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L&i néi dau

T 20 ndm nay, Ly thuvél tip mo v Mang no-ron nhan tao da@ phdt trién rdt nhanh
va da dang. Cong nghé md v cong nghé mang no-ron dd cung cdp nhifng cong nghé mdi
cho cdc nganh cong nghiép lam ra nhidu sin phim thong mink, dip ing nhu céu thi
trwdong can c6 nhitng bé diéu khién linh hoat hon. nhitng thiét bi "biét" lam viée vdi
nhitng bai todn kho, phdi xi Iy nhiéu logi thong tin map md, chua day du va thiéu chink
xdae. Hai edng nghé hién dai nay ia hai tri o6t chink dé tao nén cGng nghé tich hap mdi,
cing nghé tinh todn mém (soft compuiing).

Bé ddp ung nhu cdu mang cong nghé moi vao nude ta va tre tidp cung cép cho sinh
vien va cde cdn b ki thudt tré nhitng kiéh thite co bin nhét vé tink vite nay, Truding Thu
ve "Hé meva ing dung” 1dn thie nhat dé i chaze tai Ha néi, thang 8/2000. Tit nhitng bai
gidng dé trink bay tai Truwong Thu, ching t6i chon loc, ndng cap va bé sung thanh
nhing chuong khd hoan chinh ciia cuin sdch nay.

Cudn sach bt déu vii hai chuong tong quan do Bii Cong Cudng ve Nguyén Cdt Ha
viét. Néu chuong dau tap trung vio nhing kién thite co bdn cia hai tru cét chinh: Hé mi
va Mang na-ron nhdn tao, thi trong chuong hai sau nhitng phin vé todn hoe md, quy
hoach md. tde gin di tap trung trinh biy kha hé théng nhitng vin dé rét co bin thudc
mot ten goi chung "Céng nghé tinh todn mém".

Tiép theo la nhitng chuong chuyén sdu hon, nhi Logic mit va ede ing dung da dang,
Diéu khién mi va mang na-ron cia Nguvén Dodn Phude va Phan Xudn Minh. Ly thuyél
khd nang - mot huing hién dai ndm giita Ly thuyét tdp md va Ly thuyét xde sudt —do Pé
Vian Thanh trinh bay.

Tiép theo la bai gidng cia tap thé Neuyén Thanh Thuy, Nguyén Hiru Pie va Trdn
Ngoc Ha —mot bai gidng rdt hey vé tich hup ede kY thudt tinh todn mém va magng no-ron
trong xu Iy dir liéu va bai gidng vé mot Idp todn tir g6p mdi — todn tw trung binh trong s6'
c6 sap xép. Chac chén cic dang suy rong cua no chita dung nhiéu kha ndng phdt trién va
wng dung.

Ba chuwong cuit cia cush sdch tap trung vio link vue hién dai: Mang no-ron nhén
tao va ung dung. Néu nhuw bai gidng clia Vi Nhu Lén tap trung véo hai bai fodn chinh,
kho va rdt hay ctia Didu khién hoc ky thuét: Nhdan dang mo hink va didu khidn cdc hé
thing phi tuvén, thi bai gidng ciia Béng Quang A lai tap trung trong mot s6 lop thudt
todn gidi cde bai todn (61 1w rot rac.

Cudi ciing cdn nhdc tdi bai gidng c6 lién quan toi die bdo. Trong khudn khé cua
‘Cong nghé tinh todn mém”, kél hop Gidi thugt di truyén v mang no-ron dé di bdn do la
mgt huong hién dai va ddy trién vong — van dé nay dige dé cap dén trong bai gidng cia
Nguvén Thank Thuy va Nguyén Thi Diéu Thy,



S€ la thiéu sot néu khong ké dén mot dic thit etia cudn sdch. Sau rdt nhidu chitong 6
phan tat Liéu ddn khd phong phu, di kién thic dé cdc ban doc c6 thé di sdu tiép. Hon
nita theo ché chiing to! biét thi cde tai lidu dén nay hién cd trong tay cde tde gid.

Khéng con nghi ngdt gi nita, han mun bai gidng frén dé tao mot b6 hoa khd hoan
chinh, da sdc, nhiéu thong tin, dua tdi cho ban doc nhitng kién thic rdt co bdn ding thoi
g0l md cho cdc ban sinh vién tré nhiéu huong nghién citu trién vong va ddy hdp ddn.

Cudn sdch sé khong thé ra mdt ban doc néu khong cd s hop tdc nhiét tinh cia ede
tde gid, néu khong co sw do ddu chit yéu cia Vién Todn hoc - don vi déng gop chinh 6
chiic Tricong Thu vé "Hé md va ing dung”, néu hhong c6 sy gidp dé ve gop y quy bdu
cda Ban Bién tap Nha Xudt bdn Khoa hoc va Ky thugt. Vi tdt cd cdc cd nhan ve don vi
trén chung téi xin chén thénh cdm on.

Do nhiéu han ché, dac biét han ché'vé théi gian, cudn sdch khong trankh khoi nhitng
khiém khuyét. Ching t6i hoan nghénh va chin thanh ling nghe moi gép ¥.

Ha Ni, ngay 6.3.2006
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1 KIEN THUC CC SCG CUA HE MO
Bii Céng Cuing
Vién Todn hoe Hé noi
1 Tap mé, logic m& va hé mo
1.1 Tap mo
Trong phin | cia chuong nay chiing ta bat dau tim hiéu nhitng khai niém co ban nhat:
dinh nghla 1ap m& cta L.Zadeh (1965}, cic phép toan dai s8. nguyén 1y suy rong. s6 md va
sau dé 1a khai niém bi€n ngon ngit. cic phép 10dn budc diu cia logic md. suy dién md vi
hé m& rén co s& cdc luat mo. Mot s§ dang phét trién (ng dung quan trong cling sé& duoc

16t nhanh d€ tao diéu kién cho céc ban mdi hoc 1&n dau cé cdi nhin tdng quan vé hé md va
img dung.

1.1.1 DBinh nghia téip ma
Xéttap X= . Ta s goi X 13 khong gian nén. Chang han:
X = tap sinh vién Dai hoc Bach khoa Ha Noi khoa 41.
Al =1ap sinh vién Khoa Cong nghé thong tin khod 41.
Khidé Al la mét tdp con ri clia X. Goi:
A2 = 1ap sinh vién gioi Tin , khod 41 coa Khoa Co khi.
Kh: d6 A2 1a mét tdp ma trén X,
Mé1 minh hoa khdc vé tap md 12 vé1 van tay cla i pham dé lai trén hién truong.
Binh nghia 1.1 (xem{1]): A |a tap m& trén khong gian nén X néu A duge xéc dinh béi ham
Hat X — [01].

H 1a ham thuéc (membership function) con f,(x) la dd thudc ciia x vao tap md A.

Vidu 1.1

X Halx)=1

Hinh 1: Vidu vé tap ma




Nhiéu tai ligu van quen k¥ hiéu g,(x). Tuy nhién, dé gon doi khi cdn ta s& ky hiéu
Afx) thay cho g4(x}.
Chiing 1a cling s ki hiéu
A={{Mgyx)fxnxe X}
Vidu1.2: A, = mgt vai (qua cam} = { (0/0), (O/1) . (0.6/2) . (1/3) . (1/4) . (D.8/5) . (0.2/6) }.

Vidu 1.3 A = "6 thute gdn 107 ¢6 ham thuge () = ———
1+{x—-10)
Ta s& ki hiéu
F(X)={A tap mo rén X
Binh nghta 1.2: Gid cRa tip m& A. S(A) 12 tép cdc diém x ndo ¢6 f, (x)>0.
Vaimol 0<se<l  tapmic A, cho bdi:
A, =xe X pulxza .
béy A, latapconrdcia X
Ménh dé 1.1: Cho A [a tap ma. Khi dé:

1 néu xe A,

i = 5 miniea, i .oV = -
B e (R Ty

(O day sup- a can trén ding clia mot tap trén dudng thang s6 thuc. Ban nio chua quen ¢é
the thay bang max. hoac hdi thém thdy day Todn).

Chitng minh: Cho O<a <1 c6 dinh. V&i x ¢6 Ualx)=0_Do xe A, . nén ,uAa(x)=0,

Vayv:  sup min(of_.‘uAr (x)) =0 = g4(x) .
U] ’

Vi xc6 pata)=a > 0. Taxér 3 rudng hop:
- Neéu aca',ﬂ,‘n {xY=1 .nén min((r.pAn(x))=(x¢a'.
- Néu o= a',,uAa (x}=1 .nén min(e. gy (X)) =a = a .

- Néu o= cr'.ﬂ‘% (x)=0 .nén min(e. py (x}= 0.

Vayv: []supl min(rx,.uA” (xN=er = Halx) .
SrE
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1.1.2 Cdac phép todn dai sC trén tap md

binh nghia 1.3: Cho A. B la hai tap md trén khong gian nén X, ¢6 cac ham thude g, . ity
Khi dé phép hap A w B. phép giuo 4 m B va phin b A 1a céc LAp ma trén X véi

cac ham thuoc cho bai:

Haoplx) = max | ga(x). gpl)y, xeX
Mamplx) = min | g (x). gpla)l . xeX
fav (X)) = 11— g(x), xeX.
Binh nghia 1.4: Cho A . Be F(X). Tandi:
ACH. nu u (x) g uplx) vOIimoi xe X .
AT B, N8l gy i)z ppix) vOimoi xe X .
Da dé

A=B.néu guixi=pgle) vOImOi xe X .

D¢ dang kiém tra ménh dé sau:
Ménhdé 1.2: Cho A Be F(X). Khidd

(A_B),=A,. B, vi (AnB), =A,~B,.

Ta st cot D 1atap my véi p(x) =0 véimoix. X Htap md véi uy(x) = 1. v6i moix.

Voi cidc 1ap md nhic¢u tinh chat ¢ia tap rd con ding. Ménh dé sau s& minh hoa diéu dé.
Ménh dé 1.3: Cho A B .Ce F(X).Tacé cdc tinh chat:

a)  Giao hodn: A_B=B_A . A~B=BrA

by Kéthop: Aw(BuC)=Au(Bul)
A~(BrC)=Ar(BR~(C)

¢} luydang: AUA=A . A~A=A

d)  Phan phoi: A« (B~Ci=(A_RB)~(ALC}
ANBUCYI=(AnBYU{A~O)

&) ArZ2 =2 va ALX =X

f) Dongnhit: AL = A vi ARX = A

g) Hapthu ALArBY = A vi A~(AUBY = A

hy  Luat De Morgan (ABY = A~ BY va (AnB)" = a%L BC

b Cuone (A9 =a

13 Dang tuomg duong: (A By~ (AUBS) = (AC ~ BYYU(A~ D)

k) Hiéudsiximg: (4% ~BYU(AnBS) =(AC LB n(AUB)

Ching minh. Ta s& chi chifng minh mot vii dang thirc dé minh hoa. Vi du ta sé chitng minh
dang thiic:

11



Ac(BUCI=(A~BIUV(A~O)
Dat
Dy =An(BuC), D,=(AnBlu{A~C).
Lay x wy ¥, ¢4 dinh. Ta s& chi 16 rang #p, (x) = ptp, (x). Kihiéu

a = tig(x) b= pplx) e=pelx)

Do c6 dinh x. nlur vay tng véi vecto (a.b,c) ta chi cdn xét 6 truding hop sau:

(BuCiix) D x) (AnB)(x} | (ANCYx) | Do(x)
ash<e e a a a a
asesh b a a e} a
<a c ¢ b C c
asc a b a a
csash @ 7} ¢ a
¢ a b b c b

Vi du a s& chitng minh mot ménh dé vé tinh chat De Morgan
(A~B)Y =(a®LRY).
Co dinh x. ta chi can tinh 2 trudmg hop:
a<h, khidé (AnB)“(x) = 1-min(a.b) = 1-a. cbn
(ATUBY)(x) = max(1-a.1-b) = 1-a.

Vai bsa. cling ¢6 két qua tuong .

1.1.3 Nguyén Iy suy réng clic Zadeh

D¢ truc 1iép suy rong ham nhiéu bien. nhu vay citng s€ cung cdp co sd chat ché dau
uen cho dinh nghia cac hé théng c6 nhiéu bién vao mot bién ra (Multi Input-Single Qutput .
MISO system). nguyén 1y suy rong sau day ctia Zadeh Ja rat quan trong.

X, li"lA]
Sl b N

Hinh 2: Hé thong nhiéu d&u vao. mat dau ra  ——————n]
X, WA,

yvIaB

Binh nghta 1.5:  Cho A; 13 tdp m& véi ham thudc 44 trén kKhong gian nén X, (i=1.2, ... . n).
Khi ay tich tnee tiep
A=A, XA, x---xA, 1athp mdtrén khong gian nén:

X=X;xXs% - xX, v ham thuoc:
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Halx)=min { gy (1) pa,(x9) o o iy () 1,

trong dé x = {x; . xp. -~ . X, ).

Bay gio chiing ta xét hé thong nhu trén hinh 2.
Nguyén Iy suy rong cua Zadeh (Zadely' extention principle): Gid sir méi bién vio x, lay gia
w1 1& A; (= 1.2, -~ . n) v6i A, & tap m3 trén khong gian nén X; vSi ham thudc My (x;).
Ham f: X — Y chuyén cic gi4 i dau vio A, thanh gid tri ddu ra B. Khi d6 B sé 1a tap miy

trén ¥ v&i ham thude gz (x) duge tinh theo cong thiic sau:

sup imin(gy () .. g (x,) x€ N néuf 20
#B{x}: ot
0 néuf ly) =@
& day
f_](y):{Iz(xl-xg.“‘..‘C,JEX:ﬂx):yi
1.1.4 50 mo

Chiing ta s€ diing cdc s6 m& theo dinh nghia sau:

Binh nghia 1.6: Tap m& M wén dudng thang sé thic &' 1a mot s6 md, néu
a) M chudn hoa. e 1a ¢6 diém x" sac cho g, (x') =1,
b) Ungvéimdi e R'. tapmitc { x: #,,(x) 2 & } ladoan dong rén R
€} fa(x) Jd ham lién tuc,
Ngudi ta thuong ding cic s6 ma dang tam gidc. hinh thang va dang ham Gauss.
36 m& tamn gidc duge xdc dinh bdi 3 tham s§. Khi d6 ham thudc cha s6 md tam gidc

Mia.b.c) cho bo:

| néu

Z<a
z-afb-a néu a<z<h

ppiz)= 1 néu z=é
z-bie-b néu bez<e

0 ndu c<z

Con s6 mo hinh thang M (a.b,c.d) duge xdc dinh bdi 4 tham s8 ¢6 ham thude dang sau:

0 néu zsa
z—alb-a néu

Hplz)= 1 néu b<z<e
z-—e/d—c néu c<zsd
0 néu <z

13



Con ham thuoc ciia s6 md dang ham Gauss {dang hinh chudng} cho bai:

eSS

;;M(z):Je 2 néu |z—a|§da

0 néu |z - a| zd,
d,, 14 s¢ duong duge chon thich hop.

Binh 1y 1.1 (Doubcis. Prade 1980): Néu M N la 2 <0 mé thi phép cong suy rong M 3N ¢
ham thuode cho béi

Hagznlz]l = maximin(u e (x). g (¥)): x+ v =2}, vl moi =,
ciing 12 s6 mé.

Kht M N 14 2 s6 m& hinh (hang M(a

e

by tom-dy) . Nta, . b,.c,.d,) thi;

M@&Na,, +a,.b, +b,.c, +c,.d, ~d,).

T

Dinh nghia tép md doi: Néu A lhap m& rén R' véi ham thude g, (z) thi tap doi -4

cling la tap ma rén &' ¢6 ham thude cho boi g_y (2) =pal-z).

Nhan xét néu M 13 s6 m& thi ~M ciing |3 s6 md. Hon nita M 1a s6 md hinh thang thi
—M cling 13 6 md hinh thang.

Dinh nghia phép tric suy rong: Cho M.N 13 2 56 md thi ta ¢é thé dinh nghia

M-N=M&(-N).

1.2 lLogic mo

Bt k¥ mét ngudi nao ¢6 it nhiéu tri thirc déu hiéu rang ngay trong nhirng suy luan déi
thugng cling nhu trong cac suy luan khoa hoc chat ché. logic todn hoc da dong vai tro rit
quan Irong.

Nhing ddng tiec. chige do logic todn hoc c6 dién di qud chat hep doi voi nhitng ai
mong mudn tim kiém nhitng co s virng ¢hic cho nhitng suy luan phi hop hon i nhitng
bai 10dn ndy sinh tir nghién ciu va thiét k& nhitg hé théng phitc tap, dac biét 1a nhimmg co
gang dua nhimg suy luan gieng nhu céch con ngudi van thudng sir dung vao cic linh vire tri
tug nhan tao (chang han, trong cic hé chuyén gia. cac hé hé ro quyét dinh. cdc bo phan
meém 1én, v.v..} hay vao trong cong viéc thiét ké va didu khién. van hanh cic hé thong lén.
phiic tap sao cho kip thad va hieu gud.

Trong sir phat trién da dang cGa cic hé mé., dua trén cach ti€p can méi coa 1y thuyét tap
md . Jogic md gilf mot vai trd rét co ban. Trong chuong nay chiing 6 s& hiéu logic mé theo
nghia di “hep” - d6 la phin truc 1i€p suy rong logic ménh dé c6 dién thong qua viéc trinh
bay mot s6 cong ¢y chi chét cia logic mo: céc lién két logic co ban.
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1.2.1  On nhanh vé logic ménh dé cé dién

Ta sé& ki hi¢u @ la tap hop cdc ménh dé va P, P, . Q. Q, . --- la nhitng ménh dé Vai mdi

ménh Pe P, ta gén mot tri v{P) 1a gia tri chan 1§ {¢ruth value) cia ménh dé, Logic ¢6 dién

dé nghi ¢(P) = 1 néu P la ding (T—true) . v(P)= 0 néu P li sai (F—false).
Trén Pchiing ta xdc dinh trudc tién ba phép todn co ban va rat trye quan:
— Phép tuyen: P OR @, ki hiéu P v Q. dé la ménh dé "hoac P hoiac @,
— Phép noui: P AND Q. ki hiéu P A . d6 13 ménh dé "vira P vira @",
- Phép pha dinh: NOT P_k{ hiéu — P, d6 12 ménh dé "khong P".
Dua vao 3 phép 104n logic co ban niy ngudi ta da dinh nghia nhiéu phép todn khic.
nhung déi vdi chiing ta quan trong nhat 1a phép kéo theo (implication), ki hiéula P = Q.

Binh nghia 2.1: Khi sir dung céc lién ket logic: phép tuyén. phép hoi, phép phi dinh, phép
kéo theo va phép tuong duong (<).gid tr1 chan 1y cia ménh dé hé qua duge xdc dinh
phu thudc vaoe gid tri chan Iy cha cac ménh dé goc P, @ cho trong bang sau:

Pl —p v Al | e
Bing 1 1 0 1 1 1 1
1 0 0 1 0 0 0
0 1 1 1 0 1 0
0 0 1 0 ;0 1 1

Sir dung nhitng dinh nghia trén. trong logic ¢& dién.cac luat suy dién quan trong sau day
if vai trd rdt quyét dinh trong cdc 1ap ludn truyén théng. D6 1a cde Juat:

frg

b

modus ponens: (PA(P = @)) = @

modus tollens: ((P = @) A~ = §) = =P

syllogism: (P=@ni(@=R)=>(P>R)

— contraposition: (P = @) = (—~@ = ~P)

Ménh 8 2.1: [.uat modus ponen luon ding trong logic ¢d dién

Chirng minh: Ta chi can tinh gid tri chan 1v cia (PA(P=@))=@ . That vay:

P | Q | P=@ | PAiP=2Q) | (PAP=@)) =0
1|1 1 1 1
1 Q 0 { 1
0|1 1 0 1
0|0 1 0 1

Manh dé 2.2: Luat modus tollens ((P=@Q}~—~Q)=—P luon diing trong logic ¢6 dién.
Ching minh: Tachi cin tinh gid tri chéan 1y cha ((P=@)~—Q)=—P. That vay:
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P1Q |-P|-@iP=2Q | (P2Q)~-Q [{({(P=2Q)roQ)>-P
1 |1]o0]o0 1 0 1
1 ]0]0 1 0 0 1
0|1]1]0 1 0 1
o loj1]1 1 1 1

Ta hay 1ay luat modus ponens 1am vi du. Luat nay c6 thé giai thich nhu sau: Néu ménh
dé P la diing va néu dinh 1y "P kéo theo @ diing, thi ménh dé @ cling ding.

Tuong tr ngudni doc c6 thé Iy gidi cho cde luar khic.

1.2.2 Mdy phép todn co bdn cla logic md

Nam 1973 L.Zadeh {[2]) da chinh thifc dinh nghia v& lam viéc véi cdc lién két logic
md& co ban. dong thoi véi viée dua ra khdi niém bién ngon ngir da bude ddu ting dung vao
suy dien ma. Bay la bude khdi dau rdt quan trong tinh teén cdc suy dién dung logic md
trong cdc hé mé.

That w nhién dé ¢6 the tién hanh mo hinh hod cac hé thdng c¢é nhiéu théng tin bat
dinh va nhiéu tri thirc con map md va (im cdch biéu dién cac quy luat van hanh frong cdc hé
théng nay. ching ta can suy rong cdc phép lién két logic co ban (logic connectives) véi céc
ménh dé ¢é gia tri chan 1y v(P) nhan trong doan [0.1]. (thay cho quy dinh » (P} chi nhan
gia 11 | hodc O nhir trude day).

Chiing ta sé dwa vao cac phép 10dn co ban cia logic m& qua con dudng ién dé hoa.
Chocicménh dé P.@. P, ..., gid tri chan I¥ v (P). v(Q), v(P,) ... s& nhan trong doan
[0.1].

Phan tiép theo clia phan 1.2.2 sé trinh bay bon phép lién két co ban nhar.
1.2.2.1Phép phd dinh

Bay gi& chiing ta cho dang todn hoc cua phép todn nay.

Binh nghia 2.2: Ham n:[0.1]—[0.1] khong tang thoa man cic didu kién n(0)=1,
n(1y=0, goila ham phi dinh (negation — hay 13 phép phu dinh).
Chiing 1a c6 thé xét thém vai tién dé khac.
Binh nghia 2.,3:

ay  Ham phu dinh n 1a ehdt néu nd la ham lién tuc va giam chat.
by  Ham phi dinh r 12 manhk néu nd 1a chdt va thed man n(n (x))=x, Yxe [0,1].

Ta hdy cho vai v du va tinh chat.

Ham pht dinh thuong ding n{x)=1-x (Zadeh [2]).

Ham r(x)=1-x°

Ho pho dinh (Sugeno) N; (x)={1-x)/{1+Aix). vdi A>-1.
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R& rang (1-x) 4 phi dinh manh. con (1-x?) la mét philt dinh chat, nhung khong
manh. Con vdi ho Sugeno ta cd ménh dé sau.

Mé&nh dé 2.3: Vdi méi A>-1, N 4(x) la haim phil dinh manh.
Chirng minh: That vay, do 1+4>0 v@i x,<x,, Ax;+x,< dx,+x, diéu ndy mong duong
VO N R (2))>N j(xq).

Hon nita Ny (N ;i (x))=({(1+Ax)—(1-x}/ (1 + Ax)+A(1-x))=x, v6i mbi 0<x< 1.

Dé thuan lgi chiing 1a can thém hai dinh nghia sau.

Mt cich dinh nghia phan bi cua mét tap mé: Cho Q 1a khéng gian nén. mot tip md
A trén Q nrong Ung véi ham thudc A: Q—[0,1].

Pinh nghia 2.6: Cho n la ham phii dinh. phdn b A€ cia tip md A 1a mot tap mo vai ham

thude cho b AS(a)=n(A(a)) . véi mbiae Q.

R& rang dinh nghia phén bl chb trong phdn 1.1. 1a trudng hop riéng khi (x) 13 him
phil dinh thudmg ding.

1.2.2.2Phép hai

Phép héi (van quen goi la phép AND — conjunction) la mot trong may phép toan logic
co ban nhat. Thong thudng ngudi (a xét cac tién dé sau:

@1, u(Py AND Py chi phu thude vio uv(Py), v(Py)

(d2.  Néu v(Py)=1Lthiv(P, AND Py) = u(P,), véi moi menh dé P,

td3. Giao hoan: v(P; AND P,) = u(P, AND P})

14, Néu v(P)) < v(Py), thi (P, AND Py) € u(P, AND Py), v6i moi ménh dé P,
(d5. Két hop: u(P, AND (P, AND Py)) = v((P, AND P,) AND P,)

Khi dién dat phép hoi mé nhu mot ham s6 T:[0,1]% - [0,1], chiing ta cdn 16i dinh
nghia sau :

Binh nghia 2.7: Ham T: [0.11* = [0.1] 1a mot t—chudn (chudn tam gide hay t-norm) néu
thoa man cdc diéu kién sau:

a} T(l.x}=x .véimoi 0< x< 1,

b) T c¢d6 tinh giao hoan, nic 12 T(x.y) = T(y.x), vdimoi O<x y<1,

¢) T khong gidm theo nghia Tx,y) £ T(u,v), véimoix <u,y Sv,

d) Tcotinhkéthop: T(x, T(y.z}) = T(T(x,y),z) vdimoi 0<x,y,z < .

Tir nhitng tién dé wén ching ta suy ra ngay T(0,x). Hon nita tien dé d) dam bac tinh
thac 1zién duy nhat cho ham nhiéu bién.
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Vidu 2.1:

1) Min (Zadeh): Ty (x,y) = min (x,y)

2) Tofx,y) = ;:%;;

3) t—chuan dang tich: Ta(x,y) =xy.

4) T4(x,y)=ﬁj;_—xy)

S) t-chuin Lukasiewicz: T, (x,y)= max { x+y-1,0],

6) t—chudn yéu nhat (drastic product): Z(x,y)={mm(x'y) ol S yy

0 néu max(x,y)<l

Bay gio chiing ta xét vai tinh chat ctia t—chuén:
Ménh dé 2.4: V6i méi t-chuan T thi:

Ts(x,v) € T(x,y) € Ty(x.y) = min(x,y) véimoi0< x,y €1

Chitng minh: That vay.
Néu max(x,y)=1.
Khix=1, T(i,y)=y=min{x,y) hay T'5(x,y)=T(x,y)=T,(x,y). Tuong tr néu y=1.
Néu max(x,y)<1, Ts(x,y)=0<T(x.y).
Gia st y=min(x,y), khi d6 T'(x,y)<T(1,y)=y=T,(x,y). Tuong tr néu x=min(x,y).
Binh nghia 2.8:

a) Mot t-chudn T goi la lién tuc néu T la ham lién tuc trén [0,1]°
b) Ham T goi la Archimed néu T'(x,x)<x v&imoi 0<x<1
¢) Ham T goi la chat néu T tang chat trén (0,1)*

Sau day 1a d6 thi cia mot s6 ham t-chuan:

T (x.y) = max(0,x+y-1).
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xy
T : —p il ot B B
1(x.5) 2—(x+y-xy)

Ts(x,y) = xy

Khong khé khan kiém tra cac t-chudn 7', (x.y). Ty(x,y), T3(x.y). T,(x.y) , t-chudn
Lukasiewicz 1a lién tuc va Ty (x,y), T3(x,y), T4(x,y) 1a Archimed. That vay:
& xy R : . _ a® N
) Ty(x,y)= ——=——— 1a Archimed vi Tg(a,ﬂ)——v—T va do:
2-(x+y-xy) 2-(2-(2a-a*))

a2
e
2-(2a-a2)

a’-2a+2 = (a—1)2+1 >] = <a

Vay Ts(a,a)<a véimoiae (0,1).
2) Tj(x.y)=xylachatvi 0< x,<x,, 0<y,;<y,; , tacéx,y,;<xsy,.

3) Ts(x.y)=min(x,y) 1a mot ham lién tuc trén [0,1]%, nén t-chudn 7 1a lién tuc. Hon thé
nira. ta luén c¢é6 T5(x,x)=min(x,x)=x.

Ham_sinh cua ldp todn ti _t-chudn: Cho f 1a mot ding cdu bdo toan thd oot
[0,1]—=[0,1]. ta cé dinh Ii sau:
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Pinh Iy 2,1: Che T 12 mot t-chuan, ta xdc dinh Ty [0,11x10,11-(0, 1) bang dinh nghia:
Telx,y) = f (T(f(x). fy)). véimoi 0< x.y <1.
Khi d6 T/ la mot t-chudn. Néu 7 la Archimed thi T, 1a Archimed.
Chitng minh:
1y Ching minh T#(1.x)=x, v6i vxe [0,1]. Tacé:
Te(1.)=f T FN=F T fEON=FHFx)=x,
vGi vxe [0,1], vi f dang cdu bao toan thit .
2) Kiém tra tinh giao hoan.
T y)y=f (T fN=f (T () £(x))=Ty,x), do T cé tinh giao hoan.
3y Tinh don diéu khong giam
V& x,<x, vhv,<y, dofla dang cdu bao toan thit nr nén £~ ciing 1A dang ciu bao
toan thir ty vd  flx)<f(x,). f(y,)€f(y,). Lai do T la t-chudn nén:
T, ST () f(y2)) = 1 (TEEDFOONS £ T fr)).
4} Tinh két hop: Ta phai chitng minh Tp(x . Tr(y.2))=T/AT/{x.y).2). Tacé v€rii:
Tox f UTEO) F2N) = FUTEE), FEHTEE) D))
= DT (@)L F2).
V& phai la:
TA T fON.2) = L HTEE (T E )@Y Fe))
= £ HT (T ) Fz)).

Ta thay vé trai bang vé€ phai.”
5) Kiémtra T la Archimed thi T, }a Archimed. Theo gié thiét:
T 13 Archimed = T(a,e}<e vdimoiae [0,1]

Tacd:

THa.a) = £ (T(fa).f@)) = fHe)<f (fa) = a.
v T(fla).fle}) = c < fla)

Vidu2.2: Xét T{x,y)=xy. Khidé ta cé nhiéu cich tao ra T,

Cdch 1: Chonf(x)=x tacéd f ' (x)=x ; Tl(x,y)=xy=f(x)f(y}=f"(Fx)f(y)). Vay:
Tix.y) = @) = xy

Cdch 2: Chon f(x)=x" = f'(x)=Yx, khidé:

Tx.y) = (Ffy) = 1 y") = xy



x

Vidu2.3: Xét T(x,y)= Xy . Tachon f(x)= ———
a+({l-a)x+y-xy) x+al(l-x)

Vdia>0 1a thdy f(x) lién tuc va f(0)=0/a=0 ; f(1)=1. Vay f(x) la ding cfu bao toan thtt

tir. Tacéd f ' (x)= —=——  Theo dinh ¥ trén ta cé:
ax—x+1

To(x.y) = fTUTE@) M = £ FE)-F)).

1
a(z)
Néux=1/2 thi /7' (1/2)= f(%)= T 21 = 11 . Ta thay T'(x.y) phu thudc vao 2>0.
G("Z)—E'Fl 1+—
[

Xét mot s8 truomg hop dac bign:
a) a=1 = f(x)=x = Telx,yl=xy

) 2
b) a=1/2 = f(x)= —% = )= S, Vay Tpx.y)= ——2 .
1+x 2-x 1+(x+vy—xy)

*y

Ty

¢) a=2 = f(x)=——x-- = Tix,y)=
2-x

Binh nghia téng qudt phép giao cug 2 tdp md: Cho hai tap md A, B trén cling khong gian
nén X v&i ham thudc nrong tng 12 A(x), B(x). Cho T'12 mot t-chuan.

Binh nghta 2.9: Ung vdi t-chudn 7. tap giao cia hai tap m& A, B la mot tap m& (A~ ¢B) 1rén
X vai ham thudc cho béi:

(AmpB)(x) = T(A(x),B_(x)), YxeX
Viée lua chon phép giao twong ting véi t-chudn T ndo tuy thude vao bai todn duge quan tam.
Vidy2.4: Cho U )a khong gian nén: U=[0,120] - thdi gian song.

A = {Nhimg 1_1guﬁri & méi trung nién} . B = {Nhimg ngudi & tudi thanh nién}

Khi dé giao cua hai tip md¥ A vd B. khi s dung T{(x,y)=min(x,y) va T(x,y)=xy
chiing s& duge biéu dién trén hinh vé nhwr sau:

1 i /
/
‘ / / . / \
A \ /
/ \ N /
! I .-"f -
T3 20 25 M 3340 45 30 53 v R v
Dang tich Tix,y)}=xy - Dang T(x,y)=min{x,y)
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1.2.2.3Phép tuyén

Giong nhu phép hoi, phép tuyén hay toan tir logic OR (disjunction) thong thudng cin
thoa man céc tién dé sau:

Binh nghia 2.10: Ham S:[0.1]® — [0,1] goi la phép tuyén (OR suy rong) hay la t—déi
chudn (t-conorm) néu thod man céc tién dé sau:
a) S(0,x)=x véimoixe[0,1]

b) S ¢6 tinh giao hodn: S(x,y)=S(,x) véimoi 0<x,y)< 1 ,
c) S khong giam: Sx.y) £S(u.v) véimoi 0<x<u<lva 0<y<v<l
d) 8 co6 tinh két hop: S(x,8(y,2)) =8(S(x,y),2z) vdimoi 0<x,y,2< 1

Tir dinh nghia ta thay: S(0,1)<S(x,1) & 1<S(x.1)< 1 = S(x,1) = 1.

Vidu25: So(x,y) = max(x,y)
Si(x,y) = x+y—xy
S5(x,y) = min(1,x+y)

max(x,y) khi x+y=1
1 khi x+y=#1

|

S3(x,y) = max(x,y) = {

max(x,y) khi min(x,y)=0

Si(x.y) =
dickl {1 khi min(x, y) # 0

Céc ham nay déu la cac 1-d6i chudn. Sau day 12 dé thi ciia mot s6 ham t-d6i chudn:

.

Sy(x,y) = max(x.y)

Sy(x,y) = min(l.x+y)




Tiép tuc 1a s& xem Xét mat s6 tinh chat cua 1-d6i chuan -

Pinh Iy 2.2: V61 S 1a mot t-d6i chudn bat ky thi bat dang thiic sau 1uon ding véi moi x. ye
[0.1):

a) Sylx.y) € S{x.¥ Sz,
<

by 8,58, 8,

) €
Sy

[Fa8

Ching minh:
a) Khi x=1. ta c& S(1,yv)=1, Syo(i.y}=max(1l,y)=1=8,{x,y). Khi y=1, tuong w
Sox,1)=8(x,1)=8 ;(x,¥). Khi x=0. tuong ur ta cling ¢c6 §,(0,¥)=8(0,y)=5,(0,y).
Khi y=0.tacling cd Sy(x,0)=8(x,0}=S ,(x.0).
- Xér D<x.y<1:Tacé min(x,y)=0. suyraS,{x,y)=1
Néu x>y, suyra Syi¢x.¥))=x < S, (x,¥)=1. Thay x=5(0,x)<8(y,x) (tinh khong
giam ), Vivay Sy(x.¥)<S(x,y)<S (x.¥).
Néuy=x: Si{(x.¥))=y < §,(x,¥)=1. Tathdy y=5(0,¥)<8(x,y}. Do déciing c6
Solx.¥)<8(x.¥)<8,(x.y).
Vay Yx,ye [0,1] thi Sy(x,7)<S(x,y)<8,(x,y).
b) Phdn a) ta di ching minh dugc ring: S,(x,y)<S8(x,y)<S,(x,y). Git day 1a phai
chimg minh: 8,;€85,285,<8, v §,585,£8;¢5,
— Ching minh §,<8,: Xét x2y suyra
Splx.y)=max(x.y)=x, va8 {x.y)=x+v—xy=x+(l-x)y
Thay 0< x.y €1 = 1-x20 = {l-x)y20 = x+(l-x)y2x

Vay Solx,y)s8,(x.5)
Tuong . vé1 vzx Sgix,y)}<8 {x,¥). Viy Vx ye[0.1] luoncd Sylx,y)<8 (x,¥).
— Ching minh §,<8,: Xérx+y<1.Khidd Ss(x,y)=x+y. Thay 0<x,y<1l. suyra
1-x€1 = (l-x)ysy = x+{l-x)y € x+y
Vay S,(x.y)8,(x.y).

Kétx+y>1, Khidd S,{x,vy)=1.Do
x.ve [0,1] = {(1-x)(1-¥120 o x+y-1£xy & x+y—-xy<l.
Vay §,(x.v)€8,(x.y}. Dodd ¥x,ye {0,1] ludncd 8 {x.y)<8,(x,¥}.

— Ching minh §,<8,: Xét1x=0 = x+y<l,dodd S;(x,y)=max(x,y), laido x=0,
suy ra

min{x.y}=0 = &, (x,y)=max(x,y)=8;(x,¥).

23



Tuong twrxét y=0. ta ciing lai c6 két qua nhy trén. Xét tiép v6i x20, y=0. Khi d6:
Sy(x,y)=1.

Khi x+y<l = Sylx,¥)=max(x,¥)}<1=8,(x,¥)
Khi x+y>1 = S4(x,y)=1=8,(x.y)
Vay ¥x,ve [0,1] luén cd So(x,3)88,(x. ).
Tir cdc két qua trén (a duge: So(x, )8 1{x.3)<8,(x,v)<S {x.)
Tir d6 ta cé ménh dé sau:
Ménh dé 2.5: Néu & Ia t-dsi chudn thi:
max{x,y) < S{x,¥) < Z'(x,y) Vi moi 0< x,y<1.
Binh nghia 2.11; Cho $ 12 1-d&i chudn. Khi gy:

a) S8 goi talién tuc néu S la ham lién tuc trén (0,1)%,
by Ham § goi 1a Archimed néu S§(x,x)>x véimoi O0<x<1.

¢} S goilachat néu S tang chat trén (0,1)2.
Vidu26: S {x.y}=x+y—xy.lachar vi: Gia st x,<x,, ta cé
Sy Y= by =2y <Xyt y=x9y=8 (x0,y). Vye(0,1).

Mat khic do S ¢é tinh chat giao hodn nén 1a €08, (x,. ¥ )<8 (x5,¥2), ¥V 0<x,<x,<1, v
V O<yy<y,<l.

Sg(x.y)=max(x.y} 12 mot ham lién tuc trén [0.1]% | nén t-d6i chudn S 13 lién tuc.

Hon thé nifa, ta Judn c6 S,(x.y)=max(x.y)=x.
So(x.y)=minll, x+y!} 12 Archimed ViSy(x,x)minll, x+x!=min'l,2x}>x.

Ham sinh _cie ldp todn ti_t-doi chudn: Che f la mot ding ciu bao foan thit ny tir
[0.1)—>[0.1]. ta cé.dinh Ii sau:

Binh 1y 2.3: Cho §1a mét 1-déi chudn, ta x4c dinh:
Sp: {0,1]x{0.1] — [0.1}
Spxy) = S, Fi.
Khi do &, 1a mot 1-ddi chudn. Néu S 1a Archimed thi 5¢ 1a Archimed.
Chaing minh: Danh cho ban doc nhu mot bai tap.
Vidu2.7: Xét §(x.y)=x+y—xy. Khi d6 ta c6 nhiéu cich tao ra §, ta c6 thé chon:

flx)=x, khi dé
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Flo=x, Sx,y)=x+y-xy=f(x)+f(¥)-f)f(y)
= Spx.y)= @G -FOfY) = x+y-xy

Vay  Sp(x,y)= @)+ -F(x)f(3)).

Dinh nghia téng qudt phép hop cia 2 tdp md.

Dinh nghia 2.12: Cho A va B la 2 tdp md trén khong gian nén X, véi ham thuoc A (x), B(x)
twong tng. Cho S la mot t-d6i chuén. Phép hop (AugB) 1a mot tap md trén X véi ham
thuéc cho bai biéu thic:

(AugB)(x) = S(A(x),B(x)). VxeX.
Viéc lua chon phép hop. tuong itng véi 1-d6i chudn S nao tuy thude vao bai todn ta quan
ram.
Vidu 2.8: Cho U lakhéng gian nén: U = [0,120] la thoi gian séng.
A ={Nhimg nguoi 6 oéi trung nién}; B ={Nhimg ngudi & tdi thanh nién).

Khi d6 hop ctia hai tap m& A, B véi T'(x,y)=max(x,y) va T(x.y)=max(1,x+y).
Ching biéu dién trén hinh vé nhur sau:

'

15 2025 30 35 40 45 0 55 ) U 15 20 25 30 135 40 45 S0 55

Dang max Dang Lukasewicz

Bé ba De Morgan:

Trong 1y thuyét tap hop luat De Morgan néi tiéng sau day da dugc str dung nhiéu noi:
Cho A,B lahai tap con cta X. khi dé
(AUB)® =A°A BC
va (Ar'\B)C:ACuBC
C6 nhiéu dang suy rong hai dang thic nay. Sau day mot dang suy rong cho logic mo.
Binh nghia 2.13: Cho T la t—chudn, S 1a t—d6i chuén, » 1a phép phii dinh manh. Chiing ta néi
bo ba (T.S.n) la mot b6 ba De Morgan néu thoa man mét trong 2 déng thirc sau:
S(x,y) = n(T(n(x),n(y))) hay
n(S(n(x),n(y)))

1

T(x.,y)
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Khi ay ta néi T va § d6i ngén v&i nhan. Quan hé d6i ngu gifta t-chuéin va t-d6i chudn
c6 thé thay qua dinh 1§ san.

Pinh ly 2.4: Cho n 1a phép pha dinh manh.
a)  8ix.y) la mét1—dsi chudn va T(x.y) cho béi:
Tix.y)=nT{(S{ni{x).n{y)) viimoi 0<x,y<1,
Khi dé Tix,y) 1amot t—hudn.
b} Déingau. cho T(x,y) 1ai-chuidn va S(x,y) cho bé&i
Si{x,y)=nT(T(nixy.n(y)) véimoi O0<€x,y< 1.

Khi d6 S(x.y) lamét t—chudn.
Ching minh: Danh cho ban doc nhas mét bai tap.

Sau day 1a miy cap dai ngiu cu (hé.

Vidy: Chon n(x}=1-x. ching ta cd cdc cap sau:

Tlx,y) S

------------ min(x,y) max{x,y)
......... xy xhy—ty S LR EEEEREEE
maxix+y-1,0| min{x+y.‘1.} ...........

. min{x,y) néu x+y>1l max{x,¥) néu x+y<l
ringx.y)= { max(x. )= y Y

0 néu x+y<l 1 néu x+yz2l

Z(x.y)= {mm(x.y) néu max(x,y) =1 Z(x )= {max{x,y] né&u min(x,y) =0

0 néu max{x.y)z1 1 néu min(x,y)20

1.2.2.4Phép kéo thee

Phép kéo theo 14 cong doan chi chét nhil cha qua trinh suy dién trong mai 1ap ludn x4p
x1, bac gém ca lap luan md. Phép kéo theo (Implication} duce xét nhr mét méi quan he.
mét todn tif logic. Khi mé hinh hod ¢6 thé xét 1di cdc tién dé sau cho ham w(P, = P,):

tdy: (P, = P,) chi phu thudc vao gid tri v(Py ), viPs)

td,: Néu v(P,) € v(Py) thi (P, = Py) 2 u(P, = P,) v6i moi ménh dé P,
td,: Néu viPy) € p(Py) thiv(P, = Py £ v(P; = P3) vdi moi ménh dé P,
1d: Néu v(P))=0 thi v{P, = P)=1 v&i méi ménh dé P

td,: Neéu v(P))=1 thiv(P =5 P))=1 vdi mé: ménh dé P

1de: Néuw v(P=1 va v(Py)=0 thi :{P; = P,)=0
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Tinh hop li clla céc tién dé ndy chii yéu dua vio logic ¢6 dién va nhiing nr duy true tiép
vé phép suy dién. Tir tién dé 7, ta khang dinh sy 16n tai cha ham I{x.y) xdc dinh tén

[0,1]%. v6i gid tri chan 1j qua biéu thic sau:

U(P] = PQ) = I(U(Pl)-l-’(Pg))

Binh nghia 2.44: Phép kéo theo (implication) la mot ham sé I:[0, 1]2—>[0, 1] théa mdn cac
diéu kién sau:
a) Neéuxr <2z thil(x,y) 2 I{z,y) vdi moiye [0,1]
by Néuy<u thif(x.y) £I(x.u) vdi moixe [0,1]
) I{0,x)=1véimoixe[0.1]
d) I(x,1) =1 v&i moixe [0,1]
e} I(1,0)=0.

Mét s dang ham kéo theo cu thé:

Binh nghia 2.15; Dang keéo theo thit nhat. Cho S(x,y) 1a modt (-d6i chudn, (x) 1 mot phi
dinh manh . Ham Zg(x.y) xéc dinh trén (0,1)* bang biéu thic:

Iglx.y) =8(n{x).y}, v0<x,y<1,
R& rang &n ¥ sau dinh nghia nay 1a céng thirc tir logic ¢4 dién P=Q o (—PvQ)

Binh Iy 2.5: V§i bat ky t—chuan T, t—d6i chudn S va phép phil dinh manh n nao, I dugc
dinh nghia nhu trén la mét phép kéo theo.

Clutng minh. (Ta kiém ching I g theo iimg tién dé ciia dinh nghia 2.14.).

a) Tién dé I,: Cho x<z. Vi Ig{x,¥)=8(n(x).y). Ta chi xét trudng hop x<z. khi Ay
n(x)>niz). Do t-d6i chuan khong gidm theo hai bién

Ig(x.y) = S(nix).y) 2 S(niz).y) = Is(z.y)
b Tien dé I,: Cho y<t, khi dé Ig{x,y)=8{nx.y)<8(nx t)=Ig(x,t), ¥x.
c) Tién dé‘lg.'fs(O,x)=S(n(0),x)=IS{x.y)=S(1.x)2max(1,x)=1.vayIS(O,x)=1. V.
d) Tién déf4_-Is(x_.l):S(nx,l)zmax(nx,1)=1.véy13(x,1)=1, Yx.
é) Tién dé I 15(1,0)=8(n(1),0)=8(0,0)=0, vay I¢(1.0)=0, Vx.
¢ 1a mét phép kéo theo cha logic m& thed man dinh nghia 2.14.
Binh nghia 2.16: Dang kéo theo thit hai. Cho T 1A mot t-chuan. ham Ip(x,y) xdc dinh trén
{0,1)” bang biéu thic:

Ip(x,y) = supiu: T{x,u)<y, ¥v0sx,y<1 }
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Pinh Iy 2.6: V§i bat k¥ t~chuéin T nao, Iy dizge dinh nghia nhu trén 14 mot phép kéo theo.
Chutng minh: Takiém chifng I+ theo timg tién dé cla dinh nghia 2.14.

a) Tién dé I,- Chox<z. Vilg(x,y)=sup! u: T(x,u)<y} Do t-chuin T khéng giam theo
hai bi€n* nén T(x.u)<T{z.u) va do vay:

tu: Tiz,u)sy! € {u: T{x,u)syt
supfu: T(z, w)syt S suplu: Tix,u}sy).
Hay I ¢(z,v)<Ipix.y) v&i moi y. Dé chinh 1a diéu kién I,
b) Tién dé I, Cho y<t, khi d6 vdi mdi cip (x.u) tacd T(x,u)<y<t:
tw: Tix,u)sv! < ju: Tilx,u)<ey
supie: T{x,uisy} < suplu: Tilx,u)st}.
Hay f¢(x,y)<Ip{x .t} v0i moi x. D6 chinh 14 diéu kién [,
¢) Tién dé I,: T(0,x)=x v&i bat ki u ndo tacé 0<u<1. Do vay T(0,u)<x. suy ra
supju: T(O,u)<x} = 1
v moi x hay I +(0.x)=1. DS chinh 13 diéu kién 1,
d) Tién dé I;: I4(x.1)=1 la hién nhién véi moi x.
e) Tién d¢ I;- Do I(1.0)=supju: T{1.u)<0}, difu nay dan 18 T(1,u)=0. Sit dung tinh

chat T(1,u)=u clia t-chudn, chi cé ¥ =0 thoa man dang thic. nic 1a T(1.0)=0. Vay I 1 I3
mot phép kéo theo ctia logic md thoa méan dinh nghla 2.14

Nhur da nhan xét tir dau, ¢6 rat nhiéu con dudng mudn xac dinh phép kéo theo. Phép kéo
theo sau day. néi chung khong thoa man tién dé 1, nhung duge nhiéu tdc gid sit dung, ¥ .
chinh cia phép kéo theo nay bat ngudn tlr biéu dién phép P= @ theo 1¥ thuyét tap hop.

Néu P, @ 1a cdc ménh dé trong logic cé dién hay ta biéu dién dudi dang tap hop trong
ciing mot khéng gian nén thi (P=Q) = (=Pv(Pa@)).

Su dung 7 1a t-chuan, S 1a t-déi chuan. n 1a phép pht dinh. thi ¢é thé nghi 161 dang:
f{ix.y) = S(T{x.y), n(x))

Lap luan twong tu khi che P va @ trén céc khong gian nén khac nhau ciing c6 thé din
t&i ciing dang ham I (x.¥) nay.

Binh nghia 2.17: Dang kéo theo thit ba. Cho (T.8,n) 14 bd ba De Morgan vdi » 14 phép phl
dinh manh, phép kéo theo thit ba I 5(x,y) xdc dinh trén [0,1]% bang bién thitc:
Ig{x,y) = S{Ti(x.y),n(x)), v0<x,y<1

vidy 2.9 Chon T(x.y)=xy, S{x,¥)=x+y-xy_ tadugc:
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Is(x,y)=S(xy,(1-x))=xy+(l-x)-xy(l-x).

Tirdé Ig(x.y) =1-x+x’y

¥,

/)

Ly
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g gt
D SRRRAE
AN

E)

i

L
S5

Chon n(x)=1-n, T(x.y)=max{x+y-1, 0}: S(x.y)=min{x+y,1}, cé:

Ig(x.y) = S{max(x+y-1,0), 1-x}
min{max(x+y-1,0)+(1-x),1}
min{max(y,1l-x),1}.

Do y<1. nén luén c6: max(y,1-x)<1. Khi dé ta dugc: Ig(x,y)=max(l-x,y)

Chon T'(x,y)=Z(x,y), S(x,y)=Z (x.y). Xét ldn luot cdc truong hop:
— Néu max(x,y)#1 thitacé T(x,y)=Z(x,y)=0, khi dé:
S(T(x.,y), n(x)) = Z (0,1-x)
max(0,1-x) = l-x (do min(0,1-x)=0)
— Néux=1,tacé T(x,y)=Z(1,y)=min(1,y)=y, khi dé

Is(x,y) = S(T(x,y), n(x)) = Z'(y,1-1) = Z'(y,0) = y

1

Ig(x,y)

— Néuy=1:; x<1 tacé T(x,y)=Z(x,1)=min(x,1)=x, khi dé

Is(x,y) = S(T(x,y), n(x)) = Z'(1, 1-x) = Z'(y,0) = y
=1vi(x<1l,nénmin(1l,1-x)=1-x>0).



'y khi x=1
Tom laitaco: Ig(x,y) =<1 khi y=1

1-x cac truong hop khac

1.3 Quan hé md

1.3.1 M0ot s6 khdi niém cua quan hé mé

Binh nghia 3.1: Cho XY la hai khong gian nén. R goi 1a mot quan hé mo trén XXY néu R
l1a mot tap mo trén XXY, nic la ¢ mot ham thuoe pg : XxY — [0,1), ¢ day
Mg (x,y)=R(x.y) la do thuéc (membership degree) clia (x.y) vao quan hé R.

Nhu nhimg quan hé thong thudng trong dai s6 ching ta c6 thé xét nhitng khai niém
quen thuéc cho cdc quan hé mao.

Binh nghia 3.2: Cho R, va R, la hai quan hé md trén XY, ta ¢6 dinh nghia

a) Quanhé R,UR, véi HR, UR, (x.y) = max{ HR, (x,¥), HR, (x,y) LV (x,y)e XXY,

b) Quanhé R\NR, v6i ug ~g,(x,y)=min{ up (x,y), HR,(x,3) ),V (x,y)e XXY.
Binh nghia 3.3: Quan hé mao trén nhitng tap mo. Cho tap md A véi g4 (x) trén X, tap mo B

Vi pg(x) trén Y. Quan hé mo trén céc tdp md A va B la quan hé md R trén XxY
thoa man diéu kién:
Hp(x,y) S Us(x) .V yeY.
Hp(x,y) < pp(x) .V xeX.
Dinh nghia 3.4: Cho quan hé¢ mo R trén XxY.

— Phép chiéu cia R 1én X la: projxR = {(x, max, (p(x,y) : xe X}

— Phép chiéuciaR lénY la: projyR = {(y. max,tp(x.y) : ye X}

— Thadc trién R 1én khong gian tich XxYxZ la:

extyyz R = {(x.y,2), oy (x,y,2) = pp(x,y) ., VzeZ}.
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Binh nghia 3.5 {phép hgp thanh): Cho R, 1a quan hé md trén XxY va R, 1a quan hé md trén
YxZ. Hop thanh R eR, ctia R,. R, 12 quan hé md trén XxZ.

a}  Hop thanh max-min (max—min composition) duoc xac dinh bdi
HRy .k, (%.2) = max, {min( ug (2, ), g, (v,2) }, V(x,2)eXxZ.

b)  Hgp thanh max-prod cho béi
HRy Ry (x.2) = max, {{ 4p (x,3)- g, (v.2) |. Vix.z)eXxZ.
¢)  Hgp thanh max-* duge xac dinh boi todn 1y *: [0,1]% - [0.,1]

HR,-R,(x.2) = maxy{ g (x,¥)* pg, (¥,2) b, Vix,2)e XxZ.

Vidu3.1: Cho X=ix),xq5.x3), Y=ly,,yo1, Z={2,.,2,}, v6i quan hé m& R cho wén XxY,
S la quan hé m& cho 1rén ¥xZ cho boi ma tran

08 1 o
R=1 07| s=j%7 1
0.2 086 0-6 0.9]
(0.7 0.9] 0.6 09
thi hop thinh max—minla SeR=/07 1 | va max—prod A SeR=| 0.7 1
(06 0.6 0.36 0.54

Bay gi0 chiing 1a xét mot s6 quan hé nhi nguyén md trén cing mét khong gian nén.
Gia thiét T 1a t-chudn,
Binh nghta 3.6: Cho E,. Ry 1a quan hé m& trén XxX, phép T-hop thanh cho mot quan hé
Ry R, trén XxX xdc dinh boi

Ryt Rix.2)= sup,exT(R,(x.y), Ro(y,2)).

Binh ly 3.1: Cho R|. R,. R; 1a nhitng quan hé m& trén XxX. khi dé:
a) Ryep (Ryer Ry) = (Ryer Ro)op Ry
b) Né’uR];Rgth\lRlﬂT RagRg"T R3 VaRgeT Rl ;R3°T R?

Tinh bic céu:
Binh nghia 3.7: Quan hé ma R trén XxX goi la:

a)  min-chuyén tiép néu min!R(x,y), R(y.2)} € R{x,2) ¥x,y.zeX.
b} bdc cdu yéu néu Vx.y.2eX co

Rix,y)>R(y.x) vi R(y.z}>»R(z,y) thi R(x,z)> R{z,x).
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¢)  bdc edu tham s6 néu cé mot s& 0<B<1 sao cho: Néu RB{x,v) > & > Riy,x) va
Riy,2)>» 8>Riz,¥)thi Rix,z)> 8>R(z.x) Vx,y,zeX.

Binh Iy 3.1: (xem [7]}
a)  Néu R 1a quan hé m& c6 tinh chat min—bde cdu thi R 1a quan hé md ¢é tinh chat
bdc cdu tham sé vdi moi D< 8< 1.
by} Néu R la quan hé m& cé tinh chét bdc edu tham s6'thi R 1 quan hé mé ¢6 tinh
chit bdc cdu yéu.

1.3.2 Phuong trinh quan hé md

Phuong trinh quan hé mé lan dau tién nghién ctiu béi GS. Sanchez nam 1976, déng vai
trd quan trong trong cac linh virc phan tich cac hé md, thiét k& cde bd diéu khién md, qud
trinh 1dy quyét dinh va nhan dang mo.

Dang don gidn nhdt c6 thé dién dat nhu sau:

 Cho mét hé mé bidu dién dudi dang mot quan hé mé& nhi nguyén R wén khéng gian tich

XxY. Dau viho (input) clia hé 1a mot tap md A cho trén khong gian nén input X. Téc dong
cla diu vio A véi hé R s& 13 phép hop thanh AR sé& cho ¢ ddu ra (output) mot tap mé trén

khong gian nén Y. ki hiéu la B. Khi ay ching tacé A<R = B,
Néu ching ta sit dung phép hop thainh max—min thi ham thudc cha B cho bai

Hpl = Hacp(y) = max (min, [g,(x), gplx.y)])
Vi du 3.2: Cho inpur la tap m& A rén X va quan hé md R rén XxY nhu sau:

Xz{x]-.xz-l'aI-Yz{}'l‘y?s}"ai-
A=(02/x;, 08/xy lixg)=1{02 08 1)
07 1 D4
AR =03 09 086].
0.2 06 0.3

Khi dé chiing ta ¢é

0.7 1 04 o5 o8
B=AsR=(02 08 1l)o|05 09 06|=(05 08 06)=22,058,06
0.2 0.6 0.3 LRI

1.4 Suy ludn x8p xi va suy dién ma

1.4,1 Chaing ta s€ trinh bay di don gian van dé suy luan xép xi dudi dang nhiing ménh dé
vai cidc bién ngon ngilt nhu dai thudng van ding nhu: "mdy lanh”, "ga yéu", hay nhilng quy
tac. nhitng Juit dang ménh dé "néu quay tay ga manh thi t6c do xe s& nhanh".
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Suy ludn xdp xf - hay con goi la suy luAn m& - do6 la qud trinh suy ra nhiing két luan
dudi dang ciac ménh dé md trong didu kién cac quy tac, cde luat, cdc dir lieh dau vio cho
trude ciing khong hean toan xac dinh. Ching ta s& han ché bdi nhitng luat don gian nhu
dang modus ponens hay modus tollens da néu & phan dau.

Trude tién ching ta nhd lai trong gial tich todn hoc da dilng qud trinh 1ap ludn sau:

Dinh 1¥: Neéu moét ham s6 14 kha vi thi nd lién e
Su kién: Ham fkha vi
Két luan: flién tuc

day 14 dang suy luan dua vio luat modus ponens. Bay gid ta tim cach dién dat cach suy luan
quen thuéc trén dudi dang sao cho ¢é thé suy réng cho logic md.
Ky hiéu: {7 = khong gian nén = khong gian 14t ca cac ham so.
Vi du don gian cé thé hiéu
U={g:R > R}
A = {cdc ham kha vi).
B = {cic ham lién e},

Hay chon haiménh dé P= "ge A" va@Q ="g e B". Khiay chiing 1a cd

Luac (tri thifc): g=>8
Sir kién: P dung {true)
Két luan: @ dung (true}

d day chiing ta da s dung ludt modus ponens (P> @)~ P = Q.

1.4.2 Bay gito di cé thé chuyén sang suy dién md ciing dang.

Luat mo: Neu géc tay quay ga 16n thi xe di nhanh
Su kién mén: Géc tay ga quay kha lon
Hé qua: i Xe di khd nhanh

Zadeh di dién dat su kién trén bang céc bién ngon ngit: géc tay quay, tdc do, nhiét 4o,
ap luc. 1uéi tac va cac ménh dé mé dang nrong img. Ching ta 1am 16 cdch ti€p can coa
Zadeh gqua vai vi du.
1.4.2.18ién ngén ngir
Vidu 3.3: Tandi "Nam co tudl trung nién”. Xhi &y chon

x = bi€n ngdn ngit "Tusi”.
khéng gian nén ia than gian séng
U= [0. 130 nam).

A= tap md “trung nién’.

Mat cach t nhién, ta gan cho 4 la mot tap mé trén U véi ham thude Ae) : U - [0,1].
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Sir kién “ed thé tudi cie Nam la 40" di nhién khong chéc chin va khd hop Iy néu dién
dat nmr mdt kha nang. trong [4.5] Zadeh dé nghj
Kha nang {Tudi ciia Nam = 40} = Poss(x = 40)
= d¢ thudc cha s6 40 vio tip md A = A(40).
Meénh dé mo
"Nam cé Lubi trung nién"
bay gio duge dién dat thanh ménh dé
P={x=A} = {bién x nhan gid iri m& A wén khong gian nén U/}
={xis A} (theo dang iiéng Anh ).

1.4.2.2 Vidy34: D61 véi suy luén mé cho ¢ ddu muc nay chiing ta c6 thé ding bién ngén
ngio

x="g0cC tay quay”
trén khong gian nén U7 = [0.360 "] (cho phép quay 1ay ga cia xe mdy). A = "géc lén" 1d mot
tap mo ren I (trong wrudng hop ndy tién hon dung khai niém s6 m& A), véi ham thudc
Afw): 75 [0.1].

Tuong oo, bién ngon ngit y = "16c do xe”. véi khong gian nén
V= {0 km/gid. 150 km/gia ).

@ = "xe di nhanh"= mat 1ap m& B rén khong gian nén V v6i ham thugc B : V = [0.11.
Khi ay

P="gbctayquaylon" = x = A} (xisu ).
@ = "xedinhanh" ={y =B},
va ludl mé cé dang P = Q.

Nhw vay mot ludt mg dang “If P then @ & duoc biéu dién thinh mot quan hé md R
cua phép kéo theo P > @ véi ham thugce cla R trén khong gian nén I/xV duge cho bdi
phép kéo theo ma ban du dinh st dung:

Rapiu.v) = Rpootu ) = IAG),B(L)), vdimoi (u.v)elUxV.

Bay git quy trinh suy dién mé da cé thé xdc dinh:

I Luat m (uri thite): P = Q. v&i quan hé cho b&i I(A(w),B(u))
Su kién mo (_da‘iu vaol: | P'= {x=A"}, xdc dinh b&i tap md A’ wen U
Két luan: Q = {y=B"}

Sau khi da chon phép kéo theo I xdc dinh guan hé m& R4 gy, B’ 1a mot tap md trén V

vai ham thuge cua B duge inh bang phép hop thanh B' = A’ ¢ R4 g, cho boi cong thiic:

B'(v) = max,e ] min(A'(z), A L), BN}, véi mbi ve V.
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1.4.3 Tiép ruc cich bi€u dién va dién dat nhu vay. 1a c6 thé xét dang
"It Prthen @ else @

quen biét trong logic c6 dién va thudng hay sit dung trong céc ngén ngi lp trinh cia nganh
Tin hoc.

C6 thé chon nhiing cich khdc nhau dién dat ménh dé nay, sau day tim ham thudc cda
bi¢u thirc twong Ung. Chang han. chiing ta chon

"IfPthenQelse @,"=(PA@)vinP Ay

Thong thudmg @ va @, 1a nhitng ménh d¢ trong citng mot Khéng gian nén.

Gia thiét @ va @, dugc biéu dién bang céc tap md B va B, trén cling khong gian nén V.
V@i cac ham thuoe twong tng B : V— [0.1] va By: V— [0.1]. Néu @ vh @, khong ciing
khéng gian nén thi cling s& xit 1§ nrong tu nhung v6i céng thic phitc tap hon.

* Kihieu R(P. Q. Q) = R(A. B. B)) la quan hé m{ trén UV véi ham thude cho bdi bigu
thiic

Ru,v) = max{mintAtu). B()). min(1-A@w), B,(v)}, v6i moi (u.v)e UxV.

Tiép e quy trinh ndy ching ta c6 (hé xét nhilmg quy tac 18y quyét dinh phiic tap hon.
Chang han chiing ta xét mor quy tac trong hé thong mo co hai bién dau vio va mot dau ra
dang

[f A, and B, then C,
else If A, and B, then C,

else

1.4.4 Mot dang suy rong khéc trong cg s& tri thie clia nhiéu hé m& thue tién. vi du dién
hinh 1a trong cic hé diéu khién md. ¢4 thé phar biu dudi dang sau:

Cho xy, xy. ... . x,, 14 cdc biéh vao cua hé théng, y 13 bién ra. Cic tip Ay By vbii=1.
-oom oy =1, ..., n lacac tap mo trong cac khong gian nén twong tng cia céc bién vao va
bién ra dang str dung cia hé théng. céc R; 1a cdc suy dién ma (céc ludt md) dang "Néu ...
thi ... " (dang if ... then)

Ry Néux,lad,,va..vax, lad,, thiy AR,
Ry Néux;laA;,va ... vax, lad, , thiy 1aB,

R, Néux,laA,, vi..vix, A, , thiylaB,

"
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Bai toan

Cho: Néux lae* vi ... vax, lae,*
Tinh: Giatriylau®
dday e *. ... e, * la cac gia tri dau vao hay su kién (¢6 thé md hoic gia tri rd ).

Chiing ta c¢é thé nhan thay rang phan cét i3t cia nhidu hé md cho b cad sd tri thie
dang R={cdc ludt R;} v cdc cod ché' suy dién cai ddt trong mé (0 suy dién.
Tinh toan quan hé m& che nhitng bo luat phiic tap nhir thé cic ban c6 thé xem thém

cong trinh cta M. Mizumoto va H.J. Zimmermann. Nhirng ki€n thitc vé suy dién mo lien
quan & 14p luan ngon ngir 6 thé doc thém chuong 2 cia Nguyén Cat H6 .

1.5 Vidu bdng so

1.5.1 B¢ minh hoa trong phdn cudi chiing ta xét vi du bang s8 truc tiép trich tir [7]. Vi du
chting ta nghe thay cdu ndi: "Néu nhiét dé cua hé thong lanh, thi dp suat cua hé théng yéu'".
RG rang day A mdt mat mo dang P = Q.
Trude tién ching ta chon khéng gian nén véi cic trang thdi co sd. Vi du:
U ={nhiéi do cia hé théng} = { thap. trung binh thap, hon trung binh, cao)
= fury . . Uy, gt
V ={ap sudt ctia hé théng| = { thép. trung binh thip. trung binh, han trung binh, cao|

={vy.va, 3.ty U5t

Trong truémg hop nay méi ménh dé A, wén IV ¢6 ham thuoc hoan todn xac dinh béi

vecto | Aj(u}: we U |. Nhu vay, chang han
Tap mad A, biéu dién ménh dé: "nhiétdd lanh"={1 06 6 0},
Tap mo B, biéu dién ménh ¢é: "4p sudrthdp” =41 0.8 0.1 O 0}

D¢ tinh do thuéc cta quan hé md. ngudi ta thdc trién A, 1én khéng gian nén UxV. Khi
dy ham thudc ciia A, € Ki hiu exly,,- A, co dang
1 1 l 1 1
06 06 06 06 08

o o 0
0 o o 0

Xty Ay =

Do P = @ la ddéng nhat véi biéu thitc — A; v (A; A B,). cho nén d€ tinh ham thuoc

xac dinh trén UxV caa quan hé nay chi can tinh ma trian

(exty - — AV H{exXtwr Ay) A lextpx-B))
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Sau day 1a cdc ma tran nrong ung:

0 a 0 ) 0
04 04 04 04 02
1 1 1 1 1|’
1 1 1 1 1

e.‘it,;_rx\‘ - Al =

1 08 01 0 0O

(extyxy Ay) A (extprgyBy) = 06 06 0100 .
0 0 0
¢ 0 00

Bidu dién va tinh todn nhu wén vi ching 1a s€ tinh quan hé R{A,,B ) theo phép kéo

theo Tg(u.v} nhutrong vidua phan 2.4.5. Két qua thu duoc quan hé

1 08 01 0 ©
06 06 04 04 04
1 1 1)
1 1 1 1 1

Rp:.Q:R(A],B]) =

Day chinh la quan hé md biéu thi quan hé P = Q. thong qua cdc bién ngdn ngit "nhiér

do. dp suadl” va cac tap md A, B wrong Ling.

Tiép tuc, chiing ta cd thé tién hanh cdc suy dién mo. Chang han, s kién dau vao quan
sdl dirgc 12 "rkiét do cia hé thong hoi lanh”™. Ménh dé md P’ nay dién dat qua tip md

P’ vé&i haim thude én khong gian nén U cho boi vectorA'=1{0.8 1 0.3 0}

Nhu thé chiing ta ¢6 qua trinh suy dién mo:

‘ Luat m (1ri thic): R(A,.B)

| Sy kién ma (diu vao): | A
| Két ludn: B’

B’ 13 mot tap midr trén V duge tinh bang phép hop thanh B' = Ri{A.B) =A".

Ap dung vio trudng hop nay ching ta thu duoe ham thude cliia B' 12 veclo

B = {08 08 04 0.4}

Néu bay gid quan hé R(A . B ) dugc tinh theo phép kéo theo I g(i,v) nhu trong vi du
6.8.b thi

1 08 01 0 0
1 05 04 04 04

1 1 1 1
11 1 1 1

RP::Q = R(A,.B,) =
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va k€l qua cla suy dién me trong trudng hgp nay sé 1a B' = R(A;.B,) °A' 13 tap m& két luan
(k&t qua dau ra) wen khong gian nén V ¢6 ham thude cho bdi vector

B =11 08 04 04 0.4}
1.5.2 Tinh todn minh hoa cho ménh dé dang " If P then Q eise Q1".

Gia s ménh dé @, ciing khong gian nén V véi ménh dé @, chiang han @, = "dp suat cha
hé¢ (héng trung binh". @, s dugc bigu dién qua bién ngon ngr "dp sual” vi tip md B, voi
ham thuoc cho trén V 1a vector

B,={0 06 | 06 O

Khi dy
¢ 06 1 06 0
0 06 1 06
BXLUX\-'BQ = .
0 06 1 06 0
0 6 1 06 0

0o o0 0o 0

0 04 04 04
extir A {ext,: B'J =
(extymy | Ap) A (extyxy Ba) 0 06 1 06

0 06 1 06

20 o o

Cudi cting thu duge

1 08 01 0
06 06 04 04
o 08 1 06
0 068 1 06

R(If P then Q else @) =

oo O o

1.6 Sy phdt hién cba cong nghé md

Do han ché€ vé thai gian. ngudi viér tap trung trinh bay vé mot vai nét vé tinh hinh tai
Nhat Ban. Trong qué trinh phat tri€én cGa Ly thuyét tap mis va cong nghé mé 1ai Nhat Ban
phai nhac 10 du an lon LIFE (the Laboratory for International Fuzzy Engineering)
1989-1995 do G.S. T.Terano (Tokyo Institute of Technology) lam Gidm déc diéu hanh —
theo sang kien va su tai trg chinh ctia Bo ngoai thuong va c¢ong nghiép Nhat Ban. Phong thi
nghiem LIFE dugc thiét k& bdi G.S. M. Sugeno. Chinh Gido sur ciing da thuyét phuc duce
nhiéu cong ty cong nghi¢p hang déu cia Nhat Ban cung cip 1ai chinh va nhan lue. trd thanh
thanh vién tap thé ciia dy dn vi chinh ho truc 1i€p bién cic san phdm cba phong thi nghiém
thanh san pham hing hoa.

Va k&t qua la. theo Datapro. nén cong nghiép sir dung coéng nghé m& ciia Nhat Ban.
nam 1992 c6 16ng doanh thu khodng 6350 trieu USD, thi 161 nam 1997 di wdc lwong ¢ 6.1 t¥
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USD va hién nay hang nam nén cong nghiép Nhat Ban chi 500 triéu USD cho nghién citu
viv phat trién 1y thuyét m& vh cong nghé ma. Theo Gigo s T. Terano {6] qud trinh phat trién
cha cong nghé md ¢ thé chia thanh bén giai doan sau:

I} Giaidoan 1: Loy dung tri thite & mitic thdp.

Thuc chat: Nhimg (ng dung trong cong nghiép chi yéu 1a biéu dién tri thie dinh luong cia
con ngudl.

Vi du dién hinh: Diu khién mé.

Trong giai doan ban dau nay. chu yéu la ¢6 gang 1am cho may tinh hiéu mot sé tir dinh
hrong cua con ngudi van quen dang ( nhu “cao. nong, m, yéu'. v.v.). Mot li do rat don gian
de di 161 phat trién diéu khién md 1a caw hoi sau: "Tai sao cde mdy mée don gidn trong gia
dinh ai ciing didu khién duge ma mdy tinh lai khong diéu khién duoe 7.

C6 thé hau hét cac hé diéu khién mo 1a & mute nay. Thic 1€ tai mifc ban ddu nay di dua
vao sit dung rat nhiéu loai may mdi ¢é sit dung logic md. B4 la sw kién rdt quan trong
trong qud trinh phdt trién cida logic mé. nhung dé van 1a cic hé thude giai doan 1.

2} Giai doan 2: S dung tri thifc & mifc cao.
Thue chat: Ding logic mo dé bieu dién tri thie.
Vidu: - Cac hé chuyén gia mé.

- Cac 1ung dung ngoai cong nghiép: y hoc, nong nghiép, quan 1y, Xd hoi hoc, meéi
trudng.

Trong giai doan nay ¢§ géng trang bi cho méy tinh nhitng tri thitc ¢o ban vi sau séc
hon, nhimg tri thic dinh tinh ma trude 16i nay chua thé biéu dién bing dinh lugng, vi du nhu
trong cdc hé chuyén gia md. mé hinh hod nhiéu bai todn khé trong quan I¥ cdc nha mdy mi
rutde day chira tam duoc,

3} Giai doan 3: Lién lac—giao 1iép.
Thye chat: Giao luu gifta nguoi va mdy tinh thong qua ngon ngi ar nhién.
Vidy: - Céc robot théng minh.
— Cdc hé hd trg quyét dinh dang déi (hoal.
4y Gl dogn 4: Tri e nhan 1ao tich hop,
Thye chat: Giao hru va tich hop gilta tri e nhén tao, logic md, mang noren va con ngudi.
Vidu: - Giao luu con ngudi va may tinh.
— Cdc may dich rhuat.
— Cac hé hé rg lao dong sdng tao.

Gido su Terano con cho rang su phat trién cilla cong nghé md va cdc hé md tai Nhat Ban
da va s& di qua bon giai doan trén.



Afot s6 theng tin khdc ngudi doc ¢6 thé tham khdo thém céc tai liéu [3,4.5.6] va cdc tai
trich dan trong d6.Vé cic iing dung clta cong nghé md ban doc ¢d thé tham khao them taj
lieu [8].

2 Mang ndron nhan tao va hé mé
2.1  Mang ndgron nhén tao
2.1.1 Nac va noron sinh hoc

Nao 1a 16 chifc vat chil cao cp. ¢o cau tao vo cling phifc tap, day dac cdc méi lién két
gilta cac noron nhung xir 1y thong tin rdt linh hoat trong mor moi trudng bét dinh.

Trong bé ndo 6 khoang 10" - 10 noron va médi noron ¢4 thé lién két véi 10" noron
Khic qua cac khdp nét. Nhitng kich hoat hoac tic ché nay duge truyvén qua truc noron (axon)
dén cdc noron khac.

Trén hinh 3 la hinh dnh cta (€ bao noron rong ndo con ngudi.

Khop néi (Synapse)

Khép ndi (Synapse}

Hinh 3: Cau tao cha noron clia nao ngudi.

Khi ngu&i ta nhin ndo 1ir géc do tinh todn. chiing ta dé dang phat hién cdch thic tinh
todn cha ndo khdc xa vdi tinh todn theo (huil 10an va chuong trinh ching ta thudng 1am véi
sU frg gilp ciua may tinh.

Sur khiac biét co ban trude tien 12 ¢ 2 diém rat quan trong sau:

—~ Qua trinh tinh todn duge tién hinh song song v phan 1dn trén nhiéu noron gan nhu
ddng thoi.

— Tinh todn thue chat la qua trinh hoc, chir khong phéi theo so dé dinh san tir tnrde.
2.1.2 Mang noron nhan too

2.1.21 Noron nhan tao

Khai thac nhan x8ét trén. bat chude ndo, cic nha khoa hoc da ¢6 mé hinh tinh todn mai:
do la cic mang noron nhan wao (Artifical Neural Networks ANN).

Mot noron nhan tao (mot don vi xUr 1y — PE) phan énh cdc tinh chdt ¢o ban cila noron
sinh hoc va duge mo phong dudi dang nhu hinh 4.
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Iy A
. Bb = ¥
x.'_ L] tﬁng _ u‘- -
Hinh 4; Noron nhan tao Ham phi tuyén
Paiu vio cla noron nhan tao gém n tin higu x, (i = 1.2, ... . n). Dau ra la tin hi¢u y.

