu nhau theo mét s6 dic di€m, tinh cha't nhdt dinh. Nhiém vu
clia phin 18p dif liéu 12 t6i da héa tinh tudng ty giita cdc méu dif liéu trong mét 18p va t6i
tiéu héa tinh tuong tu giita cdc 16p vdi nhau. Pay 13 tiéu chuin ddnh gid chat lugng cilia
thudt todn phan I6p dit liéu, phdn 4nh mic d6 hdn loan cda dif liéu sau khi thyc hién
phédn 16p.

Phdt biéu bai todn phdn Iép di li¢u:

Cho D 1a tip hdp ntd miu dif liéu phdn 4nh quan hé gilta hai dai lugng X, Y trong
khong gian tich XY, ntd € N.

D={xyjeXY, j=lnd )

Goi d(a,b) 12 d3 khdc biét gilta a, b € XY. Hay xdc dinh mdt phdn 16p ®p(V, U) trén D
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- V:Tip cdc vector trong tim ctia cdc 16p,
V={vie XY, i=lc},
¢ € N dudc chon trudc: ¢ < ntd

- U: Tap céc gid tri chi s6 thudc cdc 16p,
U={uje [01], i=le, j=Lnd )

u;; : Chi s6 thude vé 16p x4c dinh bdi vector v; cia miu dit liu xy;.
Sao cho:

zuij=l,Vj, ]:@ )
i=1

ntd c A
JU V)= u,.d(xy,,v;) - min )

j=l =l
Viéc gidi bai todn phéin 16p dir liéu dugc dua vé viéc gidi bai todn t6i uu phdt biéu
bdi (1) va (2). Nhdm trdnh viéc gidi bai todn trén bing phudng phdp dai s6 khd phic tap,
méy hoc dé ra phudng phdp 1ap cho bai todn nhu sau:
bl. Khdi tao ngdu nhién {uj;} thoa (1)
b2. Xdc dinh cdc {v;} theo (1) va (2)
b3. Tinh lai cdc uj; theo {v;} vira tim dugc.
b4. Xét diéu kién chdp nhin dudgc cla {u;}
b5. N&u {uy;} chua dat thi dén b2
b6. Dirng thuat todn :
Khi thuit todn két thiic, V xdc dinh trong tim cdc phan 16p, U xdc dinh sy phan b8 clia cic
méu dif liéu vao cac phén Idp néi trén.
Hai thuit todn phin 16p dif liéu phd bi€n si dung phuong phdp ti€p cin néi trén 1a Fuzzy
C-Means va AVQ. Phin sau ddy s& trinh bay chi ti€t va cdi ti€n cla cdc thudt todn nay.
2.1. Thudt todn FCM (Fuzzy C-Means) [3] '
Do Bezdek coéng b& 1981. Thuit todn md héa chi s6 thudc 18p trong ham muc tiéu thong
qua gid tri d6 mJ m; 1<m<2, va d6 khdc biét d dugc dinh nghia bing khodng cdch euclic
nhu sau:

U= Y Sullky, =v,[ - min (3)
xy;eD i=l
d(a,b) = [a-b|’ 4)

L4y dao ham riéng clia J(U,V) theo hai bi€n U va V, ph6i hgp véi phuong trinh (1), ta
dudc:

Phuong phédp ldp cho viéc tim nghiém U va V cia hé phudng trinh (5) va (6) dudc thuc hién
theo trinh tu sau:

» Taongiu nhién U thda cong thifc (1)
1

ntd T-m
PIRTRSS [———]
|

Vo = el G |">’j“’i“2

m
u. =
m 1 1
Z u; -m

=1 : 1

6)

R Tk
| xy; - v
»  Xdc dinh V theo cdng thic (5)
= Tinh lai U theo V nhd céng thiic (6)_
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= Lip lai viéc diéu chinh V va U dén khi U nhén gid tri hdi tu clia n6 tai 1an lap thif t, :
vGi e > 0 cho trude, Vi > to. e = max (Ju,(t + 1)~ u, (O] < e 7
]

