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Hwéng nghién atu tiép theo

Bai toan ®i suy lubén la nt bai toan Bt nguon tir cAc bai toan tic t€ va
dang c6 nhdu linh wrc tng dung. Viéc van dung kién triic mang va cac thit
toan phi tuy thupc vao tinhdac thu @ia tirng bai toan, trénccsy da nghién
ctru va héu ré no,dé co tré caidat va hiéu chinh thich lvp. Theo krong nay,
trong thoi gian %i chdng ti tim hdu cac bai toan ikt €, bat dau tir cac bai
to4nda sr dung mang roron RBF ¢6 hu qua dén cac bai toan i dé nang
cao hgu qua giai quyét tng ding. Bén anh d6, nhy phat trén ang ding,
chang t6i hy wng c6 céc @i tién vadé xuat cac thidt toan, kén tric mang
mai thich hyp cho frng laai bai toandugc nghién éu.
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MO PAU
1. Tinh cip thiét caa luan an

Noi suy ham & 1a mpt bai toan 6 dién nhrng quan tsng trong gai tich
s, nhan dang mau va c6 nhiu tng dung ©BNg rai. Do cac kho kim trong xr
ly todn ke va nhu éu tng ding trrdc day chra nhéu nén bai toan ai suy
nhiéu bién moi duoc quan tdm nku trong 50 @M gain day. Céac phong
phap k- 1an én gin nhit va hoi quy trong $ dia phrong cho nmét giai phap
don gian, & s dung cho bai toan nay wdang la not cong @ tét. Nhuoc
diém I6n nhit caa phrong phap nay la déhxacdinh duoc thu kep dia phrong
cua ham ©i suy khi bét diém cn tinh gia tr ham, dod6é khéng ap dng
duoc cho cac bai toariin xacdinh trege ham Bi suydé st dung cho i suy
ham $ tai diém tdy .

Trong 30 Bm gan day, mang roron nhan 4o la mbt cong @ tot dé giai
quyét bai toan i suy nhéu bién, trongdd théng dng nhit la mang MLP va
mang RBF. Nhrgc diém chinh @a mang MLP 14 thyi gian huin luyén 1au,
chat luwong mang tly théc vao héu qua giai bai toan ac tri vadén nay chra
c6 phrong phap &t ndodé xacdinh kién tracdi tot cho mang.

Nhue mang MLP, mang RBF clii yéu dungdé xap xi ham (ma ai suy la
bai todn riéng). \dc xacdinh tam, 8 ham o s& thé nao 1a 6t van dang l1a
bai toan nd. Truong hop dir liéu hiuén luyén it (Looney khuyén |a rithhon
200) thi c6 th ldy cac ndc i suy la tm ham RBE tang an va mang nay
c6 thé cho nghém dung dia k¢ phuong trinh @i suy nén @i la mang roi suy
RBF. CHit luong aia mang ding tly théc vao thdt todn hédn luyén. Nhu
cau tng ding thrc t trong cac bai toan ¢ gian thrc, doi hoi c6 céac that
toan hdn luyén mang nhanh, ct lugng 6t va kén trac ming phi p voi
dir liéu 16n, dac biet khi thuong xuyén cé d liéu bd sung.

2. Muc tiéu aia luan an

Nghién dru vadé xuit cac thit toan hdn luyén mang mi suy RBF héu
qua cho céc trong hyp cd $ moc ndi suy In va tim gai phap cho bai toan
thoi gian thre, dic biét 1a cac bai toan céidiéu bd sung throng xuyén.

3. Cacdong gop @a luan an.

1) Bé xuat mot thuat toan kp hai pha hén luyén mang mi suy RBF. Phan
tich toan bc va Kt qua thyc nghém cho thy thuat toan cé nitng uu diém
vuot troi so Wi nhitng thuit todn théng dng: dungduoc khi $ moc ndi suy
l6n (hang chc ngan mMc), & uéc legng sai  hudn luyén, thyi gian huin



luyén ngin, tinh bng quat dng ©Ht hon va & song song ho&é xuat nayda
duoc diang trén ap chi quc % Signal Processing

2) Trong terong hop bai toan i suy c6 ndc cachdéu, thay cho khang
cach Euclide, ching tdi dung kitg cach Mahalanobis thicl va ai tién
thuat toan hai pha thanh thutoan ndt pha. Phan tich toamb va Kt qua
thuc nghém cho thy thuat toan nay i thien dang K chat lugng mang so
véi thuat toan hai phadcvé thoi gian hdin luyén va tinh éng quat. Kt qua
naydaduoc cong b trong ky yéu hoi thao qubc gia & cong ngk thdng tin.

3) bé xuat kién tric mang dia phrong cho cac bai toan ahgian thrc, dac
biét 1a bai toandong. Phan tich toanok va Kt qua thuc nghém cho thy
chat lwong mang c¢6 nhéu wu diém ndi troi. Kién trac noi dé xuat nay da
duoc cong b ¢ hoi nghi qudc t& caa IEEE va dp chi quc t International
Journal of Data Mining, Modelling and Managementefce

4. B6 cuc dia luan an

Luan anduoc 1 chic thanh Bim chrong. Chrong 1 gbi thiéu vé bai toan
noi suy ham 8 va mang roron nhéu ting truyén 6i. Chuong 2 gbi thiéu vé
mang roron RBF. Clrong 3 trinh bay thit toan hai pha & (goi la thuat
toan HDH)dé hudn luyén mang i suy RBF. Clrong 4 trinh bay thit toan
mot pha ndi &p ding cho bai toandi suy Wi méc cachdéu. Chrong 5 trinh
baydé xuat kién tric mdi mang dia phrong RBF. Cii cuing ching tééua ra
mot b két luan vadé xuat cac nghiéneu tiép theo.