Trang thai bén trong cha noron duge xdc dinh qua bo 1dng cac dan vao cd rong $& w; (£ =

1.2.....n). Pauray cta noron duge xac dinh qua ham phi tuyén nao dé f.
Nhir vay mé hinh dinh lugng cuia noron nhan tao nhu sau:

yit) = Y w0 -a),

=1

n
0 day net = > w;x;(6)=I(¢) 1a tin hicu téng hop diu vio, w; —cac trong s6.i =12, ... . n

il
dac trimg cho tinh lién két ctia cdc kKhdp synap. 8-ngudng kich hoat noren, ¢—thoi gian.
n—s@ tin hiéu diu vao. f~ham kich hoat.

Do vav ngudi ta rat hay dung ki hiéu sau: Daura out = y(t) = finet).

Tom lai cé thé xem noron ld mét ham phi tuyén nhiéu dau véo, mot dau ra.

Cic naron cé 1hé lién k&t vai nhau tao thanh mang noron nhan tao. Vi du noron i lién
k&t v&i noron j theo hai chiéu thuan nghich (c6 thong tin phan hai) nhu & hinh 5.

Hinh 5: Lién két 2 chiéu gita noron
i vanoron J.

2.1.2.2C4c giai doan phat trign cla mang noron

Theo R. Schalkoff [11] thi c6 thé chia sy phdi tri€n c¢iia mang noren nhén tao thanh 3
giai doan:
1} Giai doan 1: Tién Perceptron (nhitng nam 1940 - nhitng nam 1960)

Dé dang nhan thady rang trong giai doan nady mang chua du phife tap cho nén chua cd
kha nang giai quyvét cac bai toan kho co stic thuyet phuc.
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Trong giai doan nay cdn nhie 16i cdc sy kién sau:
— Lan dau tien McCulloch va Pitts, 1943 gidi thiéu mé hinh todn hoe clia mang noron.

~ Rosenblatt. 1957 dinh nghia Perceptron. mong muén khang dinh céc noron lién két,
phi tuyén tao nén mang thich nghi c6 thé £0p phén gidi quyét cdc bai todn nhan dang.

— 1960 Windrow déng gép chinh {a thuat todn trung binh binh phuong bé nhat (LMS)
cho mé hinh Adaline/Madaline.

— Kérquaciia Minsky va Papert 1969.
2} Giai doan 2: Hau Perceptron
Trong giai doan nay mé hinh perceptron duge phdl huy véi nhilng thuat hoc truyén
thang va lien két suy rong. Da tim thém nhiéu ciu mic méi. ing dung méi, trong dé cian ké
161
~ Mang truyén thang véi thuat todn lan truyén ngudc (luat Delta suy rong—GDR), 1985.
— Mang ding cic him co s& xuyén tam (mang RBF).
— Cdc mang Hopfield héi quy. 1982.
— Bo nhd lién hop hai chiéu (BAM), 1987.
— Lam sau sac hon nhiéu khdi niem va céc thuat todn di co.
— Cong trinh vé cic mang thich nghi cta Grossberg va Kohoenen,
3} Giai doan 3: Gan day va hién nay
Tiép tuc suy rong va dua vao thuc tién nhiéu mé hinh va thuit todn da hoan chinh hon.
Nhitng van d¢ chinh hién nay phai lam la:

— Ddnh gid xac thuc nhing han ché cia mang noron.
— Céc kha nang suy réng khic nhau,

— Phoi hop cong nghé mang noron véi cdc cong nghé cua logic md va cdc thuat todn di
truyén,

Cai dat céc mang noron nhan tao bang cac phin cing chuyén dung.

2.1.3 S{c manh cla mé hinh mang naron

Nhitng mé hinh mang noron da trinh bay c6 tiém nang 1ao nén mot cudc cach mang
frong cong nghé may tinh va cdc qua trinh xUr 1§ thong tin. Nhimg mong muén v hy vong
do chu yéu bat nguén tir cac dac trumg chinh sau:

a)  Kha nang cua cde qud trinh xit ly song song va phdn tdn: C6 thé dua vao mang

mot luong 16n cdc noron lién két véi nhau theo nhitng luge d6 véi cédc kién tric
khde nhau.
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by Kha nang thich nghi va tw t6 chite: vé dac trung nay ngudi ta dé cap @i kha nang
x{r 1y thich nghi va diéu chinh bén vitng dua vao cac thuat tedn hoc thich nghi va
céc quy tac ty 16 chic.

¢) Kha nang dung thi (6i: C6 gang bar chude kha nang dung thit 16i cia néo theo
nghia hé théng ¢ thé 1iép tuc 1am viée va diéu chinh khi nhan tin higu vao mét
phan thong tin bi sai léch hodc bi thigu,

d)  Xiz Iy cde qud trinh phi tuyén: Dac trung nay ral quan trong. vi du trong Xap xi
mang. mién nhiéu (chip nhan nhiéu) va cé kha nang phan 16p.

2.1.4 Cdc phgm vi ing dung

D

2)
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Linh virc img dung ciia mang noron nhén tao rat rong. chil yéu trong cic viing sau:
Link vite 1: Phan ldp (classification})., tdch cum (clustering), du dodn (diagnoisis) va
{ién keét. C6 thé day la [Inh vuc fim thdy nhiéu ttng dung nhat va ciing dirge nghién ciiu
s6i dong nhit. Nhém mé hinh nay nhan nhiing tin hiéu vao tinh hoac tin hiéu theo thai
gian va can nhan dang hoic phén 16p ching. Thuat todn phan 16p can bun luyén mang
sao cho khi tin hiéu vao bi bién dang it nhiéu thi mang vin nhan diing dang thuc clia
chiing. Mang can c6 kha nang mién nhiéu (i, boi vi day 1a mot mong mudn tha thiét
cuia nhieu ung dung.

Linh vie 2: Cde bai todn t61 weu Van dé chinh & day 1a tim nhitng thuat todn huén Juyén
mang sao cho gép phdn tim nghiém cho nhicu 16p bai todn t6i uu toan cuc. Trong nhém
cac thuat tedan tng dung mang noron. nguvi ta da quan tam & s két hop mang neron
v@i cdc thudt todn di truyen.

Link vie 3: Hoi quy vé téng qudt hod (Regression and Generalization). Trude day céc
bai toan héi quy da duge tich cuc nghién ciiu. Qua hdi quy tuyén tinh va phi uyén
ngudi ta gang tim cdc dudng thing hoac céc dudng hoi quy phi tuyén tron sao cho khdp
véi mau. Trong céc bai todn héi quy ngudi 1a thudong diing céc thuat hoc ¢6 gidm sdl.
Bai tean suy rong kho hon, vi dit liéu duge hoc mdi chi ¢6 mét phén.

Linh vue 4: Hoan chinh dang (Pattern completion). Biti todn 1a hoan chinh “du” dit
liéu ban ddu sau khi dé bi mat di mot phén (hay ta chi thu duge moét phadn). Ngudi ta da
quan tam &i hai 16p mo hinh: Md hinh Markov va cdc mang ¢ dé tré véi cdc mang
noron nhiéu 1dp. mdy Bolzmann va mang Hopfield tinh.

Trong nhimg phén cén lai ciia phan tdng quan nay. chiing ta s& xét thém vé ciu tric cla

manh. cdc ham kich hoat va bai tedn huan luyén mang.

2.1.5 Cédu tric mang noron

Cén triic clia mang noron chil yéu dugc dac tring béi loai clia cdc noron vi méi lién he

xur 1y thong tin gita ching.

Vé cau tridc ctia noron: Chil véu ngudi 1a quan 1am i cach “tong™ cdc tin hi¢u vao,

ngudng tai méi noron va cdc ham chuyén — ham kich hoat. Sau day 1a mot s& ham kich
hoat.
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2.1.5.1Ham kich hoat

Ham kich hoat cia timg noron trong mang noron déng vai tr& quan trong trong su lién
ket gilfa cdc noron. Ham nay dic trumg cho mite do Lién ket gilta cac noron. Trong 1y thuyeét
mang noron. phép téng hop cdc tin hiéu ddu vao va thudmg duge k¥ hiéu dudi dang sau: vi

du d5i v&i noron § cé m tin higu ddu vac x,

i
Hei} = Zx{w_“- oWy, = (w}'l- ~w.,rm)
i1

Dau ra cia noron ; thudng kv hi¢u la out; hodc f; . Sau day la vai dang ham kich hoat:

1, néu (net; -8;)20

a) fi=out = . .
! ! -1 néu {net; —8;)<0

b)  Dang ham Gauss: f; = out; = exp(—(net - QJ-)E).
¢} Dang ham sigmoid (hay ham logistic): f; = out; = (1 + exp(—(net; — 6,3} 1.
Cac loat ham kich hoat cdn 6 nhiéu bién thé khdc nhau.

2.1.5.2Lién két mang

Sir lien két trong mang noron wy thudc vao nguyén ly tuong tdc gifta dau ra cia timg
noron riéng biét véi cdc noron khdc va tao ra cau triic mang noron. Vé nguyen tac sé cdé rat
nhigu kicu lién ket gitta céc noron. Mai noron 1a mot nidt clia mang. Mot s6 cdu tric hay gap
trong nhimng g dung cé dang sau,

1) Cde mang truyén thing (Feedforward neural networks).

Da 1a mot do thi dinh hudng hitu han khéng chu trinh (acyclid). Mdi nurt 13 mot noron,
6 phan biét ndt vao va nit ra. Cdc noron chia theo I8p (lavers). Trén méi cung coé trong sG
w,, NOinoron j véi noron i trong 1dp sau. Mai nit £ khong phai niit vao cé gdn ngudng 4.
Mang trinh bay trén hinh 6 s& minh hoa cho modt mang noron truyén thang ¢d ba 1p.

Ldap vaa Lop an Lép ra

Hinh 6. Cau tric truyén thing
phan I6p.
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2) Mang c6 néi nguve: Cac mang c6 thong 1in va xit 1y theo 2 chiéu (hinh 7, ¢ ndi
ngugc—con duge goi 1a mang hdi quy recurrent networks).

Hirh 7. Mang Hopfield. ding lién két —=={ )= e mon e aaan—-
phan héi

Cdu triic cla cdc mang noron co thé tham khao thém trong phan 2 vé cac 16p mang
noron co ban.

2.1.6 Bd&i todn hudn luyén mang

Bai todn huan luyén mang (hay bai todn hoc — the problem of learning) la xdc dinh
(rhan dang — to identify) cdc tham s6 ctia mang. chiLvéu 1a cac trong 56 lién két mang va
ciu tic — céc dang lién Két cua cac noron. gifta cdc 16p dua trén théng tin ¢d trong hé
théng.

Thutng qua winh hudn luyén mang noron (hay con duge gei la thuat hoc) durge thuce
hién qua phép so sdnh ddu ra cia mang vai tin hiéu chi dao.

Sau day la thuat toan hoc ¢6 giam sat (hinh 8). Noi dung chinh la diéu chinh trong so
lien kél trong mang w.

X Mang

e e
noron

Hinh & Hoc co giam sat

Sai s6 ¢ = y—d i co s dé huan luyén mang.

2.2 Mot s6 mang noron co ban

2.2.1 LSp mang naren cb giam sat (Supervised neural networks )
2.2.1.1Perceptron

A& hinh Perceptren do Rosenblatt dua ra 1938, Mo hinh cé dang nhu da trinh bay trong
hinh 4. C6 maot sa thuat hoc cho mang Perceptron. vi du thuat todn cuc tiéu binh phuong
trung binh (I.MS-the least mean square). nhung mo hinh c&n qué don gian nén it hiéu qua.
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2.2.1.2Perceptron nhiéu idp (the multilayer perceptron-MLF)

Da ¢6 nhiéu cong trinh trinh bay nhiéu thuat hoc cho mang MLP vi chi rd 16 suc
manh cia nhing 16p mé hinh nay. Cin nhac 6t 1a thuat toan lan truyén ngugc (the
Back—Propagation Leamning Algorithm) va kha nang x4p xi ham lién tuc biang mang MLP,

Thuat tedn lan truyén nguge cu thé nhu sau: Tap dit lieu da cho ¢6 N méu (x,.d, ).n=
L2.... . N.Vdimdin. x, latin hiéu ddu vio. d,, 1a dau ra mong mudn. Qué trinh huan

luyén thue chat 13 1am cuc tiéu ham G véi
G=36,. v G, ==Y (vglr,)-dqlx,)?
- "o T _.-V g-1 rglx, UL .

 1a s6 niit tai 18p ra cua mang. Con trong 6 lién két mang duoc diéu chinh theo phép lap
Saul

wik+1) = wik) —,ug—G . trong do 4 >0 1a hing s& 1y 1¢ hoc.
LL!

Mang noron nhiéu 16p lan truyén nguge 12 mét gidi phap hirm hiéu cho cong viéc mo
hinh hod. dac biét vdi qua trinh phite tap hoac co ché chua rd rang. N6 khong doi hoi phai
biét rudc dang him hoac cac tham s6.

Ciing can thi€t nhac tdi sy kién sau: Mang truyén thang nhiéu 16p duoe sit dung dé biéu

dién chinh x4c va biéu dién x4p xi cac ham phi tuvén. Mot cong cu co ban 1a dinh 1y sau:

Binh I¥ Kolmogorov

Goi 1, 1a khoi n chiéu cia doan [0.1]. Z, = [0.11". Bat ki ham lién wc flx, xy - . x,)
NA0 cla n bién xy. xs. -+, x,, trén I, déu ¢6 thé bidu dién dudi dang
Zn-1 n

fayx - x)= % hJ-ZgU-(xi}.
=1 r=1

& day £, va g; 14 ham lién tuc mot bién, hon nira &;; la ham tang don di¢u ¢6 dinh khong phu
thude vao ham £,

2.2.1.3Mang noron vdi ham cd sé xuyén tam {(mang RBF)

Ham co s& xuyén tam (Radial Basis Functions—RBF) da cé tit lau trong 1¢ thuyét XA&p xi
va duoe sir dung dé x&p xi ham chua biét dya trén co s& cdc cap di€m vio — ra bidu dién
ham chura biet dg.

Trong nban dang m¢ hinh hé théng RBF ¢é thé bifu dién theo cau triic mang
perceptron. Moi hé phi tuyén c6 thé xdp xi bang RBF. Day 13 dic diém lam cho RBF cac
biét phii hop vdi bai todn nhan dang mé hinh.

46



D& vé moi ham. viéc xap xi duoc hr gilf trong cac trong s¢ va tam cla RBF. Tuy
nhién cdc treng $d nay khong phai 1a duy nhér. RBF ¢6 biéu dién toin hoc nhur sau :

N
Fix)=Co+ ¥ Cipllx—R|>
t=0

trong dé
' — vécto chira trong s& RBF,
R — vécto chira cac tam RBF,
¢ — ham co sd hoac ham kich hoat cha mang,
Fix) — hiam nhan dugc tir ddu ra coa mang,
Cq — hé 56 chéch (cé thé 1a 0).

Il = chuan euclidean.

Mbi tam R, c6 ciing 56 chiéu véi vécto dau vio x. Cdc tam cling la cac diém ben trong
khéng gian dit liéu dau vao va dugce chon sao cho ching 1a the hién clia dit lieu ddu vao. Khi
RBF tinh todn qud trinh xap xi doi vdi mot s6 diém di liéu dau vao thi khoang cach giita
cdc diém dau vao va méi tam dirge tinh theo khodng cdch euclidean. Nhimg khoang céch
nay duge chuyén qua @ sau dé dugc trong s6 hoa bing C; va duge téng hop lai dé sinh ra
dau ra toan bo RBF. Mot trong nhitng lua chon thong thudng nhat dsi voi ham co s& 1a ham
Gauss:

&x) = expl— (x—a) /20 trong dé & la tham s 1y 1€,

Mang RBF duce Moody via Darken dé xuat nam 1989 dua trén su tuong ddng giita trién
khai ham co s& xuyén tam va mang noron mot 16p an.

Nhés kha nang x&p xi cac ham phi tuyén bit ki vé do chinh x4c wy ¥. mang noron vi
sau nay 1a hé maé noron s€ 1a cong cu quan trong, dac biét 1a mang RBF, cho mé hinh hod hé
théng va cho diéu khién thich nghi cdc hé théng phi tuyén.

2.2,1.4Cac md hinh dong phi tuyén

Cho dén lic nay ta mdi dé cap 16 cde 13p mang finh, ¢ gidm sat. Song nhiéu bai toan
thue tién doi hoi phai xét o1 cac mo hinh dong phi tiyén. Nhém mo hinh nay ¢6 thé chia
lam hai I1dp: 16p mang ¢6 ndi nguge, nic 12 mang hai quy va mang noron cé thai gian ré.

1) Mang co ndi ngieoe (mang héi quy — mang Hopfield)

Mang Hopfield néi tiéng dugc bat ddu nghién ctiu tir 1982. DPay la ldp mang mat 16p vai
théng tin va qué trinh xir 1¥ ¢d no1 nguge. Chinh cong trinh cia Hopfield da kich thich 1am
ra cac mach noron tich hop dau tién. Mang Hopfield da tim thay rat nhiéniing dung dac biél
trong bé nhd lién hop vi trong cdc bai todn 101 uu.

Bang cach xay dung céc thuat woén phitc tap hon, cac mang héi quy ngoai cac bai todn

181 wu con tim thay nhiéu dng dung trong dir bdo diy thdi gian, nhan dang céc hé phi tuyén
va diéu khién.
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Kién thifc o s& ban dau vé mang nay xem thém chuong 11 sdch [10].
2} Muang 6 thin gian tré (mang TDNN).

Mot cach nr nhién khi xir Iy tin chiing ta gap nhl@ing tin hiéu xudt hién theo day thai
gian. D7 nhién lic ban ddu ngudi ta ding mang noron tinh. Song con dudng tdt y&u 13 phai
xét 16i mé hinh dong ¢ tham s§ thoi gian. Hon nita hé dong khong phai la [inh vuc xa la
v nhitng ngudi lam vé khoa hoc hé thdng. Do d6 mang ¢6 thai gian 1€ (mang TDNN) xuét
hién. N6 da va s€ con duge nghién ciu va ing dung trong nhiéu bai todn, vi du nhan dang
va xur IV néng néi.

2.2.1.5Mang khéng giam sat (Unsupervised NN)

Mot 1ap mo hinh nita cia mang noron nhan tac ¢ling thudng duoc gidi thigu, dod 14 cac
mang noron ¢d thuat hoc khéng ¢é thay (khong giam sit — doi khi goi gon 13 mang khong
gidam sar}. Nhu vy mang noron nhan tao. vi mong mudn bat chude con ngudi, phai “ur
minh" kham phd nhifng moi quan hé dang quan tam: nhitng dang. dudng nét, cé chudn — cé
binh thudng hay khong. cac hé s6 tuong quan. ... va sau d6 chuyén nhiing quan hé fim thay
qua ddu ra. (Dé dé hinh dung cong viéc nay chiing ta hdy nhé & céng viéc cla céc nha
thong ké. nhat 13 cdc nha thong ké ding méy tinh hién dai).

Nhwr vay vén nhiing mang nay (ciing nhu nhiéu 18p khéc), chi véu 15 tim cdc thuér hoc
wong gng vai cac mang. Vé phan niy ngudi ta thudng nhac 16i tuat hoc Hebb, thuat hoc

canh iranh. ...,

C6 thé phan chia s thuat hoc nay thanh hal nhém: nhém thue hanh phan cum
(clustering} vi nhdm ¢4 chiét xuat. riit tia ra nhiing “dudng — nét nao dé* tir dir liéu.

Trong mang noren khéng gidm sét. cac thudt hoe canh tranh, mang nr té chirc vaca 1y
thuyét suy dién thich nghi { Adapiive Resonance Theory — ART) ciing thude nhém mét. Céc
phucng phdp chi€t xuat theo thanh phan chinh (Adartive Principal Component) thudc nhém
2. Ban doc tim thiéu v€ nhitng 16p mang nay va cac thuar hoc tong (ing hay Xem céac sach
[JO.11.12.186].

2.3 K&t hgp mang noron v&i hé md

Theo dai su phat trién trong thai k¥ con phat trién doc lap ngudi ta dé nhan thay ca hai
1% thuyét vi do dé ca hai cong nghé déu cé nhitng muc dich gan gili, hon nita nhitng thanh
dal ciing ¢ nhimg diém twong . Do vay si k&1 hop véi nhau 13 18 rat r nhién.
Sau day la mdy diém wong déng gilta hé rén co sd logic md va mang noron nhén tao:
—~ (4 hai déu nham tang thém tri thife, tang dé thong minh cho cdc hé thong vdi sy gitp
d@ cua cde hé thong k¢ thudt (dac biét v&i may tinh). trong méi trudmg bar dinh, ¢d
nhidu. thong tin va tri thife thiéu chinh xéc.

48



—~ (a hai déu la he dong. la cong cu udc luong bang s& khong diing méo hinh s6 chon
trudc.

— Ca hai khi udc hrgng ham 56 khong ddi héi mod ta dang todn hoc y = fix), thudng “ hoc
duge “ tr ni&u dir liéu, tiém can vdi cac so liéu, khac nhiéu véi cach tiép can xit 1y tin
hiéu nhu trong phan Tri té nhan tao (A & giai doan trude.

— (€& hai loai h¢ thdng va cong nghe déu ral thanh dat. da dua ra nhi€u hé théng va thiét
b1 dang diing rong di sdng hang ngay.

Sir két hop cac hé md voi mang noron .t nhdt ciing dé xudt ngay dugc mot ¥ wudng
méGi: chuyén nhiém vu thiét ké nhiéu phén cla hé m trong cdc bo diéu khién va hé tro gilip
quyét dinh thanh cdc bai todn hudn luyén va hoc trong cdc mang noron. Nhu vay s& gat hai
dugc tat ca uu thé cua ca hai ly thuyét va hai céng nghé.

Sau day 14 phac hoa gon mdy ¥ vé Két hop hai cong nghé,
2.3.1 Mang noron mé

Sur két hop truc quan dau tién la truc tiép suy rong mang noron bang cich duwa cac khai
niém mé dac biét 1a tap mo va s6 md vao mang noron va Xem Xét xem nhilng bai tedn nao,
thudt tean nao con ding. Tac dong cua 16p thuat toan mdi ra sao ?

Hoan toan ty nhién ngudt 1a nghl ngay 161 va nghién citu bén loai suy rong sau:
1} Logi I: Tin hiéu vao 1 86 thyc, trong s6 mé.
2} Loai 2: Ttin hiéu vao la tap md, trong $6 1a s6 thic.
3) Loa:d 3: Ca tin hiéu vao va trong s6 déu 1 ma.
4} Loai md rong: Khai thic cac phép todn t—chuéan, (—déi chudn.

2.3.2 Hé md noron

Cén k€1 hop nhudn nhuyén hon hé mé vdi mang noron nhan tao. Két qua phu thuge vao
timg nghién cifu.vdo timg kién tric cba thiét k€ 16p hé thong méi. Hinh 9 1a mét kién triic
kig¢n mau.

Mang ndron Hé Logic M¢
Viao * Xuly tin hiéu noron vao e Diéu khién (Control) Ra
o Udc liong trang thal »| * Ldy quyét dinh (Decision >
o Dy bdo trang thal making}
* Nhéan dang hé thong

Hinh 9: Kién tric ki€u mau clia mot hé md noron,
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Khong con nghi ng& gi diéu khang dinh sau: "trong linh vire cdc h'é thdéng m& noron con

nhiéu khoang tréng ménh mong déy sitc hdp dén cho sitc sang tao cha nhitng ai quan tam
nghién ctn. thi€t ké, chi dar va tng dung cac hé i thic”.

Ban doc ¢ thé tim thay nhiing kién thic ban ddu vé cic hé md noron trong cac tai lieu

[9.10,17].
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2 LY THUYET TAP MO VA
CONG NGHE TINH TOAN MEM
Nguyén Cdt Hi
Vién Cong nghé Théng tin

Cach mang KHKT vé co khi ra doi da dem dén nang suat lao déng méi va syt phdt trién
kinh té-xa hai ¢o tinh cach mang. Ngay nay ching ta vin ti€p tuc chitng kién nhiing thanh
nru nghién clu phat trién cac céng cu. thiét bi vdi cong nghé hién dai, dac biet cac thiét bi
va day truyén san xuat 1r dong hod nhiam tang nang suat va thay thé sic lao dong cla con
ngudi. C6 thé xem cach mang co khi vd ty dong hod nhu 12 bién phdp ‘kéo dai ban tay’ cla
con ngudi dé rang nang sual lao déng.

Theo logic 1y tr nhién, sy phét trién khoa hoc va X§ thuat lai din dén khi nang “kéo dai’
nang hrc tr duy, suy ludn cua con ngudi. Bing nang luc tv duy cliia minh con ngudi da va
dang khai phé thé gigi thuc t€ réng 16n, The gidi hién thuc va tri thitc khoa hoc cdn khdam
phé 13 v6 han va la nhitng h¢ thong cuc ky phite tap, nhung ngon ngit ma nang luc tu duy va
tr1 thife cla ching ta sit dung lam phuong tién nhan thdc va biéu dat lai chi hitu han. Lich sir
phdl trién sang 1ao clia lodi ngudi chi ra rang phuong tién ngon ngl wy hitu han nhung da
dé cho con ngudi mé 1a. nhan thiic cdc su var, hién ugng dé 16n tai va phét trién. Nhu 12 mot
hé qua 1at y&u cla viéc sir dung mot $& luong hitu han cdc tir ngit cua mot ngdn ngil 1 nhién
dé md ta tinh vo han cde sy var hién nzgng, dé nhan thay ring hau hét cac bai todn lién quan
dén hoat déng nhan thie. i té cia con ngudi déu ham chiva nhimg dai lugng, thong tin ma
ban chat 1a khong chinh xdc, khong chac chan, khong ddy di. SE chang bao gids c6 cic
théng tin. dir liéu ciling nhu cdc mo hinh todn — 1y day du va chinh xdc cho cac bai toan du
bdo thai tiél. Va nhin chung con ngudi luon § trong boi canh thuc € 1a khong thé cé théng
tin day da va chinh xac cho cdc hoat dong 1y quyét dinh cila minh va ciing khong thé hy
vong ¢6 nhimg quyét dinh ding dan va chinh xdc nhu cac ménh dé, dinh luan trong khoa
hoc toan—1¥ hay néi chung khoa hoc tu nhién.

Nhur vay ¢6 thé thay cé rat nhiéu van dé rong 16n trong thye tién, lién quan dén hau hét
cdc Jinh vire khoa hoc k¥ thuat. nhiéu hay it déu ham chita nhitng véu 8 ¢é ban chat khéng
ddy du. khong chéc chan.

Mai Jinh wirc khoa hoc k¥ thuat déu c6 mot mién itng dung ctia minh. Khoa hoc k¥
thuat lay tinh “chinh xac” lam co s& xay dung va phat trién s& ¢6 mot mién tng dung va
cting ¢é nhitng gidi han xac dinh khong thé vugt qua va né chi ¢é kha nang mé phong dugc
mot phan the gisi thuc 1€, Lidu ¢ mot 1y thuyét todn hoc nao cho phép mé hinh hod phin
thé gidi thuc ma con ngudi van chi ¢é thé nhan thitc. mo ta bing ngén ngit 1y nhién vén ham
chita nhitng théng tin khong chinh xéc. khong chac chan hay khong?

Phat nién thay nhu cau tal y&u 4y, nam 1965 L.A. Zadeh da sdng tao ra 1y thuyét tap md
(Fuzzy Sets Theory) va dar nén méng cho viéc xay dung mot loat céc 1y thuyét guan trong
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dua trér co so 1y thuyét tap ma. K€ tir day mdt trao hru khoa hoc 18y tinh khong chic chin,
khong chinh xac lam triét 1¥ dé nghién citu sang tao di phat rién manh mé, va ngudi ra
danh gid rang nhitng ¢éng trinh cla Zadeh nhir [3 mét trong nhitng phat minh quan trong cé
tinh chét bitng né v dang hita hen giai quyét duge nhiéu van dé phiic tap va 1o 1én cia thue
tién. Nhu mot nha khoa hoc hé théng tong quat M# George Klir da nhan dinh chl can lam
chi mét chit tinh khong chéc chdn cling co thé gidi quyét dude nhitng vdn dé rét to lon.

Mot trong nhitmg van dé nhur vay 14 viéc mé hinh hod cdc qua trinh tr duy, 1ap luan cia
con ngudi dé i dong hod ho tro cho cdc hoat déng tr duy. ching han nhu hoat dong lay
quyét dinh. Nhiéu hé chuyén gia hav hé trg gitip quyét dinh di duge phat trién v dua vac
tng dung. Nhiéu thiét bi thong minh duge thiét k€ xiy dung dira trén cong nghé tap md,
logic mé da xuat hign trén thi truong va duge dng dung trong linh vire ché tao xe a 1o, cic
thiét bi 1iéu dung. trong diéu khién nr dong trong cac nhi may .... Su phat trién manh mé

cac imng dung da dan dén viéc thanh lap & nhiéu nude céc phong thi nghiém dé phat trién cic
ting dung caong nghé md trong cong nghiép. Pang chi ¢ 14 phong thi nghiém LIFE
{Laboratory for International Fuzzy Engineering) & Nhit ma c4i tén viét tat ctia né thé hién
mét niém Tin rang cong nghé nay 12 cong nghé clia Cude séhg trong tuong lai. Ngay nay
khong chi cdc nudc phér irién ma ngay ca nhimg nudc dang phat trién ciing quan tam
nghién citu vi phét rién cac ung dung ciia cac “linh vuc khoa hoc m&” nhu Trung qudc,
Singapor. Brazil. A1 cap. Iran .... Diéu nay ching minh thém ¥ nghia thuc tién cita linh e

“khoa hoc m&™.

Tuy muc tiéu nguyeén thily cla viéc ra déi 1y thuyét tip mo laing dung tue dong hod céac
hoat dong wr duy cia con ngudi, nhimg vé mat 1¥ thuyét nd lai 12 mot sy mé réng rat chinh,
rat dep dé cha khai niem 1ap hop kinh dién. Nhu chiing ta da biét, 1§ thuyét tap hgp kinh
dién 12 co 50, nén tdng cho viéc hinh thific hod mét cach nhat quan va cho su phét trién cia
cde nganh todn hoc va do d6 cho edc nganh khoa hoc khdc. Nhu la mot hé qua logic. hau
nhur tdt ca cde nginh khoa hoe nay c6 ngudi em sinh déi duge md rong va phat trién trén co
50 1y thuyét tap md. Néu mot vai vi du nhar giai tich mé, 1y thuyét cdc hé vi tich phan ma.

16p0 ma. 1¥ thuyét nhom ma. 1y thuyét diéu khién ma, ...

V@i vai trd va kha nang to 10n clia viéc phdt trién cde ting dung da dang cua 1y thuyél
tap md, va vi day la bii téng quan déu tién ma ching 161 gidi thiéu vdi ban doc thudc cac
linh virc khoa hoc khdc nhau vi vdi sur hiéu biét cé han, chiing 16i chi xin trinh bay nhiing
nét 16ng quan vé 1¥ thuyél tap mé va mot s6 nganh khoa hoc duge xay dung va phdr trién
trén nén tang cia 1y thuyét tap md vai hy vong dem lai sir quan tam cla ban doc d6i véi Iinh
suc khoa hoc van nén xem 1a ¢dn mdi mé o mrée ta.

bé don gian viée rinh biay chiing 161 s& bo qua cdc chi tiét qud hinh thiic hoa cta tinh
chinh xéc, tinh chat ché lam ngudi doc kho nam bat cac v twdng chinh. Ban doc nio mudn
quan tam nghién cdu sau hon. can noi dung chinh xéc ddy di hon c6 thé tim tai liéu trong
phin phu luc céc tai liéu duge xap xép theo chiyén nganh.
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1 Ly thuyét tip mé va logic md 1a co sé phuong phap luin cho
viéc giai cac bai toan vdi cac dai lugng khong chinh xac
{inexact), khéng chic chan (uncertain).

1.1 Tap mé va ngir nghia khai niém mo

Nhir trén dad néi. con ngudi si dung ngén ngit ¢ 56 lugng nglt nghia (do 56 lugng cic
10} hini han dé nhan biét, nhan thirc. phan anh thé gidi vo han. Vé triét Iy, didu nay dan dén
ngon ngir vé ban chat vén chud nhimg théng 1in khong chinh xdc, khong chic chian. Vé
nhan thite khoa hoc. diéu nay khing dinh ¢ kha nang thuc 1€ sir dung ngén ngit d&€ mé hinh
hod thé gidi thue trong nhitng linh vire I¥ thuyét nao do.

L.A. Zadeh da sdng lap 1¥ thuyét tap mo, trong dé tap mé duge xem nhir [a mar su mé
rong truc 1iép cta tap hop kinh dién: Tap hgp kinh dién Ag U/ ¢é mot danh gidi sic nét, rd
Lif ueA

, Vidu, A latap
0if ug A

rang. va vi vay né duge biéu thi bang ham dac trung g, (u) = {

nhitng ngurdi ¢6 wdi dudi 19 (diéu kién can dé tham gia déi bong U19!) 1a mot tap hap kinh
dién. Mdi ngudi (phin a1y chi c6 hai kha nang rd rang: hoac la phin tr clia A hoac khéng.
Tuy nhién ta xét tap A gdm nhilmg ngudi 1a ré. Trong trudng hop nay s& khong ¢6 ranh
giGi 16 rang dé khang dinh mot ngudi ¢6 la phan tir ctia A hay khoéng: Ranh gigi cua nd la
mé. Ta chi ¢6 thé néi mot ngudi s& thude tap hop A & mot mic dé ndo dé. Ching han
chiing 1a cé thé déng v v6i nhau (subjective} rang mot ngudi 35 1di thuodc vé tap hop A vdi
dd thudc 1a 60% hay 0.6. Va Zadeh goi mor tap A {hay c6 thé ki hi¢u 12 A dé phan biét vl
1ap kinh dién A) nhu vay I tdp mo va dong nhat 1ap hop A véi mot ham 4,0 ¥ —[0,1].
goi 14 ham thudc cla tap A (memberhip function), trong d6 Y la tap ,'.%6 ar nhién ding dé
do dé 1udi tinh theo nam. goi la khong gian tham chiéu. Tit ¢ré goi 1a khai niém md (vague

concept). Nhu vay moi phin tir déu thudc vao 1ap &¢ & mot muic do nac 46!

A A

Young 0Old Young 0ld

25 50 25 50
Hinh 1: Khai niém tap mg.
Vé mat nglt nghta. ham thuoc cho ta kha nang biéu thi truc cam {intuition) cha ching 1a
vé ¢ nghia clia khdi niém m&. Nhung 1ai sao mot khdi niém md lai duge biéu thi bang mét

ham thuoe nay ma khong phai la mat hiim khic. C6 thé thay khong thé xac dinh chinh x#c
duge ham thude che mot khidi niem mda. Vi viay ngudi 1a néi ham thude ¢é tinh chét chi
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quan (subjective} vi Zadeh dua ra v tuéng la viéc chdp nhan mot khai niém mé dugce biéu
thi bang mét tip ma (ham thudc) la mot rang bude (constraint).

Nhin chung phén 1én cac khdi niém mé dén 6 thé dé dang biéu thi bang nhimg tap md
vi do d6 1¥ thuyét tap mé cho (a tiém nang moé hinh hod todn hoc mot Idp rong 16n cac bai
todn thure t€. dac biét cdc bai todn 1ién quan dén nr duy. dén qué trinh 13y quyét dinh coa con
ngudi.

Trong bit k¥ ngén ngli cia mot dan 16c nao ciing 6 cdc khai niém md ma la céc trang
tir, c& vai trd bién déi ngif nghia cha cac tit khdc & mot mitc dé nac dé nhu very, stightly,
maore or less, ... (goi la cdc gia 1ir). hay cdc lién tir logic nhu and, or, if ... then. .... Ching
ta cé thé dinh nghia cdc phép tinh trén tap md (.1 trén cdc ham) dé biéu thi ngif nghia cla

céc gia 1y, cac phép lien ket logic ... nhu xuat hién trong céc biéu thicA ANDB ,AORR,
IF A THEN B. NOT A. VERY B, A Approx. A, More—or—Less B, ..., About 30 year old.

Almost young people are intelligent (cic chit viét nghiéng la cdc khdi niém md (vague)).
V& nguyén tac viéc chon cac phép tinh dé biéu thi ngilt nghia clla cdc phép lién k&1 logic trén
la khd wr do. iy theo myc cdm (intuition) cba nhdm ngudi sit dung (vi du ¢am nhan cilia
nhimg ngudi lai tdu hoa d6i v& mot loai tan nhdt dinh vé khoang cdach dén dich hay vat
chudng ngai. vé 16¢c d¢ cia con tan, vé tinh nang cha con tau va cdc co ché diéu khién nhu
k¥ nang sir dung phanh tav}. dé dat dudc ¥ nghia ma ho mong muén. Trong viéc thiét ké cdc
hé di¢u khién md viéc nay con cé thé dat duge bang viée nghién citu thir nghiem.

1.2  bgisd cae tdp md

Goi F(I7,[0,1]) la tap tat ca cac tap md rén U. C6 thé hiéu viéc biéu dién ngit nghia
cdc 0T ngén ngir bang 1ap md nhir 13 mét dnh xa dinh lugng 'ngfr nghia tlr mién ngdn ngt vao
khong gian ham F(U.[0,1]). Day 14 mot khong gian rat giau vé céu trdc tinh todn va vi
vay thd we xa ly théng tin ngdn ngit va tr duy lap ludn clia con ngudi — ma nd c6 vé con
phc tap, bi hiém vi ching ta con chua khdm phd duge gi nhiéu vé né — sé dugc mé phong
bang cdc thi tuc dua trén cau tric tinh todn cta F(U,{0,1]). Dé linh hoat va mém déo
trong viéc mo phong cac qud trinh phitc tap nhu vay s€ c6 tinh khd w do trong cac dinh
nghia cac phép tinh trén tap ma.

1.2.1 Cdc phép finh

Chiing 10i xin gidi thiéu & day mot 6 phép tinh trén cdc 1ap mdn

Phap todn trén 18p ma Binh nghia trén ham thudc
1y AcB Halw) S pplu)
2y AUB fa g W) = fa(u) v pglu) = max{ gy (), uplud}

Ha o g (1) = fgu) + pple) — pa () pgl)

3) ArB Ha~plu) = py () A pglu) = min{ﬂ,q(f-t) . Hplw) }



Ha g (W) = pa(u)pp(ie)

4y —A (hay vA . phanblciad) w_ ) =1 - i)

5) A®B Haop )= pa(u) + ppv) — 4 (@) pp)
6 U ) = 1

Nz dpli) = 0

8) Tich PDecac AxB Haxp v} = minfuy () . g |

1.2.2 Céc phép t-nomm § v t—conorm s
Theo xu thé noi & rén, dé gidm bdt su phu thude vao cac phép tinh min v max va do
dé lam 1ang tinh mém déo va linh hoat trong viéc giai cac bii toan thuc 1€ ngudi ta md rong
hai phép tinh min, max thanh hai idp ham t-norm v t—conorm ¢é titng cap phén tr doi
ngdu nhau.
— Chang han b qua dac tinh cu thé trong viéc xac dinh gid tri cha ham min haj bién ma
chi gilt lai mot s& tinh chai cla né ta thu duge 16p ham t—norm ¢{x .y):
a)  Giao hoan: tix.y) = t{y.x)
by  Ké&i hop: flx tlx,z)) = t{t{x,¥),2)
¢} Toentaiphinardonvi: #(1,y) = ¥
d) Khéng giam theo ting bién.
~ Mat céch tuong tr va d8i ngén, bo qua tinh cy thé trong viéc xac dinh gid tri cia ham
Max hai bién ma chi giir lai mot s tinh chét cia né ta thu duge I&p ham t—conorm

s{x,¥):

a) Giao hodn: s{x.¥) = s(y.x}

b) Két hop: s(x.s{x.2}) = s(s(x.,y).2)
¢} C6 phan r khong: s{0,y) =¥

d)  Khong giam theo timg bién.
C6 thé thay t—norm va t—conorm tuan thil quy tac d6i ngdu nhau theo nghia
fHx.y) = 1- s(l-x,1-¥)}

Nhur vy chiing 1a s& khong c6 mét dai s6 tap m& duy nhii, vi trong dinh nghia dai s6
tap hop 1a ludn cd thé thay min, max bang t—norm va i—conorm déi ngau nhau va thu ducc
mot dai so 1ap md khac,

1.3 Quanhémd

Quan hé m& n ngéi la mot tap ma R trong khong gian tich Pe-cac cia n khong gian
UxUpx--xU, .
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Quan hé m& 2 ngdi Rix v} goila

a)  Déi xitng néu Hplu.v) =gple,u).
by Phdn xa néu Mplu,u) =1, Yuel.
¢} Phdn phdn xa néu Hplu,u) =0, Yuel.

d} Béc cdu Max-Min néu prlu,v) 2 vipp(u,w) A gplw,v) cwell }.
e} Bdccdu Min-Max néu  pp(u.v) € Algglu.w) v plw.u) swe U |,
f)  Phép hop thanh RoS vii Re UxW._Se Wx U duge dinh nghia nhu sau
Hpostt . v) = \;f{pR(u,w) Apglw,v) swell ).

R 12 quan hé twong tw (quan hé mong duong md) néu né ¢ cde tinh chat:

— Phan xa.

- Deéi xitng.

— Béc cau.

R 1a quan hé khong twong fir néu né 12 phén bt cia mot quan hé twong tr hay, mot
cach wrong duong. nd thoa man céc tinh chat:
— Phan phan xa.
— Phan doi xing.
— Bac cfiu Min—Max.

Ky hiéudg(i,v) = gg(u,v). Khidé chiing ta thdy no cd céc tinh chét sau:

v

a) dgl(u,v) 20
by dplu.v) = dglv.u).
¢} dplu.v) =dglu.w) v dplw.v),
Nhu vay d g (u. ) cé cic tinh chit nrong i1 nhu Xhoang céch trong khong gian hinh hoc va
dugc got 12 khedng cich Min—Max,
R la quan hé gidng nhou néu nd thoa min:
— Phan xa.
— DPai xing.
R 14 quan he khéng gidng nhaw néu nd 1a phan bil coa quan hé giéng nhau, tic la:
— Phan phan xa.
— Déi ximg.
Nhu vay bao déng béc céu R clia quan hé gidng nhau 1a quan hé trong nr. R™ duge
tinh theo cong thic:
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R =R'WR’uU -R* U .
trong dé:
R2=RoR voi  pigoslu.t) = vipg(u.w) applw,v) :wel }.
R* =R*'oR.
Qinhly1: () NéncénmaR" =R*' thiR" =R'UR*w - R".
(i) Néu U hiu han va/U/ =nthiR” =R'UR’U - R".

Binh Iy 2: Néu R )a quan hé m& trong 1y thi tap miic @, Rg={u.ve U: pglu,v)2 a} cua R
la quan hé tuong duong kinh dién va do dé né phén hoach U thanh cdc 16p tuong
duong.

Ky hiéu R’ 1a phan bii ctia R, tiic 12 R = €R thi R’ 2 quan hé khong twong 1 va
R;_az{u.ue U: gp(u.v)y =dglu,v) < 1-¢} =Ry

néi cdch khac, khodng cach gilta hai phan tr bat ky trong cling 16p twong duong khong vuet
quid 1-eax.
Phan hoach cac ddi tugng ma:

Vi co so 1y thuyét trén ta da c6 thé cé bai todn img dung sau. Xét cdc d6i wrgng ma A ;.
i=12. ....n.nghia 1a cdc d6i nrgng duoc biéu thi bang 1ap md. Ching han cdc déi wong dé

14 hoc sinh vai diém cdc mon hoc 12 (& day diém 2/10 hi€u [a 6.x):

§/V | V=vdn | T=tobn | P=dia $=si | l=ly | S=sinh | H= hod | N=n/ngi
A, 0.5 0.8 0.7 0.6 0.9 06 |. 09 0.9
A, 1.0 0.6 0.8 0.7 0.6 0.8 0.6 0.8
Ay 0.8 0.7 0.9 0.8 0.6 0.9 0.8 0.7
A, 0.7 0.9 0.6 0.7 0.8 0.9 0.6 0.6

| As 0.8 0.6 l 09 0.8 0.7 0.7 0.7 0.8

Nhur vay méi hoc sinh duge xem nhu 1a mét ddi tugng ma. Muyc dich cua bai toan la
phan loai cac Aoi wiong ¢6 “dé tuong of nhau” vao ¢ling mét 16p phan hoach theo mét tieu
chudn nao d6. Vé ¥ nghia thuc tién ta mong mudh cdc hoc sinh trong cling mot nhdm s& c6
nang khiéu tvong wr nhau.

Trén co s& phuong phap luan trén. viéc phin loai s€ dugc tién hanh nhu sau:

~  Xay dung quan hé khéng tuong tu gilta cac doi ﬁI(;mg mo;
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a}  Dinh nghia kheang cdch giira cdc déi tuong: Gia st A va B 1a hai déi uong mo bas
k¥. Ta dinh nghia khoang cach gifra A va B la khoang cach Hamming

d(A.B) =%( AGuy) - Blup) + JAlu) ~ Blug) + ...+ JA,) - Blu,)) 05 d(AB) S 1.

b) Kyhiéud,; =d(A;.A;) va 1ap quan hé khong gitng nhau
R=(d, )y -
¢} Tinh R* = &(ER)™). Day 1 quan hé khong tuong tr ma médi phén 1T clia ma trén
chinh 1a khodng céach giita cac doi ruong mé.
— Ta thay R:, = {ij 1 dg-(i )€} 12 mdt quan hé nrong duong kinh dién va né xéc

dinh mot phan hoach muc & trén cdc doi tuong. Nhu vay cac ddi nrgng, trong cling
md&t ldp phédn hoach ¢ khodng cdch (mic do khong wong w s @. hay mitc d§ tuong
¢ 2{1—a) khéng vugt qui a.

— Xay dung cay phan tich.

Trong vi du trén ta tinh duge céc két qua sau:

00 18 17 15 15 8.0 6.5 6.5 65 6.5
1.8 00 09 13 0.7 65 80 7.3 69 7.3
8R =8(d,)xy =17 0.9 0.0 L1 06, S(R)*=8(cR)’=6.5 7.3 8.0 6.9 7.4
15 13 1.1 00 1.4 6.5 69 69 80 6.9
1.5 0.7 0.6 1.1 0.0 65 73 74 69 8.0
000 019 019 019 019  d<0.19 (A1, Ay, Ay, Ay A}
, 019 000 009 014 009  d<014 A, MA; A5 A, AL}
R =019 009 000 014 008  d<009 {A, 1A, As, A5 1A}

0.19 0.14 014 000 014  d<008 {A 4 A, 1A, A5 1AL}
0.19 0.09 0.08 0.14 0.00 d=<008  {A {4, h{a;}{a:}{4,}

Nhur vay ta thu duoc cay phan tich sau:

d<0.19

d<0.14

d <009

d <008

d £0.08
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Vi nhitng noi dung da trinh bay trong phan néay chiing ta ¢6 thé dua ra mot s6 nhan xét
84l

— V& mat toan hoc 1y thuyét tap mér 1A mot su khdi quat tryc tiép cia ly thuyét tap hop
kinh dién.
- N6 khong phai 12 mot Iy thuyét duy nhat, va vi vay né mo 1d mot Jop cdc phép toan.

mot 16p cac dai s6 tap ma, ...

~ N6 tao ra kha nang mé a dinh luong nglt nghia cua ngon ngir va vi viy né cho phép
moé phong nhiimg bai toan kheng cé hoac khé khan méi c6 mo hinh dinh lugng, ching
han céc bai toan dugc mé ta bang ngon ngit. Pay chinh 13 dac diém quan trong cho
phép phiong phap luan tap mo 1i€p can mém déo cdc bai todn thue 1ién phic tap, da
dang trong hau hét cdc linh vire ctia cudce séng.

2 Toan hoc md (Fuzzy Mathematics)

Nhur rrén chiing t61 da trinh bay, khai niém tap m¢ vé hinh thitc hod 12 mot sy khai quar
r4l chinh va vi vay nhimg 1y thuyél toan hoc xay dung 1rén o s& tap hop thong thudmg déu
¢6 thé chuyén sang 1y thuyét md wong ung duge xay ding trén 1y thuyét céc tap ma. Tuy
nhién nhu ching i da trinh bay & trén, ching ta khong ¢6 mot Iy thuyét tdp m& duy nhat
vi vi vay noi chung chiing ta luon ludn ¢ nhidu hudng mo rong cic 1y thuyét Kinh dién nhu
dudi day chiing ta s€ thay.

2.1 Topomd

Mot trong nhitng 1¥ thuyél co 5o guan trong dé phit trién toan hoc 1& 1y thuyét céc
khong gian topo. Mot véu cdu n nhién theo trao liru nay Ia can xay dung va phat trién 1y
thuy€l cic khéng gian topo m& (xem Mingsheng Ying: A new approach for fuzzy topology
Vol 55. N2(1993); W. Gahler. A S. Abd-Allah and A. Kandel: On extended fuzzy
topologies; V. Gregori and A. Vidal: Gradations of openness and Chang fuzzy topologies,
Vol.109, N2(2000)).

G str X 1a mot tap hop bt ky va I = [0,1] la doan thang don vi. Ta k¢ hieu I 1a tap tat
ca cac tap mo cua X

Binh nghia 1: (Topo md "kinh dién" ) Mot ho cac tap mo T ¢ ~ dugce goi la topo mo néu nd
thod céc tién dé saw:
a) £ XeT
by} Néu A BeT thiAnB eT.
¢) Néu A,eT voi Yie &thi |JA €T,

134

Cap (X . T) goi 1a khong gian topo theo nghia “kinh dién™.
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Mot dnh xa €21 1% — I, dugc goi la mot 104n tir 1y bao dong néu 16 thod man:
ay CLEH = &,

b)  CLCLA)) = CLA).

¢} CLA) D A

d) CLAUB) = AUCL(B).

Tuong wr nhu trong trudng hop topo kinh dién. todn tit &4 s& cam sinh mot Topo
Teo=lae I A = acueany.

Ldn cdn cia mét diém mir Tap mix; e I~ véize X, u, (x)=t, He (¥)=0, xzy, duoc

goi la mot diém mo trong I~ Gidng nhwr quan hé bao ham. ta néi diém ma x,€ A néu
v;CA, nghialdkhit € g, (0. Mottap md Ae rr duge goi ta mét lan can cla diém ma x;

neudVe T saochox,e UCA.

Binh nghta 2: (Topo phan bac tinh mé) Anh xa 7 : I¥— [(I=[0,1]) duge goi 12 sy phan bac
tinh mo (gradation of openess) néu né thoa min céc diéu kién sau:
a) @) =rX) =1,
bl 7ANB)} 2 AINHB),

i
c) rlUA;}éﬂr(A,-).
i i

Khi dé (X, 7) goi la khéng gian topo m& phan bac.

Binh Iy 3: Gia su (X.7) la khong gian topo m& phan bac. Khi d6 d6i véi méi gig 1ri
re [0.1]. ho cic tap m& 7,={Ae I™: 7,(A)2 | 1a topo md kinh dién.

Lan can cia mé1 diém trong khong gian (X. 7): Mattapmé Ae ~ duge goi 1a mot lan
can actia diémxe X néu3Ue I sao cho TU)=0. a< ydxyvaUCA.

Khdi niém co s 1an ¢an va co sd clha khong gian topo mé duoc dinh nghia twong nr nhu
trong trudmg hop topo kinh dién.
binh Iy 4: Mot ho 8 ={Be 1~ 7.(B)20] la mot co s clla khong gian topo md (X, 7 khi

va chi khi v6i méi Ue I sao cho 7 U)>0, U cé the biéu dién nhu 12 hop (trong dai
§6 cdc 1ap m&) cila mot s cdc phan 1 no dé rong 8.



2.2 Giditich md& (Fuzzy Analysis)

Nhur trén dd trinh bay. moi Iy thuyét todn hoc déu c6 thé duge md rong sang cdc 1y
thuyél loan hoc mé. Trong phdn nay chiing ta trinh bay mor vai ¥ thuyé&t nhu vay.
2.2.1 Phuang trinh vi phén méd
Pé don gian chiing ta xét trudng hop phuong trinh vi phan bac maot. Trong gidi tich kinh
dién né co dang
d

d—i’z Fit.y k) voi diéu kién ban dau y(0) = c. (D1)

trong dé £ 1a vecto n hang s6. ¢ 1a bién trén mot doan déng gidi ndi chita gid tri 0. ce &,
cony va f 14 cdc vecto.

Bay gi& ta tim cadch m& réng (D1) thanh phueng trinh vi phian m& (xem M. Friedman.
M. Making and A. Kandel: Numerical solutions of fuzzy differential and integral equations,

Vol.106. N1(1999): I.]. Buckley and T. Feuring: Fuzzy differential equations: J.Y. Park and
H.K. Han: Fuzzy differential equations. Vol.110, N.1 {2000)).

Trude hét ta dua ra khii nigm s6 ma.

Binh nghia 3: {36 m&) Mot tAp mo A duge goi 1 s6 m& néu nd la tap mo trén rudmg s6 thuc
% vi thoa man cdc diéu kién sau:

al Jxp€ £ saocho w3 (xg) =1, trong d6 3 (x} 12 ham thudc cia tép moA .

b) Ham g3 lién (e timg khic trén R.

Viéc can thiét 1a dinh nghia cdc phép tinh *sd hoc” trén cic s& md va mot quan hé bat
déng thic gitta chiing. Nhin chung viée dinh nghla cac phép todn va cdc phép so sdnh cic s6
m& (Ranking Fuzzy Sets) 13 mot van dé phiic tap. Nhdm don gian cic dinh nghia nay ching
ta gidi han chi xét cdc s6 m& ¢6 dang sau day va goi la L-R 8 mo. Chiing s& cé dang hinh
hoc giong hinh thang v&i hai canh bén dugce thay bang céc dudng cong don diéu.

Goi L (Left) vd R (Right) 14 hai ham tham chiéu. nfe 13 ham thod min cdc tinh chat:
1y Lix)y=L(-x).
2y L{0y = 1.

3} L khéng tang trén [0 +eo ), Khi dé L-R $6 md la tap m& véi ham thudce ¢6 dang:
LA —x)y/e néu x< AL aso
p3(x) ={Rux~AYY B néu x2AY. 450
1 cho cac truong hdp con lai

rong d6 A<AY va AL, AY) duge goi 13 16 (Core) clla A, tic 1a wz(x)=l.

vre[AY AY) véia”, AY 13 cdc gid tri modal trén va dudi (theo nghia modal logic) cha

tap m& A . Mot s6 mé nhu vay duce ky higu la A=[AY, AY. o, B, .
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Mot 16p quan trong cac L-R s6 m& la cdc 6 md hinh thang (véi cic canh bén tuyén
tinh), ky hieu 1a (A%, AY. @ B). vi tinh don gidn cia cée phép tinh va dé sit dung trong iing
dung thie tién déi véi cac nha k¥ thuat,

Cho hai s6 mé hinh thang bitky. @ =(e”, a”, @.8). & =(b", 6Y. 7 8). Cac phép tinh
trén cdc $0 1o duge dinh nghia nhar san:
1}  Nhan 56 md véi mot s6 thuc:
Véix>0. xeR 1 xd=(xa”, xa" xa. xf).

L

[ - J|'
Vaidx<0 . xeR :xa=(xa", xat . —xexr, —x 1)

2}  Toéng va hiéu hai s@ mi:
G+b=(al+bt a"+b" ary g +6)
g-b=a"-b" o'tV o+ +6).

1

I \
25 B

U+

+

3} Taquy ude vang Ung véi mdi s6 m& & ta gdn mot s6 thue r(3 )= a

14 phan tir dai dién cua a .

S

Hinh 2: So sanh s6 ma.

4y So sdnh hai s& md: Gia sit hai s6 m& da cho c6 biéu dién nhir trong hinh wén. Ky hiéu

§;. =L 11, 111, IV tuong ng la dién tich cta cac mién I, IL, II1, IV va ki higu:
C(&,6) =81 -8, + 8- Sy,
Khi 86 tanéi & > b néu va chinéu C( &, b )20.

Bay gid ta cé thé chuyén phuong mrinh vi phan théng thudng (D1) thanh phuong rinh vi
phan mé nhur sau:

Goi K= (f(l e ff”) 1a mét vecto cidc 6 md hinh thang (mbj ffi- la mét 86 mo hinh

thang), va C la mot 86 md hinh thang. Thay thé cdc gid tri nay vae phong trinh (D1) ta thu
duge mdt phuong trinh vi phan mé;

%:m,?ﬁ). Yoy =C. (D2)
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2.21.1  Chdng ta khao st bai 1odn v&i diéu kien sau: Gié sir ring ¥(¢) = [y, (£).3o(£)] va
¥i(t @), 1=1,2. la ham kha vi theo ¢ v6i & la tham s6. Ky hiéu dao ham clia y, (¢, &) theo ¢
Iy (t.a).

ParGt, a) = [‘v; {t.c) . _}"2 (¢.e)]. Néu G(¢t.@) chinh 12 mot 1t cat @ cha mot s6 mé

thi ta néi ham me& Y(2) kha vi va duge vit:
L= 6o = (o vyt (D3)
Mot diéu kién du dé cho G(¢, @) 14 lat cat (@—cut hay @-level) clia mot s6 ma 1a:
a) y; (t, ). y;{r‘a) 14 cdc hiim lién tuc theo ca hai bien.
b) y;(r.__af) la ham tang theo bién a.
) y; (¢.@) 1a ham giam theo bién .

d} y;(r.a) Sy;(t,a) . diéu kién nay dam bado { y;(t.a).y;(r.a)] 12 mot doan thang.

T4t nhién Y{z) 1 nghiém néu %}:— ton tai v ching thoa cdc dang thic trong (D2). Tir
d6 suy ra Y(£) la nghiém néu ci—f ton tai va ta ¢6 cac dang thitc sau:

2 na=fita). it =fyt.0).

) v (0. =, (@), v (0. = eyl a.
trong d6 C(&) =[e (@), calad]

2.2.1.2Cac phép dac ham cla ham md

Nhir trén (a da ndi, nhin chung ¢6 nhiéu cach md réng khai niém vi phan mé. Dudi day
ta dua ra mat s3 cach dinh nghia dao ham md (gia i ¢lia ham 13 tap mo).

Gia st X(#) ahan gia 1ri s6 mo va gia sir )?(r){a] = [x,(¢t.a),x(f, 0)] va x;(t,a) la
dao ham riéng theo ¢ ctia x; (¢, &}.
Xét hai ham mo X (¢} va Z(¢). Ky hiéu 1t cat o cha hai s6 md X(1) va Z() 1a
Xiye] =[x, @) xu(t.2)].
va  Z(ta)= [z tt.a@) et )],

Goi D( X(¢) . Z(t)))a metric giita hai s6 m& duge dinh nghia mot cach xdc dinh nao dé.
Khi dé dai lugng
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o Xt +h)— Rt
-0 h

)?(t[] 1=

néu 16n 1ai. 1la dao ham ctia ham md X(t).

1) NeuD({X(t).Z(t)) = sup | |x1(t.@) — 2, (e8| fxalt.@) — 20(t.@0)| } | ta €6 dao ham

Goetschel-Voxman va kv hiéu 14 GVD X(¢,) . trong d6 biéu thitc hiéu trong cong thitc

dudi lim dugc hidu 14 hiéu s6 hoc theo titng thanh phan toa do clia vects X .
2y Né&u ta co hai diéu kién sau day:
a) X J?(t) , f(t) y=sup H( }?(t)[af] .z(t)[a] ). trong 46 H 1a khoang céch Hausdoff

[£3
gilta cac 1ap compact cla R
b) Biéu thic hiéu trong cong thitc dudi lim 12 hiéu Hukuhara, tic 12 hiéu hai s6 mo H
A va B, dugc ki hiéu 1a A—B. 13 mot s6 md C sao cho BEPC=A . trong d6 & 14
phép cong trén so ma .

thi khi dé ra ¢6 dao ham Puri-Relescu va ki hiéu 1a PRD J?(to) .

3} Neéuwtacd:
1

/1 —_
‘U[xg(z.a) -29 (t.a)lpda]P
0

a i

- - 1
a) D (X(t).Z(t)) = max ”xl{t.al—zl(t,a}|pda]
8}

vdi tich phan ldy trén céc ham trong L ,[0.1]
b) , Hiéu trong biéu thite duéi lim dude hiéu nhu trong trudng hop 1.

thi khi dé 1a ¢6 dao ham Kandel-Friedman-Minh va ki hiéu la KFMD Xitg).

Binh Iy 5 (1) Néu dao ham GVD X(¢) tén 1ai vi 1a mot s6 md thi dao ham SD X(¢) ciing
tén tai va ta cé GVD X(t) = SD X(1) .

(2) Néu dao ham PRD X(#) 16n 1ai va }a mot s6 md thi dao ham 5D X(¢) ciing
1On tai va ta ¢ PRD Xwy=8SDX(®).

(3) Néu dao ham KFMD X(#) 16n tai vd 1a mot s6 m& thi dao ham SD X(¢) ciing

(6n tai va ching bang nhau.
2.3  Bditodn t6i uu hoa mo

Chuing fa déu bigt dén sur phat trién vé 1y thuy€t va img dung cha cdc bai todn 181 11 hod
trong d6 ¢ sy déng gop déng chan trong cna cac nha 1odn hoc Viét nam. Trén cdch nhin hé
théng hién nay bai todn 161 uu Judn xuat phit tir nhu cau cila qua trinh ldy quyét dinh va vi
vay né gin véi vige Jay quyét dinh. Trong thirc t&, qua trinh nay luon luén nam trong moi
trudmg cac thong tin, dif liéu khéng chinh xac. biéh dong va bao gdm ca nhing dit ki¢n c6
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ban chat khéng chac chin, md. Ngoai ra viée 14y quyét dinh thudng nim trong mot hé théng
c6 cdu tric thit bac va vi vay né ciling dan dén bai todn 161 wu nhiéu mue (Mulii-levels).

Nhu vay thue tién doi hoi can phat rién 1y thuyét cac bai toan (6i wu linh hoat, mém
déo hon. Cing véi su phar trién 1 thuyét toan hoc md, cic bii todn 161 tu md clng duge
nghién cifu dng dung rat manh mé. Céc bai todn (6] wu md cé ¥ nghia thuc tién 1dn vi trong
thyc 1€ cdc rang budc khong doi héi qué chat ché. Chang han viéc gidi han céc rang budc
bat dang thitc theo nghia todn hoc kinh dién (vi du tong cac hang muc diu tr ddi hoi khong
vuor qua 20.000 ty dong) s& ¢6 thé loai di mat nhitng “nghiém’ cho két qua 16t hon {chang
han véi né 16ng von déu 1 c6 thé bing 20.000 1y déng cong 1xu !1).

C6 the néi mor dac trung quan trong ciia phuong phdp luan md 12 tinh linh hoat, mém
deo trong mot méi trudng phiic 1ap voi thong tin, dit kién khong chic chan, khong chinh xac
va bién dong, hon nifa bai todn 16 1tu mé ¢é thé duoe iing dung ngay déi vdi ca cac bai todn
kinh dién wy gidi dugc nhung bang nhig thuat todn qud phiic tap. V& nguyén tic, sé xuét
hién céc dang bai todn t6i wru rat khac nhau tuy theo nhu céu thuc 18 va quan diém xay dung
mo hinh.

Dudi day chiing 161 chi gidi thieu doi dang bai todn (xem Vol.55N3(1993)285-294:
Vol 109. N1(2000)3-20.21-34.141-147).

2.3.1 Dgng bai todn t8i uu hod véi dT kién md
Gid sir cac dir kién tham s8 trong bai todn i tu mé duge £i61 han trong 16p cdc s6 ma.

Binh nghta 4: (mb hinh 15 WU boa tuyén tinh vdi s& ma) Goi F(R) 1a 1ap 14t ¢a cic s0 md hinh
thang. Mo hinh bai toan 161 vu hod twyén tinh véi s6 md ¢6 dang sau:

max i = f(rix} .
=1

vdi cac rang buoc fagx} b, i=12.... . my,
4=1

va fé’i}xlj 25,- E=mgtl, L m L f= 1,2, ., p, trong d6 EEU,&- ,'E’)-e F(R).
J=1

Dang bai toan nay ¢6 thé chuyén vé bai ton 8 tru théng thudng nha ménh dé sau.

Ménh dé 1: Bai todn (61 un hod mé tuyén tinh trén trong dirong véi bai todn t6i ru sau:

P -
max z = fr('ﬁj)xj . VOI cdc rang budc Y r(@;)x; S s(b;),i =12, ... . mg. V2
=1 J=1
ﬁr(&j}-)xj- 2 s( gj yox, 200i=mo+l. ... om j=12,...,p, trong d6 r va s {2 hAm
J=1

§6 ma gid fri cha chiing duge tinh bang mot bidu thiic trén cac thong s6 clia s6 md.
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2.3.2 Bdi todin t8i uu hoé tuyén tinh véi bién md

Bai todn nay dugc phat biéu nhir sau.

Binh nghfa 5: Baj toan 1im nghiém (& thiéu sau (sau day goi 1a bai todn A)
min: Z =b'Y
v@i cac rang budc: YA2C, Y20,

m X

trong dé 0she R, AcR . Y goi 12 bai todn 16i w1 tuyén tinh véi bién ma.

Binh nghia &: Bai todn hé tro (goi 1a bai toan B) la bai todn
max: Z =CX
vl cde rang bude: AX<b X=z0.
trong d6 0<be R™, Xe R™. Ae R™™". C e (FR)N". Y e (FR)".

Giira hai bai tedn trén ¢é mdi quan hé chat ché thé hién trong ménh ¢é sau,

Pinhiy6: (1) Néu Y91a nghiém mé chdp nhan duge cla bai todn A va X 1a nghiém chép
nhan dugc cha bii todn B. thi € X°< 'Y,

(2) Néu 7O 1a nghiém mo chap nhan duoc cla bai todn A va X° 13 nghiém chap
nhan dugc cia bai wan B sao cho CX'= 6V 'mix"n nghiém &) wu cla
bi toan B con ¥ 1a nghiém 161 vu me clia bai todn A.

(3) Néu bai todn B cé mot nghiém (81 uu thi bai todn A cling ¢6 mdt nghiém 181
U .

2.3.3 Bditodn quy hoach nguyén mé

Bai todn quy hoach nguyén thong thudng cé rat nhiéu ing dung thuc tién nhu trong lap
ké hoach sdn xudt chang han. Trong trudng hap nhu vay cde tham s& 13 nhimg don gid chi
phi. nhu ciu vat tr hay ban thanh phidm va nguén cung ¢ap (cac ban hang cung cap). Tuy
nhién trong thuc t¢ thong tn vé nhu cau va kha nang cung cap cia cdc ban hang thudng
khong chinh xac. khong chac chan. Tinh khong chinh xdc cia nhitng dit liéu ndy con la he
qua ctia tinh mém déo, linh hoat trong hoach dinh sdch luge. chién luge cia nha mdy. Thuc
1€ d6 ddi hoi phai nghién citu ting dung bai toin quy hoach nguyén md. Vé true cdm ¢6 thé
thay bai todn quy hoach nguyén m& sé rat gan giii voi cach giai bai todn kinh dién.

Chuing ta s& gidi han tinh m® trong 16p cdc L-R sé mo dang A= [A%, AY o, 8], 5 dd
duoc néi dén & phan rén. nhung & day L v R dugce thay thé bang ham s6 F thoa min diéu
kién sau: F lién tuc va khong tang trén nira duding thang [G.oe). F(0)=1 va thuc su giam
rén mién ma F nhan gid tri duong.

Binh nghfa 7: Bai todn quy hoach nguyvén m& duoc phat biéu nhu sau:
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mon n
clx) =Y Ye,x; — min* |, ¥4l cdc rang bude Try=ArL,i= 12, ..., mva
i =1 i=

[t

B, .j=12 .. .n.x,20,j=12 ...ni=12.....mvaA, vaB, lacic

e
Zx{:’
i=1

6 md. Céc ¢,, 1a chi phi van chuyén dugc biéu thi bing cac gi tri s§ (khong md).
Dac biét min* dwoe hiéu la myc tiéu md. hay mot s6 md ¢6 dang [—, ¢, 0, B 15 -
Trong mé: trudng md. chiing ta cén hiéu cdc rang budc mé va muc tiéu md G & ¢6 mife
do thod nio dé (degree of satisfaction) va duge dinh nghia nhu sau:
Binh nghia 8: Gia st x 12 mot 181 giai clia bai toan. Khi dé
a)  Gid 1 duge biéu thi bai biéu thite sau
l m
H.(x) =min{ ﬂ&-[zxg](ﬁl, ,m)»ﬂBJ{ZIQ}(JﬁL ),
i=1 =1
dugc goi 1a d¢ thod cla céc rang buoc:
171 l
by Congid ri polx) =g, (c(x)) = ;‘J(;[Z chx,j}.
i=1f=1 J

duoc goi la dé thod cia muc tiéu cha bai todn quy hoach nguyén mé.

Bai toan A: LOi gidl (i dai clia bai todn quy hoach nguyén m¥ dugc dinh nghia 1a gia tri x

sa0 cho ham wp(x)= min{ g (x), pe(x)} dat cue dai. Trong trudmg hop gid tri cyc dai
nay bang 0 thi ta noi bai toan khong kha thi.

Bai fodn A rrong duong véi bai toan dudi day.
Bajtoan B: A — max véi cic rang budc sau
a) pelelx)zA.i=12.... . m,

b) ﬂAr[ng}Z A i=12. ... .m,
ol

m
c) ,uBJ.[ZxU-]Z A.7=12.....n 250, x,,20.

i=1
Goi Af.B}va G” wrong ting 1 céc 14t c&t A ciia céc s6 mI A, B, vh G. Khi d6 bai

tedn B chuyén vé bii toan sau.

Baitodn C: 4 — max v§i cde rang buéc sau

4y cx)e G

[ .
b)) Yx;e Afi=12....m,
i=1
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¢} Yx, e Bj_.j=l.2.....n. A>0, x,,20.
i=1
Nhu vay bai foan quy hoach nguyén md timg budc duge dua vé bai todn quy hoach
nguyén thong thuong (xem S. Chanas va D. Kuchta: Fuzzy integer transportation problem,
Vol 98. N3(1998)) dé fim nghiém bai todn géc.

3 Hé chuyén gia ma va hé trg giap quyét dinh ma
3.1 Baitodn I8y quyét dinh va van dé igp lugn

Mot dac trung rat khdc biét cia con ngudi 1a kba nang 14y quyét dinh. Viéc lay quyét
dinh 14 hoat dong dién ra hang ngay clia mdi ngudi. cila mai nhém ngudi va nd 1a hoat doéng
dac biét quan trong trong linh vuc 16 chife va quan 1y nhur viée ra nghi quyét, chinh sdch ché

do. 1ap ké hoach. rachi thi ...

Pé dé hiéu chung 1a sé chi ra nhimg thanh t§ quan trong nhat clia qud trinh 1ay quyét
dinh.

I} Co sd (kho tang) tri thire: Nhu ching ta di bi€t con ngudi khac biét véi loai vat & tri
tué, kha nang nr duy. Vi vay mot thanh 18 quan trong ddu tién cha qua trinh 18y quyét
dinh 2 tri thuic va duge md hinh hda thanh mét co s i thite, Cac yéu 18 co ban cla tri
thitc ¢6 thé phat biéu thanh céc ménh dé va dang ménh dé quan trong nhat i dang

ménh de “néu ... thi...” va duge goi la cée {udf (rules),

Vi du: Trong linh virc quan 1y xi nghiép co s& tri thife ¢6 thé chata ménh dé sau. trong
dé céc 1ir viél nghiéng 1a cac khdi niém mo: “Néu san pham clia mot xi nghiép chiém mot
thi phdn tuong déi ldn thi xi nghiép d6 ¢6 thé cd chinh sach diéu phéi gid ca™.

Cic chuyén gia trong linh vize nghién diéu khién mé to dién ¢6 thé phét biéu i thiic
cila minh bang cdc ménh dé if-then sau. trong dé I 14 cudng do dong dién. N 1a t6c do vong
quay cba mo to (xem Cao. Z. and A. Kandel, Applicability of some fuzzy implication
operators, Fuzzy Sets and Systems 31{1989).151-186}, (xin sit dung thuat ngi tiéng Anh dé
c6 ché c6 thé dé hiéu hon):

If 7 = very small then N = very large

It I = very more small then N = large

If [ = small then N = medium

If I = medium then N = small

If I = large then N = very more small
If I = very large then N = very more small.
V...

2y Co sé diz éu (CSDL): C6 thé thay tri thifc 13 nhifng khang dinh di duge 18ng keét, khéi
yuit hod tr kinh nghiém thuc tién. Kinh nghiém nay duge “bd 6¢™ luu triy & dang dit



liéu (bi€u thi & dang chit hay s8). Vi vay mét thanh 16 khdc rrong qua trinh Jdy quyél

dinh Ja 1ap hop cdc dit liéu duoc 16 chitc thanh co s& dit lieu. Trong céc bai todn 1én nhur

viéc xay dung cac h¢ g gidp quyét dinh, CSDL la mét thanh 15 quan trong vi hai 1y do:
~ Thit nhat, nd luu ti¥ céc dir lidu cén thiét cho qua trinh 14y quyét dinh.

~ Thit hai. vi dif li¢u 1a kinh nghiém thuc tién nén kho dit liéu nay 12 co s dé diéu chinh
va phat hién thém cdc huat méi ca tri thirc.

Mot hudng quan rong dang duoc quan tam nghién ciru 12 viéc phat hién luat tir mét tap
hap dit liéu. Vi du tir mot tap hop dit ligu cia han hai tram loai hoa ngudi ta cé thé xay dung
thudt todn cho phép tim ra 7 hoac 8 luat md vé méi quan hé giita dac tinh mau sic ciia hoa,

s6 dai hoa. s6 canh hoa va tinh chét clia léng quang dai va cudng hoa v.v....

3} Phuong phdp, thi tuc lp lugn: Thanh 16 quan rrong nhal clia qua trinh lay quyé? dinh
1a viin dé 1ap luan. Ban char phuong phap wr duy, lap ludn ctia con ngudi van con 1a mot
van dé b{ hiém, phizc tap va chiing ta chua hiéu biét diroc nhiéu. Nhiéu phuong phép lap
ludn dé mo phong phuong phap lap luan clia con ngudi di va dang duge nghién ciu.
Nhirng phuong phép mo6 phéng dua trén logic toan da duge nghién ctru phat trién tir rat
sdm nhung ching chi phu hop cho céc tng dung dya trén khoa hoc chinh xac, dua trén
thong tin ddy dd va chac chén, vi du nhu phuong phap chiing minh tv dong treng linh
vuc todn hoc. Tuy nhién sifc manh tw duy va lap luan clia con ngudi lai nm trong linh
vire (moi frugmg) thong tin khong ddy di. md va khong chac chén, khong chinh xdc. Vi
du trong méi rudng nhu vay ching ta van phai quyét dinh tuyén chon can ba, chon

phuong dn phit trién, xay dung khu wic cong nghé cao v.v....

Trong mdi trudng nhu vay “cong nghé tap ma”. va hién nay né duge khai qudt thanh
khdl niém “cong nghé tinh todn mém”, dang giit mot vai rd doc ton.

3.2 Phucng phép Iap luén xdp xi dya trén tap mo

Nhu trén da trinh bay., phuong phap lap luan 1d mot thanh 16 rét dac trung cha qud trinh
lay quyét dinh va vi vay mot chite nang quan trong ciia moét hé chuvén gia hay mot hé o
giip quyet dinh la viéc lap luan cho phép rit ra nhimg két luan wo gitip ngudi 18y quyét
dinh. Nhitng phuong phap lap luan trong nhitng hé nhu vay c6 kha nang mo phong qua trinh
1&p luan trong méi trudng thong tin khong ddy du, khong chic chin va vi vay ban chét clia
phuong phédp la xap xi gin diing. L.A. Zadeh van 1a ngudi dau tién dua ra ¥ nrdng va xay
dung phiwong phdp luan nay va goi 1a phuong phap lap luan xdp xi (xem L. A. Zadeh: A
theory of approximate reasoning, in: R. R. Yager, S. Ovchinnikov, R. M. Tong and H. T.
Nguyen, Eds., Fuzzy Sets and Applications: The selected papers by L. A. Zadeh (Wiley.
New York. 1987) 367-411; L. A. Zadeh: The concept of linguistic variable and its
application 1o approximate reasoning (1) (IIj, Inform. Sci. 8(1975) 199-249; 8(1975) 310 -
8.

Trong cong trinh cta minh, Zadeh dua ra khai niém luge d6 lap luan xap xi nhir sau;
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Tién dé 1: |Néu mau ctia qua ci chua niao dé 1a dé thi qua ca chua dd la chin.
Tién dé 2: |Mau qua ca chua @ 14 rdt do.
Kér luan: | Qua ca chua la rdt chin.