Chi ti€t thudt todn Fuzzy C-Means
bl. Khdi tao ngdu nhién {u;} thda (1)
b2. Xdc dinh cdc v; theo (5), i =1,c
b3. Tinh lai cdc u;; dua trén V mdi theo (6)
b4. Kiém tra mifc chdp nhdn cda U theo (7)
b5. Néu U chua chap nhin dugc thi dén b2
b6. Ditng thudt todn

Cai ti€n thuit todn

Trong cdc thuét todn phdn 18p dif liéu, s6 phan 16p ¢ dudc gid dinh 12 hing s6. Tuy
nhién gid tri ndy khéng phai luén giéng nhau trén cdc bd di liéu khdc nhau. Van dé 1a 1am
cdch nao d€ thuit todn phin 16p dif liéu ty dong xdc dinh s6 phén 16p phd hgp trén mébi bd
dir liéu xi ly.

Gidi phdp heuristic do [3] dé ra khd phifc tap va khéng c6 cd sd 1y ludn d€ kiém
ching. Parag [4] v@i thudt todn Fuzzy-Ants, Carla [5] véi thudt todn FCV-TSD cung cip
gidi phdp phin b3 hdp 1y cdc phan I8p d€ qud trinh hiu xi 1y vdi thuit toin FCM dat hiéu
quéd cao. Tuy nhién, qui trinh x 1y cda [4] ¢6 tinh ngdu nhién, [4] va [5] déu khéng gidi
quyét van dé xdc dinh s6 phin 16p C. Bagirov [6] véi thudt todn Optimization Clustering 1a
mat ti€p can hoin chinh cho van dé nay nhung him dénh gid V cia [6] qud phic tap; mdi
phén 18p clia V dudc xét lai trén toan bd D v4i chi phi tinh todn ra't I6n. Thuat todn Greedy
K-Means clia N.Hussein [7] t6t hon [6] vi chi cdp nhdt V méi khi 1y mét mau dit liéu tir D,
nhung viéc nay vin ddi hdi mdt khéi lugng tinh todn khd 18n. Thuat todn cdi ti€n ma bai
bdo nay trinh bay xud't phdt t¥ ¥ tudng : “Qud trinh phdn I6p dit li¢u phdt trién theo sé mdu
dit ligu tiép nhdn. Phdn 18p chi phdt sinh khi ¢6 thém ddc tinh mdi trén mdu dit liéu moi”.

Y twdng niy dudc 4p dung cho viéc x4c dinh s phan 16p ¢ va toa d6 khdi du clia cdc
v; trong thudt todn FCM. Cdch thuc hién nhu sau :

Goi dy; 12 d6 khdc biét trung binh so véi tdim 18p thit i cda cdc mau dif lidu xy; € D.

ntd

Zuij xd(xy;,v,)
dy =2 (8)

d(KYjsVi)
d
bat Tu(xy;, V) 1a ti ¢ khdcbiétgitaxy;va V: T (xy,, V)= min{T,, (xy,)} 9)

Goi Tuwmi(xy;) 12 ti 1& khdc biét gita miu xy; va phén I6p thi i: A

mi

Vi hiing s6 gidi han ti 1€ khdc biét 1; T # 0 cho trudc, Wng véi mdi mdu di liéu xy;, ta néi:
Xyje V& Tu(xy;, V)<t
xyj € V& Tulxy;, V) >1
Phén 18p vi chita mdu xy; & Tauk(xy;) = Tm(xy;, V) (10)
Dit liéu hoc dudc ti€p nhin va xi& 1y nhy sau:
Néu xy; € V do vy
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Cip nhit xy; vao phin 16p vy. Piéu chinh vy.