CHUONG 1. NOI SUY HAM SO VA M ANG NORON

1.1 Noi suy ham $
1.1.1 Bai toan @i suy tong quét

Bai toan i suy Hng quéatduoc phat béu nhr sau. Xét ham nbi bién
chua bét f : D (LR ~R" nhung xacdinh dugc mot tap mau {Xk,yk}k'\lz1
trong d6 X LR, y'OR™ (véi moi k=1,..,N) thoa manf()=y* . Ta @n tim
hamg c6 cing dui tot da biét thoa man & pheong trinh i suy: g(X) = Y, i
=1,...,N Cacdiém X s5 dugc goi 1& cAc nbc ndi suy con ham gugc goi 1a
ham i suy qiaf . Gia ti ham i suy tinhduoc tai diém x bat ky trén mén
D goi la gia ti noi suy aia hant tai x.

KET LU AN

Céc két qua dat dwoc

Trong thyi gian qua, mc di c6 nkng han ché vé thoi gian vadiéu kién
lam viéc, ching tdida hoan thanh gt tiéu Iin an. Cac & qua cu thé dat
duoc nhr sau.

1) Bé xuat thuat toan hai phaton gian dé hudn luyén mang roi suy RBF.
Pha thir nhat xacdinh tham 8 d6 rong ban kinh phudp vai trng mbc noi
suy, pha th hai ding plrong phap dp dé tinh tong $ tang ra. Phan tich
toan hc va thrc nghém ch ra ring thuit toan ludn ki tu, thoi gian chay chi
phu thudc vao vic khoi gan gia tf bandau g, a, €, ... , phan b caa mbe noi
suy va chén aia véct.

Qua Kt qua thuc nghim ta thy thuit toan céuu diém ndi troi so Wi cac
phuong phap théngwhg hién nay: thyi gian hdin luyén mang rat nhanh &
ca khi 5 moc I6n, & dang thee hién va c6 hu qua cao,danh gia sai&huan
luyén, diéu khién can Bing gira ¢ do hoi tu va tinh 6ng quat éa mang
bang viéc diéu chinh cac thamé& Mot vu viét nira aia thufit toan la cac ban
kinh fing an cé tié huan luyén doc 1ap vao pha hai tong $ tang ra ¢ing co
thé huan luyén doc lap, diéu nay lam cho ching codtsong song hoé thu
toan.

2) Trong trdng hop cac néc ndi suy cachiéu nhaudé khai thacduoc uu
diém phan b nay chdng tdi ding metric Mahalanobis wateén thuat toan
hai pha thanh th toan ndt pha. Nl cac phan tich toanoh, chit luong
mang mi suy RBFdugc ci thién rd ©t so Wi mang huin luyén bang thut
toan HDH va céc thit toan hiédn luyén nhanh théngwhg. Khéng niing cé
wu thé vé thoi gian hdin luyén va tinh éng quat ma @t hiéu qua dan xuit
cua mang la co tk ding cho trong hop $ mbe ndi suy kbn hon nhigu so \6i
thuat toAn HDH( va dai6 vai cac thit toan khac).

3) bé xuat kién tric mang msi, chingduoc goi & mang RBFdia phrong.
Véi kién trac nay, thi gian huin luyén mang At nhanh va tinh ap xi caa
mang ding ting, thuit todn hdn luyén don gian va & song song hoa. lad
mang nay thich bp cho cac bai toan & gian thrc, trongdd doi hoi thoi
gian hdin luyén ngin. DBic biét, d6i véi bai toAdndong, cac mc ni suy
thuong xuyénduoc bd sung thi nbr ki thuat cay k-d ta & dang va nhanh
chong tai han luyén mang.
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Hinh 5.9:P¢ thi so sanh thi gian huin luyén ting arong khi co6 mc myi

Thoi gian huin luyén ting ardng At nho so \6i huan luyén lai. Biéu nay la
do chuing ta khéng ghton thoi giandé xacdinh lai ban kinh cho pha 1.

5.6 Nhan xét chung

Qua thrc nghém ta thHy véi mang RBF dia phrong nhr trén, thi gian
huan luyén mang rat nhanh va tinh 4p xi cia mang ding $t. Thoi gian huin
luyén ting arong ding ghm dang €. Thuat toan hdn luyén don gian va &
song song hoa. labmang nay thich bp cho cac bai toan déhgian thrc, cac
bai toandong, trongd6 cac ndéc ndi suy throng xuyéndugce bd sung.
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1.1.2 Npi suy ham mbt bién

Véi bai toan cén moc ndi suy, théng tirong ngroi ta tim hanmg duéi dang
g(x)= MCo,C....,G,X) trongdo ® 1& hamda biét va cac thamdsc, can tim dé
g théa man & pheong trinh @i suy. Khi g lay trong bp da thic bac n ta &
dang xaadinh duoc nhy da thrc noi suy Lagrange i(x). Truong hop cac
mdc ndi suy cachdéu, voi mot phépdai bién ta coda thirc noi suy Newton.
Khi sb mdc ndi suy kon, dé khac phuc hién trong phu lop troi (overfitting),
nguoi ta dung cada thrc bac thip trén ndi doan con @éadoan [a, b] va ghép
tron dén mic cn thiét trén toandoan lam ham Ai suy, cdc hamdi suy nay
co6 tén @i la ham Spline.
1.1.3 Nbi suy ham nhi@u bién

Bai todn Ai suy nhéu bién 1a bai toan thong dgip trong thrc tién. Cac

huéng tiép cin chinhdé giai bai toan nay: That tién 1a dungia thic nhrng
khong héu qua do tinh toan piac tap. Tiép theo & dung phrong phapk- 1an
can gin nhit vahoi quy trong 9 dia pheong, nhitng phrong phap nayton
gian & sr dung nhrng ding c6 nlitng han ché véi nhitng bai toan an xéac
dinh tnréc ham i suy. Mang roron nhan 4o & cach ép cin t6t dé khic
phuc nhitng nhroc diém trén. Hén nay mng roron nhando 1a ndt cdng @
hitu hiéu dé giai cac bai toan ¢ suy ham nhiu bién. Trongdé théng ding
nhat |a mang MLP va mang RBF.

