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AP DUNG THUAT TOAN GIAM SAI SO VA THUAT TOAN DI TRUYEN
CHO HE MO SAM XAP XI VOI TAP MO DANG HINH THANG
Lé Ngoc Thank
Trudng Dai hoc Kinh té Tp.HCM
(Bai nhdn ngdy 22 thdang 04 ndm 2006, hoan chinh sia chita ngay 14 thang 09 ndm 2006)

TdM TAT: Nhu hdu hét cic moé hinh biéu dién tri thirc, viéc hoc diéu chinh tham sé
va hoc 16i 1weu kién triic ¢é ¥ nghia quyet dinh dén chdr lugng va hiéu qua cia hé mo SAM
xdp xi. Bai bdo nay trinh bay mgt s0 nghién ciru iing dung cdc thudt todn g:am sai s6 va
thudt todn di truyen cho qud trinh hoc diéu chinh tham s0 va 16 wu ctia hé mo SAM. Dong
thoi trién khai két qua nghién ciru voi hé mo SAM xdp xi sir dung tdp mo hinh thang va dp
dung trong dir bdo chudi thoi gian.

Tir khéa: Ly thuyét tip mo, thudt toan hoc giam sai s6, thuét toén di truyén.

1. GIGI THIEU

XA&p xi phi tuyén 13 vin d& dugc quan tdm trong linh vuc diéu khién hoc. Bai toan c6
thé duoc biéu nhu sau:

Cho

X la tdp compact trén khong gian Rn.

Y la tdp compact trén khong gian Rp.

= f(x) : X 2 Y lién tuc, gidi han trén X.

€ > 0 cho trudc.

Yéu cdu

Xay dung hé thong F(x): X 2> Y: Vx e X, | fix)-F(x)|<e

MG hinh todn ciia f ¢6 thé chuwa xdc dinh, va dugc chi ra bing tdp cdc mdu dit liéu
thong ké {xy, xy EXY}

C6 nhidu céch tiép cén khic nhau cho van dé xdy dung md hinh F(x). H¢ m& SAM
[31(7] (Standard Additive Model) véi hé théng céc luat md hoat dong phdi hop 12 mot cach
ticp can cho véan dé nay. Bang viéc sir dung khéi m& hinh thanh tir ludt mo phi 1én mot
doan bxen thién trong khong gian tich XY, cac luat m& cua SAM cho phép lap day toan bo
dudng biéu dién cia quan hé y = f(x). Co ché kich hoat song song va két hop theo qui tic
cong-tich trén cic luat m& cia SAM dam bao (ng vdi mdi gia tri dau vao 1a mot gia tr diu
ra x4c dinh, cho phép xAp xi véi két qua cua f. Tuy nhién, chét lugng x4p xi cia SAM tiy
thudc vao s6 luat m& va cach phan bd cua ching trong khéng gian tich XY (hinh 1).

A
b §

(hinh 1) X

Hé SAM c6 cang nhiéu luit m thi chét lugng xép xi cang cao. Nhung néu s6 luat m
ting ma phéan bd khong hop 1y thi s& lam giam chét lugng xap xi va téc d6 van hanh cia
SAM. Nghién ciru céc thuat todn hoc diéu chinh tham s6 va hoc ti uu cho hé¢ moé SAM la
nhdm giai quyét vin dé nay. Hién nay da c6 mot sb nghién ciru cho vén dé& néu trén, ndi bac
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1a [5] v6i viée sir dung hé SAM dua trén tdp m& hinh thang. Tuy nhién [5] khéi tao ham
hinh thang cho t4p md& sau khi da xéc dmh ham hinh chudng (bellsharp) ctia né. Do d6 thuat
toan mét nhiéu thoi glan Hon nira, néu sb ligu hoc khong lién tuc thi md hinh tao ra khong
dap (mg duoc yéu cau xAp xi lién tuc. [5] t6i uu hé ludt m& bing cach tinh gian sb tap mo
tuong ty nhau nén chat lugng x4p xi cua hé m& giam sau khi tinh chinh. [1] chi tiét thuat
toan hoc tham sb trén céc dang ham m& nhung phin t5i wu hé luat chu yéu dua vao céc
danh gia trén ludt nhu: tinh trung ldp, tAm quan trong dé loai bo luat. Cac chi s6 nay cin
mot khdi lugng tinh toan c6 d§ phirc tap rét 16n, ddi khi gan bang phuong phap vét can.
Trong ndi dung tiép theo, bai bao s& d& cap mot sb van dé vé hé¢ md SAM, trlen khai thuét
todn glam sai sO cho qua trinh hoc diéu chinh tham sd va thuat toan di truyen cho qua trinh