Tinh lai cdc chi s6 thudc 16p clia cdc mau dif liéu di xét thudc vé vy.
Néu xy; ¢ V:

B& sung ves; = xy; vdo V. Tinh cdc chi s6 thudc 16p cho vector mdi:

S |
u(c+l)r = 1 ,t=j

an
Thuit todn tién xdc dinhcva V

bl. V = {xyi}
b2.¢c=1
b3. for j =2 to ntd do
tm = d(xyj, V)
if tm > 1 then
c=ic+ 12
V=V u (xy;}
Cép nhit ug, theo (11), t=rj
else
Xdc dinh vi: Ti(xyj, Vi) = Tm(xy;, V)
Cép nhit uy theo (6), r=1, j
Tinh lai V theo cong thifc (5)
end if
end for
b4. Dirng thudt todn
Phéi hgp hai thuit todn trén, ta ¢6 thuit todn FCM cdi ti€n (FCMm).
Thuét todan FCMm
bl. Thuc hién Thudt todn tién xdc dinh c va V
b2. Thuc hién Thudt todn FCM
b3. K&t thic
2.2. Thudt todn vector lugng tit thich nghi AVQ (Adaptive Vector Quantization) [1]
Thuat toin AVQ sif dung hai gid tri 18 0,1 cho chi s6 thudc 16p. Vi mdi mau dif liéu
hoc xyj:
u;j =1, xy; thugc phin 18p vector v;
uj; =0, xy; khéng thudc phin 16p vector v;
Qud trinh phan 18p dugc ti€n hanh bing cdch sit dung tdp vector {v;}. do trong khéng
gian dif liéu. M&i mAu di liéu xy; s& bi hiit bdi duy nhat mét vector v gdn nhat
theo qui ludt canh tranh.
d(XYj’Vk)=I;l;lli—?{d(xyj’vi)} (12)

Trong tdm vy clia “Pdm may” cdc mau dif liéu thudc phan 18p vi sé dao dong theo hudng
dich vé phia vector xy;. M6 hinh cdp nhét vector vy tai thdi di€m t theo qui tic canh tranh
nhu sau :
Vk(t+1) = vi(t) - pe[vi(t) - xy;] (13)
Mo hinh hoc (13) ddm bdo cdc v; hoi tu v€ tdm ciia phin 16p dit liéu ma né biéu dién.
Sau dy 12 phin chitng minh
M5 hinh hoc téng quét cda (13) nhu sau:
Vii(t+1) = vig(t) - peAvig(t)
V6i 1 Avig(t) = u5(0).[vi(t) — xy;] \ (14)
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Tai thdi diém hi tu to cla thuit todn, V dat trang thdi cin bing.
Avij=0,Vi=le,V j=1lnd, Vi 21
Tinh gid tri k§ vong hai v€ ciia ddng thic (14), Vi -—:T:E, Yt = to, ta co:
Efuj.[vi—xy;]]=0,V j=1,nd (15)
Goi p(xy;) 1a ham mit dd xdc sudt cia dif liéu trén cdc phin 16p.
(15) & [uylv, —xy;1.p(xy;)dxy; =0
D

@ [[v; —xy;lp(xy;)dxy; =0

D

Suyra: (16)
Ivi'p(XYj)dny' = J.XYi‘p(XYj)dny’
D, D,

Goi v 1a diém can bing cla v;, v’ 1a nghiém cia (16). Ta dudgc:

[xy;-pxy)dxy,
; a7

0

Vi -
[pexy;dxy,
DI

Phuong trinh (17) chiing té v’ 12 trong tim cia phan 16p thit i (D;) clia dif liéu. (PPCM)
Thudt toin AVQ ddng thdi xdc dinh ma trin hiép phudng sai I theo m6 hinh cdp nhét sau :
T(t+D=E(0) + vil(xy; Vi) xyvi©) - (o] (18)

Ma trin nghich ddo ciia I cung cdp cdc thong s6 cho viéc ki€n tao khGi md hinh ellipse
trong khéng gian dit liéu duge Bark Kosko [1] sit dung trong h¢ md vdi kh&i md hinh
ellipse. Phuong phdp ti€p cdn trong bai bdo nay khéng sif dung ma trdn 1.