1.2 Gi6i thiéu vé mang noron nhan tao

Céc nghiénu Vé noron sinh e khoi dau boi Ramoén Y Cajal (19113t
tién dé cho hréng md plong mang roron tr nhién @i la cac mng roron
nhan 4o (Vv sau éng @i la mang roron). Cac nang roron duoc xay drng
nhd cac Kt ndi theo nhéu cach da cac oron. Mdi noron 1a ndt don vi xu
ly théng tin c6 kén tric nhr hinh 1.4.

Hinh 1.4. M6 hinh @t noron nhan &o



Tin hiéu vao Kt hop vai trong $ két néi nho ham bng va qua ham kich

hoat chodau ra. Cac rang roron Wi kién tric Kt néi khac nhau cho cac tinh

nang kh&c nhau. Trond6 mang roron nhéu ting truyén i la dang théng
dung nHit va 1a céng ¢ hiru hiéu dé xap xi va roi suy ham nhdu bién. Mang
perceptron nkdu ting MLP (Multi-Layer Perceptrons)svham tng aia noi

noron |a 6 hop tuyén tinh (I 5 1a trong $ két ndi) caa cac tin Hu vao va
cac ham kich ha c6 tré chon tly theo cac bai todari¢hé. Vi mang roron
MLP cach hdén luyén lan truy@n ngroc sai  nhd cuc tiéu hoa éng binh
phuong sai 8 theo ndt bién thé cia phrong phap gradientangduoc dung
rong réai. Tuy vy, chon kién tric 6t cho mang MLP con |a bai toan én hon

nita, viec huan luyén nd & bi roi vao céc ac tri dia phrong nén cht luong
thap.

CHUONG 2. MANG NORON RBF

Mang RBF la not mang truyén t6i 3 ting (2 &ing roron). So Wi mang
MLP, mang RBF © ra la nt phuwong phap hiu qua vaduogc tng dang 16ng
rai dé noi suy va ap xi ham nhéu bién. MGi noron ting an 1a ndt ham phi
tuyén cia khaing cach gia véc & vao X va véc & tam ¢/ két hop voi
noronj co ban kinhtongung lag,.

2.1. Ham @ s ban kinh RBF va bai toan i suy

Xét ham nhu bién f:D(OR") - R™ cho Wi tap méu {x v},
(x* OR"; y* OR™)sao cho:f (x*)= y*;k=1,...,N .

Ta c6 tk¢ gia thiét m=1 va tim hamg dang

é(X) = iwkh(ux—v"u,ak) +W,, #(x¥) =y 0k =1,...,N (2.1)

trongdé ham thrc h(jx-v*|,0,) dugc goi 1a ham @ s5 ban kinhvai tam lav*
va M (s N)1a 5 ham ban kinhisdung dé xap xi hamf ; w, va i la cac gia fr
tham $ cin tim. Chung t6i xét hamocsd ban kinh dng Gauss:

2

h(r,o)=e= . Khi sb méc ni suy khdng qua nbi ta timg dusi dang

$O) =3 W, () + 22

Thuc nghgém cho thy: Thoi gian va sai & huan luyén mang gam nhanh
khi s6 cum ting, dac biét khi o dir liéu cia aum con thrc ar giam. Néu song
song hod \ic huan luyén aum con thi thi gian huin luyén giam dang 1.
5.5.2 Tinh Bng quét

Két qua thuc nghém trinh bay chi #it trong cac bng va hinh aa luan an.
Thuc hién so sanh trén cac ham 2ibiva 3 bén phi tuyén.

0.03

0.025 -

0.02 -

0.015 -

0.01 -

Sai s6 trung binh

0.005 -

0 1

Mot mang toan cuc, 16 mang con M=256, 32 mang con M=128,
432" 165" 95"

Cécloaimang

Hinh 5.7:D6 thi so sanh tinhdng quéat hoa & ham 2 bén c6 4086 mic nji
suy ti 10 diém xa tam.

Thuc nghém cho thy rang tinh 6ng quat éa mang %t hon khi ting $
cum, dac biét khi ¢ dir liéu & cum con thrc ar giam.
5.5.3 HUAn luyén tang arong ¢ bai toan dong

Bo di 5 mdc va hidn luyén $ mbc con hi, saudo bd sung thém 5 Bt
méi, lay gia ti ban kinho caa lAn huin luyén tredce 1am gia ti khoi tao cho
o cia lan huan luyén sau. \6i 5 moc méi thém thi ta kii gan o theo nix

thuat toan HDH. Bing 5.6 trong lan &n va hinh 5.9 choékqua dé so sanh
vé thoi gian huin luyén.
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dia phrong huin luyen du tét véi tap dir lieu nay § thoa man:
OxOD,  [f(X)-@(X)| <&, @(x)1aham wi suy én tim.

5.4. Bai toandong

Bai toandong la cac bai toan sau khidruluyén xong throng duoc b
sung cac e ndi suy moi. Poi voi cac bai toan nay, khi c6 cadmmdi suy
méi, ta kiém tra ki s6 lugng mbe trong hinh Bp con trong ung, réu vuot
quaM méc thi ta thec hign tachddi hinh op con nay va han luyén lai mang
RBF dia phrong trong tng. Nhy cau tric cayk-d, viéc bd sung d liéu vao
cum thich lop mét rat it thoi gian va i cach xr ly da néu ta khéng g
hun luyén lai toan mang.