hoc t6i uu cua SAM. Cudi ciing l1a tng dung cac két qua nghién ciru cho phan mém du bao
trong kinh te.

2. HE MO SAM

Hé md SAM la hé théng m ludt md hoat dong song song va két hop theo mé'hinh
cdng-tich. Goi Rj la ludt mo thir j cia hé SAM. Ta co6:

Rj:IF X=Aj THENY=Bj , j=1,m

Aj: Tap md diu vao. Aj c6 thé 1 tap'hop n tdp md thanh phin Aji, i =1n, tuong ling
véi n chiéu cia khong gian vao cuia luét.

Bj: Tap mo ddu ra. Bj c6 thé ¢6 nhidu tip md thanh phin. D& don gian cho viéc tinh

toan va cai dit, chung t6i gia sir Bj c6 mot thanh phin. Nhu vay s chiéu ctia khéng gian ra
cua luatla 1,

Kién tric va nguyén tic hoat dong ciia m6 hinh hé m& SAM duge biéu dién nhu (hinh 2)

> IFx=A, THEN y=B, [ B, \"!

x%A-."—’ IF X=A2 THEN y=B2 — P Bz' > Dt::fuZZY o
2

—» IFx=A, THENy=B, [ B, [ W=

(hinh 2)
X Gia tri vao, x € Rn.
Yo: Gid tri ra cua hé théng, yo € R.
A: Gia tri m& héa cua x.
Bj’: Tap mo két qua cho bai ludt Rj.
wj Trong s6 luat Rj trong hé luat.
i 5f: Qui tic cdng trong mo hinh két hop cong-tich clia hé m& SAM
B: Tép md két qua ciia toan hé théng.

V6i mdi gi4 tri vao x, x duge md héa va kich hoat tat ca céc luat.

Dit aj(x) 1a mic kich hoat ludt Rj ctia x: a(x) = ﬁaﬂ(xi) (1)

i=1
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Vi aji(xi) 1a gid tri ham lién thugc m& cta tp mo thanh phin Aji trong Aj.
Gi4 tri thp mo dAu ra cia Rj : Bj’ = 2j(x).Bj : ‘
Vi du, xét ludt Rj. (Hi inh 3) sir dung dwomg don biéu dién tdp mo Vé trdi Aj va vé phai Bj.

Gid tri x kich hoat vé trdi lugt H = pu(x). Tdp mo két qua B’ cé pp- duoc xdc dinh bang
duong nét dam.

= l:_u_ﬁ /\

AN,

X "X 5
(hinh2)
Tap md ddu ra B ciia hé thong:
B=Yw,B; =Y w,a,(x)B, | 3)
i=l j=l
bit :
b : Ham lién thudc mo ciia tdp mo B.
bj : Ham lién thudc m& cia tdp mo Bj, j=1,m.
bj’ : Ham lién thudc mo cta tdp mo Bj’, j=im.
L Kich thuéce khéi mo Bj.
cj : Trong tdm khéi m& Bj.
Ta co:
¥V, = jb,-(y)dy @)
Iy b, (y)dy
. (5
Ib (y)dy
b(y)= 3w, b (y) = Y W, a,(x)b;(y) (6)
j=1 j=1