Chiing ta thdy luge dé nay twong ty nhu luat Modus penens trang logic kinh dién: tit
A=B vi A cho phép 1a nit-ra két luan B . Tuy nhién & luge d6 trén trong gia thiét (tién dé)
ta khong c6 A ma lai c6 A’ (;= rdt do) mdt bien chudng ciia A (:= do), va méi ngudi trong
chiing ta déu cé kha nang rit ra mot két luan B' nao d6. Van dé 1a can xdy dung phuong
phap luan cho phép lua chon phirong phdp 1ap luan dé “tinh™ B' sao cho k&t qua phit hgp véi
tmg dung cu thé da cho.

Nhé tinh mém déo cha phuong phdp luan tap mo ching ta ¢ nhiéu phuong 4dn lua chon
dé xay dung phiuong phdp lap luan xap xi. Trong pham vi bai nay, chiing toi chi trinh bay
phuong phép don gidn nhat qua dé d¢ ban doc thay duge ¥ nrong cba phuong phap luan.

Chiing 1a x€é1 luge d6 lap luan md da diéu kién. t1. mo hinh m& ¢6 chifa phiéu ménh dé
diéu kién dang néu...thi:

Tién dé 1 if X=A, then¥=8,
Tién dé 2 if X=A, then ¥Y=8B,

Tien dé n if X=A, thenY= B,
Tien dé n+1 |5¢ X=A,., then¥= R, ,,
Keét luan: Y=8,

]

Tap hop n ménh dé dau tién trong (M} dugce goi i mé hink mo, trong do A | B, lacic
khai niém md&. Ma hinh ndy mo (4 méi quan hé (hay su phu thudc) giita hai dai lugng X va
Y. Gidtri X=A, dugc goila input con Y=8, dugc goi la output clia mé hinh.

Phuong phdp lap luan xdp xi tinh Y=B gdm cdc budc sau:
1y Buée 1. Gidi nghia cdc ménh dé didu kién: Ching ta xem cdc khdi niém m& A B, la

nhin clia cdc 1ap md biéu thi ngi¥ nghia clia A, .B;. D cho tién ham thudc cilia chiing

dirge ki hiéu rong tmg 1a A ; (1) va B, {u) trén cic khong gian tham chiéu Uva V.

Mat cach truc cam, méi ménh dé néu...thi trong mo hinh mé& ¢ thé hiéu 13 mot phép
kéo theo (implication operator) trong mdt hé logic nao dé va dugc viét A;(uy=B;{u).

Khi & va v bi€n thién. biéu thitc nay xac dinh mot quan hé mo R; : UxV—{0,1]. Nhu
vay mdi ménh dé diéu kién trong (M) xdc dinh mét quan hé md.

2) Budc 2. Két nhdp (aggregation) cdc quan hé md thu dugc bang céng thic:
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R =@ R, , trong d6 @ 13 mot phép tinh ¢-norm hay t—conorm nao dé.
Chang han B = A", R, hay R =V!_, R, . trong dé A.v 1a cdc phép tinh min va max.

Viéc két nhap nhu vay dam bao R chira thong tin duoc cho bdi cdc ménh dé if. . .then co
rrong md hinh md.

3) Buoc 3. Tinh output B theo cong thic B,= A, 0R. trong dé ¢ 1a phép hop thanh giita
haiquanhé A, vaR.
4y Bugc 4. Khir mo (Defuzzification: xem Vol.55N1(1993)1-14: Vol.80.N2(1996)177-
186: Vol .81 N3({1996)259-262): Két qua tinh todn & bude 3 1a mot tap mo. Trong nhitu
bii todn ing dung. dac biét rong diéu khién k¥ thuat, ngudi ta cdn biét gid tri thue clia
bién Y. Phitong phdp tinh gid tn thue “nrong Gng” véi tap mo B duge gei la phuong
phdp khir m&. Ngudi ta dua ra nhiéu phuong phdp khir mo. S& khong c6 phuong phap
nao goi 1 16t nhat. N6 sé dugc lua chon dé dat duge “do 61 qua thit nghiém. Ta 1ay vi
du mot phuirong phap khir mé. goi 1a phueng phdp khir mé theo trung binh céng ¢d trong
8, duge cho bai cong thitc:
Z UBU (Ll)
defuz(B,) =¥
0 S Bo(0)

eV

Nhimg y&u t& anh hudng dén k&t qua tinh toan cla phudng phap lap luan ma:

C5 thé kinh dung phuong phép lap luan m& bang m6 hinh 18ng quét sau:

Phuwong phap

. A b 1 . . Input A, lap luén tinh
Hinh 3: Mé hinh lap luan mo. output

)

¥

Qutput B

Chiing ta nhan thay c6 nhiéu phuong phip lap fuan mo. Mdi phirong phdp déu phu
thudc vao:

~ viéc chon cdc ham thude ditng dé biéu dién ngir nghia cia cac khai niém md,
— viéc chon toan tf kéo theo dé tinh cic quan hé mo R;.

— viéc chon phuong phdp két nhap.

— viéc chon phép tinh hop thanh o,

— vi cudi chng phu thudc vao chinh phuong phap khir mé.

Hién nay chua co phuong phdp nao hé g viéc hra chen nay ngoi truc cam. kiuh
nghiém va qua thir nghiém. Nhiéu khi sir dung cdc phép todn cé ¥ nghia d6i nghich nhau
nhimg né van gép phédn hoan thién kér qua.
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Thuat tedn xap xi ngén ngii:

Tuy nhién. tréi vi sy doi hoi & trén, trong cdc Wng dung khéc, ching han nhi trong viéc
1rg gitp nguoi {dy quyét dinh, ching ta lai doi hoi két qua ciia bai todn phai duge biéu dién
¢ dang ngén ngit. Nhur vay két qua ciia phuong phép 1ap ludn mé & dang tap mo (Ll mét
ham s6) cdn phai duge chuyén thanh dang ngon ngit. Pay la mot bai toan ddi hdi cic thuat
tedn phitc tap va thoi gian tinh todn 16n.

Ching ta c6 thé hinh dung bai todn nhur sau: D€ dé hiu chiing ta xét céc gia tri chan 1y
ngobn ngit gdm irue, false, very true, very false, more-or-less true, more—or—less false,
possibly true, possibly false, approximately true, approximately false, little true, liitle

false, very possibly true, very possibly false, .... C6 thé xem céc dif liéu ndy nhu 14 nhan

cua céc 1ap md, hay néi mot céch khdc, ching 1a ¢6 thé biéu dién ngir nghia ciia céc di liéu
naty bang cic tap md (cde ham s6) ma chiing ta cho 13 thich hop déi vdi iing dung dang dugc
xem Xx€t. Nhur vay chung ta ¢6 mot ho cde ham s6" & biéu dién ngit nghia clia cac dit liéu
ngdn ngit.

Khi d6 bai todn xap xi ngén ngit ¢6 thé phét biéu ném na nhu sau; Cho moét ham bdt ky
By (ld tép md - ching han la output cua bai todn lap ludn md), hdy tim mét ham F trong

ho X sao cho né ndm gdn B, da cho nhit.

Nhu vy ching ta ¢4 thé cam nhan thay thuc sir Iy thuyét tdp m& cung cap cho chiing ta
mot cdch tiép can tinh todn cho phép mé phong qua rinh 1ap ludn cta con ngudi.

3.3  Daqisd giatd va Iap ludn xdp xi

Dai s6 gia ur va ing dung cha ching trong 1ap luan xap xi da duoc Phong Nghién ciiu
céc He Tro gidp Quyét dinh va Hé Chuyen gia. Vién Cong nghé Théng tin, nghién ctiu phat
trién tr hon chuc nam nay(xem tai liéu liet ké trong phdn Lap ludn trén co s¢ dai s6 gia 7).
Trong bai tdng quan nay chiing 16i chi trinh bay nhimg ¥ tuong chinh ctia cdch ti€p can nay.

Nhu trén ching t6i da trinh bay. dé x4y dung phuong phdp luan tinh toin nham giai
quyet van dé mé phong tu duy, 1ap luan cha con ngudi chiing ta phai thiét 1ap 4nh xa (11,
phép nhing theo thuat ngit todn hoc) gén méi khdi niém m& mét tap md trong khéng gian
1dt ca céc ham F({J,[0,1]). Nghia 13 chiing ta mugn cdu tic tinh todn rat phong phi clia
tap F(U,[0.1]) dé mo phong phuong phép 1ap luan cha con ngudi thudmg vén duoc thuc
hién 1rén nén ngon ngir tr nhién.

Vay mot vin dé dat ra 1a liéu ban than ngon ngt ¢é cdu tric tinh todn khong? Néu ¢
thi cdc phuong phép lap luén x4y ding trén d6 dem lai nhimg loi ich gi?

Tra 1&i cho cau hoi thif nhat, chiing t6i chi ra réng tap cdc gid tri ngdn ngif cha mot bién
ngon ngit. nic 1a bi€n ma gia tri clia nd duge [dy trong mién ngén ngir, sé 1a mdt cdu triic dai
& du gidu d€ tinh toén.
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Chiing ta s& 1am sang 10 didu ndy qua viéc xét mién ngdn ngit (linguistic domain) ciia
bién chan Iy TRUTH gdm céc tIr saun: dom(TRUTH) = |true, false, very true, very false,
more-or-less true, more-or-less false, possibly true, possibly false, approximately true,
approximately false, little true, little false, very possibly true, very possibly false, ... .
trong do true, false la cdc tit nguyén thuy, cac 1ir nhan (modifier hay intensifier} very, more-
or—less, possibly, approximately, little goi 1a cac gia tr (hedges).

Khi ¢6 mién ngon nglt T=dom(TRUTH) cé thé biéu thi nhu la mot dai s6
AT=(T,G,H, <). trong dé G 1a 1ap cac tir nguyén thuy duge xem nhur la cdc phan tr sinh,
H 13 tap céc gia tlr duge xem nhu 13 cdc phép todn mot ngodi, quan hé < rén céc wr (cdc khdi
niém md) la quan hé thiy nr duge “cam sinh™ fir ngit nghia w nhién. Vi du dua irén nglr
nghia, cdc quan hé thi 1y sau 1a ding: false < true, more true < very true nhung very faise
< more false, possibly true € true nhung false € possibly false. v.v.... T dugc sinh ra tr G
béi cdc phép tinh trong H. Nhu viy méi phdn i cua T s&€ ¢6 dang bidu dién l1a
x=h, h,_yh u, ueG.Tap tat ca cac phin tir duge sinh ra tit mgt phén wrx duoe ky hiéu la
H(x). Néu G chi gbm cd ding hai tir nguyén thuy mo. thi mot duge goi 1a phan ur sinh
duong k¥ higu 1a ¢, mét goi 12 phan tir sinh &m k¢ hiéu 1a f va ta ¢é f < ¢. Trong vi du trén
True la duong con False 12 am.

Hai phan ti clia dai s6 gia tir duge goi la d6i nghich nhau néu chiing c6 dang bi€u dién
v&i cling mot day cdc gia ur nhung phén tir sinh clia chiing khdc nhau, 1.1. mot céi la duong.
moi cai 1a am. Mot dai s6 gia tir 1 d61 xtng néu mdi phdn ti¥ chi ¢6 duy nhdt mot phin nr
dai nghich.

Két qua 16ng quét chinh clia chiing 161 vé dai s6 gia tr c6 thé dugc phat biéu trong ménh
dé sau:

Pinh Iy 7: C6 1n 1ai mot hé tién dé hod sao cho méi mién ngon nglt AT cla bién ngodn ngli
1S thanh dan day db (complete lattice) ¢6 mét phan t 0, mot phan tr doi vi 1 va
mot phan 1ir rung hoh. Nhu vay phép ruyén w va hoi M logic ¢6 the dinh nghia duge
trong cau tric nay. Hon nita, néu AT 1a mot dai sé gia tir d6i Kifng thi trong cau tric
d6 ta ¢6 thé dinh nghia phép phii dinh —~ va phép kéo theo = va ta cé:

a) —hx=h-xz vaimoihe H.

b) -~ —hx=x,-1=0.-0=1va-W=W.

c)  —l(xwy)= (—xn=-y) vd ~(xny)= {(-xw-y).

d) xm-x< yu-y voimol x,yeX.

e) xm-—xsWeyu-y;

f) x>y khivachikhi x<-y.

g) x>y = —x=b—y.

h x=(v=>z) = y=>(x=>z).

i} x=y 2 x'=y khivachikhi x<xz' vafhoic yzy'.

J} l=x=x, x=>151, 0=x=1 vax=>0¥-x.
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k) x=y 2 W khivachikhi hoac x<W hoac y2W.
I x=y &« W khivichikhi vsW vi x2W.
m} x=y = 1 khivhchikhi hoac x=0 hoac v=1.

Kér qua trén chung 16 rang cdu tric dai so gia o dii gidu dé nghién citu céc phirong
phap lap luan.

1y Lap lugn xdp xi dua trén dai 36 gia t:
Xét mo hinh md (M). Vi chiing ta ¢6 thé xem cac mién ngén ngit X va ¥ nhu 1a cdc dai
sO gia tr. mot cdch truc cdm ta 6 thé hinh dung mdi menh dé if...then trong (M) s€ xéc

dinh mét diém va do d6 mo hinh (M) s& xac dinh cho ta mot dirdng cong trong khong gian
ngon nglt XxXY va got la dudng cong m& C. Khi d6 bai toan 1ap luan xap xi trén tap mdy cé
the chuyén vé bai toan noi suy déi véi dudng cong md € (hinh 4).

Dé gidi bai todn xdp xi. wrudc het
ching ta phai lugng hoa dai s gia 1 bang 4 O
cach trang bi cho nd mot metric. Vi trong 4 O
diéu khién hoc, cac dai luong X va Y  Bgf-—---------- 4..|)
thuding la cac dai lwgng var 19 v6i gid 1 T O |
lay trén duong thang nén viée cho mot !
metric trén X hay Y wrong duong v6i viee BT O :'
cho mot dnh xa £ tir X hay Y vao doan Bi7 O :
thang [0.1] véi sir sai khdc mot hé s6 7 1e '

X

t t

. X Ay Ay Ay A A,
{vi trong thyc t€ ta can anh xa vho mot

doan thang [0.a] nao dé). Do dé ta dua Hinh 4; Lap luan x3p xi véi dai s& gia tir.
vio dinh nghia sau:

binh nghia 9: /,: X—[0.1] goi la ham ngit nghia dinh lugng cta X néu véi moi k ke H'

|[F(h0) - )| _|F ) - £(5)]
|flkx)~F(x)| ™ |FR) - F(30)]

hoac A ke H vamoix.ye X. ta co:

Vi dai s gia 1 va ham ngt nghia dinh lvong ching ta ¢ thé dinh nghia mot khéi
niém rét triv trgng va khé dinh nghia mt cach thod déng trong 1y thuyét tap md la tink mé
cua mot khdi niém md hay cla tap m& biéu dién no.

2} Tinh ma (Fuzziness) cia mét gid tri ngon ngi.
Xeétcic gid r1: True, Very False, .... Lam thé nao dinh nghia tinh m&?
Trén quan diém dai 56 gia 0¥ ta c6 mot cdch dinh nghta rinfi mo khd trre quan dua trén

kich ¢& cila tap H (x) nhur sau (hinh 5).

Cho trude mét ham dinh lugng ngl nghia £ clia X. Xét batky xe X. Tink mo cia x khi
d6 duge do bing duwing kink ctia tép f(H(x))c[0,1].
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Hinh 5: Tinh mé cua gié tri ngdn ngit.

Pinh nghfa 10: H§ do tink md. Ham fm: X—[0.1] duoc goi 1a dé do tinh mo néw:
ay  fm{eTy=w>0 vd fm{cN)=l-w>0,c"
trong dé ¢~ v e” 1a cde phan tir sinh am vA duong.
b) Gidsotapcdc giatirla H=H UH™, H ={h,. ks, ... Ry} VO h 2hy> 3R,

vi H'={h,or. hpuye o Ry VO hpo<hya< o <hpa,. Khio do,

piqu(hi-c)z fri(e) voice {e, ¢ )
(=1

o) VéibitkyxyeX. he g, AN A - ging e nay khong phu thuoc
fmix}  fm(y)

vio cdc phdn tf x,y va do d6 ta 6 thé ki hiéu 1a g(k) va goi 1a d¢ do tinh mo
(fuzziness measure) cla giatlirh.

Ménh dé 2 (Tinh chét cua fm(x) vé p(h)). Ching ta cé:
a) fm(hxy= p(hyfmix) ¥V xeX.

by S mihe = frie). celet ).

I=1

nra
cy 3 fmihx)=fm(x).

i=1

Bty
d) fp(hl-)=o:v‘a S uth)=f voia, f>0 va a+ff=1.
=1 i=p+l

3) Xay dung ham dinh lwong ngit nghia trén co s¢ dé do tinh md cila gia 2.
Binh nghia 11: Him sgn : X —»{-1.0,1}

_ . - +sgn{c”) néu e <e”
a) sgni(ec )=—1va sgn(he )= gn(c™)

—sgn(e”) néu he 2¢” .
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4)

5)

+ a + -
. +sgnic né he <e
by sgn(c™)=+1 vasgnlhe*)= gn(c”) ’u .
~sgn{e’} néu ket 2ct

¢ sgn{h'hx)=- sgn(hx) néu k' la negative d/véi h va h'hxzhx,
d)  sgn(h'hx)=- sgn(hx) néu i’ la positive divadi h vah'hx#hx.
e} sgnlh'hx)=0néuh'hx=hx.

Xay dung ham dink luong ngiz nghia: Gia sir cho truée do do tinh m& cia c4ac gia ot
#{h}, va cic gid tri d§ do tinh m& clia c4c phén 1ir sinh fmic ), fm(c*) vaw la phan
tr trung hoa (Neutral),

Ham dinh luong ngr nghia ¢ coa X duge xay dung nhut sau véi x=h;,, .. Aok e

a) vie ) =w-afm(c) ,vicy=w+ afmich).

b)) fm(x)= fnthy, . hoshey=gh,,) . pth,Duth, ) fmie).

t=r

¢) evlhxi=v (x)+sgn(hj-x) {i fm{h;x) ——;-(1 -sgn{f;x) sgn(hlh;-x)(ﬂ~a)fm(h£x)]
néu j<p va
i=p+l

v (hJ-x 1=ulx)+ sgn(hj-x) { i flhx) - %(1 ~ sgnlh;x)sgn(h k) ~ a)fm(hix)]

néun jp.
Gidi bai todn IGp ludn mi bing néi suy.

Xét m6 hinh mo (M). Gia st &, ¥ 1a cic dai s6 gia tl sinh ra 1r cdc pid tri ngon ngir

Wwong Ung xuat hién trong mé hinh. Ki hiéu € duimg cong m¥ trong khong gian &% ¥.

Gia st fs o va fs4 12 cac ham dinh lugng ngit nghia twong tng clia & va clia %, Cdc

ham ndy sé€ chuyén dudng cong m& € thanh dudng cong thue C wong khong gian
[0,1]x[0,1].

Nhu vay bai toan lap luan mé& duoc chuyén vé bai todn noi suy thong thurdng nhé ham

dinh lugng dai s& gia ur.
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Co thé thdy phugng phdp nay cé mét s6 wu diém sau:
Cho mot ¥ tudng truc quan rd rang vé céch thite giai bai todn.

Trong phuong phép gidi dua trén 1y thuyét t4p md ¢o rat nhiéu yéu 16 gay sai s6 nhu:
xay dung ham thudc: chon cdch giai nghia ménh dé if-then bang quan hé mé (thuc chat
la chon viéc giai nghia todn T kéo theo): chon todn nr ket nhap (Aggregation) cde quan
hé: chon phép hop thanh dé tinh output; chon phirong phép khir mo va khé c6 duge ruc
gide trong vigc xay dung phuong phdp giai. Con trong phiuang phdp néi suy duya trén
dai s gia tlr chuing ta chi phai tap trung né hxc vao viéc lya chon do do tinh m& cha céc



gia 1r v chiing trdf thanh hé tham s& cila phuong phap. Vi vay nd rét gan giii vai cdc
cach giai kinh dién.

— Khéng cin phuong phap khir md! Luu ¥ rdng trong 1y thuyét tap m& c6 kha nhiéu
phurong phap khir ma.

~ Thue nghiém kiém chitng dé chi ra rang nd cho sai s6 nho (hinh 6).
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Hinh 6; Giai bai toan lap ludn md biing ndi suy.

3.4 Hé g gilp quyét dinh md

Ngay sau khi may tinh dién tif ra dii né da duge nhanh chéng ung dung vao viéc xay
dung cac hé xir 1y thong tin va sau nay. cilng véi sy phat trién, ching duge goi 1a cdc he
thong tin quan 1y (MIS: Management Information System). Theo nghia rong cdc hé MIs
cling ham chita chiie nang trg gidp quyét dinh. chiing cung cép céc théng tin cdn thi€t cho
nhan dinh tinh hinh hay phat hién van dé. Tuy nhién cdc hé nhr vay khong cd khd nang can
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thiép vao cdc qua trinh |4y quyét dinh va dua ra nhimg phuong 4n (6t cho ngudi lay quyét
dinh.

3.4.1 Hé trg gilip quyét dinh md

Muc téu xay dung cédc hé trg gidp quyet dinh va cdc hé chuyén gia la lam sao ching ¢6
kha nang san sinh ra cac phuong an 1dy quyét dinh hop 1y trude cdc tinh huéng cu thé duge
phan anh. cung cdp qua cdc dif lieu. Cac dir liéu phéan anh finh hudng va cédc thong tin duoc
san sinh ra trong cdc phuong phap va cde qud trinh 18y quyét dinh chia ngutn 1y quyét dinh
thuong ham chia cdc yéu 16 khong chinh xdc. khong chic chan va biéu thi qua céc dir liéu
ngon nglr. Vi vay cdc hé m& s& ¢6 mién tng dung rong 16n vi cé vai oo itng dung quan
trong. di déi vai sy phdt trién manh mé cua xa hoj hién dai~meét xi hoi thong tin—tri thic.

Nhur ching ta cé thé cam nhén, cdc qua trinh 14y quyét dinh rat phiic tap. da dang va vi
vay cling ¢6 rat nhiéu phuong phap. mo hinh xay dimg cdc hé tro gidp quyét dinh, trong dé
y€u 18 quan trong nhat 13 cdc phuong phap 14y quyét dinh. Dudi day ching 16i trinh bay mot
mo hinh kha théng dung dé qua dé ban doc hinh dung phuong phdp tro giip quyét dink va
nhén dién mgt phuong phdp xiZ Iy théng tin mo.

Gid str ngudi 1dy quyet dinh sir dung phueng phdp chuyeén gia. L. 14y ¥ kién cic chuyén
gia. dé lya chon phuong an quyét dinh (ching han trong viéc nén lua chon phuong dn xay
dung nha mdy loc dau nhur thé ndo cho t6i wu. trong viée sinh vién t6t nghiép nén lua chon
lam vi¢e ¢ déu cho phit hop, trong viéc hoc sinh nén Iva chon nganh hoc thé nao {(cong tic
nr vin hudng nghiép). hay lua chon dia diém. ving déu w. ....}. Cdc qud trinh lay quyét
dinh nhu vay cé thé duge mé hinh hod nhu sau,

Gia s chiing 1a ¢6 » kha nang lua chon (alternatives) A,. A,. ... . A,,. Hay chon kha

nang tot nhat trong » khi nang da cho dua trén ¥ kién cha m chuyén gia E,.E; ....E,

danh gid theo & ti¢u chudn Cy. Cy, ... , C,. Dé phit hop véi thue &, chiing ta gia thiét méi
chuyeén gia vi mdi tiéu chudn ¢6 mot trong s6 ndo dé thé hien miic do tin cay vao chuyen
gia va tAm quan trong cba tiéu chudn. va ¥ kién ddnh gid cia cdc chuyén gia c6 thé dugc

bi¢u thi bang dit liéu ngon ngif (khai niem md nhu cao, thdp, trung bink...) hay bang sé.

Chting 1a gidi han cdc khéi niém mé duge biéu thi bang s6 m& dang & =(a”, oY, @.f)
va ki hiéu y kién cta chuyén gia E; ddnh gid mifc do thoa man ciia kha nang lua chon A

doi véi tieu chudn C; 1a &) =(al! .o ol g4 ).

Chiing ta cling gia st rang tam quan trong clia cdc tiéu chudn ciing duoe xac dinh dua
trén viee 18y ¥ kién chuyen gia va ki hieu &) =(bf' 65" 8] e[y B = (6" 8,8 €) lay
kién cha chuyén gia E; vé 1dm quan trong clia tiéu chudn C;. Dua vao cdc phép tinh trén s6
m& chiing ta thiét 1ap ¥ lién “rung binh cdng” clia cdc chuyén gia bing céc biéu thite sau:
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~ Trung binh cong cdc ¥ kién clia cdc chuyén gia vé tdm quan trong tiéu chudn C; la:
d'=Lelloble .. abl)
n

— Trung binh cong cdc ¢ kién ciia cic chuyén gia vé muic dé thoa man cla kha nang lua
chon A; déi véi tiéu chuan C, la:
- 1 i\ - 7
m:-l=—® afl 8.‘152 SIS @afﬂ J
n
~ Cu6i ciing. ké1 qua két nhap cdc ¢ kién cila cdc chuyén gia vé do thod mén coa kha

nang Iua chon A; theo tal ¢4 cac tiéu chuan duge che béi cong thife:
G=-olml odemtedle - omk @&'*].
kM
trong dé M 1a mot hang s6 xdc dinh.

— Vdn dé sdp xép cdc taép md: Dé chon phuong an 161 chiing ta phai so sanh (t.1. c6 géng
sap x€p chiing theo thit tir tuyén tinh) cic két qua &,, i = 1.2, ..., n. Chiing 14 nhing

tap md. Nhar vay ching ta can xay dung cac thuét toan sap X€p cic tip md (Ranking
fuzzy sets). Day ciing 12 mot van dé khong dé co thuat rodn 18t va hién nay doi véi bat
k¥ thuat todn sap x&p cac tap md nio bao gid cfing ¢é nhitng triudng hop khéng thé
quvér dinh xem tap nay cé ~16n hon' tap Kia khéng va nhitng thuét todn sap xép mdi
van tiép tuc xuar hién trén céc tap chi.

3.4.2 Cac toén tir két nhap

O trén ching ta da thay. dé két qua dénh gid chung vé cdc kha nang lya chon déu co
phén ¥ Kién cia cdc chuyén gia mét cdch hop 1¥ ngudi ta da sir dung phép két nhap (tich
hop) trung binh cong cd trong s6. V&i nguyén tac mém déo cla céng nghé tinh todn mém
trong mdi inrdng md, chiing 1a lai thay trong s phét trién clia 1¥ thuyél tap md, ngudi ta cin
dua ra nhiéu phitong phéap két nhap (Aggregation) ¥ kién chuyén gia khac nhau. Néi khac di
mot phiuong phéap két nhap khong thé phit hop cho moi tinh huéng da dang, phirc tap khic
nhau.

Mot cach tién dé mot ho cac todn ur két nhap duge gia thiét phai thoa mot sa diéu kién
nao dé. Chang han tién dé “binh dang” doi hoi khi cdc ¥ kién ciia cac chuyén gia la trang
nhau thi két quéa két nhap phai tring véi ¥ kién chung d6. Mot ldn niva chung ta lai ¢6 the
thay sy doi hoi vé tinh mém déo: khong thé ¢6 mot hé tién dé chung duy nhat cho cdc toan
1T két nhap. Tién dé binh déng cé thé phit hgp véi nhimg tinh hudng nay nhung khong phi
hop v&i nhiing tinh huéng khdc, chéng han khong phi hop déi véi mé hinh trg gidp quyét
dinh c6 gén trong s& cho cdc chuyén gia (khang binh déng).

Vé truc cam chiing 1a ¢6 thé thay tir thic tién cude séng 13 viéc két nhap, téng hop ¥
kién ctia moi ngudi 1a mot viec phitc tap. Trén quan diém toan hoc, nhitng nhén Xét trén thé
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hién khéng gian cdc dit liéu biéu thi cdc ¥ kién chuyén gia chi c6 cdu tric yéu va do dé
khéng thé dua ra mot dinh nghia todn tix két nhap duy nhat.

Dudi day chiing t6i xin trinh bay indt ho todn tir két nhap goi 13 uni-norm ¢é edu tric
toan kha chat ché (xem Yager et al. FSS Vol.80(1996) []).
Binh nghfa 12: Todn or uni—norm R 12 mét anh xa hai ngoi R:{0,1]x[0,1]2[0,1] thoa cic

tinh chat sau:

a) Ria,b) = R(b,a) — Tinh ch&t giao hoin.

b) R{a,b)2Ric,dyn€uazbvabzd - Tinh chit don dién.

¢)  Ria.R(b,c)) = R(R(a,b),c) — Tinh chat két hop.

d)  Ton tai mét phin tr don vi e nghia 12 véi moi ae [0,1] ta déu cé Ria,e)=a.

Nhir vay toan 0 uni-norm ruong tr nhu phép todn t—norm vA t—conorm, trir tinh chét
cudi cung vé phan tr don vi. Trong dinh nghia trén. phan tit don vi ¢6 thé khac cac gi trj 0
val,

Binh Iy 8: Gid sit R 1a todn 1 uni-norm véi don vi Jae. Khi dé

a) R=1-R(@.b), a=l-a ciing la todn tr uni-norm véi don vi la 1-e.

b} Rfa,bjz a.v@imoib>e vige (0.1].

¢)  Rfa,b)s a,vdimoib<e vhige [0.1].

dy  Ria,. ...,e,) 2Ry, ..., @, a,4), NEG @, <e.

e) Rig,. .., ¢)SR@, .. a,a,.) né0a, »e
f} Re0)=0véiVase:Rel=1 viivVaze,
Meénh dé sau day chi ra su tén tai todn 1 uni—norm:
Dinh iy 9:

[) Toan 1 R. duge xac dinh nhur sau:
a) Véimoia,b ma max{a b} <eta dinh nghia B«{e .b) = min{a,b);
b) Vi moi g,b ma min{a, by 2e1a dinh nghia R.(a.b) = max{a,b);
¢) VOi mel a.b ma max(a.b)> ¢ vad min(e . ) < e ta dinh nghia Rua.b} = min{a ,b),
14 todn r uni-norm v&i don vi lae.

II) Todn 11 R. duce xé4c dinh nhur sau:
a) V@& moia,b ma max{a,b) €e ta dinh nghia R.(a,b) = min{e,b);
b)  Véimoia.b ma minfe.b)2 e ta dinh nghia R«{a.b) = maxia.b);
¢l V& moia.b ma max(e,b)>e vi min(a,b) <e ta dinh nghia R.{a ,b) = max(a ,b),

la toan nr uni—norm véi don vi lae.

Chiing 1a c¢6 ménh dé sau d€ dac trung thém toan rr ket nhap uni-norm
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Binh Iy 10:

1) Neéu min(ay, ..., a,) <e thi Rulay, ..., a,) = min(ey, ..., a,). 0di lai thi Ru(ay, ..., a,)
=max{@,, ... G,

2) Neéumax(e,, ....a,) >e thi Rua,, ....a,) = max(a,. ..., a,), trdl lai thi R«(ay, ....a,)
= minia,, ..., a,)

4 Diéu khién mé (Fuzzy Control)
4.1 Qua trinh diéu khién v&i y&u 16 ma, khéng chéc chén

Ly thuyét diéu khién da dugc phét rién rat manh mé va dit tim dugc nhimg linh vuc
ting dung rit rong rai trong cong nghiép, trong cac hg thong hod hoc, cdc hé khéng gian, ...

Céc phuong phép diéu khién truyén thong thudng ddi hdi ngudi ta phéi hiéu biét rd ban chat
clla d&i tugng can diéu khién thong qua cac mo hinh wdn hoc, va trong nhiéu ting dung
chiing thudng 1a cic phwong trinh todn 1y phite tap véi bac phi tuyén cao. Ngoai ra cac doi
nrong diéu khién thudmg ném trong méi trudmg cd nhimg tic dong gay nhiéu va ngudi (a rat
khd xac dinh duge cac dic irung. Nhitng déi nrong phite tap nhu vay thudng nam ngoéai kha
nang gidi quyél cua cac phuang phap diéu khién truyén thdng va trong qua trinh o dong
hod ngudi ta phai nhd vae kha nang xir 1¥ tinh hudng cha con ngudi va phai thiét ké thiét b
st dung viéc diéu khién bang tay. Viéc con ngudi ¢ khd nang diéu khién céc qud trinh nhu
vdy ching 16 rang cdc qud trinh dé di duge phan dnh va mo phong ding dan biang mo hinh
nao dé trong ddu oc cha ngudi diéu hanh. Nhu 43 uinh bay trong phdn md dau, cac moi
quan hé trong qué trinh diéu khién nay khong phdi duge biéu thi bang cidc mé hinh todn ly
ma bang mo hinh ngon ngit véi cdc thong tin kKhéng chinh xédc, khéng chic chan hay noi
khac di, nhitng thong tin md. cd tinh wdc 1€ hay dinh tinh.

Muc tiéu c6i ngudn clia phuong phap diéu khi€én miy chinh 13 nhim vio viéc xay dung
cdc phuong phap ¢6 kha nang bat chude cdch thifc con ngudi diéu khién cac qua trinh véi
md hinh dinh tinh nhir vay trén co s& phuong phap lusn 1y thuyét tap mé& va cong nghé tinh
todn mém. Viéc bar chude nay ¢ thé hiéu ndom na nhu sau:

Vi doi nigng diéu khién 1a mot hé pinte 1ap, cé nhimg ban chat chua rd va khong thé
biéu thi bang cac mo hinh toin 1¥ nén ngudi “chuyén gia” diéu hanh hé théng chi cd thé
guan st théng tin vio — ra d& phan dodn hanh vi clia hé théng va trén co s& kinh nghiém dé
diéu khié'u hé théng. Nhan thite vé hanh vi cia hé nay duge thau 16m dudi dang mo hinh mé
(M), 1.1 mot tap cdc ménh dé if...then (cdc ludl) vdi céc dit liéh ngén nglt md 1a mdi quan

hé giita cdc bién vio. céc bién ra. Viéc mé phong hanh vi cia hé wong thuc 1€ diéu khién
cla ngudi diéu hanh bang mot thuat todn tinh duge bang méy tinh chinh 1a phuong phép lap
luan m& da diéu kién di trinh bay ¢ trén.

Nhir vay cac phuong phap diéu khién m& déu gén vdi cac phuong phap l4p luan md va
chiing ¢é nhiing dac diém sau:
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1) N6 chi dua wén cdc thong tin vao—ra quan sat duge trén cac déi wong diéu khién,
khong déi hoi phai hiéu ban chat dé mo hinh hod todn hoc déi trong nhir trong 1y thuyét
diéu truyén théng.

23 Mo hinh dinh tinh dwa rén ngén ngit (hay md hinh duoc biéu thi nhd tri thic ¢é tinh
chuyén gia): Thay vi phal mo hinh hod bing cdc phuong trinh todn 1y, phuong phap
diéu khién mar ddi hoi phai thu thap duge tri thite dé thiét lap mé hinh hoa dinh tinh vé
doi weong diédu khién. Tri thic nay ¢6 thé thu thap 1ir cac chuyén gia hay tir céc thuat
todan phan tich khai thac dit liéu ma: phdr hién ra cdc luat, 1], cdc ménh dé if...then. tir

dong dit liéu quan sat dugc.

3} Gudm d¢ phifc tap tinh tedn nhd mé hinh dinh tinh, tuy khéng ¢é dugce tinh chinh xédc
ma mé hinh 104n hoc dinh lugng ¢é duge.

4y Mién g dung réng 16n da dang.

4.2 Phuong phép diéu khién md

Viéc nghién ctu dng dung diéu khién md hién nay duoc phat trién rdt manh mé. O
nhiéu nudc cong nghiép phiat trién, nhu Dirc. Nhat ... mot s6 phong thi nghiém chuyén

nghién ciu Ung dung phudng phdp luan me trong cdc Iinh vie cong nghiép di duge thigt lap
(nhu phong thi nghiém LIFE (Laboratory of International Fuzzy Engineering & Nhat). Tinh
hiéu qua trong cdc tng dung k¥ thuat va cong nghiép da hinh thanh tr tréng, quan niém thé
hién qua cac thuat nglr mdi nhur cong ngheé 1Y thuveét tip mé (fuzzy sets technology), céng
nghé logic m& (fuzzy logic technology) va gdn dayv 1a cong nghé tinh todn mém (soft
computing technology}. Trong trio hru ahu vay tit nhién s€ ra doi rat nhiéu phuong phdp
khac nhau dé giai quyét cdc bai todn thic 1€ ham chifa sy théng minh, tri wé ma phdn lén
céc bai todn nhu vay cé cau tric yéu hoac phuong phip gidi truvén théng qua phiic tap.
Trong bai tong quan vé cic hudng nghién cu iing dung ca Iy thuyét tap md nay chiing toi
chi néu 16m hrge hai phuong phdp diéu khién m kha “kinh dién”.

4.2.1 Phuong phdp xdy dung bd diéu khlén md dya trén luét (Rule-based tuzzy
controlers)

Bo diéu khién m& dua trén luat 1an dau tién duge Mamdani va Assilan phét trién vac
nam 1975 nham diéu khién ty dong ap suat hoi nude va 16e do cho Turbin phét dién thong
qua viéc thay déi ché d6 cung cdp nhiét va van tiét luu. Y wéng phirong phép thigt k& vé
16ng quit tong nr nhir da trinh bay & rén va quan trong la dua vao viéc xay dung mét
phuong phdp 14p luén mé va lugng hod cédc khai niém mo cho phi hop.

Dac trung cha phuong phdp nay ia tép hgp cde fudé (tri thie} duoe xdy dung dua vao
tri thife clia cdc chuyén gia, hay noi khde di la tép ludt lé s m6 phong cde tink hubng
diip ing cia ede chuyén gia trong qud trinh thao tde didu khién.

Bo diéu khién md kiéu nhwr vay da dwoe phat trién va (ing dung trong nhiéu cong viéc

khéc nhau, trong cong nghiép, trong diéu khién cdc 1d xi mang v.v....
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Phuong phap xay dung kiéu bo diéu khién nay ¢6 vu diém la don gian va viéc tng dung
ciing khd pho bién. Tuy nhién né cfing ¢é nhimg bt lgi. Thit nhat, viéc xay dung tap hop
luat 12 mét khé khan. Cic chuyén gia khong dé gi phat biéu tri thite cla ho dudi dang luat
mac dit ho ¢6 kinh nghiém. Thu hai. Mot khi b diéu khién da duge xay dung thi thuat todn
diéu khién dya trén tap luat d6 1a 6 dinh. khong thay d6i, khong thé thich nghi theo sur thay
dSi ciia qua trinh diéu khién, Thif ba 1a thee phuong phép thiét ké, bd diéu khién s& cur xir
gidng nhir ngudi chuyén gia diéu khién qua trinh dé, mac di cur st nhu vay chua chéc di 1a
161 ru.

Nhilng thi€u sét nay dan dén viéc phat trién cdc b diéu khién md nr 16 chic (self-
organising—controller}. Pac diém cha bo diéu khién kiéu nay 1 né sé& tur sinh ra luat diéu
khién cia minh.

4.2.2 Phuong phéap xay dung bd diéu khién md dya trén méd hinh (Medel-based
fuzzy controller)

Nhur trén da rinh bay ¥ twdng chinh ctia phuong phép trén 1a thuat todn diéu khién mé
phéng hanh vi cia ngudi diéu hanh. Tréi lai. ¥ tudng cua phuong phép nay, twong nr nhu cac
phuong phdp truyén théng. 1a mé hinh hod chinh d61 wong hay qua trinh diéu khién bing
mo6 hinh md trén co s¢ khao sdt maéi quan hé gifra dif liéu bién vao va bién ra. M hinh hé
diéu khien ¢o thé mo phong trong hinh 7 dudi day. Céch [iép can nhu vay cé nhimg wu diém
sau: 1) Vé nguyén tac viéc khdo sat hanh vi (sy dap tng) cla d6i wong diéu khién thong
qua inputs va outputs 1a dé dang hon so vdi viéc khao sat su ddp Umg cla cdc chuyén gia
{operators); 2) Phuong phap nay cung cap kha nang thi€t ké mém déo, linh hoat hon va cung
cdp cdch thifc bo diéu khién dat duge muc tiéu chir khéng chi don gidn 12 vige dip ing lai
cdc input: 3y Van1an dung loi thé ctia phuong phap lap luén mé.

Nhitng néi dung chinh cia phuong phép la:

— Xay dung mé hinh mé& quan hé

[} - ",l'

(relational fuzzy model) dira trén Optimier y| Process| ° >
quan sdt input/ouiput; “b

— Xay dung thuat tean cho phép bd n h‘_:
dieu khién I‘L.ra c‘h(_)r} that? tac diéu Fuzzy Object Fuzzy i
hanh cho két qua 16t nhat dua trén | Model 4| Func. Model —>(0)
ham tén that md (fuzzy cost ¥
function); L

o . . 3 Filt <
— C6 thé s dung md hinh nr hoc R — 1R e

(self-learning) hay cdc md hinh
lai gitta md hinh mé& vd md hinh
toin hoc.

Hinh 7: Diéu khién c6 mé hinh md theo déi.
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4.2,3 Phuong phép diéu khién théng minh dya trén tri thic va logic mé

Trong thuc tién diéu khién cic qua
trinh ngudi ta thudng gap nhimg moi truong
trong dé nguoi ta khong thé thu duoc cac dir
lieu chinh x4c hoac khong thé mé ta chinh
Xdc trang thdi, .... trong nhitng trudng hop

nhu vay cadn phét trién, xay dung cdc bo
diéu khién théng minh nhiéu thanh phan
dua trén viéc k€t hop cdc k¥ thuat diéu
khién chuyén gia dé chon cic giai thuat Hinh 8: Diéu khién muc nudc.

diéu khién va sir dung logic m& dé danh gia

hiéu nang thuc hién cta giai thuat. Nghia la ngudi ta s& sir dung nhiéu giai thuat diéu khién
khéc nhau trong cing mot bo diéu khién. Mot vi du don gian 1a viéc diéu khién mot hé hai
bé nudc thong nhau. N6 1a mot hé SISO (single-input — single—output). Tuy nhién day la
mot hé phic tap vi thuc nghiém chi ra rang mdy bom c6 dac trung dong hoc phi tuyén bac
cao lién quan dén dién 4p dau vao va t6¢c do dong chay. Khi dién 4p thap may bom khong
tao du dp sudt dua nude vao bé I, nhung véi dién dp cao. téc d6 dong khong phu thude vao
dién ap. Vi tinh phi tuyén nhu vay ngudi ta khong thé dp dung cic bo diéu khién thong
thuong dé diéu khién qua trinh ndy ma doi hoi phéi ing dung phuong phap diéu khién thich
nghi dua trén co s& tri thite. Trong trudng hgp nay ngudi ta sit dung bén giai thuat diéu
khién téng hop khdc nhau: bo diéu khién tr diéu chinh PID, b6 diéu khién PPC
(Pole—placement controler). bo diéu khién GMV (Generalised minimum variance
controler), bo diéu khién GPC (Generalised predictive controler).

Cau tric cha bo diéu khién

théng minh duge trinh bay trong _| Fuzzy

hinh 9. Trong hinh thé hién hé c6 ~| System

chira bén gidi thuat diéu khién ma Y

s€¢ dugc st dung theo mot chién | Menitoring g:;:; | Identification

luge dua trén kién thic (co so tri Y ¢

thitc) cua chuyén gia. ‘ Control u(t) Yt
Mac du phuong phap dua trén Y. o Algorithms > PLANT >

cong nghé cac hé chuyén gia nhung
né c¢6 nhitng khac biét ddang ké so
VGi céc hé chuyén gia khéc, nhu né Hinh 9: Bo diéu khién md théng minh.

doi hoi phai san sinh tin hiéu diéu

khién trong thai gian thuc (real time), khong cén doi hoi su tuong tac véi con ngudi dé thuc
hién chirc nang diéu khién (hé chuyén gia hay hé hé trg quyét dinh, mot cach tr nhién, cin
twong tac véi ngudi ra quyét dinh), bé diéu khién théng minh cén phai tuong tic truc tiép
vGi qua trinh hay déi tuong diéu khién va can trang bi cac phuong tién dé gan bo diéu khién
vao qud trinh ay.




Bo diéu khién loai nay ¢é nhimg dac diém sau:

— N6 phai ¢ kha nang sit dung nhiéu giai thuat diéu khién khac nhau, dénh gid duac
chién luge diéw khién nao ¢6 kha nang sinh ra tin hi¢u diéu khién thich ing nhat va c6
kha ning di€u chinh cdc thong 6 clia mbi giai thuat dé thich ing véi nhiftng di hoi
trong cac tinh hudng khdc nhau. Viéc danh gid niy dua vao k¥ thuat tap m& va logic

md v4i dir lién ngdn nglr nhut nhd, trung bink, Idn ...

— N6 c6 kha nang dang gid va lua chon gii thuat dé duy tri trang thai gén 161 vu va dam
bao d0 tin cay. va ngay cd khi mot vai y&u (5 cda thiét bi diéu khién bi hong né ciing
¢6 thé céu hinh lai gidi thuat 46 hay chuyén sang bo giai thuat khac thich tmg hon.

— NO ¢6 mot co s tri thnfe vé kinh nghiém d6i v6i qud trinh diéu khién cling véi nhilng

tri thite dang luar ma céc giai thuat s€ sir dung trong qud trinh diéu khién v.v....

Vi du d6i vdi hé hat bé nudc cac luat ¢6 thé la:

If Overshoot is Small AND Setting time is Fast. Then Score is Large Positive;

If Overshoot is Small AND Setting time is Slow. Then Score is Medium Positive:
If Overshoot is Large AND Setting time is Optimal, Then Score is Small Positive

V.avo. .

5 Tinh toan ma va tri thirc

Tri thufe ¢6 vai rd rdt quan trong trong céc hoat déng “théng minh™ cha con ngudi. Nhu
chiing 1a dé dang nhan thay, méi con ngudi dit 13 ngudi nude nao déu wr duy bing ngon ngir
va nhu vay tri thifc trong ddu ciia mi ngudi duge biéu thi qua ngén ngit. Vi ngoén ngiy ham
chira cdc thong lin m& cho nén vi¢e ing dung phuong phap luan md trong viec biéu dién. xir
ly. xay dymg cdc hé tri thife 1a oy nhién va nhu vay méi thic siz di vao giai quy&r van dé mot
cdch ban chat. Chinh vi vay cdc mo hinh fuzzy dugc sit dung dé mé phong, phan 4nh. gia
quy€l cac bai toin lién quan dén céc khia canh dinh tinh cila tri thiie. Mot trong nhitng ting
dung ctia cong nghé tinh todn md 1 bai toan phét hién. khai pha tri thic.

5.1 Khai ph& du liéu (DM - Data Mining)

Cdch day vai nam ching t1a thay 10 Ién van dé khai thac dit liéu (Data Mining (DM)) ma
noi dung chu yéu 13 phat hign thong tin ¢6 tinh tri té trong kho tang dit liéu. Khai phé dit
lieu (DM) thuong di doi véi phdt hién tri thite (Knowledge Discovery (KID)), vi tuy mifc dé
Tl g™ cha ket qua khai thac dif liéu ¢6 khdc nhau nhung ¥ tuéng clia ching ¢6 chung mot
bin char. Vi vay trong muc nay uy chd nay ché kia cd sit dung mot trong hai thuart ngit dé
nhumg chiing ta hiéu dang néi cling mét van dé phuong phép luan.

Nhur ching ta da thay, ngay sau khi ra d&i vai nam, mdy tinh dién ur da duoc 1ing dung
vdo linh vuc quan ly. mét linh vire hoat dong cdn ¢ thong tin va tri thitc. Trong su phét trién
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cla xa hoi ma yéu 16 khoa hoc cong nghé cd tinh quyét dinh nhu cdu nhir vay tré nén ngly
cang to ln va dan dén sir bang né thong tin vi nhilng nha quan 1§ ding trudc tinh trang
phai d&i mat véi tinh trang lut “thong tin™. Vi du Hé théng quan sat trdi 44t cia NASA trong
nam 1999 phai sinh tac ra 50 Gb dif liéu anh quan sat duge mdi gitr thi trudng Walmart

phai thuc hién khoang 20 triéu giao dich dit liéu mdi ngay, ....

Chinh vi vay cic chuyeén gia cho rang hién nay ching ta dang séng trong mat xa hoi rat
gidu ¢6 vé théng tin nhung ngh2o vé thi thiic. Tinh hinh d6 ddi héi phai nghién citu phat
tri€n cac phuong phap khai pha. phat hién ra nhiing thong tin. tri thite hitu ich bj che dau
trong “déng” thang rin (dir liéu) d¢ phuc vu cho céc cong viée cla cic nhd quan I¥. céc
chuyén vién, chuyén gia. Chang bao 1au nita ching ta s& chifng kién su gia tang manh mé
cac img dung ctia bai todn phat hién tri thitc tir dit liéu.

Muc tiéu cba bai toan khai phd dit 1iéu 14 tim ra théng tin. ti thic (t.1. nhimg m&i quan
hé hay su phu thude giita cic dai lugng (cac bién)) trong kho tang dir lieu(vé mot Iinh vuc

nao dg). Suy cho cling tri thitc phdn dnh mét quan hé giiva cde dei luong ma quan hé g
cdu tric cua su vdt, hién tiidng.

Bai todn co s& clia van ¢¢ khai pha dif liéu md 6 thé hinh thiic hoa nhu sau;

Cho mot bang dir ligu véi ot chi cdc thudce tinh (attribuie) va mdi hang 1a mot bo dir
ki¢n. Bang dil liéu nay s& phin anh nhitng cdi g1 d6, hay néi cich khdc né ham chita nhitng
mdi quan hé ban chat nao day (tri thitc) ma ta can phai tim. phét hién ra. Chdng han T la
bang dif ligu vé thei tiét véi cde thude tinh vé dp sudt khi quyén. nhiét do, dé am, 8¢ d6 gid

trung binh. cudng do birc xa mat trdi. ...

Mai tri thic s& duge phdt hién trén mot géc nhin nic d6, ta goi 1a khung canh (context).
O day sé 13 khung canh m&s hay khung canh ngén ngit. Khung canh sé duge ki hiéu 1a C. Vi
du phér hién tri thite trong bang dif liéu véi khung canh duge x4c dinh béi dp suat = small &
nhiét do = medium.

Khi dé bai toén khai pha tri thife duce phat biéu nhu sau;

Hdy tim cdu tric S trong bang T vdi khung cdnh C trong do C sé dudc biéu thi bang

tdp md, vi du dp sudt = small sé duge biéu thi bang mét tip md P nhét dink trong

khong gian tham chiéu chi sé'do dp sudt khi quyén.

Trudmg hop khung canh duge xdc dinh boi nhiéu bién, bai todn cé thé phat biéu nhu
sau:

Hay tim cdu tric 8 cin T v6i khung cdng C dude xde ditoe dink béi

{dp sud? = small AND nhiét d6 = medium ).

Ta thay ngay 14 mé6 hinh mo (khai niém m& hay ngén ngit) rdt dé si dung, rét tuw

nhién. c6 dong va trie eém. Ly thuyét tap mé thiét 1ap cho chiing ta nhitng (chif khong phai
14 mot) co ché tinh todn dé giai bhi todn nay.
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Co6 thé hinh dung bai todn co ban nay nhu 1a mot cai “loc” (filtering): dir liéu qua cai
loc nay s& cho ket qua la cdc dif liéu thoa man nhitng diéu nao dé. Diéu cin nhin manh, day
la nhitng diéu kién mo.

100,0

62,5 — ’. ° S& liéu chua xu Iy

50,0 } T t T t 1 }

50,0 100,0 150,0 200,0

X,
100,0
O
O
S8 ligu sau khi x{ ly “loc”

50.0 ' | } : 4 | :

50,0 100,0 150,0 200.0

Xy
Hinh 10: Loc ma dir liéu.

Vi du hay xem xét dong dir liéu dé cap dén su trong lanh cia khéng khi ving New
York. Dir liéu dugce thu thap trén co s& 4 thudc tinh:
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x, — miic dé ozone,
a2, — b Xa mat troni.
x4~ 10¢ do trung binh cia gio,

x4 — nhiét dé cao nhar trong ngay.
Loc duge cho béi khung canh duge xéc dinh bdi bien x; véi ham thude dang ham

Gaussian nhir sau: C = {Clu) = exp(—~{-u~T7,5)*(u—7,5)/4}}. Dir liéu qua loc niy duge biéu
thi trong hinh 10

5.2 Baitoan két bd md (Fuzzy Clustering)

Bai todn ket bo cic phan tir trong mot tap hop cho trude ¢6 ¥ tudng gicng nhu viéc phan
chia cdc phan ar thanh mot s6 nhém xdc dinh nhung phai dam bao cdc phén tit trong cling
mdt nhém ¢é "do wreng e nhan™ 1ot nhat. Mot cach hinh thiic hod nd ¢ thé duoc phat bigu
nhir sau:

100.0

750 - o©

L

2.5 _|
+ Hinh 11: Minh hoa bai toan két bé ma.
50.0 N . .
T T T T T 1 T
50.0 400.0 150.0 2000
Xy
Cho mét tap cic pldn oI x,, ..., x, trong khong gian n chiéu R”. Chiing ta muén két

cac phan nr thanh m b6, Luu ¥ rang, khac v&i viéc két bé kinh dién, trong két bé md, mdi
phan tr déu duoc ket bo vai bat ky mot bé nao nhung d¢ lién két vdi titng b6 khdc nhau.

Goi 2, la phan nr mau coa b thit 7. i = 1, ..., m. Goi P1a ho cac ma iran phan hoach cd

mxN duoce dinh nghia nhu sau:

m n
P={u=(pikipike (0,1), S py =1, Vhva 0<Y py < NvéiVi).

i=] i=1

Hay két bé sao cho nd lam t6i tiéu ham @ va 1a ¢6 bai todn (i vu sau:
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m N

min Q=3 Zpik|xk —zrr]

HoX | Xy 1=1lk=1
vai diéu kién rang buoc lai e R

Dé nhan dang ré hon méi quan hé cha dir liéu trong vi du trén, ta chi tap trung vao céc
phan tr miu duge xdc dinh qua sit dung thuat todn két bé cing cde k¢ thuat md khic va ta
thu duge dé thi nhu & hinh 11:

6 Danh muc céac tai liéu dan

Dé ban doc thiy duge sy phat trién clia cdc hudng nghién cifu va dé tén theo doi linh
vire minh quan tam chiing 16i liét ké mot s6 lugng khd dn céc 1ai liéu va sap xép theo cac
vie khoa hoc.
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3 LOGIC MO VA CAC UNG DUNG
PADANG CUANO

Bii Cong Cuimg
Vién Todn hoc Hé noi

Tom tit

Bai tong quan nay gém 2 phan. Phan 1 s& trinh bay mot s6 kién thite ed bdn cia logic
mé - mot hudng hién dai, da va dang duoe khén truong nghién cifu trong nudc ciing nhur trén
thé gidi va thire tién da tim duge rdt nhiéu dng dung trong nhiéu finh vuc khéc nhau: san
xuat cong nghigp. cong nghé tin hoc, nghién citu va du bdo kinh €, quan 1y moi trudng. xa

hét hoc. y hoc, todn hoc, ...

Phén 2 cila bai bdo tap trung vao gidi thiéu nhanh mot s6 tng dung quan trong nhat cia
cong nghé mo trong cdce linh vuc: diéu khién ma. hé chuyén gia md, nhan dang ma, hé hd
trg quyét dinh va bal todn lay quyét dinh.

Véo déu

Bat k¥ mot ngudi nao ¢6 it nhiéu tri thite déu hiéu rang ngay trong nhimg suy luan déi
thudng ciing nhir trong cdc suy luan khoa hoc chat ché hay khi trién khai ting dung, logic
todn hoc ¢ dién va nhiéu dinh 1§ toén hoc quan trong thu dugc qua nhitng 1ap luan bing
logic ¢6 dién da déng vai rd rat quan trong.

Nhung dang tigc, chiéc do logic todn hoc ¢d dién da quéa chat hep d6i vdi nhiing ai
mong mudn tim ki€m nhiing co s¢ vitmg chac cho nhimg suy luan phd hgp hon véi nhitng
bai todn nay sinh tir cong viéc nghién citu va thiét k€ nhitng hé théng phic tap, dic biét 1a
nhitng ¢4 gang dua nhitng suy luan gidng nhu cach con ngudi van thudng sir dung vao cic
linh vuc trf e nhan tao (chang han, nhur trong céc hé chuyén gia, cic hé hd tro quyét dinh,
...} hay véo trong cong viéc diéu khién va van hanh cde hé théng 1dn. phic tap sao cho kip
th&i va higu qua.

Mot cdch tiép can mdi dd mang lai nhiéu két qua thure tién va ¢é nhiéu trién vong tiép
tuc phat trién manh mé. D6 1a cach tiép can clia iy thuyét tap mo (Fuzzy Set Theory), bit
dau véi cong trinh cla L. Zadeh. 1965 [1). Trong su phdt trién da dang ctia 1§ thuyét tap md
va cdc hé mé. logic md ( Fuzzy Logic) gilt mat vai o co ban. Trong bai téng quan gon nay
chung 41 s€ 'inh bay mér s6 kién thic co bdn ciia logic mé thong qua viée gidi thiéu cdc
phép toan chil chot. van dé lap luan xdp xi (1ap ludn m& ) clia logic md bang con dudng du
hién dai va truc quan va mot 6 dng dung coa nd.

Phan I bai viét sé tap frung vao nhitng phép toan ca ban va buée dau di vao lap luan xap
xi vén phép suy dién ma. Mot vai tinh todn trong phén cuéi nhim minh hoa cho diéu khing
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dinh cia ngudi viét 1a logic m& wy cdn dé ngd nhiéu bai todn, song nhitng budc ing dung
ban dau vao cic bai todn don gian khong phai 12 qui khé khan.

Kha nang (ng dung rat da dang cia logic mé sé tim thay trong phin II cha bai viét va
trong cdc 1ai liéu rim thay trong phan tai liéu trich dén (phén 16n 12 nhitng tai liéu cé thé tim
dugc ngay trong nudc).

1 Kién thirc cd ban ve logic mo

1.1 On nhanh vé logic ménh dé c& dién

Ta s& ki hiéu #14 tap hop cdc ménh dé va P, P, Q. @, ... }a nhilng ménh dé. Vi mbi
ménh P € 2 ta gn mot tri v(P} 14 gia tri chan 1¥ (rruth value ) cia ménh dé. Logic ¢6 dién
dé nghi v(P)=1. néu P la ding (T-true ). v(Py=0, néu P Ia sai (F-false ).

Trén #ching ta xc dinh trudc tién 3 phép todn ¢o ban va ril tnye quan:

Phép tuyén P OR Q. ki hiéu P v @ , do la ménh dé "hoic P hoac @".

Phép h¢i P AND @. ki hiéu P A @. dé 12 ménh dé "vira P vira @".

Phép phi dinh NOT P. ki hieu 1P. d6 1a ménh dé "khong P .

Dura vio 3 phép 1odn logic co ban nay ngudi ta da dinh nghia nhiéu phép toin khéc,
nhimg déi véi chiing ta quan trong nhat 1a phép kéo theo (implication), sé ki hidu 1a P = Q.

Str dung nhimg dinh nghia rrén. trong logic c6 dién. cdc luat suy dién quan trong sau
day giir vai 1rd rdt quyét dinh trong cdc lap luan truyén théng. D6 a cac luat

a) modus ponens: (PAP=@Q) =@

bl modus tollens: (P> A 1@ = 1P

¢)  syllogism: (PoQaAal@Q=2RN=P=R
d) contrapositionn. P=)=(1Q= 1P

Ta hay lay luat modus ponens lam vi du. Luat nay ¢é thé giai thich nhu saun: "Néu
ménh dé P 1a diing va néu dinh 1y "P kéo theo @ " dung. thi ménh dé @ ciing diing”.

1.2  Logic md

1973 1..Zadeh trong tai li¢u [4] da dua vao khai niém "bién ngon ngd " va budc dau ing
dung vao suy dién md — phén co ban cha logic md. Pay la bude khoi ddu rét quan trong
cho céng viée tinh todn cic suy dién cha chét trong cdc hé mé.

D¢ c6 thé 1ién hanh mé hinh hoa cdc hé thdng va biéu dién céc quy luat van hanh trong
cac hé thong nay, rmude tién ching 1a cin 131 suy rong cac phép todn logic co ban (Jogic
connectives) vai cac meénh dé ¢o gia tri chan 1§ v{P) trong doan [0.1] (thay cho quy dinh
v(P) chi nhan gid 1ri 1 hoac 0 nhir trude day).
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Chung ta s¢ dwa vao cac phép todn co ban clia logic md qua con dudng tién dé hoi. Nhu
vay ¢d 1€ a1 nhién v phéan nao hita hen s& ¢4 tinh céng nghé hen.
Cho cac ménh dé P, Q. Py. ... . gid ui chan |y v(P), v(@). ¢(P,). ... s& nhan trong doan

[0.1]. Sau day chuing ta di ngay vao cic phép toan co ban nhat.
1.2.1 Phép phu dinh

Phi dinh (negation) 1a mét trong nhitng phép todn logic co ban. Dé suy réng chiing ta
can 161 todn o ¢(NOT P) xé4c dinh gid tri chan 1§ ciia NOT P d6i véi méi ménh dé NOT P.

Ta s& xé1 161 mot 86 (ien dé dién dat nhiing tinh chat quen biét nhat van diing trong logic
c6 dién:

e} v(NOT P} chi phu thudc vio u(P).

1 Néuw(P)y=1,thi v(NOT P) =0,

g) Neéuv(Py=0.thix(NOTP)=1.

hy Néuuv(P)) € o(Ps), thi o{NOT P,) 2 u(NOT Py).
Bay gio chiing ta cho dang todn hoc cla nhitng todn tir nay.
Binh nghia 1: Ham #:[0.1]—=[0.1] khéng tang thea min cdc didu kién n(0)=1, n(1)=0.
20t 13 ham phu dink (negation — hay 1a phép pha dinh).
Chiing 1a c6 theé xé1 thém vai tien dé khéc:
a} Néuv(Py) < v(Py), thi v(NOT Py) » ¢(NOT Py},

by ¢(NOT P) phu thudc lién tuc vao v(P).
¢l ¢{NOT(NOT P = v(P}.

Binh nghia 2: 1) Ham pht dinh n 12 chdt (strict) néu né la ham lién tuc va giam chat.
2y Ham pht dinh n la mank (strong) néu né giam chat vi thoa min:

alr(x)) =x v mdix.
Vai vi du:
- Ham pha dinh chuén n (x)=1-x (vi du trong dinh nghia ciia Zadeh [1]).
— Ham pha dinh n{x)=1-x".
— Phul dinh tryc cam (Yage. 1980} n{x)=1. néux=0 va n(x)=0 néux>0.

l-x
1+ Ax

— Ho phu dinh (Sugeno, 1977) N j(x)= VoL A -1,

Binh Iy bigu di&n.

Xem trong [25].
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1.2.3 Mét cach dinh nghia phan bl cig mot tap mé

Cho € 1a khéng gian nén. mot tdp md A 1rén Q trong tng véi mot ham thuc nhan gia
tri trong doan [0.1]:

A ) —[0,1]. 1d him thudc (membership function).
Ngudi ta ciing dong ki hiéu ham thude g, Q—[90,1].
Chiing ra ki hiéu
A= {la pgaia)): ae2}.
a day
Alal=pgasla)e [0.1].

la d¢ thude (membership degree) cha phan wr x vao tap md A. Ki hiéu g4 (e) hay dugce
dung hon trong céc 1ai liéu vé mo. Song vi thudn lgi chiing ta sé ding A (e).

Dinh nghia 3: Cho » la ham phu dinh. phda bu AC cla tap md Ala mot tap md véi ham

thude duge xdc dinh bdi Ac(a.)=n(A(a)). véimbiae

1.2.4 Phép hoi

Phép hé1 {van quen goi la phép AND ~ conjunction) 1a mot trong may phép todn logic
co ban nhat. N6 cling 13 co s& dé dinh nghia phép giao ctia hai 1ap md. Chiing ta cdn Xem
X€1 cac tién dé sau:

a)  viP, AND P,) chi phu thudc vao v(P;), v(Py).

by Néu v(P)=1. thi v(P; AND P;) = v(P;), vOi moi ménh dé P,

¢y Giao hodn: (P, AND P.) = v(P, AND Py}

dy  Néu u(P,) € v(P,) thi o{P; AND Pq) € u(P, AND P;). v&i moi ménh dé P,.

e) K& hop: v(P, AND (P, AND P,)) = v{(P, AND P,) AND P,).

Néu dién dat phép héi mé (fuzzy conjunction) nhu mét ham T:[0.11°>10.1] thi
chuing ta cé 1hé can 1&i céc ham sau:

Binh nghia 4: Ham T:[0, 1] L (0,1} 1A mot t—chudn (chudn tam gide hay t-norm) khi va
chi khi thoa man cdc diéu kién sau:
4l Til.xy =x .véimoi 0€ x< 1,
b) T cé tinh gino hodn, ic 1A T{x.y)=T{y x} . vdimoi O <x,y €1,
¢) T khong giam theo nghla T .y) € T(u.v), veimoix Su.y Sv.
d) Tcétinhkét hop: T, T,z = T{T(x,y).z)véimol O<x,y,z £ 1.

Tir nhitng tién dé rén ching ta suy ra ngay T(0,x). Hon nita tién dé d) dam bdo tinh
thdc trién duy nhat cho ham nhiéu bién.
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Binh |y biéu dién: Xem trong [25].

Mot vii 16p 1—chuan khde cling mdt s6 tinh chét cdc ban ¢6 thé fim thay trong bai biao
cua Klement [6]va E. Walker [23, trang 306-314).
1.2.5 Binh nghia tdng quat phép giao cua hai tdp md.
Cho hai tap m& A . B trén cung khong gian nén € v6i ham thudc A{a) . B(a). Cho T la
mot t—chuin,
Pinh nghia 5: Ung vdi t—chudn 7. tdp giao (16ng quat) clia hai tap m& A, B 12 mot 1ap md
{ArpB) trén £ v&i ham thudce cho bat:
{(AnrB)a)= TfA(a).B{a)). véimola€ Ll
Viéc lua chon phép giao nio. nic 1 chon 1—chuan T nao dé lam viéc v tinh todn hoan
toan phu thudc vao timg bai todn cu thé ma ban dang quan tam.
Vi du: Hamacher 1978 de nghi diing

A(@)B(b)
7+ (L- p)A(a) + B(h) - Ala)Bla)

(AnsBYa)= ],p 2 0. véimbia e

con Yager, 1980 xét phép giao hai tap mo A .B vai ham thudce cho béi
(AnpB)(@)=1 - min{ 1,((1~ A@) + (1-B(@)”)'? |, p 21. v6imbiac[0.1].
Ciing 1hdi, Dubois va Prade ciing dé nghi mot ho todn tir phu thuge tham s6 ¢, do 1a
phép giao (A~ rB) vai ham thude

Alr)B(a)

tAneBla)= max{A(ﬂ)'B(a)'r}

.v0i 0s:s8 1. vamoiae[0,1].

1.2.6 Phép tuyén

Giéng nhu phép hoi. phép tuyén hay toan. tir logic OR (disjunction) théng thudng cin
thoa man céac tién dé sau:

a) (P, OR Py) chi phu thudc vao v(P)}, v(Py).

b)  Néu u(P,)=0. thi u(P, OR P,) = v{P.). v&i moi ménh dé P,.

¢} (Giao hodn: viP; OR Py) = v(P; OR Py).

d)  Néuu(P)) £ (P} thiv(P, OR P3) £ v(P; OR Py). vdi moi ménh dé P,

e} Kéthop: v(P, OR (P, OR P;)) = u((P, OR P,) OR Py).

Khi ay chiing ta ¢6 thé nghi téi cac phép tuyén duge dinh nghia bang con dudng tién dé
nhur sau:

97



Binh nghia 6 Ham S : [0.1]° — [0.1] 201 1a phép tuven (OR suy rong) hay 1a ¢—dot
chudn {t-conorm) néu thoa min cac tien dé sau:

a)  S{0.x)=x vdimoixe{0.1].

b} & cd tinh giao hodn: Six.y)=S(y.x) vdfimol 0<€x,y)< 1 .
¢y S khong giam: Stx ) S£8m.vivhimol 0€xSu<iva D<y<esl
d} 8§ ¢ tinh két hop: S(x,8(y.2)) =8(S(x ¥),z)véimoi 0€x y.z< |

Binh ly 7: Cho n 1a phép phi dinh manh. 7 1a mot t—chuan. khi 4y ham S xéc dinh trén
[0.11% bang biéu thite
S(x.¥y=nT{nx.ny) vanmol 0 € x y< |,
la mot 1—d6i chudn.

Chitng minh: Xem [25].

Khong kho khan nhan thay rang. véi t—d8i chudn S (x.y) bt k¥ thuc hién bat ding thite
max{x. y]E8{x. yI<Z'(x. v},

Binh Iy biéu dién; Xem trong (25] va E. Walker [23, trang 306-314].

Binh Iy 8: Cho S 1a 1—d6i chudn, Khi ay:
a) S goilalien tuc néu dd 1a ham lién tuc rén mién xac dinh.
b} 8 la Archimed néu 8{x .x)> x. védi mdi 0<x<1,

¢} 8 goilachatnéu S la ham tang tai méi diém (x,vie (0,1)°.

1.2.7 ©inh nghia tdng quét phép hop cua hai tép ma

Binh nghia 9: Cho € la khong gian nén. A.B la hai tip md trén Q véi ham thuoc
Afa).B{a). S la1~ddi chuan Phép hop (AugR) trén Q cia hai tap md 1a mot tap

ma v@i ham thuéc:

(AugBi(a)= 8(A(a),Bla)). vdi moiae .

Viéc lya chon phép hop nio, titc la chon t—déi chuan S nio dé xic dinh ham thuge
twong ung phu thuge vao bai todn dang nghién cifu. Sau day 1a may vi du:

— Hamacher 1978 . da cho ho phép hop hal tip mé véi ham thudc theo tham s6 g

(g —1A{@)B(a)+ A{a)+ B(a) .
AugB = .q z-1, vdi aell,
(AugB)ia) L+ gA(@IBa) q Vi a

~ Con ho phép hop (AugB) trong tng cha Yager cho bdi ham thugc vdi tham s6 g
(AUgB)a)= min {1, (A + B )P} véip21. véi aeQ .
— Tuong . ho phép hop do Dubois va Prade dé nghi v&i cac ham thude véi tham 6 ¢,

o dang:

98



Ala) + B{a) - A(@)Bla) — minjA(a), B(a), (1)}
maxfil - Ala)(1- Bla)), ¢]

(AvgBYa)= vhdite[0.1]. aefl.

1.2.8 Mét sé quy tac vai phép héi vé phép tuyén

Nhi¢u ban doc trong nghién ciu hay chiing minh thudng quen diing nhiéu quy tic suy
luan (hay don gian hon la si dung moét s¢ tinh chat gan nhu hién nhién), song thic ra nhimng
quy tac d6 cé duge 1a do ching ta x4y phdn todn hoc 1rude day trén |y thuyét tap hop ¢
dién va logic ¢6 dién. Chuyén sang 1y thuyét tap m& vi suy luan véi logic md chiing ta cdn
than trong véi nhitng théi quen cfi nay.

Vidu trong 1y thuyét tip hop. véi bar kv 1ap rd Ac Q thi

Ara“= @ AuA“= Q.

nhung sang tap md thi hai tinh chat quen diing dé khong céon diing nita.

Sau day chung ta dimg lai véi mdy quy tac quen biét cia hai phép todn hoi vi phép
tuyén.

Cho T }a mot 1—chuin . 8 13 t—déi chuan.
Tinh luy déng
Binh nghia 10: Chiing ta néi T 12 lu§ dang (idempotency) néu T'(x,x)=x, v6i moi xe [0.1].

S 1a luy dang néu S{x,x)=x. véi moi xe {0,1].
Ménhdé 11: 7 la lu¥ dang khi vi chi khi T(x.y)=min(x,y). vdi x,v € [0,1],
8 1a luy dang khi va chi khi S(x.y)=max{x.y), v6i x.y € [0,1].

Tinh hap thy
Binh nghta 12: C6 haj dang dinh nghia hap thu (absorption) suy rong tir I§ thuyét tap hop:

a) T(S(x,y}.x)= x véimol x,y €[0.1]. (1)

by S{T(x,¥).x)=x véimol x.y €[0,1]. (2}
Ménh dé 13:  Ding thite (1) thuc hién khi va chi khi T(x,y)=min(x.y}, ¥x.y € [0,1].

Déng thic (2} thuc hién khi va chi kKhi 8 (x.y) =max(x.v), Vx,y € [0.1].

Tinh phéan phdi
Binh nghfa 14; C6 hai bicu thic xac dinh tinh phan phéi (distributivity):

a) STy, zN=T(S(x,»).8(x.z)). vdimoi x.y.z €[0,1]. (3}

b} T Sy eN=8(T{x.v).T{x.2)) . vdimol x.y.z e[0.1]. (4}

Ménh dé 15:  Pang thic (3) thue hién khi va chi khi T(x,y)=min(x,y). ¥ x,y & [0,1].
Déng thitc (4} thure hién khi va chi khi S(x y)=max(x.y),Vx.y &[0, 1].

Nhur vay nhiéu tinh chat quen biét hay disng chi Juon ludn diing véi hai phép todn min
Vi Mmax.
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1.2.9 Ludt De Morgan
Trong 1y thuyét ap hop luar De Morgan ndi tiéng sau day duge sir dung nhiéu noi: Cho
A B Ia hai tap con cua €. khi dd
(AuB) =A“nB"
vi (AnBY =AY uB®
C6 nhiéu dang suy réng hai ding thic nay. Sas day mot dang suy rong cho logic mé.
Binh nghia 16: Cho 7 la (—chuan, § 1a t—d6i chuan. r 1a phép phi dinh chat. Cluing ta néi bo
ba (7.8.n) la mot b6 ba De Morgan néu
niS(x. v = Tinx.ny).
Chung 1a n6i b ba (T.S.n) lalién e néu 7 va S 1a hai ham lién e, Sau day la 2
I&p bo ba quan trong:
Binh nghia 17: B6 ba De Morgan (T,8.n) |4 bo ba manh (strong) khi va chi khi ¢6 mot o
dong cdu @ : [0,1]—=[0.1] sao cho:
al Tix,y)= ¢ "(max{@(x)+@(y)-1 . 0)).
b)  S{x.y)= ¢_1(11)in{¢)(x)+§0f}‘) . 1.
©) N)= g '(I- @)
Binh nghta 18: Bd ba De Morgan (7,8,n) 1a bd ba chdt (strict) khi va chi khi c6 mot wr
dongcau @ : [0.1]=(0.1] sao cho:
ab T )= @ (elx) @),
by Sfx.v)= ¢_1(¢7(x)+;0(y)— Plx)p(¥)).
¢l Nio= W_i(l - @lx))
1.2.10 Phép kéo theo
Cho deén bay gid da c6 khd nhiéu nghién ciru vé phép kéo theo (implication). Didu dé
ciing o nhién vi day Ja cong doan chét nhét clia qud trinh suy dién trong moi lap luan xap xi
-bao gom ca suy luan md. Trong phén ti€p theo nay ching ta sé di tiép con dudng 1ién dé
hod va sau d6 dimg nhanh 1ai vai dang phé cap dé minh hoa.
Clning ta s& x€t phép kéo theo nhu mét méi quan he. mét todn tir logic. Thong thirdng
ching ta nhd 141 cac rién dé sau cho ham v(P) = P,).:
1} w(Py = P, chi phy thude vao gia tn o(P)), v(Py).
2) NéuwiP, ) Su(Py) thl v(Py = Po) 2 v(Py = Py). v8i moi ménh dé P,
31 Néuww(P,) € v(Pg) thi v(Py = Py) S v(P| =5 Py). v6t moi ménh dé P,.
4y Neévv(P)=0thiv(P, = P)=1, vdi mdi ménh dé P.

51 Neéuww(P)) = 1thi P = P)) = |, vdi mdi ménh dé P.
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6) Neéuu(P) =1 vaoPy}=0thi vP = Py) =0.
Tinh hop 1¥ ciia nhimg tién dé nay chu véu dua vao logic ¢ dién va nhitng w duy truc
quan vé phép suy dién_Tir tién dé T0 chiing ta khang dinh sy tén tai ham s F(x,y) xdc dinh

wén [0.11° véi mong muén do gia tri chan 1§ cha phép kéo theo qua biéu thitc

i = Ps) = He(Py). v(Pah.