5.5. Két qua thwc nghiém

Thueec nghBm nham so sanh i gian huin luyén, sai $ huan luyén va tinh
tong quat @éa mang dia phrong so Wi mang i suy RBF toan ec (¢ day
ding tr toan @mc dé phan bét véi mang dia phrong). Ngoai ra thc nghém
cling so sanh @i gian huin luyén ting arong kang thuit toan HDH khi c6
dir lieu mgi va thoi gian hudin luyén tir dau dé ding cho bai toadong.
Thuc nghém trén ham hai B va ba bin phi tuyén.
5.5.1 So sanh thi gian va sai $ huan luyén

Két qua thuc ngheém trinh bay chi it trong cac bng va hinh trong &n
an. Cac mng sau khiduoc huin luyén 8 lay 10 nbc noi suy dé so sanh sai
s6 huan luyén. Thec hién trén cac ham 2 énm va ham 3 iin phi tuyén.

0.00003
0.000025 -

0.00002 -
0.000015 -

0.00001 -
0.000005 -

Sai s6 trung binh

0

10 mang con, 2524" 15 mang con, 1867" 20 mang con, 1295"

Céac loai mang

Hinh 5.6: So s&nh th gian va sai 8 huin luyén
ciza ham 3 hin c6 19683 e
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trongdé p.(X)=e (2.3)
|| 1a ki hiéu chuin Euclide V* goi 1a tam @ia @i Déi véi bai toan wi suy, ta
ldy tam chinh la cac éc ndi suy V¢ = X (M=N). Véi bai toan sp xi thi
M<N, cac tham & w, va g, can tim dé ¢ cuc tiéu tong binh plrong sai 6
hoic thoa man plrong trinh i suy. Dén nay, véc xacdinh tam &i vu con
la bai toandangdugc quan tdm. i mdi k, tham 6 i duoc goi la tham $é
do rong cia ham o sé ban kinh .

Treong hop $ ham ban kinh ing $ moc ndi suy M=N). Véi cac tham
s o da chon, Micchelli da ching minh &ng réu cac ndc X khac nhau thi
véi Wy cho tirée tay v i pheong trinh i suy luén 6n tai duy nhit nghiém
W, ..., W
2.2. Kién trac mang RBF
Kién tric ia ndt mang RBF 6ng quatiuoc md & trong Hinh 2.5.

Vi1 2
X1
Y1
Xz > <
Ym
Xn
Tang vao Tang 4n Tang ra Gia tri dich

Hinh 2.5 M & kién tric mung roron RBF

Véi dit lisu X, v, (X OR™ y* OR™), ky hiéu we; Ia gia ti ngudng aia

noron ra thir j. Khi d6 dau ra @ia roronj & ting ra nhr sauz = wijé; + ... +
vt

Wyidw + Woj  j=1,...,m V6i ¢ =€ 2% V& sau ta quyréc goi CAC ming

RBF c6 $ ham ban kinh ing $ mbc noi suy (M=N) va c6 tdm tring &i

mébc trong tng lamagng mi suy RBF



2.3. HuAn luyén mang RBF

Cé tre chia cac Kbu huin luyén mang RBF ra thanh ba 4o huin luyén
mot pha, hén luyén hai pha va hin luyén day du.

Hudn luyén mgt pha hay gi la huin luyén nhanh Khéi gan cac thamés
ban kinh 1a rat hing $, saudé huan luyén trong $ két néi w caa tng ra
bang phrong phap gi nghich dao hadic binh plrong Hi thiéu.

Hudn luyén hai pha pha thir nhit tim cac tham &ban kinh va tam @i
mang Xap xi), pha thir hai tim cac wng $ két ndi tang raw. Pay la phrong
phap théng dng hién nay.

Hudn luyén day dui: thuong dung cho mng xap xi. Tat ca cac tham & cua
mang déu duoc hiéu chinh dé cuc tiéu hod éng sai 6 binh phrong. Throng
ding phrong phap Gradienté tim kiém ca ba tham & (tam, ban kinh, ting
sb tang ra).

2.4. So sanh mang RBF voi mang MLP

Mang RBF | mang cH c6 ndt tang/Iop noron an, trong khidé mang MLP
c6 the c6 bt haic nhiéu ting roron an va khé xaatinh $ noron du tét cho
tang nay. Ming MLP c6 tkk dungdé ngai suy ham & con ming RBF \6i
cac ham ban kinh ¢led anh hrong dia phrong (nhr ham Gauss,...) nén
khong dungié ngai suy duoc. CAc that todn hdn luyén anh hrong nhéu
tgi chat luong aia mang. Thrc tién cho ty mang RBF c6 thi gian huin
luyén nhanh bn mang MLP va khéng @ roi vao arc tri dia phrong. Hién
nay sai 6 ndi suy (hay ¥p xi ham) \an phii qua thrc nghém, chr chwra c6
phuong phaprdc luong hiru hiéu nao.

CHUONG 3. THUAT TOAN M Ol HU AN LUY EN MANG NOI SUY
RBF

Chuong nay trinh bay thil todn ndi phét trén cia ching téidé huan
luyén mang RBF. K&t qua chi yéu cia chrong da duoc coéng b trong i
thao khoa fc, va tip chi qc ¥ Signal Processing
3.1. Nen tang ly thuyét caa thuat toan
Phiong phap &p don. Gia st ta én giai hé pheong trinh Ax=b. Néu dua
duoc vé hé twong duong cang x = Bx + d, trongdo B 1a ma tén vudng ép n

Procedure diadbi hinh p n-chiéu D; = El [a',b']
Begin
Buwéc 1L Choni sao cho anh [a1j ,bij] caaD; la lén nhat

Bwéc 2 Chia anh [&,b'] bsi nhat dt truc giao va qua it rit mot diém
dir liéu sao cho hai hinh 6p nhan duoc tr né chra $ ddi twong dr liéu
bang nhau ¥i quy uéc cacdiém dir liéu thubc nhat ét co the dong thyi tinh
la thusc hai hinh Bp.