Sir dung phuong phap khir m& trong tdm [4] déi voi tap md B dé x4c dinh gié trirayo:
j y.b(y)dy [ Y3 w b y)dy I 92, W {0 Yy

=l

f"(”"y IZwi-bi(y)dy jzw 2,(x).b,(y)dy

y, = Centroid(B) =

E [yb;(y)dy
m w.a(xV i —m
Y wa(x). [yb(y)dy ; T by
= ! =— - )
> wia,(x). [b;(y)dy Y wia,(x)V,
i=1 R i=1

M0 hinh hé mé SAM: y=F(x) :Rn 2> R
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i a;(x).Vje;
: F(x) =L (8)
Z w;.a,(x)V,
i=1

3. PIEU CHINH THAM SO HE MO SAM [3][7]

Giai doan hoc chu tric da kién tao hé ludt m& cia m6 hinh SAM y = F(x) x4p xi ham
phi tuyén y = f(x). Sai s6 mé hinh xéc dinh nhu sau:

E(x) = max{[(y-F(x))*)/2} )
Diéu kién chp nhan duoc la:
E<g, €>0cho trudc
(10)
Khi kién tric hé m& SAM dugc tao, (10) c6 thé chua théa. Hoc dleu chinh tham s6 1a

dé gitp SAM giai quyét vén d& nay. Bai toan hoc diéu chinh tham sé duoc phét biéu nhu
sau:

Cho :
- Mb hinh SAM véi kién triic va céc thong tin li€n quan nhu (hinh 2)
-D={xyte XY, t=1,md} tap hop dir liu phin 4nh quan h¢ cin xip xi y = f(x) : X >

V6i ntd: S8 mAu dir liéu trong D.

Yéu cau: Diéu chinh tham s cua céc wj, Aji, Bj, j=im, i= 1,p; ciia hé SAM dé (10)
dugc thoa man.

Ap dung thuat toan cho quy trinh hoc giam sai s (gradient descent) [3], cho tham s6 &

cta h¢ m& SAM, ta ¢6 md hinh hoc diéu chinh: &1 +1) =E(t) -, ?EE (1)
ke 12 hé s6 hoc, x4c dinh nhu sau [3]: pw, =p__|1- -
1.1*ntd

VOi pmax : Gid trj p 16n nhét, duge chon trude.
Trién khai (11) cho cac tham sé ciia SAM tai ludt Rj :
* Céc tham sb lién quan tap mo vé trai Aj:

- Tap m& Aji : OE _OE OF O

da; OF 0a; 0a,
(12)
= Céc tham sb lién quan tp md vé phai Bj:
- Dién tich: £ _EF
BV BF 3\/
(13)
- Trong tim:  9E _OE OF (14)
" &, oF &,
* Trongsb lugt: G _OE OoF (15)
w. oF ow

Véi : E(x) = %[f(x) -FGOP*, suy ra: % = ~(f(x) — F(x)) = —&(x) . K&t hop v6i (8), ta dhroc:
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aF w,..aj(x)-Vj(; wl“aJ(x)‘Vi] w,.a,(x)V,

e, - 7 = =p,(x) (16)

J (Z w,..a,(x).V,.] [Zw,-.a, (x).V,]
E W,.4q; (x)cj[gm a"(x)}/} W,.4a; (ZW a(x)_V J (I)L' -w,.a (x)f(x) [ F( )] w4, \x) (17)
a m

" [Zw a (x)V] Zw a(x)Y, Sway,
i=1 i=l
a;(x).V,.c (Zw .a,(x). VJ—a (x). V[Zw .a (x).Vi.c]

a_ = i=l : i . [cj i F(x)] - aj; (x).Vj (1 8)

! (Zwi.ai(x).vi} (Zw, .a (x).lﬂ]

i=1 i=1

(Swacovs)
[Z -.ai(x).\{Jz i (iwj-ai(x)-\{} 7

BF W, Vl_c F(x)J Wj-Vj (19)
£ (Zw a, (x)V,]

wj.V} i

{ m m
wJ V. c,szJ .a,(x). VJ j(;wj.aj(x).\g.ci]