Binh nghia 19: Phép kéo theo (implication) 1a mot ham s6 I:{0, 1]2—> [0,1] thoa man cac
diéu kién sau:

1) Néuxgz thil(x,v) 21z, v) vdimoiye[0.1],

27 Néuv<w thilix.v)y Sl{x u) vdimoixe[0.1],

3) H0.x) =1véimoixe[0.1],

4 Nz, 1)=1vaimoixe[0.1],

5y I(1,00=0.
D¢ v rang tuy rat don gian nhung diéu kién 5) van cin dua vio dinh nghia vi khong thé
suy ratir 4ién dé én. -

Tir dinh nghia toan hoc dé diang nhan thdy méi phép kéo theo 1a mot tap md trén [0.17

9

va nhir vay xac lJap mdt quan hé mo trén {0, 1]
Tiép tuc, ching ta xem xét thém mot s¢ tinh chat khdc cua phép kéo theo. nhitng tinh
chdt nay nhan duge nhé nhitng bai bio cia Dubois va Prade.
1y J(1.x)=x, véimoixe[0.1].
2) Iix Iy 2N =1 di(x.2}).
Bay 14 quy 1ac doi ché, co sd rén su twong duong gilra hai ménh dé:
“If P, then (If Py then Py)”
va "If (P, AND P,) then Py)".
3 x <y néuvachinéul{x,y)=1.
Tien dé  3) nay bigu thi ¥: phép kéo theo xac 1ap mét thi 1.
4) I{x.0))=N{x) 1a mot phép phit dinh manh, nhu vay 4) phan dnh ménh dé sau tr logic
caditn P=Q=1P néuci(g)=0 (néu @ la False).
5y fixvy 2y, vélmoix.y.
G T xi=l véimolx.
Ty Hx ¥)=I(N(y).N(x}). Diéu kién nay phan anh phép suy luan ngugc trong logic ¢
dién 2 gia tri: (P = @ = (1@ = 1P}, Néi chung day 1a mot diéu kién manh.
8) [{x.v) la ham lién tuc trén[0.1)".

Dé rim hiéu thém céc diéu kién nay chiing ta xét tdi dinh 1y sau.

Pinh Iy 20: Mai ham s6 7:{0,1]°—{0.1] thoa min cdc diéu kién 2), 7). 8) thi ciing s& thoa
man cac didu kién 1), 33 4). 5. 6) . 10 va 1),
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Chitng mink: Xem trong [25])

1.2.11 Mét s6 dang hém kéo theo cu thé

Dé tinh 104n duge . ching ta cin nhimg dang ¢l the cia phép kéo theo. Sau day la mot
50 dang ham kéo theo, xay dung dua vio cic phép todn logic mo da suy rong phia trén.

Cho T 1a t~chuan. § la 1—dgi chuén. » 12 phép phii dinh manh.
Dinh nghia 19: Dang kéo theo thi nhat. Ham I g, (x.y) xdc dinh trén [0.1]% bang biéu thitc
Tgyixv. ) =8(nix) v).
R& rang an ¥ sau dinh nghia nay la cong thite tir logiccodién P=2@=1PvQ.
Binh Iy 20: Vi bat k¥ t—huan T. —d6i chudn 8 va phép pho dinh manh n nao, Ig, la mot
phép kéo theo thoa man dinh nghia 19.
Chitng minh: Xem trong [25)
Phep kéo thit hai sau day 13y v tir logic triye cam (intuitionistic logic).
Binh nghia 21: Cho T la t-chuan, ham J ;(x.y) xdc dinh wén I{J,l]2 bang biéu thirc
Trix.y)=supfu : T(x.u) Sy }.
Binh ty 22: Van bat k¥ t—chuan T nao. I duge dinh nghia nhu trén (2 mot phép kéo theo

thda mén dinh nghia 19,

Chitng minh: Xem trong [25]

1.3 Quan hé md
1.3.1 Quan hé mé vé phép hgp thanh

Binh nghia 23: Cho XY Ia hai khong gian nén. R goi 12 mét guan hé me trén XXY néu R 1a
mot 1ap m¢ trén XxY, wre la cé moét ham thude wgp:iXx¥Y—[0.1]. & day
Hpi{x . y)=R(x.v)lado thudce imembership degree) clia (x.y) vao quan hé R.
Binh nghia 24: Cho R, va R 1a hai quan hé md rén XxY, ta ¢6 dinh nghia
a)  Quan hé R |UR, véi HR, R, (x.3) = max| HER, (ac‘y),}c.‘RZ (x,¥) }, V¥ {x.y)e XxY.
b}  Quanhé R MR, v&i Hg, ~ g, (x.3)=min{ Hp (xy) fip (x.3)}. ¥ (x,¥)e XxY.

Binh nghia 25: Quan hé md trén nhitng tdp mé. Cho 1ap mdy A véh Halx) rén X, tip mo B

VOL fip(x} trén Y. Quan hé md trén cdc thp mo A va B 1a quan hé md R trén XxY thod
min didu kién:

Hplx v} < Madx) . VyeY wva Hrlx ¥y} S Hplx) ¥V xeX
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Binh nghia 26: Cha quan hé md R rén XxY.
Phép chiéu cua R 1én X la: projyR = {(x, max, gplxy) 1 xe X}
Phép chién cia R1én Y la: projvfR = {{v, max, ggpix.y) :ye¥}
Pinh nghfa 27: Cho quan hé m& R rén XxY. Thdc trign R 1én khong gian tich Xx¥xZ la:
extyyz R = {{x.3.2), oy tx,¥.2) = figlx ¥) , Vze Z).
1.3.2 Phép hop thanh
Dinh nghfa 28: Cho R, la quan hé md trén XxY vA R, 14 quan hé md trén YxZ. Hop thanh
R =R, cha R,. R, 1a quan hé mo trén XxZ.
a)  Hop thank max-min (max-min composition} duge xdc dinh b&i
UR -, (x.2) = max,{minl ug (x.¥). 4g,(r.2) b ¥(x,z)e XxZ.
b} Hop thanh max-prod cho boi
HR Ry (X2} = max_v{(;rﬁl (x,¥) R, (¥ 2} b, Vix.z)e XxZ,
¢y Hap thanh max—* duge xdc dinh boi todn tr * : [0.1)° — [0.1)

HR,-r,(x.2) = max, | pg (2. y)* pp, (v.2) }, Vix 2)eXXZ.

Gia thiét (T.S.n) li bo ba De Morgan, trong 46 T 1 t-chudn. S [a -d6i chudn, n la
phép phu dinh.

Binh nghia 29: Cho R,. R, la quan hé md 1rén XxX, phép T—tich hop thanh cho mot quan hé
Rio7 R, trén XxX xdc dinh bai

Riep Rylx.2) = supe yT(R(x.v), Rulv.2)).

Binh ly 3¢: Cho R . R, R, la nhitng quan hé mé trén XxX, khi d&:
a) R]°T(.R2°T Rg):(R]"'[‘ R2)°T RJ
b,] NéllngRg IhiR[°T RSEREWF R3 \'aRBUTRl QR;‘“T R2

1.3.3 Tinh chuyén tiép

Binh nghia 31: Quan hé md R wén AxX goi la;
al  min—chuyén tiép néu min{ Rixy), Riv,z2)} € R(x,2) ¥x.y,zeX.

bV chuyén tiép véu néu Yx.v.zeXchd
Rix.v)>R(y.x) va Ry 2}>Riz,y) thi R{x.z)>Riz,x}.

c) chuvén tiép tham sé néu cé mot sd 0<B<1 sao cho: N&u Rix,y) > 8> R(y,x) v
Riy.z)>» @>Riz.y)thi R{x.z)> 8> Riz,x) Vx.y.zeX.
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Binh Iy 32:
4} Neéu R 12 quan hé m& c6 tinh chat min—chuyér #iép thi R )a quan hé m& cé tinh
chat chuyvén tiép tham sé'véi moi 0< 6 1.
b} Neéu R Ia quan h¢ m& c6 tinh chat chuyén tiép tham sé thi R 1a quan hé md 6
tinh chdl chuyén tiép véu.

Chitng minh: Xem trong [24]
1.3.4 Phuong trinh quan hé md

Phuong trinh quan hé md 1an dau tién nghién ciu béi GS. Sanchez nam 1976, d6ng vai
Ird quan trong trong céc linh virc phan tich cdc hé md. thiét ké cdc bo diéu khién mo, qué
trinh 14y quyét dinh va nhan dang mé.

Dang don gian nhat c6 thé dién dat nhu sau:

Cho m¢t hé m& biéu dién dusi dang mot quan hé mé nhi nguyén R trén khéng gian tich
XxY. Dau vao (input) ctia he 1a mot tap md A cho trén khéng gian nén input X, Tac dong

ctia dau vao A véi hé R s& 1a phép hop thanh A<R sé cho & d4u ra (output) mét 1dp ma trén
khong gian nén Y. ki hiéu 1a B. Khi 8y ching ta c6 AsR = B.
Néu chiing 1a sir dung phép hop thanh max—min thi ham thuoe cla B cho béi
Hpy = faep(y) = max (min, [#,4(x). gglx,y)])

Vi dy 33: Cho input 14 1dp m& A trén X va quan hé m& R trén XxY nhu sau:

a9
Xelny xgxs), Yely, yo, b A= 22500800 (69 gg 1)
X x2 xa
0.7 1 04
AsR=105 09 06,
02 06 03

Khi d6 chiing 1a ¢é

07 1 04
B=A<R =(02 08 1J|05 09 06|=(05 08 0,6}=%+£+—%,
02 06 03 oY s

1.4 Suy ludn xdp xi va suy dién mé

1.4.1 Ching ta s& rinh bay di don gin van dé suy luan xap xi dudi dang nhilng ménh dé
vdi cac bien ngon ngir nhu doi thudng van diing nhir: "méy lanh”, "ga yéu". hay nhiing quy
tac. nhimg luit dang ménh dé "néu quay tay ga manbh thi t6c dd xe s& nhanh".

Suy ludn xap xi - hay con goi la suy luan m& - dé [a qud trinh suy ra nhitng két luén
dudi dang cdc ménh dé md trong diéu kién cac quy tic, cdc lul, cdc dir liéu ddu vao cho
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trude ciing khong hoan toan xdc dinh. Ching ta s& han ché bai nhiing luat don gian nhu
dang modus ponens hay modus tollens dd néu & phan déau.

Trude tién ching ta nhd lai trong gidi tich toan hoc da diing qua trinh 14p luén sau:

Dinh ly: Néu mot ham s6 12 kha vi thi né lién tuc
Su kién: Ham fkha vi
i Két luan: Flién luc

day 1a dang suy luan dua vao luat modus ponens. Bay gid ta tim cdch dién dat cach suy luan
quen thudc trén dudi dang sao cho ¢é the suy rong cho logic ma.

K¥ higu: U7 = khong gian nén = khéng gian tat ca céc ham so.
Vi du don gian ¢6 thé hiéu

U={g:R >R}

A = lcde ham kha vi).

B = {cac ham lien tuc .

Hay chon hai ménh dé P= "ge A"va@ ="g € B " Khi dy ching taco

Ludt (i thuie): g=~B
Su kién: P dung (true)
+ Keét luan: € duing (irue)

& day ching ta di st dung luat modus ponens (P =@ A Py = Q.

1.4.2 Bay gitr d c6 thé chuyén sang suy dién m& cing dang.

Luat mé: Neéu gée tay quay ga 16n thi xe di nhanh
Sur kign md: Géc tay ga quay khd 1én
Heé qua: Xe di khd nhanh

Zadeh di dién dat su kién trén bang cdc bién ngon ngir: gde tay quay, toc do, nhiét do,
ap luc. rudi tac va cac meénh dé md dang waong tng. Ching ta lam 16 céch (i€p can cita
Zadeh qua vai vi du.
1.4.2.1Bién ngdn ngi
Vidy 1: Tandl "Nam ¢6 tudl trung nién’”. Khi 8y chon

x = bién ngdn ngit "Tudii".
khong gian nén 1a thoi gian séng
U=[0. 130 nam].

A=13ap m0 "trung nién".

Mot cich tr nhién, ta gan cho A 13 mét tip mo wrén 7 véi ham thudc Ae) : U — [0,1].
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Su kién “cd thé tusi ciia Nam l@ 40" di nhién khong chéc chan va khé hop 1y néu dién
dat nlur mot kha nang. trong [4,3] Zadeh dé nghi
Kha ning (Tudi ciia Nam = 40} = Poss(x = 40)
= do thuge clia 30 40 vio tAp mo A = A(40).
Alénh dé md
"Nam 6 Ludi trung nién'
bay gid duge dién dat thanh ménh dé
P =|x=A) = {bién x nhin gid i m& A rén khéng gian nén )
={xis A} (theo dang tiéng Anh }.

1.4.2.2  Vidu 2: D1 v6i suy luan m& cho & ddu muc nay ching ta cé thé dung biéh ngon
ngo

x= "g6C 1ay guay”
trén khong gian nén U = [0.360 "] (cho phép quay tay ga clia xe mdy). A = "gdc 16n" 1a mot
1ap m& rén U {trong trudng hop nay tién hon diing khai niém s6 md A). v6i ham thude
Al U [0.1].

Tuong w. bién ngén ngit y = "16¢ do xe". vdi khéng gian nén
V = [0 km/gis. 150 km/gid ).

@ = "xe di nhanh"= mét 1ap m& B trén khong gian nén V véi ham thude B} : V - [0.1].
Khi av

P="goctayquayldn" = | x =4} (xisu).
&= "xedinhanh"=| v =B|.
valuatmocé dang P = Q.

Nhur vay mor loat mé dang “If P then @ s& dugc bigu dién thinh mét quan hé md R
clia phép kéo theo P = @ v6i ham thude cia R trén khong gian nén UXV duogc cho boi
phép kéo theo ma ban du dinh sir dung:

Roamu.v) = Rpsolir .v) = HAG).B@Y). véi moi (u,v)e UXV.

Bay gio quy trinh suy dién md da co thé xdc dinh:

Luat me (1ri thic): P = @, vdi quan hé cho bdi I{A(u).BW)) .
Su kien md (dau vio): | P = {x=4"}, xdc dinh b&i tap m&¥ A" trén U
Két luan: @' =|y=B"}

Sau kht da chon phép kéo theo I xdc dinh quan hé mé R4 g B' 12 mot tap md trén V

v ham thude cia B' duge tinh bang phép hop thainh B'= 4 - R4 g;. cho bdi cong thitc:

B{e) = max e p-lmin(A ), KA. B, véi méi ve V.
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1.4.3 Tiép tuc cdch bigu dién va dién dat nhir vay. 1a ¢6 the xét dang
“If P ihen @ clse @,

quen biét rong logic ¢6 dién va thudmg hay sir dung trong cdc ngon ngl 1ap trinh clia nganh
Tin hoc.

C6 thé chon nhitng cich khic nhau dién dat ménh dé niy. sau day tim ham thuéc ctia
biéu thifc twong (tng. Chang han, ching ta chon

"TTPthenQelse @ =P Aa@IVv(IPAQ,.
Théng thudmg @ va @, 12 nhitng ménh dé trong cling mét Khong gian nén.
Gia thiét @ va @, dugc biéu dién bang cac tap mo B va B, trén ciing khong gian nén V.

vai cdac ham (hudc wong tng B ¢+ V— {0.1] va B;: V— [0,1]. Néu @ va @, khong cing
khéng gian nén thi ciing s& xu 1y tuong tu nhung vdi cong thac phic tap hon.

Ki hiéu R(P. Q. @} = R(A. B. By} la quan hé md rén UUXV vdi ham thude cho bai biéu
thitc

Riw ., ) = max{mintA{x), Bie)). min{1-A(u}. B;(©))}, véimoi (u,v)e UxV.

Tiép tuc quy trinh nay chiing ta ¢6 thé xét nhitng quy tac 1dy quyét dinh phic tap hon.
Chang han chiing ta xét mot quy tac trong hé théng mé cé 2 bién déu vio va mot dau ra
dang

If A, and B, then C,
else  IfA, and B, then C,

else

1.4.4 Mo dang suy rong khic trong oo s tri thife ¢illa nhiéu hé md thuc tién. vi du dién
hinh 12 trong céc hé diéu khién ma, ¢6 thé phat biéu dudi dang sau:

Cho x). x,. ... x, lacdc bi€n vao cha hé thong, y labiénra. Cdc 4pA,; . B, vdii = 1.
.m o j =1, ... . n la cdc 1ap md trong cac khong gian nén wong ting clia cdc bién vio va

bien ra dang sir dung cia hé thong. cac R, 1a cac suy dién md (cdc luat mo) dang "Néu ...

thi ... " (dang if ... then)
Ry;: Néux laA,,vi..vax, laA,, , thiv]aB,
Ry Néux,laA,,va.. vax,laA,, thiylaB,
R, Néux laA,, vi..vax,laA, , thiylaB,
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Bl 1oan

Chor | Néux, lae,*va...vax, lae,
Tinh: Gidrriylau®
Gdaye*. .. e, ® lacac gid tri ddu vio hay su kién (c6 thé md hodc gia tri 15 ).

Chiing ta ¢é thé nhin thiy rang phdn cét 16i clic nhiéu hé mir cho b o 50 tri thic

dang R={cdc luat R} va cdc co ché'suy dién cai dit trong mé to suy dién.

Tinh todn quan hé mé cho nhitng bé luat phitc tap nhu the cdc ban ¢é thé xem thém
cong trinh cia M. Mizumoto via H.J. Zimmermann [8]. Nhitng kién thitc vé suy dién md lién
quan 161 1ap ludn ngon ngir ¢6 thé doc thém bai ¢lia Nguyén Car Hé [7] hay tai lidu [13].
Nhitng ban doc ndo quan tam té nghién cifu todn hoc hién dai tnic tiép lién quan 16 logic
md hay xem thém sdch [10].

2 Cac ing dung da dang
2.1 Suphdt trién cda cdng nghé ma

Trong qud trinh phat trién clia Ly thuyét tap md va cong nghé m& tai Nhat ban phai
nhac t61 du 4n 1én LIFE (the Laboratory for International Fuzzy Engineering) 1989-1995
do G.5. T.Terano (Tokyo Institute of Technology) 1am Gidm déc diéu hanh — theo sing kién
va s tal rg chinh clia Bo ngeai thuong va cong nghiép Nhat ban. Phong thi nghiém LIFE
duoc thiet ké bai G.S. M. Sugeno. Chinh Gido s ciing da thuyét phuc dugc nhiéu cong 1y
cong nghiép hang dau cia Nhat ban cung cap 1ai chinh va nhan Iuc. trg thanh thanh vién
rap the cia dr an va chinh ho truc ti€p bién cdc san pham clia phong thi nghiém thanh sin
pham hang hod.

Va ket qua la. theo Datapre, nén cong nghiép sir dung cong nghé mé cta Nhat ban, ndm
1993 ¢6 t6ng doanh thu khoang 650 trieu USD. thi i nam 1997 da wdc luong c& 6,1 ¥
USD va hién nay hang nam nén cong nghiép Nhat ban chi 500 triéu USD che nghién ciru vi
phdt trién 1y thuyét ma v cong nghé mé. Theo Gido su T. Terano [6) qud trinh phér trién
cua cong nghé md cé thé chia thianh 4 giai doan sau:

1y Giai dogn 1: Lot dung i thite & mitc thap.

Thye chat: Nhimg iing dung trong céng nghigp chit yéu 1a bidu dién tri thifc dinh lugng ciia
con ngudi.

Vi du dign hinh: Dién khien ma.

Trong giai doan ban dau nay. chil yéu 1a c8 géng lam cho mdy tinh hidu mét sé tir dinh
luong clia con ngudi van quen ding ( nhir ‘cao. ndng. &m, yéu'. v.v.). Mot Ii do rat don g1an
de di 161 phat trién diéu khién mé 1a cau hoi sau: "Tai sao cde mdy mée don gidn trong gia
dink ai cing diéu khién ditge ma mdy tink lai khong diéu khién duwge 2.
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Co thé hau hét cac hé dién khién m& 12 & miic nay. Thue € tai mic ban diu nay da dua
vao sut dung rar nhiéu loai mdy méi ¢é sit dung logic m&. B4 la sw kién rdt quan trong
trong qud trinkh phat trién cia logic mi. nhung d6 van I cdc hé thudc giai doan 1.

2} Gial doan 2: Sir dung tri thic & mikc cao.
Thye chét: Diing logic mé d€ biéu dién tri thice.
Vidu: - Cic hé chuyén gia md.

— Cac iing dung ngoai cong nghiép: y hoe, nong nghiép, quan 1y, xa hoi hoc, moi
ruong.

Trong giai doan nay ¢ gang trang bi cho may tinh nhiing tri thifc co ban v sau séc
hon. nhitng tri thitc dinh tinh ma trude 1&i nay chua thé biéu dién bing dinh rgng, vi du nhu
rong cac hé chuyén gia md. mo hinh hoa nhiéu bai toan khé trong quan 1y cic nha mdy ma
rrude day chua lam duge.
3y Giai doar 3: Lién lac—giao tiép.

Thyc chét: Giao i gilfa ngudi va mdy tinh thong qua ngdn ngl ar nhién.
Vidu: - Cac robot théng minh.
— Cac h¢ hd trg quyét dinh dang déi thoai.
4} Giat dean 4: Tri tué nhan tao tich hop.
Thyc chit: Giao luu va tich hgp gitta tri tu¢ nhan tao Jogic md. mang noron va con ngui.
Vidu: - Giao hr con ngudi va mdy tinh.
— Cac may dich thuat.
— Céc hé hé rg lao déng sdng tao.

Giao sur Terano con cho rang su phit trién cla céng nghé m¥ va cic hé mo tai Nhat ban
da va sé di qua 4 giai doan trén.

2.2 biéukhién md (Fuzzy Control)

Nhu da trinh bay. nhitng itng dung thuc tién thanh cong nhat 1 Didu khién mo. Do
vay thar wr nhién ching ta s€ trinh bay kha chi i€t vé finh virc hap dan nay.

221 Cdautric cobén

Tu wong co ban cha diéu khién dwa vao logic md 1a dua céc kink nghiém chuyén gia
cua nhing ngudi van hanh gioi hé thong vao trong thiét k€ cac bo didu khién cac qué trinh
trong dé quan hé vio-ra (input-output) duge cho bdi mot tap cac luat diéu khién ma {dang

luat if. . .then).

Cau triic cd ban (Basic architecture).
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Cau triic co ban ctia mot bé diéu khién dya vao logic md (fuzzy logic control FLC) gém
bon thanh phan chinh (hinh 1): khdn md hod (a fuzzifier). mot co s6 cde ludt mo (a fuzzy
rale base). mot mity suydién (an inference engine) va khdu gidi mé (a defuzzifier). Néu
dau ra sau cong doan giai mo khong phai la mot tin hiéu diéu khién (thudmg goi [a tin higu
diéu chinh) thi ching ta c6 mol A¢ guyét dinh trén ca s logic mé.

Giaima| ~ | Déi N
tugng

| Md hoa

Cd s
luat mo

Hinh 1: Cau tric cd ban cia bé
= diéu khign ma.

2.2.2 Khéng gian Input-Cutput.

Vi muc tién cta bo diéu khién m& 1a tinh todn cdc gid tri clia cdc bién diéu khién ti
quan sdt va do hrdng cdc bién trang thai ciia qua trinh Auge diéu Khién sao cho hé thong
van hanh nhu mong muon. Nhir vay viéc chon cdc bién trang thai va cac bién diéu khién
phdi dic tring cho cic phép todn (the operator} cila bo diéu khién mi v ¢ tdc dong co ban
l&n sir qud trinh thuc hién bd FLC.

Kinh nghiém cia cdc chuyén gia va cic tri thic vé cong nghé dong vai trd rat quan
trong trong viéc lua chon cdc bién. Vi du cdc bién vao thuong 1a trang thai (state) sai ldm

trang thai (state error. state grror derivate, state error integral . ...). Khi sif dung biéh ngén

nglr. bién ngon ngir ddu vao x s€ gdm cac bigh ngdn ngil input x; xdc dinh wén khong gian
nén U; va twong or véi bién ddu ra y gém cdc bién ngon ngi output v, trén khong gian nén
;. Khi do

=l UL A (D VA D L D, (O oo ot (R) 20512, on)
ey VLA, DL A_»-J(ki] b dy, ). ..u_‘,}(kt-) bri=12, ... om}

0 day x, 1a bién ngon ngif xde dinh trén khong gian nén U, nhan tir — gid i A, v6i ham
thudc g, (kyvéi £=1.2. ..., k. Tuong tr cho céc bién output y .

Vidu x, 1a bién t6c do trén khong gian nén la mién gia tri vat I¥ U,= [0, 200km/h).
Bién ngon ngit t6c do cd thé cd cde tir gid tri

{rdt chém. chdm, trung binh, nhanh, rit nhanh}.
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Mo gid tri ngon ngit cla bign nay duoc xéc dinh bang mot @ap md trén U v&i céc ham

ThUC)C ,U‘_.},dm(u): R )uirrmg br'??h(u)'

2.2.3 Khdu md hed,

Vi nhiéu luat cho dudi dang diing céc bién ngon ngli v&i cac tir thong thuong. Nhu vay
v6i nhiing gid tri (rd) quan sit duge .do dugc ci thé. dé o6 thé tham gia vio qua irinh diéu
khién thi can thiét phai md hod.

C6 thé dinh nghia. md hod [3 mot d4nh xa {mapping) tir khong gian cédc gid tri quan st
dugc (r6) vae khong glan coa céc tir-tap mo irén khong gian nén clia cac bién ngén ngit
input,

Vidu ting vd&i bién ngon ngii £6c d6. ta cho phép md hod bing anh xa
- Téc do mor xe tdi do duge:  u = 75km/h.

- Tirdé co: Ut ch._:im(,?'i)‘ -uchgim(?a}‘ Hipung hi’ar!r(?5)- )un.hﬂnh(75)' it nhani(T3) 3.

224 Co sé cac luat ma

Dang 16ng quar cla cdc luat diéu khién md 1a b céc quy tic m dang IF .. . THEN.
trong do cdc dicu kién ddn vio va cd céc bién ra ( hé qua ) sit dung c4c bién ngon ngit. Viét
& dang 16ng qual. co s cdc luat mé trong cic hé théng nhiéu bién vio (outpur) va mét bién
ra (output) { nic la vai cac hé MISO ) cho dudi dang san:

Chox . x.. ... .x,, lacac biéh vio cia hé théng. y 12 bién ra {thuéng 1a cac bien ngon

nglt). Cdctdp A, B, .vé i=1. ... m, j=1, ....n la cic tap m& trong cic khone gian
= p Iy J p g [

nén fIong (ng cla cac bién vio va bién ra dang sir dung cla hé thong. Cic R;la cidcsuy

dién m& (cdc luat ma ) dang “Néu .. thi" (dang if .. .then)

R, Néux, lad,, va .. vax, XA, thiylaB,

R, | Neux,1aA,, va .. vax_laA,, thiylaB,
Cho: Né‘ll.tl ]ﬁA]* VA ... \’éxm ]aAm*
Tinh: || v 1a B*
GdayA,* ... . A, *lacic gid i dAu vao hay sukién (cé thé md hoac gid tri 16 ).

Mot dang wdng minh cdc luat md thudng cho dudi dang

111



R, :Neux, laA,; va .. vax,, [aA,;th y=f(x,. x5 ... .x,),
=1 .o Oday fitx,. x,. ... . x,)la mot ham cla cic bién trang thi.

2.25 Mb to suy dién

Day 1a phan c6t 16i nhat clia FLC trong qué trinh mo hinh hod cac bai todn diéu khién
v chon quyét dinh clia con ngudi trong Khuon khd van dung logic mo va lap ludn xap xi.
Do cac hé théng duge xét dudi dang hé vao—ra nén Juat suy dién modus ponens suy réng
dong mot vai {rd ral quan trong.

Nhur da trinh bay k¥ treng phén trude. Suy luan xdp xi. phép hop thianh va phép kéo theo
cua logic md sé quyét dinh nhiing cong viée chinh trong qua trinh tinh todn cling nhu trong
qua trinh rdt ra két luan. Bang sau day gisi thiéu mot so phép kéo theo md (fuzzy
implications) thudng dugc st dung trong dién dat cdc luat md.

Phép kéo theo Céng thic
Toan tu min [Mamdani] ¢ > &=minfa.b)
Toan tu tich [Larsen] a=b=ab
Tich bi chan a = b= max{0, atb-1)
Quy tdc s6 hac [Zadeh] ¢ = b=min(l,l-a+h)
Quy tac max-min[Zadeh] a = b=max(l-¢ minf@d)
Suy dién binh thudng 1 néu a< b
a = b= )
0 néu a>b
Logic Boole - a = b= max{l-a, &)
Logic Godel 1 néu a< b
e = b= )
b néu a>b

Phép kéo theo Goguen {l néu ac< b

bila néu ax>h

2.2.6 Khéu glal mé

Day la khau thue hién qué trinh xdc dinh mot gia tri 16 c6 thé chap nhan duoc lam dau
ra tir ham thudc ¢na gia tri md dau ra. C6 hai phiuong phdp gidi ma chinh: Phuvng phdp cite
dal vh phuongphdp diém trong tdm. Tinh 10dn theo cic phuong phap nay khong phiic tap.
C6 thé tham khao ¢ céc thi lién [3.12).

2.2.7 Ung dung

Ung dung dau tién cta diéu khién m& phai k€ dén clia nhém Mamdani va Assilian nam
1974.[14]. T day pham vi tmg dung thuc tién coa diéu khién md trong céc linh vuc khdc
nhau da hét sitc rong: 1r diéu khién 16 nung xi mang [Larsen, 1980~ day 1a dng dung thic si
ddu 1ién vao san xudt cong nghiépl. quan 1¥ cdc bai dé xe {Sugeno va cong sy 1984,1985.
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1989]. di€u khién van hanh hé théng giao théng ngdm. quan 1§ nhém cac thang mdy
[Fujitec.1988]. diéu chinh viéc hoh clo trong cac nhit mdy loc nude. diéu khién heé théng
mdy bom lam sach nude [Yagishita et al.. 1985], diéu khién hé théng nang hrong va diéu
khién phan g hat nhan [Bernard.1988. Kinoshita et al., 1988). may bay truc thang
[Sugeno. 1990]. v.v.... cho tdi tham sdt cde sy ¢d trén dudng cao t6¢ [Hsiao et al., 1993] cic

thiet bi phén ciing mé [fuzzy hardware devices, Togat vd Watanabe. 1986. nhom cong téc
val G5, Yamakawa, 1986, 1987.1988 ...].

Trong s& nhitng tng dung thue su thanh cong trong thuc tién con phai nhac 16 t6i bo
FLC ding trong quan 1Y san bay [Clymer et al. .19921. cac hé thong diéu khién dudng sat va
cdc hé thong can cdu container [Yasunobu va Miyamoto, 1985, Yasunobu et al., 1986,
1987]. M¢ét (ng dung rat hay cla diéu khién md 1a he diéu khign “the camera tracking
control system™ clla NASA 1992 . .

Chung ta cling khong thé khong nhac 16i cdc mdy mdc trong gia dinh diing FLC dang
ban rén thi truong the gidi: mdy diéu hoa nhiét do [hang Mitsubishi]. mady giat [Matsushita.
Hitachi. Sanyo). cic video camera [Sanyo, Matsushita). tivi. camera [hdng Canon), may hit

bui. 1o say (microwave oven) [Toshiba] vv....

Ngay wr 1990. trong mét bai dang & tap chi AT Expert. Vol.5, T.J. Schwartz da viét:
“Tai Nhat ban da c6 hon 120 (mg dung cda diéu khién mé *.

2.3 Cdc hé chuyén gia m& (Fuzzy Expert Systems)

2.3.1 Cdc he chuyen gia (Expert Systems) la mot nhdnh cia bd mén Tri tué nhan tac
(Artifical Intelligence) sit dung cdc 1 thitc chuyén biét d€ gidi quyét bai todn & giai doan
diing cdc chuyén gia ~ con ngudi. Chuing phat trién vao nhitng nam 1970 va da duge ling
dung trong kha nhiéu linh vic. Ngay nay néi dén hé chuyén gia thi thuc chat hiéu la cdc he
théng trong d6 c6 sit dung cong nghé hé chuyén gia (expert system technology) bao gém:
cde ngon ngit hé chuyén gia chuyén dung, cdc chuong trinh va ci cac phan ciing ducc thiét
k& nham phdrt trién va van hanh céac hé chuyén gia.

Hién nay trong cédc sach bédo ngudi ta thudng diing tir dong nghia Ja “hé chuyén gia

trén cd so tri thie * (knowledge—based expert system). San ddy chiing ta & cho cau tric co
bidn (hinh 2) va cdch st dung hé chuvén gia.

___________________

Giao dién i Co sd tri thic

Newan DSi thoai b

Hinh 2: C&u truc co ban cla dang [—>| Piéuchinh | —f
hé chuyén gia tri thuc N EM() to suy dién;
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Dudi day la vai cot mée chinh trong qud trinh  binh thanh v phdt wién clia cic hé
chuyén gla:
- 1957  Bardaw “Chuong trinh gidi quyét bai 1oan téng quét™ (GPS).
— 1958 Ngon ngit lap trinh  LISP.
- 1965  DENDRAL- h¢ chuvén gia dau tién.
- 1968  Mang ngit nghia.
— 1970  Ngén ngit lap trinh PROLOG.
- 1973 MYCIN - hé chuyén gia danh cho chuan doan y hoc (Shortliffe et all.).
~ 1976  Hé chuyén gia PROSPECTOR trong linh vuc dia chat.
- 1985 Cong cu hé chuyén gia CLIPS cia NASA (expert system tool).
Trong s& nhiing hé ban dau nay hé MYCIN cé ¥ nghia rat l1ém vi mdy If do sau
a) N6 chirarang Tri tué nhan tao ¢6 thé sir dung trong cdc bai todn thuc tién.

b} Trong MYCIN da dira vao nhiéu khéi niém mdi rét ¢6 10i cho nhitng phat trién vé
Sau.

¢} N6 chiing minh tinh kha thi ctia cic khung cia hé chuyén gia, cac cong cu tao lap
hé chuyén gia (expert system shell).

2.3.2  Beén canh nhitng thanh cong clia cong nghe hé chuyén gia. 1y thuyét tip md va logic
md& ¢6 nhiéu uu diém trong biéu dién tri thifc cba cdc chuyén gia. Cho nén viéc dua cac luat
ma va dac biét cac bign ngén ngit va ham thudc da xuat hién kha sém. Cic hé chuyén gia
trinh bay dudi day da sit dung cac luar md (fuzzy rules),

Tén/ tac gia/ nam Linh wyc

CADIAG-2 Adlassnig et al., 1985 Y {internal medicine)
EMERGE. Hudson, Cohen, 1988 Phén tich dau nguc
ESP. Zimmermann, 1989 Ké hoach mitc chién huge
FAULT, Whalen et al., 1987 Ké toan

OPAL. Bensana et al., 1988 Lap lich cong viée

Thye tién da dan &1 cdn phéi hop (6t hon hai loai cong nghé nay. d6 [a nhu cdu vé
nghién citu cac hé chuyén gia ma (fuzzy expert systems). Nhitng nghién cou sau day la vi
du:

i

FESS - mot hé chuyén gia mé tai sit dung Hall va Kandell, 1992

Hé chuyén gia md ¢é muc dich téng quat, Schneider va Kandel, 1994,

Nhimg khung cho hé chuyén gia m&. Umano, Hatono va Tamura (Fuzzy expert system
shells), 1994

Cong trinh ciia Whalen va Schott. 1992. tao ra mang suy dién ngon ngit mo (Fuzzy
linguistic inference network generator).
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Chuing ta cang khong khé khan chi ra céc tmg dung thyc tién clia cac hé chuyén gia mo.
Sau day 1a vai vi du:

Von Altrock va Krause da phit trién hé chuyén gia md danh cho cong nghiép 6t cla
hiang Mercedes-Benz tai CHLB Diic. 1994 (xem bai bao Multi-criteria decision
makKing in the German automotive industry).

— Heé EMERGE cna Hudsson va Cohen. 1992 13 hé chuyén gia y hoc trén co s& cac luar
md ro giitp cho cac phong cap ciiu va dua céc 181 chi din vé kiém tra cic hién tuong
dan.

Hé EAR cta Lépez de Manrtaras et al. danh cho chén doan y hoc, con he FLING. clia
Whalen va Schott, 1992 thi trg gitip cho cong viéc ndm bét . phan sich tri thitc.

Ve cdc h¢ MedFrame/CADIAG-IV, 1996, FuzzyKBWean, 1998, vi Fuzzy-ARDS,
1999. dang sit dung tai Vién. CH. A6 ¢6 thé tim thdy trong bai bdo cia K.P.
Adlassnig [23. trang 134-138].

Nhimg tri thitc co ban va di hién dai vé hé chuyén gia cé thé fim thdy trong sach [18].

24 Nhén dang mo (Fuzzy Pattern Recognition)

2.4.1 Bd&i todn nhén dang.

Nhi€u thong tin hang ngay ching ta can thu nhan va xir 1¥ nhiéu khi ¢é hinh dang phirc
tap. B6 moén nhan dang cung cép cho chiing ta mot s& phuong phép dé phat hién cau tric
chinh va m6t 56 nét co ban cha cac hinh dang dé. Cic ti€p can chinh 161 cac bai todn nhan
dang la: phan ldp tuyén tinh, tiép can théng ké, Iv thuyét md, cde perceptrons, phan ldp co
su tri thire dua vao ki thudt cda tri tué nhan tao.

Nghi 161 uép cén tir Ly thuyét m& 14 hoan 10an nr nhién vi cac hinh dang quan sat duoc,
cac thong tin nhan duge thudmg md. tham chi ¢6 thé ndi 1a “rat md”. Mot s6 ket qua da duoc
cong bé (Vi du: Bezdek, 1981, Pedrryez. 1990, hay Bezdek va Pal, 1992) va da ing dung
thanh cong trong xir 1§ anh, nhan dang tiéng néi.trong robot théng minh. nhan dang céc déi

tugng hinh hoc ... Hinh 3 trinh bay so dé chung ctia mot qud trinh nhan dang.

Dix ) Bién .| Thu gon Thuit toan K& qua
lidu dai s6 chidu /1 quyét dinh qua
Khéng gian| Khéng gian 5ng gi
pattern d3c ta

Hinf 3: Qua trinh nhan dang

Béy gi&r hdy ndi them vé mat s6 khai niem.

Dir Liéu (data) thu duge tr céc qua winh vart 1y hoac céc hién trgng. Dit liéu ¢hidu theo
nghla rong) ¢ thé ¢ dang dinh tinh. dinh lugng. dang s6. hinh, hay mot doan van, ngon ngit
hay 16 hop cla céc dang trén.

115



Khang gian cdc dang {pattern space) - con duoc goi 1a cau tric (structure). dé la tap cic
ding vé. cic ki¢u dang troeng ¢6 thong tin duge 10 chie sao cho chiing cé thé gép phén phiél
hién mai lién hé gita ciac bién. Néi chung <o chiéu caa khéng gian cac dang cdn it hon s
chiéu cia khong gian dir liéu.

Khong gian ¢éc dac 14 (feature space) 13 khong gian nam gita khong gian dit liéu va
khéng gian phéan 1dp. N6i chung sé chiéu ciia khéng gian dic ta thuding phai it hon nhiéu s6
chiéu cia khong gian dif ligu. Van dé khé khan 1a chon nhiing dac td nao cho di phan anh
nhimg nét quan trong nhat cila doi arong.

Khéng gian phén |6p di nhién phai chifa duge céc 16p ma ngudi nghién ciiu muén phan.
Tuy nhién thuc chat ¢6 bao nhiéu 16p phan biét thi nhiéu khi ngay tir ddu ciing khé xac dinh.

Mét nhan xét ciing nén dé ¥ Ia tinh md khong chi trong khong gian dit liéu mé con nam
trong khong gian cdc dac ta va ca trong cdc thuat todn phéan lap.

2.4.2 Phan nhém vé vai tré trong thuyc té

Theo [17] cac chuyén gia hién dang nghién ciu vé nhan dang m& <6 thé chia theo 4
nhém dé tai chinh:
— Nhan dang tinh cdc déi tagng 3 chiéu. ¢d mau,
— Nhan dang dong cdc doi tugng 3 chiéu. cé mau.
- Nhan dang theo cong nghé hién thi {visual recognition) cac ddi tgng 3 chiéu, cé mau.
— Nhan dang dang cdc biéu hién clia con ngudi (human expressions).

Ai ciing hiéu duge tam quan trong cla cdc dé tai nhan dang cédc dsi tugng dong 3-chiéu
trong quoc phdng, an ninh va nganh vién thim. Nhung ngay 46i véi cdc nganh dan su do
quan trong cua cac dé 1ai nay ciing duoc phan anh qua bang éng két sau cuée tham dd ¢
Kién clla hon 200 chuyén gia hing ddu vé cong nghé mé tién hanh 1989 bdi hai gido su A.
Ishikawwa va T. L. Wilson [17] {cdc con s& ghi trong bang tinh theo 9% cia cdc ¥ kién).

Bang 1

bé tai D& guan trong

Cao | Trung binh | Thap

13 Nhan dang tinh ditng cong nghé mo

— Céc hé robol san xuar diing cong nghé hién thi 84.0 16.0 0

- Céac hé theo d6i wr dong diing cong nghé hién thi 80.8 19.2 0

— (Cac hé van tai robot diing cong nghé hién thi i 429 47.6 9.5
2} Nhan dang dong ding cong nghé mo

— Céc hé robot san xul diing cong nghé hién thi 81.8 9.1 8.1

—~ Céac hé theo dai e déng diing cong nghé hién thi 78.3 13.0 8.7
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2.5 Hé hé trg quyét dinh va bdi todn I8y quyét dinh

Trong phin &p chét nay chiing ta s& danh cho hai 16p bai todn sau: bat dau véi mot he
hé tro quyét dinh mé v sau dé 1a mot mo hinh clia bai todn My quyét dinh tap the.

2.5.1 Céc hé hé tro guyet dinh (Decision Support Systems) da di qua mot chang dudng kha
dai. tir nhimg hé thong tin quan ¥ va nhiing co s dir ligu duge 6 chife khoa hoc va hodn
chinh hon nham phuc vy cho nhi¢u nhi¢ém vu quan trong va thuong la twong doi kho trong
cac doanh nghiép. (di giai doan xay thém cac hé chuyén gia coi d6 1a mot phan heé quan
trong gilip cho ngudi 1ay quyét dinh thém nhimg 1&1 khuyén quy gia.

Dua cdc thanh nru ciia logic mér va nhiéu tri thifc méi c0a 1¥ thuyét tap m vao hé ho tro
quyét dinh 13 mot tiép can tw nhien. Trong giai doan sau nay cac thanh tyu hien dai nay
thutng duge dua vao trong cdc hé héd trg quyét dinh nham gép phan tim loi giai dap cho
nhiél 16p bai toan phiic tap trong cdc tinh hudng cé nhiu yéu 13 bat dinh , nhiéu tri thifc it
xéc dinh. hoac chua duge phét biéu chinh xdc.

2.5.2 D¢ don gian ching ta hay xem bai bdo gigi thiéu vé hé hé trg quyét dinh FOREX

ctia hai tic gia Satoru Fukami (NTT Data Communication Systems Cor.) va Minoru
Yoneda (Mitsubishi Kasei Cor.)[16 .trang 17-66].

FOREX I tén viét tit cha FOReign EXchange dealing support system - mot trong 9 dé
tii chinh trong giai doan 1 (3 nam dau) ctia LIFE nhéam ho trg viéc budn ban trac ddi ngoal
té biang nhitng du bio cde 1y gia hoi doai. dua trén cdc ude lugng bang kinh nghiém cua cac
chuvén gia nham nang cao hiéu qua ciia ca hé théng kinh doanh.

Dé cho hé hoat dong 6 hiéu qua can thu thap cic théng tin s6 { dang numeric data).
cdc dir liéu dang van bang(text data), nhiing gi lién quan tdi céc giao dich ngoai hoi. cing
nhu cic kinh nghiém cta cac chuyén gia. Cac bai todn du bao duge giai quyét chu véu dua
vao 1y thuyét tap mo,

Sau day 1a vai thang tin vé cdu hinh clia hé théng:

— Trudce hét 1ai LIFE da phat trién  LIFE FEShell ( “LIFE Fuzzy Expert System Shell™.
He thong nay di duge sit dung nhu mot moi truomg hd trgf va 14 cong cu tao lap hé
chuyén gia.

— FOREX dugc viét bdi Commom LISP v ngon ngit C.
—~  Phin cang da si dung la mot SUN-4 workstation,

FOREX cong bé boi LIFE nam 1991 da 1a mot hé kha 16n, nd chita 161 5100 luat.
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4 NHAP MON DIEU KHIEN MG

Nguvén Doan Phuie & Phan Xuan Minh
Pai hoc Bach khoa Ha Néi

C6 1€ hau hét moi ngudi hién nay khong ai 1a chua tang nghe dén khai niem diéu khién
md (Fuzzy contral) cling nhur tén cdc thiét bi diéu khien duge tich hop dua wén nguyén ly
tap m& (Fuzzy set). Nhimg thigt bi 1am viéc rén co s& 1y thuyét 1ap mo hién c6 khap moi
noi trong cudc séng thudng nhat nhu mdy giat Fuzzy, mdy dnh Fuzzy, ban 1a Fuzzy, ndi

com dién Fuzzy ... di gitip cho sy phé théng héa d6 ctia nhitng khdi nig¢m 1y thuyét nay.

Nhin lai quing dugmg da di. ké tr thoi diém ra ddi cla 1y thuyét tap m& vao khodng
gitra thap nién 60 do nhi rodn hoc ngudt My Zahde dira ra nham thay th€, don gidn héa cic
khai niém day tinh 1¥ thuyét clia xac suat, ciia qua trinh ngau nhién, thi cho 16 ngay nay.
diéu khién m& da ¢6 nhitng budc phét trién vugt bac. dong gép khéng nhd vao sy tang
truémg. hién dai hoa cude séng con ngudi. Nhimg khdl ni¢m cla diéu khién mor ma trude
day con mang ddy tinh trint nrong thi nay né da duoc dua viao ngon ngit céng déng nhu mot
su dwong nhién ai ciing biét hedc ciing duge nghe dén mot cach thudmg xuyén nhe céc
phuong tién cha thong tin dai ching nhu bdo, dai. truyén hinh quang céo .... Su phat trién
nhanh mang tinh vizot bic cha diéu khién mé c6 nguyén nhan cia né:

— Tt nhat 1a trén co so suy luan md, nguyén 1y diéu khién mé da cho phép con ngudi ty
dong hoa duge kinh nghiém diéu khién cta ho cho mét qué trinh, mét thi€t bi ... . 1o

ra dugc nhitng bo didu khién 1am vige tin cay thay th€ duoc ho song van mang lai chat
lugng nhu ho da timg dat dirge.

— Thit hai 12 véi nguyén tic mé, bo diéu khién téng hop dugc ¢é cau tnic don gian dén k¥
la so v&i nhilng bo diéu khién kinh dién khéac c6 ciing chitc nang. Sy don gian d6 da
déng vai rd quan trong trong viée tang do tin cdy cho thiét bi. gidm gid thanh san
pham.

— Vi cudi cling nhung khong kém phén quan treng cho su phat trién vugt bac doé cia
dién khién md 1a nhitng ci tién lién tiép cha k¥ thuat vi xit Iy, mét cau ndi khong thé
thiéu giita ké1 qua nguyén citu ctia 1y thuyét diéu khien md véi thuc € ing dung.

Trong bai nay chiing 16i mong muén ciing ban doc nhin lai mot cach tong quan cd tinh
hé théng vé nguyén 1§ 1am viéc ciia mot bo diéu Khién md d€ ¢6 thé ty tao ra duge. wr téng
hop duge cac thiét bi iy dong diéu khién trén nguyén 1Y tap ma chit khong don thuan la chi
sit dung chung.

Pé thue hién duoe muc dich dat ra dé. ta s 1an luot di qua céc phén sau:

— Trudc hét 1a sé nghién ciu xem bo diéu khién md lam viéc theo nguyén 1y co ban nao
khac so vai nhiing “b6 dieu khién khong md”. Trong phan nay ta s& lam quen vai cac
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khdi niém duge ding dén & nhimg phéan sau 1 bién ngon ngiz, gia tri ngon ngi. fudt
hgp thanh va ménh dé hop thanh,

— Tiép theo la phan gidi thicu &y thuvét tap mo dudi gd¢ nhin ctia mét ngudi 1am didu
khién. Tai day ching 1a sé tién hanh mé ta chi tét khai niém gid tri ngon ngit, phep

suy dién mo (cdn goi la phép kéo theo) dé o6 thé cai dét luat hop thanh trong bo diéu
khign mé.

— Phan thit ba. chiing ta s& 1am quen v&i thiét bi hap thank c6 nhiém vu thyc hién luat
hop thanh duoe xem nhi 13 mor “phutong cham hanh déng” clia bo diéu khién ma.

- Cudi cung chiing 1a s& cling nhau xay dung mér bd didu khién mé hoan chinh véi
nhitng cong doan bé sung thém bac 20m mir hia va gidi mé.

1 Nguyén ly lam viéc

Trong rat nhiéu cic bai todn didu khién. khi ma dgi nrgng khong thé mo td boi mot mo
hinh todn hoc hoac ¢6 thé mo ta duac song mo hinh cila né lai qua phitc tap. céng kénh,
khong img dung dugc. thi diéu khién me chiém wu thé 16 rél. Ngay ca & nhimg bai toan di
dién khién thanh cong theo nguyén tac kinh dién thi viéc 4p dung diéu khién mo ciing s&
van mang lai cho he thong su céi tién vé tinh don g1an, gon nhe.

Ly do chinh dan 1 suy nghi dp dung logic m& d¢ diéu khién nam & ché trong rdt nhiéu
trudng hop. con ngudi chi can dua vao kinh nghiém (hoac ¥ kién chuyén gia) van cé thé
diéu khién duge doi tchmg cho db d6i tuong 6 thong sd'ky thudt khong ding hode thuong
xwyén bi thay doi ngdu nhién vé do dé mo hinh todn hoe cua déi tuong diéu khién hhong
chinh xde. 46 1a chua néi (61 cliing ¢6 thé hoan foan sai. Viec digu khién theo kinh nghiém
nhur vay. 6 thé bi danh gid 13 khéng chinh xde nhir céc yéu cau k¥ thuat dé ra (vi du nhu
diéu khién 61 wul, song da gidi quvét duoc van dé udc mat 13 vin dam bao duge vé mat
dinh 1inh céc chi tiéu chét luong dinh truéc.

Ta hay xét mot vi du don gian 1a diéu khién
mic ntrde. Hinh 1 mo 1a nguyén 1¥ cla bai toin.
Khong phu thuge vae luong nude chay ra khoi binh = —
ta phai chinh van cho lrgng nudc chay vio binh vira Nude vao
do dé sao cho muc nuéc trong binh 1 & luon khong
doi. Tat nhién rang bai todn diéu khién nay da dugc
gial quy€t rat don gian va ta 6 thé bat gap no trong
ahiing thiet bi gia dinh thong dung. Nhung & day 1a
dé cap lai né r phuong dién diéu khién mo dé
théng qua dé hiéu 3 hon vé ban chat cia mot bo
dieu khién m.

Hink 1: Digu khién muc nude,

Hinh dung b6 diéu khién 1a con ngudi. Viy thi con ngu#i sé didu chinh van dong/mo
nuée vao nhur the nao?. Ta cé thé dua vao kinh nghiém d¢ ndi rang ho s& diéu chinh van
Theo bon nguyén tac nhar sau:
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a)  Néu mue nuoc la thap nhiéu thi van & miic do md to.
b)  Neéu mue nwoc la thap it thi van & mic dé6 m& nho.
c) Neéu muc nude 1a cao thi van & Vi tri dong.

d)  Neéu mue nuwde la du thi van o vi tri dong.

Mot bo diéu khién 1am viéc theo luat nhu trén dé thay thé con ngudi sé dugc goi la b6
diéu khién mo. Khac han véi nhitng phuong phap kinh dién, diéu khién m& khong cén dén
mo hinh toan hoc ctia déi tugng.

Bon nguyén tac diéu khién trén. trong diéu khién m& dugc goi la bén ménh dé hop
thanh. Kinh nghiém diéu khién muc nuée chung gém ca bén nguyén tac dé duoc goi la
ludt hop thanh.

Bén canh hai khdi niém luat hop thanh va ménh dé hop thanh vira dugc trinh bay, trong
vi du vé bon nguyén tac diéu khién ta con thdy nhimng tén goi khac nhu muc nude va van.
Chiing chinh la céc tin hiéu vao (muc nudc) va ra (van) cia bo diéu khién (ma & day la con
ngudi). Nhimg tin hiéu vao va ra nay duoc goi chung lai thanh bién ngén ngiz.

Méi bién ngon ngir lai ¢6 nhiéu gid tri. Chang han trong vi du trén thi:

— bién ngon ngit mue nwde c6 bon gia tri 1a thdp nhiéu, thap it. di. cao.
— hodc bién van c6 ba gia tri 14 to. nho, dong.

Nhirng gia tri nay cua cac bién ngén ngir duoc goi chung lai 12 gid tri ngon ngiz.

..... B

AN |

siIso 4
O . B6 diéu o&ituong
—— xhien diéu khién

Cam bign
{Sensor)

Hinh 2: Phan nhom cac bé diéu khién theo sé tin higéu vaolra.

Nhu vay. bo diéu khién md c6 thé dugc hiéu 1a mot bo diéu khién 1am viéc theo nguyén
tac tw dong hod nhiing kinh nghiém diéu khién cua con ngwoi. Nhitng kinh nghiém nay
phai duoc dic két lai ludt hop thanh gébm nhiéu ménh dé hop thanh v6i ciu tric chung
nhur sau:

Néu ot=A; thi fB=Bj. (1
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trong do o# 1a bién ngon ngit dau vaoe. B Ja bién ngon ngit dau ra, 4, , i=1.2, ... 1a cdc gid tri
ngon ngit cia bién ot va B; . j=1.2. ... la cdc gia tri ngon ngit ctia bién B.

Mot bo diéu khien md chi cd mét tin hiéu vao ra nhu 1a da xét duge goi la bo diéu khién
SISO (Single Input. Single Qutput). Song tal nhién mot bo diéu khién mé khong nhat thiét
la chi cé mat tin hiéu vac va mét tin hiéu ra. N6 ¢6 thé 6 rdt nhién tin hiéu dau vao ciing
nhu cé nhiéu tin hiév ra. Nhimg bé di¢u khién m& cé nhiéu ddu vaojra nhu vay dirgc goi la
bo di¢u khién MIMO (Muiti Input. Multi Output). N6i cach khic cling gi6ng nhu mot be
diéu khién kinh dién, mot bo diéu khién md ciing ¢6 thé ¢é nhiéu tin hiéu vio va nhiéu tin
hiéu ra. Ta phan chia clning thanh cac nhém:

— Nhom bo diéu khién SISO néu né chi ¢é mot dau vio vi mot dau ra.
— Nhém MIMO néu chiing ¢é nhidu ddu vao vi nhiéu din ra.
— Nhém bo diéu khien SIMO néu né chi c6 mot dau vao nhung nhiéu dan ra.
— Nhom MISC néu chiing ¢é mdt dau vao va nhiéu daura.

i

Hinh 2 mé ta truc quan cdc nhém bo diéu khién mé nay.

NEéu o= A] thi &= Bl Néu dlell va - va "‘m:Alm thi 8= Bl

Néu ot=A,, thi B=B, Néu ot;=A,, VA - Vi ot,=A,,, thi =B,

” B i B
A 58180 |5 T | MISO |
e
dﬂr
A,
B,
| | MISO NéU oby=A,, Vi - Vi ot =A,,, thi B,=By, vi - va B,=B,
d'“‘l" l N

. Néu ot =A,, va - Vi ot, <A, thiB=B,, vi - v2 B,=B,,,
miso | %s

Hinh 3: Luat hgp thanh |4 b nac cla b diéu khién md.

Néu mér bo diéu khién mo ¢é nhiéu tin hién vio/ra thi trong (ing ménh dé hop thanh

¢hia nd ciing phai c6 nhiéu bién ngon ngir vio «#; . ¢4, . ... o, vh nhiéu bién ngdn ngit ra
By B . ... B, Ting bién ngon nglt d6 lai ¢ nhiéu gia trj ngon ngit. Taky hieu 4, , i=1.2.
... la mot gid tr] cla bi€n o, , k=12, ..., mciing nhu B, , 1=1,2, ... 12 mdt gid tri cla

bien %,, j=1.2. ... . s thi ménh d¢ hop thamh ctia nd s€ c6 dang
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Né'u d]=Af] Vé. - vAa O!m:A",n thi $1=BI.1 VA - va 36‘=st‘ (2)

B& ndo clia diéu khién mé 12 luat hop thanh. Luat hop thanh coa bé diéu khién me SISO
vdi cdc ménh dé hop thanh dang (1) duge goi la ludt hop thanh don. Nguoc lai luat hop
thanh ¢¢ cac menh de dang (2) cua bo diéu khién md MIMO c6 tén 13 ludt hop thanh kép.

Ta s€ danh riéng cho luat hop thanh MISO ¢é ménh dé theo cau tric:

Néu ci=A; va - vaol,=A;

(213

thi B=B, . (3)

cta bo diéu khién 6 nhiéu tin hiéu vao nhung chi cé mét tin higu ra, mot sy quan tam dac
bi¢t. Ly do nam & chd moi luat hop thanh kép (2) déu ¢6 thé dugc dua vé dang hop song
song ctia nhiéu luat hap thanh MISO (hinh 3).

2 Ly thuyét tap mé trong diéu khién
2.1 Dinh nghia tap md

Quay lai vi du vé diéu khién muc nudc dd néi t6i ¢ phdn 1 vdi nhitng gia tri ngon ngit
thap nhicu. thap it. dii, cao cha bién ddu vio myc nudc. ciing nhir fo, nhd. déng cha bién
dau ra la van. Cdc gia tri d6 s& gay ra nhiéu cdm gidc phan van cho ngudi thiét ké bo didu
khién néu khong duwa vao dé khdi niém tdp mao.

Tai sa0 lai nhu vay?. D€ ta 1&i ta gid st muc nude trong binh hién la 2m va hai ngudi
di€u khién 6 hai quan diém khdc nhau. Ngudi thit nhat thi cho rang mue nuée nhur vay 13
du va do d6 phai dong van trong khi ngudi tht hai thi lai cho rang muc nudc 2m la thdp it
nén phai mad nha van,

Nham thong nhat hai quan diém trdi ngige nhau dé. ta s& dira thém vao gid tri d6 cao
2m mot sé thire trong kKhoang tir ¢ dén 1 dé danh gid mitc do phu thudc ciia né vao hai quan
diém mrén. Ching han dé cao myc nudc 2m sé 1a du véi do phu thudc 0.7 va thap it vai do
phu thuge 0.4, Neu ca hai nguén cling thdng nhat véi nhau rang muc nude 2m khong thé goi
1a thap nhiéu hoac cao thi mitc d6 phu thude cla né vao gid tri thdp rhidu cling nhu vao
gid tri cao s& bang C.

Mot cdch tng quat thi ta phai dua thém vio cho méi mot do cao x bal ki mot s6 thue
Ax) trong khoang [0.1] dé danh gid do phu thudc cla né tng véi fing gia tri ngén ngi.

Viéc dua thém s& thuc x) dé ddnh gid do phu thudc nhu vay dugc goi 1a ma hda gia tri 13
x. Ta di dén dinh nghia:

Binh nghta: Tap md 12 mot tap hop ma mai phan 1 co ban x clia nd dugc gdn thém mot gi4
tri thue g(x)e [0,1} dé chi thi d¢ phu thudc cla phin ur d6 vio tap da cho. Khi do
phu thugc bing 0 thi phan tit co ban d6 s& hoan toan khéng thudc tap di cho. ngugc
lai v&i dé phu thudc bang 1. phin oF co ban s& thudc tap hop véi xdc sudt 100%.
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Nhu vay. tap m& la 1ap hop cla cde cap {x, g(x)). Tap kinh dién IJ ctia cic phan tir x
durge goi 1a tdp nén cia 1ap md. Cho x chay khép trong tap hgp U, ta s& cé ham g(x) <6 gia
i 12 88 bat k¥ treng Khoang [0.1]. uic 14

g U=j0.1]

va ham nay duoc goi la ham thudc.

Vigc g(x) cd gia i la s6 bar k¥ trong khoang [0,1] 12 diéu khac biét co ban giiia tap
kinh dién va tap m&. G 1ap kinh dién A, hiun thude gix) chi cé hai gid tri:

1 néu xc A

Mix) ={ (4

0 néu xe A

Chinh do ¢6 sy khdc biét 46 ma 1a ciing ¢é nhiéu cong thitc khidc nhau cling mé ta cho mot
phép tinh gtita cdc 1ap m&. DS la nhing cong thifc ¢6 cling mot gid tri néu ham thuoc gix)
thoa man (4).

Nhu d3 néi, bat c1f mot ham g = U—-[0,1] cling déu cd thé la ham thudc cliia mét tap
m& nao ¢6. Song trong diéu khién, véi muc dich sir dung cdc ham thuéc sao cho kha nang
tich hop ching la don gian. ngudi ta thudng chi quan tam dén ba dang (hinh 4):

—~ Ham Singleton (cdn goi 1a ham Kronecker).
— Ham hinh tam gidc.

~ Ham hinh thang.

Hix) Hix) Haix)
Singleton Tam gigc Hinh thang
| | I
| | |
| | I
| | |
x | X | | x
' ' L' ! ! \;
my ny o iy My my ms Ny m,
Hix)
Hinh 4: Khai niem tap ma
x

Vi du: Thong thirgmg. dé chi mot 1ap ma ngudi ta hay st dung ngay ham thudc #(x) cia tap
m& do. Vdi viéc dua khai niém tap mé. mdi mat gid ri ngén ngd s& 12 mot 1ap mo. Trong vi
du vé diéu khién muc nude. ta s& o6 141 cd 1 bon tap mé cho bén gid tri ngon ngir dau vao:
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~  Tap M3 My gnig,ix) cho gid iri thap nhieu.
— Tap mo 4, tx) cho gid 1 thap it,

— Tap m& gy,;(x) cho gid 1 du

— Tapwnd i, (x) cho gid tri cao.

va do dé ki x=2m thi (hinh 5}

a‘l’!hdb Jrfnéu(x} =0. )ur.'uu('r) =0. )u'thd'p !'.t(x) =04 va )ucﬁ}(x) =0.7.

)
i Hingp n-‘iiﬁu(‘ﬂ Hengp lx) Hai(x) Heoqy(x)
0.7 \ A

0.4 \ /

NS cin)

Hinh 5: Cac gia tri md (ngdn ngir) 2 -
cla bién vao.

Tuong tu. (ng véi ba gid tri ngon ngt dan ra to. nho, déng cla bién van ta cling cd ba
1P MW (3. 50 VA By} nhU hinh 6 mo ta.

H)
#d&ng(y) ﬂnh&b’) .pu-m(Y)

Hinh & Céc giad tri mg {ngdn ngd} cda
bién ra,

v

2.2 Phép suy dién md
2.2.1 Xéc dinh gié tri cha ménh dé hop thanh
Sau khi da mo héa gid tri rd x thong qua tap md gix) thi bude tiép theo Ja ta phai thye

hién nhitng nguyeén tac diéu khién da cho dudi dang ménh dé hop thanh. Ching han & bai
toan diéu khign muc nude 1a viée thuc hién bén nguven tic:

4y Néu mue nwde = thap nhidu thi van = to.

by Néu mue nwoe = thap it thi van = nho.

cy  Néu muc niede = cac thi van = ding.

d)  Néu mue nwde = dii 1hi van = déng.

Chiing déu ¢6 chung mét cau tric don:

Néu of=A thi B=B. {5)
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Goitapmocua gid ri A la g4 tx) vacia B 13 gg(y). Vay thi meénh dé hop thanh (5} sé
chinh la phép suv dién:

A=RB hay Halx) = tgly) (6)
Phép suy dién (6) 1a mot phép tinh c¢6 d6i 58 x nén né ciing phdi c¢6 mot gia tri cu thé
Khi mié do6t s6 x, nic la g4 (x) da cho trudc. K¥ hiéu gia tri clia phép suy dién 1a g, 5(v) thi
o 1ap kinh dien. n6 s& duge tinh 0r g2,(x), f5(y) nhir sau:
HBampgly) = falx)-fply} (7a)
hoac
Ha=ply) = min{f,(x) , pgiy)) (7h)
S& di cd hai cong thifc trén ciing duge sit dung cho tap kinh dién ma khong gay mau

thudn 1 vi v&i x . v thda man (4). ca hai cong thifc dé déu cho cling mor gia tri, néi cach
khac chiing 1i tuong duong.

Tép kinh dién Tap mé

HAxY p(y) = minf{ f,(x) | fp(y)) Halx) pip(y) # min{ gy (x) , pp()}

Vi tap mO 1, (x). fply) thi digu d6 6 khdc mat chit. Hai cong thifc rén s€ cho hai gia
11l m& ¢d clng nén vdi tap mo B nhung véi hai ham thuge khdc nhau. Vay thi phai bo cong
thiic nao 2. Cao tra 161 that khé. va vi kho tra 16i nhu vay nén nguoi ta da dé nghi l1a khong
bo v ¢6 thé chon mot trong hai cong thiic trén. cdn chon nhu the nae 1a do ngudi thiet ké
bo di€u khién nr quyét dinh:
— Néu chon cong thisc (7a) thi ta ndi phép suy dién mé dé 1a {udt suy dién Prod.
— Nguge lai néu chon (7b) thi phép suy dién ma cé tén 13 ludt suy dién Min.
Sau khi da chon duge mét cong thiic thue hién phép suy dién 14 Prod hay Min thi khi
cho trude gia tri 18 xq 6 ddu vao ta luon cé duoc mot gid tr cho phép suy dién A = B. Gid

tri d6 Ja tap md c6 ham thude 4o 5(y) ciing nén véi B va dugc tinh nhur sau (hinh 7):

1) Hamsplyv) = H pig(y) néu chon luat Prod (8a)
2} Ha=p(v) = min{H. ugv)} néu chon luat Min (&b}
frong do

H:ﬂ,q(xn)

dugc goi 1a dé thoa mdan déu vao.

Vidu 1: Quay lai bai todn diéu khien myc nudc véi 4 quy tac diéu khién ¢ dang cua phép
suy dién:
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Ry: Néu mue nude = thap nhiéu thi van = to.
R,:  Néu muc nude = thap it thi van = nho.
R, Néu muce nude = cao thi van = dong.

R, Néu mue nuwde = du thi van = dong.

Gia str rang muc nude hién thoi 1a 2m va luat thue hién phép suy dién duge sir dung 1a
luat Min véi cong thitc (8b). Vay thi:

1) Phép suy dién (ménh dé hop thanh) R, c6 gia tri la
HR, (V) =tihap nhicu=te®) = i lypgiy nhigu(2)- Heo) } = 0.
2) Phép suy dién (ménh dé hop thanh) R, cé gia tri 1a (hinh 7)

HR, (¥) = Mehaiy =@ = mind Mypg (2 M)} = min{0,4 , fh,450)}.

H(x) ou'(hdb r'r(x) #(y)

H= g #(2)

x[m]

>

Hinh 7: Xéc dinh gié tri cla phép suy dién (ménh dé hgp thanh) R, (ng vdi gia tri
6 xg=2m tai dau vao.
3) Phép suy dién (ménh dé hop thanh) R4 cé gid tri la
1“33 () :ﬂuuuﬁddng(y) = min{ﬂmo{Z], Juddng(y” =0.
4) Phép suy dién (ménh dé hop thanh) R, cé gid tri 1a (hinh 8)

KR, (¥) =Hi=ging®) = min{f3;(2), Uing)} = min{0,7 | sy, )} = 0.

H(x)

Hinh 8: Xac dinh gia tr cla phép suy dién (ménh dé hop thanh) R, (g vdi gia tri
ré xo=2m tai dau vao.
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Trén day 1a nhing bude tinh thuc hién viec xdc dinh gid tri m& g4 5(y) cla phép suy
dién (6) dé thie hién viée cai dac ménh dé hop thanh don (5) cho mot gid tri 1o xy da biét
rude clia tin hiéu dau vao. Budc 1igp theo. ta s& nghién ciiu viéc thue hien mot ménh dé
MISO:

Néu ofy=4, va - vact, =A, thi®B=RB (9)
clia bo diéu khién ¢6 nhiéu tin hiéu vio va mat tin hiéu ra.

So sanh (3) véi (9) 1a thdy ¢ ménh dé hop thanh MISO (9} c¢é nhiéu tap mé ddu vao con
o ménh dé (5) chi co mot ddu vio. Diéu ndy lam cho ta chua thé sir dung duoc ngay mat
trong hai cong thirc suy dién (8a) hoac (8b) d€ xdc dinh gid tri md w4 g(y) vi chua co
duge mot do thdoa min dau vao H cu thé. Nai cach khic. trude khi sit dung hai céng thic
suy dien (8a) hoac (8b) cho ménh dé hap thanh (9) ta phai ¢ dirge do thda min dau vao H
chung lam dai dién cho (it ca m cac gia tri tin hiéu vao.

Gol Ha, (xp) 1a nhitng ham thude cia céc 1ap md dau vao A, L k=1.2. ... . m ing véim
tin hi¢u vao la ey . £=1.2. ... . m va (v} la hdm thudc cla tap md B tng véi ddu ra & cia
mat ba diéu khien MISO. trong d6 x,, 13 tin hiéu ¢6 & céng vao thit k. nic 13 gid tri cha né s&
thudce tap nén cua tap mé A,. Gia str ring tai ddu vio cita bo diéu khién 6 cdc gid tri 16 x:
k=1.2. ... m. Vay thi méi mot thp md A, s& c6 mot do thoa min riéng

H; =P’Ak(-‘cg) .

D6 thoa min déu vao chung H cho cd ménh dé hop thanh MISO (9) khi d6 s& duge xéc dinh
theo nguyén tic tink hudng xdu nhdt nhu sau:

H=min{H,. Ha. ...  H,} = mm pAk(x}:)_

1<h<m

Khi da ¢6 d6 théa man dau vao chung H thi tap m& w4, p(y) ciia ménh dé (9) iing véi

veclor cac gid tri rd dau vao x}: k=12, ... . m s€ duge tinh thee cong thife (8a) hoac (8hb).
e la:
3 Hamp ) = n}m Ha, (x}:} “Hgl(v) néu chon luat Prod {10a)
1< by
0)  Ha=p ¥) = min{ n}zin ﬂr*.;‘(xi.])‘ﬂﬂty)} néu chon luar Min {10b}
l<k=m :

2.2.2 Phép finh suy dién mé&
Trén day ta da lam quen véi cac cong thite:
— (8a) va (8b) cho ménh dé hop thanh SISO.
= {10a) va (10b) cho ménh dé hop thanh MISO.
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phuc vu viée xdc dinh ket qua coa ménh dé hop thanh (phép suy dién).

Khang bi b6 bude boi chi cé cac cong thite dé, thi mot cach tdng quat vé phép tinh suy
dién, moi dnh Xa fy—p:(0.1]°—[0.1]. néu thda man:

a)  fa=mplH . pg) < H véimoi H. upe[0,1],

b)  pa=p(H . fiy) S fa—clH | pie) v&imoi tig < fin va H e [0, 1],

€} Hamp(H| . lg) € ly—elH, . fig) vl moi Hy < Hy va g €{0,1].

d)  Ha=pl0 | pig) =0 voi moi g €0, 1],

e} Hyoptl. 0)=0,

deu co the duge s dung dé 1am ham thude mé ta cho phép tinh suy dién.

2.3  Phép hgp mé

Tai sac diéu khién lai phai cin dén phép hop cla hai hay nhiéu 1ap md 2. Cau tra 1&i la
vi chi khi d6 1a mdi xac dinh dirge gid tri chung cha mot luat hop thanh gém c6 nhiéu ménh
dé hgp thanh.

2.3.1 Xac dinh gid fri ¢la ludt hop thanh
Xé1 luat hop thanh gém n ménh dé hop thanh:
Ry:  Néuoct=A,; va - vaot,=4;,, thi®B=B, hoac

Ry Néuoct =4y, va - vadl, =4y, thi B=B, hoac

R, Néuot=A,, va - vact,=A,, thiB=B,.

min

Neéu vector cdc gid tri 1o ddu vao x*. k=12, ..., m 13 da biél trudc thi theo cong thic (10a)
hoac (10b), méi mét ménh dé hop thanh trong luat hop thanh trén s& cé'maot gia tri 13 mot

tap mo K; voi ham thude up (y)z;rAr.:,B(y) =12, ... n. Viluathop thanh dang xét cé n
ménh dé hop thanh nén 1a cling ¢6 & day n tap md R, . Van dé dat ra & day 1a tr n tap ma R;.
1=1.2. ... . n d6 ta phai xdc dinh ducc tap md két qua chung R cho toan bé luat hop thanh
theo phép tinh hop céc tap mé R;:

R= |JR;. (11)

Ly do cho viéc «ir dung phép hop la vi cdc ménh dé hop thanh trong mért luat hop thanh
dugc lien két véi nhuu bang toin ut "Aode”.
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Giong nhir da lam véi phép suy dién. dé thuc hién cong thiie (11) cho n tap més R, ta
bat dau v&i tap kinh dién. Cho hai tap hop kinh dién A vi B. Goi g,(y) va Hig(y) 14 nhing
ham thuge cua ching. Vay thi tap AUB la két qua hop cua hai tap rén sé cé haim thule

[I néu yeA hoac ve B
Mgy} :1

0 néu ved va veB

Ham thude 4, 5(y) ndy cé thé duge suy ra iir hai hiyn thude

) [1 néu wveA va ) 1 néu yeB
)= ) d )= ,
Hal: 10 néu yg A He 0 néu yeB
béng mét trong hai cong thiic:
B Haup(y) = maxifay). tglv)} (12a}
9 fraop®) = mind L g+ 500} (12b)
vl chiing la wong dirong.
Tap kinh dién Tap mé

max{ gy (v). Lp(y)t = min{ 1. g+t } | max{g, (), ()} # mind 1, g4t +Hg(y)}

Khi A va B khong phai la tap hop kinh dién nita ma Ja hai tap m& thi do cdc ham thuoe
Halx) va ggly) cua chiing khong con la ham hai tri 0 hoac 1 nén tinh twong duceng clia (12a)

va (12b) cing mat Ngudi thiet ké b diéu khién m& phai tir quyét dinh 14y che minh 1a nén
str dyng cong thiic nao:

1) Neéu sir dung cong thifc {12a) thi ngudi ta néi phép hop cdc tap md da duoc thue hién
theo {udt Max (cuc dai).

2) Neu str dung cong thifc (12b) thi ngudi ta néi phép hop cdc 14p md da duoe thuc hién
theo ludt Sum ((Ong).

Vidu 2: Tro lai bai todn ban dau 1a diéu khién muc nude vaéi luar didu khién da bist
Ri: NEéu mue nuie = thap nhiéu thi van = to.
Rs: Neu mue niwtdge = thap it thi van = nho.
Ri:: Néumuce nwde = eao thi van = déng.
R Néumue nuve = du thi van = dong.
Sau khi di xayv dyng duge cac ham thude (mue 2.1%:
) Hpap anica 0 My (00 fgalx) g, ()
D) Betgug ) g Hy, (v}
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mo ta cho nhiing gid tri ngon ngir ctia cic bién vao/ra va nhat 13 sau khi da chon luat Min
cho viéc thuc hién phép suy dién thi ing v6i muc nude hién thai 2m ta da co dugc cac két
qua sau clia 4 ménh dé hop thanh trén (muc 2.2.1):

a)  Phép suy dién thdp nhiéu = to: Hp (¥)=0.
b)  Phép suy dién thdp it = nho: Hp, () =min{0,4 | u.,-(y)}.
c)  Phép suy dién cao = déng: Up,(y)=0.
d)  Phép suy dién di = déng: MR, (¥)=min{0,7, fzs,. ().

Budc ti€p theo la ta phai xic dinh tap md chung cia ca 4 tap m& trén dé lam két qua
Hg(y) cho luat hop thanh tng v6i muc nude dau vao 2m. Néu chon phép hop mo Max véi
cong thire tinh (12a) thi (hinh 9):

Hr(Y) = max{0, ug,(y).0.up () } = max{ MR, (¥) . R, (¥) }.

M)

ﬂd‘dng(y) Hyg (}’)

Mg y)

Hinh 9: Xac dinh gia tri ma cua luat
hop thanh.