Thudt toan AVQ
bl. Khdi dong cdc vitdy ¥ , i=1,c. DatK;=0, i=1l,c
b2. for j=1to ntd do
Xd4c dinh vy theo (12)
véi = 1/j
Tinh vi theo (13)
vi=0.2[1 - 1/( 1.2xntd )]
Tinh I, theo (18)
end for
b3. Dirng thudt todn.
Cii ti€n thuit toan
Thuit todn AVQ vira trinh by & trén c6 hai vin dé tr8 ngai:
- S6 phin 18p ¢ phdi xdc dinh truéc

- Khdi tao ngiu nhién V c6 thé phét sinh hién tugng thing cudc lién tuc clia mdt vector
vk ¢6 dinh. Piéu d6 budc thuit todn mat rat nhicu thdi gian lap lai qud trinh phin I6p
trén dit liéu dé€ ddm bdo chat lugng ciia qué trinh phén I6p.

lj'ng dung cdc y tudng cdi ti€n dd thyc hién vdi thudt todin FCM cho thuit todn AVQ. Noi
dung thyc hién cia thuét todn c6 thé tém tdt nhy sau:

- An dinh trudc khodng cdch t6i thi€u € giita hai phan 16p.
- Ung v6i mbi mau di liéu xy;, xdc dinh vector thing cudc v theo (12).
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- Né&u d(xyj, v, ) <&, cdp nhdt v theo cdng thifc (13), cdp nhit I theo cong thic (18).
Ngudgc lai, b8 sung vy = xy; vao V, dit I, = 0.
Thuét todn AVQ cdi ti€n (AVQm)
bl. V= {X}’ll, Kl =0, ¢ =1,
b2. forj=1to ntd do
Xdc dinh vi theo (12)
If (Ixy; - vill < €) then
bit py = 1/j
Tinh vy theo (13)
Patv,=0.2[1-1/(1.2 x ntd )]

Tinh Iy theo (18)
Else
c=c+1
V=V uU (xy;}
1.=0
End if
end for

b3. Tinh gid tri hAm muc tiéu J(d, V)
b4. Néu J(d, V) chua dat thi quay lai b2.
b5. Dirng thudt todn.

3. Ung dung thudt todn phin Iép dit lidu cho hoc c4u tric cia hé ludt m& SAM
3.1. Hé¢ mo SAM
Hé m& SAM [1] 1a hé thong m ludt md hoat ddng song song va k&t hgp theo mé hinh cong-
tich. Goi R; 1a ludt md th j cia hé SAM. Ta c6:
Rj:IF X=A; THENY =B;, j=im
A; : Tip m& ddu vao. Ajcéd thé 12 tip hop n tip md thanh phin Aji, i=1n, twdng @ng vdi
n chiéu cla khong gian vao cla luat.

B; : Tip m& ddu ra. Bj c6 thé c6 nhiéu tip m3 thanh phian. D& don gidn cho viéc tinh
todn va cai dit, ta gid st B; c6 mdt thanh phan. Nhu vdy s6 chiéu cla khéng gian ra
cia ludtla 1.

Kién tric vd nguyén tic hoat dong cia m6 hinh hé md SAM dudc biéu di&n nhu (hinh 1)

IF x=A; THENy=B, [ B/ N\w
B IF x=A, THEN y=B; [ B [\a + Defuzz +@
IF x=A, THEN > By /“" (hinh 1)

x : Gid trj vao, x € R".

yo : Gid tri ra clia hé thong, yo € R.

A : Gid tri md héa cia x.

By’ : Tap md két qud cho bdi luatR;.

w; : Trong s6 ludt R; trong hé m& SAM.
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W : M5 hinh két hgp cdc tip md két qué By’ cia cdc ludt md trong hé SAM. U clia
SAM la céng (sum). 0] mot s6 mo hinh khéc, U ¢6 thé 1 [dn nhdt (max).
B : Tip md két qua cla hé thong.
V&i mdi gid tri vio x, x dugc md héa va kich hoat tat cd cdc ludt. Goi aj(x) 12 mic kich
hoat ludt R;:

aj(X)=]j[aﬂ(xi) (19)

aj'(x;) 1a gi4 tri ham lién thudc md cla tip m3 thanh phin Aj trong A;.