= [, - F] (;wrai(xm)

Ha,k (20)

k=|
Trong bai béo ndy, chung t6i sir dung dudng biéu di&n dang hinh thang cho céc tap
md. Tap m& A dugce biéu dién véi 4 tham s6: A(l, ml, mr, r)(xem hinh)

dang 1 dang2 dang 3

v

V6i tap md Aji, ta c6: Aji (lji, mlji , mrji , tji )
Khai trién(12) trén cic tham sb A;; :

a_E_a_Ea_F@_aa_ji OE _@E &F da; O,
dl, OF da, da; 0, omr, OF 0a, da, omr,
E _2E Faa Oaj; OE OE OF Oa; ba;
oml, oF 0Oa, da, aml or, OF oa,0a, or;
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Goi xyt 1a mAu dir liéu hoc & thoi diém t. Ta co:
Bu. Bk ' P 8w

s xtsliibxt2ri mjisxtsmji:vigi=0, L. 8.8 = ¥_p
j omly omr; or
i - X, _lji
* lji<xt<mlji: a; =
mljl —lji
aaji aa i 0 2 aaji " xl T ml" " aaji . IJI - xl
= r— ] ] » S 2
s s ji —X.
" mrji<xt<rpji:a, =
7o =mr
da; Oa (Oa;, X, -mr, Oa o
= = = 5 s = :
oml; dl; or;; (rJi —mrjl) omr; (rji —mrj,)

Thay céc két qua tinh todn & trén vao céc cong thirc (12), (13), (14), (15). Ap dung (11)

ci(t+1)=c;(t)+p .&(x).p;(x) (21)
Vj(l+l)=Vj(l)+pl.e(x).[cj—F(x)]EjE—X) (22)
P; ( ) 23
w(t+)=w () +n, a(x)[c -F(x)] (23)
lji < xt < mlji : ' (24)
p;( X, —-mly
L =1 —-F i
(D= L ©+ps00.f, -Foo] P2 v )“ U mern
p;(x) Li =X,
ml(t+1)= ml"(t)+pl.£(x).[cj—F(x}} ‘( )k : Jk( l:, _i)z
mrji <xt<rji: (25)
(x) X, —mr;

L+ = 5O +p.e0k, -F(x)]

"6y

ﬁ

k=1 |
k=i

Ihu;mww

bl.Cho trudc &.

b2.t=0.

b3.Poc vao mau dir liéu xyt, Tinh yt=F(xt) viet=ydt—yt.

b4.Piéu chinh cc tham sb cua hé ludt theo cac cong thirc (21), (22), (23), (24), (25).
b5.t=t+1.

b6.Néu t < ntd thi dén b3.

b7. Tinh E theo cdng thirc (9).

b8.Néu E > & thi dén b2.

b9.Dung thuét todn.

mr, ()= mr, O +p,£60, —F(x)]
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4. TOI UU HE LUAT MO

Téi uu hé mo SAM 1a loai bo céc luat mo (mg voi cac khdi mo khong c6 y nghia XAp xi
nhim giam kich thudc, tang téc do hoat dong nhung van duy tri chit lugng xap xi cua
SAM. Néu ding phuong phap vét can dé hoc tdi wu hé mo SAM c¢6 m luét thi s6 t6 hop ludt
phai xét la:

m!

" k(m—k)!
R3 rang N kha i6n. Nhu the phuong phdp vét can la khong kha thi. Bai bao nay trinh bay
mot giai phap ca1 tién cho vén dé trén r?.] d6 1a sir dung thudt toan di truyén.

= Nhiém sic thé : Thong tin di truyén sir dung trong bai toan nay la tinh lgi ich cia cac
luat mo trong hé SAM. Thong tin d6 dugc ma hoa bang nhi€m séc thé dang vector cé m
thanh phén twong img v6i m luat trong SAM. Thanh phén thir i bat ky chi nhén gia trj 0
hodc 1. Gid trj 1 xac dinh Iuat Ri ton tai trong hé, gta tri 0 mang y nghia ngugc lai.