2.3.2 Phép finh hop cdc tap mé

Muc 2.3.1 da glm thiéu hai cong thiic tinh hop ctia cac tap mo. Mot céch tdng quat thi
moi ham g : [0,1)*—[0.1], déu c6 thé duoc sir dung dé€ xac dinh ham thudc cho AUB néu
chiing thoa man:

a) M, y)=uly, x).

b)  px, )< pu, v)néu x<u va y<u,

©) Mx, py.2)) = pu(x, y), 2),

d)  u(0.,x) =x.
trongdéx. y, u, v, z€[0,1].
Vi du 3:
D paop(Y) =p4() + pp(y) —4 (x)p(y). (Téng truc tiép)

2) puoply) =—HA+Hp(G)

i (Téng Einstein)
L+ ua(y)+ug(y)

3.) (}’): max{/JA(y}.,uB{y]} khi mil‘{ﬂA(J’),ﬂB(J’)}z
) Hau 1 khi min{u,(y).45(y)}#0

Cha y: Khac véi phép suy dién. phép hop hai tap mé chi c6 nghia khi chiing ¢6 cling nén.
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24 Gidimg

Sau khi thue hién dugc xong viéc tinh gid tri luat hop thanh {(nguyén iy diéu khién)
chiing ta thu dugc két qua i tap mé tig(y) ciing nén véi tin hiéu ra. K& qua dd chua thé Ja
mot gia tri thich hop dé diéu khién. Chang han nhu & bai todn diéu khién myuc nude, tuy
rang da xac dinh duge két qua cua luar diéu khién 12 1ap md c6 ham thudc #z(y) cho muc
nudc 2m nhu & hinh 9, 1a vin khéong biét duge phai chinh van nude nhu thé nao. néi cach
khac ta vin chua biét phai diéu chinh van méot géc ma la bao nhiéu?

Cong viée xac dinh mot géc ma van cu thé, hay ndi mét cach 16ng quét, viéc xdc dinh
MOt gid tri 10 y, 1 tap md fgpy) cla nd, ducc goi 14 gidi ma. Gia tri 1d vg xdc dinh duge cd

thé duoc xem nhv "phdn ti dai dién xing ddng” cho tap md.

Cin cd theo nhiing quan niém khac nhau vé phdn 1z dai dién xing ddang ma 13 s€ co
cc phuong phap gidi m& khic nhau. Trong diéu khién ngudi ta thudng hay s¥ dung hai
phuong phap chinh. do la:

— phuong phép diém cuc dai
— va phuong phap diém trong tam.
2.4.1 Phuong phdap diém cyc dai
Tu tuéng chinh ¢ia phuong phdp gidi md diém cuc dai 1a tim trong tap m& ¢é ham

thudc g (y) mot phin 1 rd v, véi do phu thude 16n nhat (cd xdc sudt thudce tap md Idn nhat
trong & nhitng phén 6F con lai). e 1a:

Yo = argmax Hp(y). (13)
Tuy nhién. do viéc 1im v, theo (13) 6 thé dira dén vo s6 nghiém (hinh 10) nén ta phai

dua thém nhimg yéu cdu cho phép chon trong s6 cdc nghiém 46 mot gia tri y, cu thé chdp
nhan dwge. Nhu vay. viéc giai mé thee phuong phdp cuc dai s€ gém hai budc:

— xdc dinh mién chira gid i 15 v Gid tri rd v, 13 gia tri ma tai ¢6 ham thuoc dat gid tri
cuc dai (bang do thoa man ddu vao H). tire 14 mién

G={yeY | pgly)=H |.
— xdc dinh y, ¢é thé chap nhan duoc tir G.

Trong vi du o hinh 10 thi G 1a khoang [y . v.] cha tip nén cha R.

Trong truomg hop ¢6 v 8 nghiém cha (13) thi dé€ tim y, ta ¢6 hai cdch:
1) Xdc dink diém trung binh:
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Néu cdc ham thuse déu 66'dang tam gidc hoac hinh thang thi diém y, xdc dinh theo
phuong phdp nay sé khong qua bi nhay cam vai sur thay doi ctia gid tri 15 dau vio x, do
d6 rat thich hop véi céc bai todn ¢6 nhiéu bién dé nho tai diu vio,

2) Xdc dinh diém can trdi hoge phdr:

yo= inf (¥] hoac y,=suply).
yeG ye(r

Theo phuong phap gidi m& nay va néu cic ham thude déu ¢ dang tam gidc hoac hinh
thang thi diém y, s& phu thudc tuvén I[np (trong mot 1an can) vao gid tri 16 xy tai diu

Vao,

Hinh 10 : Giai ma bing phudng phap cuc dai.

2.4.2 Phuong phdp diém trong tam
Phuong phap di¢m trong 1am s& cho ra két qua v, 1a hoanh d¢ ciia diém trong tam mién
duge bao bdi truc hoanh va dudng gzg{v) — hinh 11.

| vug()dy
J (14}

8
Yo =S
" [ur(ndy
8

v8i S = suppip(y) = {v| g(y) % 0) 1a mién xédc dinh clia tap ma R,

He(y) Hr(y)

¥

Hinh 11 : Giai md bling phudng phap diém trong tam.

bay 1a phuongg phép ua duge sit dung nhat, N6 cho phép ta xdc dinh gid tr v, v6i su
tham gia cua tat ca cc tap md ddu ra cha luat diéu khién mot cach binh dang va chinh xic.
Tuy nhién phuong phdp nay lai khong dé v duge 6i do thoa man cia meénh dé diéu khién
cOng nhur thoi gian tinh lau. Ngodi ra mot trong nhitng nhuge diém cd ban ciia phiong phip
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diém trong tam 1a cd thé gia 1ri y, xdc dinh dugce lai c6 do thudc nho nhét. tham chi bang 0
(hinh 11 bén phai 12 mort vi du minh hoa).

Phuang phép diém tigng 1am cho thiét bi hap thénh Sum-Min

Xét mot luat hop thanh cé n ménh dé. Néu tap mdo dau ra fgly) clia né duge xdc dinh
VG
- ludr suy dién Min (cong thitc (8b) hoac (10b)) va,
— luat hop Sum {cong thic {(12b)).

thi ngudi ta néi lg(y) da duoc tinh theo quy tac Sum-Min. Mot luat hop thanh c6 kém theo
quy tac tinh Sum-Min duge goi 14 thiét bi Agp thanh Sum-Min.

V&i quy tac Sum-Min. vi nén khong cédn phai dé y tdi gia tri cuc dai ciia ham thusc
khong dugc 1én hon 1 (vin dugc ap dung trong thyc € Gng dung cha diéu khién md) thi gid
ri m& fg(¥) dan ra chia luat hop thanh s& chinh 12 téng clia o gid i mo ddu ra yp ().

i=1.--.a cha ting ménh dé hop thanh.

HRY) = f,ug,.(_v)- (15)
i—1

Thay (15) vaoe (14). sau d6 ddi chéd cita tdng va tich phan cho nhau (hoan toan ¢é nghia,

vi i6ng va tich phan déu hoi ) thi céng thifc tinh y, s& dugc don gién nhu sau

_ i=1 -
Yu = =

[ w i h
J L im0y Uﬂﬁ;fﬁd}’] 24

§i= sl 3

JLy iﬂR,- (y)de [IJ’.HRJ (y)dy] iMi-
8 =1\ 5 _

trong do

M, = [yug(ydy vi  A=[up(dy, i=l..n.
5 s

Hinh 12: Tap md cd ham thude hinh thang.
L

X¢ét riéng cho cdc ham thude pg (v dang hinh thang nhu trong hinh 12 thi
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Mk %(3??’11 —3m1 +h‘_ —(I +3m2b+3m1a) (lﬁd)
A, =%{2m2—2m1+a+h)_ (16h)

Cé mot dicu dac bigt o day ban doc nén chi ¥ 13 tuy cong thic (16a) duge din ra véi
gid thi€l rang phép tinh thuc hién luat hgp thinh 1a Sum -Min song trong thuc 1€ né van
dugc ap dung ngay ca khi luat hop thanh duge thuc hién theo Max—Min (thuc hién hgp mo
theo luat Max va suy dién m& theo luat Min).

Vi dy 4: Quay lai bai todn diéu khién muc nude. Khi ddu vio c6 gid tri 16 12 2m ta 4 tinh ra
duge gia 1) mo cua luat hop thanh (nguyén tac diéu khién) theo Max—Min v61 ham thuoc:

HpW) = max{ up, (¥). ug, (¥}

cho trong hinh 9. Hinh 13 biéu dién lai ham thuéc dé mot cich chi tiét hon véi cic gidatricu
thé ciia né.

Nhur dd néi. tuy rang gp(y} duge xdc dinh theo luat Max—-Min nhung dé giai mo véi

phuong phap diém trong tam ngudi ta van thudng sit dung cong thite (16). Tir hinh 13 ta suy
ra duoc

a)  Vdéi hinh thang HR, (y)
M,= E}i (3-4°-3-1%+(5.3-4) "~ (1-0)"43-4-(5,3-4)+3-1-(1-0)) =7. 5.

A.=T()4 2 1+(1-M+(5,3—4N =

by V&1 hinh thang Hp, (9

M= 9% (3-8°-3-5.3"+(10-8)"~(5,3-4,6)*+3-8-(10~8)+3-5,3-(5,3-4.6)) =19.9.

-1

As= 0.

3 T(Q 2:5,3+(5,3-4.6)+{10-8)) =2,8.

Hinh 13: Xac dinh gia tri 16 cla tap ma.
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Phudng phap dé cac

Dac biét hon nita & phuong phép diém trong 1am, 1a néu cdc ham thudc cha tap me ddu
ra lai co dang singleton véi
1 néu y=y
up (¥) = ~
0 néu y=y
thi de
H; néu y=y,
HR (¥) = .
0 néu y=zy;

ta SE cO

ZJ’;‘Hi
J’[:zi:l . (7)

i

2H,

r=1

Cong thie (17) ¢6 tén goi 1a cong thifc tinh x4p xi y, theo phuong phdp d¢ cac v nd
cling thudng duge sir dung khong chi riéng khi tinh gia ui juat hop thanh theo quy 1ac Sum-
Min, ma cbn cho ca nhilng quy tac khic nhw: Max-Min. Sum-Prod, Sum—Min, ...).

3 B& diéu khién mg
3.1  Cédu tric mét bo diéu khién ma
Do ban chat Ja mot bo diéu khién thue hién luar hop thanh
R;: Néuot=A,, va - va of,=A4,, thiB=B, hoac

R,:  Néuot =4, va - va of,=A,  thiB=B, hoac

R, Néuct;=A,; va - va of, =A,, thiB=B,.
nén bo diéu khién me phai cé ba khau co ban gém (hinh 14):
~ Khau md héa cé nhiém vu chuyén d6i mét gid tri 8 ddu vao

ggz(ug k=120, . m),

trong dé ky hiéu ug khéng ¢ nghia la 14y thira 0 cta x ma do chi 13 ky hiéu chi réng
nd la gia tri rd coa tin hidu dau vao thit &, thanh vector

g{:(;fﬂm_(ug). k=12.....m)}

cho ménh dé hop thanh thit i (7=1.2. ... . r), 1tic 12 gid ri 16 Gng v3i tap m& A, ;.
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— Khau thuc hién luat hgp thanh. cé tén goi la thiét bi hop thanh, xir ly cdc vector 4 ;.

i=1.2.....nvachora gid tri m& R v&i ham thudc gg(y) cua bién ngdn ngit dau ra.

— Khau gidi m&. c¢6 nhiém vu chuyén déi tap m& z(y) thanh mot gia tri rd y, chdp nhan
duge cho déi twong (¢in hiéu diéu chinh).

Bé diéu khién m& MISO

R,:Néu - thi -

Mo

Giai mao

héa [*|R,:Néu - thi-- [

Hinh 14: Cau truc bén trong cla
mot bo diéu khién ma.

3.1.1 Mé héa
Nhur da gi6i thiéu, mo hoa la su chuyén déi gia tri 16 déu vao uo= (u , k=12, ... m).
thanh vector g;=( ‘u‘d‘ki(ug)' dé tén co so dé xdac dinh dugc do thoa man dau vao

H,= min uy, (uy) phuc vu cho cong téc suy dién (hinh 15):
1<ksm’ ki

R; N&u@=A; va - va @,=A,, thi¢=Y,.

Don gian la vay, song kinh nghiém cho
thay day 1a mot bude khé khan nhat khi phai kﬂ(u)
thiét ké mot bo diéu khién ma. Ly do 1a vi dé
md hoa ta phai cé dugc cic ham thudc biéu
dién gid tri ngén ngt cho bién dau vao ma
diéu nay lai khong thuéc han vé nhiém vu
nghién ciu cta 1y thuyél tap md lai cling
khong hoan toan c¢6 dugc trén co s kinh Hinh 15: Xac dinh d6 thda man dau vao.
nghiém diéu khién (v kién ctua chuyén gia).
Mac dii 1y thuyét m phat trién nhiéu, da dang,
dua dugc dén nhitng thuat toan xac dinh gid tri luat hgp thanh ciing nhu chinh dinh céac
meénh dé hop thanh (chang han thong qua céc trong s6) rat hiéu qua, song nhimg keét qua
nay lai dua vao gia thiét 1a da phai c6 tap m& (ham thuoc). Chuyeén gia thi nhiéu nhat cling
chi ¢6 thé cung cap dugc ¥ kién vé mién xac dinh cho céc tap md. Vi cong viéc mo héa nam
giita chimg nhu vay nén viéc thiét lap cdc ham thuéc cho tap md hoan toan do nguoi thiét ké
dam nhan.
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Ban than t@c gia bai nay cling gap rét nhiéu khé khan khi phai giai quyé&t budc mé héa.
Tham chi. cho db da “tinh ¢&” chen duoe cac ham thube mét cach cé hiéu qua cho cong
viée diéu khién thi ciing vin khong giat thich duge mot cdch can k& 1y do tai sao. Bai vay
néu sau nay ¢é mudn nang cao chat luong cua bo di€u khién théng qua sira déi ham thuodc
thi Khong biét phai bar dau tir diém xuat phat nao.

Tom lai. chuyen nganh diéu khién mé con thi€u nhiéu su hd irg tiy phia 1§ thuyét cho
cong viec md hda clia nd va thiél nghi d6 13 manh dit con khi hoang so dé cac ban yéu diéu
khi€n mo khai pha né.

3.1.2 Thiét bi hop thanh

Thi¢t bi hgp thanh duge higu 1a su ghép néi chung gilta bdn than néi dung luét hop
thanh va thudt todn xde dinh gid tri mo cua ludt hop thanh khi biét trude gié tri rd ctia tin
hiéun ddu vao.

Thiét bi hop thanh duroe goi bing ten cia quy tic thyc hién luar hgp thanh. Trong diéu
khién ta ¢6 4 thiét bi chinh. D6 l1a:

1) Thiét bi hgp thainh Max—Min. néu:

a}  Phép suy dién duoc thie hign véi luat Min: Ha=g(y) = min{H, ug(y)}.

b)  Phép hop mé& dugc thue hién theo luat Max: fyg(y) = max{ft,(y), f(y) ).
2} Thiét bi hgp thanh Max—Prod, néu:

a}  Phép suy dién duoc thuc hién véi luat Prod: Ha=p(y) = H fig(y).

b} Phép hop m& duge thuc hién theo luar Max: Haop() = max{ g, (v), gp(»)}.
3} Thiét bi hop thianh Sum-Prod, néu:

a)  Phép suy dién duoc thuc hién véi luat Prod: Ha=p() = H up(y).

b)  Phép hop m& duoe thuc hién voi luat Sum: Haup(y) = min{ 1, jy(y)+ug(v)}.
4) Thiét bi hop thanh Sum—Min, néu:

a)  Phép suy dién dugc thuc hién v6i luat Min: Ha=p(y) = min{H, ug(y)}.

b} Phép hop md duoc thyc hién vai luat Sum: gy 5(¥) = min{1, Ha(y) g0 )

bé tien cho viec thé hién noi dung luat hgp thanh trong thiét bi, ngudi ta thidng khong
biéu dién luat hop thanh duéi dang cde cau van nhu ta dd biét ma thay vao dé la bang. rat
thich hop khi cai dat vé6i ki€u cdu tric dit ligu dang mang (array). Chang han nhu thay vi:

Ry:  Neu mue nuwde = thap nhidu thi van = to, hoac
R,: Néu mutc nuwde = thap it thi van = nhé. hoic
Ry Néu mue nude = cao 1hi van = dong, hedc

R Néumue nude = du thi van = ding,

ngudi ta lai bi€u dién thanh:
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van

| |

ue nio . s v ; »
thap nhiéu thap it cao du

to

nho

dong

Theo cach biéu dién luat hop thanh dudi dang bang nhu vay, bang cia mot luat hop
thanh MISO véi m dau vao, mot dau ra sé cé m+1 chiéu. Dé giam s& chiéu xuéng con m

ngudi ta sir dung luén céc 6 trong bang biéu dién gia tri ngén nglt cho tin hiéu ra. Vi du:

Rll

Rig:

Néu #,=ZE va ,;=NB thi @=NB hoac,
Néu #,=PS va #,=NB thi @#=NS hoac,
Néu #,=NS va @#,=NS thi %=NS hoic,
Néu #,=ZE va #,=NS thi ¢Y=NS hoac,
Néu #,=PS va #,=NS thi #=NS hoac,
Néu #,=PB va #,=NS thi Y=ZE hoac,
Néu #,=NB va #,=ZE thi %=NB hoac,
Néu #¢,=NS va #,=ZE thi @=NS hoac,
Néu #,=ZE via U,=ZE thi Y=ZE hoac,
Néu #,=PS va @#,=ZE thi ¢=PS hoac,
Néu #,=PB va t,=ZE thi ¢/=PB hoic,
Néu #,=NS va #,=PS thi %4=PS hoac,
Néu #,=ZE va «#,=PS thi ¢#=PS hoac,
Néu @, =PS va @,=PS thi @/=PS hoac,
Néu #,=PB va ,=PS thi @=PS hoac,
Néu #,=NS va «,=PB thi @/=PB hoac,
Néu #,=ZE va @#,=PB thi %=PS hoac,

Néu #(,=PS va {,=PB thi %=PB.

s& duoc thé hién dudi dang bang nhu sau:

a,

Aty
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3.1.3 Khdu gidi md

Day la thanh phan cusi ciing trong bo diéu khién md c6 nhiem vu xéc dinh mét phdn or

vo lam dai dign cho tap m& R ¢6 ham thuoc Hg(y), trong dé pp(y) 1a két qua diu ra cha thiét
bi hop thanh. Theo nhr muc 2.4.2 thi ngudi ta thudng xdc dinh yq nhu sau;

1)

2)

3

3.2
3.2

¥o=sup{v|y = arg max Hr() |, phuong phép diém cuc dai bén phai.
x
vo=inflyly = arg max Hr(v) ], phuong phdp diém circ dai bén tréi.

[yur(ydy
-5
T S
{ gty
8§
rong tam).

¥ - V01 .5 = suppip(y) 1a mién xac dinh cia 1ap mo R (phirong phap diém

Thiét ké b diéu khi€n mé
1 Céc budc thyc hién chung

Gia thiél rang, ngudi thiét k€ da thu thap di céc kinh nghiém ciing nhu vy kién cia

chuyeén gia va muén chuyén né thanh bo diéu khién thi phai tién hanh cdc budc sau day:

2)

3)
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binh nghia tat ca cac bién ngon ngir vae v ra, dé ciing chinh 1a céc tin hiéu vio/ra clia
bo diéu khién.

Binh nghia céc tap mé (gid tri ngon ngin) cho rimg bi¢n vao/ ra, nic 1a thuc hién céng
viéc md hoa,

Xay dung luat hop thanh.

Chon quy tac thuc hién tuat hop thanh (thiét bi hop thanh). hay con duoce goi 1a déng
co suy dién.

Chon phueng phdp gidi mé.

Trong qud trinh thiét ké. ta cdn luu ¥ may diém sau:

Khong nén thiet ke bo dicu khién m dé gidi quyét mot bai toan 16ng hop ma cé thé dé
dang thuc hi¢n bang cdc b diéu khién kinh dién (bo diéu khién P. - PL - PD, - PID. bo
diéu khién trang thdi) thod man cic yéu cdu dat ra.

Khong nén thiet k&' bo diéu khién mo cho cdc hé théng can do an toan cao (diéu khién
10 phan ing hat nhan. di¢u khién cdc quy trinh cong nghé san xudt héa chat ...).

Do nguyén 1y lam viéc ciia b diéu khién mé 1a sao chép lai kinh nghiém diéu khién
cua chuyén gia nén luén phai nghi téi viéc bd sung thém cho bd diéu khié€n mé cac kha
nang tr hoc dé thich nghi duoc véi sy thay déi ciia dsi tugng. Théng thudng ngudi ta it
khi yéu cau mot cich khiat khe 1a hé théng diéu khién tr dong phai ¢ chat lugng cao
nhdt ma thuong 1a chi tiéu bén vimg. Tuy réng sao chép lai nguyén 1y diéu khién ciia
chuyén gia, nhung néu nhu da duge chuan bj va duge 161 ru hod mdt céch khéo 1éo, cac
bé diéu khién mds s& c6 kha nang 1am viée bén vilng hon. linh hoat hon cd chuyén gia.



3.2.2 Quan hé truyén det

Quan hé truyén dat clia bo diéu khién 1a mo hinh todn hoc mé 1a quan hé y=f(u) gita
vector cac tin hiéu vio ¢ {¢) va tin hiéo ra y(¢). ¢ day ching 161 da khong goi quan hé
v=f(w) cha hé mi 1a mod hinh vho/ra nhu trong diéu khién Kinh dién van thuang goi ma thay
viao d6 1a khai niém quan ké truyén dat. L do don gidn chi ]2 dé nhén manh rang ching ta
sé khéng bi bat budc phai ¢ me hinh khi thiét ké mot bo dicu khién mo.

Néu dd khong cin mé hinh thi tai sao ta lai dat ra van dé nghién cfu quan hé truyén dat
y=f(u) cha he md?. D6 1a dé phuc vu viéc phén tich ddnh gid chat lugng hé md. Hon nita
doi khi trong thuc 1€ ta van thudng hay gap phai bai 104n thiel k&€ mot bo diéu khién mao cé
v=Ff{u) cho trudc.

Nhin lai titng khéau clia bé diéu khién mo goém céc khau mé héa, thiét bi hop thanh va
giai md trong hinh 15, thi thdy rang trong quan hé truyen dat, gid tri yg=y (£y) tai thal diém
t=t, & dau ra chi phu thude vio mot minh gia t wo =w(#,) cha ddu vao tai diing théi diém
dé chir khong phu thuoe vao céac gia 1ri da qua cia tin hiéu w(¢), tdc la khong phu thudc vao
tich phan hay dao ham cla w(f). Nhu vay y=£(u) 12 mot ham dai s& va do dé bo diéu khién
md thue chat Ja mot bd didu khién (phi tuyén) tinh.

Quan hé truyén dat f(u) clia bo diéu khién m& vdi m dau vao, mot dau ra (MISO) va
Juat hgp thanh goém » ménh dé hgp thanh

Rl Né’u (a1=AL1 va - Vé. (Ilm=A3m th‘l (y=Y'. 1=l,2, vee L H

& nhan dugc thong qua thuc hién viée ghép ndi céc anh xa:

a)  wor>» H = min sy (u) ctakhau md héa, rong d6 1o = (uf k=12, ....m)]a
l€k<m
mot gid tri rd s dau vao, A, k=12, ... m. i=1.2. ..., n 13 cdc 1ap mO Ung vdi n

.

gia tri ngén ngi cho timg dau vao.

b)  H;> pp (y) cua phép suy dién.
€) R (¥} > fply) cta phép hop ma.

d) gy} Hy,clakhao gidi mé.

Vi du 5: Xét ba dién khién mé 6 luat hop thanh:
R,: Néuw=dm thi Y=nho _ hoac,
R,: N&u # =khong thl H=vira hoac,
R;: Né&u - =duing thi H=to.

trong do cic gid tri ngdn ngit dm. khéng, duong cia bi€n v nhé, vita, to cua bién 9 cho
trong hinh 16a) vi 16b). Néu bo diéu khién mé& duge cai dat véi thiét bi hop thanh
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Max—M:n va giai md theo phuong phip diém trong tam thi né s€ ¢6 quan hé hop thanh cho
trong hinh 16¢).

Hinh 16: Minh hoa cho vi du 5.

Néu céai dat mot {uat hop thanh gdm n ménh dé hop thanh vdi thiér bi hop thanh
Sum—Prod va giai m& theo phuong phap diém trong tam. thi bo diéu khién thu dugc s& cé
guan hé truyén dar:

H . 0.
Z[J YHR,(Y) min gy, (uy)dy

!‘=] 5

=1 g

Yo = G .
< : a
Zl]ﬂ& (» [min gy, g )dy]

3.2.3 18ng hop bé diéu khidn cé quan hé truyén dat cho truée (13)

Bay gidr 1a s& xét bai todn téng hgp mot bo diéu khién me SISO khi biét trude quan hé
truyén dat y=£(w) cila né. Day 1a bai toan thudng gap khi ma ta da 4p dung phuong phép
kinh dién dé phan tich h¢ théng va da dén duge mo hinh todn hoc can phéi ¢ cho bo didu
khién.

Rieng cho trudmg hop y=f(u) tyén tinh tmg doan (gdy khvic) thi thuat todn téng hop
&€ gom cdc budce nhu sau:

1} Xac dinh céc diem gay khiic (u ;. v,), k=1, 2, ... .n clay=f(u).
2) Dinhnghian tap mdiuvaoc A,. k=1. 2. ... .n ¢6 ham thuge w4, (1) dang hinh tam
gidc véi dinh 1a di€m u, va mién xédc dinh |3 khoang [u,_,, 4.1} trong d6 cho A, va

A, thicdc diém w. u,, ., c6 thé chon tily ¥ mién 13 théa man Uo<uy VAU, > U,.
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3} Xdc dinh n tap m& ddu ddu ra B, k=1, 2, ... .n cd ham lién thuoc Hp, (W) dang
ham Singleton dinh nghia taiy,. k=1, 2. . .n .

4y Dinh nghia tap n ménh dé hop thanh

R,: Néum=A; thigg=B,. i=1.2 .. .n.

L

Nhu vdy méi mot gid tri 16 dau sé tich cuc duge 2 ménh dé.

5} S dung nguyén tac do cao dé giai md.

Vi du 8: Xét vi du vé dudng y=f(1) cho trong hinh 17. Puding nay ¢é 6 cap diém gdy khiic
{uk,y;‘,), k:]_. 2, ,6‘

AY
Yg[~=7 7" "7 = !
YiYa~ "5 ' T !
Wy Uy Ug E ' LU
i ‘: ‘: u3 U5 Uy -
: 1 1
T Y3
Hintk 17. Budng dac tinh v=F(u} cho trude. P
[ |
1 1
""""" ¥1.¥2

Hinh 18 biéu dién cac ham lién thuéc vio ra cia bo didu khién md cé dudmg dac tinh
¥=f{u) da cho trong hinh 17.

Luat hop thanh ciia bo diéu khién gém 6 ménh dé:

Ry: Néurwr=A, thigy=R, hoac.
R, Néuwr=A,thiyy=8B, hoac.
Ry Néurf=A;thiy=RB, hoac,
R, Buf=A,lthiy=RB, hoac,
R;: Néu#=A, thiy=B, hoac,

RG . Néu = AE: thi r{;: BG‘

z
®
X
P..I
=

1
d
1
7}
‘_‘;
Uy uy uy LN iy Ug Y15¥2 Y2 ¥iT¥s ¥

Hinh 18: Ham lién thuge cla cac bién ngdn ngi vao ra minh hoa cha vi du 6.
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Mo rong ra. néu dudng y=£(x) khong ¢6 dang gy khiic, nhung tron thi ta ¢6 the xdp xi
né bang mot dwdmg gay khiic y= F(u) i dp dung thuat todn trén dé tim bé diéu khién mo

6 quan heé truyén dat y= f(u). Do moi duong tron y=f(u) déu c6 thé x4ap %1 bing mét
dudmg gay khiic (trong mot khodng kin. gidi noi) véi do sai léch nhod tiy ¥ nén ta cé thé
khang dinh:

Binh ty: Néu cho trudc mot ham tron g=g(x) trong mot mién compact C va mét s6 £ duong
nho my ¥ thi bao givr ciing 16n tai mot bo diéu khién md cé quan hé truyén dat
y=f(u) thoaman sup|g —» | <E.

vel
Thuat todn trén va nhu dinh 1y vira néu ciing duge phéat biéu mét ciach hoin toan tuong

e cho ham nhiéu bién y=f(x) dé tong hop bo diéu khién md MISO khi biét trnrde quan hé

truyén dat ciia nd.

3.3 Céu tric bo didu khi€n md théng minh (4,10)

Nhu da ndi, mét trong nhitng tiéu chi hang dan thuéng duge quan tam Kkhi thiét ké ba
diéu khién Ia tinh tr thich nghi véi su thay d6i cia déi tuong. Trong thyc €, hé ur thich nghi
dirge sir dung nhiéu vé nhiing vu diém cila né so vdi cdc hé thdng diéu khién théng thudmg.
Kha nang tr chinh dinh lai cdc thong sé clia bo diéu khién cho phil hop véi d6i tuong chua
biét rd da dua h¢ ar thich nghi trd thanh mét ké diéu khién théng minkh. So vdi nhiing bo
diéu khién kinh dién, bo diéu khién mé& co )
rit nhiél‘l tham s& nén mién_l chin’h dinh che Ch G Nhan dang
hé mé dinh hudng thich nghi {a rat 16n. l l lo tham s& [

3.3.1 Thich nghi tryc ti€p va gién tiép w

Bb diédu Jd o pai |,y

Heé théing diéu khién ca ban cia hé thich T~ khién tugng
nghi hoan toan gidng nhu cac hé théng didu

khién mach vdng thong thuong. Cic tinh
chat cua déi tugng dudi tic dung cia diéu
khién, thuémg dugce tién hanh nhan dang qua

Hinhk 19: Diéu khign thich nghi truc tiép

hé¢ kin hoac théng qua céf: dai lugng dac Phigm ham
trung cua hé nhir do qué diéu chinh cuc dai. ™ mue tigu  [*
thoi gian qua diéu chinh cue dai. binh T
phuong sai 1éch. tich phan sai s8 tyér doi r—
Chinh dinh
Mach vong thich nghi cho hé diéu khién ¥ ,| Bédiéu Béi tugng 4'_3;
md hoac khong mé déu duoe xay dung trén 2 f - khien
phuong phap:

. ) Hinh 20 Didu khign thich nghi gian tiép
Phuving phdp truyc tiép: thue hién qua
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viéc nhan dang thudng xuyén cde tham sé cta d6i tuong rong hé kin (hinh19). Qua trinh
nhan dang théng s6 cha d6i tugng ¢d the thire hién bang cach thudng xuyén do trang thai
cuia tin higu vao/ra cba déi wrong va chon mot thuat todn nhan dang hop 1y. Tat nhién la
phai di kém vdi gia thi€t Fa mé hinh déi tuong da biét trude (vi du nhu d6i trong ¢6 mé hinh
cua mét khau gudn tinh bac mot ¢é tré vh cic tham s& K,,T, can dugc nhin dang). Mo
hinh cia dgi tugng ciing co thé 13 mé hinh md. Mé hinh m& 1a mo hinh biéu dién dudi dang
cau diéu kién: Néu ... thi ... hoac dudi dang ma tran quan hé R (ma tran biéu dién luat hop

thanh}

Phuong phdp gidn tiép: thyc hién thong qua phiem ham muc tiéu clia hé kin xay dung
dua tén cdc chi tiéu chat luong. Chat lugng cia hé thdng duoc phan 4nh qua céc tham s6
cla phigém ham muc tiéu, Phi€m ham muc tiéu c6 thé duge xay ding dua trén cac chi tiéu
chat lugng dong cia hé théng nhu d$ qué diéu chinh cyc dai. thdi gian quéa diéu chinh, céc
chi tiéu & mién tan 0. do rong gidi thong tn. bien do cong hudng hay céc tiéu chuin tich
phan sai lech va cling ¢6 thé xay dung nhiéu chi tiéu trong cling mot phiém ham (hinh 20).

3.3.2 B& didu khién md ty chinh cdu tric

Cdc bo diéu khién md thich nghi ¢6 kha nang chinh dinh cac tham s6 clia tip md (cac
ham thudc) goi 12 b6 didu khién me tw chink (Self-Turning-Controller). Bo didu khién md
c6 kha nang tr chinh dinh lai cdc ménh dé hop thanh (uat diéu khién), vi du chuyén tir

Né&umt= ... thiyg=NS§
thanh
Néuwr= . thi=ZE

(stra d6i phan két luan) duoc goi la b6 didu khién mé tu chink cdu tric. Trong trudng hop
ndy, hé théng cé thé bat ddu lam viéc v6i cdc luat da dugc chinh dinh hodc véi bo diéu
khign con chira du cdc luat diéu khién. Cic luat diéu khién cén duge b3 xung thém sé duoc
1hiét lap trong qua trinh hoc.

Tom lai, bo diéu khién md& tw chinh dinh cdc luar diéu khién duge goi Ja bo diéu khién
ma ty chinh céu tric. Bo chinh dinh duge thiét ké dam bao ddu ra 13 gid tri hiéu chinh ciia
tin hiéu diéu khién « () (tin hiéu ra clia b diéu khién). D€ thay déi luat diéu khién trude
1ién 1 phai xac dinh duge quan hé gilta gia tri duge hiéu chinh & diu ra ctia bo diéu khién
v6i gid tri bign doi & ddv vio. Do vay can cé mé hinh thd clia 461 rgng, mo hinh nay diing
d¢ tinh todn tuong g v4i mot gid (ri dau ra can dar cia bo diéu khién. Dua trén tin hiéu ra
imong mudn va tin hiéu vio teong 1ing ciia bo diéu khién cd thé xdc dinh va hiéu chinh cac
nguyén tac diéu khién. cdc nguyén tac nay dam bdo chat luong diéu khién clia hé thong.
Mét can hoi duge dit ra 13 nhitng gid tri néo cia tin hiéu didu khién u (£) s& [Am cho chal
lrgng cia hé thang xau di?. DE tra 131 duge cau hoi ndy phdi xdc dinh duge dic tinh dong
hoc cua he théng. Dai véi nhitng doi nrong bac cao ¢6 thdi gian tré 16n ¢6 thé o thai gian
chinh dinh cham. con déi véi cdc hé thong bic thap ¢6 thai gian tré nhd yéu cav thai gian
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chinh dinh nhanh. Tém lai. viéc chinh dinh chi ¢é ¥ nghia khi qua trinh chinh dinh kél thiic
trude khi hé thong két thic qua trinh qud dé.

3.3.3 BO diéu khién md tu chinh ¢6 mé hinh theo dbi

Mét hé ty chinh khong nhimg chinh dinh tnre tiép tham s6 cua bo diéu khién ma con

chinh dinh c¢a tham $6 cha mé hinh déi wong duge goi Ii bo wr chinh ¢6 mo hinh theo dai
{Model Based Controller MBC). Vdi bo diéu khién nhu vay hé mé khong chi sit dung cho

quéi

la =

trinh diéu khién d6i tuong ma con phue vu che qud trinh nhan dang déi nrong. duac goi
mé hinh déi tuwong md”. He w chinh ¢6 mo hinh theo déi da dugc ap dung trong hé¢

thong diéu khién dutmg rtau dién ngdm & Sendai/Nhat ban va trong cac hé thong diéu khién
mirc. cdc hé thong ma mute do kho thuc hién do hang s6 thai gian cham 1ré gay ra.

doi
I}

2}

3)

Bé diéu khién mo cd mé hinh theo

MBC bao gém ba thanh phéin chinh: Cue tigu M5 hinh
. . phiem ham | | "

Mo hinh cé doi nrong ma (thudng muc fiéu dai tugng
¢d dang quan hé). duoc xdc dinh ‘ ‘1

N . - . .. Tham sd . =
trong khi hé thong dang lam viéc clia bo Bo dieu Baj .
bang cdch do va phan tich cic tin ~ déuknién E khién tudng
hi¢u vaofra clia déi rwgng. Vi mo

hinh cta déi wong gidn tiép xdc
dinh céc luat hop thanh cia bo diéu
khién do vay bo diéu khién MBC
ciing chinh 13 bo diéu khién mér tr chinh céu tnic.

Céc chi uéu chat hrgng duge st dung trong phiém ham muc dich thudng dugc dua duéi
dang ham lién thude. Thi du nhu trong hé thong.diéu khién mitc, dé chénh so véi mifc
mong mudn duoc bigu dién bang ham lién thuge dang hinh tam gidc, trong d6 dinh cia
tam gidc chinh 13 gia tri miic mong muén. Néu cin t6i uu ddng théi nhiéu phiém ham
muc dich, ¢4 thé 16 hap céc chi tiéu irong ting theo todn 17 lién két min.

Lua chon tin higu didu khién u tir tap hop clia cdc tin hiu diéu khién xdc dinh tir mo
hinh d6i tugng va dam bdo chi tiéu chdt lugng nao dé ctia hé théng 6t nhat.

Hinh 21: Digu khién thich nghi c6 mé hinh theo dai.

Nhiing bai todn thiét ké theo cau tric nay thudng gap khi:
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Nhimg théng tin vé mo hinh doi trgng con rat it khi bat ddu qua trinh didu khién. Bai
vay théng thuong qué trinh nhan dang phai bat ddu véi ma trn quan hé “réng". Theo
kinh nghiém cla cdc phuong phép cii thi nén bat dau véi moé hinh clia déi nrong duce
nhan dang & hé hé duge goi & mé hink ban déu.

Trong nhiing tnrdmg hop dic biét. & giai doan ddu do thiéu thong tin vé d6i trgng nén
cac quy€t dinh diéu khién khong thod man duge phiém ham muyc tiéu, hay nét maét
cach khac 1a khong thoa man duge céc chi tiéu chat lugng dat ra. Trong nhilng trudg
hop nhu vay nén thiét k€ thém mot bo diéu khién phu véi chiic nang it nha 12 giit cho
hé théng lam viéc 6n dinh cho dén khi meé hinh d6i rong md duge xac dinh hoan toan.
Don gian nhét 1a nén giir lai gid tri tin hiéu diéu khién u (¢) cua budc trudc do.



3.3.4 B6 diéu khi&n md lai

B¢ diew khién mo lai (Fuzzy-hybrid) 1a mot bo diéu khién tr déng trong dé thiét bi
diéu khién bao gdm hai thanh phan:

a)  phén thiét bi diéu khién kinh dién.

b}  va phdn bo diéu khién m.

Phan 1én cédc he thong diéu khién e R EE R T R P .
miy 1aj 1a h¢ thich nghi, nhumg khéng I___)_ Ba dige | A E
phai moi hé lai 13 hé thich nghi. Vi du R 2 khign md !
mot hé thong diéu khién c6 khau tién E P> Iﬁ
xlr 1§ dé w chinh dinh tham s& b ! 1 | B&didu + !

diéu khién mt fdn khi bat ddu khoi khién kinh BGi tugng
tac hé thong, sau do trong suét qud 1 dién ¢
trinh lam viéc cdc thong s6 dé khong
duge thay dbi nifa. thi khéng thuoce
nhém cic hé thich nghi. Hoac mat
trirdng hop khéc, hé théng mé tinh "tr
thich nghi” cua thiét bi diéu khién duge thuce hién bang céth dua vao su thay déi cua doi
tugng ma chon khau diéu khién c6 tham s& thich hgp trong s6 cdc khau cling cdu triic nhung
vai nhimg tham s& khéc nhau da duge cii dat dr trude, ciing khong duge goi 1a hé diéu khién
thich nghi. Tinh "ma var nhdm tudng ia thich nghi" clia cdc loai hé théng nay dugc thuc
hién bang cich chuyén cong tic dén bo diéu khién c6 tham s6 phiy hop chir khong phai 1y
chinh dinh lai tham s ctia b diéu khién dé theo diing nghia clia mot bo diéu khién thich
nghi da dinh nghia.

<y

Hinh 22: M6t vi du vé c&u tric hé md lai,

Hinh 22 1a m&t vi du vé hé md lai.

Do ban chat bo diéu khién md chi 1a mot bo diéu khién tinh, nén d€ mang thém tinh
dong vao cho nd ngudi ta thudng phai sir dung cau triic bd diéu khién mé lai. Sau day 1a mot
vii bé diéu khién mé lai. thich nghi da dugc itng dung trong cong nghiép [4,9,16,17]:

— Thiét bi kiém tra céc cong cu truyén déng.

~ Bo diéu khién cau treo.

— Bo diéu khién mdy dap khuén va déng hop thudc vién.
~ Bé phan tich va xtr ly ti€ng néi.

—  B6 xir 1v dir liéu do mifc bang séng cuc ngan.
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5 PIEUKHIEN UGC LUONG VA MO HINH TREN
CO SO DIEU KHIEN MO

Phan Xudan Minh & Nguyén Dodan Phudc
Pat hoc Bdch khoa Ha Not

Hai thap kv cudi clia thé ky XX. véi su phat trién manh mé clia cong nghé thong tin
nhét la k¥ thuat vi xu 1y va cong nghé phian mém da dat nén mong cho viéc ing dung hé
théng diéu khién thong minh vao cdc nganh cong nghiép. Cac hé thdng diéu khién thang
minh duge xay dung trén co s& tri tué nhan tao da gidp cho con ngudi cé kha nang ché ngu
dugc nhing d&i tMgng ma trude kia nrdng chimg nhir khong diéu khién durge. Mot trong
nhitng hé théng diéu khién théng minh dé la hé théng diéu khién mé, hé thdng diéu khién
dugc thiét ké dua trén co s¢& 1edn hoc 12 logic mé do Zadeh dat nén mong.

Diéu khién md duoc chia thanh hai 1ép bai 104n didu khién dé 1a dién khién udc lugng
m& va mé hinh mé. Diéu khién udc luong mé dirge 4p dung cho cdc bai toan diéu khién ma
doi twong diéu khién ¢é md hinh khéng chinh xac hoac khong dng minh hay ndi mot cach
khac la lugng thong tin vé déi tugng khong ddy du. trong khi mo hinh mé 13 bai toan xay
dung mé hinh cho d&i tugng theo phuong phip mé.

Nhimg thuat todn diéu khién méf dang dugce quan tam va di dat duge nhiing ké1 qua kha
quan trong nhiéu iing dung cong nghiép dé la:
—  Diéu khign Mamdani (MC-Mamdani Conirol)
— biéu khign m rugt (SMFC-Sliding Mode Fuzzy Control)
— Diéu khién tra bang (CM-Cell Mapping Control}
— Piéu khién Takagi/Sugeno (TS-Control)

— Diéu khién TakagifSuganc vdi phuong phdp tuyén tinh hod ctia Lyapunov

1 Piéu khien Mamdani

Céch thdc 1am viéc cha cdc bo diéu khién md FC theo kiéu nay hoan toan dya trén kinh
nghiém cna cac chuyeén gia. Vi khong thé xay dung dugc mo hinh cua déi tugng mot cach
chinh xdc nén khong thé thiét ké bo diéu khién theo cic phuong phdp thong thuémg. Tuy
nhién van ¢é thé thiét ké theo nguyén tac sai léch bang cdch cai dat ¢6 chen loc cac luat
diéu khién cho bo diéu khién md FC. Nhur vay moi hoat dong cla déi twgng dugce diéu kKhién
théng qua cac luar diéu khién (Control Rule). Nhin nhan theo quan diém diéu khién, mot hé
théng nhu vay khong thé thod man dugc cdc chi tiéu chat luong dat ra cho hé théng. bé
khac phuc nhugc diém trén, trong qud trinh diéu khién ¢é thé két hop xay dyng mé hinh
todn hoc gan ding cho daéi nrgng theo luat ma.
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bicu khién ude hrgng con goi la co ché suy dién Mamdani duge sir dung trong trudmg
hop ca ménh dé nguyén nhan va ménh dé két qua déu 1a cdc gid tri méy. Mot luat diéu khién
nhir vay duoc biéu dién cho mét hé SISO nhr sau:

R;: Néu x=LX" thiu=LU"
va cho moét hé MISO bao gom hai bién vao va mét bién ra ¢6 dang sau:
R;: Néu x=P8 va i=NB thiu=PM

Luat diéu khién nay cling c6 the biéu dién dudi dang vector cdc bién vio:

. P!
R;: Neu fmz[ 9] thiu=PM

\x} \NB
P B2 I e e oo oy (PSY -
trong do x=| | la vector bién déu vao ¢ gia tri mo LX'= NEB va bién danra we U co

X
gidrims A LU =PM.
Tham chi ngay ca khi hi€u biét vé h¢ théng cdn rat it van c6 thé thiét ke duoc Tuat diéu

khién # néu nhu 6 duge mot vai v tréng ve trang thdi dong clia hé qua trang thai cllax va
dao ham coa né x .

Thong thuong céc hiéu biét thudmg duge thé hién dudi dang cau tric nén hoadn toan cé
the bi¢u dién bang cdc luat md. Mot luat m& dac trung trong viéc xay dung mé hinh 1a néu
nhu bi€t duge x va dai luong diéu khién « thi ciing xdc dinh duwoc gid tri cla dao ham clia x
theo:

R.: Néu x=LX' vau=LU'thi z=LX’
hay
R.: Néu (v iV =PS NB)T v wu=PM i (x.3)=vM M7

voi x= (xxf LX'= S NB)T. = (2.5)=(vM.PM)T u=LU'=PMe U.

Mot bé diéu khién md trugt (Sliding Mode Fuzzy Control-SMFC) ciing 12 mét bé diéu
khién Mamdani. Mat khédc néu hiéu biét tuong dai vé dsi tugng. vé cdu tric ciia hé thong thi
vin 6 thé ¢6 duoe ahimg kinh nghiém tuong tng dé diéu khién he thong. Hiéu biet nrong
déi vé d&i tugng duge thé hién trong thiét k& 1a ¢6 kha nang xay dung cdc ludr diéu khién
dam bao cho hé théng lam viec moét cach binh thudng. Hay néi mot cach khac. 1a tao ra
duoe bang vao/ra ciia bo diéu khién v cla hé thong ddy di va chinh xdc dim bao hoat dong
binh thubng cua he théng. Déi véi hé thdng d6 chinh 1 bai todn nhan dang tham s6 clia hé
théng.

2 Diéu khién ma truot (Sliding Mode FC)

Phan 16n cic déi tugng phi tuyén bac hai duge thiét ke dua trén phuong phip mat phang
pha. Cdc quyet dinh dién khién duge dua ra dua trén phan tich tin hiéu sai léch efs) va dao
han: ¢0a nd theo thét gian ¢ ().
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Tin hiéu didu khién « tir FC duge xdc

dinh 1ir cac gid i cua sai léch et} va dao v ¢ u ¥
ham ciia nd e (¢) qua cac luat diéu khien mo. FC [*DoituongT—>
Quan diém mo phdng dé thiét ké cdc lu@n - ¢

diéu khién ma nay hoan toan dua rén dudng
chuyén déi (truot) clia hé rong mat phang Hinh 1: HE ma truot.

pha. Diéu d6 ¢6 nghia 1a bo didu khién m

diéu khién (heo kiéu dudng chéo (diagonal form). Mot kha ning thiét k& dé dam bao hé
trugt tron vé diém can bang I dudng chuyén déi dong thdi la dudng quy dao pha coa he
théng (fime optimale trajectory).

Luat diéu khién mo theo dang duong chéo thudng duge biu dién nhir sau:

NB NM NS Z PS PM PB
PB z NS N8 NM NM NB NB P—positiv
PM PS z NS NS NM NM NB N—negativ
P8 ES Ps Zz NS N8 NM NM Z-zero
Z PM Ps ES Z NS NS NM S-small

NS PM PM PS PS Z NS N8 M-medium
NM PR FM EM PS PS Z NS B-g

NB PB PB PM PM PS PS Z

V3i luat hop thanh kiéu:
R: Néue=PS vi ¢=NB thi u=PS

trong dé. chang han nhur PS 12 gid iri m& dwong it (POSITIV SMALL) ciia bién sai lech e.
NB 1a gid 1ri m& dm it (NEGATIV SMALL) cua bién ¢ va PM la gid tri mo dwong vida
(POSITIV MEDIUM) ctia bién diéu khién u. O diéu khién kinh dién, « chi ¢6 mot trong hai
gié tri hodc duong hoac am duge quyel dinh thong qua cdc gid tri md clia ¢ va é. thuc chat
J4 qua ddu cha s=Ae+ ¢ . Nhung trong trudng hop nay tin hiéu diéu khién » duge tao ra c6
nhiéu gia i ma (NB. NM. NS. Z. PS. PM, PB) phu thudc vao diu va khoang cdch | s | gilta
trang thai thuc 1€ cla ¢ voi duding chuyén ddis=Ae+ ¢ =0.

Dé dang nhan thiy rang. phuong phap thiét k€ nay ral gan vén phuong phép thiet ké he
ot ¢6 2iéi han (SMC with a boundary layer BL). dé la mot phuong phap thiét ke bo diéu
khién bén vimg. Diéu khién nuot duge tmg dung trong thiét k€ diéu khién cdc hé phi tuyeén
¢6 mo hinh khong chinh xdc (uncertainties), tham s& khéng xdc dinh vi 1am viée rong moi
truomg ¢6 nhidu tac dong. Sy gidng nhau gilta diéu khién md theo dudng chéo (diagonal FC)
v diéu khién ot cé gidi han(SMC with BL) cho phép ngudi thiét ke tao ra bo diéu khien
md theo dudng chéo hoat déng hoan oan giong nhu bo diéu khién truot ¢d gidl han. va vi
vy bo diéu khi€n mér hoan toan dam bao duge tinh én dinh. bén vimg nhv bé di¢u khién
truot ¢6 gidi han. Bo diéu khién ma thict ke nhur trén duoe goi la SMEC.
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Tuy nhien, cling 6 cau hoi dat ra rang: dudng chuyén ddi cia bé SMFC ¢ dang nhu
thé nao”? Cau tra 1&i hoan 1oan don gian vi thire chdt bg diéu khién trugr ¢ gidt han 1a mot
truomg hop dac biet cita SMFC. Dién khién trugt ¢6 giGi han c6 dac tinh ruyén dat tinh
tuyén tinh va bi gidi han vé hai phia trén va dudi. con SMFC khong nhat thiét phai dudmg
thing giita hai giGi han hoan toan c6 thé 13 dudng cong va cd thé thay déi cho phil hop véi
déi trgng. Vi dy nhu tao ra mot dac tinh déng cho bé théng kin v&i thai gian qua do ngan va
dd qua diéu chinh nhé hoan toan 1 nhimg yéu c4u cé kha nang thyc hién dugc khi sit dung
SMFC. Diéu dé ¢6 thé dat dugc khi hiéu chinh hé s6 khuéch dai cla b diéu khién theo
nguyén 1ac 12 cang xa dudng chuyén déi thi hé s6 khuéch dai cang Ién.

Do cdch thiét ke theo nguyén téc dudmg chéo nén cdc luat md ¢6 thé dinh nghia lai dua
trén khoang cdch | s | giffa vecto trang thai sai léch e va dudng trugt s=4e+ é=0 va gia tri
md ddu ra v cia SMFC duge chon phit hop véi khodng cich nay. Bang cdch thiét ké nhur vay
s€ giam dugc dang ké s6 luong cdc luar diéu khién mos R; dac biét rong céc trudng hop bac
cva h¢ théng cao. Vi du trong truong hop hé bac 2, méi bién trang thai g6m m tap md. néu
theo phirong phip dudng chéo ta phai thiét ke m? luat suy dién m& R, cho bo FC, nhung néu
thiét ke theo phuang phap SMFC thi chi can thiét ké m luat R, 1a do. Tai sao lai ¢é thé thiét
ke nhu vay nhur vay? -Diéu don gian la vi SMFC ¢hi mé 1 lai quan hé giita khodng cédch cia
Vvec 10 trang thdi dén duong trugt va dua trén quan hé do ra tao ra moe gid tri didu khién
phii hop.

Ngoai ra ciing ¢4 thé xay dung céc luat diéu khién md cia SMFC dua trén quan he giita
vee 1o trang thai voi dudng thang muc giao clia dudng truot di qua géc toa do. Luat didu
khién m& trong trudng hop nay duge biéu dién dudi dang:

R: Néue=PS va d=8 thi u=NS

Uit diém ndi bat cita SMFC 13 ¢ ché
khong nhimg tim duge giai phap thuc
hién diéu khién d6i véi s6 luong 1én céc
bai 10dn diéu khi€n ma hé théng ¢6 bo
diéu khién dugc thiet k¢ nhu vay con
dam bao tnh bén vimg. DE lam giam
sal léch tinh cua toan hé & ché do xac
lap. ta tich hop thém vao SMFC mot bo :
tich phan cho cdc doi wong cé nhiéu Hinh 2: Xac dinh khoang céch.
nhiéu tic dong vh ¢6 mo hinh khong
chinh xdc (uncertainly). C3 nhiéu cich khdc nhau dé thuc hién ¥ mréng nay. Ta cé thé tich
hop thém mor bién ngon ngir dai dién cho thanh phan tich phan vao SMFC hoac cé thé thay
ddi ché do truot nhu & trén da trinh bay.

ls]

Y1+ 42

Con mot van dé cin giai quyét nita 1a 6 hod cdce bién vio ctia SMEC trude khi md hod.
Phuong phap s6 hod quyét dinh chat hrong cha b didu khién, né doi hoi phai phan anh
trung thanh dai luong var 1y quan sat dugc i dai twong va dua ra giai phdp chon cdc gia tri
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md 101 wu doi vii cdc bién md dau vao. Giai phdp thong thudng 13 chuin hoa tinh hiéu bang
mot thira s6 &, va tin hiéu diéu khién u, chudn hod dugc xdc dinh tir SMFC cé déu vao
chuan hod. Tin hiéu ra « chinh bing:

u=keu, .

Chon thita s6 chudn hod k. Khéng chi thuan tuy giai quyét van dé chudn hoa cac bién
V2o ma cdn quan trong trong diéu khién thich nghi va chinh dinh mrc tyén cia SMFC.
Dac 1inh dong hoc clia hé kin hoan toan phu thuéc vao dic tinh tinh (mat phang trugt) cia
SMFC. Mat ruet nay duge xic dinh thong qua céc ham lién thuéc clia bigén mda vaofra
chuin hod duge dinh nghia bing cic gid 1ri md cia SMFC. Do vay khi chon thira 6 &, v kg
cén phai i ¥ cdc diém sau day:

1) Chon k, cho tin hiéu diéu khién u phai quan tam nhét dén tinh én dinh va dao dong cla
hé. bdi vi trong thiét ké tinh 6n dinh cda hé théng cé mifc do wu tién cao nhat.

2) Chon &, cla SMFC cin quan tam dén do nhay dugc phan dnh qua viing 1am viéc clia
hai tham $6 s v d cia hé thong. £, ¢6 mifc do uu tién thd hai trong thiét ké.

3)  Chon ham lién thude va qua dé quan hé vao/ ra finh ciia SMEC duge xdc dinh. Quan hé
nay quyét dinh trang thdi m& cfia hé¢ & mién hoat dong cla dudng truet s va tin hiéu
diéu khién md u va cé thé chinh dinh ducc thong qua hé s6 chuan hod &, va kg . Chitigu
chat lwgng nay ¢ nuie do tu én thit ba trong thiét ke.

Vin dé cudi cling ]a thigt k&€ SMFC cho hé MIMO. Hé md SISO duoc coi 1a mot trudmg
hop dic biét cua he MIMO. Mot hé my MIMO 13 hé ¢6 nhiéu tin hiéu diéu khién «; va
nhi¢u bién trang thai ddu vao x; . Day 1a mot hé ma tham s6 cila mé hinh khéng xdc dinh,
hoan toan khic vai hé théng khéng tham s8 (khéng c¢é mo hinh).

Cho doi wigng ¢é mé hinh phi tuyén:

x=f(x)+Bu.

f(x) la véc to ham phi tuyén cla véc 1o trang thai x, « 1a véc to tin hiéu ddn vho va B 1a ma
ran dau vao,

Diéu kién can thiét dé thiét ké duge SMFC dam bao —(B J mmgw
tinh 8n dinh trong trrang hgp tham s6 khong xéc dinh la Flx) -
ma wan B 13 ma tran vuéng dam bao tinh diéu khién
duge clia he vi tén tai ma tran nghich ddo B~ 1. Hinh 3. B8 tugng phi tuyén.

3 Diéu khién tra bang (Cell mapping)

Ngudi dat nén méng cho phuong phdp thiét k€ diéu khién nay 1a C.S.Hsu. Piéu khién
theo bang duge bar ngudn rir k§ thuat tinh v&i nhitng két qua ban ddu la tinh 1odn trang thai
vh khao sat tinh 6o dinh cla cdc hé théng phi tuyén. Nhitng két qud nay da khang dinh kha
nang xay dung cdc mé hinh bang phuong phap udc lugng trén mdy tinh va ngay nay da wd
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thanh mot dinh hudng nghién cifu dirge cdc nha khoa hoc va céng nghé dic biél quan tam.
Nhitng ngudi dau tién img dung phuong phdp diéu khién tra bing vio hé md L Chen va
Tsao. Sau day 1a nhitng uu diém chinh cla diéu khién tra bang:

— Cung cap céc chién luge ar hoe cho FC
— {Cac phuong phap thiét ké FC t6i wu vé mat théi gian.
Y wéng ctia Hsu bit ddu bing viéc biéu dién rot rac he phi tuyén theo phuong trinh:

b+ 1)=f(x (L) ult,)), 4.1

trong dé ¢, la diém thtn gian roi rac ma tai d6 qua trinh tra bang dugce thuc hién. Théi gian
¢ khong nhat thi€t phai triing véi thoi gian cia hé. Théng thudng dé tra bang ngudi ta chia
khong gian trang thdi thanh s¢ lugng xac dinh cic phén 1ir (cell). Méi phan tir biéu dién truc
x; cua khong gian trang théi rrong mién giéi han 5;. duge thé hién thong qua gid tri z;. Néu
chia khong gian trang thdi thanh e¢ phdn . thi ¢ phdn 1w la n—tuple {véc tg} cua
2=(z,.24.....2,)" . Phan khéng gian trang thdi kheng duoc quan tam (ndm ngoai bang)
duoc goi la phan bo di (sink cell). Trang thdi coa hé (4.1) dugc mo phong qua z vdi diém
trong tam x© . Bang tra C duce dinh nghia nhu sau:

2ty 3= Cllz(,)). (4.2)
Tir phuong trinh trang thdi r6i rac clia hé (4.1) diém biéu dién ao cia diém trang thai
x(ty) duge tinh todn v duge xac dinh béng mot phén tr trong bang di duge x€p dat san.
Diéu hién nhién 1a khong phai tat ca cdc diém thude x(t,) trong z(t,,) déu c6 ciing phéan t0r
a0 z (¢4 ). Tuy nhién phan tir do clia diém trang thai wong tam « thi chac chin tén tai.
Mot phan 1r (cell) sau khi tra bang lai chinh 12 né dugc goi Ix phén tir can bang {equilibrium
cell). Tét ca céc phan ni trong khong gian trang thai hitu han duoc £oi 14 regular cell.
Diém manh cila diéu khién tra bang 12 tao ra tin hiéu diéu khién (t;) 14 he thong dén

diém trang thdi mong musdn déng théi thoa min chi tiéu chat luong 6i vu dar ra. Mai mor
phan T trong bang (mo1 cell) ¢6 nhimg tinh chat sau day:

— S6 nhém G{z) quyét dinh s6 phan nr z phu thudc vao mién dir dodn hoac mién hap
dan.

— S8 budc S(z) quyet dinh 56 1dn chuyén déi can thiét dé chuyén tir phin tir z sang phan
1t dir dodn (preodic cell).

- 56 hrong du dodn P(z) quyét dinh & phan tr cau thanh chuyén dong du doan.

Tinh chat nay duge gidi thiéu trong thuat todn tim kiém chuyén dong dir dodn va mién
hap dan.

Ung dung clia phuong phép nay trong dicu khién md théng qua cdc phan tir (cell) ma
trong dé méi phén tr mé 14 trang thai cua hé thong phu thude vao cdc luat cila hé mé uong
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ing. Thém nita mbi mot phan 1r con mé ta mot tic dong dién khién phu thuéc vao luit digu
khién md nrong ing.

Smith va Conner phat trién thuat

N X Bang diéu
todn diéu khién tra bang md. tu khién t&i uu
tuong chinh clia phuong phap 1a
chinh dinh ba diéu khién mé rén co x
s& bang trang thai cha hé. Mdi mot v e [ Badiéu -

¥

2 dlet | 08&i tugng} ¥
phdn 10 trong bang wong tug vdi il khign mo ™
mot téc dong diéu kbién déng thai 1a ¥

diéu khién 181 vu clia mot phiem
ham muc dich nac dé. vi du nhu la
nghiém cia bai tedn 61 uu téc dong

Hinh 4: Diéu khién tra bang theo Smith va Comer

nhanh. Vé&i mot phiém ham muc dich va mot mo hinh clia déi tuong, thuar todn phén i
trang thai (cell state space). phdt ra mot bang mé ta cdc tac dong diéu khién trén co s& qui
dao didu khién 181 . B diéu khién mé FC thire hién tra tir phan tr trang thai ra phan ur
tic dong diéu khién. Ky thuat tra bang tir phan tir nay ra phdn tf kia dd dwoc Takagi va
Sugano sit dung trong viéc chinh dinh b diéu khién caa minh (hinh 4).

Kang va Vachtsevanos da phat

trién shuit todn gan chan dung pha Thudt todin | Kh?.n? giar;:han
trén guan hé gilta phdn 10 trang théi fim kigm l Hhong e

v phan tir diéu khién (hinh 5). Trén Khang gian

quan diém d6. ho da tach riéng biét phén td diéu

khong gian cua cdc phén W trang \ khi:s“ v

thai va khéng gian cha phan ti diéu v ¢ B didu o5 y
khién. Kbéng gian cia phdn 10 Khidnma %i tugng >
trang thai x-cell duge ghi lai rong - Y

qud trinh mé phong véi tin hiéu vao

la hing. Thuat toan tim kiém dam  Hink 5: Diéu khién tra bang theo Kang va Vachtsvanos
bao chinh dinh cac luat clia bo diéu

khién mé sao cho hé én dinh tiém can. NG giai quyet vin dé xac dinh diéu khién t0i
khong phu thuoc vao diém tim kiém dau tién.

Hu, Tai va Shenoi st dung thuac giai di truyén dé thuc hién thuat todn (ra bing. Muc
dich cia phuong phép Ia dé chinh dinh bo diéu khién clia Takagi vi Sugano.

4 M hinh TS trén co s& diéu khién md

Thiét k& bé diéu khién mé trén co s mé hinh bat dau tir nhitng hidu biét trén co so 10an
hoe vé heé thong dé diéu khién he. S8 ¢6 cau hoi duge dat ra: tai sao lai thiét k€ diéu khien
md trong khi cac bo diéu khién kinh dién hoan toan ¢é thé thuc hi¢n nhiém vy dieu khién
nay. Nhitng nguyén nhan dan dén viec thiét ké bo diéu khién md mac di da ¢é mo hinh todn
hoc ¢ia doi aong 14 bai vic
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1) Diéu khién md 1a mét phuong phap diéu khién don gianva than thién v&i ngudsi thiét ke,

2) Diéu khién m& cung cap nhitng chién hrge diéu khién phi tyén, nhitng chién luge nay
€6 quan hé mat thiét vai k¥ thuat diéu khién h¢ phi tuyén truyén théng.

3) Dac tinh phi tuyén tinh clia bo diéu khién mé c6 thé thay d6i linh hoat khi thay déi vj
tri va dang cda ham lién thudc do vay cé thé dé dang &p dung cdc thuat toan thich nghi.

4)  Khd nang x4p xi clha bo diéu khién m& cho phép thiét ké luar diéu khién cho toan bo hé
dua trén co sO trd gitip chi clia vai uat co ban,

5)  C6 the thiét ké bé diéu khién md trén co s& k§ thuat ra bang 1y lé (gain sheduling
technique). Trong trudng hop nay bo didu khién my dugc sir dung nhu mot bé xap xi
luat gira cdc tuat didu Khién myen tinh.

M0 ta hé bar diu tir mé hinh mé sty dung ca khéng gian trang thdi m& vih mé 1 linh hoat
cua hé. Nguyén tic cia hé Takagi/Sugano (TS) cé thé dugc dién giai gua vi du dudi day:
Mot he TS bao gbém hai luat diéu khién véi hai ddu vao x,. x, va mot ddu ray.
Ry: Néux,=BIG vax,=MEDIUM thiy,= x,-3x,
Ry Neux,=SMALL vax,=BIG thiys=4+2x,

Dau vao 16 do duoc la: x,* =4 vix,* =60. Tir hinh 3 ta xdc dinh dugc:
LXgio(x,"}=0.3 va  LXp;s(x,%)=0.35

LXsymars(x,)=0,7 va  LXyeprom(x,*)=0.75
Tir d6 1a xde dinh duoc :
min(0.3 ; 0.73)=0,3 va min{0.7 ;: 0.35)=0,35
Vi
¥1=4~3-60=—-176, Yo=d4+2.4212.
Nhu vay hai thanh phan luat R va R,12 (0,3 ; -176) vA (0,35 - 12). Theo phugng
phap téng trong s& trung binh {weighted normalized sum) ta cé:

_034-174)+035.12 _
0.3+0.35

-7477

0.35

Hinh 6: Minh hoa cho vi du

o g0 100

Phuong phép nay c6 thé mé rong dé biéu dién he dusi dang phuong trinh vi phén, vi du

nhitr mét viing rhidy Lx’ duce ma 1d bai luae:
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R.: Néu x=LX' thi &= A(x")a+Bx (5.1)

[Ludt nay co nghia la: néu véc 1o trang thai x ndm trong ving LX' thi hé théng diurge mé ta
boi phuong trinh vi phan cuc bo %= A(x")x+B(x )u. Néu toan bo cic luat hé théng duge
xay dimg thi cé thé mo ta trang thdi cha hé trong toan cyc. Trong (5.1) ma tran Al va

B(x") 13 nhitng ma tran hing ctia hé thong & trong tam clia mién LX® duoe xdc dinh tir cdc

chuong rinh nhan dang.
Két qua thu duge la:
i=Yw, (AHx+BHu) (5.2)
véiw,(x)e [0.1] 1a d6 thod min di chuin hod ciia x* d6i v6i viing md Lx
Luat diéu khién tuong iing sé 1a;

R.: Néu x=LX" thi 1= K(x")x (5.3)

va luat diéu khién cho toan b¢ khong gian trang théi ¢é dang:

n -
= Zw‘-(x]K(xt)x . (5.4)
(=1
Két hop (5.2) va (5.4} ta cd phuong trinh déng hoc cho hé kin:
= Xw 0w (x) (A +BEHKE)x, (5.5)
Can phai nhan manh rang hé théng duoc mo 1a bng tap cac luat nhu (5.2) 14 méot hé phi
tuyén tham chi ngay cad khi & 1an can trong tam cba ving. Trong thuc t€¢ w; (x) phu thude
vao véc ta trang thai x. Tham chi ngay ca khi w;(x) 1a mét ham tuyén tinh hoad fimg doan

d6i voi véc 1 trang thdi x, thi tich w (x)w;(x) (4 (x)+B(x)K())x & (5.5) vén luon la
ham phi tuvén.

6 M@ hinh trén cd s& diéu khién md véi phuang phdp tuyén tinh hod
cua Lyapunov

Phén nay trinh bay vé hé thong diéu khién bao gém doi niong didu khién cé mo hinh
todn hoc biét trude va bo diéu khién mo FC. Trong trudng hop nay déi nrong va bo dicu
khién dugc mo ta toan hoc & nhitng mifc dé khic nhau. D6i nrgng ¢6 mo hinh khai ddu la:

x=flx,ul {6.1)
va bo diéu khién v&i cdc juat ma:

R.: Néu x=LX' thi u=LU"’ (6.2)

ot
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Hinh 7 : Quan hé truyén dat.

Dé c6 thé nghién ciru vé tinh én dinh, tinh bén viing va giai quyét cic van dé véi hé kin,
nguoi ta phdi mé ta todn hoc déi tuong va bo diéu khién & cung mot mitc do. Chinh vi vay,
ngudi ta chuyén déi céch biéu dién bo diéu khién md biang mé hinh ¢6 cau triic:

u=gx), (6.3)
VOi g (x) 1a quan hé truyén dat (finh) giita vector trang thdi x va vector diéu khién u . Quan
hé truyén dat cung cép thong tin toan bo va cuc bo vé b6 diéu khién. Tir nhiing thong tin nay
nguoi ta c6 thé ket luan dugc hé thong 6n dinh hay khong 8n dinh. Ngoai ra ngudi ta con
cam nhén dugc qui dao trang théi cia hé trong khong gian trang thdi.

Mat khdc, dé nghién citu trang thai cuc bo ciia hé & lan can mot diém dac biét nao dé
ngudi ta tuyén tinh hod moé hinh todn hoc cua hé tai lan can diém dac biét. Vi du nhu hé

(6.1) dugc tuyén tinh hod xung quanh diém trang thai % va véc to diéu khién 12, ta c6
£=fx? uh) A 1) (x-2h)+B % u?) (u-u?) (6.4)

voi A (x? y b= FEu) ypd  dy_ oflxu)
ox ou

tinh tai x=x% va u=u? 1a nhitng ma tran
Jacobi.
Luat diéu khién u dugc xap xi biang cong thifc:
u=ud+K(x%) (x-x%), 6.5)
Véi K(xd) la ma tran hé s6 khuéch dai ty lé. Khi hé (6.1) thay déi trang thi v6i diém dat
trwée x? . thi luat diéu khién (6.5) ciing thay d6i déng thoi véi su thay déi cita x%. Dé thiét

ké luat diéu khién cho hé kin tng véi méi diém x¢ bat ky ngudi ta xdp xi (6.4) bang tap ciia
cac luatmo TS

R Néux%=LX'thi &= u®)+Aa? u®) (x-xH+Bx%,u?) (u-u?)
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Phuong trinh déng hoc cila hé thong cé dang:
fl
x If(:cd, ud)+ Zwi-(xd) A (xd, ud){x~xd) +8 (xd, ud)(u —-ud) (0.6}
i=1
la mot phuong trinh vi phan tuyén tinh vi trong s6 w; chi phu thude vao véc to trang théi x%
mé khong phu thudc vao véc 1o trang thai x.
Tap luat diéu khién tuong 1ing la:
R.;: Neuzd=LX'thiu=u9+K") (x-2% (6.7)
v Juat diéu khién la:
p=u+ S () K (x-x?) (6.8}
i1

Thay (6.8) viao (6.6}, ta duge phuong trinh déng hoc coa hé kin:

i=f? uhDr Swohw,cHacd v Bad wHEE) a-xh. 6.9)

Q=1
Bicu dién A(x'.u ) +B(x' YK () bang ma tran A,; . diéu kién dam bdo 6n dinh

tiém cin cho hé (6.9) 12 tén tai mdt ma tran P xdc dinh ducng luén luén thod mén chi tiéu
chal lugng noi cha Lvapunov

AT P+PA,; <0

V&L A, 1a ma tran Hurwitz, Voi kétqua nay. ngudi ta cé thé nghién citu tinh chat 6n dinh.
bén vitng va gidi quyét nhiém vu diéu khién ddi véi hé kin lan can diém dat tude x4 tuy

chon so véi diém trang thai duoc dinh nghia trude d6é «'.
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6 NHAP MON MANG NO-RON

Nguyén Dodn Phudc & Phan Xudan Minh
Dai hoe Bich khoa He Noi

V&i logic m, tri tué nhan tao phat trién manh mé trong nhitng nam gdn déy 1ao ra co s&
xay dyng cic hé chuyén gia. nhitng hé c6 kha nang cung cap "kinh nghiém diéu khién hé
thdng" hay cdn goi 14 cic hé trg gidp quyét dinh. Tri tué nhan tao duge xay dung dua trén
mang no-ron nhan tao. Sir két hop giita logic m& va mang no-ron trong thiét ké hé thong
diéu khién tu dong 1a mét khuynh hudng hoan toan mdi, phuong hudng thiét ké hé diéu
khién thong minh, mét hé théng ma b diéu khién c6 kha nang duy nhir bo ndo cia con
ngudi, tife 1a né 6 kha nang w hoc hoi. tr chinh dinh lai cho phit hop véi sy thay déi khong
ludng duge trude cha d6i wong diéu khién. Bai giang nay s& trinh bay nhanh nhitng nét co
ban nhal clia mang no-ron nhan tao ciing nhu céc phuong phdp thuimg dimg d¢ huan luyén
cho no.

1 Mo hinh mang nd-ron nhan tao
1.1 Cdu tric mdt no-ron nhén tgo

Mang no-ron 1a sit téi tao bang k¥ thuat nhimg chic nang ciia hé than kinh con ngudni.
Trong qui trinh tdi tao khong phai 1 ¢4 cdc chitc nang ciia bo nao con ngudi cd déu duoc
141 120, mA chi ¢6 nhimg chic nang can thiét. Bén canh dé con ¢6 nhitng chic nang méi
dugc tao ra nhim gidi quyét mot bai todn diéu khién da dinh hudng trude.

Mang no-ron bao gém v6 s6 céc no-ron duoc lién két truyén théng véi nhau trong
mang. Hinh 1 {2 m&t phan ciia mang no-ron

bao gém hai no-ron. s
g Re dau ra cia no-ron 1

Mot no-ron chia dung cdc thanh phin Nhan dugc ndi vdi axon
<O han:

— Thén no-ron duge gidi han trong mét .
mang membran va trong clung 1a nhan. Axon dude ndi vai ré
Tir than no-ron con ¢6 rét nhiéu dudmg
ré nhanh tam goi Ja ré. Chiéu théng tin

— "Bus” lién k&t no-ron nay véi cdc no-

ron khdc ducc goi 13 axon. trén axon Ré diu ra han
o cac dudng ré nhanh. No-ron con cé
thé lién két véi cac no-ron khic qua

. s s ey e Hinh 1: M5t mang nd-ron don gian gém hai
cac re. Chinb vi cach lién két da dang ) 7 mang ngang

i . . : L ng-ron,
nhu viy nén mang no-ron ¢6 doé lién

két rat cao.
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Céc ré cia no-ron dugc chia thanh hai loai: loai nhan théng tin fir no-ron khic qua

axon. ma ta s& goi la ré ddu vao va loai dua thong tin qua axon 16i cac no-ron khéc. goi 13
ré ddu ra. Mot no-ron c6 thé ¢é nhidu ré ddu vao, nhing chi cé mot ré déu ra. Boi vay
néu xem no-ron nhr mot khau diéu khién thi né chinh la khau ¢é nhiéu diu vao, moét ddu ra
(khau MISO). Mot tinh chét rat co ban clia mang no-ron sinh hoc 1a cic dép itng theo kich
thich c6 kha nang thay doi theo thdi gian. Cdc dap ung c6 thé tang lén, giam di hoac hoan
toan bién mét. Qua cdc nhdnh axon lién két 1€ bao no-ron nay véi cdc no-ron khac, sir thay
doi wang thai cda mot no-ron ciing s& kéo theo sir thay déi trang thai cila nhitng no-ron khdc
va do d6 12 sy thay ddi clia toan bo mang no-ron. Viée thay déi trang thai clia mang na-ron
¢6 thé thue hién qua mot qua trinh “day” hoic do kha nang “hoc” tw nhién.

bang mét md hinh toan hoc twong
dueng duge goi 1a mang no-ron nhén
tac. Mang no-ron nhan tao cé thé
duge ché tao biang nhiéu cich khéc
nhau vi vy trong thue 1€ tn tai rat
nhiéu kiéu mang no-ron nhan tao.

Sy thay thé nhimg tinh chat nay

Hinh 2 bigu dién mét no-ron Hinh 2: M hinh mdt no-ron nhan tac

nhan tao gdm m (ré) dau vio x,, .