Tha tuc chiaddi két thic khi $ luong d6i tugng trong ndi hinh tHp con
khéng wrot quaM chon truéce.

End.

Hinh 5.3 Thi tuc chiaddi hinh p n-chiu

5.2.3DPd phirc tap thuét toan huan luyén mang

Qua trinh xay dng cayk-d ¢ day trong tr nhe thuit toan trugn thong, cé
d6 phic tap 1aO(NlogN)véi N 1a & moc ndi suy. Thyi gian huin luyén mdi
mang RBF trén r@i mién con 1a0((T+c)nM) véi n 1a & chiéu caa mbe noi
suy,M la $ mdc ndi suy trong i cum. Néu hién luyén cac am condugc
thuc hién tuan tr thi d6 phac tap tinh toandé huan luyén cac mng RBF 1a
O((T+c)nMN)
Nho ciu trdc cayk-d, khi bo sung d lisu msi, d6 phic tap tinh toandé tim

N
ra aym thich yp cho né la C@Ogﬁj.

5.3. Tinh Xap xi tdng quat cha mang ndi suy RBF dia phwong

binh Iy dusi day cho tatanh gia tinh &p xi tong quéat éa mang mi suy
RBF dia phrong.

Pé phat béu dinh ly, ta é@n dén khai ném &-lusi cua mién D. Tap mbc
goi 1a 3-lugi trén D néu XD tdn tai mbc X sao chod(x,X)<d, trong dé

u, =ma uj‘}_
j<N

d(x,X) 1a khaing cach sinh & chudn xacdinh byi chuén
Pinh ly 5.1 (tinh »ip xi tbng quéat ) Gd s f 1a ham lién dc trén mén D va
M la & phan tir cuc dai trong mbi cum con cho wée. Khi do véi moi € >0

ton tai & >0 sao cho &i bat ky tap di liéu &-ludi nao trénD, thi Nt mang
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mién con bn hon M thi thuit toan cayk-d 8 duoc sr dung dé phan chia
thanh hai am c6 kich & nho hon.

Procedure Xay drng mang RBFdia phrong;
Begin
1.PhanD thanh céc nén conD;,..,D // dung thydt todn phan gm cay
k-d dé s6 moc trong mdi cum con khdngapt qua M
2.Xay deng bH dinh Vi dau vao cho cac amg RBF con.
3.Huan luyén cac mng RBF conj/ Dung thuit toan HDH
4.Két ndi bo dinh Vi dau vao \6i cac maing condé dugc mang RBFdia
phuong.
End;

Hinh 5.1 Thi tuc xay drng nung RBFdia phrong

Kién trac mang dugc md & trong Hinh 5.2. Trong pha hoi luyén, thanh
phan tong hvp dau ra khéng hat dong. Mdi mang conduogc huan luyén doc
lap. Trong khi Bi suy, Wi mdi gia tri vaox, bé dinh vi st xacdinh mang con
tuongng, con ét ca cAc mng con khac c6 giaitvao Hng. Va gia tr dau ra
cua tit ca cAc mng condéu 1 Bng ngai trir mang con caiau vaox. Saudo
thanh plan téng hyp dau rala ting dau ra @ia cac mng RBF con.

Mang EBF
frén Dl
Dy | Bidinh
VAD X Tlow t?éiu Téing hop .
wan - BPaura
Mang EEF
trén Dy

Hinh 5.2. M hinh kn tric nung RBFdia pheong
5.2.2 Thuat toan phan axm nho cay k-d.
Thuat toan sautay sradoi nho ky thuat cayk-d , ¢é phan hinh bp n-chiéu
D chia N ddi tugng dr liéu thanh cac hinhdp conDy,..., D sao cho i
hinh Fop D; chira khdng quav ddi tuong.
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thoa man |B|=q<1; |B] = max{| BX| /| § = } thi nghém cia r¢ Ax=b co thé

tim bing phrong phap p don nhr sau.

Vi xdp xi bandau X° tuy y, nghém xap xi & budc k+1 xacdinh i cong
thire: X" = BX + d hoi tu nhanh & nghiém va & danguéc lwong sai 8.

Phrong phap naytugc cii tién bing phrong phap Seidel cét d¢6 hoi tu

nhanh lon.

Ta xét bai toan ¢ suy wi m = 1, va ham ¢ s6 ban kinh dng Gauss:

—Hx—kazlalf

N
@(x) = Zwk¢k X +w,: g (X)=e Ok=1,...N (3.11)
k=1
Cac tham & w, va g can tim dé ham ¢ thoa cacdiéu kién ndi suy:
. N . . .
P(X) =Y W (X)+wp =y, 0i =L.N (3.12)
k=1

—x'—x

; 2
kH /0_2

N ] )
Hay la: 2 We =y -w, =z;0i =1.N (3.13)
k=1

Vi cac tham & di da chon ta xét ma tn dp NxN: P = (@, )« trongdd

i =P (X) = ¢ Khi d6 (3.13) t& thanh: ®W =Z vsi
W=(Wy,...,Wn)' VA Z= (3,...,z)'. Ta xay a&tng mang roron RBF gii bai
toan i suy nay (¢ sau @i la mgng si suy RBFcho gn).

; 2
‘x'—ka | o?