Vi du: F-1:040 0000 1] 12 mot nhiém séc thé (ng v6i hé SAM c6 7 luit, Nhim
séc thé nay chi x4c nhén su ton tai clia cac ludt Ry, R3, Rg va Ry trong hé SAM.

= Thé hé : Tap hop chira cac nhi&m séc thé, ¢6 10 phan tir. O the hé dau tién, cac nhiém
sic thé duoc khoi tao ngau nhién nhung luén luén c¢6 mot nhiém sic thé ma céc gene déu
mang gia tri 1 (26). Nhiém sic thé nay dam bao qua trinh ti uu khong sai lam.

» Ham thich nghi (fitness) : Trén co s can nhic giita s6 luat sir dung va chét lugng
x4p xi trong qué trinh tdi wu, nguyén ly Kalman dugc [2] vén dung dé xay dung ham
fitness:

N=C!+C+Chn+...+Cnm™ + Cmm , véi ¢! =

s . —2 Iog od (m 1 ) 27

Fit(m) = ln(o‘ )+ e (27)

m, : S& phin tir bing 1 trong nhiZm séc thé.

52 = % (v¢ - F(x,)f (28)

= Lai tgo : Thuc hién lai tao tai diém gifra cia hai nhi&m séc thé bd va me. Xéc suét lai
tao ca thé mai 1a Pc = 0.5. (29)

= Djt bién : Gene dot bién trén m3i nhiém séc thé duoc chuyén gia tri tir 0 sang 1 hodic
ngugc lai. Xéc suét thuc hién dot bién gen 1a Pm = 0.01. (30)

= Chon loc tw nhién : Do ham thich nghi & trén c6 tinh hi tu cao nén phuong phép
chon loc tu nhién dugc ap dung trong thuét todn nay la phuong phap xép hang (ranking).

Thudt todn t0i wu hé SAM

b1.Khoi tao thé hé dau tién thoa (26).

b2. Thuc hién lai tao theo (29)

Dot bién theo (30)

b3. Ding phwong phap xép hang cho chon loc tu nhién dya trén ham fitness (27).

b4.Néu didu kién dirng chua thoa, dén bl

b5. Ding nhidm séc thé troi dé loai cac luat khong cén thiét trong h¢ md SAM.

b6. Dirng thuét toan.

5. NG DUNG DU BAO GIA CA HANG HOA

Céc két qua nghién ciru trong bai bao nay duge van dung vao phin mém “Ung dung
SAM cho du bdo chudi thoi g:an Times-SAM” [6]. Noi dung nghién ciru cua bai bao ciing
g6p phan ing dung trong de tai “PHAN TICH DU BAO KINH TE UNG DUNG TRONG
NGANH CONG NGHIEP TAI TP HCM”, Vién Kinh Té TP.HCM nam 2003.
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Phin mém [6] duoc thiét cho vide xdy dung md hinh SAM du béo gia ca cia mot sb
hang héa nhu: vang, dollar, ciment, gao. Mo hinh SAM dy bdo gié vang dugc trinh bay
dudi day 1a mét trong nhing két qua cia phin mém.

Qua viéc phdi hop nghién ciru v6i Vién Klnh Té thanh phé HS Chi Minh, chung toi
nhdn dugc bd dir liéu véi 2327 miu vé gia vang mdi ngdy trong cic nim 93-97 va 99-2000
tai thanh phé H6 Chi Minh. Véi gia dinh chudi gia vang/ngay 1a chudi sb blen thién theo
thoi gian, cac chuyén gia & Vién da sir dung phuong phap Arima (trong kinh té luong) dé
xay dung m6 hinh du bdo gia vang. M6 hinh ma céc chuyén gia dua ra nhu sau:

D(t) = 0.139 + 0.056[D(t-1) — D(t-2)] £ 0.262 + D(t-1)

D(), D(t-1), D(t-2) ldn heot la gid vang tai thoi diém khdo sdt, truée thoi diém khdo st
1 va 2 ngay.