Gi4 tri tAp m& ddu ra ca R 1a :
Bj' = aj(x).Bj (20)
Vi du: xét ludt R;. (Hinh 2) sit dung duong don
biéu dién tdp mo vé trdi Ajva vé phdi B;. Gid A WA

tri x kich hoat vé€ trdi ludt H = pu(x). Tdp mo H
két qud B’ c¢6 wy dugc xdc dinh bding duing \ i
nét dam. X ™ 1;\[
(hinh 2)
T4ap mS ddu ra B clia hé thong:
B=Y'w,B, =3 w,a,(x)B, @1
j= j=1
Pit
b : Ham lién thudc md ciia tip md B.
b; : Hamlién thuéc ma cla tip md By, j=1m.
b : Ham lién thudc md ciia tip md By, ;=Tm.
V; : Kich thuge kh&i md B;.
¢; : Trong tdm kh&i md B;.
Ta c6:
v, = [b(y)dy (22)
R
[yb,(dy
S S S (23)
o LY
R
b(y) = ij-blj()/) = ij-aj(x)‘bj(Y) (24)
=1

=

St dung phuong phdp khit md trong tdm [3] d6i v6i tip m& B dé xdc dinh gid trira yo:
[y-bey)dy IyZ w,.b;(y)dy IyZ w.a,(x).b,(y)dy
¥, = Centroid(B) = £ T oL =&
Rf WY S wbiondy D wa()by(y)dy

R i=l R i=l
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. [yb;(y)dy

w.a(x).VE—
2 w;a;09. [y b,()dy Z P T o0y
el R = R

S = (25)
. wia;(x). [b;(y)dy > wia,(x).V,
i=1 R i=1
M4 hinh hé m3d SAM: y=F(x):R"> R
ij.aj(x).vj.cj
F(x) = (26)

D wia(x).V,

V@i md hinh (26), hé md SAM cho phép x4p xi mo hinh twong quan giita 2 dai lugng
X,Y. Chat lugng x4p xi clia SAM phu thudc vao s6 ludt ¢6 trong SAM va dudc thé hién
tryc quan béng cdc khdi md phi 1én dudng biéu di&n clia quan hé x4p xi trong khong gian
XY (hinh3a & 3b) .

Ngoai s6 lugng ludt, cdch phin b8 cda cdc kh&i md hinh thanh tif cdc luit ciing 12
y€u 18 quyét dinh dén cha't lugng x4p xi clia SAM.

Vi viy, v8i bd dit liéu thong ké phdn dnh quan hé giita hai dai lugng X va Y bat ky,
dé xay dung mo hinh SAM xap xi twong quan giifa chiing véi chdt lugng cao thi phan 16p
dit liéu laviéc gidi quyét trude tién. Cdc thudt todn phdn l6p cdi ti€n dd trinh bay trong
phdn 2 gitip thyc hién céng viéc nay. Sau khi cdc kh6i mJ trong khéng gian XY dugc xdc
dinh, ta thuc

A
vt ¥
(hinh 3a) X (hinh 3b) .
SAM c6 56 lugng khéi mo it SAM c6 56 lugng khoi mo nhiéu
hon

hién tao cdc luit m& cho hé SAM. Ung véi mdi kh6i md 12 mot ludt md dude tao thanh
(hinh 4).TB - tdp mJ d4u vao, T - TAp md ddura. Ta c6 luat: IF X =TB THEN Y=T
3.2. Dang ham lién thugc mo
M&i khi md trong khong gian XY dugc chuyén thanh ludt md vdi cdc tip md vé trdi
12 hinh chi€u cla kh6i md 1én truc X (vdo) va tip md v€ phdi 1 hinh chi€u ciia khéi
md 1én truc Y (ra) . Pudng bi€u di&n ham lién thude YA
md ciia cdc tip md ndy c6 tdm tai di€m chi€u tim  r]\
kh&i md, va cé nhiéu dang bién thién khdc nhau.
Dang bién thién clia cdc ham lién thudc md dudc bai
bdo sit dung la dang hinh thang.
Véi dang hinh thang, ding diéu cda hiam lién thudc - 2.5
md chi 12 mdt trong cdc dang nhu (hinh 5).