. X, va mot (ré) daura y. M6 hinh ndy gém ba thanh phin co ban:

1)

2)

Khdu eong: Cac kich thich (déu vo) cla t€ bae no-ron ¢6 thé nang 1dc dong vao mang
membran khdc nhau duge biéu dién qua cdc trong 6 w;, i=1,..., m tuong ing véi
cudng dd kich thich cla timg ddu vao. Tong gia tri cha cdc kich thich ddu vao duoc thuc
hién qua mét bd cong:

y x
X voi w Clex=)| ¢ (L.1)

n
£ = Z Wyx; =W
i=1

T

Il

w Em

Khau tién ddp ing: Dau ra ciia khau cong duge dua dén khau tién dap ing c. Mot
cach don gidn nhat c6 the 1ao ddp iing dau ra la:

c =¢ (1.2)
Nhung d¢é tang do chinh xdc vé dac tinh dong hoc, phil hgp véi nguyén 1y lam viée cla
no-ron rang khi ¢6 kich thich £(¢} ddu vio. thé nang ¢ (¢) cla mang membran tang din
¢6 quén tinh, ngudi ta thay thé (1.2) bang:

Tdf:(t)

+e(t)-¢g = () (1.3)
trong dd ¢, la thé nang c0a mang membran & trang thdi khéng bi kich thich. Dé 1a

phuong trinh dong hoc cia mot khau quan rinh bac nhat v6i hing s6 thai gian qudn tinh
7. Khau tao chific nang dép iing kiéu nay con ¢6 tén la khan BSB.
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Bén canh khau tao dép iing ¢(¢) kiéu tuyén tinh va kiéu BSB cdn tén tai cic kiéu khan
theo kiéu gidn doan. Thudc nhém khau kiéu gién doan ¢6 khau tao dép tng theo ham
Hopfield:

c={_1 khi £<0 (1.4)

+1 khi £=0

3) Khdu tao ddp wng dau ra: Khi the nang c(¢) cla mang membran vuot qua ngudng.
no-ron 5€ o trang thai tich cue:
0 khi ec<qg

v = e ={1 Khi c>cq (1-3)

Tuy nhién, sy chuyén déi trang thdi ctia no-ron tr khéng tich cuc sang tich cuc va
nguge lai thudng 1a qua rinh lién me. Mot trong nhimg khau o mé 13 duge qud trinh
lién tuc d6 12 khau Sigma biéu dién dudi dang ham Fermi:

y =afe) = —— (1.6)
1+e™*

Ngoai ra ngudi ta cdn sir dung nhiéu khau o khdc. chang han nhir:

L+sgn(e) khi |d>1

a)  Khau ludng uyéntinh y = 1.7

g 7 1+c khi |d<b (-2
b} Khau ruyén rinh y=kc, véi & 12 hing s6. (1.8)
¢} Khbau déng dang y=c (1.9}

d) Khau tao ddp ung ngau nhién. Khau nay cho ra gid i ¥ nhi phan (hoac bang 0
hoac bang 1) tai ddu ra. Diém khdc biét so v&i Joai khau tién dinh 12 ham mo ta
khau khéng & dang tién dinh nhu (1.5)—(1.9) ma 1a mot ham thong bido xdc sudt dé
c6 duge y=1tai dau ra. Mot rong dai dién cho mé hinh mé ta khau ngéu nhién nay
la ham Boltzman dinh nghia nhu sau:

1

£
1+e T

ply=1)= (1.10)

trong d6 ¢, 13 gid tri ngudng va tham 6 T la mét dai luong vat 1y bidu dién do
nhay cam cla no-ron.

Tat ca cac dang ham mé té trén cia khau tao ddp ing o déu cho ra dip ting ¥ 12 mét tin
hiéu nam trong khodng rir 0 dén 1. Tuy vay khong bat bude ta phai giit nguyén mién
gid i d6 ctia y. Tity vao timg bai todn ung dung, ta ¢é thé thay ddi chiing sao cho y
nhan gid tri chang han nhu 1ir y,,;,, dén y .., cho trudc.

Méi mot két ndi rir vector tin hiéu vao x 161 tin hiéu ra y, qua dac tinh ¢iia khau cong.
khau tién dép ting ¢ vi khau tao dip iing & s& cho ra m6t mod hinh no-ron. Nhu vay tdng
cong s& ¢6 tar ¢4 1a 13 mo hinh no-ron. Gid tri déu ra y cla no-ron la:
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y= a(c) =a(c(e) =a(c(wx) = asc(w )

Tuy nhién, pho bién nhat trong s6 15 mé hinh no-ron néu trén 12 6 loai cho trong bang sau:

Téngoli | Khauc | Khaua | Téngol ‘Khauc
McCulloch—Pitts (1.2) (1.5) Adeline (1.2) (1.9)
Fermi (1.2) (16) Boltzmann (12) | (1.10)
BSB (1.3) (1.7) Horeld (1.4) (1.9)

1.2 Cac cdu tric co ban clia mang no-ron nhén tao

Lién két cdc dau vao va ra ciia nhiéu no-ron véi nhau ta dugc mot mang no-ron. Viéc
ghép néi cac no-ron trong mang v6i nhau c6 thé theo mot nguyén tic bat k¥ nao dé. O mot
mang, cac no-ron dugc phan biét v6i nhau théng qua vi tri cia né trong mang, cu thé 1a

— Nhém no-ron dau vao (input layer) 1a nhitng no-ron nhan théng tin tir mai trudng bén
ngoai vao trong mang. Chiing c6 vi tri ngoai ciing "bén trai" va dugc néi véi cac no-
ron khac trong mang tir (ré) diu ra.

= Nhém no-ron duge cac no-ron khac trong mang két néi t6i thong qua (ré) dau vao duoc
goi la no-ron déu ra (output layer). Nhimg no-ron ddu ra cé vi tri ngoai ciing "bén
phdi" va c6 nhiém vu dua tin hiéu cila mang ra bén ngoai.

— Nhimg no-ron con lai khong thuéc hai nhém trén duoc goi la no-ron bén trong (hidden
layer).

Nhu vay mot mang no-ron ciing
c6 chifc nang ctia mot hé truyén dat va
Xir 1y tin hiéu tir ddu vao dén dau ra
ctia mang. Cic no-ron trong mot mang
thudng dugc chon cing mot loai.
ching dugc phan biét véi nhau qua
vector ham trong so w.

Mot mang no-ron dugc chia thanh
cdc 16p. méi 16p bao gédbm nhiéu no-
ron cé clng mot chitc nang tror
mang. Hinh 3 1a mé6 hinh cia mot
mang no-ron ba I6p véi 9 no-ron.

Hinh 3: Mang no-ron ba I&p truyén thdng

Mang c6 ba dau vao x,, x,. x; vahaidauray,. y,. Cic tin hiéu ddu vao dugc dua dén ba
no-ron ddu vao, ba no-ron nay lam thanh 16p déu vao ctia mang (input layer). Ddu ra cta
cdc no-ron nay dugc dua dén dau vao clia bén no-ron tiép theo, bdn no-ron nay khéng truc
liép tiép Xiic véi moi trudng xung quanh va lam thanh 16p trung gian trong mang (hidden
layer). Déu ra clia cac no-ron nay dugc dua dén hai no-ron dua tin hiéu ra moi truong bén
ngoai, thudc 16p cac no-ron dau ra (output layer).
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Mang no-ron ma & dé khong 16n tai bat ky mét mach héi tiép nao ké ca hoi tiép ndi lan
héi tiép tir dau ra o vé diu vao, duoc goi mang truyén thang (feedforward network).
Nguge tai, mang c6 dudmg phan héi tir dau ra cha mot no-ron 161 d8u vio cla no-ron cling
1ép hoac thuoe 16p phia tnrde cd tén goi 1a mang hodi tép (feedback network).

Mang no-ron bao gédm mét hay nhieu 1dp trong (16p trung gian) duge goi la mang MLP
(multilayer perceptrons Network). Con mang chi cé mét 16p. vira 1a 16p vao vira 1a 1ép
trung gian va ciing 1 Jp ra thi mang dé ¢ tén 1a mang mét idp.

Hinh 5: Cdu tric mang nd-ron MLP

. N e v
a) Mang truyén thang mot lop X — gﬂ: K
b) Mang héi ti€p mét tap .- \A}Ra\“\ s
c} Mang MLP truyén thang RN ‘>":\,»’ >
. EACE .
d) Mang MLP héi tigp AR
N I o~ ¥m
“ty £ L
pE—
<) d)
S N ) Y
N H T R R Ve
SR T uv--\r»-_ - M3
7 "#.H:f. - \",',.‘.— \\_w(\\._ L
T T S - S N
NI BT S SN
" - X S »
. -
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Mang no-ron luén c6 cau tric ghép néi hoan toan, tic 12 bil cir mét no-ron nao trong
mang ciing duge ndi vdi mot hode vai no-ron khidc. Trong trudng hop cic no-ron trong
mang c6 khau tao chifc nang dap tng 1a khau tuyén tinh, tinh phi tuyén chi ndm & khau tac
chire nang ra thi viéc mac néi 1i€p cac no-ron trong mang khong con ¥ nghia niia va lic dé
ta hoan toan ¢4 thé thay thé mang no-ron nhiéu 16p thanh mang no-ron mot 14p.

2 Huan luyén mang
2.1 Nguyén tac hudn luyén mang

Huén luyén mang 14 cong viéc xdc dinh cc vector trong s6 w; ¢6 trong titag no-ron clia
mang sao cho mang no-ron ¢6 kha nang tao ra cdc dap ing dau ra mong muén (gidng nhu
tin hiéu ra cua mét hé thdng) khi ciing dugc kich thich bang mét lugng thong tin ddu vio
clia hé théng dé. Nhur vy, c6 thé xem viéc husn luyén mang 12 tao ra cho mang kha nang
clla mot thiét bi xap xi théng in.

$ hui - .. e de Vi ML —
bs 1 luyén. ngudi ta cho tac dong vae x J Ha théng thire
mang hang loat kich thich x'*'. k=1.2. ... 6
ho
kha nang lap lai trong qud trinh mang lam viéc. Mang No-roh
Nhitng tac déng nay duge goi la kich thich miu. » :
Cic gia 1 %' nrong Ung tai diu ra clia mang e e
- L
. f
duge so sanh véi ddp ng mau y““ cho trudec. f&.
Cdc phén tr cda nhimg vector trong 8 w; . Cd cdu huan
) ) o , luyén mang
(=1.Z. ...n cé trong tdl cd n nd-ren clia mang

dugce hiéu chinh theo ttmg bude huan luyén sao Hinh 6: Nguyén tic hudn luyén mang

2 2
cho tong cic sai lech E, = )e””‘ :|j-”” myu“‘ la

nhd nhat. Nhwr vy, thuc chdt viée hudn luyén mang chinh 1 qud trinh gidi bai todn 61 vu
tham s6 va dé thuc hién dugc bai todn 161 ru tham 56 nay phai xay dung duge phiém ham
muc dich mo ta rd rang sai léch. Hinh 6 mé ta nguyén ly huén luyén mot mang no-ron.

Dé minh hoa quy trinh hudn luyén mang no-ron, ta quan sat mot mang MLP ba 1ép nhr
dd moé ta o hinh 4 gém cdc ldpvao cd n dduviox,. x,, - . x, ,Idp trong v6i{ no-ron va
I6pravéip danray,. vy, -, y,. Cic no-ron ddu vio chi déng vai trd thuan tdy thu thap

thong tin tdc dong vao mang va khong tham gia vao qua trinh huin luyén. Qua trinh huan
luyén chi thuc hién thong qua cac no-ron & 10p frong va & I6p ra. Ta sé ky hiéu phdn 1r ciia

cdc vector frong 50 w; thudc no-ron thd i ciia 10p trong v&i n phén t 1a w;,. w;..
W, VA veClor trong s6 p; ciia no-ron ¢ 16p diu ra gdm Iphdn tr la vy, vjo, -, vy, Déu

ra clld cac no-ron I6p rrong cé k¥ hieu laz,. z.. - . 2,
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Gia sir. tai thoi diém hudn lovén thit m 1a da c6 m cap vector cac gid tri {x*'. y'* }.
k=1.2, ... m. Ung v&i mdi vector dau vao x'*' ta cd mot vector ddp tng ddura 5% cta

mang. Sai léch E, dng v6i méau hoc thit £ duge biéu dién dudi dang ham muc dich bang

binh phuong sai léch gilta mau YA v ddp ting ra thuc cia mang #* s dang :

(k} -[kr _1 & [ (hr _ 500 12
Y 32l I
Khi dé. téng tat ca cac sai léch duac tinh dén thai diém hudn luyen thi m sé 1a:

1t l L k A-ik]

E=YE=1> >,
k=] k=1 je=l

Qua trinh hoc 1a thuc hién nhiém vy &im

gid tri cwe tiéu E,,,, cho ham muc dich E

bang cédch thay doi gia tri cia cdc phan

trong vector ham trong s8 w, sao cho sau mdi

1an thay doi nhu vay gia tri cia E chang han quy dzo tim kiem ‘aradient E

dang 1& k; s&€ dugc giam di mot it thanh

ko<k | (hinh 7). Thong thudng viée giai bai Hinh 7: Minh hoa phuang phap tim kiém
tean (6i vu Ginh nay duoc thuc hién theo E un theo hudng nguge gradient clia £.

nguyén 1y chuyén dong dén diém cuc tri.

Mot trong nhimg cdch thay d6i vector ham trong s& nham lam giam gia tri cOa E 12
(aeY
dich chuyén theo huéng ngugc gradient vi vector gradient E 13 La—} luén €6 hudng chi
ELI
chiéu rang gid tri clia £. Nguyén tac hoc nay c6 the dién dat dusi dang xde dinh luong hi¢u
chinh nhur sau:
dE

Aw, = —§ cE=1.2, 0000 ¢g=1.2, ... .n
o 7

cho 1dp no-ron rrong va

aE . .
Av;, = -8 : }J=sroz20 .0 poor
| a['.f'r

1
—
[
—

cho I6p no-ron dau ra. trong dé hang sé s thudmg 6 thé duge chon trude wong khoang tir
0.1 dén 0.9 (co vai trd nhu khoang cach budce tim. cang nhé thi nghiém tim duge cang chinh

xdc. song lai 1au hoi ty — xem thém tai lidu [6]). Sau dé nhiing gid i w,,, v;, Mol sé duge

tg
xdc dinh tir gid tri w; . v;, ¢il va cdc lugng hiéu chinh Aw, . Av;, theo:
Amen _ I[‘1‘1:‘] B Aty _ (e} .
| T Wt Aw, va v =0, +Au,,
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2.2 Hudn luyén mang truyén thang mét 16p

Mang no-ron truyén thang mot 1dp la
mang ¢é cau tric don gian nhir. Tinh don
gidn nay hoan toan khéng han ché mién itng
dung cua né vi mei mang MLP vdi cic no- X
ron thudc 1dp trong {ISp 1rung gian) va Idp
ddu vao ¢6 tinh vén tinh déu chuyén dugc
vé dang mot 16p. Do c6 khd nang dai dién x
tong quat cho mang MLP véi tinh tuyén
tinh ctia céc no-ron 19p trung gian vA ISP Hinh 8: Mang no-ron truyén thing mét l6p véi
dau vao nhu viy nén mang no-ron mot Iép m d&u vao, n daura.

con cé tén goi la mang tuyén tinh.
2.2.1 Mang Adeline

Mang Adeline {phén tr thich nghi tuyén tinh — Adaptive Linear Element) 12 mang c6
cdll trdc nhu & hinh 8 mo ta, vdi khau 1ién dap iing kiéu (1.2) va khau tao ddp dng dau ra
doéng dung cho bai (1.9} rong tat ca n no-ron, nic la:

o * bl Al
- T . : _ : : .
=W x= Zwtjxi trongdéx =| | |, y=| |, w;=| ¢ |.i=1.2. ... .n
- Xrn 5’“ Wy
Nhiém vu huan Juy¢n mang la xdc dinh cic rong s6 w; , i=1.2, ... .n ;j=1,2, ...m
(k)
#
dé 1ai bude diéu khién thy & bat k¥ luon ¢ ddp vng ddu ra 7% = iing véi téc dong
=(k)
WY
ki ik
] X )
%' =] 1 | ¢ dau vao duoe "giong nhu” mau y*' = mong mudhn, tirc 1a dé co:
k) (k}
x”! y!l
B kil kT ok
E, =.y|' o }‘ zlyt 'l )‘ s min
- N 2
wyy Wz o Wy
s | e Wen -+ W ) W2 )
o E, = G| W Wz um {uu _ y(k}_WE(k;‘ = min 21
W Wap o Wi
W
Gia st rang ta da ¢6 tal ca p maun hoc {g(“, y‘k) b, k=1, 2. ..., p. Khidé diéu kién

(2.1} cho it ca p budc s€ twong duong vai:
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1 & .
E=L E, :-Z[v“” W (k)} — min (2.2)
2 2 o l= _
va tir day ta suy ra duoc véi mat khodng cich bude tim s ¢6 dinh cho trude:

_ oE & SR T SR
- 3
¥ 5 aw § kg { ] J (2 )

Nhuge diém coa cong thifc (2.3) d¢ hiéu chinh trong s6 w;, la phai cé ngay mot lic
toan bo p mau hoc {2, x[k] . k=1. 2, ..., p. Nham khic phuc. Widnow nam 1962 di
dé nghi sif dung dang cai bién clia nd tai bude hoc thif £ thanh:

. hy 0
Awg““ -[yfk] (_;TJ __t““ xir.k] (2.4

: (k) v . ~
rong dé [L_Uir) (w”” wh .w}f;’) . Vi gid tri gia tang Awé‘-‘” trén ta s& thu duge su

(h+1}

hiéu chinh irong s¢ wy™ " tal bude thit k+1 tr cde gid i dacd 1a wg” & ngay budc thit &

trurdc dé mot cdch don gidn hon nhir sau:

IULJ\‘+1] _ w::f” + L\w::” (2.5)
2.2.2 Mang tuyén tinh st dung no-ron Hopfield
Mang tuyén tinh c6 cau triic nhu & hinh 8 v6i khau tién dédp tng Hopfield (1.4) va khau
1a0 ddp ing ddu ra déng dang (1.9) trong 131 ¢4 n no-ron. s& ¢d dau ra:
() ¥ Wi
Fi=sen(wlxy. wongdé e =| | F=| ¢ |Lw =] | =12, o 2.6)
X

ot

Wim

Nhur vay. gidng nhu @ mang Adeline, cu thé la véi cong thitc (2.2). ta ¢6 ham muc tiéu cho

qud trinh xdc dinh wong 6 w; Wp mau hoc :,1“”, Wy k=1, 2, .., p nhu sau:
1 2 A I - i 2 .
E = ZL 1 =TZ [y[k'—sgn[WEfk]]] — min (2.7
= e “h=1T

Do dé néu goi s 1a khoang céch bude tim, thi véi (2.7) ta ¢ cang thic tinh awg“ g budc

hoc thit £ d3 duge cai bién theo Widnow (2.4) la;

- (k) 2sy M gy o g
auwif! = S[y}*’—sgn{(wf"] 1””] £ = g 2.8)
L 0 chocac trudng hgp khac
i v chi 6 gid i 1a—1 hodc 1 a6 (T 1 (k) ik *
vi v chico gid i la—1 hoic 1. rong do (&,. _(u,“ Wil lm)
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Cudi cling. v&i gid tri gia tang Awf}“ theo (2.8) 1a s& thu duge su hiéu chinh wg”” tai
budc thit &+ 1 tlr cac giatridaco 1a wfj‘] d ngay budc thi £ trude dé nhur sau:

wu\‘-lﬁ _ wikf +Aw,[-;"] (29)

if =%

2.3 Hudn luyén mang MLP truyén théng
2.3.1 Nguyén téc hudn luyén chung

Khi hudn luyén mang mét 18p véi man hoc (2™, y# 1, k=1, 2. ... cho trude ma
Y& ANg mMC K ¥

thuat toan xdc dinh vector trong s& khong hoi tu. ngudi ta phai nghi téi mang nhiéu 16p
(MLP) va dac biét mang MLP nay phai c6 quan hé phi ayén khong chi nam riéng o 1op no-
ron diu ra.

Mang MLP ¢é cau mnic don
gian nhat }a mang truyén thang.
Hinh 9 mo 14 mél mang no-ron
MLP hai I&p truyén thang vdi
m dauvaox; . j=1.2. ... . m

van daura y,. i=1.2, ..., n.

Lép no-ron thii nhat ¢é { no-ron

vail daura 2y, z, . ... .z, . o . s
- Hinh 9: Mang ng-ron hai i8p truyén thang
nic la ¢cé:
M rl
¢, = 3 U, = z,=oalc)=a Z Uy
J=1 =l
Ldp no-ron thit hai ¢é n no-ron véin daura 3.3, - .y,
i !
c, =3 Wiy = = ale)=a WigZq
¢=1 g=1
Suy ra

1 1
%= a[zwr-qa{Zuw-xj]] (2.10)
g=1 i=1

Nhiém vu clia viéc day hoc cho mang trén 1a xdc dinh céc trong s& w ., v, Or méu hoc

A k=12, sao cho:
L &f ik -(#)]”
B =13 M50 - min @11
2 (5=t
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Nguyen tac chung dé xdc dinh w,,,. vy, theo hudng nguoc gradient clla E da dugc trinh
bay ¢ hinh 7 ngay ddu muc 2 nay. Goi wg‘” . ufl‘;’” la gid tri cdc rong s6 da ¢6. Nhiing gid tri
nay s€ dugc hiéu chinh bang mot dai luong gia tang Aw,,, Av,, d€cé

w;m(i‘r'] —

ACHE L a : Amoty -  {cl) .
i wi "t rawy, va g =g YAu,; (2.12)

€

trong dé Aw, . Av,; dugc tinh theo hudng nguge gradient:

Aw“} = —g oF = -5 a_;E,ii: 8 Z[yfk]_gfk]}gg (213)
aw{'q ay, aff au..’:q ik} dC!' C‘[-'H
oE oF dc "Ry kN de e | de
A P ey = _g—. 9 = [ gt )___ (C“) Bantenll i 2.14
hl dtg, ’ de, duy; ’ :%Ei T de; “ia deg ki A
1

Tuy nhién phuong phdp trén lai ddi hdi phai ¢é ngay mét lic toan bd mau hoc méa diéu nay
la khong the. Mot phuong phap khic duoe vng dung nhiéu trong thuc 1€ d€ tim kiém Aw, .,

Av,, lathuat 10dn lan truyén nguoe (back propagation) sé duge trinh bay sau day.

2.3.2 Thudt todn lan fruyén nguoc
Lan truyen ngwge 1a thur todn duge ding phé thong nhat rong viéc day mang nhién

16p. ké ca mang vdi na-ron c6 tinh dong hoc BSB. Tir mot miu hoc cu thé x'*', y* va cde

trong s6 da ¢d cua mang. chang han nhu w'®'. ™’ & mang hai 6p. neudi @ xéc dinh diu
g dng £ ha w Ang g l

ra the 7' il

- Sau dé trén co 58 5o sanh véi méu hoe v**' | cdc trong s6 ciia I6p no-ron dau

ra. vi du w'*'. duoc hiew chinh thanh w'** P, Tiép tuc. tir trong s6 mdi w'** Y ngudi ta lai
hi¢u chinh trong s6 clia céc no-ron thude 16p phia trude, vi du nhw o' thanh ¢** Y. Cir
nhu vay cho dén trong s6 cla 16p no-ron déu vao.

2.3.2.1Minh hoa thuat toan véi mang 2 lép

Dé phin gidi thich chi tiét thuat toan lan truyén nguge dude don gian, sau day ta sé 13y

mang hai 1dp & hinh 9 lam vi du. Vi sai léch cho riéng miu hoc thit & la Z[k} ~£“” .gldm

gia tang Aw}j’ duge xdc dinh theo cong thie cai bién cua Widnow tir (2.13) nhir sau;

E

(k] _ 5lk)
) de;

i !

2= 58,2, (2.15)

Aw}k): g [}J
4 : q
KL

50!

trong dd hang s& &,; ¢S tén goi tin hiéu sai léch clia no-ron déu ra thit ;. R rang Awf(f’ phu

thude vao z . BE tinh z,, ta sirdung cac trong s6 B hién cé ciia mang 1a v’ nhr sau;
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7, = ol L[J‘?I)_ {i TR (k]} (2.16)

Ciing vai Aw:-:’ . trong & ci wf:} duoc hiéu chinh thanh:

w‘g‘f-»la - UDL':,” + Awf‘f’ (2.17)
Sau khi da cé w””” (hy

1a xdc dinh gid tri gia 1ang Ay cho trong s0 cil vg?) clia NG-ron

thuéc 16p ddu vao tnrdc dé nhé cong thie (2.14) nhung di duge cai bién theo tr tudng
Widnow thinh:

m_ (R [k} e [ de .
Z“ e ]d_q;x”“”*qxf (2.18)
g
trong do
n 4
N 1k} -[kn]drx -y |Gt _dal < {h+1)
he T ["" -y = 8,0 2.19
Yhy lehta ' dCi- 1q }dc CL*\ qu ”‘\-,L'_Zl o;wlq ( }
i1

Tir avt®’ ta lai duoc

pAHl o R Lkt
+
Cyi Uy m;%r (220

2.3.2.2Dang thuat toan cho mang nhieu 18p

..Rq
* --!,'O_)j"
Xa ;ﬂ r—-—»j"z
- .
Hinh 40: Mang MLP :
truyén théng X T O ¥n
Bay gio ta xét tdng quat mang MLP truyén thing voi m ddu vaox; . j =1,2. ... .m va
ndiura ¥, i=1,2, ... .n gom Q lép véi méildp co n, no-ron. p =1,2. ... ,@ nhu hinh
10mota. Goi ¢f, 27, p=12. .. .Qa d5i s6 ham () ciing nhu déu ra cla no-ron thit
¢ thudc 16p thi p trong mang. Ky higu w!f j=1.2, . .m0 =12, .. .n,latrong

so chuyén 227 thanh zf . Nhu vay thi:
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2P =i cPy=a {Zw;}’zf ! (2.21)
W
cf
!
=x; . ng=m . 29 =3 Vi ng=n (2.22)

Gid sir mang dang cd cdc trong s6 wﬁ“k' vh mot mau hoc £, y**' Thuat todn lan

truyén nguoc xéc dinh trong s6 méi wﬂ"tkﬂ 'cho mang MLP nhu rén sé gom;

- Duar z? =X .ng=m VA ng=n

= Tinh ¢P™ v 2?2 ldn lugt chop=1.2. ... .Q bang cach img véi méi gid tri p ta lai

thuc hién lan luot cho i=1.2, ... .1, theo:

P{kl- pikl, p 1 s P = Ak
cf Z whtz! va  zP=al )

. - [ Td L
— Tinh dg, =[y}k]‘z?J_%_ vl i =1, 2, ....n
L et | qun

— Thye hién nguge hudng lin luot theo p=Q.Q-1. ... .1 céc busc:

) wp”‘”' 1"”“+¢a *1 V@t j=1.2, .. om0, vai=1.2, ... R

b) Néu p>1 thitinh:

Gpuy ; = ——— Zépjwp[““ véi i=1,2, ... . n

-1
dC:- CJ’J—!Jk] J=1
I3

2.3.2.3Hé 6 chinh huéng hoc (momentum)

De 1iép can don gidn 16t ¥ tudng dua them heé
s6 chinh huéng hoc vao thuat toan ta lai quay vé
mang hai 16p dd mé td & hinh 9. cu thé 13 hugng
hoc tong quat (2.13) nguge gradient v hudng hoc
dd duoe cai bign (2.15).

Qua so sdnh hai hudng hoc d6 ta thay huéng
hoc (2.15) duge st dung trong thuat todn cé mét
sai lech dang k€ so véi hudng nguge gradient Hinh 11: Nguyén Iy chinh huéng hoc
(2.13) do dd chi giir lai 6 hang cudi ciing va bd nhd hé s6 momentum.

qua Tat ca cac s6 hang con lai. Bdi vay. 1éng quat



che mang nhiéu 18p truyén thang thi dé cé dugc mot hudng hoe mdi gin sdt (2.13) hon nita

ngirdn ta da sir dung Awé’“““cho no-ron thi i thudc 1dp thit p theo céng thic:

H

Aw{;'{kﬂ' = Awg‘m’“ + ;‘_\wg"k} =u Aw;?‘tk_l} + 58,; zf_l

trong dé we [0, 1] duge goi la hé s chinh hudng hoc (hinh 11).
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7 LY THUYET KHA NANG VA
MOT SO VAN DE MG

Dé Vén Thanh
Vén phong Chinh phi

Trinh bdy 16m 13t mét s6 ndi dung
— Mor 56 khdi niém ban dau.
— Ngon ngtr PL1, mot 53 ndi dung co ban nhit trong PL1.

- Ngon ngit PL2. mét s6 van dé mé.

1 Mot sé khai niém ban dau

Trong cdc 1y thuyét lap luan xap xi dugc nghién cifu va itng dung nhiéu trong tin hoc dé
bieu dién cac thong tin khong chéc chan. duge biét khong chinh xac va khong day di nhitng
nam qua nhu: modal logic, ly thuyét niém tin va ching c6. 1y thuyét rap ma, Iy thuyét xdc
sudl. 16 gic thot gian. lap luan trong w, ... thi hién nay 1y thuyét kha nang ducc nhiéu nha

Tin hoc coi 1a mét trong nhitng 19 thuyét ¢6 nhiéu trién vong nhat {1] dwoc lua chon dé xay
dung cdc hé chuyén gia, hé trg gitip quyét dinh trén nhing théng tin dugce biét khong chac
chan. khong day du.

Ly thuyét kha nang nguyén thuy dugc bat ngudn tir Iy thuyét md [7-8], va dugc
D.Dubois. H.Prade phét tri¢n manh [2-5). N6 mang nang du an cha 1¥ thuyét tap mé [7].
Nhung nhiing phét trién vé san niy cda né cho thdy 1y thuyeét nay Ja mot su lai tao giita 1y
thuyét thp m& va 1y thuyét xdc sual. né vira ¢é6 mé hinh toan hoc dep d& cia 1y thuyét xac
Sudl, vita 6 sy mém déo cia 1y thuyél tap md. Ly thuyét kha nang dac biét thich hop dé xir
Iy nhitng thong tin chi duge biét mot phan, khong duoce biét ddy du, hodc mau thuén timg
phan. Ly thuyét kha nang ¢6 2 loai: dinh hrgng va dinh tinh. Ly thuyét kha nang dinh lugng
xuat phdt tir 1¥ thuyét tap md. v6i ngit nghla dua trén cac phén bd kha nang dinh lugng [2.
17] (dinh gia la so thuc trong [0,1]) trong khi ly thuyét kha nang dinh tinh xudt phat tr
Modal logic ¢6 ngir nghia dua trén cic quan hé thy tw y€u (duge coi 1a phan bo kha nang
dinh tinh)[1. 4]. Gifta hai loai 1¥ thuyét kha nang nay ¢6 nhiéu méi quan hé mat thiét vai
nhau.. Trong trinh bdy nay chi Xin phdc hoa mot s6 nét co ban clia Lo gic kha nang dinh
lugng dugc phat trien bdi D.Dubois va H.Prade xét rén cac ngon ngit ¢8 dién (ngon ngf
ménh dé hoac ngdn ngl an 1 cap 13 [3. 5). Ngit nghia coa 1o gic nay la khd tuong ny véi
ngit nghia 16 gic xac sudt cia Nilsson [6].
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Gia sir L 13 ngodn ngit ¢6 dién (ménh dé hoac tan tir cap 1). Q 1a tap cdc thé hién d6i véi

cdc cau trong ngon nglt L. Mot do do kha nang dinh ugng 1a mét dénh xa [Tt L vaoe [0.1]
sao cho

1} TI(®)= 0:0 13 phan tir (cau) luon khong thé xay ra.
2y TW{D=1: T laphdn nrludn xay ra.
3 Mave)= max(Il{a).JI(b)) vdimoi a,be L,
Mot phan bo kha nang dinh lugng 1a mot dnh xa 7 ¢ € —[0,1]. & duge goi 1a phan bo

kha nang dugc chudn hod néu tén tai it nhat maét phan iy x* trong € sa0 cho A(x*}=1.

Khi biét do do kha nang thi hoan toan xdc dinh duge mét phan bé kha nang twong img.
la phan b6 chuan. va nguge lai. Mgoi lién hé gilta phan bé kha nang va do do kha nang duoc
thé hién qua cong thiic.

I(8)=suf} J’I(w*)!'w'zs l.beQh.

Dé do can thiét N i dnh xa tir L vio [0,1] duge xac dinh nhar sau:
N&) = 1-TI{=8).
Vi du: Gia stf ta ¢é cdc ménh dé sau:
S1: Néu Lea 1a sinh vién thi khd chac chin rang cé ta con tre,
§2: Néu Lea con tré thi tuong ddi chidc chan rang ¢6 ta chua ¢é chéng;
S53: Néu Lea vira la sinh vién vira 4 ngutdi me thi gin nhu chic chin ring ¢6 ta di ¢6 chéng;
S4: Chac chan rang Lea li sinh vien:
85: Gan nhu chic chian rang Lea 1a ngud me.
Bar;
a="Lea la sinh vién ™":
H="Lea contré™
c= " Lea chua c6 chéng™;
d=""Lea 1a ngudi me™.

Lic dé a ¢d thé viét lai cdc ménh dé wén & dang:

Sli—avb . 82:—bve: S8 =agv-dv-e . Sdia; Sa:d .
Khi dé tap cac thé hién clia ngdn ngir sinh bgi cdc cau S, i=1, ... .5 s& gom:

w,={e.b.c.d). wy,=(a,b,c,— d}; @y=(a.b,-c,d);

w,=(a.b.—c,—d); w;={a.—~b,c.d); @g=(a,~b, c,~d);
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w,={a,-h,~c,d): a=la,~b. -0, —d);  wy=(—a,b,c,d);
Wg=(na.b.c ~d) @ =(anb,—ed) @.=(-a.b,ac,ad);
@y 3= (~a.=b.c.d); W ,=(~e.—bc.=d); @ ;=(na,~b.—e.d);
@ 3={na.=b.~c.~d);

Néu rap thé hién 1 hiru han thi tap nay duoc goi li 1ap cac theé gidi c6 thé.

Tir dinh nghta trén ta c6 mot sd nhan x€1 sau:

1} T TI(S) khong thé suy ra duge TI(—S), va ciing ding nhu vay d6i vdi do do cén thiét
N

2) TIS) =inf{1-7(w)/w]=S }. véi. weQ..

3} TKead)= min(IT(a?. TI(b))

4y max([IS). TH=8N=1; min(N(S). N(=85))=0.

3 ISz N(S).

6) N(S)>0 hill($)=1:TI(S)<1 thi N(S)=0.

7y Vai can S bar ky. chi ¢é 2 tinh hudng déng quan tam c6 thé xay ra 1a N(S)28 hoac
1MNS)sea.

8) T8+ (=821 : N(SI+N(—8)<1.

9} Do do can thi€t duge dinh nghia thong qua do do kha nang 13 nrong duong vdi nd cdn
thoa man 3 tién dé sau:
a) N{(8)=0:
by N(=1:
c) Niaab)=min(N{a}. N(&)) véimoia,b €l .

2 Ngon ngir PL1
Ky hiéu
L£=1{8,1=1.2, _ .n)}
la tap cac ménh dé. Khi do
F={(8;.a)|NS)2a;,. 2e[0.1} ,i=1.2, ... .n}
o day N 1a mot d6 do can thiét duge goi 12 co sd tri thitc cdn thiét gid tri khoang.

D61 véi méi co s¢ tri thire ¢an thi€t F. néi chung cé thé xac dinh duoc rat nhiéu phan bs
kha nang dé thoa co s6 tri thite da cho. D.Dubois va H.Prade dé xudt cong thic xav dung
pban bé kha nang dac biét thoa co sd tri thire nay. Ky hiéu phan bs dé 1a zp va né duoc xdc
dinh nhur sau:
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I3 -

Cjl=o, néu @ |: —5;
plaN= min .
1 néu :‘U|=S] A8y n- a8

bt

voi moi we €2 ([7.8]. D.Dubois. H.Prade, 1987, 1994) khi dé d6 do can thiét Ny xdc dinh

tir phan bo nay s€ thod: Np(S,)za; véimoi i=1.2, . .a.

2.} Vdn dé suy dién trong ly thuyét khé néng PLI

Gid sir F la co 56 tri thife kha nang, F ={(S,.a;)} a,€[0,1].i=1,2. ....n}. 8, la mot
cong thirc 16 gic déng trong ngoén ngi ¢6 dién. Phan bé 7 duoe goi 1a mé hinh cla (S. @)
(ky hiéu z|= (S.a)) néu va chi néu N (S)2a. Phan b6 7 duce goi 1a mé hinh ciia tap cac
cong thic wong F (x|=F) néu vachinéu x|= (§,,2,).(S, @) dugc goi 1a hé qua 16 gic cla
F (ky hiéu F |[= (S, ) néu vai moi phan bs #/ (x|= F) thi Tl (8, a).

Vin dé suy dién trong trong ngon ngit PL1 dugc hiéu nhu sau: Cho co sé tri thie kha

nang gia tri can thiét F. véi § 1a mét cau bat k¥, ta cn tim bién dudi 61 nhat cia mite do
can thiét

Val(S. F) = sup| a| Fl=(S. o}

Cho co s0 tri thife kha nang F. phén b6 7y la phan bé dac bigt & ché:

Binh Iy 1: v&i bit ki phan bs kha nang & thoa co s& tri thite F di cho thi #2 zp , nghia 14

M) = ARl Vot mol we §2,

Phin b6 s thye chér duoe xay dung theo clia nguyén I¥ dic ta cuc tiéu, ma ban chat
ciia nguyén 1y nay duge bat ngudn tir ¥ twong cia nguyén ly Entropy (6i dai. Trong mot
nghién ctiu cia minh [7]. ching 161 da chi ra rang trong mat s6 diéu kién nao 46 thi nguyén
Iy dac ta cuc tiéu va nguyén 1y Entropy t6i dai thue si ¢6 quan hé v6i nhau, mot cich cy thé
fa trong nhimg diéu kién nhu vay viéc ap dung nguyén 1y dac (d cic tiéu trén cac phan bo
kha nang 1a hoan toan tuong ty nhu viée ap dung nguyén ly Entropy 181 dai trén céc phan bo
xidc suat duge xdc dinh thong qua nhimg phép bién déi thod nguyén 1¥ phi mau thudn theo
nghla clia D.Dubois va H.Prade dé chuyén viéc bi¢u dién thong tin tir mé hinh cia 16 gic
kha nang sang mé hinh ciia 18 gic x4c sudt va ngugc lai.

Liic d6 ta cang néi Ky la phan b6 khd nédng déc trung cde o sé tri thic F. D.Duobois
vit H.Prade da chi ra rang 7y 1a phan bd duoe chuan hod khi va chi khi {S,.i=1.2, ....n}
la phi mau thuin treng ngén ngit cd dién.

Ly thuvét kha nang PL1 dugc phat trién dua trén phan bd kha nang dac biét nay.
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Binh Iy 2:
a)  Val(S,.F)= Ng(S).
b) F|=(S.a) khi vachikhi z|=(5.a}.

2.2 Mau thuan ting phén va suy dién trong cac CSTT mau thudin ting
phan

Binh nghfa: CONS(F) = supx{w) duce goi 1a mitc do phi mau thufn cia co s& tri thic F.
INCONS(F) = 1- CONS({F) dugc goi 1a mirc dé man thudn caa F.
7|=F, we Q

Binh Iy 3: INCONS(F) = Np(@) =sup{a| F|= (8.a)}.

Gia sit F* © F. sao cho INCONS(F")= INCONS(F) va véi moi 8 = (@.a)e F”,
INCONS(F " - {8}) = 0 thi F" duroc tap con mau thuln cue tiéu clia F.

Binh 1y 4: Néu INCONS(F) = o > 0. khi dé tdn tai {1 nhat mot cong thie (@, &)e F* v moi
{w.HeF " thifza.

Binh ly 5 (v& suy dién): F U{(@. 1)} |= (.8 néuvachinéu F |= (goy. 5.

Binh Iy 6 (v& loai trw): F |= (@. 8 néu va chi néu F U{(—p,1)} [= (8, 5) va diu ndy wong
duong véi: Val(@.F) = INCONS(F U{(=g@.1) }).

Nhan xét: Van dé suy dién dugc dua vé kiém tra xem mét cong thifc kha nang cé phai 1a hé
qua 16 gic cla co so tri thire kha nang hay khéng?, viéc Kiém tra nay lai dugc thire hién bang
viéc tinh todn mitc do mau thuan ciia mét co so tri thic kha ndng duge xédc dinh.

Phén loai 1ap cac cong thire F nhur sau:
— F hoan toan phi mau thuin néu INCONS(F} =0.
— F hoan toan mau thuin néu INCONS(F) =1.
- F mau thuln timg phin néu O< INCONS(F) <1.

a}  CONS(F) = supZp(@) va néb 16n tal @¥ sac cho Zp(@®) = 1 thi w* 13 the gidi tot
nhit cua F.
b) Céc trang thai suy dién Khéng don diéw.

Nhanxét: Fl=(@. ) thi FU F ' |= (@, o), ¢ day F, F ' a 13p céc cong thitc kha nang bat ky.

Tandi F [= (@.o) 14 khong 1am thusmg nén o> INCONS(F). K¥ hiéu todn ur suy dién
khéng tam thudng 1a |-~ thi F |~~ (@, &) khi vachi khi F |= (@, &) vh o> INCONS(F).
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Binh Iy 7: Suy dién |-~ Ia suy dién khong den diéw.

Tiic 1a: ¢6 F -~ (@. @) thichuachac ddc6 F U F ' |-~ (g, ).

2.3 Hé thdng hinh thirc vé suy dién ty dong

Muc dich la xay dung hé théng cac tién dé va cac luat suy dién sao cho cong thiic kha
nang (g, a)la hé¢ qua lo gic cuia co so tri thitc F néu va chi néu né suy dién tir F trong he
thong hinh thifc nay.

Hé tién dé:

I (g (y—p).1).
2) ((poly—= ) {{pm = (p=EN,1).
3 ((mp=-a((—po -, 1).
4) (Va{g-»¥)) = (9 (¥xy).1) néu x khong xuat hién trong @ va khang la bién ciia W
5) (Vx@)> @, 1) néux lardo doi véi ¢ trong @.
a) GMP:(g.m,(p> . p) |- (v, min{a, 5}

b) S:(g.a) |-(g.f néuazf
¢l Gi(g.,a) |-(Vxe,a} néu a2 B néux khong la bién ciia @.

Binh Iy 8 (Tinh hop ly va tinh déy 4i): F |= (S.a) néu vachinéu F |—(§, a).
Nhu vay 16 gic kha nang gi tri can thiét da duoc tién dé ho4.

Mot ménh dé kha nang c6 dang la mét cong thite khé nang (¢, @), & day ¢ 1a mot ménh
dé trong ngén ngit ¢6 dién. Mot dang ménh dé kha nang 1a mot tuyén hitu han ménh dé kha
nang,

F={(S,.a)/, a;e(0,1], i=t, ... .n). mbi§,= Acy; . ¢;; 1 myén hitu han clia cac
ménh dé co sd trong ngén ngif ¢6 dién.

Ky hieu € ={(c;, . a;}/, a;€[0,1], i=1, ... ,n). Cla 1Ap cic ménh dé gi4 tri c4n

thiét cua F. duge goi la dang ménh dé clia F.
Binh Iy 9: INCONS(C) = INCONS(F)
Luat gidi dinh gid cdn thiét:
(@. ). (w.B)|— (Ri@. ). min(a, B),

R 14 cai gial (Resolvent) clia hai ménh dé ¢ va o,

179



Binh Iy 10: € la 14p cdc ménh dé kha nang gia trj can thiél, (c. @) |2 mot ménh dé kha ning
nhan duge bang viéc dp dung mat s6 hitu han luar gidi (R) thi C I=(c.o.

Binh ly 11 (Tinh hop Iy va tinh day di cla phép loai trir trong PL1); Gia sit F 14 mot tap cdc cong
thire kha nang - tan tir cap 1 gid tr] cdn thiét va C 13 dang ménh dé cia F. Khi dé
dinh gid cta phép loat trir 161 vu boi phép gidl ar € 13 midc do mau thuan cha F.

Hg qua: Gia sir @ la mgt cong thite ¢6 dién. C 1a tap cdc ménh dé nhén duge G Ful{—@,1}}.
Dinh gia cta phép loai trit boi phép gidi 181 vu 1a Val(g, F).

Loai trir bai phép giai:
1}y PuaF vé dang ménh dé C.
2) Dua @vé dang ménh dé. gid sirc, . cs . ... . ¢, a cdc ménh d& nhan dugc.
3 KyhieuC'=CuU{ic;. 1), (e3. 1), ... (g, - LI}
4)  Ap dung luat gidi (R) trén C ' dé suy dién ra (©. )
S) VallgFl=a.
Keét thic phan trinh bay nay ching 161 xin minh hoa I vi du do D.Dubois va H.Prade [5]
dé xudl:
Vi du: Xér mot co 6 tri thire kha nang gid tri can thigt san: F = {¢,. =1, ... .6} lién quan
dén viéc Ia chon mét iing cir vién cho mét nhiém vu nao dé.
¢, ((Elected(Peter) v Elected(Mary)) A (—Elected(Peter) v —Elected(Mary), 1).
#;: (¥ x -Current-president (x) v Elected(x), 0.5},
Pt (Current-president (Mary. 1),
¢,: {V x —Supports (John. x) v Elected(x), 0.6).
@1 {Supports (John. Mary). 0.2).
@4t (VY x —Victim-of-an-affair (x) v Elected(x). — 0.7).

F la tvong duong véi tap cdc ménh dé kha nang C={C,. Cy. ... . C5).

C.: {Elected(Peter) v Elected(Mary). 1).

Oy (—Elected{Peter) v —Elected{Mary}. 1}.

C,y: (—Current-president (x) v Elected(x}. 0.5).

Cy {(Current-president (Mary, 1),

Cst (=Supports (John, x) v Elected(x). 0.6,

Cu: (Suppernis (John. Mary), G.2),

C;: (=Victim-of-an-affair (x) v Electedix). = 0.7).
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Chiing 1a khéng tim thay bar k¥ sy loai trir ndo tir C, vi vay C (ciing vay F} 1a hoan toan
phi mau thuan. Gia st ta mudn tim bién dudi t61 nhat cho cong thiic ' Elected(Mary) ', ta ky
hiéu

C'=Cwv {{ CElected(Mary), 13} .

Lic d6 ¢6 thé dp dung 2 luat gidi cho {{— ElectediMary). 1), C;, C,} vh {(—
Elected(Mary}. 1). C; . Cyl ta nhan duge arong dng (. 0.5) va (©, 0.2), phép giai trudc 1a
181 vu. phép giai sau 1a khéng 18i un.

Chung ta dang can biét ai s& dugc lra chon v véi mitc do cdn thiét lén nhit. Do

Val{Elected(Mary), Fi= 0.5
diéu d6 chimg to:
F [~~(Elected{Mary). 0.5):

Bang céch tuong e ta ciing co:

F [~~(— Elected(Peter). {.5):

Di¢u nay cho ta ket luan ban diu Mary c¢6 vé nhu 6 nhiéu khi nang duoc Iva chon hon
Peter. Bay gitv1a bo sung thém théng tin vio co sd tri thifc d3 cho:

@, ¢ (Vietim-of-an-affair (Mary). 1.0).
Ky higuF,=Fu {¢5}
F,mau thuan timg phan. vd INCONS(FF,) = 0.5. Ta ciing ¢6 thé chiing minh dugc rang:
F, |= (Elected{Mary). 0.5);
Fy |= (= Elected{Peter). 0.5).

Nhung nhitng suy dién nay da o thanh suy dién tém thudng trén F,. Trén F; thuc ra ta

co:
F| |= (Elected(Mary). 0.7
F, |= (— Elected(Peter), 0.7);
Do 0.7 » INCONS(F,} ta co

F, p~~(Elecied(Mary}, 0.7);
Fy |»~(— Elected(Peter}. 0.7}

Diéu dé ¢o nghia 1a: bay gitr hiu nhur chac chan rang Mary sé khong duoc lua chon. trong
khi Peter lai ¢6 thé. Nhir vay viéc cap nhat thém théng tin dd dan dén mot két inan kha tréi
nguoe v két ludn ban dau.
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3 Ngdn ngir PL2 va mét s6 van dé md

3.1 Ngon ngir PL2 12 ngén ngit bao gdm céc cong thite khi nang dinh gid can thiét va
cong thite khd nang dinh gid kha nang.

F ={(S,a)/NS)2 a,ae [0,1),i=1,. ., n va(§,b) P& shy, bye [0.1], k=1, ..., m}

Nguini ta da dat duoe mot s6 két qua ban dau cua ngdn ngit nay, nhu phan loai tinh méau
thuan cia F theo cdc mide: hoan toan mau thudn, mau thudn timg phan. mau thuan yéu. hoan
todn khong mau thuan dua vio ¢a hai do de N va Tl

Va con rat nhiéu van dé can duge 1iép tuc nhién ciu ma trude hét 1a m ré ngir nghia
clia ngdn ngif nay, liéu ¢é thé xay dung duge phan bs kha nang dac biét nhir trong ngén ngit
PL1 hay khong. hé théng hinh thifc ciia né thé nao. ...

3.2 Ngon ngir PL1 voi dinh gid khong phai 12 s6 ma la ngon ngi.

3.3 M&ilién hé gilra céc 16 gic: Kha nang. xac suét. modal logic, 1¥ thuyét chitng co.
.... Nham tra & mot sd can hoi:

— Méi Iy thuyét sé thich hop trong nhitng trudng hop nao? Mot mot hé ing dung can sir
dung nhié¢u mé hinh biéu dién théng tin suy ludn khédc nhau thi viéc chuyén déi bidu
dién va suy luan dé duge thue hién bang cach nao 7. nhitng rii ro, phét sinh nao sé xay
Td. ...

~  Si dung cac mai lién he d6 d€ nghién cifu 1¥ thuyét nay thong qua 1y thuyét kia, .
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8 MOT CACH TIEP CAN NGHIEN CUU
PHAT HIEN TRI THUC TRONG
CAC €O SO DU LIEU TRQ GIUP QUYET DINH

D6 Vin Thank® - Pham Tho Hoan”
* Vin phong Chinh phu
* Khoa Todn tin, Pai hoe Sit pham Ha néi

T6m tét

Muc dich ciia bio cdo nay 1a trinh bay mot s6 van dé nghién cira vé hai giai doan quan
trong nhéat cla cic qua trinh 1ir co so dir liéu dén hd trg ra quyét dinh mot cach te dong la:
Khai pha dit ligu va Xav dung cac hé thong théng minh tic nghiép trén cac dif ligu duge
khai phd. Cich tiép can nghién ciru ctia ching 61 d6i véi hai giai doan nay duoc cu thé nhi
sau: Xay dung co sd tri thifc tr co s¢ dit idu v Xay dung co ché biéu dién, lap luan mén co
so tri thire dy. ‘Trong bai bio sé rinh bdy (6m tat: Phuong phdp khai phé dit liéu, xay dung
co sd 1ri thite kha nang gid tri can thiél tr mot co s& dir lidu quan hé cho trudc va dé xuat
phuong 4n giai quvél mot bai tedn md trong 1¥ thuyét kha nang khi dinh gid ctia do do kha
nang khong phai la s ma 1a gia tri ngén ngir.

1 DPatvande

Theo v kién cia nhiéu nha nghién citu va ting dung tin hoc v& co ban qua rinh 1ir co s&
dir liéu (CSDL) dén ra quvét dinh ¢6 thé duge xem la qué trinh khai pha trt thic trong céc
CSDL (Knowledge Discovery Process in Databases: KDD). Qua trinh nay nhdm két xudt
khong tém thuomg cdc thong tin tiém dn, khing bidt truve, va tiém ndng c6 lof i cde dit
{idu. N& 12 qué 1rinh tim kiém cde mdu ton tai frong cde CSDL, nhung dang bi che ddu
trong cdc khoi diz lidu. Cic mau nay cé thé cung cap iri thifc cé gia tri, néu dir ligu dit
thuyet phuc vir chita nhidu thude tinh xdc dang doi vdi van dé dat ra trong nhiéu dai dién
cua pham vi tng dung [1. 15.27].

Vé mit cong nghé. hé thong phat hién tri thic 1a mét méi trudng duge tich hgp. nd trg
eitp ngudi dimg trong viée thue hién qud binh phdt hién i thife phie tap tir khoi dif liéu da
cho [ 4. 15, 27].

Qui trinh KDD ¢6 thé dugc phan thanh 5 giai doan: [1. 2. 15]

[y Xéc dinh va dinh nghia van dé: Nham hiéu linh vuc ting dung, nhu céu tri thifc ca
neud sirdung. lua chon va tao 1ip dit ligu dich....

21 Nhan va tién xa 19 dir lién: Lam sach dit liéu, bo di cdc dir liéu tap, cic dif liéu Iai.
khong binh thudng. xir1¥ dir lieu bi mat. chuyén déi di Hiéu sang dang phit hop. rit gon
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kich thude dir liéu thong qua viée tim cdc thude tinh hifu {ch. gidm bét s6 chiéu va bié-
déi dir lieu d€ nhan dugc céc bat bién....
3} Khai pha dir liéu (Data-mining): Cheon nhiém vu khai pha dif liéu, Lira chon cac phuong
phap khai phd dif lieu. Thwre hien khai pha dif liéu d¢ it ra cdc miu, cac mo hinh.
4)  Giai thich két qua va danh gid cic méu, cdc mo hinh & giai doan 3.
5) S dung céc tri thife duge phar hién: cde tri thitc duge phat hién dugc tich hop trong mot
h¢ théng. gidi quyét cac mau thuan tiém ing va nghién cifu nhitng thay déi.
Mot s6 thanh vién cua nhém Xemina ching 0i vé "Khai phd tri thite trong cde Co sd
di liéu” cla khoa Cong nghé. Dai hoc Qudc gia Ha noi tap trung nghién citu vio hai khau
rrong véu clia qud trinh KDD nhar sau:

Cd 54 dif m Cac mau, cac mé Hé thong
ligu ——— hinh, cac dir ligu minh tac
Hinh 1: Khai pha tri thire. guan hé dugc phat hién. nghigp

ey
ER

QQua trinh m 1 ¢ 53 dir liéu dén hinh thanh cdc mau biéu dién dudi dang luat thude
vé giai doan khai pha dir lién (Data mining) trong 5 giai doan trén. Trong khi néi dung chn
yéu cia giai doan 4 va 5 dugc thé hién trong qué trinh nham xay dimg cdc hé theng
minh ti¢ nghi¢p (Business Intelligence System) va d6i vai cich tiép can nghién cuu cua
chiing toi néi dung co ban ciia qué trinh nay 13 xay dung co ché suy dién trén cdc méau luat
durge phat hi¢n frong qua trinh trude. Trong nhitng nghién ciiu ban diu chiing t61 chon 1¥
thuyeét kha nang de bicu dién cic mau luat va dé xay dimg co ché suy dién trén cc mau Juac

dy. Cdc phan 2, 3 dudi day sé trinh bay khai quat cach 1i€p can nghién ciru hai giai doan
nay.

2 Hinh thanh cac mau luat trong Iy thuyét kha niing tir ¢ s& dir
liéu cho truéc

2.1 Xuat x(r cia van dé [5]: Xudt phdt dr mong mudn gidi quyét bai todn 13: cho
trude mét CSDL quan hé nao dé. ngudi ta mong mudn xay ding duge céc luat dang: a%
COd Viec XAy ra cla cde su kién Ay, A, ..., va A, . thi s& xay ra sy kién B, ¢ day cdc A, B
la tdp cac khoan muc (Itemset) duge sinh tir CSDL guan hé da cho nay. Phan mém ding dung
cua nghién ctiu nay duge sit dung dé phart hién va xdy dung chién luge kinh doanh ban hang,
trong viéc phan tich cac hop chit hitu co. nguyeén (3 vi lugng cé trong cac nguén mudc,....
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Trong [5] ngudi ta da dé xudt cich gia quyét nhu sau: Gia st ! = | iy, iy, ... , i, } latap

cta céc chit (literals) duge goi 1a cac item. Gid sit D 13 tap cla cdc tac vu. mdi mot tdc vu T
12 mgt tap cdc item (ItemSet) sao cho T ¢ 1. Tac vu T duge goi 14 chita IiemSet X néu X
T Mot lvat két hop lamot phép kéo theo dang X = Y, o day X c T. Y c T vaX N Y =
.

Luat X = Y xay ra trong tap cac tac v D vdi do tin cay (confidence) ¢ néu ¢% céc tac
vu trong D chifa X thi nd cling chifa Y. Luat X = Y xdy ra trong tap cic tic vu D v6i dé hd
g (support) s néu s % cdc tdc vy trong D chita X Y. Bai todn duge dé nghi tré thanh:

Cho trudc mot tap cic tac vu. van dé phdt hién, khai phd tri thtie & day 13 sinh ra 14t ca
cac luat két hop voi do hé trg va do tin cay cuc tiéu (minSup, minConf), cdc s& nay dudc
dua ra bai nguot ding.

Thue & rong ing dung: biéu dién clia D duge quan tam cé thé 1a mot 1ép dir lidy. cling
¢6 thé 12 1a mot bang dir liéu quan hé.

Van dé phat hién ra cic luar k&t hgp duge phan 13 thanh 2 vén & con:

a)  Tim 14t ca cée 16 hop cia cdc Item ¢6 cdc téc viy hd trg minSup & rén. Ngudi ta da
de xuat 2 thuat toan Apiori va ApioriTid d€ giai quyét van dé nay.

b} S dung céc TtemSet tim duge dé sinh ra cdc Inat mong muén. Tu wéng chinh &
day la & chd: Néu ABCD va CD dé la cac temSet, néu luat AB = CD xay ra
bang cdch tinh ty 8 » = support(A B C)/support(CD) thi chi khi ¢é r 2 minconf
thi luat nay mdi dugc chap nhan.

2.2 Dé nghi hinh thénh mau ludt frong Iy thuyét khd nang

Trude hét chung @i nhan xét rang khai niém do tin cay va do hd iro xual phat 1 ¢
wréng coa cdc khii niém (duge lam don gian hon) Blief va Plausibility trong 1y thuyét ching
c& va niém tin cha Demster - Shafer {26]. Trong mot s& trudng hop dac biét céc do do Blief
va Plausibility ¢6 lién hé mat thiét véi nhau va rd thanh d¢ do xdc sudt, va trong tnromg hop
dac bier khdc né lai ¢é the trer thanh do do cdn thiét va do do kha nang trong 1y thuyét kha
nang.

hlat khic: déc trung cia cac qud trinh phat hién i thite 13 Khéi dif liéu thudng rat 16n.
vi the viéc phat hién tri thidc thudng dugce thue hién trén cac bé phan clia cac khoi dif lién dé
va trong nhing truemg hgp nhy vay cdc luat duge phét hién thubng khong ddy da, khong
chac chan. Nhu di biét hién ¢6 3 1y thuyél ndi troi nhat trong biéu dién thong tin dugc biét
khong chac chan, khong ddy do 14 16 gic xdc xual. 16 gic m& va 10 gic kha nang. Trong
nghién ciu giai quyét bai toan & trén. chiing 161 lua chon 16 gic kha nang. ma cu thé 16 gic
kha nang vai gid tri can thiét duoc xét rén ngén ngir ¢6 dién (ngdn ngit ménh dé, hoac tan
1rcap | va duoc goi 13 ngon nglr PL1} dé bieu dién cdc mau ludt duce phat hién.
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No1 cach khac. chiing 6i mong muén sinh ra cdc luat dang: Néu xdy ra céc su kién 4,
As, ..., va A, thichac chan (kha nang) s& xay ra su kién B v6i do tin cdy it nhat & mifc

& ( nhiéu nhat & mifc f). Vé ban chat dang luat nay rat khic véi dang luat da duoe nghién
ctiu trong [5].

Chung 161 da dat ra bai 1odn can giai quyét sau day: Cho trudc mét 14p cac tic vu, van
d€ 1a sinh ra tat cd cdc luat két hop mite do cdn thiét cuc dai va mite d6 kha nang cuc tiéu,
cac 36 nay duge dua ra boi ngudi ding.

Nhitng nghién ci ciia chiing 161 méi 12 ban déu va hién chi tap trung vio viéc tim cdc
luat két hop voi mot diéu kién 1 mutc do can thiét cuc tiéu.

2.3 Cdch gidi quyét va mdt s két qud ban déu

Dé giai quyét bai todn dat ra chiing 161 da va dang gia 3 van dé sau day:

a)  Xay dung d¢ do cdn thiét gia tri khoang cho céc ItemSet trong Co s& dit liéu quan
hé cho tridc.

b)  Quan niém mai vé ngir nghia cia luat két hgp

¢} Trén cd sg cac thuat toan 1im cac ItemSet va sinh luat da biét, xay dung céc thuat
104n do khi cac ItemSet v cde Juat két hop duge do mic dé cén thiét.

Thire sur nhitng nghién ciru vé nhitng van dé nay méi chi bat dau. chua hoan chinh, nhing
theo chiing toi 1a ¢6 nhiéu trién vong 6t

3 Ly thuyét kha naing md rong vdi dinh gia la gia tri ngon ngir
3.1 Nhung vén dé ma trong Iy thuyé&t khé ndng:

Ly thuyét kha nang nguyén thuy dugc bat nguén tir 1y thuyét ma [7, 25] va duge
D.Dubois. H.Prade phat trién manh [7-11]. N6 mang nang dau an clia 1y thuyét tap md.
Nhung nhitng phat trién vé sau nay ciia né cho thiy 1y thuyét nay 1a mot su lai 1ao gida 1y
thuyét tap m& va ly thuyét xdc sual. né vira ¢6 mé hinh todn hoe dep dé cila 1y thuyét xdc
SUAL vira ¢6 st mém déo cia ly thuyet 1ap ma [8-11]. Ly thuyél kha nang dac biét thich hop
dé xit 1¥ nhitng thong tin chi duge biét mét phan, khong dugc biét day dit, hoac mau thuan
timg phan trong khi 1¥ thuy&t xdc suat rat thich hgp dé biéu dién va xir 1y nhimg thong tin
dugc bi€t khong chinh xdc. khéng chac chan va mang yéu 18 ngdu nhién (6. 14], Ly thuyélt
kha nang c6 2 loai: dinh lwong va dinh tinh. Ly thuyét kha nang dinh lueng xust phét ar 1y
thuyet tp m&. vdi ng{r nghia dua trén cédc phan bé kha nang dinh Iugng [25] (dinh gid 14 s6
thuc trong [0, 1]} trong khi Ly thuyét kha nang dinh tinh xuat phéc tit Modal logic c6 ngit
nghia dira trén phan bé kha nang dinh tinh 1a cdc quan hé thy iy yéu [6]. Giita hai loai 1¥
thuvét kha nang nay ¢ nhién moi quan hé rdt mat thiét véi nhau. Trong trinh bay nay chi dé
cap dén Iy thuvét kha nang dinh hrgng.
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Ky hiéu L={ 8, ,{ =1, ... .n} 1a tap cdc ménh dé. Khi d6 F=| (8. a)NS8S})za,  a ¢
[011.i=1.. .. n | (thodc F*= {8, . b)Y P(S) < h; . b, e [:1), (=1, ....n }}, o day N 1a mdt
do do can thiét (hoac IT 1a do do kha nang), duge goi 1a co s& tri thiic kha nang gid tri cdn
thiét (hoac kha nang) gia tri khoang. K¢ higéu £2 13 tap tdt ca cdc thé gidi co thé doi véi cac
ménh dé rong L va né cling duge goi 1a tap céc 16p the gidi cé the d6i véi cac co sa tri thic
kha nang F(F*).

M& hinh 18 gic kha ning:

Vé&i mdi co sd tri thife kha nang gid 1ri cdn thiét F. ndi chung cé thé xdc dinh duge rat
nhiéu phian bé kha nang dé thod co s¢ i thife di cho, D.Dubois va H.Prade d3 chi ra
phurong phap deé xdc dinh phan bé kha nang it dac 1a nhat thoa co sé tri thife nay. Phan ba
nay Ia dac trung cho co sd i thife d3 cho va duoc xdc dinh nhu sau:

l-a néu wl=-§8

el @) = min ,
1 néu mle1 A8y A a8,

vai moi we (2 [10-11]. khi d6 d6 do cdn thiét Ny xdc dinh tir phan bd nay sé& thoa: Ng(S,)

Za, vdimei =1, .., n,

Khi d6 v&i clia ménh dé § bat k¥, cic do do kha niang va do do cdn thiél cia né dugc
xac dinh théng gua phan bd kha nang nhu sau:

(8 = max (gt @)/w|= S | Va
o L2

I(S) = min {l—ﬂ'p((!))fa”:ﬁSﬁ_

we i)
Trong ngén ngil PL1 bao gdm céc cong thite kha nang dinh gid can thiét, 1¥ thuyét kha
nang da giai quyét kha tron ven nhitng vdn dé co bdn sau:
1) Van dé suy dién trong ngén ngit PL1.
2} Mau thuan titng phan va suy dién trong cédc ¢o s6 i thiic miu thudn timg phén.
3} Hé thong hinh thitc va van dé suy dién tu dong.

4y Tinh hop 1¥ va tinh day di mo hinh 16 gic kha nang ....

Trong [16-24] ching t6i da phat trién tiép 1¥ thuyét kha nang trong ngon ngr PL1, o dé
thue chat chiing 161 gia quyét bai todn sau:

(Gid si2 06 m ed s tri thite khd ndng gid tri can thiét Fj ={(S;, aj-;-);" Nj(Si) Za;.a;;
g (0.1} .7=1. . m. =1, .. n}, khi do vdi ménh dé 8 bit ky ta do muc do khd ndng va

can thict cia chiing bliing cdeh ndo 7. Viéc gidl quvél bai todn nay ciing van can dudc tiép
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ruc thém. Chang han can nghién citu dac timg chia céc toan i tich hop thoa cédc diéu kién

ddi hoi cua cde qua trinh tich hop cac phan b6 kha nang ...

Trong 1y thuyét kha ning D.Dubois and H.Prade da néu ra 2 bai ton md sau day:

a}  Ngén ngir PL2: |a ngdn ngit bac gém cd cdc cong thifc kha nang dinh gid cén thiét
va lan cang thite kha nang dinh gid kha nang:

F={(8;.a)/ N(Spza, . ae[0,1) .i=1..n vh (S," ) P(8;)< by, bre (0.1), & =1, ...m).
Nhimg van dé co bén déi véi ngon ngit PLL ¢6 giai quyét duge trong ngon ngit
PL2 khong 7. Hi¢n nay khé khan trude hét 1a ¢ chd chua xay dung duoc phan bd
kha nang dac trung cho ¢ s& tri thitc hén hop nay.

b)  Trong ngdn ngir PL1: khi dinh gid khong phai 1a s6 ma 1a gia tri ngdn ngw, thi céc
van dé co ban wén s& xay ra nhu thé nho 7 ...
Theo D.Dubois va H.Prade. gidi phap c6 1& 14 sir dung modal logic va 10 gic kha
nang dinh tinh dé giai quy€l van dé 2 [11), 1y do la chua c6 duge mét dai 6 ngdn
ngil i 161 ¢d thé thay the cho [0, 1] dé lam dinh gid cho cac do do thong tin. Mot
50 tac gia da dé xudt mot cach 1i€p can khic dé giai quyet van dé 2 thong qua viec
lugng hod cdc gid tri ngén ngit.

Cidch tiép can cua chung t0i la khic véi ¥ wdng cta D.Dubois va H.Prade va céc tac gia do.

) Ngoai ra nhimg nghién ciu vé méi lien hé giita céc 16 gic: Kha nang, Xdc suit, Ly
thuyét tap md. Modal Logic, Ly thuvét chiing ¢6. ... ciing ducc dac bigt quan tam
mot mar lam & vu diém va stic manh cla timg loai 16 gic trong nhing 16p bai taan
cu thé. mat khac mong muén sir dung cic méi lién hé dé dé nghién citu 1y thuyét
nay thong qua 1y thuyet kia. ... K& qua dé an nghién citu mdi day ctia NASA di
chi ra rang trén céc 14p vo han thi tinh biéu dién cia 3 16 gic Kha nang, Xac sudt,
M@ 14 trong duong. theo nghia thong tin duge biéu dién theo mé hinh ctia 16 gic
nay ¢6 the biéu dién dugc rong mo hinh coa 16 gic kia véi diéu kién rang bude nzo
do va nguoc lai” Nhung trong trudng hop hitu han thi 16 gic xdc sudt 13 manh hon
ca. doi lai 16 gic xdc suat phai trd gid bang su phitc tap tinh todn cila né.

3.2 Ngén ngu PL1 vai dinh gié Id gié tri ngén ngir

(éc co 56 tri thic khd nang gia tri can thiét ditge xét & day ¢6 dang: F={(S;, x)/ N(§) =
X, % eX 1= onhoday X=(X. C. H. < ~,u,n, 0, 1) Jadai s6 gia ir d6i xitng hiru han

(Symmetrical Tledge Algebra) duge dé nghi bai N.C. Ho va cang sy [12-13]. Trong dé
C=FW.Th F<W<T (FW.T) c6 thé 1a (false. unknow, true) hoac (bad. normal. good)

... }.Hién rai ching 16i méi xét trudng hop cdc gia tir coa dai s6 nay A 13 hitu han vi duoc
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sap tuyén tinh. Tidc 1a H={hA,, Ao, ..., Fp Aoy byl o Ryl VAR SRy <k < T <
o< hyo< o < hy, T=H,IC]. O day CcH{CIcH,[Clc . cH,[C1=X va v6i moi
veH,[C] va erp_l[C] thit hAx=x vdi moi e H. X ¢6 phdn tir 16n nhdt 1a V*True (Ky
hiéu 14 1) va phan 17 nhd nhat 1 VPFalse (Ky hiéu 12 0).

V&l moi he H, A(WI=W. -W=W. - T=F, —=F=T. Moi xe T. x déu cé thé biéu dién dudi
dang x=h h, . hu (ueC) véii<p. Khi dé pha dinh ctia x 13 ~a=h hy.. A0 volv=—u
trong C.

M&b hinh {5 gic dugc dé nghi;

Véi méi co 5o tri thic kha nang gid i can thiét F nhur rén, chiing 6 dé xut cong thite
xac dinh phan b¢ khd nang dac biét nhu sau:
’ﬂII llé"l.] (J')!:—|Sr'

me{ ) = min

1 néu @|=8; A8y A -nS,

voi moi e (). Khi dé vdi clia ménh dé S bat ky. cdc do do kha nang va d6 do can thié cla
né duge xde dinh théng qua phan b kha nang nhir sau;

I1(8) = max {AploVa|=5 | vi

NSy = mi(rll { ARl @ |= -8}

e
Khi dé d¢ do can thiét Mg xdc dinh tir phan b6 nay s& thoa: N(S,)2 x; . Vi=1, .. n.
Cluing 16i di chiing minh duge rang phan bo duge xay dung theo cong thitc néu trén la
dac 14 it nhal trong tal ca cic phan bé kha nang nhan gié tri rong dai 56 gia tir doi xtng dac
biét trén. Tiie 14 néu <6 phan bé khd nang #’° thoa man diéu kién Mp(S,)2 x, ,Vi=1. ... n
thiz’ 2 .
Chiing 161 hy vong 1a stt dung phan b nay d€ nghién citu ngén ngii PL1 khi dinh gis 1a

gid tri ngén ngit. hién tai ching i chua xay dung duge hé théng hinh thitc va cac luat suy
dién, chua ching minh duoc tinh hop 1¥ v tinh ddy di cia ngon ngi PL1. ...
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9 TICH HGP CAC KY THUAT
TINH TOAN MEM VA MANG NORON
TRONG XU LY DU LIEU
Nguyen Thanh Thuy va Nguvyén Hitu Duc
Khoa Céng nghé Thong tin - Dai hoe Bdach Khoa Ha Noi

Trin Ngoc Ha
Vién Cong nghté Xa hiém

1 XU ly di¥ liéu trong cac tmg dung tin hoc

Trong cédc 1ing dung tin hoc, nhu cdu xir 1¢ df liéu bao gém qud trinh phan tich dit-ligu
mau , mo hinh hod dir lieu hay khai théc xir dung nhiing kho dit liéu I6n 1h mét nhu céu cap
thiet cho nhimg hé thdng \ing dung doi héi tinh mém déo. Ta hiy thir phan tich mot vai iing
dung dé thay 16 dugc nhu can cip thiet nay.

Trong linh vyc tai chinh thuong mai. do dé rui ro cao ciia qué trinh déu nr cho céc du
an, nguol 1a thudng nghi deén vige xay dung cdc wng dung cho phép cac nha dau nr 6 thé
danh gid duoge cac diéu kién cho moi truong du ur. Viéc danh gia nay doi hoi itng dung
khong nhitng phéi khai théc nhimg véu 15 khéch quan nhu kha nang tiéu thy ¢lia khach
hang. kha nang cung cap clia cic nha cung (ng vat tu. thong s6 vé tinh hinh thi trudng
ching khodn... ma cén phai khai thic ca nhimg yéu 16 kinh nghiém cla cdc du 4n da thue
hié¢n trong cling méi truang.

Mot thi du khéc cling duge dua ra phan tich 1a dng dung du bao thai tiét cho nghanh khi
wrong thuy van. Cong viée du bdo thén ti€t ddi hoi phai tap trung rat nhiéu thong tin thoi tiét
ir cdc tram do & khap ca nude, Thong thueng ngudi ta dp dung nhimg phuong phap 1y
thuyét da duge cong nhan dé phan tich va dua ra dy bao cuéi ciing. Tuy nhién do sur thay déi
lién twe vé quy luat Khi hau ciing nhu viée thu thap thong tin khong day dit dan dén do chinh
xac cua cde phuong phap nay thuong khang cao. Mot dé xuat dat ra cho cong viée du bdo
nay la xdy dung mor tng dung cé kha nang hoc duge nhitng quy luat thay déi thai tiét dua
trén nhimg tinh huéng da xdy ra trong qua kinr. D€ thye hién diéu nay. tng dung ciing phai
khai thic mét khoi lwuong khong 16 dir Héu qud kit véi nhitg cau triic phitc tap. khong
dong nhat va doi khi khong chinh xéc vh thiu ddy da.

Trong thue t€, ¢6 vo van nhitng ting dung ¢6 cting nhu cdu xir 1y di liéu nhu vay. Chia
khod cho nhitmg thanh cong cuia cédc itng dung nay chinh la nhitng phuong phap tién tién dé
khai thidc dir liéu moét cach hiéu qua. Chinh nhu cdu nay la déng co chinh thiic ddy cho su
hinh thanh va phat trién ciia mét chuyén nganh méi —~ chuyén nganh khai khodng dir liéu
(data mining). Trong mot kho di lieu khéng 16. ngudi ta tim cich trich chon, dic nit ra
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duge nhimg théng tin quan trong va can thiét cho nhu cau claing dung. Khi nhitng théng
tin nay mang mot tinh quy Iuat va cé thé coi la nhimg ¢ri ¢hite. nhitng kinh nghiém quy bau
duge tong ket thi qua trinh khai khodng dit liéu tr& thanh mot qud trinh phét hién i thie tir
dir liéu (Knowledge Discovering in Data), '

Trong Iinh vire nay (khai khodng dit liéu va phat hién tri thite tit di 1iéu). rat nhiéu
phuong phép, k¥ thuit da duge dp dung nham tim ra nhitng quy luat, nhitng méu hinh an
dau bén rong mét khaéi dir 1iéu hdn don. C6 thé liét ke ra & day mot vai phuong phdp trong
rit nhi€u cic phuong phap duge dp dung trong linh vire nay:

— Tim kiém quan hé giifa céc thude tinh bang phirong phap tuong quan va héi quy cia
thang ké.

- Biéu dién tri thiic dudi dang luat két hop.
— Xap xép phan loai tri thifc nhé cay quyét dinh.

- Biéu dién tri thic duéi mo hinh mang Bayes.

Va & day cling cdn dé cip 161 mét cong cu quan trong va hiéu qua cho qud trinh khai
thac dit iéu — md hinh mang noron. '

2 Tiép can mang noron trong xu ly dir liéu

N6i dén mang noron & déy ta hiéu la mang noron nhan tao {artificiel neurcn network) —
su mo phong 1odn hoc cha cdc mang noron sinh hoc '
{biclogical neuron network). Mot mang noron nhén tao duge
xay dung tir nhing thanh phan co s& 14 nhimg noron nhan tao
duoe mo 1d nhur kinh 1.

M1 noron nhan tao nay ¢6 nhidu diu vio va mot dau ra.
Cdc dau vio tiép nhan kich thich tr ddu ra cita nhitng noron
khac hoac tr méi tnrong. M5i noron vao ¢é6 mot trong s6
(weight) nhiam khuyéch dai tin hiéu kich thich. T4t ca céc (in
hiéu kich thich nay sau khi duge khuéch dai s¢ di vao than
noron bar dau rir bo cong. Bo cong <& thic hién viéc 16ng hop
céc kich thich theo cong thic :

L
Net = ¥ xuw; . Hinh 1: Noron nhan tao

i=]

Tin hiéu sau khi t6ng hgp duce lai tiép mc dugc bién ddi nhd mot ham phi tuyén.
thuong duge goi 1a ham kich hoat {activation function).
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Dudi day I mot s6 ham kich hoat thudmg duge sit dung :

0 néu Netz8

~  Hard-{imit hi{Net.& = { ) .
1 néu Net<@

— Thresold tiNet.a, @ = max{l.aNet+&).