3.2. Thuit toan lip hai pha huan luyén mang ndi suy RBF

Y tuong chinh é@a thuit toan ni 1a & phadau tim cac ban kinlw, dugc
xacdinh nhy can ling gita tinh 6ng quéat éa mang va bc do hoi tu caa pha
sau. Trong pha thhai, cac thamd&w dugc xacdinh nhy tim diém bat dong
cua nHt anh x co.

3.2.1 Pinh ly co ban

Ky hiéu: | 1a ma tén don vi cip N vadat: ¥ =1 -d = ‘L'Jk,,- ‘NxN (3.16)
[ 0 khitk=]
th| ta COLPK,j - _ e_HX]_XkH /U,f kh| : k + J (317)

Khi d6 hé phuong trinh (3.12)wtong duong Wi hé:
W=WYW+Z7Z (3.18)



Véi mdi k<N, ta c6 hamg cia o xac dinh theo coéng

N
thac: Ok = Z‘ka,j‘ . Viéc xacdinh cac ban kinlay nay dra vaodinh ly sau.
j=1

Pinh ly 3.1. Hamqy la don diéu ting, hon nta wi moi sé dwong g<1, luén
ton tai gid tri o sao chay(a) bang q.
Pinh Iy 3.1 cho thy voi g < 1 tly y, ta c6 thtim duoc tip cac{o,}, dé
nghiém dangW caa (3.12) 1&diém bt dong aia &nh x co WY W + Zva k¢
sb co lag.
3.2.2 M0 & thuat toan

Véi sai $ £va cac Bing $ duong gqa ( 0<g<l, 0<a<1) cho twéc, thiat
todn § gom 2 phadé xacdinh cac tham&a, vaW . Trong pha th nht, cac
ak dugc xacdinh dé q. < g, sao chag gan i g nhat. Pha hai xadinh W*
bang phrong phapip tim nghém aia hé pheong trinh (3.18).

Procedure Huin luyén mang RBF (HDH)
Begin
Pha I Xacdinh tham é ban kinh
For k=1 to N do

Xadinh céacoy dé qc < q;
sao chéwthay th g ;= % thi g >
End
Pha 2 Xacdinh céc tong $ tang ra
Xaadinh W* bang phrong phap ip
End

Hinh 3.2Dqc tg thugt toan kp hai pha hdn luyen mung RBF

Véi mdi vectr N-chiéu u, ta ky héu chuin |[ull= ”jléND{lU,- I didu kien két

thic c6 th chon mot trong béu thic sau:

) gV W se 323

4.4 Nhan xét chung \& thuat toan mét pha méi

Thuat toan ndi mét pha QHDH khdng nimg giam dang I thoi gian huin
luyén ma tinh éng quat éa mang ding ©t hon cac that toan khaoda so
sanh. That todn nay thrc ar c6 ¥ nghia cho bai toan cé & noi suy cach
déu nhau va chy tét véi sb mbe on.

CHUONG 5. MANG RBF PIA PHUONG

Chuong nay xay dng kién tric moi d6 1a mang RBFdia phrong, dé giai
quyét cac bai toarong va thyi gian thrc.
Céac Kt qua chinh @a chrong duoc cdng b trong Wi thao Quic t& cua
|IEEE, va ap chi quc t# International Journal of Data Mining, Modelling
and Management Science.
5.1. Gigi thi éu

Hién nay chra c6 thidt toan héu qua ndodé huan luyén cho cac bai toan
dong va thi gian thrc. Thuat toan HDH @i thién dang I thoi gian huin
luyén va c6 nhiu vu diém nhrng thoi gian hdin luyén ting rat nhanh khi &
mbc noi suy &ing. bac tinh nay gi nén y trong phan nén dit liéu thanh céc
mién con clira mbc ndi suy gin bing nhau va khéngugt quaM cho tiréc,
réi xay drng mang mi suy RBF trén rdi cum con nay. Nu cé dr liéu bd
sung thi chhuan luyén lai trén mdi cum con.

5.2. Mang RBF dia phwong

5.2.1 Kién tric va thi tuc xay deng mang

. ~ ¥4 A" k N Y A , _ N
Gia sr tap modc nol suy {X }k:1 nam trong mén dong gbi noi

n

D=[1[a.b] vaN Ién. Ta cln truéc 5 nguyén adong M cho $ diém trong

moi cum con va chia nén D thanh cac hinhdp n chiéu D; (j=1,2,...,k) Vi
sb moc trong ndi cum nhd hon M theo thdt toan phanem nhy cayk-d. Sau
d6 sr dung thift toan p HDH dé huan luyén cac nang RBF cho ri mién
con D;. Xay ding thi tuc dé xacdinh mbi x trong D thubc mién con D; va
mang RBFdia phrong $ 1a két néi gitra thi tuc nay Wi cac ming RBF con.
Véi mdi dit liéu mai thudc D; thi chi c6 mang mi suy dia phrong aia mien
D; phai huan luyén lai. Khi bo sung d ligu moi, néu 5 moc moi suy trong
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4.3.2 So sanh tinh saiéshuan luyén n£@-9)
IZ|. _Ing-=In|zZ|, +In(1-q)
3.00E-04 b) t2 In q B In g (3'24)
< 250804 véi tla S lan lap.
S 2.00E-04
%» L SoE.0d 3.2.3Pac tinh héi tu ,
= L 00E08 binh ly dam bao tinh 1oi t}l va cho phémdc luong sairé caa thiit toan.
= Pinh ly 3.2 Thut toan hiédn luyén mang HDH luén Kt thac sau fiu han
& 5.00E-05
0.00E+00 ‘ ‘ buéc vadanh gia sau l&tng: ‘Ml —W*H* <& (3.25)
QHDH, 18" HDH, 35" QTL, 46" QTH, 48"
Céc thu 4t todn 3.2.4D§ phurc tap caa thuat toan
o o
, , Pit ¢ = ma><{|09a ., [log, %}VQT la  lan lap trong pha 21 thijt
Hinh 4.3: So sanh sabva thyi gian huwin luyén cia cac thudt toan QHDH, 0 0
HDH, QTL, QTH vi 1331 néc aia ham 3 bin. n£A-0)
Theo thrc nghém ta thiy sai $ huan luyén va thoi gian huin luyén cia thuit ) o , A |z, . ea-q)
toan QHDH 13t nkit. toan [ co the duoc udc luong theo cong tinc: T —W = |09qW)
4.3.3 So sanh tinhdng quéat thi d6 phirc tap caa thuiit toan [20((T+c)nNY).
3.3. Thir nghiém thuat toan.
> S Hiéu qua caa thuit toan hidn luyén mang roron dra trén céc tiéu chi sau:
- 1)Téc do hoi tu cia thiat toan béu hién qua thyi gian chiy va sai 6 huén
€ 35 luyén.
E» 31 2)Tinh Hng quat éa mang biéu hién qua sai & kiém tra caatiém méi sau
E > khi hudn luyén.
§ 1-&;» | Thuc nghgm v6i ham 3’bén Y = XX, +Sin(X, + X, +1) + 4 (3.33)
05 | Chay trén may tinh céau hinh: Intel Pentium 4 Processor, 3.0GHz, 512MB
0 DDR RAM. Dit liéu thr nghém dugc ldy cachdéu theo hai cléu va tich