If X=TB
Then Y=T

Lo e B
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Khi d6, ham lién thudc md c6 thé dugc biéu dién (hink 4)
théng qua 4 chi s8 : a, b, ¢, d xdc dinh hoanh d6 4
dinh ciia hinh thang bi€u dién ham. '11 Rt o i3

Vi du: Cho cd s8 15 P = [0, ®) cdc chi s6 gid cia mot
mit hang, va khdi niém ngbn ngl “DAT” xdc dinh

trén cd sd niy. Mic dé lién thudc dugc cho ring ¢ a b ¢ d

hang héa chi hoan toan ddt (100%) véi mic gid 1a  (hinhJ)

30000-40000, gidm déu vé hai phia va bing 0 khi gid

hang dudi 15000 hodc trén 45000. Ham ppar phdn dnh mic d6 lién thuéc mg Dfdem'Jc
biéu dién nhu sau:

P-DA’I‘: [0: CD) 9 [Osl] Vp € [Or DO) :

X
. 30000< p < 40000 ] i
P-15000 ;5000 < p<30000
_] 15000
Hoar (P)=1 45000 - p —
—40000< p< 45000 -
5000 0 15 30 45 60 gid (10000)
0 p <15000,p = 45000 (hinh 6)

D6 thi ham lién thudc md ppar (hink 6) Ta Vi€t : ppar(15,30, 40, 45)
3.3. Xay dung kién triic hé SAM tit két qua ciia qud trinh phén l6p dit lidu

Céc thudt todn phin 16p dir liéu gidp xdc dinh s6 phdn Idp va trong tdm v; clia ching.
Tir cdc phin 16p nay ta c6 thé ki€n tao cdc ludt md cho hé m& SAM.

M3i v; xdc dinh mot khdi md trong khéng gian XY ciia mé hinh cdn xdp xi Y = f(X).
Chi€u v; 1én cdc truc cla khéng gian XY, ta
dugc trong tAm cda cdc tdip md. Trén moi ;l
truc, dua vao cdc trong tim tdp mdJ, ta xay
dung cdc tip md. Trong tdm tdp md dudc
chon lam hoanh do dinh tdp md; chan tdp m3 (hin”i ©G r & e
dugc xdc dinh tai diém giao gilra tip md dy
véi tip md 1dn cdn thong qua hé s& chéng 14n cho trudc 8. Goi c 12 6 rdng chén tip md
tinh tix tdim dinh [3]:
|[m—m

0
Meioses: . TAM tAp md 14n cin gdn nhat.

Gid st Y trong khdng gian XY ¢6 3 trong tdm c), ¢, ¢3. Ba tdp md tudng @ng c6 dudng
bi€u di&n nhy (hink 7).

Trong dé, p; dudc biéu di&n: (1, c1, 1, 1)

Sau khi hoan tt viéc tao tip mJ trén cdc truc, dua vao cdc khdi md tuong dng véi cdc
phin 16p, ta tao ra ludt md cho hé SAM (hinh 4).

Trong s6 ludt : Cdc ludt md dua vao hé SAM c6 tdm quan trong khdc nhau d6i véi vai
trd xap xi clia hé. TAm quan trong d6 dugc thé hién biing trong s& clia ludt. Trong so ludt
R; hinh thanh trong hé m& tir phdn I6p dudc xdc dinh nhu sau:

H i H3

closest |
c=

J

D.
w. = l—n’j—l , D; 1a phén 18p tng véi v;. (27)
n

Thuét todn tao cAu hé SAM tY V
bl.Khdi tao hé SAM réng
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b2.forj=1tocdo
fori=1tondo
Tao tdip md A_ii trén X,
end for
fori=1topdo
Tao tip md B’ trén Y'.
end for
Tinh w; theo (27)
DitR;: (A} & B;.
B4 sung <wj, Rj> vao SAM
end for
b3.Dirng thudt todn

Khi thudt todn k€t thiic, ta c6 hé SAM vdi hé théng c ludt md.