1

1+e-mNe.t+8} ’

— Sigmoidal sf(Net,a.& =

Va cuoi ciing tin hiéu s€ duge dua ra ddu ra clla mang noron dé lai tr& thanh ddu vao
clta cac noron khdc hoac trd thanh tin hiéu ra ciia toan bé mang.

Khi k&t hgp cdc noron lai véi nhau thanh mét mang noron nhan tao, ta ¢4 thé xem nhu
migng nay 1A mot mé hinb rinh fodn Y=F(X) vdi X 12 véc 1o 56 litu vao va ¥ 14 véc 10 56
lieu ra. U diém cha mot mang noron nhan tao nhu vy la né cho phép xay dung mét mo
hinh 1inh 1odn cé kha nang hoc di li¢u rat cao. Chi cén dua vao cho mang mot tap mau dir
liéu trong qua trinh hoc 1a mang c6 kha nang phat hién nhiing rang budc dif lién va ap dung
nhitng rang bude nay trong qué trinh xir dung ma khong cdn phai ¢é thém céc tri thitc vé
mién ing dung. Kha nang nay cho phép ta xay dung mé hinh dif liéu mot céch dé dang. Mot
ty diém khic cia mang noron 1a kha nang dung thit 18i cao. Mang c6 thé chap nhan nhimg
dir iéu méu khéng hoan toan chinh xdc tuyét d6i ma van dam bao duge phan nhiéu tinh
ddng dan cua bai todn. Biéu nay 1am gidm nhe ral nhiéu qua urinh sang loc, am min dir ligu
trong khai thdc. V& nhilg dac diém nay. mang noron cho phép dé dang xay dung cic mo
hinh thich nghi mé trong dé su thay déi lién tuc vé& quy luét dir liéu c6 thé dé dang duogc ap
nhil trong qud trinh hoc lai clta mang. Tuy nhién mang noron ciing khong phai 13 mét cong
cu van nang. N6 efing cé mét s6 nhirge diém khé khac phuc:

— Mang chi c6 the 1am viéc v6i nhiing dif liéu s&.

Dé mang dat duge mot higu qua cao thi didu cdn thiét 12 phai cé mat bo dir ligu mau do
lém cho qua trinh hoc.

Mang chi ¢6 tinh chil néi suy. Kha nang ngeai suy 1a rat kém.

Mang khong thé dua ra duoc co ché giai thich.

Cac gidi thuat hoc cla mang doi khi chua dam bdo sir hoi tw can thiét cho qud trinh su
dung.

Nhimg nhuge diém nay chinh 1a mot trong nhimg tién dé cho ¥ tudng tich hop mang
noron véi cdc k¥ thuat khic cua ching 6i. Trong pham vi cia bai béo ching 81 xin chi dé
cap t6i nhitng nghién cifu cua nhom vé mang noron nhiéu 1dp lan treyén thang (multi-layer
feedforward no-ron network) vai giai thudt hoc lan ruvén nguoc 18i (back-propagation of
error - BP) va nhimg céi tién nham khac phue nhuge digm cta mang nay.
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3 Mang ndron nhiéu 18p truyén thang va giai thuat hoc BP

an Kién frac

. Input
Mot mang naron nhiéu 16p lan truyén thiang cé bias
thé duge mo ta nhwr hinh 2. Mang nay c¢6 dac tinh
la4 chia thanh nhiéu 13p | 16p vao tuong iing véi cac
tin hiéu diu vao cla hé thong va Idp ra twong tng
v8l cdc k&t qua tra vé. Cdc noron giita cdc 1dp ké Hidden
tiép nhau duge ndi mot cac ddy du. Mac dit mat layers

mang noron téng qudl, ngudi ta cd thé sir dung
nhiéu ldp an ty nhién ngudi ta da chitng minh
duge rang chi ¢dn mot 16p 4n cia mang 1a 40 mo
hinh hod mot ham bat k¥ nao do (3].

Mang noron nay ciing ¢6 thé duoc dac ta boi
cac 1ap cdc thong tin cdu triic § bao gém s 1dp cla
mang. s0 lirong noren trén mot ldp va mot tap
thong tin tham s& P chinh 1a tap céc trong 56 clia Output
tirng noron trong mang. Khi dé dé xay dung maot
mang 1a cdn phai xdc dinh ca hai tap § vad P nay.

Hinh 2: Mang nhidu 18p truyén thing

Thong thudng . qua trinh xdc dinh § va P phu thude vao tap nhimg dt liéu méu (X, V) da
dugc hau trir lai tir nhitng tinh hudng sit dung thuc 1€ ciia hé thong. Mang sé dwoc hoc nham
xay dung duge mot cap § va P 1ot nhat v tir 46 nd cd kha nang du doan mét két qua Y khi
c6 mot dau vao X nao dé sao che bo (X,Y) ndy ciing dam bao duge tinh quy luat nhu rong
tap dir licu mau. Nhu da dé cap & rén, thong thudng mét mang noron chi cé mét Idp an. khi
d6 cong viéc xdc dinh bo thong sd § chi 1a viée chi ra cu thé xem 1ép 4n cé bao nhién
noten. Viée xac dinh nay thuong duge thire hién dya trén kinh nghiém hoac phép thit vi sai
va thyc ra ta cing khéng cé qud nhiéu lga chon che tham s& S nay. Chinh vi vay ta tap
trung O déy vao cong viéc xac dinh bo tham s& P. Mot phuong phéap xac dinh truyén théng
nhat do 1a 4p dung gial thuét hoc BP.

3.2  Gidi thudt hoc lan truyén ngugc 16i (Back-propagation of error)

Giai thuat hoc nay dugc xem nhu mot giai thudt hoc ¢6 thiy (suppervised learning)
nghia la d¢ mang ¢6 thé hoc dige thi bo dif liéu mau phai la tap nhing cap (X;.Y,). Véi
mai cap dir liéu mdu (X,,Y;) nay giai thuat s& thyc hién hai pha:

Phat: X, duge dua vao mang va duge la truyén trong mang dé thu duge mét daura O,

Pha2 : Ham 161 E;=(Y;-0,)" dugc tinh todn va 15i ndy lai ducce lan ruyen nguge lai
diu ra cha mang nham muc dich cap nhat lai cdc trong s& clia mang.
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bé thu duge mét két qua 161 mang s& phai thuc hién hang ngar vong lap nhu vay dé
cudi cing tho duoe mét bd trong s8 sao cho sai s6 E 1a nho nhat.

3.3 Goilai (recall) vél du bao (prediction)

Got lai la khd nang du dodn dau ra cba mang trong qua trinh hoc con du bdo 1a kha
nang dir dodn cia mang trong qua trinh Xt dung. D¢ xac dinh duoe cac kha nang nay ngudi
ta thuding chia bo méu hoc thanh 2 phan T, va T,,,,. Chic6 T,,,,., duoc sit dung cho

qua trinh hoc thei con Ty, ., duge st dung dé thir du bdo. Keét qua duge dinh gis bdi ham
sai s binh phuong 181 thiéu RMS :

f i (y.‘ﬂ' - O.«'r’ )2

y=li=1

e trong do6 p la 56 lrong méu va n 1a s6 ddu ra clia mang

Ham sai s6 nay s€ duoc tinh todn trénca hai tap T, ,,, va T,, ., va s€ dai dién chy kha
nang goi lai va dir bao clia hé thdng. Thang thudng néu két qua hoc {4 5t thi ca hai ham sai
s0 nay déu cho nhitng gid tri sai s6 rat nho. tuy nhién ciing c6 khi sat s hoc thi nhé ma sai
s0 khi du bdo thi 16n (overtraining effect). Diéu nay cho phép ta khing dinh 13 ¢é sut dur thira
trong cdc tham $6 ¢ tric ma cu thé i s6 luong noron 1dp an qud nhiéu. Khi dé ta phai
thay déi lai s6 luong noron nay va bat dau lai mét qua trinh hoe khic.

lA’ e - - b
4 Quan diém toan hoc vé qua trinh hoc ¢cia mang naron

Theo chung t61 . mdt qud trinh hoc cha mang noron bao thuc chét 1a mot qua trinh tim
kieém mét bo cde tham s6 trén mot khong gian clia cic tham s6 d6. Qua trinh nay cén phai
thire hién theo hai buée :

— Xic dinh ham gia trén cic tham s¢
— Toi thiéu hod ham gid trong khong gian clia cc tham so
4.1  Hoc tham sé

Hoc tham $6 1a qué trinh xdc dinh mot tap tham s6 P ( hay 1a céc trong s6 ) tot nhat v
mot chu iric mang ¢6 dinh. D€ 1am duoc diéu nay. ta cdn phai xay dung mot ham gia dua
trén 1ap cdc dit liéu mau 7, ., va tap trong s6 W. Ham gid nay <6 thé 13 mot ham kha vi
bat ky ma cé tinh chat dat dén cyc tiéu khi cdc ddu ra O; ding béng daura 1y tudng Y, cia
tap mau. Ta c6 the xay dimg ham gid nay dudi dang L, — norm nhu sau:

1 b s
W=—3(y, -0, vdi 1< pg e

i
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V@i ham gia nay. ta ¢6 thé 4p dung mot giai thuat tim kiém nao dé rén khong gian R™
cla tap trong s6. Néu thu duge két qua (6t vai mot clic ticu (odn cuc. ta s& cd mal ba tham
50 tot nhat cho mang.

4.2  Hoc tham s bdng gidi thudt lan truyén nguoc 15i (BP)
Trong giai thuat BP . véi moi mot cap dit liéu mau (X, Y;) ngudi ta xay dung mot ham
gia nhu sau:

14 .
E(W)zrjzwj —Oj)z .
20

Néu nhu ta c6 p cap diF lieu miu nhu vay. 1a s€ ¢6 p ham gid khdc nhau va cic ham gia
nay sé duoge 161 thicu hod timg budc trong qua trinh hoc cha mang bang phuong phip
gradient:

Awit- =7 9F
!
awﬂ

Aw_ﬂ-,-(n) = r}c?j(n)yg’(n)

trong dé Aw"”- 12 sir diéu chinh trong $6 sau méi bude lap ! clia noron thit j trong ldp i. 17 gol

12 hé <6 hoc hay téc do hoc.

Tuy nhién chiing ta cling duge bigt rang E (W) 13 mét ham cé bé mat rat phic tap. Néu
nhu v mot mang mot 16p (khéng cé 16p 4nj thi bé mat nay cé hinh dang paraboloid va khi
dé phuong phap gradient méi chac chan cho ta dat t6i mét cuc (i 1oan cuc cla ham gid.
Tuy nhién néu sé lugng 16p an 16n hon hoac bang mot thi bé mat nay (ré thanh mot bé mat
Xodan ¢6 nghia 14 nd 16n tai vo 50 cyc i dia phuong va do dd phuong phap gradient khéng
thé dam bao cho ta tim thdy duoc mdl cuc tri foan cuc trén bé mat ham gid nay. Chinh vi
vay dé cai thién gidi thuat gradient nay. ngudi ta thudng tim cach thay Gdi hé s6 hoc hoac
thém vao d6 thanh phan qua tinh dé cho phép cd thé wvirgr qua nhitng cuc tri dia phuong
trong qua trinh om kiém.

Awl';-r (n) = r;cSJ (n]yr‘g (i3 + w\w_’:-l-(n -1

Viéc lira chon hé 6 hoc 77 hoac hé s6 quén tinh @ ciing la mot van dé rat khé khan bai
vi néu he s6 hoc qué 16n dai khi dan dén tinh rang khong on dinh ciia qud trinh tim kiém.
Con hé s8 hoc qui nho lai dan dén 8¢ do hoe cham va kha ning vuot qua cdc cuc i1 dia
phuong thap. Qué trinh tim ki#m trén nhiing ham gid nhu thé nay da duge chitng minh 13
mot bai todn NP-day dit nghia 12 ta khong thé xir dung dugc mot giai phap tong quat ¢o do
phiic tap da thire d€ dat dén k&t qua. Xuat phat fir quan diém niy. trong bai bao ching toi dé
Xudl viée tinh hop cdc k¥ thuar tim kiém toan cuc dua trén mot 8 yéu 16 ngau nhién
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(stochaostic) clia SoftComputing vdi giai thuat hoe clia mang noron truyén thing nhiéu 16p
dé 6 thé dat 161 dugc mot ket qua 16t nhat c6 the.

5 Tich hgp giai thuat di truyén véi qua trinh hoc cia mang
noron nhiéu I6p truyén thing

Giai thuat di truyén duge biét dén nhir mét gidi thuat tim ki€m dua trén hoc thuyét vé
chon loc 1y nhién va né cho phép ta dat dugc 16i nhitng cuc tri toan cuc (1] . D€ ap dung
dwoc gidi thuat di truyén trong qua irinh tim kiém trén khong gian tham s6 B™. Ta can phai
thire hién cdc bude sau :

1) Ma hod cdc trong 56 cia mang noron thanh cdc nhiém sde thé dai dién cho cdc cd thé
ciéa mot qudn thé ciia gidi thudt di truyén.

Madi cd the trong gidi thuat di truyén sé thay mat cho mo! b trpng s clia mang noron.
Moi trong $6 nay s& ducc ma hod thanh mét doan k-gen trong nhiém sic thé tuong Gng. G
day ta khong can phdi phan biét trong s6 nao & 16p ndo ma ta chi can trai t4t ca cac rong s&
Ién so do gen cha nhiém sic thé. Do tiéu chudn vé minimal alphabets [1] nén mdi nhiém sic
thé s& duoc mé hod thanh mot chudi ¢6 dinh cac gen va do-d6 cdc trong s6 cdn phai duoc
nan (scale) cho phit hop v6i khung ciia timg doan gen. Vi du mot nhiém séc thé cd do dai 20
bit bi¢u dién 5 trong s6 thi méi trong s6 cdn phai duge nan chinh vé 4 bit ic 1a vé gia tri
trong khodng 0 dén 15.

Sau khi da thu duge k&t qua, cdc trong sd s& duge chuyén déi nguoc lai vé gid tri thuc
qua qua trinh giai ma.
2) Xdéy dung ham gid

Ham gid nay s& duge sir dung d€ tao nén do phi hop (fitness) cila cdc ca thé va clia ca
quén thé trong gidi thuat di truyén.

Khdc voi gidi thuat BP (sir dung nhiéu ham gid), giai thuat di truyén sir dung duy nhét
mot ham gid. Néu nhwta ¢ 7, 14 1ap cdc dit liéu mdu thi ham gia s& duge tinh todn trén
10an b tap ndy nhu sau ;

E{w)=

b=

P n )
E Z (y-‘s'_.' _Osj)
w=tr=1

Trong qué trinh ti€n hod ciia toan bo quan thé. ham gi4 nay s& d4n dan dat t&i cuc tiéu
toan cuc.

3} Khi tao quan thé ddu tién
Theo C.T. Lin, C.8.G. Lee [2] quan thé d4u tién sé dat hiéu qua t5t nhat khi ta lua chon

ngau nhién véi phan b xdc xuat e trong d6 x 1a s& luong cdc giai phdp chon. Pay 1a
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mot quan sat thue tién cho phép han ché duoc khong gian lua chon ban dau cia céc céd thé
trong qudn thé.

4; Két hop gidai thudt di truvén vdi BP

Véc 1o cdu tric

Mac dir giai thuat di truyén cé kha nang dat dugce 16 cue tri £
toan cuc cho qua trinh tim kiém nhung do cd két hop nhitng yéu iL
o] ﬁgau' nhién nén .IOC \do tl{n kiém néi c];.yng la t"at tham. M'._:'\t Gidi thut di truyén
khdc nd khong thé hoan toan dat duoc téi cuc tri toén cilc ma
chi cho nhitng két qua xung quarh dé. Doi lap véi gidi thuart di -
truyén, BP lai cho phép dat duge nhimg cuc tri néu nhv diém Giif Igi nhiém sdc
xuit phar ciia qud trinh tim kiém nan trong viing clia cuc tri tha 18t nheit
toan cuc. Tir dé chuing 161 ¢6 ¥ tuong két hop ca giai thuae di
truyén va BP nham dat 191 mot két qua tron ven trong bai todn : =
i ki Hoc bang giai thugit
tim Xiem. lan truyén ngugc 18I
Trong giai thuét két hop nay, giai thuat di truyén duge sit c4 thay doi

dung nhir mét b khdi tao cho BP. Tap trong s6 duge md hod

thanh cac nhiém sac thé va duge tién hod nhé gidi thuar di l Tgp cdce trong 56 |
truyén. Keét thic qud trinh tién hoa . bé trong s¢ 161 nhit wong
g vdi cé thé wu viér nhat trong quan thé dugc lua chon lam
nhiing trong s& khoi tao cho giai thuat BP. N6 chinh 12 bd tham
s6 cho phép xac dinh diém gén cuc 1ri 1oan cuc nhat cla ham gia.

Hinh 3 :K&t hop GA va BP

Véi su két hop nay. giai thuat BP s& cin phai dugc thay d6i mét vai véu 16 :
~ Giai thuat khéng tr khdi 1ao trong s6 ma nhén céc trong s& it giai thuat di truyén
— Thanh phan quan tinh duge loai bo dé lam tang (8¢ do cila qud trinh héi tu va loai bo
dao déng.
— Hée s6 hoc thich nghi [1] duge dp dung dé tang t6c do tim ki€m
+a néu AE < 0 duy tr1 trong k budc

A =<—bn néu AE >0
0 cac truong hdp khac

Trong dé A7 1a su diéu chinh hé s6 hoc sau mdi bude 1inh todn.
5)  Nhitng nhioe didm cue gici thudt di truvén

Sar d1 gidi thuat di ruyén cé mat t6c do hoi tu cham 1a do su kém hiéu qua cua cic todn
1T lai ghép (crossover) va bién di(mutation). Trong céc toan tif nay, cdc nhiém sic thé duge
tao ra do1 khi rat “yéu”. Do vay qua trinh tién hod cla toan bd quan thé sé& bi cham lai.
Nguyén nhan chinh 12 do haj 104n 6 nay xay dung cdc nhiém sdc thé mdi dua trén yéu o
nghu nhién ma khong can biét chiing cd hiéu qua hay khong.
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Chinh vi vay cdn phai tim cdch cai thién hai todn 11 ndy ma khong lam mat di yéu 1o
ngau nhién trong d6. Giai thuat mé phong qua trinh 6 thép (Simulated Annealing — SA) la
lya chon cia chiing 16 nhédm cai tién hai todn tir nay.

6 Cai thién giai thuat di truyén bing mé phdéng qua trinh téi
thép

Khac véi gidi thuat di truyén, mé phong qua trinh 61 thép khéng sit dung phuong phép
tim ki€m trén mét quin thé ma chi xudl phat tr mot diém gidng nhu céc phwong phdp
gradient. Tuy nhién thong qua viéc chuyén trang thdi bang lich trinh t6i va xac xust chuyén
trang thai thi yéu 16 ngau nhién duge dua vio cho phép gidi thuat tir xudt phat di€m ban dau
c6 thé vuot qua nhimg viing cyc tri cuc bo dé dat 16i cuc tri toan cuc. Mot diém khéc nita
gilfa SA va GA d6 la sy xdc dinh nrong d6i trong qua trinh tim ki€m. Véi GA ta khong thé
xdc dinh duge vdi baonhiéu thé hé thi cd thé dat (i trang thai wu viét wy nhién trong SA
qua trinh 1i€n dén trang thdi un viét hoan toan duge xac dinh thong qua lich trinh tai. Chinh
Vi vay ching 101 muén duge ket hop hai phuong phap ndy dé chiing ¢6 thé bé xung cho nhau
nhiing uu diém cla nmg phuong phéap.

Cu thé cta viéc tich hop la st thay thé cha hai toan tir Crossover va Mutation bang hai
todn 10 méi SA-Crossover va SA-Mutation.

Procedure SAC (parentl,parent2,T) {
crossover ( parentl parent?->childl,child?)
if C_accept{childl, child?,parentl,parent2,T) then return childl,child2
else return parentl,parent2 }
Procedure SAM(ch,T} {
new_ch=mutate{ch,T)
if M_accept (ch,new _ch,T) then return new_ch
else return ch }

trong d6 crossover va mutation la hai todn 1 truyén thang clia GA. Thay vi st dung ngay
két qua cta hai todn 1t nay thi 14 can loc qua bang cdc hiam C_accept va M_accept. Day
chinh 1a diém két hop giita SA va GA.

Neéu nhu E vi new_E 1 nhimg ham gid clia cdc nhiém sac thé cii va nhiém sic thé mai
tao ra béi cdc ham truyvén théng thi

AE=new E- E
chi ra sy chénh léch vé do phu hop giita hai nhiém sac thé nay.

SA s& sir dung AE dé quyét dinh ¢4 st dung nhiém sic thé m&i hay khong thong qua
phan bo xéc xuit Metropolis
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M_accept |true if AE<O0
=<true if AR >Oand z < p=exp(-AEIT)
(C_accept false otherwise

z duge sir dung & day la mot s& ngdu nhién trong khodng O ~ 1 dé quyét dinh su chuyén
trang thai bang phan bd xac xuar

Ta 6 thé thdy rd rang: Néu nhiét do T cao thi kha nang chuyén trang thai 12 ¢6 thé xay
ra dé dang nhung néu 7' thap thi kha nang chuyén trang thai 14 rat thip néu nhu cac toan ti
truyén théng cho mot két qua téi hon.

Lich trinh 161 ciling duge xdc dinh théng qua cong thitc do Geman S. and D. Geman
[1984] dwa ra

T, L . . A . . .
Tig) = 1—-10—g vdi g 1a budc chuyén hién tai va T, 1a nhiét dd ban dau
+in

7 Két luan

Trong bai bdo nay chiing 101 d& sir dung hai k¥ thuat hang ddu vé tfim kiém toan cuc
trong viéc cai thién giai thuat hoc clia mang noron truyén thang nhiéu 1ép. Nhitng nghién
citu chinh trong pham vi ca bai viét maéi chi dig & mite do 1y thuyét. Ching toi hy vong sé
c6 digu kién chitng minh tinh hiru ich cta phuong phdp nay trong nhiing émg dung cu thé.
Xa hon nira chiing 161 ¢fing mong muén duge dp dung cdc ¥ tudng tich hop trén mot s6 cic
phuong phap khic trong Iinh vire tinh todn mém nhu logic md, 14p luan x4p xi ... nhim nang
cao kha nang ting dung cua chiing trong cac bai toan thuc tién vé xir 1y di liw.
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10  SUYRONG TOAN TU OWA CUA YAGER VA
UNG DUNG VAO XU LY THONG TIN
TRONG CAC HE TRI THUC
Biii Cong Cuing
Vién Todn hoc
Nt dung
— Vao dau.
~ Phan 1: Todn tfr trung binh trong s6 ¢6 sap xép.
- Phdan 2: Todn 1 tich hop ngén ngir.
— Phin 3: Mot s6 1ing dung.

Vao ddu

Nam 1988 R. Yager trong [1] da dinh nghia todn tr trung binh trong s6 c6 sip xép
(ordered weighted averaging operators “OWA). Tiép theo tic gia ciing nhiéu nha nghién
ciu da 1rinh bay hang loat kha nang sir dung nhiing todn 1l nay vio céc bai toan khédc nhau.
vi du Xem [2-4]. Gén day. 1996 F Herrera va cdc cong sy [6-9] da dua vao I16p toan 1 tich
hop ngdn ngit dua vao OWA va bit ddu ing dung trong cdc bai todn quyét dinh tap thé.
Theo hudng nghién ctiu nay. tir 1998 chiing 161 ciing da thu dugc mor sd két qua {10-13].
Trong bai bdo nay sau phan gici thiéu nhiing két qua chinh s di sau thém mot s6 khia canh
mai.

Phan 1: Toan tur trung binh trong sé c¢é sap xép (OWA)

i Binh nghiga vd mét sd tinh chat

Qué trinh tich hop thong tin xuat hién trong rét nhiéu tng dung clla céc heé tri thic, vi
du tich hgp trong mang noron (neural networks), diéu khién md. hé chuyén gia va hé trg
gitp quyét dinh. dac biét trong cic bai toan phdi xir Iy nhitng thong tin bt dinh. R. Yager
(1] da gidi thieu mot k¥ thuat tich hop méi dat co s¢ trén todn tir trung binh cé sap xép
(ordered weighted averaging, viét 1at {a OWA). Todn (I OWA nay chi dinh nghia trén céc
vec 10 80 thyc. muy nhién nhu ching ta s& thay todn tir nay c6 thé suy rdng dé phat huy the
manh cla né trong cac hé tr thic.

Toan 1r OWA, thuc chat da cung cap cdc todn 1 két hop (loai phép toan Jdy trung binh}
nam gilta 2 phép toan logic “phép tuyén - OR™ va “phép hioi - AND”.
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1.1 Binh nghia

Cho vecto trong 50 w=[w,. ws. ..., wn]T. cdc trong 86 w, thod 0 € w; 1. vé méi

i=1, ....n vathoa diéukién X, w =1.

Binh nghia 1.1: Cho vecto a=(a,, ... .a,) € R". Toan tir OWA la mot 4nh xa F: R" SR,

xac dinh bai
trong dé b; 1a phén tit 16n thii j cua vectoa.

Vi dy: Gia sit W=[0.4, 0.3, 0.2, 0.1]T, a=(0.7, 1, 0.3, 0.6}, vec tor b s& la =(1, 0.7, 0.6, 6.3) va
Fla) = (0.4 1)+H0.3)(0.7)+(0.2)(0.6)+(0.11{0.3) = 0.76.

Y co ban chia toan 1 nay la sap xép lai, nghia 1a phdn tlr can tich hop e¢; khéng két hop

Vi trong SO w, mi mot rong s6 s& k&t hop véi mot vi tri wong dng cla tap cdc phan tir tich
hop sau khi da duge sap xép.

Sur khdc nhau giita cac 10dn tr OWA duge phén biét bdi cae trong s6 nay.
Pé minh hoa, ching ta xét mét s& tritmg hop dac biét.
) F - trong truong hgpw =w*=[1. 0. ... . 0’

2) Feimg véiw =w.= [0, ... .0.1).

3 F,..luonging véiw =w 4. .= [Un, ... BV
Dé& dang thay rang:

F*{al, ey )= max(a;).

Fola,.....a,)=min;a;).

.\ 1
va F.-X\‘e(al""'ﬂn)zgziai'

1.2 M0t sé finh chét cla todn 1 OWA
1} P& v mabi tedn i OWA-F

Fuaa,,....a,) s F(a,‘...‘a,l)SF‘(al.....an].

Do vay diém thap nhat hay cao nhat cla vecto a 1a gidi han cila nd. R6 rang:
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min {a;} € Fla,. ... -, )% max, (a,)
2} Tinh hodn vi {Commutative)
bDat (e, ... .a,) Ya mét g6i can tich hop, vd (d,. ... . d,} Ia mot trong céc hodn vi
(permutation) cua a;. Khi ay
Fla,.....a,})=Fid,.....d,)
1) Tinh don diéu (monotoniciiy)
Cho a, vac; la cac phan ur duge chon lya ctla tich hop. Néu a;2¢;. vai mdii=1. ....n.
thi:
Fla,....a, )z Fle,. ....c, )
trong dé todn ir OWA—F ¢4 trong 6 ¢ ¢& dinh.
4) Tinh luy dang tidempotancy)

Néua,=a voimoiith Fla,. ... e, b=a.

Tir 4 tinh chat trén chiing ta thay todn 1 OWA <6 nhimg tinh chét két hop co ban nhu
mot todn 1l trung binh,

1.3 Hai d6 do quan trong gdn vai todn i OWA
Binh nghta 1.2: £}6 phin idn hay entropy (dispersion or entrepy) cia vecter w dugc Xac

dinh boi Dispue) = -2, w, Inw,.

Khi sir dung todn 1@ OWA nhu 1 mét todn tir trung binh thi Disp(w) = ln(n) chinh 1a
mure do khi1a s dung 1at ca cae phdn wr tich hop bang nhau, khi d6 gid tri clia do do 13 16n

nhat. Con trudmg hop F . F.. thi dé phan tan cdc trong s6 la thdp nhdt bang 0,

Binh nghia 1.3: £ do tinh tuyén (orness) va dé do tinh hoi (andness)

4y Do do tinh wiyén clia mét vector w duge cho bai

1 it
Sin—ing, .
n=-1:72

orness{w) =

C6 Ihé thay orness(w™®) = 1. orness(w.) = 0, orness{w 4.0 = 0.5.

b} B do tinh hai clia vector w duge dinh nghia:

andness{te) = 1— orness{w).
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No1 chung. cic do do nay s& danh gid todn tr OWA vdi nhiéu trong s& gdn dinh hon 8
la todn nr “orlike™ (gidng todn 17 tuyén “or™). va khi dé orness(W) 20.5.

Khi cac trong s6 la khdc 0 va gan véi ddy thi todn tr OWA duge goi 12 gidng todn 10 hoi
“andlike”, khi do orness{w) € 0.5.

Dinh I¥ sau day minh hoa dac tinh nay.

Binh ty 1.4: Néu w va w' 12 hai vector OWA c6 n thd nguyvén va véi A>0.i# ). j <k cd:
ay  wy= ow,',
b) w,= wj-"+A (i#j A>0).
) wp=wy' -A (A>0.j<k),

thi orness(i) > ornessw' ).

Ching minh;
i

orness(iw) = —l—lzm -y =—— z -t +Hn— PA-(n-kA
n

1=] i=1

= prness(w’ )+

Vik >j nénorness(w) > orness(w' ).
Dinh 1§ nay chi ra rang néu chiing ta chuyén trong s6 clia vector w 1én thi chiing 1a s&
lam tang orness. khi chuyén trong sé xuéng thi lam gidm orness(uw).

2 Bdingdu clia todn tJ OWA

2.1  Dinh nghia 2.1; F goi 1a d6i ngau (dual) ciia toan 1ir OWA-F. néu né la mdt todn oI
OWA cing thif nguyén vGi trong s6 w; = w, ;. 1.

C6 thé dé dang thay rang néu F va F 1x mét cap déi ngau thi:
1) Disp( F )= Disp(F)
2} orness(F)=1- orness(F)

Do vay néu F 1a giong tuyén (orlike) thi Fla gidng hoi (andlike.)
Bay gitr chiing ta hay xér vai thay déi khic cia tap céc trong s6 OWA.

Gia st F ¢6 trong s6 w; va w;= (1- w,)/ (n-1)

Vidu: w=[10000]"thi W=[0 1/4 1/4 1/4 1/4 |7
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Trong bién ddi nay chiing ta lam cho méi w; phéan tan déu trong khodng n—1 vi tri con
lai & dang cdc 1rong s& clia vector mdéi.

Néuw, =lnthl &,=(1-1/n)/{n-1) = 1/n

Khi dé

orness(F )=

_'i)u"i

(n 1)2
(n—1)— 01‘ness(F)
(n—l)Q z -
= M—— orness(F)
2 -1 n-1
— n — .
= ‘7(n—l) p— orness(F}

= (—- — orness(F))

n—1
Két qua cua phép bién dbi nay 12 1am xuat hién vigc dua cdc trong s6 dén gin véi do

trung binh thye, w;=1/n. Phép toan nay la mét loai tuvén 1inh hoa clia toan tir OWA.
2.2 £ 4ol (Buoyancy measure)

Binh nghia 2.2: Cho F la mot toan tr OWA véi trong sé w.
a) Fcodordi néu cac trong sé thod man diéu kién: w; 2 w; vél moi i <.
b}  Fcé dé rdl md rong (buoyancy measure extensive) néu nhur diéu kién 12 chat theo
nghia w; > w; véi moi i <.
Binh Iy 2.3: Néu F i 6 d¢ troi thi orness(F) 2 0.5.

Ching minh: Tacé

orness(F) = —Z(n 1)w,-£+-—2(n L, .

n—1,3 2 n-1735 2
ma 2,w,=1, vay —Z w;= % nén:

orness(F) = i ——-—-Z(n D, —-——E L
2 il 2
1 n—-i 1 1 n—24+1

:_+Z —_—— s — J [ — LI

9 "(n—l 2) 2 24l 2n-1) w;
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n=-2i+1

Pai LS ee—— =1, L.

3 q; n—1)

- _n=2n-2+21+1 _ -n+3i-1_
nen qie-, = %n-1) S 2n-1) T

Trudng hop n chan, tacé n=2m vakhi 8y i=a. asm

1 & 1
orness(F) = 5 Y aatw, —wyq )2 5
= a=) <
~-20+1_ 2m-2m+1 . e
Vi: qa=n s 20vaw,; 2w, VoL <.
2n -1 Hn—1)

Treong hop n lisé lé. nic la n=2m+1 ching ta cd:
1 Fiid
m‘ness(F) :;+ an(wa —wﬂ+‘l—a]+qm+lwm+]
= a=1
2Zm+1l-2Am+1)+1 _
2An-1)

ma g+ =
" 1
nén  orness(F) 2 3

Ba dé 2.4: Néu trong s6 thoa didu Kién w; 2w, _;,, thiorness(F) 2 0.5.

Néuw; S w, -, thiorness(F) £ 0.5.
Mot 16p quan trong cua dé troi la do woi manh (strong buoyancy measure}.

Mor todn tit OWA n thit nguyén duge goi 1a cd do trdi manh néu:

w; 2 iw{ vdii=1. ...n-1.
J=r+l
3 Ng nghia két hgp véi todn i OWA

Mol sé ngit nghia ¢6 thé dugc két hgp vai viéc sir dung todn ir OWA (xem [2]). D6 Ja
cde ngit nghia gan b6 vdi mot s& ting dung cua todn tir nay.

3.1 Ngir nghia ddu tién va rat tr nhién duoc két hgp véi todn ur tich hgp OWA 1a mot loai
todn tr trung binh.

O day do phan tan Disp(w) chi ra lugng bién thong tin duge sit dung trong qué trinh
tinh trung binh.

V6i phép 14y tung binh quen biél thi orness(w) = 0.5, do d6 chiing ta cé thé sit dung do
do orness dé xac dinh dd chéch khaoi trung binh:
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Bias(w)= % {orness(w) —%)

Tir dinh nghia cia Bias(w), cho ta nhan xér sau:
Bias(w) > 0: gid 111 cao hon duge nhdn manh
Bias(w) < 0: gid tri thdp hon dugc nhan manh
Bias(w) = 0: khong nhan manh gi4 tri nao

D¢ chéch nay cing véi gid i do phan tan cho chiing ta moét hinh anh 5t vé todn nr
dugc thé hién.

3.2 R. Yager cho ring ¢é thé sit dung cdc trong s6 cia toan ir OWA nhir 12 mot loai phén
phoi xdc sudt dac biét,

Do w,e [0.1] va 2,w,=1. 10 rang rong $6 cla toan tf OWA ¢ nhitng tinh chél clia
mat phan phoi xac suat.

Gia st chiing ta 6 mét quyét dinh can dua ra. Ung véi méi phuong dn lya chon c6 mét
tap cac két qua xay ra A={a,, a,. ... . @, }. Ma su thuc. mot vai phan tt trong A duoc xdc

dinh bdi mét 56 tdc nhan ngoai sinh duge goi 1a nr nhién.

Trén A xdc dinh phan phdi xac suat P, véi p; 1a xdc sudt ma két qua thit i xay ra (61
nhit,

Goi V 14 gid o] clla mét phuong 4n thi:

V=F(a;,ay,...,a,)

Trong dé F la mot toan 1t OWA véi trong s6 w; = p,

Néu w, =p,=1 thi gia sir ring kha nang t6i nhat s& xdy ra trong “ar nhién hiém ac™. Su
Jua chon nay cia todn wr OWA chinh |4 ki thuat quyét dinh Max, Min.

Trong mai truong 1dy quyét dinh, chiing ta s& thay rang do phan tan cé thé duge hiéu
nhu entropi clla phan phéi xdc suit. Hon nita. 4o orness cia W c6 thé nhwr 13 dé lac quan cta
quyét dinh. trong dé d¢ andness la chi tiéu vé do bi quan.

Néuww; = p;, =avhw,=p,=1- a. 1a c6:

n—-n

L i((n—l)w,- =—}—-—((n—1)a)+

optimism(u)=
n-1,3 n-1 n—-1

(1-8) =ax
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3.3 Mot ving khdc todn it OWA dugce sir dung rét thanh cong 1a trong 1y thuyét tap mé va
logic da tri. Chiing ta thay rang rat nhiéu cac pheép todn cia tap md sif dung trong cdc (ng
dung cé cac phép 1oan sir dung logic da tri (multivalued logic).

Neéu A va B 1a 2 tAp m& cha x, ta ¢6 vdi moi xe X. thi do thudc (membership degrees)
A{x). B{(x) ¢6 thé duoc xac dinh boi nhitng s6 trong khoang [0,1]. Khi dé phép giao
E=A mB vaphép hop F=A4 W B duoc dinh nghia bang:

E(x)=T(A(x).B(x}), F(x)=8(A(x),B(x})),

trong dé T va § la cap toan nt t—chuan va 1—ddj chudn. Cic toan tir nay 1a ho toan tir cdn
thiét cua logic da tri “and™ va "or”. Vé cdc toan tr ndy xem thém trong [14, 15).

Vay Min 1a “pure and”(phép héi thuin my) Idn nhat va Max 1a “pure or” {phép tuyén
thudn tuy) nhd nhdi. Hinh dudi day sé chi ra moi lién hé gita todn tt OWA va t—huin
(t—corm) vi 1—dd) chuan (t—cornom).

“pure and” cdc todn tr “pure or”
t—norm | OWA 1 t—conarm

|
Min Max

Hinh 1: Mai lién hé giila toan tr OWA, t-chuan va t-d6i chudn

Ching ta thay rang 10an r OWA cung cap su bién déi lién tuc fir “pure and” téi “pure
or”. Trong qud trinh nay oruess do miic dé todn ur la ‘orlike” hoac ‘andlike’. Néu gia i
orness 16n hon 0.5 todn 11 dé 13 ‘orlike’. con néu nho hon 0.5 thi todn or d6 1a ‘andlike’.

Vidu:aw=[00 01 0.2 0.7]7 s& la phép todn ‘andlike .
bBoi voi todn o OWA cd w,;=1/n. thi orness(w)=0.5. Khi dé chiing ta thay trung binh
thyre sy nhur ranh gidi gitta phép todn ‘andlike’ va ‘orlike’.

3.4 Mot dac trung nita cua todn tr OWA 14 dong mdt vai trd quan trong trong nhithg mo
hinh hrgng hod ngén ngir.

Theo logic cé dién cé 2 lugng hod quen thude. dé 13 ** c6 tdn tai mot - there exits” v
“véi moi - for all ™.

Trong ngon ngir wr nhién chiing ta sit dung rat nhiéu lugng hoa khéac “md hon® nhr la
“hau hét — almost all™. "mét {1 — few". "da s6 — most”. "gdn mot nita — nearly half*.

Zadeh trong [19] da cho rang viéc lugng hod té1 ca nhitng gi chung 1a van diing trong
ngon ngll thong thuang déu o6 thé 1am duge bang nhiing 1ap md trong mo6t khodng nao dé.

Do vay, néu § 13 mot lugng nr. vi du * da s6 — most ** thl @ ¢6 thé duoc thé hién dudi
mot 1ap mé cua L trong 46 voi méi re L. thi @(r) s€ chi ra mic dé caa vi tri r duge thoa
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min bdi ndi dung dinh nghia ¢ @. do vay néu @ la most thi @(0.8)=1 ching ta sé ndi ring
80% 1a hoan toan thoa man v&1 ¥ dinh dua ra boi su lugng hod ‘mast’.
4 Cach xéc dinh trong sé w

Chiing ta déu nban thay viéc chon vecto w ¢d ¥ nghia ral quan trong. Sau day s& gidi
thiéu nhanh 2 cach xéc dinh vecto trong s6.

4.1  Xac dinh qua cée lugng i maé Q.

Hay xét bai todn thue tién sau: Cho 1ap phuong én X va mot tap hitu han cac tiéu chuin
(vi du: dat. ré. bén. kha thi. do may rii ...). Nhitg tiéu chudn nay duce biéu dién nhir 1a céc
tap mo trén X, véi do thuoc 4, {(x). theo tiéu chuan thit .

Bay gidr hay danh gia gia wi chan ¥ 0(P} cha ménh dé m& P sau:

P ="x thod man d4 s& cdc tiéu chuan®.

R. Yager tir sém da dé nghi thuat todn tinh v(P} v6i mbi phuong an .
Thudt todn 4.1: Thuat todan ddnh gid viP).

Ca dinh phuong dn x. Thuc hién cac budc:
Iy Xac dinh ham dinh lugng ” da 56 - most * bang moét ham @ don diéu khéng giam trén

[0.1]. thoa diéu kien @(0)=0.Q(1)=1.

2) Véiméinéuchuan A, tinha, = A, (x).i=1. ....n.

3) Xacdinhw,=@(i/in)-Q((i-1)¥/n}.
4)  Bdnh gid v(P) clla ménh dé P bang st dung todn ur QWA véi vecto @ va w vira Xac
dinh.

42  Hoc trong s6 w tir dif lidu.

Filev va Yager trong [3] da gidi thig¢u mot thudr tadn hoc trong s6 w tr miu dit liéu. K§
thuat nay chiu anh hudng cia cdc thuat hoc rong mang noron nhan tao va ciing dya vao
phuong phdp wt gradient.

Gia sir chung ta cé m mau dit liéu dang vec to n chiéu
ap=la,y.Qpy. ... @y, ) VAMOIgid tri gdpd,. vaik=1. ... ,m.

Muc dich cua ching ta la sir dung todn wr OWA dé mé hinh hod vdn dé gop nay. Vian dé ird
thanh bai todn xdc dinh vecto w thich hop — vay day 1a bai todn hoc trong 6 w tir mau dit
lidu.
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GOl by ={(by 1,040, - by, 12 vecto dif liéu da sap xép. Hiy timw=(w @y, .0, w,)
xa0 cho

bklw]+ bk-‘_ng"’ ---+bk“w”=d;‘, v k

I
3

Phuong phap giai 1a phép lap sao cho dat min sai s8

1 3
e = ;(b;ﬂwﬁ- Batt st s by, w, —d, )

Thudt tedn 4.2: Thuir toan dugc tinh lap theo t.

Budc 1:Tai budc 1ap ¢ chiing ta dang ¢ gia trl tham s6 u. u;(¢) va mol quan st madi

bﬂc:(bk]‘hk‘." AN 'bkn} Cfl['lg \’Gigi'{\tri gf)pd;:
~  Buée 2: USc luong:

w, (t) = explu; (1)) f Zyexple (1))
— Bude 3: Tinh gia tri gopd,*:
dp¥=hw O+ by (Dt by, w, (1)

— Buéc 4: Diéu chinh tham s6 -
ur-(£+ ]'):ui(t}_ﬁ'ur(t)(bki _dk*)( dk* —dk)‘

d day ffla hang s3 hoc.
5 Céc ham dinh luong va do do tinh tuyén - omess
5.1  Bay gity ching ta s& lam viéc véi 1op cdc dinh lugng sau:

Binh nghia 5.1: @ 1a mot ham dinh lugng thong thudng. don diéu, khong gidm néu thoa cdc
diéu kién:
Q(0)=0: Q(1)=1vaQ(r)2Q(ry) néur,;>ry.
Sau day 1a mot vai két qua:
Binh Iy 5.2: Néu toin if OWA F,. dugc tao nén tir mot ham dinh hrgng khéng giam binh
thudmg @ voiw,=Q(i/n)-Q{{i-1)/n}. thi
orness(w) = {EE-Q(UH}: i=1, ... ,n—-1 } {{n-1).

Chizng minh: That vay
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1t

L I Z(n — i)

n=lio

= (U(n=-1N{-{(a-1)Q(MaY+Q(L/m)+Q(2/n)+ --- +@((n-1)/r}}.

arness(ie) =

Chiing 1a co két qua vi @(0)=0.

Binh ly 6.3: Gia su @ ;. @, 1a hai ham luong hod sao cho @, (x}£Q,(x) Khi 4y

orness( FQ1 ) % orness( FQz 3.

H& qud 5.4: Gia st @ 1a mot ham luong hoa, khi dé
a)  NEu @) 2t vai moi r. thi @ 13 “orlike” va orness(FQ) 20.5
by  Neéu @} < ¢ véi moi r, thi @ la "andlike" va orness(Fg) € 0.5
Tirong nr, chung ta ¢é ménh dé sau:
Binh Iy 5.5: a) He cdc ham luong hod Q(rt), t >1 sinh ra ho cdc lugng hod "andlike". ¢ cing
16n tinh héi (andlike) cang lan.

b} Ho cdc ham lvong hod Q(rr). ¢ <1 sinh ra ho cdc luong hoa "orlike”. £ céng bé
tinh twyén (orlike) cang bé.

Phan 2: Toan tir tich hgp ngdén ngir

1 Cdan mét suy réng Ién mién gia tri ngén ngd

1.1 Chung ta s& xét cdc 1dp todn ni tich hop cho gid tri trén tap 1ir nhy van thudng ding
trong ngén ngdr doi thuding. DE dé hinh dung ching ta xét bai todn ddnh gid céc dy an sau.

1.2 Cdc chitiéu dinh tinh vé viéc dénh gléa cho béing .

Thong thudmg khi xem xét. dinh gid cdc du 4n trude tién ngudi 1a quan 1am té¢i mot s6
chi tiéu dinh lugng. Vi du chi tieu: Tong von ddu tu, Thai gian hoan vén. Hay nhu cac chi
tiéu thudng duge nhac trong cdc bai giang vé quan 1¥ du an nhu: Ty sudt ndi hoan IRR
(Internal Rate of Return).

Bén canh cdc chi ri¢u dinh lugng. ching han véi cac du 4n cong nghé thong tin. ngudi ta
van thudng xuyén nhac 131 mét s chi tiéu dinh tinh nhur: Do may rhi (Potential Risk), Tinh
kha thi (Feasibility). Do tzong thich (Suitability), v.v.

Pa ¢4 nhing Hoi déng mong muén cée ¢6 vén cho ddnh gia bang s6 vé céc chi tieu
dinh tinh nay. Chang han ho muén céc chuyén gia phdt biéu dudi dang: *dé kha thi cia du
an A4 13 35%". hav ‘do may it cha du dn A2 1a 25%°. DS la mot mong mudn ching thé
nao thue hién duge médt cach nghigm tic.
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Mot cach tiép can khoa hoc. khach quan, trong déi dé thuc hién la dé cic ¢d van —
chuyén gia phét biéu bang tr nhy van diing trong ngén ngl thong thudng.

Vi du véi chi tiéu *Do may rii * ¢6 thé chon tap nhan S sau day dé cac chuyén gia lua
chon phit bieu:

8 = {hau nhu khéng , rét thdp , thap , trung binh , cao, khd cao, rdt cao }.

Cang vai cic cdch tinh todn truvén thong thong qua cac cong thifc, cdc mo hinh char
ché, 3 rang, can bé sung céc cdch thu thap va tinh todn vdi théng tin tr nhiéu ngudn, dac
biét tir thu thap y kién danh gia. kinh nghiém cia cic cé van — chuyén gia. Chap nhan va 16
chifc 16t dé thu nhin duge nhimg danh gia cho bang tr van ding trong ngdn ngiy thong
thirdmg.

1.3 Cosd diliéu véa co sé tri thic

Diy la hai phan hé kheng thé thiéu trong cic hé hd trg ngay nay.

Chiing 161 tam dirng lai may v trong viéc x4y dung co s& tri thife cho hé hé tro ddnb gia
cdc du an.

— €6 gang lam viéc nghiém tic v6i cac chuyén gia gidi, am hiéu va ¢é kinh nghiém thuc
tién vé linh vuc dang quan tam.

— Heé céan duge thigt k& bd nhitng ngudi ¢6 tri thife vitng vang vé khoa hoc hé thang.
phan tich hé théng (ddng tiéc céc k¥ su chiing 1a dao tao ra ngay nay rdt yéu phéan
nayv).

— Trong co s tri thife nén (8 chife thu thap ot céc tri thic (hiéu theo nghia réng) quan
trong nhat. Danh sy quan tam ding mitc 161 cdc luae {rules) dang quan hé nhian qua.
(Vi ngiy nay khd nang xu 1y cac bo luat d6 da 1ié€n bo rat nhiéu — nhing vi du don
gidn cé the xem trong [17. 18])

— Lua chon can than céc chi 1iéu dinh lugng va cdc chi tiéu dinh tinh. Vdi cac chi tiéu
dinh luong nén xem xét k¥ mo hinh va cédch tinh téan. Vdi cac chi tiéu dinh 1inh c6
gang phan tich sau hon, chang han théng qua cic chi tiéu dinh tinh khdctimg buésc chi
11t hon.

Vi du dé udc lugng ‘do may rui* cha céc du dn cong nghé thong tin ta xét (61 b6 3 cic
chi néu saw:

— Do phuic tap ciia dur 4n.

—  Thévi gian phat trién du dn.

— Cac phdn ung canh tranh trén thuong trudng.
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1.4 Thu thdp dénh gid, xi Iy théng tin va phan 16p cac du an

Sau day ching 16i tap trung winh bay mét mé hinh chinh, phuc vu hé trg cho nhiém vu
da chon.

M hinh chinh:

Cho A={A. A,. ... . A} landyén can ddnh gia va phan 18p.
Cho E={e,. ey, ... . e, | lam chuyén gia — ¢G vin tham gia Hoi d6ng ddnh gia.

Tam th&i chiing ta ¢6 dinh mét chi riéu. Gia st tap nhiin bang tir cho durdi dang sau:

k.
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

Hinh 2: B thi ham lién thudc nhan danh gia.

Vi du: Tap nhin 8 sau day gdm 9 tir c6 thé sir dung cho céc chuyén gia dénh gia vé cic két
luan dang:
@="Du an A ; nay rat kha thi*
hay cdc két luan ¢6 dang
@="Duan A, 16t hon. hidu qua hon du 4n 4 ,“.
S= “81. So. o . .5'9“
chiing ta ¢6 thé chon tir tiéng Viér rong img 1a
8= “khéng thé' xdy ra , khéng cé khd ndng , rit it kha néng , it khd ndng , c6 thé,
o nhiéu khd ndng , rat cé khd ndng , hodin toan cs khd ndng , hién nhién’.

(Bi€u dién nhiing tlr nay dudi dang cdc s6 md 6 thé tim thay trong [6]).

C Certain Hién nhién (L, 1,1, 1

EL  Extremelv_likely  Hoan toan cé kha nang (0,93, 0.98, 0.99, 1)
ML  Most likely R4t c6 kha ning (0.72, 0.78, 0.92, 0.97
MC  Meaningful_chance Cé kha nang (0.58, 0.63, 0.80, 0.86)
IM  It_mayv C6 thé (0.32, 0.41, 0.58, 0.65)
SC Small_chance Cé it kha nang (0.17, 0.22, 0.36, 0.42)
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VLC Verv_slow_chance Rat it kha nang (0.04, 0.10, 0.18, 0.283)

EU  Extremely_unlikely Khéng c6 kha nang (0.00, 0.01, 0.02, 0.07)
T Impossible Khong thé xay ra (0.0.0.

Hinh 2 14 d& thi the hién cdc ham lién thude cdc nhan danh gia:

2 Mot suy rong: todn ti tich hop ngdn ngu LOWA
2.1 bPinh nghia

Sir dung khéi niém 6 hop 16i ctia J. Delgado (5], F.Herrera va céng su trong [6.7. 8 } da
trinh bay dinh nghia mot I6p todn of LOWA tnre tiép suy réng todn ir OWA cua R.Yager
va dp dung trong cac bai woan quyél dinh 1ap thé. Tuy nhién trong qua trinh tim cdch dng
dung dinh nghia trong (6. 7] vao trong bai todn ddnh gia va udc lugng cd du 4n cong thitc da
cho rong [ 6. 7] 16 ra khong phit hop.

Véi goi v 46, 1r nam 1998 (xem [10, 12] téc gid da sir dung cong thuc tinh dudi day.
Cho S={s,.84. ... .57} 12 tap nhin (tdp tir nhu da gidi thich), sap 1oan phén s,<s,<
. < g7.Choa=1{a,,a@s. ... .a,, } latap cac tir can tich hop, moi ¢; nhan gid i1 rong §.
blatapa da sap xép b=1{b,.b,. ... b, }. trong d6 b, la phan 1 1én thit j clia a. Nhu vay
B8 Siimetys o - Sy VOLL, 20d, 220,
Chow={w,.ws. ... .t} lavector trong s8. w; € [0, 1) va Zaw,=1.

Binh nghia 2.1: T8 hop trong s6 clia @ viw — Cla.w} 12 6 hop trong s6 thue {actual
combination), néu

Cla.w)=Cla'.w'y.
Gdaya’,w' 1acdi thu hep chia @ vaw trén 14p nhitng chi s& i ndo ma w, > 0.

Hé qua 2.2: Néu c6 mot chi s6 £, 520 cho w ;o = 1, dong thdsi w, = 0 v6i moi i # i,. thi mai 6
hop thue Cla.w } =a;q.

Nhan xét 2.3: Neu chi quan tam 16i t6 hop trong s6 thuc thi chiing ta c6 thé dinh nghia

LOWA chi véi cic vectd trong s0 w ¢d moi w; > 0.

Pinh nghfa 2.4: Cho tap a={a,.as. ... .a, ). w=[wwy. ... .wy] la vector trong 53,

"R

w,> 0. véi mdi ;. Toan tr LOWA la mot t6 hop thic cla vecto @ V&l trong 0 w.

T.ow: (a.w) = 8 cho boi cong thic truy todn sau:
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Lowl(a. w) = Cl{w,,,. a,,). (1- w,,, . Low (@'. w")),

gdaya ={a, -1y e how = whe L Wigm-nl, W= w; !/ A-wy,), Cla

phép 16 hop ciia 2 nhin (. 8}y 2ivoiuong s6 w, > 0 w; > 0, w; +w; = 1,

Cli (w;.s).(w;.s;)}=s, . voih=i+ mund(wj, (7=) (round la phép lam trdn 56).

Nhan xét 2.5: R rang néu tap S nhan céc gia trj trén R’ thi toan tir Low 13 phép 14y trung
binh ¢é trong s6 quen biét, (do vay Low(a.w) s€ 1a k¥ vong todn hoc khi w la vecto xac
SUt),
Vidu 2.6: Cho 0 =(5,.55.55). Cho w=(0.2, 0.3, 0.5). Khi d& b=(83.55.51). wy=0.5, w,=0.3,
W= 0.2va '

Low(a. w) = C{{0.3, 5;3). (0.5. Law (5., 590, (0.2/0.5, 0.3 0.5).
Song

Lowt({sy, 5,). (0.2/ 0.5, 0.3/ 0.5) = C{(3/ 5. §3), (27 5), s3)) =8,

ki =1+round ((3/5}-(2-1)) = 1+1 = 2.
Do viy

Low(e, ) = C {(0.5, s3). (0.5. 53) } =83 k=2 + round(0.5. (3-2)) = 3.
Cudi ciing

Low(a, w) = s,.
Vidy27:Cho S=(s,. s5, ... . sg).w= (0, 0, 0.2, 0. 0.3, 0.2, 0, 0.1, 0.2).
Khi d6 Low(8 iw)=Low (ow?), diy a=(s;.8,. ... Sg),w’'=(0.2,0.3,0.2,0.1,0.2),

b=(s9.5;5.55.5;.53). Nhu vay
Low{a 1) = C{{0.2, 54), (0.8, Lowi(ss, s¢, s5. 83, (2/8, 3/8, 2/8, 1/8) = 851
va Low((ss 56 .85 53),(2/8,3/8,2/8.1/81)=C| (1/8.55).{7/8 Low (86.55.53),(2/7.3/7.2/7) ) =5y,
Tuong nr. diing cong tfc truy todn chiing ta ¢
Low(sy.85.63),02/7.3/7.2/7) =C| (2/7.34).(5/7, Low((s; .83),(2/5,3/5)

=C{(2/7,86),(5/7.5,)} = 55,
Do do

Sk-'_;:.’:n'_-", Vi Sp1 = 8g.
Hay 12

Low(a. w’) = 5.
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Phan 3: Mot so ting dung

1 Hai thugt toan phén cum (clustering analysis algorithms}

Trudc tién chiing ta xét bii todn ddnh gia cdc du én, cdc phuong an sau.

Mo hinh:
— ChoA={A,. A,. ... . A, ) ]andydncan dinh gia va phan 16p.
—~ ChoE={e,. ¢s. ... . e, ) 1amchuyén gia — c6 van tham gia Hoi déng ddng gia.

— Cho W= {wi(1). (2).. ... k). .. wlm)}. wik) larong s6 cia chuyén gia ey, 0< wik)<l.
Chon nrong (ng mot tap nhan § bang i d€ cdc chuyén gia lua chon va thuc hién ddnh
gid cac du an. Vidu
S="s1. 59, ... . 85g"
chuing ta ¢é thé chon 117 ti€ng Viét twong ting la
8= "khong thé' xdv ra , khéng c6 khd ndng , rdt it khd ndng , it khd ndng , cd the,
c6 nhidu khd ndng , rét co kha ndng , hoin toan co khd ndng , hién nhién”.
1y Thuét todn phan cum 1: Thudl toan dua vio dénh gid truc 1iép cha cac chuyén gia.
Moéi chuyén gia e, cho danh gid cac du 4n A; bang mét phép dénh gid
PtA -8
Moi thong tin ddnh gid 1A | Py k=1, ... m}.

Thudt toén 1
a)  Buwdc 1. Thu thap cdc vecto {P .
b)Y Bude 2. Dua vao vec o trong 86 W={w(1), wi2)..... wk)..... wim)}, wik) la trong
55 clia chuyen gia ey O<w(k)<1. chuén hod w'(k)=w (k)/w. 0 day we=Lw (k).
¢)  Buwde 3. Tinh trong s6 gdp theo timg nhan s, déi v6i méi phuong an A, - dé chinh
la do nhét i chon s, ciia ca Hoi déng khi ddnh gid A,
1C([s,] = Z dw' (k): PyiA)=s,)
d)  Buwde 4. Tinh do troi cia méi phuong an A; (cho bang tir) bang fodn it LOWA
E(iy=Low(S5.U(in.

Sday U =(u,. ... e . p) V6 u,= IC() s,], voi mdi ¢.
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e)

Buege 5. Phan cum. Diing {E(i): A; € A} dé phan cum tap phuong 4n A thanh cac

16p Y, Yy, . Yy ¥, ={ A E(i)=s,}. vGi mdis, € S.

R& rang A=U,Y,. MGi tap con Y, ¢& thé 1a tap réng. doi vi nhiing tap Y, khic réng ta

6 thé sap xép theo sir sap X&p cha tip nhan § nhu saw; Y, <Y, néut<t.

2) Thudt todn phin cum 2: Thuat todn ding thong tin dang danh gid so sanh timg capcua
cdc chuyén gia.

Mbi chuyén gia ¢, cho danh gid dang so sanh dir an A, véi du 4n A bang mot phép
dinhgida P, : Ax4d - §.

Moi thong tin d& phan cum 12 thong tin ddnh gia la {P,: k=1, ... .m}. D€ gon ta ki

hieu Pp(i./)=P (A, A)). Ching ta s& gid thi€t ring P, (i,i)=5 14 1y/2. V6l mbi i vh néu

Pk(i-j) 2 8(Tiqyse IhiPkU‘i) S SiTr1yre-

Thudt todn 2
a) Buwdc 1. Thu thap cdc quan hé md { Py }.
b) Budc 2. Dua vao vec (g trong s6 W={w(1). w(2}..... wik..... wim)}. wik) 14 trong
$6 cua chuyén gia ¢,. 0sw(k)<1. chudn hod w' (k) =w (k) /w, & day we=Z,w (k)
¢)  Buwdc 3. Tinh trong s gop theo timng nhén s, d6i voi méi cap phitong dn A, A)) -
dé chinh la do nhat i chon s, trong so sdnh ciia cd Hoi déng.
ICG s ) =Zplw (k) Pp(A;.A)=s,)
d)  Budic 4. Tinh d6 réi teong dsi clia méi cap phuong dn (A;.A;) (cho bing tir) bang
10dn ot LOWA
E(i ))=Low(8. Ui .
Oday UG, )=luy, .. ity .o up).V6iu,= ICG, ) [s,], vOi mbi .
Dé y méi E(i.j) 13 mot ma tran, nhu vay dé 1a mot quan hé mo cap 2- quan hé md
nay do d¢ ol wrong doi theo ¥ kién da tich hgp cia ca Hoi déng.
¢)  Buwde 5. Tim nghiém tap thé m& FCS (the fuzzy collective solution xem [13]. Pay
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f)  Bude 6. Phan cum. Diing | pes(A ) A; € A} d¢ phan cum tap phirong én A thanh

caclép ¥,,Y,. ... .Ypsaocho Y, = | A, tpeslA;)=s,}. véimdis, € §.

R& rang A=, Y,. Mdi tap con Y, cd thé 1a tap réng, di véi nhiing 1ap Y, khdc rong ta

c6 thé sap xép theo sir sap xép ca tap nhan S nhu san: Y, <Y, néut <t

2 D6 nhdt tri va dbd #rdi dio phuong
Pé thuan loi cho trinh bay hai quy trinh chon giai phdp dwoe kién nghi lam quyét dinh,
ching ta can thém hai d¢ do sau.
1}y D6 do su nhét tri.
Binh nghia 3.1:  a) Ham luong hod don digu @, ting véi [e.6]c[0.1], a<b cho boi:
0 néu z<a

@iz)=z—a)(b-2) ndu a<zsh
1 néu z>4
by Ham lugng hod ngon ngit @5 tuong Gng véi @, cho bot:
§y néu z<a
Q:(z)=4s;, néu ae<zsb

sy néu z>»h
¢day s,= max{s;: s, e M},
M={ s gy(z) =max {u,(z-alb-a): 5,68},
bé do nhat tri sau day dp dung vdi mo hinh ddnh gid trong thuat ioan 2 vira trinh bay.
Gid s @ ) ham lugng héa ngon ngit phan dnh quan niém vé dam dong (tap the).
Pinh nghia 3.2: Cho ham @ ..
a)  Véimdicap (A, .A,) do do nhat tri vé cap (i.j) cho bai
PM(i j) = Q(IC(7 j}), v6i IC(i,j) = max {IC(i j)[s/]:s,€8 }.
b) Véi mbi phuong dn A, . do do sy nhat tri ciia tap thé cho boi
PMG) = @, (ZA ICUE i j= it/ n-1)
2} Bé trii dia phiuong.
Cho A’ 4 tap con clla tap phuong dan A. A’ C A.

Da trai dia phuong la do do muc tréi hon clia phuong dn A; hon phuong dn A, trén 1ap
A’ tuong \ing vai 1ap con S’ cua 1ap nhan 8.
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C6 € ¢6 dinh tap con §™ < S nhur sau:
S‘ = {'(‘;[T;]],rg....,ﬂfr}

hoac 8" = {s(pyy0ey 87},

Binh nghfa 3.3: St dung mdng cic miic dé nhat i IC(i,/) [s,] (hay d6 quan trong chia nhan)
Do rdi dia phuong D (local dominance degree)cha phuong an A; doi véi vhuong 4n
A 1A DG J.8H)=Z,{ICG H{s,]: s, €8}.
Rorang: D{i j.8)=1.
Binh nghia 3.4: D0 tr0i dia phuong D (the local Dominance degree of an Alternative} cha
phuong 4n A; trén tdp A’ nrong \ing x€ét trong S° 1a t6ng céc do tréi D cha phuong
an A, doi vdi toan bo cdc phuong 4n con lai cha X
DA A SY=E DG 4.8V Aje A j =i} 1 (|X|-1).
Sur sap x€p theo quan hé hon trong tap S dua vio do wai DA duge xde dinh nhu sau:
Nzu D(A; A" SYSD(A; A" 8" ) val A, A;jeA’ thiA; <A,

Nhir vay. nhiing phuong n troi hon han cia mot tap phuong 4n A" sé ¢6 do 0éi D 16n nhat.
va c6 thé goi 15 tap troi DS (The Dominance Set) clia A .

P& duoc dinh nghia nhur sau:

DS{X)= {x DA%, X8 )=max| DA(x,, X' .8"): x,e X' |}

3 Hai quy trinh lua chon trong bai todn I8y quyét dinh 1ap thé

Quy trinh 1. Quy trinh dua vao dé nhat tri va toan tir LOWA
Qui trinh duge thye hién theo cde budc:
a}  Budc 1. Thu thap cic quan hé md {P,}. Dua vao vec 1o trong s6 W={w(1).
wi2),.... wik)....w(m)}, chuan hod w'(k)=w (k) w,, & day we=L,wik).
b)  Budc 2. V&i méi cap (A;,A;) tinh rong s& gop theo ting nhan s, dSi véi méi

phuong dn A, — dd chinh 13 dé nhat of chon 1ir s, trong khi so sénh cap cia ca Hol
dong.

ICG s, ] = Z, fw' (k) PylA;A)=s,}

) Buric 3. Chon ham lugng hod @ ;. Tinh v6i méi phuong 4n A ;. d6 do su nhat i clia

tap thé cho bdi theo ham huong hoa ngén ngit @,
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d)

c)

PM() = Q(E,{ 1CG jdej # i } /n=1),
Chon phuong an trich dan A ;+ theo diéu kién
PM@*) = max{PM(): 4,4 |
Burde 4, Ding toan wr Low tinh
E¢, 1= Low(&, (.
vOi U=lu,. ... .up]lavector rong s6. = IC(i j)[s,]. t=1, ... .T.
Bude 5. Dung {E(i.i*) : A;e A} d¢ phan 16p tap phuong dn A thanh cdc 16p
Y,.Y,. ... Yq, 530 cho
Y, = A EGi.i%)=s,}. v6imbis, € 5. Ape Yooy
v 16p Vs 160 nhét 1a 16p co:
*=max{t:Y, #@.5,€ 5|
Bude 6. C5 dinh tap 8" va tinh todn do wdi dia phuong D(A,.Y,.8") clia mdi

A eY,#@. Sap xép tap phuong 4n Y, theo d0 i dia phuong.

L&t giai clla bai todn 1a DS(Y ).

Quy trinh 2. Quy trinh dya nghiém tap thé md FCS va toan tir LOWA

Qua trinh durge thue hién theo cac bude sau:

a)

b)

c)

dj

Buiie 1. Thu thap ciac quan h¢ m& {P,}. Dua vao vec to trong s6 W= {w(l).
w(2)...., wek).. . wwind}, chuan hod w'ik)=wik)w,, & day we=L,1w0(k).
Buge 2. V& mdi cdp (A,.4;) tinh trong s6 gop theo ting nhén s, d6i véi mbi

phurang 4n A; — dé chinh 14 d9 nhat tri chon tir s, trong khi so sdnh cap cha ca Hoi
dong.

IC(J){s,) =y lw' (B): Pil(A;A))=s,)
Bude 3. Dilng todn tr LOWA tinh ma trén quan hé mé
E(i. jy = Low(S. ).

v&i U=[u,, ... .ug]lavector trong s8. w,= IC(i /) [s,]. ¢=1. ... . T.
Brrae 4. Tim nghiém tap thé ma FCS

FCS = (gpeclA VA, .. ,ﬂpcS(A"]f’ AL

221



Vi ftrcs(A)) = Low(S. V(). & day vecto V(D)=[v,, .. ,ug. ... wp] véi méi ¢,
v, =#{j: E(i.)=s,, j&ilim -1

e) Budc 5. Phan cum. Ding {gpes(d)): A;€ A} dé phan cum tap phuong 4n A thanh
ciaclopY,. Y. ... .Yp.saocho:

Y, =1 A, tpcsfA)=s, ). véimdis, € S. Rorang A=V, Y,
M&éi tap con Y, cd thé sap xép theo sy sap X&p cua tap nhan §:
Y, <Y, néut<t'
Ding (E(i.i*) : A;e A} dé phan 16p tap phuong 4n A thanh cdc l6p ¥,.Ys, ...
¥, sa0 cho:
Y, ={A;: E(i,i*)=s,}.véimbis, € §,An € Yiroye
va 16p Y,. 16n nhat 13 1dp cé:
r=max{t:Y, #D.5,€ §}

fy  Buwde 6. C& dinh tap 8" va tinh todn do woi dia phuong D(A;.Y,.§’) cua moi
A,€Y,»D. Sap xép tap phuong 4n Y, theo do trdi dia phuong.

L&i giai ciia bai todan 1a DS(Y ).
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11 GIAI PHAP DUDOAN THONG MINH TRONG

HE HO TRG QUYET DINH CAC HOATDONG
NGAN HANG
Nguyén Thanh Thuy* vi Neuyén Thi Diéu Thies*

* Dai hoe Bdch Khoa Ha néi
** Ngdn hang Ngoai Thuong Viét Nam

1 Datvande

Van dé du bao von di duge quan fam tir 1lau do sur cén thiét cila nd. Trong rat nhiéu
nganh nghé. dy bdo déng mat vai trd quan trong trong viée hoach dinh chién luge phat trién,
hay don gidn hon. né dugce sir dung thudmg xuvén cong viée hang ngay nhu du béo thoi tiét,

Trong hoat dong kinh t€ thuong mai. linh vuce kinh doanh nao ciing tiém an roi ro. Song
c6 thé néi Ngan hang la linh virc kinh doanh Gém #4n nhiéu mi ro nhat. Hinh thdi roi ro
mudn hinh. muon vé. Ta c6 thé ké ra mot so loai rhi ro sau day:

1} Ruiro nguin vén:

Ngan hang 12 16 chitc trung gian 1ai chinh - di vay dé cho vay. B&i vay, Ngan hang rat dé
co nguy oo mat khd nang thanh twan khi khong d0 vén va kinh doanh s& kém hiéu qua néu
khong cho vay duge. Khi dé. cho du cdc chuong trinh mdy tinh quan 1y ri ro trong linh wire
ngudn van co theo doi sy bién dong hang ngay vé nguén vén thi cing khé dao nguoc duge
tinh the do trong qué trinh gidm sar. quan 1¥ ngudn vén thiéu théng tin vé du dodn ngudn vén.
2)  Ruiroty gid héi dodi:

Van kinh doanh cia Ngan hang bao gom ndi 1€ va ngoai té. Néu viéc st dung von ngoai
1¢ 1dn va sau do dong ndi té bi 1én gid kéo dai thi Ngan hang & bi thua 15. Tinh trang i ro
vE 1y gia hoi dodi con xdy ra giira cdc loal ngoai té véi nhau khi ¢6 bién dong. Cong ngheé tin
hoc tuy da duge ttng dung trong Quan 1¥ i ro 1y gid hot doai nhung do thiéu théng tin ddu
vao nén dau ra khong chinh xdc. Trong khi dé. kinh nghiém trong viéc theo déi, di dodn
bién dong 1y gid con nhiéu han ché,

3)  Rii ro trong hoat dong tin dung va thém dinh ddu tu:

Day 1 loai rii ro 16n nhit va phite tap nhat. Tuy nhién che dén nay viée tng dung cong
nghe tin hoc mdi chi han ché & céc chuong 1rinh quan 1¥ tin dung, che phép Ngan hang
quan ¥ cic khoan ng trong han va qud han cta khdch hang mét cich nr déng. Vi vay riii ro
tin dung o nudc ta dang la van dé buc thiét can tim cic giai phap khéc phuc thich hgp. nhét
la trong viéc hd o quan 1¥, du dodn, canh béo cdc thong tin tin dung.
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2 Giai phap théng minh xay dung cong cu dif doan hé trg viéc
ra quyét dinh

Vi tinh hinh thue & nhu trén, ta thiy rang viéc xay dimg mot céng cu cho phép duy
doan sé dem lai nhiéu loi ich cho hoat dong kinh doanh ciia Ngan hang ciing nhu cic 16
chirc tai chinh ndi chung. Da ¢é nhiéu giai thuat théng ké duge cai dat tich hop cling nhu
duge phat trién thanh géi cong cu riéng nham hé g cho céng tde du dodn nhir MS Excel,
Lotus. Microfit, v.v. Tuy nhién. ching chi thuc hién duge cde chitc niang hoéi quy don gian
nhu héi quy tuyén 1inh, hdi quy theo phuong phap binh phuong nhé nhat, hai quy phi tuyén
bac thép, ....Cac phuong phdp nay déu yén ciu phai biét inrdc mo hinh todn hoc, Viéc du

doan thize chat chi 13 viéc mé hinh hod céc ham tuyén tinh hoéc phi tuyén dua trén cic cong
thate héi quy. nghia 1a mudn dy doan dugc thi phai biét cic véu td ddu vao phu thude. Diéu
niay khong lam dugc trong viée dy dodn tuong lai, khi khong biét duoc cdc théng tin dau
vio. Vi du nhu trong Excel, ham dy dodn duge xay dung nhur sau: FORECAST(gia 1ri X cén
dé du doén gid tri v, cdc gid trl y da biéT, cdc gid tri x 48 biét). Hon nita, ham nay lai ¢6 han
ché i gid tri cla bién du dodn bi gidi han chi phu thude duge vao mot bién doc lap, thudng
thi & day la bién thai gian, con cdc bién ma né phu thude thuc su o day lai khong xét duge.

Do vay. & day chiing téi nghién citu mot giai phdp méi dua rén k§ thuat khai pha dir
litu nham dat duge kha nang va két qua dir dodn 61 hon. K§ thuac khai pha dir ligu kha
giong véi k¥ thuat thdng ké theo cdch né x4y dung mé hinh du dodn tir diy ligu. Tuy nhién,
viéc lua chon khai phi dit liéu s& cé thuan Igi hon so v phuong phép théng ke truyen thong
i nd dira ra duogce cii nhin 1éng thé toan bd qud trinh hoat dong kinh doanh chnt khong chi 1a
dd chinh xac du dodn theo thong ké.

Dé thuc hién khai phé di liéu, quy trinh xir 1y phai bao gém: xac dinh van d€ can phai
gial quyél. xdc dinh dii-liéu lién quan. thu thap va ti€n xit 1¥ dit liéu sao cho giai thuat khai
pha dir liéu co the hiéu duac, lwa chon k¥ thuar khai phd dir ligu va cudi cling la thuc hién
khai pha dir licu. Pau ra ciia viéc khai phd dit liéu 1a cdc mau (pattern) ma ar do, ta rit ra
duac két qua du dodn,

1} &¥ thudt khai pha di ligu

Dé giai quyét bai odn du dodn, k¥ thitat khai phd dit li¢u ta sir dung & day 12 mang neuron
lan truyén ngugc (Back-propagation neural network) két hop vdi giai thudr di truyén (Genetic
Algorithm - GA). Mang neuron la mét ti€p c4n tinh todn mdi lién quan dén viéc phat trién céc
c&u triic todn hoc v6i kha niang hoc. Mot trong nhiing vu diém phai k€ dén cua mang neuron la
kha nang tac ra cdc mé hinh du doan ¢6 d¢ chinh xéc cao. ddp itng dugc nhiém vu dat ra cia
khai phé dit Jiéu 13 du dodn céc sy kién phu thudc vao théi gian. Phuong phdp duge sir dung
rrong mang neuron lan truyén nguoc 1a phuong phap hoc cé thdy (supervised learning). Hoat
dong ciia né ta phan tich cdc dir lieu qua khid d¢ sinh ra mot quy luat du dodn ra cac dir liu
trong Tuong lai. Mau chiét xuat bing mang neuron dugce thé hién & cdc nit ddu ra ciia mang.
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Trong mang lan truyén nguge, moi ndi duge két hop vai mét ngudng, vi vay cac mau (hay cdc
luat) cia mot khdi niém 1a sy két hop cua cdc trong 6 16n hon ngudng.

2}  Mang neuren kan truydn ngugc cé tré va cla s6 dich chuyén

Bai todn du dodn 1a bai todn st
dung cdc dir lieu mdu ddu vio Yéngra o) ——-. O@+n-D
thudng 1a dir ligu theo thdi gian va
dir liéu ra ciing ]a_dﬁ litu theo théi Téing én
gian. Viéc suy dién theo thti gian
lién quan dén céc di lieu ta1 th&n
diém hién 1ai va cdc thdi diém trude  Téng vao
dé. Mai quan hé sau trudc nay la

. ) ) ) i Péu véio
diém mau chét trong viéc hoc cac div T X(¢-1) X(¢-2) X(t-m)

liéu theo théi gian. Thye ra, phidn

khé nhat trong viéc hoc cdc mau nay Hinh 1 : Mang neuron ap dung cho dif ligu theo théi gian.
12 lam thé nao dé€ nhan ra. miéu 1a va

luu gilt cac mai quan he do. Dé thuc hién diéu do. ta cai tién mang neuron lan tuyén nguge
thanh mang ¢6 tré va dua vao khdi niém cita sé dich chuyén.