QHDH, 18" HDH, 35" QTL, 46" QTH, 48" hop ngiu nhién i chiéu tha ba.

Cac thu at toan 331 Toc do hoi tu
‘ 9 , Tha nghiém v6i sé mbc khac nhau & cac tham & g, o vae thayddi tuan
Hinh 4.4:D6 thi So sanh tintvhg quat hoa £a nung hwn luyéen boi cac tu.

thugt toan QHDH, HDH, QTL va QTHd 1331 nac aia ham 3 hin.

Thuc nghém ta thiy tinh H6ng quét éa thuit toAn QHDH & dt nhit.
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4.3. Theee nghiém
1200 Thuc nghém so sanh i gian, sai 8 huan luyén va tinh éng quét éa
< 1000 e qo05, 005 thuat toan ndt pha QHDH i thuat toan HDH va céac tht toan nét pha
i% zgz 108, 405 Gradient QTL, QTH. Trongé QTL Ia thit toan do Looney gi thidu vsi
©
5 — 4 q=0.8, 0=0.7 L an n L. _ X . , .,
2 tham & do rong ban kinho va QTH la that toan theo gi
3 4007 — % q=0.8, a=0.8 > fong (2N)* Q - ay
= 200 D max
o ‘ | | a:ﬁ 1a Haykin ;Dmaxla khaing cach én nhit giita cac mic; N 1a
100 400 1225 2500 3600 4900 , S L .
T S0 lugng cac mc ndi suy, nla $ chicu aia moc nNoi suy.
S6 moc ndi suy ] R ) . L.
Thuc nghém trén cac ham 2 & va 3 bén.
: ‘ o L . ) U XX X 1
Hinh 3.586 thi thoi gian huin luyén khi cac thaméq vaa thaydoi y=—""7= 3 75 %0[0,10], %0[0,20] (4.22)
2 .
. . . . , N =X X +sin(X, + X, +1) +1, x,0[0,3], x[0,4], x;J[0,5 4.23
Nhgn xét Thoi gian huin luyén ngin (tham chi ch vai phat cho khing 3000 Y=R% b+ % +1) 100,31, %H[0,4], %H[0,5] ( )
mdc) so \6i cac thudt toan khac. Thi gian huin luyén ting khi q hdc a 4.3.1 So sanh tbi gian huan luyén
tang.
3.3.2 Tinh Hng quéat 2000
L4y 400 ndc va hdn luyén mang Wi cac gia ti khac nhau¢a tham 8 g 2000 | .
vaa, voi tham $ dirng e = 10°. Sau khi hén luyén xong, iy cacdiém ndiu 6000 | .
nhién khéng &m trong &p mau huén luyén dé kiém tra. € 000
— - - - - - - Thuat toan HDH
_E 4000 —=&— Thuat toan QHDH
0.025 S 3000 | .
£ 002 = 2000
5 1000 SEEEE e
@ 0.015 0 -3/'/.
-g 1071 2761 5271 10251
o 001
2 Sé méc ndi suy
¢ 0.005
0 Hinh 4.2:P6 thi so sanh thi gian huin luyén
u=038 girra thuit toan HDH va QHDH
Céc gid tri a thay doi Thuc nghim chothdy thoi gian huin luyén aia thiuit toan QHDH gim dang
ké so \6i thuat toan 2 pha HDH.

Hinh 3.6D6 thi kiém tra sai 8 khi a thayddi

Tir két qua thue nghém trén hinh 3.6 va cacibg ding nhr cac hinh trong
luan &n chira ring tinh 6ng quat éa mang ting nhanh khg, a tang.
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_HXJl---Jn —xiLin

—e A/Uil...jn (45)

Wit _{O;khi: jiL...,jn=il,....jn

Céc ban kinlr,, ;, dugc xacdinh sao cho maan  thaa mandiéu kién
cua anh x codé thuc hién pha hai ¢a thuit toan HDH.
Tuc la Wi sé duongq < 1, clon caco;, ;, dé cho

G1.in = Z ltyl]lllnln

jl,...jn

=q<1 (4.6)

4.2.Pinh ly co s6' va mo t thuat toan
4.2.1Pinh ly co sor

B 1
Pinh Iy 4.1 Véi moi q0(0,1), réu Zit-in = { ]1 thi Qv z,..ir< 0.
In

nl+qg-1
8

4.2.2 M0 # thuat toan mét pha

M6 ti thudt toan ndt pha(goi tit la thuat toAn QHDH)

Véi hang $ duong g<1 ta c6 tk chon trudc caco; intheodinh Iy 4.1 (héc
cong thirc (4.21))dé thaa mandiéu kién aia anh x co trong cong tic (4.6).
Saudo6 ap ding phrong phap dp don trong pha th hai aia thuit toan HDH
dé xacdinh trong $ tang ra.