Nhidm x4y dung mé hinh méy hoc thay thé mé hinh kinh té lugng ndi trén, chung toi sir

dung hé¢ SAM c6 hai dau vao tuong (mg v6i D(t-2), D(t-1) va mét dAu ra twong img véi
D(t). Gia sir két qua hoc c4u tric (mot tién ich cua phin mém) da xay dung hé mo SAM cé
51 luét m& (bang 2) trong khéng gian vao-ra: vang(t-2)xvang(t-1)xvang(t).
Sau day la két qua ap dung c4c thudt toan hoc diu chinh tham s va hoc t6i wu dbi v6i mo
hinh SAM du béo gia vang. B dir li¢u thir nghiém dugc chon ngu nhién tir dit lidu théng
ké. Co s¢ cua viéc lya chon 12 mé hinh du béo do céc chuyén gia Vién Kinh Té tp.Hb Chi
Minh thuc hién. B dir liéu thir nghiém nhur sau:

Béang 1
S [Vang(t:2)| Vang(eD) | Vang(] [ /5. [Vang(-2)] Vane( | Vang().
1 482| 481 480 11 481 483 484
2 481| 480 481 12 483 484 488
3 480 481 482 13 484 488 485
4 481 482 484 14 488 485 487
5 482 484 486 15 485 487 488
6 484 486 484 16 487 488 487
7 486 484 484 17 488 487 486
8 484 484 481 18 487 486 494
9 484 481 481 19 486 494 492
10 _481] 481 483 20 494 492 491

Chon chiéu dai du bao 14 30 ngay, ldy thoi diém cudi cua bd dir lidu thir nghiém lam
thoi diém hién tai. Céc két qua thue nghiém véi img dung [6] nhu sau :

Chon ngén Data Source dé doc dir liéu hoc va dit liéu thir nghiém vao chuong trinh.

= Chit lwgng cia md hinh SAM sau giai doan hoc ciu tric ;

Dung mé hinh SAM sau hoc ciu triic dé du bao. Puomg biéu din cua (do thi 1) phan
anh két qua dy bdo, (bdng 3) 14 céc chi sb so sanh giita SAM va mé hinh kinh té lrong:

o [T | B s e SO

1 0.0353 |[vang(t-2)|FZ- 8][vang(t 1)]FZ 8] [vang(t)[FZ 9]

2 0.0822 |[vang(t-2)|FZ-9][vang(t-1)|FZ-9] [vang(t)[FZ-9]

3 0.0241 [[vang(t-2)[FZ-9][vang(t-1)|FZ-10] [vang(t)|[FZ-10]

4 0.1351 |[vang(t-2)|FZ-10][vang(t-1)|FZ-10] [vang(t)|FZ-10]

5 0.0499 |[vang(t-2)|FZ-11][vang(t-1)|[FZ-10] [vang(t)[FZ-11]
47 0.0013 |[vang(t-2)|FZ-8][vang(t-1)|FZ-8) [vang(t)[FZ-10]
48 0.0004 |[vang(t-2)[FZ-8][vang(t-1)|FZ-10] [vang(t)|FZ-12]
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49 0.0004 |[[vang(t-2)[FZ-11][vang(t-1)[FZ-11] [vang(t)[FZ-11]
50 0.0004 |[[vang(t-2)|FZ-11][vang(t-1)|FZ-11] [vang(t)|FZ-9]
51 0.0004 |[vang(t-2)[FZ-11][vang(t-1)|FZ-9] [vang(t)|FZ-9]

Méi tdp mé gom [tén co s6 | tén tdp mo]. FZ xxx : Tén tdp mo tao tw dong boi ph&n mém
Do thi 1

e 3 U]

et mddaditive Crodel € ST ) - Tiree Sevbes Pecdiotioeg

Bl FuzzySers ‘ i 'ﬂAMs} I g w nmtgunarmnl [-ﬂj Dara R’e-«nurrf-] &:_ Trairing &,1-.. Hrediction 1