4. Ung dung cho vin dé tueng quan va dy bdo

Phdn mém “Ung dung SAM cho du bdo chudi thdi gian” [9] 12 sdn phdm thuc hién
dya trén cdc ndi dung trinh bay trong bai bdo nay. Vi bo dif liéu c¢6 2327 miu vé gid
ving/ngdy trong cdc nim 93-97 va 99-2000 tai tp.HCM, phan mém cho phép tao hé SAM
xap xi twong quan gita cdc dai lugng trong mé hinh du bdo gid ving ma cdc chuyén gia
Vién Kinh T€ tp.HCM di x4y dung bing phuong phdp Arima (kinh t&€ lugng), tir d6 ¢6 thé

thay th€ mé hinh kinh t€ lugng bing mé hinh SAM.
- M5 hinh kinh t€ lugng:
D(t) =0.139 + 0.056[D(t-1) — D(t-2)] £ 0.262 + D(t-1)

D(t), D(t-1), D(t-2) la gid vang tai thoi diém khdo sdt, trudc thoi diém khdo sdt 1va 2 ngay.
- M5 hinh SAM tudng ng ¢6 hai ddu vao cho D(t-2) va D(t-1) va mot ddu ra cho D(1).

St dung chuong trinh Times-SAM.exe [9].

M.svandard Additive Madel=5aM for Time Series Neadict e Ll R ] 1|
Furry3ets I SAMS | Conriguration I Data Resuurcel Training I Premctlonl .
Fuzzy SetBase:  |vang(l-2) _“_"
f FLIZZ)J Sets Based on e PRy I e MR L AT D P N—'“i
[NewFuzase | FuzzySet Name oot S d | Type [o »
ik | 1 i FZ-0 42000  436.00  436.00  448.01  Md ;
z FZ-1 433.00 | 445.01 445.01 457.00  Mid
New FuzzySet 3 Fz-2 442.01 454.00 454.00 466.10  Mid
4 " Fz3 450.97 ~ 463.08  463.08 = 473.60  Md i
5 Fz-4 60,44 47097 47097 483.01. . Md i
Update All 6 FZ-5 467.96 = 480.00  480.00 48945  Mid
7 FZ-6 477.64 487.09 487.09 497.63 Mid !
- FuzzySet Graphs R £3 (oA el T o b e ) Ao 5

OO0 TN
OO0 O000Oo00

Trang 14
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% Khai bdo kién tric h¢ SAM : Chon ngiin SAMs
Chon ddu ra ciia hé SAM (Output Base) 12 vang(t).
Chon cdc ddu vao (Input Bases) 12 vang(t-2) va vang(t-1).

% Hudn luyén SAM bdng thudt todn hoc cdu triic
Sau khi ding ngian Data Resource dé doc dir liéu hoc va dit liéu thit nghiém [9], trong
ngin Configuration, Chon hé SAM can huan luyén, sau d6 4n dinh cdc thong s6 hoc cdu
tric.
- Chon muc hoc cdu tric (Structure Learning).
- Chon phudng phdp phan 16p dir liéu - gia sit ta si¥ dung phudng phdp AVQ
- Khai bdo s6 phin 16p ban diu c. Pdt c =0 d€ 4p dung thudt todn AVQ cdi ti&n.
An dinh khodng cdch d gifta cic phﬁn 16p (chi dung vdi thudt todn cdi ti€n).
Dé kiém chiing, chung 1i tao ngdu nhién b dit lidu test tix dit liu thong ké ndi trén theo
mé hinh 2 ddu vao-1 ‘déu ra (tép tin yangtrain.AID [9]). Vdi chiéu dai dw bdo la 30 ngay,
két qud nhu sau:
#Void=7:Heé SAM c6 51 luit md, C4c tdp mJ hinh thanh trén cd sd diu ra 1a vang(t)
nhu sau.

Cic chi s8 thong ké SAM Kinh t€ lugng
+0.262 -0.262
Gid tri 16n nhat 494.19 494.32 494.85
Gid tri nhé nhat 480.10 479.82 480.35
Gid tri trung binh 484.30 484.80 485.33
Sai s& trung binh 2.10 1.96 1.91
Sai s6 phan trdm trung binh 0.43 0.40 0.39
Sai s6 Tbinh binh phudng 7.97 6.81 6.47
Gid tri 16n nhat 494.19 +0.262 -0.262
Bang 2
Cidc chi s&8 théng ké SAM Kinh t€ lugng
+0.262 -0.262
Gi4 tri 16n nhat 492.99 494.32 494 .85
Gi4 tri nhd nhat 481.04 479.82 480.35
Gid tri trung binh 484.61 484.80 485.33
Sai s0 trung binh 1.91 1.96 1.91
Sai s6 phdn trim trung binh 0.39 0.40 0.39
Sai s6 Tbinh binh phuong 6.32 6.81 6.47
Gid tri 16n nhat 492.99 +0.262 -0.262