ProceduceThuat toan 1 pha hin luyén mang
Bwéc 1: Xacdinh ban kinh
Xacdinh cacoi; i theo cong thc (4.21) ;
Buwéc 2 Tinh tiong $ tang ra
Tim W biang phrong phapdp don; // pha 2 aa thifit toan HDH;
End

Hinh 4.1:Thut toan 1 pha hdn luyén meng RBF Wi moc cachdéu.
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3.4. So sanh & phwong phap Gradient

Thuec nghBm twong tr dé so sanh & mang huin luyén bing phrong phap
Gradient cho thy mang huin luyén bing thuit toan ndi huan luyén nhanh
hon nhiu va tinh éng quét ang ©t hon.

3.4.1 So sanh thi gian vadd chinh xac dia nhirng diém huan luyén.
Huan luyén bing thuit toan HDH i €=10° g= 0.8,0=0.9 va thét toan
Gradient trong hai trong hyp 100 vongdp va 10000 vongap.

1

0.9 -

0.8 -

0.7

0.6 -

0.5 -

0.4 -

Sai s6 trung binh

0.3

0.2 -

0.1

0 4

Grandient 100 vong, 1" Grandient 10000 vong, 180"  Thuat toan méi HDH, 1"

Cac thu at toan

Hinh 3.8 So sanlis chinh xac va i gian aia thuit toan nai
va thuit toan Grandient

Theo thrc nghém ta thy thuit toan ndi HDH tét hon so \oi thuat toén
Gradient trong € hai tnirong hyp Vé thoi gian huin luyén va tinh chinh xac.
3.4.2 So sanh tinhdng quat

Ly ra cac mc dé lam #ip diém kiém tra. Sau khi hin luyén bing hai
thuat todn \6i cac tham & nhu muc 3.4.1. So sanh sab & tap kiem tradé
danh gia tinhdng quat.
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1.6

Sai s6 trung binh

Grandient 100 vong, 1" Grandient 10000 vong,  Thuat todn m&i HDH, 1"
180"

Céc thu at toan

Hinh 3.9 So sanh tinbrig quat ga thuit toan n¥i HDH
va thuit toan Grandient
Qua thrc nghém ta tHiy thuat toan ndi HDH c6 thyi gian huin luyén va sai

sd nhd hon nhiéu ding nhr tinh Hng quét ét hon so \6i thuat toan Gradient.

3.5 Nhan xét chung \é thuat toan lip hai pha HDH

Qua thrc nghém ta thy thuit todn néi HDH cé thyi gian huin luyén
mang nhanh & ca khi $5 mbc lon. Véi thuat todn ac tiéu sai $ tong cac
binh phrong, Looney choang cH nén chy véi s6 moc nhd hon 200 con
thuat toan nay @n thuc hién duoc khi $ mdc gan 5000.

D& dangdiéu khién can ling gira tc do hoi tu va tinh 6ng quéat éa mang
bang viéc diéu chinh cac thamd& co khi ning song song hoa thiutoan.

TOm lai, thuat toan ndi dé xuat HDH dé thuc hién va c6 héu qua cao.
Thuc nghém cho thy n6 gii quyét tot bai toan Hi suy Wi sb mbc 16n va co
nhiéu vu diém noi troi.
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CHUONG 4. BAI TOAN NOI SUY VOI M OC CACH PEU

Trong nhéu tng ding & cac thh wc dd haa may tinh, plrong trinh toan
ly, cAc bai toan ¥k thuat, va nkin dang mau thaong gip bai toan ai suy wi
mdc cachdéu. Chrong naydé xuat thuit toan ndt phadé giai quyét cho
nhitng bai toan nay.

Két qua caa chrong da duoc diang trong K yéu hoi thao quic gia cac dn
dé chon loc caia CNTT &n thi X.

4.1 Biu dién bai toan

Bai toan naéc cachdéu: Khi cac ndc ndi suy la noc cachdéu thi ching co
thé biéu dién cac ndc moi suy theo B chi b dang (1,i2,..,inN) Voi
X P& = (LX) trongdd Xy =% +ikh ; he(k=1,...,0) 1a cac Ang $
buéc cho trrde (bude thaydoi cua bién x), n1a $ chiéu, vaik nhan gia ti tr
0 dén N¢ (N¢ +1 1& $ mdc chia @a tirng chiu).

Thay cho chén Euclide, ta xét chiin Mahalanobis]¥|, =vx"Ax; véi A 1a
ma tién duong chéo co ghg :

% 0 0
1
|0 5 .0
A=| © @
0 0 . 5

Céac tham & a, 8 dugc chon thich lp Véi cac hrée h, (dudi day € cho
thdy 1a a = hc O k). Biéu thac (3.10) va (3.11)duoc viét lai la:

Ny...N,,
P(X) = _lZ:\IVi Lin®Pizin (X) + W, (4.2)
_ ‘H x=x! bt ’ /Uizl...in
trongdo, @iy in(X) =€ g (4.3)
Ma tran @ = (¢ijll_,','j;1j“)NxN la ma tan vuéng ép N = N;...N,. Voi
; ; ; ; =[x b I T ? /Ui2 .in

gh = g . (x!*I") =e | o1 (4.4)

W=|-® $la:
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