Models Comparision

1- Stmadard At e Mo del
BB Suadeuic Model (-cs)

- DO 0262 Loa 1) “ | s maaerg es

222 A2 AdAaHBRRAR

Ly =0 139 + G osgioaiy

CEEE-EIEEEEE R F-E-F-5 8-

( Carrent SARM MModal iemincaies
e L S | Gomde [Goll

JiT =] oee [35T=] tomix 13 et i

| Sratatic Maodel : D) - Dfr-1] = C + A [ Dfe-1) - DRE-2) ) 2 C5

b
Ll e d 0195 @i ] 0.0%¢ b5 = -0.262 ||
i

Glé tri 16n nhat

Gié tri nho nhat 480.10 479.82
Gla tri trung binh 484.30 484.80
Sai so trung binh roetda 15 || e 1.96
Sai s6 phan trdm trung binh F s | 1 I RS 0.40

Sai s6 Thinh binh phuong cramog e 6.81

Gia tri 16n nhat

Gia tri nho nhat 481.15 479.82
Gia tri trung binh 485.26 484.80
Sai s6 trung binh e B s 1.96
Sai s6 phan tram trung binh YR | I e 0.40

Sai s6 Tbinh binh phuong ST Ot 6.81

Biang 3 cho thdy chit lwgng du bdo ciia SAM kém hon so v6i md hinh kinh té lugng
mﬁc du trong giai doan dai han, theo cic chuyén gia vién kinh té tp.HCM, du béo nay c6 thé
t6t hon do duorng biéu din du béo di vao ving gii han boi hai dudng biéu dién cia mod
hinh kinh té lugng.

% Ap dung hgc tham s6 cho md hinh : Sir dung ngan Configuration cia phin mém
tng dung dé 4n dinh ché d6 hoc tham sb ciia md hinh SAM.

Chon ché dd hoc tham sb (parameters learning) vdi céc 4n dinh:

e All fuzzy sets on the left of fuzzy Rule:  Chinh céc tdp m& vé trai cia hé luat

e The Fuzzy Sets output of fuzzy Rule : Chinh tdp md vé phai ciia hé luit.
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o  Weight of Rule : Chinh trong sb cliascéc luat mo.

e Iteration : Chon s lan lép trén bg dir liéu hoc.

Ap dung v6i s6 14n hoc 1a 10. Sir dung m6 hinh SAM két - qua cho du bédo. (bdang 4) cung
clp cac chi sb so sanh gitta md hinh SAM va md hinh kinh té lugng. RS rang mé hinh SAM
nhén dugc ¢6 chat lugng tét hon (sai sb thép hon theo moi chi sO danh gid) so v6i mé hinh
kinh té lugng va ca md hinh SAM nhén duoc sau giai doan hoc céu tric (bang 3).

Tiép tuc huin luyén SAM véi 50, 100, 150 lan, ddng thoi thuc hién du bdo sau mdi dot
huén luyen Két qua quan sat (da thi 2) cho thdy cac dudng biéu din du béo ciia SAM ing
v6i cac dot huén luyén (dénh so bing sb 1an lip) c6 xu hudéng di vao giita viing canh quat
ctia md hinh kinh té lugng.

T
Db thi 2
Models Comparision
103 66 @1
302183 =2 > D___,.
362 00 - 0280 X
56347 20 2

30034
490 50
45567
42784
45701
496 1%
49535

45453
49369
45286
49203
R L

42036 S
420 53 .D(t) -

Xy S
rert 06 - D2y - 0263 TEgH———
& B - -1 e i "
= s R e M e SO oE S e KNSR RS ES Ba AR

% Gidm kich thiéc SAM bing hoc t8i wu hé lugt

Trong ngan Configuration, chon co ché hoc t&i wu hé ludt (Fuzzy System
Optimization).

e Number of Generation : An dinh s thé hé 13p. Chon bing 60

e Auto-Delete redundant rules : Chon dé thyc hién co che tu dong huy bo luét thira.