Vdid=3:Hé SAM c6 190 luit m3, Cdc tip md hinh thanh trén cd s& dau ra 12 vang(t)
nhu sau.
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Nhan xét: Trong phin minh hoa néi trén, chiing t6i si dung 2 gi4 tri khdc nhau cla d
(d chinh 13 1 trong FCMm hay € ctia AVQm). Vdi d 16n, tic 12 ndi 1dng rang budc vé tinh
ddng nhi't clia cdic miu trong cling phén 16p, ta nhin dudc s6 phan 16p it, din d&n s6 ludt
sinh ra it. Khi d nhd, chi't lugng déng nhat cia cdc mau trong ciing phin I8p sé ting 1én, va
vi viy s6 phan 1dp ciing ting theo, din d€n s& luat sinh ra nhi€u hon (khi d gidm tir 7 xuéng
3, s6 ludt ting 1&€n 4 1dn). Tuy vdy, d nhd s& gidip cho cdc khéi md tdp trung vé tdm cla
ddm may dif li¢u, nhd d6 ma chi't lugng xap xi clia hé md dudc nang cao. V§i d chon bing
7, sai s6 trung binh clia hé md 12 2.10 (xem bdng 1) kém hon cdc m6 hinh todn. Nhung khi
diéu chinh vdi d bing 3, sai s& chi con 14 1.9 (xem bdng 2), t6t hon cdc mé hinh todn. Diéu
nay ciing gitip khing dinh quan diém da trinh bay trong muc 3.1 cla bai bio.

5. K&t luin.

Viéc sit dung thudt todn phén 16p cdi ti€n khong chi gitip qud trinh hoc tri thifc cia
phin mém [9] dat mic d6 ty dong héa cao ma cdn cho phép phdn mém dédp ng nhiéu nhu
cdu du bdo. Chiing t6i cling di 4p dung phdn mém nay d€ dy bdo gid clia nhiéu loai hang
héa dic biét nhu dollar, thép, gao, ciment va da dat dugc két qua tot hon khi so sdnh vdi
cdc md hinh todn nhu dé cdp & trén.

Vin dé ma chiing ti sé ti€p tuc nghién ciiu 12 x4y dung thuit todn xdc dinh hé s6 d
cho bai todn phin Idp dya trén gid tri sai s& cho phép cia mé hinh du bdo. Pdy 1a vdn dé
khd mdi mé va chua cé cong trinh nghién cifu ndo vé vin dé nay dudc cdng ba. Riit kinh
nghiém ti viéc phat trién dng dung [9], ching t5i s& hoan chinh thém gidi phap cho bai
todn di dudc trinh biy trong muc 2 clia bai bdo nay theo hudng phuc vu cho cdc md hinh
may hoc lam chifc nang x4p xi ham phi tuy&n, dong thdi dp dung nhirng k&t quéd dat dugc
vao phan mém trd chai kinh doanh ma hién nay chiing t6i dang thuc hién.

IMPROVEMENT OF THE TWO DATA CLUSTERING ALGORITHMS:
FCM & AVQ AND APPLICATION TO APPROXIMATE FUZZY SYSTEM

Le Ngoc Thanh

ABSTRACT: Knowledge discovery is one of the most important problems in the
knowledge engeneering domain. Where, data clustering algorithms take the prerequisite role
to the quality of received knowledge. This paper presents some improments in the two data
clustering algorithms FCM and AVQ. Then there is, in the same context, also an applying of
the research result to the unsupervisor learning phase of the SAM system of correlational
approximation.

Keywords: Data Clustering, Fuzzy C-Means Algorithm, Adaptive Vector Quantization
Algorithm, Fuzzy System, Standard Additive Model.
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