Néu khéng chon muc nay, céc ludt thira s& dugc gén trong s6 bing 0.

Sau qud trinh hoc, hé SAM chi con 42 luét.

Céc luét b hiy bd c6 s6 thir tyr 1an luot 12 2,4,7,8,22,33, 37 40,50 (xem bdng 2).

Do dic diém vé& quan hé giira sé ludt va chét lugng xap xi dugc thé hién trong ham
fitness (27), qua trinh hoc tm uu ¢6 thé gay téc dong nho dén do chinh xac cﬁa md hinh
SAM. Khi d6, qué hoc tham sb s& gitip khic phuc sy ¢ néi trén.

Sau qué trinh hoc t6i uu m6 hinh SAM, ching t6i cho hé SAM hoc c6 diéu chinh tham
sb v6i sb 1an 13p 1a 50. Tién hanh di béo véi mé hinh SAM vira tim dugc, ta ¢ dudng biéu
di€n két qua du béo ciia mé hinh nay nhu trong (do thr 2). Céc chi s6 so sanh cudi cing nhu
sau

L Céc ¢hi s0 thong ké %
Glé tn I6n _n_l_@t

Gla tri nho nhét

Gia tri trung binh

Sai so trung binh

Sai s6 phan trim tr.binh

Sai s0 t.binh binh phuong
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Tuy céc chi s so sanh tuwong dwong nhau nhung dudng dy bao cia SAM duorc danh gia
1a t6t hon, va dang diéu cua n6 phu hop v6i qui ludt khach quan clia gia vang: “néu khong
co su thay ddi vé chinh sdch va khing hodng kinh té thi khi gid vang tdng sé chi dén mot
mikc nhdt dinh, sau d6 né dao dong trong mét gidi han xdc dinh’.

6. KET LUAN

Xép xi ham phi tuyén 12 vn @& cia diéu khién hoc dugc nhidu nha nghién ciu thude
linh vuc théng minh nhan tao quan tdm. Bén canh mang neuron, hé¢ mo SAM 1a mdt cong
cu cho phcp xay dung céc md hinh méy hoc cho van dé néi trén. Mic du ¢6 nhing han ché
nhit dinh vé gidi han gla tri clia céc dai lugng trong md hinh, nhung hé SAM c6 nhing uu
diém la tinh gn giii v6i ngudi dung khong chuyén vé tin hoc, kha nang dién dat cic khai
niém ngon ngu tw nhién, kién tric hé ludt thuan tién cho qua trinh gidi thich, va nhit 1a téc
do hodi tu cia cac thuat toan cho qud trinh hoc rat cao.

Vé&i mong mudn nghién ciru va img dung cong nghé théng minh nhan tao vao linh vuc
kinh te, trong thoi gian qua, tic giai bai bdo nay da tép trung xdy mot sé md hinh kinh té
hoc, ddng thoi phat trién va hoan thién céc cong cu may hoc phu hop cho vige cai dat md
hinh. Hé¢ m& SAM va nhimng nghlen ciru trinh bay trong bai bdo nay 1a mét trong nhitng van
dé cua dinh hudéng nghién ctru néi trén.

APPLICATION OF GRADIENT DESCENT AND GENETIC ALGORITHMS
TO THE TRAPEZOIDAL FUZZY SET BASED APPROXIMATE SAM

Le Ngoc Thanh
University of Economic in HoChiMinh city

ABSTRACT: Parameter learning and Optimal learning, as well to all other
knowledge presentative models, have an essential sense to the quality and effectivity in
approximation of SAM. This paper presents not only an applied research on gradient
descent algorithm and genetic algorithm to the parameter learning process and the optimal
learning process of trapezoidal fuzzy set based SAM system, but also, an application of the
research to the time-series prediction.

Keywords: Fuzzy set theory, Gradient Descent Learning algorithm, Genetic
Algorithm.
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