Néu dit lidu vao 6 & birs v duge 1am ré véi cilra s6 dich chuyén 1a m thi s& 6 m*x don
vi ddu viio dé ma hod mau vao. Khi c6 dir liéu méi dua vao, dit liéu nay sé duogc dar tai nit
vao tai mot ddu nhat dinh cla mang, céc dir liéu cd sé duge dich di mét don vi trén cic nut
vao cia mang gidng nhu ¢ thanh ghi dich. .

Viéc dir dodn dua vae sé liéu ciia bao nhiéu thoi diém thi cira sé dich chuyén dau vao
{lockback windows) 1a bay nhiéu. Cling nhu vay, véi nhu ciu du doan trong nhitng thai
di¢m xa bac nhiéu tht clra s dich chuyén d4u ra (look ahead windows) ciing la bay nhiéu.
M6t vi du vé quan hé vao ra cila mang thye hién du dodn véi di liu theo thdi gian ¢6 thé
duoc biéu dién nhar san:

YO =f, (X(£-1) X(£-2) ... X(t-m))

trong dé m la cira 56 dich chuyén ddu vio va ciing 1a s6 ntit vio clia mang, cira s6 dich
chuyén ddu ra bang | va ciing Ja s nit ra cia mang. Quan hé wén cho thay mang s€ du
dodn gia tri ¥ tai thai diém ¢ 1iép theo trong wong lai véi thai diém hién tai 1a ¢-1, biét céc
gid Iri cua nd va céc gid trl phu thude cba nd trong qua khit va hién 1ai.

3} Tich hop gial thudt di tuydn véo mang neuren

V& phuong phap tim kiém cuc bé dé 1) thiéu hod sai s6. mang lan truyén ngudc gap
phai mét s& khé khan sau:

— Khong <6 kha nang tim dugc tap trong so t8i uu cho mdt cau tric mang cho trudc ma
chi 1im dugc mot tap trong s6 cé thé chdp nhan duge.
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~ Mang ¢6 thé khong hoi s hoac hoi ty s& rat cham lam anh huéng dén 16¢ do khai pha
dif lieu ciing nhu ¢ thé khong cho két qua khai phé dit ligu nhar mong muén.

Trong khi d6. giai thuat di truyén c6 thé tim ra viing quan tam chifa cuc irf toan cuc.
Song n6 lai khong ¢é kha nang dat duoc cye tri d6. Thuc chét, day 1a mot gidi thuat 161 wu
hod. Chinh vi vay. chiing 161 ditng gidi thuat di truyén dé hé tro 16i wu hod cho cdc thong s6
cuia mang neuron. Chu trinh lai ghép duoc bt ddu bang viéc khéi tao mot quan thé diu tien
cac nhiém sac thé (chinh 1a 1ap ma hod c4c trong sé ciia mang) lam ddu vao cho gidi thuat di
truyén. Gidi thuat di truyén s& san sinh ra mot thé hé méi. The hé nay duge gidi ma dua 1w
lai mang neuron d¢ ddnh gid d6 thich nghi ctia ting cd thé ma ¢ day 1a cdc tap trong s6.
Trude khi ti€p tuc qud trinh tién hod dua trén do thich nghi da ddnh gid dugc, hé théng s&
Iiru lai mét s8 ca the thich nghi nhal cha thé hé hién tai. Qua trinh ¢ nhy the tiép tuc-cho
dén khi tim dugc mét tap trong s6 61 wu. Mang neuron sau khi d duoe 167 wu hoa sé di fim
cuc tri cuc bé trong khéng gian da dugc t6i wu hod nay. Sau dé mang mdi duge sir dung dé
khai phé dir lién, chiét xuat ra cic miu du doan,

4) Mo 4 mau hoc

Khi khai pha dif liéu. van dé chiét xuar dif liéu va giao dién gifta co sé& dit liéu va giai thuat
khai phd tr& thanh van dé quan trong. Thay cho viéc dem 4p dung giai thuar khai phd truy
nhap vao toan bo co s¢ dif licu. ching 16i lua chon dir liéu dé phan tich theo yéu cdu clhia ngui
sir dung. tir d6 dir liéu s& duge cau tric lai va chudn hod trude khi 4p dung giai thuat. Vé Iy
thuyet thi day ¢6 the 1a mot vin dé rat don gian. nhung trén thuc 1€ thi day qua la mot van. dé
kho. Vi du nhir phai 1ap di lap lai 10an bo qué trinh do dit liéu thudng xuyén thay déi. Ta thay
rang s& rit cong kénh néu dp dung gidi thuat khai phd dir liéu v6i toan bo co sor dit liéu, Rat
nhi€u giai thuat khai phd dif liéu chi dua trén nhitng théng ké don gidn, nhimg bang tom tét dir
licu trong khi d6 toan bo co so dir lieu tré nén qué du thira, khong cin thié.

Dai vdi bai todn du doan, cdc mau hoc va mau ra ¢ dic didm nhu sau:

— Dif fiéu dau vao cila mang la mot bang s6 liéu duoc luu trong file di ligu (cau tnic file
dang .xis). Moi bé 56 liéu nam trén mot hang (moét ban ghi) bao gém cac ruémg di
liéu phu thude va dit lieu doc lap. C6 bao nhiéu hang thi ¢6 bay nhiéu bo 56 lién. Viéc
s6 lieu nao dugc sir dung Jam ddu vao dif liéu va s6 liéu nio duce sit dung Jam déu ra
dich hoan toan do ngudi dung quyét dinh. Bang s6 liéu nay ¢6 cdu tnic hoan toan gisng
vdi mdt bang théng ké sd li¢u binh thudng theo thai gian nhu treng céc hoat déng kinh
doanh. quan 1¥. thao tic nghiép vu.

- Vay diéu gi & day khién cdc bang dif liéu nay trdf thanh cdc méu hoc trong du doan?
Trude hét. ta mé 1d mdt méu hoe cha mang: D6i véi bai toan dir doan, mot méu hoc
cua mang bao gém mot tép cac tin hiéu vao theo thefi gian va tin hidu ra du dodn mau.
Tin hi¢u ra phy thuge vao bac nhiéu thdi diém (lookback windows) thi c6 bdy nhiéu bo
$8 liéu vho; tin higu ra phu thude vio bao nhiéu tham s6 doc lap thi mot bo s6 liéu vao
cling phai cé bay nhiéu tham s8. Vi vay. ddu vao mau phai ¢6 s& tin hiéu bing tich clia
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56 thoi diém xem xét v6i s6 tham s6 ma né phu thudc. Vi du nhu ta c6 s6 cot s6 liéu
vao doc lap trong file dir liéu 1a InCol, s6 thdi diém xem xét la BWnd thi s6 tin hiéu
vao méu cia mang 1a InColxBWnd. D6i véi tin hiéu ra. néu ta can du dodn bao nhiéu
tham s6 phu thuéc thi mét bo so liéu du dodn phai ¢é bay nhiéu tham sé, mat khéc ta
lai muén du doédn vao cac thai diém khdc nhau trong twong lai nén so tin hiéu dau ra sé
la tich ctia s6 s6 liéu phu thuoc muén du dodn véi so thoi diém muén du dodn. Vi du
nhu trong file dit liéu c¢6 OutCol ¢t s6 liéu phu thudc, néu mudn du doan nhirng thong
s6 nay trong vong thoi gian 1a Awnd thai diém trong tuong lai thi s6 méu ddu ra cua

mang phai la OutColxAwnd.

Viéc 14y tap dir lieu mau hoc dugc thuc hién bang cach di clra s6 dich chuyén ddu vao
trén tap mau vao va di ctra sé dich chuyén ddu ra twong tng trén tap mau ra. S6 thif tu clia
dir lieu mau dich sé duoc tinh bang s6 thir tr bat ddu cua dir liéu miu dau vao + do dai clia

s6 dich chuyén déu vao.

Ngoai ra cdn ¢6 rdt nhiéu budc quan trong can phai lam dé tién xir Iy di liéu trudc khi
dua vao mang neuron dé mang c6 thé hiéu duoc (vi du nhu viéc chudn hod dir liéu, dua tat

ca cdc tiéu chuan du dodn vé dang s6).

3 Két qua thir ngiém

Chiing 161 da thir nghiém véi tap
dir liéu déu vao la cic so liéu doanh
thu dugc theo ddi trong vai nam cua
mot khach hang xin vay vén dau t tai
Ngan hang (hinh 2 trén). Yéu t6 ding
quan tam ¢ day la trong nhitng nam
16i, litu téng doanh thu cua Khach
hang tang hay giam bao nhiéu dé cé
thé xdc dinh nhu cdu vay vén va kha
nang tra no cua khach hang.

Pé danh gia hoat dong cua viéc du
dodn, ta sir dung mot phan cua tap dir
lieu dé hoc va cac dir liéu khiac dung
dé kiém tra. Dudng nét lién trén do thi
la dudng du doan. Puong nét dut la
duong gia tri thuc (hinh 2 dudi).

K&t qua thu nghiém cho thay:

~ Véi dir liéu hoc qud khir 1a tong
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doanh thu tir 1994 dén 1996. viéc du dodn doanh thu clia thang 161 dita trén 12 thing
trudc dé cho két qua gan nhu triing khit véi gid tri thuc.

— Vi dir liéu hoc qua khit 1a téng doanh thu phu thudc vao hai yéu t6 1a 1ai thudn va lai
g6p tir 1994 dén 1995, viéc du dodn doanh thu thing 1 nam 1996 dua trén 6 thing
trude doé cho ket qua cling rat kha quan. [y

két qua du dodn kha sat véi gia tri thuc.

— Ta cling c6 thé thay rd vai trd clia gidi [l "« /o A
thuat di truyén trong qua trinh hoc. Hinh el rig
3 la két qua viéc hoc khong str dung giai

P = giitad Tigrg ths Kibiteaiali- 3 b
thuat di truyén, véi s6 lan hoc nhu nhau o, {'—""ﬂﬂ;‘ T:;m,&wwr*ﬁ.‘: ?M
ta thdy mang neuron c6 K&t hgp GA cho  Sesthe [0T0 [WTG0E € Dibgdn ‘s | kinsm

ket qua t6t hon Sardkea [TI00188 [EETHE xmbigla] | xmltobka] | Kémia

— Mau chiét xudt ciing Target  Output;, Errorg,  Outputy,,  Erroryg,
. s P ] 581265 562874 18391 524034 8 572302
c6 the duoc the hién |, 592251 SI0850.7 83744 5582613 209638
dudi dang bang so6 s 6457156 638964.6 6751 651448.1 57325
litu. Nhimg s6 lieu [0 657985.4 679756.5 217711 659982 -1996.6
torig 3 Mg Cadi! b N 7240339 6428463 812076 6203528 103701.1
- D 5320323 5761438 2115 627111.8 941795
nhimg dor liéu du |59s 416505 491165 4207 514297 9TI02
dodan. Ta thdy sai s6 |F 564208.6 557053.1 71555 571626.9 -T418.3
50 V6i gid tri thuc kha M 7867076 6951126 91595 7047283 $1979.3
R . A 5979385 6044824 63439 625384 274455
nho. Sai s6 trung binh |y, 681359 6214683 266676 5936521 54483 8
chi khoang vai phan |1 5187214 5234436 47222 532314.1 -13392.7
tram trong khi két qua | 5220322 5131942 8838 5142553 77769
. . DA §72768.2 6208917 481235 6231438 503756
chdp nhan dugc déi | 6161849 011979 85013 006915 845066
VoI cac phuong phap |o 6612456 642353 3 18892.3 620478.2 407674
[h6|]g ke hien nay VAo N 6375263 6028479 6784 597040.8 40485.5
khodng 10% D 4822333 5182259 -35992.6 520426.6 -38193.3
’ J-1996 4373629 516488.6 =79125.7 515946.3 -78583.4

— Béng mau chiér xuat |F 4202693 562580.1 -142311 642137.6 =221
_ " B | M 5936679 648910.1 -552422 693267.2 99599,
ciing cho thay két qua Sai 56 trung binh 922262 133350

sal sO so sanh gitra hai
phuong phap c6 s Hinh 3: Két qua thuc nghiém.

dung GA va khong sir

dung GA. Sai s6 khi khong st dung GA trong truong hop nay 16n hon sai sé khi c6 su
dung GA khoang 1.5 lan.

4 Két luan

Vai viéc ap dung k¥ thuat nay. ta thdy viéc du doan dat duoc nhitng uu diém hon héan so
véi viée diing cac phuong phdp théng ké truyén théng nhu sau:
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Khong cin biét nhitng thong tin trong fwong lai van ¢6 thé du dodn cho mét y&u 15 ma
né phu thuge vao nhiing théng tin &y,

Mang neuron k€t hop véi GA trong khai phd &0 liéu c6 thé nr dv dodn trén chinh
nhitng s& liéu cha minh d3 cé trong qua khi.

Phuong phép nay c6 kha nang dy dodn da bién, khong bi han che vé sd luong nhu
trong MS Excel hay Lotus, hon nita lai cho két qua du dodn chinh xac hon.

C6 thé du dodn nhiéu thdi diém trong tuong lai.
Cé kha nang ap dung théi gian thuc.

Khong phai tinh toan céc bién tré dé xac dinh céc bién vao cho dy dodn. Khong bi gi6i
han khoang dir doan va gia thii gian thuc nhu trong céc phuong phap théng ké ma cé
kha nang nhin toan cuc, du dodn nhiéu thoi diém trong tuong lai.

Khong mat nhiéu cong sifc phan tich va tinh 10dn céc tham sé ddu vao cho mot mé
hinh hdi quy dé du dodn.

Khéc v&i cac phuong phip co ban la trude khi hoc cdn phéi c6 giai doan 14y méau dé

trich chon cdc dac tnmg ciia mu; tap miu hoc ludn yéu cau phai diing va phai bao duge hét
cdc kha nang xay ra. khai phd dif liéu nhu da cai dar & day khong hé st dung mét bién phap
trich chon dac trung nao. N6 nhan dit liéu nguyén so nhu di o6 trong co s& dif liéu va chiét
XUt ra cac miu du doan kha chinh xac. Day chinh 1a déc tnmg co ban cta khai phd di ligu
phéan biét nd vdi cdc phuong phap khac.

Tdi liéu tham khao

{1] Alex Berson and Stephen J.Smith: Data Warehousing. Data Mining, & OLAP. McGraw-Hill 1997,
[2] Limin Fu: Neural Networks in Computer Intelligence, 460. McGraw-Hill, inc. 1994,
[3] Introduction to Genetic Algorithms Data structures + Genetic Algorithms = Evolution Program.

Springer Verlag. 1894

[4] Tap chitin hoc Ngan hing s6 5/1999. 6/1999.
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12 NG DUNG MANG NORON TRONG TINH TOAN

Ding Quang A
Vién Cong n}ghé Théng tin

) ~
1 Mo dau
Trong vai thap nién qua mang noron nhén tao - mét mé hinh tinh todn nham mé phong
bé nie ngudi di duge st dung ©6 hiéu qua trong céc linh vire trf 1€ nhan a0, nhan dang, xi
Iy anh. xir 1¥ tin hiéu. y hoc. diéu khién, .... Cic loai bai todn chinh dugc giai quyét nhé

mang noron la: phan Joai. so sanh. tu 16 chiic va 161 vu (xem [4, 5. 13]}. Trong bl viét nay
chiing 16i s& dé cap dén iing dung clia mang noron trong tinh todn, cu thé 1a dé giai cdc bai
tedn t6i uu 18 hop va hé phiong trinh dai s& tuyén tinh ¢& 16n. Phai n6i rang, day la cich
11ép can mdi ddy hia hen 161 cac bai toan d3 duge giai bang cic phuong phap khac.

Bai viér gém hai phdn. Phin mot dé cip viéc sit dung mé hinh mang noron nhan tao
Hopfield dé giai cac bai todn 18} uu & hgp nhir bai toan sdnh cap c6é trong, bai 104n ngudi
bin hang. bai toin bon méu, bai toan phan chia 4§ thi. .... Phan hai gianh cho mo hinh

mang noron vdi co ché phan héi ¢d kha nang nhd trang thai cil d€ gidi cdc hé phuong trinh
dal &4 tuyén tinh thu duoc sau khi roi rac hda cac bai todn bién cho phuong trinh elliptic.

) »T - ~ - Afe A
2 Ung dung mang noron giai cac bai toan toi uu té hgp

2.1 M5 hinh mang noron nhan tao

Mang noron nhén tao bao gém hai thanh phén: cic nit (don vi xtr 1§, noron) va céc lién
ké1 giia chiing duge gdn mot trong s6 nao dé dic tnmg cho cudmg d6 lién két.

Ta ky hig¢u: ¢, 1a tin hiéu dau vao. V; la tin higu déau ra clia noton i. Trang thdi ddu vao
cua noron ¢ dugc xac dinh bdi 18ng tuyén tinh cOa cdc tin hiéu vao ¢6 trong it cdc noron ;
khac:

u; = Y wyV,;+8,. (2.1

J#

trong dé &; 1a dau vio ngoai {external input. offset). Pau ra ciia noron 1 cho boi
V= filuy). (2.2)

trong dd £, 14 ham kich hoat cia noron 7.
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Trong da s6 cdc mang ngudi ta diing mét ham £ chung cho ca mang. Mot s6 ham
thudmg duge diing trong thuc € 1a:

— Ham McCuloch-Pitts:

I néu u>0
u =
flu) {0 khac

— Ham sigmoid:
1

sigmoid{u) = —

l+e
trong dé 4 1a hang s6 xdc dinh 46 nghiéng ciia ham.
Su thay déi trang thai ddu vao cha cac noron cho bdi phuong trinh déng hoc

du; __EWVy.Vy, V) 2.3)
dt av; ) '

oday E=(V,.V,, ....V,) laham nang lugng clia mang gém n noron.
Sur hoi tu (hay 6n dinh) ctia mang noron cho bai dinh 1y dé chiing minh sau:

Binh Iy 1 (xem {8]): Néu cdc ham kich hoat (1.2) 1a cac ham khong giam thi %SO. e 1a

nang lugng ciia mang & giam va dat 16 gid tri cuc riéu.

Do dd. néu phdi tim cdc gia i V,.V,, ...V, dé€ cuc 1iéu héa ham E=E(V,.V,. ...

V) 1a c6 thé tign hanh theo phuong phdp sau: xay dung mang noron (2.3), (2.2) vdi cdc
ham kich hoat khong giam. Khi d6 tir mét vi iri ban dau, sau mot thoi gian mang sé 6n dinh.

Luc d6 do ddu ra cha cdc noron ta s& duge cdc gid tri V,,V,, ...,V cintim.

2.2 Anh xa céc bdi todn t8i uu 18 hgp Ién mang noron

Tir sau cong trinh clia Hopfield va Tank (1985) mang noron nhan tao dd duge skt dung
nhi¢u dé giai cac bai todn 16i wu t6 hop (xem [5. 6. 9. 12]).

C5 1hé néu 1én cac bude sau day trong viéc sit dung mang noron dé gii céc bai todn (G
tru hoa hay cén goi 14 dnh Xa céc bai todn 161 uu lén mang noron [6):

— Chon so do bieu dién dé cdc ddu ra clia cdc noron cé thé giai mé thanh cic nghiém c6
thé cia bai todn 1&i vu.

— Chon ham nang luong sac cho cuc tiéu clia né tng véi nghiém “t6t nhat” cta bai todn
cén dnh xa.
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— Gin gia tr] cho cac tham s6 cila ham nang lrong - diéu nay s& xdc dinh cac trong so
tuong doi gan cho cac thanh phan khac nhau cia him nang luong.

— Rt ra phurong trinh dong hoc cila céc noron {(tueng tng véi viéc xéc dinb cac frong 50
lién két va dau vao ngoai).

— Dar gia tri dau cho cac tin hiéu vao.

Khéng cé phueng phap tryc tiép dnh xa cdc bai todn 161 wu cé rang budc 1én mang
noron ngoai trir viéc thém vio hadm muc tiéu cac thanh phan phat khi cdc ring budc bi pha
v3. Trong trudng hop ham nang lugng dude biéu dién nhu téng ¢6 trong ciia ham muc tiéu
chia bai todn vi cdc thanh phin phat.

Dudi day ching ta s&€ xét mot 86 bai todn cu the.
2.2.1 Bditodn sanh cdp ¢ trong

Phét bidu bdi todn: Cho N diém i=1.2, ... .N. Khoang cich gilfa 2 diém i vaj ¥a d,;. Phai

néi cdc diém thanh ting cap. mdi diém chi ndi v6i ding mot diém Khac sao cho 16ng
do dai cila cac dudmg nédi 1a nho nhét.

Hinh | dudi day chi ra mot thi du khi N=6.

S
S

(a) Lai gial tot (b) Léi giai xAu

Hinh 1 Léi gidi cho N=6.

Anh xa bdi toan 1én mang noron:
Ta gén cho méi cap diém (i j) vdi i<j mot noron ij véidduralan i Nhuz vay can tat
cd N(N-1)/2 noron. Méi phuang dn clia bai 1odn dng vdi mot trang thai cla mang véi
. . j1 méucac didm i va j c6 néi nhau
Y 0 néukhac -
Ta can phat giat bai todn

L= Z din; — min
i}

vdi cdcrang bude Y n,=1.Vi=1.2, ... N,
il
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Céc rang budc trén néi 1én rang méi diém phai duge néi véi ding mét diém khdc.

Ta dinh nghla n;; = n;; khi j<i vin,;;=0. Dua thanh phén phat vio ham cén cuc tiéu
hoa ta di dén ham nang lugng

oy ] :
Eln]= S Y dyny + 250 -Fny?
=i =i 1

trong d6 yla tham s6. Tir day lay dao ham riéng dEfan;; ta xdc dinh duoe phuong trinh
dong hoc clia cdc noron
du{;
w7 %”m Rty
Neéu k¥ hiéu cudng do lien két gita noron i/ vdi noron k{ 1a w,; p; Vi dau vao ngoai

cua noron if 1a @;; tacé

1 néu kil comtchisd chung véiij
[T He = )
740710 néukhac

er'j = di_; £

Chon ham kich hear cla cac noron 1a ham McCulloch-Pitts. Va nhu vay 14 1a da dnh xa
dugc bai todn sanh cap cé rong lén mang noron nhén tao.

2.2.2 Bdi todin ngudi bén hang

Bai todn nay twong tu bai todn sdnh cap c6 trong nhung khd gidi trén may tinh hon vi né
la bai rodn NP-day du (xem [11]}.

Phat biéu bai todn: Cho N diém (thanh phé) véi céc khoang cach la ;. Tim dudng di khép
kin ngan nhit sao cho méi diém chi di qua mot lan va 1rd vé diém xuat phéc.

Da cd nhiéu tai lieu dé cap bai todn nay do céc tng dung thue tién phong phii cila né.
Céch 1i€p can noron 161 bai todn nay do Hopfield va Tank dé xuat nam 1985-1986.

Anh xa bdi todn lén mang noron:
Ta dung cdc bién nhi phan n,, dé bigu dién cac nghiem cé thé

n. =1 neéuthanhphd ¢ iadiém dimg thit ¢ cha 1o trinh
e 0 néu khac

Ta can phai giai bai toan tim 16 trinh ngan nhat.

1 .
L= E) Zd:jnia(nj,a-l + ”,J‘,a—l) — min

“i.a
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vai cac rang budc

S ng =1.Yi=1,2. ... .N (d6i véi méi thanh pho)
a

n,=1,¥a=1,2, ... /N (d6i v6i mdi diém dimg}
S g

Thém cac thanh phdn phat vao ham do dai 16 trinh ta di dén ham cén cuc tiéu héa
! 2 2
E:; Zdljnia(n.f,a+] +n}-‘a__1)+% Z{I—an] +Z[1'—ZRMJ (24)
= ij.a a i i a
trong dé ¥1a tham so duong.

Bay gir d6i véi mbi diém dimg a ta ding N noron dé biéu diéa va ciing ky hiéun, la
ddu ra ciia noron thit i ciia diém dimg a. Nhur vay ta cin NxN noron dé biéu dién N diém
dimg ctia 16 trinh. Thi du vé biéu dién noron ca bai todan v6i N=4 cho bai hinh 2.

Piém dimg
1 2 3 4

Théanh phé 1

2

Hinh 2: Thi du vé biéu dién ndron cla bai 3
toan vai N=4.

4

L4y dao ham riéng ctia ham nang luong (2.4) va doi ddu ta xéc dinh dugc phuong trinh
dong hoc cua cac noron. Sau dé chon ham kich hoat ctia cac noron, ta xay dung dugc mang
noron nhan tao cho bai toan ngudi ban hang.

2.2.3 Bditoan bén méau
Phat biéu bai toan: Cho maot ban dé trong dé ¢6 N nudc (mién). Can té6 mau sao cho hai nudc

ké nhau nfc 1a c6 chung bién gidi dugc to bai hai mau khac nhau.

Bai toan nay duoc dé dang giai quyét néu sir dung s6 luong 16n cac mau. Nhung bai
todn sé khé hon rat nhiéu néu phai diing s6 mau nho nhat dé 6 mau mot ban dé cho trudc.
Néu s6 nuée nho thi bai todn ciing sé dé hon. Céc nha toén hoc da chimg minh rang ban dé
bét k¥ c6 thé t6 bai 4 mau.

Anh xa bdi toén 1én mang noron: 4 mau ducc biéu dién bdi 4 noron. Méi nuéc cin 4 noron
dé duge gan mot mau.

Thi du ban dé 9 nudc duge 16 boi 4 mau nhu trong hinh 3.
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Hinh 3 : Ban dé 9 nudc va 4 mau

Bi€u dién noron cho bai toén t6 mau 9 nude cho bi hinh 4. trong dé sir dung mang 4x9
noron.

1 23456789

bo
Vang

Xanh
La cay

Hinh 4 : Biéu dién naron cho ban dé 4 mau trong hinh 3

£ W =

D¢ dac trimg cho sirké can ciia 2 nuée X va Yta ding bién d yy dugc xéac dinh nhu sau:
1 néu X va Y ké nhau
dgemy |
0 néu khac
Ky hiéu Vyy 1a dau ra cia noron thit i trong nuée X:
1 néu X t6 bang mau i
VX{ = - .
0 néu khac

Bai todn dat ra 1a phai cuc tiéu hoa ham

1 N N
Z Z Zd‘WVXiVYf
a"—‘.lX=1¥=]Y

4
véirang bude 3 Vy, =1.V X=1,2, ... ,N (méi nuéc phai to mot mau).
=1

Dua thanh phan phat vao ham muc tiéu khi rang budc bi phé v& ta di dén ham duoc coi
la ham nang luong

N N ¥ N 4 2
E= % ZdXYVXfVYf“"; > {ZVXE-—‘L] : (2.5)
X:]%:_'l,\, “XETIiI=]
#
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Lay dao ham riéng clia E theo Vy; v déi ddu ta duge phirong trinh déng hoc cla cic
noron

du . N IS .
dt ¥ou i
Yo X )

2,24 Mot s6 bdi todin khac

Céch 1iép can noron da dugce sit dung dé gidi nhiéu bai todn 18i uu 1§ hgp quan trong
khdc nhur bai todn phan chia dé thi (graph partioning), bai todn E-hau (E—queen), bii todn
dinh tuyén (channel routing}. bai toan sap xép va tim kiém. bai todn khoi phuc anh do nhiéu
hoac md ...

C6 thé 1im hiéu k¥ vé cac bai toan nay trong bai téng quan [6] va céc sach [4. 9].

2.3 Tim frang théi 8n dinh cGa mang

Sau khi cdc bai todn 161 v da duge anh xa lén mang noron nhan tao tic la ta da xay
dirng ducgc mang noron. cong viéc tiép theo 1a phai tim trang thai 6n dinh clia mang. Dé 1am
viéc nay ta phai giai ¢6 phuong trinh dong hoc cila mang va xdc dinh ddu ra ctia céc noron
tal moi bude thal gian.

i
McCuloch-Pitts. Khi dé thuat tean tim trang thdi on dinh cla mang cé thé mé phong bai
chuong trinli trong ma gia sau;

Gia st ta cd mang NxN noron v6i dau vao la u;; va ddura la v,; vdi ham kich hoar

Begin

Khoi tac cac gia tri ddu chau g vauv;;
While (didu kién xac dinh trang thaién dinh chua thod mdn) de
Begin
F*** Yong lap 1

fori:=lte N

forj:=1 to1o N

Ui, =u Ay,

#**Kat thic vong lap 1

{*** Vong lap 2
fori:=lto N
forj.=1 tow N

ifu;;>0 thenv,; =l elsev; =0

KA thiie vong lap 2
and;
and;
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Trong thuat todn trén céng thite i;; = u, +Au,; chul la pheong phdp Euler dp dung
cho phuong trinh dong hoc,

Chu ¥ rang trong s6 cda céc thanh phin phat xdc dinh dénhay rrong d6i 16 nang iuong
clia cdc rang budc. NG déng vai trd ril quan trong trong sut hoi tu clia mang. Viéc chon
trong $0 thich hop phu thuoc vao bai 1odn cu thé.

3 Ung dung-mang ndron giai hé phuong trinh dai s tuyén tinh

3.1 Mang noron véi co ché phan hoi

Dé v rang trong quy tic
chuyén trang thdi cho bdi phuong
trinh (}.1). {1.2) dau ra ctia noron
i duge xac dinh boi ddu ra cia
cdc noron khic néi vdi noron §.

O Noron ¢6 ban

. Noron phan héi
chir gid 1ri cha chinh noron
khong duge sit dung mot cach
truy toan trong qud trinh chuyén
trang thal. Diéu d6 ¢ nghia la
mang khong nhd hay khong phan
hoi trang thdi trude cha né. Dudi
day la mét céu hinh cai bién cia mang noron dugc dé xuat trong [10] dé thuc hién co ché
phan héi.

Hink § : Mang noron véi co ché phan héi

Mot Khdi nieém noron méi duoc dua vao mang. D€ tranh nham lan ta sé g0i cic noron
khong ¢¢ co ché phan hoi la cdc noron co ban (base neuron). céc noren ¢6 co ché phin héi
1 cdc noron phan hoi (feedback neuron). Hinh § chi ra c#u riic ciia mang vdi co ché€ phan
héi.

Trong m6 hinh nay méi noron ¢o ban ¢6 mot noron phan héi nrong tng. Do doé, s6
noron phan hoi bang s& noron co bin. Hoat dong clia noron phan héi ciing diroc mé ta bai
(1.13. {1.2) ngoa trir mét diéu 12 irong gilra cdc noron phan héi va d&i tic cha nd 1a khong

d6i xiing. nghia la néu noron co bin i ¢6 noron phan héi la i thiw;,. #w e
Quy 1ac chuyén trang thai cia mang phan héi nhir sau:

Béi véi noron co ban:

£ = Zw{fuj' W Wyt ei' : (3.1)
LT
u, = £,(2). (32)
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Déi vai noron phan héi:
o=, + 6, (3.3)
up=fae) (3.4}

trong d6: &' chi noron phan héi clia noron co ban 7, u; va u,. trong (3.4} 1a dau vao tir cdc
noTon j vai' 1ol noton . u; trong (3.2) 1a dau ra tir noron £, w; 14 trong d6i xing, w ;. 14
trong xdc dinh 1ir noron ¢ 16i noron . trong khi d6 w;.; xédc dinh trong hiréng nguge lai, 8,
vi 8; cdc dAu vao 1l ngodi, ¢, va ;. 14 cdc bi€n trang thdi, £, va f, 14 cdc ham kich hoat.
(chu ¥ sur thay déi ky hiéu so vési phan 1),

Nang lugng cia mang dugc xac dinh nhur sau

1 1 1
E(uy= - 3 PRI 29:“; - D Wty ‘Ezwi'i“i'ui - Zgaﬂr (3.5}
::j 3 L L L

Mang noron vai co ché phan héi mé ta & trén sé duge st dung dé giai cac hé phuong
trinh dai s6 wyén tinh thu duge sau khi r&i rac hda cac bai todn bién che phueng trinh
elliptic bang phuong phéap phan 1 hiru han hoac phuang phéap sai phan,

3.2 Nhdc qua vé mét s& phuong phdp Idp gigi hé phuong tinh dai s&
tuyén tinh

Sau khi roi rac héa cac bai todn bién doi vdi phuong trinh elliptic ngudi ta thu duge hé
phucong rrinh dai 86 twyén tinh

Au=h : {(3.6)

trong d6 A=(a,;) 14 ma tran doi xung xdc dinh duong cd nxn, b 1a véc g n chiéu. n bang
0 nut st clia mién duge xér. Nghiém cia (3.6) cho nghiém clia bai toan cuc tiéu hoa
phi€m ham

J(u}=%(Au,u)—(b,u), 3.7
& day, nhu thudmg 1é. (-,-) k¥ hiéu tich vo hudng rong R”.

C6 nhiéu phuong phap truc tiép va phuong phdp lap giai hé (3.7) (xem, chéng han 2. 3.
7. 8]). Dusi day ching ta nhéc lai mot s6 phuong phdp lap quen biét gidi (2.6), ma c6 thé
dugce xem nhit cac quy tac chuyén trang thai clia mang noron s& dugc xay ding.

Phuang phap Jacobi: Xuat phat tr # (0Ye R” . tinh u(¢),£=1,2.... sit dung phép lap

ur(£+l)=ur-(£]——l-gl-(£). (3.8)
a.

i
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rong do  g,(N=72 a,u,(t) —b,. (3.9)
-

13 Phuong phap Gauss-Seidel:
. 3
u (t+1y=u,(¢) - L Yoa,u(t+1)+ Yagu()-b (3.10)
IRUTT J2
2} Phuong phédp giam du trén (SOR):
ui{t+)=u,(t) - @ 2o u(t+1)+ Za;jui(t)—bi] (3.11)
i jei =
3} Phuong phdp lap don gian:

w, (E+1)=u, (t)-1g,(¢). (3.12)
4) Phuong phdp lap Chebyshev:

u,'(f'*l):lt{'(t]‘ftgi(f). (=0.1.... .T—l, (313)

trong d6 { 7, } 1a bo tham sé Chebyshev ([6. 7).

3.3 Cac thudt todn noron

3.3.1 Céec thudt toan noron tuong ing céc phuong phap Jacobl, Gauss-Seidel vé
SOR

D¢ xay dung thuar todn noron giai hé (2.6) hay bai todn 16i w1 (2.7) ta chi ra céc trong,
céc dau vao va cic ham kich hoat ciia mang noron véi ¢ ché phan héi da néu 3 muc 2.1.

Dai véi noren co ban:

I (3.14)
6, = b, (3.15)
fe(t) = fi(t)a,, . (3.16)

Péi v6i noron phan héi
w,, = (1-wa,, . (3.17)
W = —a;, | (3.18)
8. =0 3.19)
fir(t;) = -t /a,, . (3.20)

trong d6 @ tham s6& duong diéu khién bién do phan héi dé tang tSc qua trinh cue tiéu hoa.

T (3.3). (3.4) va (3.18) + (3.20) rit 1a duoc u; = u;. nghiala ddu ra tir noron ¢o ban
duoc sac chép va luu giir nhu diu ra cia noron phan héi.
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Gia sur u(t) va E(t) la dau ra va pang luong tai bude ¢. Ta viét lai quy tdc chuyén
trang thdi {2.1), (2.2} trong dang

w (1) =u () -2 g, (8 (3.21)
2y

trong dé ky hiéu

gi0O= Yauu (0 —b,. (3.22)
>

Xét mot s6 truong hop khdc nhau cha (3.21).

1y Truing Agp @ =1 (khong phan hoi): Ta cé

w,(t+ D) =a,(t) - ——g (1), (323)
—

te

Néu rai mdi bude thai gian ¢ 1at ca cdc noron dugc kich hoat, uic 12 trang thai clia tat ca
cic novon duge cap nhat dong bo thi quy tac chuyén trang thdi (3.23) chinh 1 cong thifc clia
phurong phdp Jacobi (2.8). Néu khde. nic la néu cdc noron dugce kich hoat tudn nr sao cho tai
mai bude thoi gian chi ¢6 mot noron duce kich hoat. trong khi céc noron khac giit nguyén
khong déi thi quy tac chuyén frang théi 1a

1
u;(£+l)=u3(r) —‘—gg(f}. (324&}
ayr
w (t+1)=u (1), izl (3.24b)
trong d¢ ! 1a noron duy nhét duge kich hoat tai budc ¢.

Dé thdy rang (3.24) chinh 14 céng thic (2.10) ¢ia phirong phdp Gauss-Seidel.

2} Trudng hop @ #1 (cd phan hoiy: néu cde noron duge kich hoat khong déng bé nhu mo
14 & rén thi quy tac chuyén trang théi 1a

w (t+ D=u () - g, ().
aj
u (t+=u (), il
bBay chinh 1a phuong phap SOR (3.11).
Sir hoi 1w clia mang véi cdc quy tic chuyén trang thdi néu trén da dugc thiét lap trong

[1.10].

3.3.2 Céec thudt todn naron tusng ing céc phudang phép ldp don gidn va léip
Chebyshev

Bay gi¢f ta chon céc trong. ¢dc dau vio ngoai va cac ham kich hoat clla mang noron véi
co ché phan héi nhur sau



1y Bt vdi ede noron cd ban:
W TWE—Ta
4, = 1h; .
fiey =€,

2)  B6i vdi cde noron phdn hoi:

e = (]—r)a”' .

Wy = -1
9:" =0
folt;) =t .

D61 v6i mang ndy ta cling ¢6 u;» = u; va nang lugng clia mang 14 E(u)= 5./ {u).
Quy tac chuyén trang thii doi v6i noron co ban ctia mang 13
ultr Ly=u, ()~ 18,08,
Day chinh la cong thic ctia phuong phap lap don gidn (2.12). Trong (1] da thiét lap

duge diéu kién hoi tu clia mang 1a7 > %A.

Bay gid gia sir y; vi y, 14 cdc can dudi va trén, tuong Ging clia ma tran A, nghia 1a ni<
A<y valz, . ¢=0,1.... T-1} la bo s& Chebyshev xay dung theo céc can 7, va ¥ (chi

tiet xem [7. 8]). Ta chon cdc trong. cdc ddn vio ngoai va cac him kich hoat cia mang naron
v61 ca ché phan héi nhir sau

V)  Béi vdi cde noron eo bdn:
wy =w(H)=-1a,; .
8, =6,,(t) = 1,b, .
Filt) =+t .

2) B vt ede noron phin hii:

W= W)= 1-ta,, .

w{'i = -1
6. =0
fr"(t;') = —ti' .

R& rang la trong mang nay céc trong. cac ddu vao ngoai thay déi trong qué trinh cuc
tiéu héa. Quy tac chuyén trang thdi ddi v&i noron co ban Ja:
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w(t+ 1=, () -1, ().
Pray chinh la cong thite (2.13) clia phuong phap Chebyshev déi vai hé (3.6).

Trong [1] da thuc hién viéc phéan tich so sanh téc do hoi ) cia cdc thuat toan noron néu
rén.
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13  MOT SO VAN DE NHAN DANG MO HINH
VA PIEU KHIEN SUDUNG MANG NGRON

Va Nhv Lin
Vién Cong nghé Thiong tin

I Nhéan dang phi tuyén mé hinh hé dong luc

1.1 Nhéan dang théng s6 hé thdng (off line)

Trong qua trinh diéu khién cic déi rong dong luc. cdn phai giai quyét bar toan nhan
dang thong s6 mo hinh he déng lyc. Hién nay ¢6 hai hudng co bin mé ta todn hoce cac dsi
twrong dong luc:

— Mo hinh ham truyén
— Mo hinh khong gian trang théi

Loai m6 hinh ham truyén phit hop v6i giai doan dau phit trién 1§ thuyét diéu khién va
huéng dén cdc hé tuyén tink dimg,

Loat mé hinh khong gian trang thdi tong quat hon va c6 thé huéng dén 16p dsi nong
rong hon nhu hé phi tuyén. dimg va khéng dimg.

Quan diém khong gian trang théi (6 ra rat hiéu qua trong cac nghién ettu khoa hoc va
trong thiét ké cdc hé dong luc phitc tap.

Muc tiéu cna bai 10dn nhan dang khong ngodi viéc dam bdo cho hiéu qua didu
khién. Tuy nhién bai toan nhan dang ¢6 thé ¢ v nghia doc lap. Trong truéng hop nay déi hoi
do chinh xac cua cdc ude lwuong thong sé nhan duge. Day 1a bai toan nhan dang off-line mé
hinh véi ¢cdu tric cho trudc.

Bai todn nhan dang théng sé off-line:

Quan sdr duge cic vecto z(¢) bao gém vecto trang thai v6i nhiéu tic dong v (1) va diu
vAo u(t) nhu sau:

Z)y=h[xtey.utty.vit) Pote).t]. (1.1.1)
o day P, (¢} 1 cic thong s6 chura bigt ¢ia hé thong.
Vecto trang théi cita hé duge mé ta bai phuong trinh:
()= Fle(y u () w(€), P (2).1]. (1.1.2)

rong do w (¢) la vecto nhiéu tac dong tr bén ngoai.
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Can tim cdc thong s6 mo hinh dam bao cyc tri mét tiéu chuan nhan dang.

Sor d6 téng quil ¢ dang biéu dién & hinh |

4¢3
—

wit) ™ i) =f() Z=h(") Zt)
711 ¢  p—

Hinh 1: So @3 t8ng quat nhan dang
théng s& mé hinh P(t) T T

Véc to thong s6 P(£)=[P(£).P5(f)] co thé chifa cac hé s6 clia phuong trinh vi phan.
phirong trinh quan sdt va dong thoi ¢6 thé c6 cac dac trimg thang ké cia nhigu o (). wit).

1.1.1 Phuong phdp xdp xi vi phan

Néu 1y vi phan gid tri cdc bién tai cdc thoi diém, thi c6 thé xay dung hé phuong trinh
tuyén tinh dugc giai bang phuong phap binh phirong cue tiéu dai vdi véc to can tim P. Néu
x (). x(t) . u(¢) 1A cac ham da bi€t thi phuong trinh (1.1.2) ¢ thé viét dudi dang:

5:(!1 ) Ma tan A chitacacham) [ p,
© |=|phituyén x vau tai : (1.1.3)

i-(tk)/ Lty bo. .t 1 o
trong dd :é(r,- ) la ude luong cta x(2;) duge tinh theo phirong trinh mé hinh.
Phirong phdp binh phuong cuc tiéu cho két qua sau:
P=1aTA17"'aT w0 (1.1.9)
Xap xi vi phan don gian nhung khéng tién loi & mdy diém sau day:

— Phai ¢d dao ham cua x(¢) theo thii gian,

— Khi ¢6 nhiéu tdc déng thi két qua nhan dugc 13 xdp xi trung binh binh phuong dén
x(¢) mé khong phai x¢#).

~ Khi khong do dugc toan b vecto trang thdi thi phuong phép trén khéng diing duac,
1.1.2 Phucng phdp gradient

Gia thiét rang mo hinh phi tuyén (1.1.1) va (1.1.2) dugc biéu dién dudi dang rdi rac.
Can xic dinh véc 1o thong 86 P sao cho x (¢) vdi do chinh xac cho trude phit hop véi 2(¢)
dudi 1ac dong cha diéu khign u(t).
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So sdnh x(¢) v&i z(t) ¢6 thé dan dén tiéu chudn sai s6 J bac gém hiéu cic dau ra cla

mé hinh va doi tuong (hé théng):

k
J= ZH[x(t,;)—z(t,-)]

120

(1.1.5)

Trong dé H la ham va thuong dugc chon dudi dang téng binh phuong cac thanh phén
vecta sal s6. Cau tric he nhan dang thee phuong phap gradient duge thé hién & hinh 2.

.| Bi tugng x{£)
v
() | oo mmmmm e mmeea___ .. Tiéu chuin
I Mé hinh y | nhan dang
| , F
Lo ity =f) [ Z=h() f—
L e )
Chinh
fhéng 16 Tinh toan .
gradient |

Hinh 2: Nhan dang theo phuong phap gradient

Thuét roédn nhan dang gradient nhur sau:

1) Cho céc gi4 tri ban dau P,
2)
3)

4)

Gial cdc phirong trinh sai phan hodc vi phan va xéc dinh duoe J.

dung thuat 1odn tim vecto thong s6 P.

Chop,= p;o + A va giai cling céc phuong trinh d6. xdc dinh duge 3J/3p, .

Thong tin nhén duge vé hudng gradient duge sit dung tuy theo timg trudng hgp dé xay

Thuac todn gradient lap don gian nhat dé xdc dinh théng s6 P, 1a phuong phép ha nhanh
nhét. Hudng cia phuong phap ha nhanh nhat nguoc véi hirdng gradient va & diém ban ddu
triing v&i hudng trong do tiéu chuan sai s6 giam nhanh nhat. Cé nghia 1 huéng cila phuong
phdp ha nhanh nhét dugc mo ta bang vecto:

PRI ph | Ap

AP=[ap1.4Apy. ... APm-]T
trong dé:
1
aJ' mn BJ 2 e
Ap, =-C (—)
r ap( [ng apj }
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Luu y ring aﬁ thudng duge xap xi nhu sau:
P,

ad :J(pl'pié' ‘p_;'+A' !pm]_J(pl‘pQr ‘P_j\ va)

(1.1.8)

Hang s6 C clia phuong trinh (1.1.7) xdc dinh budc thay déi vecto thong s6 theo huéng
gradient. Néu cho C qud 1dn thi tiéu chudn sai s6 nhan dang o thuc t€ ¢é thé cling rat 16n.
Nguge lai. chon C qua nho thi t6¢ do hoi tu ¢6 thé qua cham. Vi vay cén chon € = C* tdi
tu theo nghia cue tiéu J theo hudng nguge vdi gradent

JP+ C*AP) :mén [ J(P + CAP)].

D€ tim C* ¢6 thé sir dung cdc phuong phap t6i wu thong thudng [38].
1.1.3 Phuong phdp tim kiém tryc ti€p

Phuong phdp nay khong yéu cau biét trude gid tri dac ham (sai phan) nhu cdc phuong
phéap gradient va xap xi dao ham. Mac di phuong phdp tim ki€ém hoi tu cham hon so véi cac
phuong phdp khdc nhung trén thue t€ duge sit dung kha nhiéu do tinh don gidn, dé sir dung
cha no.

Ban chat cba phuong phap diza trén gia thiét rang dé léch cla vecto thong s6 & nhitng
budc tim ki€m ding din trude d6 cd the dan dén thanh cong & bude sav.

Diau tign chon gia tri ban diu clla vecty théng s4 va tinh todn ham muc tiéu tim kiém
J(0). Sau dé tién hanh xem x€1 (véi budc tinh todn cho trudc) cdc hudng phis hop vdi tat ca
cdc thanh phin ctia vecto thong s6. Néu J (kY<J{0) thi chon lai gia tri ban ddu mdi va dich
chuyén "s¢ d6"” tinh 104n sang toa dé gdc mdi va lap lai chu trinh tim ki€m cho tdi khi tim
duge gid tri cuc tiéu J*.

k1h _ A+1} tk~1 | &
pihcit=p*lof pltH - pit ] (1.1.9)

(k+1}

trang d6 p{**V . pi¥* 1" 1 cac ton do g6 mdi va cii, @2 1 1a he s6 khuyéch dai,

Tiéu biéu cho trudmg phéi nhan dang théng s6 nay 1a Rastrigin L.A[41]. Thuat todn di
truyén 13 thé hé thuat toan phat trién cao trén ¥ wréng tim kiém ngdu nhién.
1.1.4 Phuong phép tua tuyén tinh

Phuong phép 1a tuyén tinh két hop véi phuong phép binh phuong cuc tiéu cé thé nhan
dang vecta thong s6 chinh xac hon khi biét cdc gia tri x4p xi clia nd.

Gia str hé duge mo ta bang phuong trinh sau:

xt)= flr.u . Pt]. x(D=x,. (1.1.10)
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Néu tuyén tinh hoa v& phai bicu thite (1.1.10) qua chudi Taylor thi ¢6 thé tim P hét sic
don gidn bang phuong phép binh phuong cuc tiéu nhu da gidi thiéu & trén, Tuy nhién cén bd
sung mot hé phuong trinh danh gia thong 6 cho (1.1.10) nhu sau:

p;=0: pi(0)=p;y. i=1.2, N

Nhur vay mé hinh danh gid (1.1.10) duge m& réng vdi:

T_
X —[xl,l'j, ,xl.‘pl‘pg_ ‘pm]

UT:[H]‘H-_;, o, 0, 0]

(1.1.12)
Fr=f e, ) fale u ), . folx,u.6),0, .. .0]

xU:[xm-xzu‘ X o B raPaeo. 'Pmﬂ]

Luu ¢ rang ¢6 the dung phuong phdp xap xi vi phan & nhitng budc ddu tién clia thuat
1odn fra tuyén tinh,

1.1. 5 Phudng phdp su dyng hém nhay

bay la phuong phép truc gide cho phép xdc dinh théng s6 tuong déi chinh x4c. Gid sir
hé ¢6 dang (1.1.10). Ham ma tran nhay cilia dau ra hé théng duoc xéc dinh béng:

1= (1.1.13)
ap
hoac
Axl- Ap
___r,,[gi_{
X, p_.i

Sirdung (1.10) va (1.13) ¢d the viét
2 - .
d°x _of dx +8_}‘

apdt dp  dp

c_of . of dxg
A=t =, O)=—=.
" o A p

(1.1.14)

(L.1.15)
Lay tich phan (1.1.15) nhan duoc A phuc vu cho qué trinh nhan dang.

1.2 Nhén dang thdng s& hé thdng (ON-LINE)

Céc phuong phap nhan dang OFF-LINE ¢6 nhuge diém chung sau day
Mat thang tin do phép rdi rac hod.

— Khé 1hé hién bang phan ciing trén thc (€,
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— Khi s6 thong s6 ldn (>3), kha xac dinh chinh xdc vectd théng sd,
— Khong sir dung dugc khi hé khéng dimg.

Muc tiéu cia nhan dang 12 phuc vu cho bai toan diéu khién. Vi vay cic quan sat thu
duoc theo thai gian phai sit dung dé nhan dang mé hinh t6t hon ddng thei hiéu chinh diéu
khién. Nhu vay nhan dang va thi¢t ké he diéu khién phai duoc tién hanh déng thai.

Trong ché do on-line, mo hinh phai that don gian. S cac thong s6 chon di nhd va cau
tridi¢c mo hinh tyén tinh theo thong s6.

Thuat todan nhian dang on-line dugc xay dung sao cho trén méi budc tinh khéng cdn xur
1¥ lai 104n bo chudi quan sat, ¢é nghia 13 sir dung qué trinh lap. Sau day 1a mot s6 phuong
phdp nhan dang théng s6 hé théng on-line.

1.2.1 Phucng phép Idp binh phuong cuc fiéu

Heé thong ¢6 thé mo 1a bang phuong trinh sai phan tuyén tinh theo théng s6 hoac diéu
khién sau day:

B+ 1) =QRIP(R)+w (k). (1.2.1)
z(ky=x(k)+u(k), (1.2.2)
trong d6 ®(k)=®{x.u. k).

So d6 nhan dang c6 tinh dén hé 56 frong cho cac quan sdt trong quéa khit theo luat ham
exponent:

P(ky= Pk +1) +K (k) [x(k—1)—® (k) P(R—1)], (1.2.3)
T T ATy —1

KR)=Pk-1)0" () [@ k) P(h-1)D (k)+e™" 7] 7. (12.4)

Piy=e T T I_K(k)® (k) P (k-1). (1.2.5)

trong dé AT 1a khoang cédch gilta hai quan sat, 712 thoi gian dac trung cho khoang anh
hudng tiép tuc cua quan sat lén qua trinh ude Iirgng.

1.2.2 Phuong phép xdp xi ngdu nhién

Thuat todn ¢6 dang sau:
P(k+1)= P(k)+0.5p(k) A, . (1.2.6)

trong do p(k) la vecto thong s6 hiéu chinh thod man céc diéu kién sau:

plk)1=0. S k=, S p¥(k) <o,
k=0 k=0
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J=e (k+1)},
elh+1)=x{k+1)-®(k+1) P(k).
Nhur vay (1.2.6) ¢6 thé viét dudi dang:
P(k+1) = P(k) +p(R)® (k) [x (h+1)-®(k+1) P(k) . (1.2.7)

Thudt todn xap xi ngdu nhién don gian hon thuat todn 1ap binh phuong cuc tiéu, tuy
nhién kém chinh xic hon.
1.2.3 Phuong phép loc Kalman mé rong

Loc Kalman la thuat todn xir ¥ thong tin sir dung ddy di thang tin tién nghiém (cdu
trac. thong s6, cac dac tring théng ké cha nhiéu trang thai va nhiéu quan sat, cdc dit kién vé
diéu kién ban déu ...). Néu trang thdi hoa vecto thong sé P(k+1)=P (k). ta ¢6 veclo trang
thai mo rong

v+ D)= [x(k+1) . PR+D)]T

va nhur vay bg loc Kalman md rong ¢6 thé duge sit dung dé xdc dinh déng thai trang thai va
thong s6.

Gia str hé ¢d dong hoc:

e+ D)=OR) [x (k) ulk) P (k). k] +rw(k), (1.2.8)

z(k)=h [x (k) (k) Poytk) R ]+u k). (1.2.9)
trong dé:

Etw(H}=0: E{c(j)}=0 (1.2.10)

coviw(k).w ()} =v, (k) d(k=)). (L.2.11)

coviv(k).v()) ) =v (k) S(k-/}. (1.2.12)

Néu bi€t cau utic @. A va cdc thong s6 mo hinh P,. P, thi bd loc Kalman cho két qua
loc:

e+ D=2k + 1/ R+ X e+ D) {z(k+ 1)k [ &k +1/k) u{k+1) Po(k).k+1]}.
(1.2.13)
trong do du bao

h+ 1Ry =@ k) [ 2k, u(h). Py k)R] (1.2.14)
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Ma tran hiép phuong sai cla sai 56 du bio thoa man phueng trinh:

a0k(k),ulk), Py (k), k|
ax(k)

20T [x(k),utk), P, (k), k]

V (k+1/k)= Feps)

Vv, (k)

+V (k) (1.2.15)

Ma tran hiép phuong sai ¢ia sai 6 loc thoa man phuong trinh:

3R [t(k +1),2(k + 1/ k), Py (k) +1] .

V_(k+1)=V _(k+1/k)-V_(k+1/k
s (RH1=VL 1=V ) ox(k + 1/ k)

[ OAlue(k +1).2(k +1/ k), Py(k).k +1]
Ak +1/k)

V. (k+17k)X (1.2.16)

o T [Ck+ 1/ k) ulh +3) Py k), +1]
ax(k + 1/k)

g %k + 11R), u(k +1), Py (k). ke +1]
ax(k+1/k)

+V (k+1)] 7" x

V, (k+1/k).

Hé 56 Kalman dugc tinh bang biéu thic sau:

hli(k +17k),ulk + 1. Py (k). k +1]

K(k+1)=V _(k+1) R Vo lk+1) (1.2.17)
Céc diéu kién ban déu:
1=E{xg} vad V (0)= V. (1.2.18)

Do cdc vecto thong sd P, (k). P,(k) thay déi theo thti gian chua biét rudc nén cdn
thi€1 nhan dang thong s& cling véi trang thai. Tuy nhién phai gia thi€t ring P, (k) va Pa(k)
trong khodng thisi gian di ngan 1a khong déi {cé nghia 1a dai tuong gén dimg). Khi d6 vecto
mé rong c6 the viél dudi dang sau:

x(h+1)Y (@lxtk),utk)B]} (wik)
ylk+1)=| Pi(k+1) | = P, (k) + o | (1.2.19)
Pylk+1) Py (k) 0

Sur dyng thuat toan (1.2.13) + (1.2.18) ddanh gid ddng thdi théng s& va trang thai hé
théng vai vecto wrang thdi md rong (1.2.19).

Luu ¥ ring phuong phap trén chi ¢6 hiéu qua khi tinh phi tuyén thip.

1.3 Kétluan

Trén day da wm 1at mét-sd phuong phdp nhan dang phi tuyén don gian. Két qua dat
duge cua cac phuong phép trén da duge st dung rén thuc 1€ nhung han ché & cdc doi trong
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cd tinh phi tuyén thép. Khi d6i tuong c6 tinh phi tuyén cao, d¢ bat dinh lén va s6 chidu 1én
thi can phai 6 1iép can khdc. Céc phdn 1iép theo sé gidi thieu vé mang noron nhan 1ao va
mot hudng giai quyét bai todn nhan dang mo hinh hudng dén didu khién thong minh wén co
86 su dung kha nang hoc cila mang noron nhan tao.

2 Nhan dang mé hinh va diéu khién s dung mang noron
2.1 M déu

Chiing ta s¢ lam viéc véi mang noron nhén tao. Kién thidc co s& vé mang noron nhéan tac

trong 1y thuyet di¢u khién rhutng 1a céc thuat todn diéu khién va cac phuong phap nhan
dang ma hinh. DSi wgng diéu khién (DTDK) néi chung 12 phi tuyén, ¢6 do phiic tap cao, do
bat dinh 16n. Sy hi¢u biét vé mé hinh déi nwgng c6 thé ngheo nan do han ché vé 1ri thic. Vi
vy moi lién hé nguge Ja dac diém dién hinh duge sit dung trong hé diéu khién nhim lam
giam do bat dinhi cia déi tugng v moi trudng. dat dén tinh én dinh bén virng. Tuy nhién khi
dé bat dinh qud 16n. bo diéu khi¢n khong con phit hop. Trong tridmg hop nay cdn dén diéu
khién thich nghi. ¢§ day cdc thong s6 clia d6i tugng ducce nhan dang on-line va thong tin nay
dugc sir dung dé thay doi tham so cla b diéu khién. Tat ca thuc hién duoc nhiy mang
noton. Mang noron phan héi rit quan trong trong hé diéu khién d6i twong c6 dong hoc phic
lap. 61 vai mang novon truyén thang nhiéu 16p. mot tinh chat trung tam cho cac dng dung
cua diéu khién 1 tinh x4p xi ham. Cac mang nhr vay tao ra nhiing bién d8i vio-ra, ¢é thé
xdp X1 moi ham lién tuc véi do chinh xéc cho truée. Nén tang cho tinh xdp xi ham cha mang
noron nhieu 16p Ja dinh 1y Kolmogorov [18] vt cdc dinh 1¥ Stone-Weierstrass [36].

Mang naron cd thé két hop cho cé hai bai todn nhan dang mé hinh va diéu khién [16].
Tuy nhién trong céc hé diéu khién sir dung mang noron chua chit ¥ ding mitc dén tinh 6n
dinh ctia hé thong.

2.2 Nhan dang théng s6 su dung mang ngron

Nhan dang thong s6 chinh Ia luyén mang. Mo hinh co ban cila mang noron duoc luyén
dé mo phong hanh vi cha doi nrong diéu khién gidng nhu mo hinh truyén théng duge bidu
dién & hinh 3.

» DTBK

Ly

—» Mang ndoron

Hinh 3: Mé& hinh nhan dang co ban
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Tin hi¢u sai s6 e=y- ¥ 12 cq,5¢ cho qué trinh luyén mang. Mang noron & day c6 thé [a
mang truyén thang nhiéu lép hoac cic dang khac. Thuat luyén mang ciing rat da dang. Co
thé sir dung tat ca cdc thuat nhan dang da cé [23). cdc thuat luyén ¢6 gidm sat [29).

Dang thong tin vie mang noron 6 thé bé sung. vi du hinh 4

ylk)

l 5 BTBK
ulk) e(k)
— | A A
Hinh 4; B8 théng tin d3u vao ch k y
in & sung thang tin ddu vao cho 2 Mang naron |2 (k)
mang noron Fa

<

A — théhi gian ré.

Luu ¥ rang s6 lwong céc tré ddu vao va dau ra cia DTDK cdn chen it nhét cing phdi
bang bac cha DTDK. Néu cé tri thife tién nghiém vé DTPK thi ¢6 thé nhiing trong mé hinh
cua d6i weong dudi dang moé hinh song song nhu trong [1]. Thong tin cla tri thite tién
nghiém duoc thé hién bang mo hinh dai wong song song thé hién qua hinh 5.

Mé hinh 451 twong
—»| S0ng song chua tri
thiic tién nghiém

h 3
» Mang ndron N
" ¥
—
Hinh §: S dung ti thitc tién nghiem [ PTPER -

Ngoai ra ¢ thé thay vi luyén mang dé nhan dang déng hoc thuan cda dé6i Irong. ngudi
ta ¢4 thé luyén mang dé nhan dang dong hoc nghich nhu hinh 6.

BTBK

X

Mang noron

Hinh 6: Nhan dang déng hoc nghich €
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Kiéu nhan dang nay phit hop véi nhitng phuong phap diéu khién tién dinh. Dang théng
tin dwge sit dung trong mang noren nhan dang déng hoc nghich ciia d6i gng ciing c6 thé
rat da dang tuong nr nhy tredng hgp nhan dang déng hoc thuan hinh 4.

Cin liru ¥ rang phai ddm bde diéu kién tén tai dong hoc nghich cha DTBK.

2.3 Diéu khién sl dung mang noron

Mang noron ¢6 thé duoc sit dung nhu bé diéu khién truyén thong trong diéu khién theo
vong he hoac diéu khién theo vdng kin (diéu khién cé phan héi).Qua trinh luyén mang cé
thé cii trong luat diéu khién thich nghi. Riéng bai todn diéu khién trong thovi gian thire, toc
dd hoi tu cha thuat luyén mang déng vai rd guan trong nhat. Nhin chung, cdc ung dung che
thdy: & bai 10dn diéu khién theo vdng hé. d&i trong 1a 6n dinh, con bét dinh nam ¢ théng s6
d61 tong. Cac téc dong bén ngoai duoc loai trir hodc c6 thé bo qua. Trong tinh hudng nay
mang noron phai x4p xi duge dong hoc nghich cia d8i tugng nham dat duge tinh hudng
diéu khién 1¥ rudng. Cé kha nhiéu tng dung ctia phuong phdp trén. dac bigt cho robot [40].

2.3.1 biéu khién theo vong hé

Thay cho viéc luyén mang dé mo hinh hoa déng hoc nghich cia PTDK, mang navon cé
thé dugce luyén truc tiép nhu mét bé diéu khién theo vang hé nhu hinh 7 dudi day:

Bj diéu khién
Bl i)fang mang u‘: bTHK >
. . ..! . . yd noron e
Hinh 7 : Bo diéu khién thé hién bang — ;
fang haron trong cau truc diéu khign -
theo vong hé.

Sai s6 ¢ =y -y 4 duoe sir dung d¢ luyén mang. Trong mé hinh nay cho trrde du ra mong
muén y 4. Vi vay thong tin vé sai s6 phai lan truyén nguoc qua cé doi wong diéu khién va
mang noron dé hiéu chinh lai théng s8 mang. Luu ¢ rang finh hubng nay ludn xuit hién
trong diéu khién ca theo vong kin va vong hd. Nhu vy hoc ¢6 gidm sit khong diroc sit dung
& day. Ddu ra mong mudn clia mang khong bi€t trude nhung phai duge xéc dinh dé sit dung
thuat lan truyén nguge sai s6. Khi sa dung phuong phdp nay dé luyén mang c6 thé coi
PTPK nhir “16p dau ra * clia mang noron. Nhung ciing ¢6 thé tranh qud trinh lan truyén
nguoc qua doi trong bang cach st dung thém mo hinh mang noron ciia DTDK. M6 hinh
mang noron ndy nhan duoc sau khi nhan dang mé hinh d6i tugng. Nhu vay sai s c6 thé dé
dang lan truyén nguoc qua mé hinh mang coa BTDK. Néu sir dung duoc mé hinh mang
noron m& phong déng hoe nghich clia déi tugng thi mo hinh mang nay cho phép lan truyén
truc ti€p sai s6 sang mo hinh mang noron cia bo diéu khién.

254



2.3.2 Diéu khién theo véng kin

Mang noron trong c4u tric diéu khién theo vong kin déng vai tro bé diéu khién véi

~ phén héi nhu hinh 8.

Nén lne ¥ trutmg hgp nay, diu ra
mong mudn cha mang noron u thé
hi¢n b6 diéu khién phai duoc xdc
dinh tr ddu ra mong mudn cla
BTPK y,; tnuée khi st dung mot
thuar hoc ¢é gidm sat nhir lan truyén
nguge sat so.

C6 thé c6 quan diém khac vé bo
diéu khién bing mang noron la mang
noron duge luyén dé “bit chudc™ bo
diéu khién hién tai nhe & hinh 9.
Trudng hop nay hay xay ra khi bo
diéu khién hién tai dang si dung qua
dat hoac khong tin cay. Sau khi bo
diéu khién bang mang noron thay the
b diéu khién hién tai, né ¢ thé dirge
hi¢u chinh qua qua trinh luyén mang

Va ¢ | Ba didu khién | u ¥
- bing mang | DTDK -
- noron
Hinh 8 : Bd didu khién thé hién b&ng mang ndron
treng cdu trde didu khién theo vang kin.
\ >
BS diéu khién | o
biing mang
ndron -
e
N T
Yd By didukhién| } [ r Y
d hién tai P

Hink & : Mang noron duge luyén bat chudc bé disu
khién.

bam theo su bién déi dong hoc clia d6i tugng v moi truomg.

Viéc sit dung mang noron nhir trén twong duong vdi viéc thi€t ké va sir dung mot he
chuyén gia. Can than trong véi tiém can nay vi phai rat linh hoat. C6 thé thay thé cho bo
diéu khién hién tai theo tiing giai doan sao cho hop Iy va kinh t&

2.3.3 Didu khidn vl mé hinh tham chidu

Mang noron thay thé bé diéu khién ciing ¢é thé duac luyén d€ 1am gidm sai s6 giita ddu
ra cla doi urgng didu khién va mo hinh tham chiéu nhr & hinh 10.

O day mot lin nira ddu ra
mong muén cua be diéu khién
bang mang noron u phai digc xac
dinh truéc khi sir dung thuét lan
ruyén nguge sai s6. Sai s&
e=yy -y duoc truyén qua DTPK
vh san do duge sit dung dé chinh
trong s8 lién két ciia bo diéu khién
bang mang noron. Tuy nhién sai

M& hinh Ya
tham chiéu
e
*®
r e | Bédiéukhién | oy

— noron 4

Hinh 10 : Diéu khién v&i mé hinh tham chigu va sai s6 lan
truyén qua BTEK.
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5¢ ¢ ciing ¢6 thé khong lan truyén qua DTDK ma qua mé hinh mang noron mé phéng
DTPK hoac mé phong dong hoc nghich ciia DTBK twong tr nhu phin diéu khién theo vong
- hd da irinh bay & rén.

2.3.4 Diéu khién theo thdi gian vuct qua (over time)

Trong cdc bai todn diéu khién sit dung mang noron Xem Xét ¢ cac phin trrdc, quy dao
mong mudn cia ddu ra DTDK thudng dugc biét rude. Didu d6 6 nghia rang ddu ra mong
mudn cila mang noron ¢é thé duoe biét rude hoac ¢é thé tinh dwge trude. Bai todn dién hinh
cula dang nay 14 bai todn diéu chinh va bai todn bdm qu§ dac [15,16]. Khi qu¥ dao mong
muon clia doi tuong diéu khién khong duge bigt trudc thi thuat hge ¢6 gidm sit khong su
dung dugc. Mot trong nhing bai todn Khong biét trude qui dao meng mudn ctia DTEK la
diéu khién lam cyc tiéu nang lugng hodc thti gian trong qua trinh dat dén trang théi cén
thiét nao dé clia DTDK. Vi du bai todn cuc tiéu thdi gian vugt qud 12 yéu cdu va hiéu qua
¢lla cde tde ddng hién tai 1én cdc két qua cla tong lai. Bai todn ndy ¢ nhiéu trong diéu
khién robot thong minh hodc xir 1¥ 6 nhiém sao cho anh hudng vé€ 6 nhiém méi trudmg coa
tac nhan 6 nhiém nic dé 1&n moi trudng xung quanh s& cham dift trong thai gian ngén nhat,
Hién tai €6 hai phuong phdp duge sit dung:
1y  Xay dung mo hinh cla qud trinh va sau dé sir dung mét dang nao doé ciia tht tuc lan

truyén nguge theo thoi gian nhu ¢6 & [17, 25]. Phuong phap nay khé st dung dudi dang

tdng quat.
2)  Sirdung gid 1r1 16t han thich nghi (adaptive critic) va cac phuong phép hoc cling ¢é.

Phuong phdp nay bao gom hai mang nhu hinh 11.

Bo diéu khién bang mang

noron la mang hoat déng chinh, con >Mang t4i han/Z

mang (Gi han ¢ thé 1a mang noron \

?\c?ac Ik:}'xong.‘l\’lar‘lg‘ tai I?an s€ Xdp x1 Vs . [Bo diéu khién . y
G gial quy hoach déng che bai = biing mang ndron bTDK -
todn diéu khién 16i vu nang lugng -

hoac théi gian vuot qua. Mang nay R

phai dam bao hoai dong 18t trong
moi truong ¢d nhiéu hoac véi mé
hinh khéng chinh xdc cia DTPK
{37]. Mang 1di han phai tao ra chi 58 thuc hién f thee ¥ d6 nguoi thiét k€ va chi din cho bo
diéu khién cdn thich nghi nhu thé nao theo chi sé thue hién dé.

Hinh 11 : Biéu khién bing mang noron sif dung mang tdi
han.

Khi diéu khién » 1am cho chi sd J tang 1&n & budc 1iép theo. b diéu khién bang noron
sé hoat dong theo thuat todan “thudng. Khi diéu khién « 1am cho chi s& J gidm di & budc
sau dd thi bo diéu khién bang mang noron hoat dong theo thuat todn “phat™. Trong thuat
hoc khéng cé gidm sat, khong ¢6 théng tin vé dau ra mong muén va hé hoc chi nhan duge
danh gid vé viec thue hién qud trinh hoc do theo ting bude. Luu ¥ rang hoc ¢é gidm sdt néu
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c6 thé duge st dung s& 181 hon hoe cung cé. Dé thiét ké mang noren t6i han phai xdc dinh
duge ket qua thue hién hign 1ai ciia DTDK dé “thuong™ hoac “phat” bo diéu khién bang
noron. Nhu vay. mang 191 han thich nghi va céc phuong phip hoc cling ¢4 1a céch hop 1y dé
2ial quyét bai todn diél khién 18i vu théi gian vuot qua.

2.3.5 B& diéu khién va&i hd trg quyét dinh clia mang noron

Khi bo 16 han thich nghi 13 mang noren cé thé xay dung duge bo dién khién thong
minh muc thap. Trong dé mang noron déng vai tré bo lich trinh (scheduler) {33] s& quvét
dinh luar diéu khién nae duge sir dung. Xem hinh 12.

Mang noron ciing ¢& thé duoc

»{ Mang noron

luyén dé xac dinh gid 1ri cta cac

thong s& trong bo diéu khién cong
nghiép PID thong thuimg [2]. Ngoai
ra mang noron cé the déng vai trd by —— B4 diéu khién
13t 1y thim gid 1 161 ru cia ham muc -
tiéu diéu khién [28]. Dau ra ¢la mang
noron la gia i thong s8 cita bo didu

et
o
™

DTDPK Y,

Y

Hinh 12: Diéu khién vdi bd lich trinh,

khién lam cuc tiéu ham gid. Mang

noTon ¢on cung cép nhiing thong tin lam viéc sai léch cho bé diéu khién, gitp b¢ diéu khién
hoat déng chinh xéc [1].

24  Kétluan

Mang noron 1a h¢ xu 1¥ thong tin thé hé mdi, dac biét ¢6 ¥ nghia quan trong trong bai
todn nhan dang mo hinh vi diéu khién hé phi tuyén phiic tap. chita bat dinh cao. Ngay nay
nhidu két qua thu duge hita hen mér tiém nang tng dung Ién ciia mang noron trong diéu
khién va mo hinh hod hé théng. Tuy nhién nhiéu van dé con ma, doi héi nhiing két qua 1y
thuyét manh hon va nhimg ng dung toan dién han trong di séng.

3 Nhan dang mé hinh va diéu khién sir dung mang ndron déi
ximg xuyén tam cd sd

3.1 Ham d&i xiing xuyén tGm co $6 va Ung dyng trong nhén dang

Ham da6i xiing xuven tam co s& (Radia! Basis Functions) viét ngén 12 RBF da cd tir lau
trong 1¥ thuyét xap xi va duoc sit dung dé xap xi ham chua bigt dua trén cd sd céc cip diém
vio - ra bigu dién ham chua biét dé. Nhu vay RBF c6 thé xem nhu mét dang mang noron.

Trong nhan dang md hinh hé théng RBF c6 1hé biéu dién theo cdu nic mang
perceptron. Moi hé phi tuyén cd thé xdp xi bang RBF. Day la dac diém lam cho RBF dac
bi¢t phit hop vai bai todn nhan dang mé hinh. Vé nguyén tac RBF cé thé duge coi 1a mang
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noron 3 iSp (tuong tr mang perceptron véi 1 16p 4n). Tuy nhién RBF c6 dic diém sau: Pdu
ra luon la bi€n dot tuyén tinh dai véi rong s6 lién ket.

D61 véi mdi ham. vige xdp xi dwge hwu giir trong cdc trong s6 va tam cua RBF. Tuy
nhién cdc trong s6 nay khéong phii 1a duy nhat. RBF ¢6 biéu dién todn hoc nhur sau:

N-1
Flx)= Cy+ Y Ciplx - Ryp. (3.1.1)

(=

trong do C - vécla chita trong s6 RBF. R- vécto chira ciic tam RBF. @- ham co & hodc ham
kich hoar cila mang. F(x) - ham nhan duoce tir d4u ra clia mang. Cy- hé s6 chéch (cé thé 1a
0). || -4 - chuan euclidean. uic 1a néu x chiia n phan i thi:

E: ||=,’ x (3.1.2)
=1

Méi tam R c6 cling s6 chiéu véi vécto ddu vio x. Cic tam cling 1a cdc diém bén trong
khong gian dit lieu dau vao va duoc chon sao cho chiing 13 thé hién cla dit lieu ddu vao. Khi
RBF tinh todn qué trinh x4p xi d6i véi mot s6 diém dit ligu ddu vao thi khoang céch gitra
cdc diém dau vao vd mdi tam dugc tinh theo khoédng cdch euclidean. Nhifng khodng céch
nay dugc chuyén qua ¢ sau dé duge trong s6 héa bang C; va duge 16ng hop lai d€ sinh ra
dau ra toan bo RBF. Mot trong nhiing hra chon thong thurdng nhét d6i véi ham co s& 1a ham
Gauss:

L2
Plx)= exp[lJ . (3.1.3)
2g
trong dé orli thong so vy 1.

Ham Gauss thé hién hinh anh méi ddu ra ctia ham co s& s& xa hon hodc gén hon s0 vdi
cdc diém dit litu x=R_ - tam ham co s, Mat khdc dang Gauss cia RBF cung cap cic ghép
néi qua logic m& [19] va méi vi tri tam hiun co s& ¢ ¥ nghia vat 1¥ nhédt dinh. Xa hon nita.
moi tam ¢ thé duge xem nhu mor dang hanh vi hoac phén tng khong chi clia RBF ma con
la cta he théng ma RBF thuc hién nhan dang. Ngoii ra c6 thé ¢ cdc lua chon khic déi véi
ham co s¢ nhu ham spline sau day.

o(x)=x"Inx. (3.1.4)
Ham (3.1.4) 1am viéc rat hiéu qua trong bai todn nhan dang mé hinh.
3.1.1 Mang RBF

Hinh 13 biéu dién mang RBF nhiéu déu vio - nhiéu ddu ra. Lop ddu vae phan bé mbi
thanh phin clia vécto diu vao cho 14t ca cac nit 4n. Mai niit dn trong 16p 4n chita mot trong
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nhitng tdm cva RBF va dp ham co s ¢ cho khoang cach euclidean giita vécto ddu vio va
tam. Do dé méi niit trong 16p an dua ra mot gia tri vo hudng dua trén Am ma niit dd ¢6.

Céc ddu ra cilia 18p an duoc truyén dén 16p diu ra véi cc lién ket trong s6. Niit & 16p
dau ra cong cac dau vio cha né dé tao ra diu ra cia mang.

Hinh 13 : Mang RBF

Khi sir dung mang RBF trong bai todn nhan dang. cdn luu ¥ mot vai diém nhir sau:
— Dang ¢ naoc cédn chon ?
— Bao nhiéu tam sé cho két qua 16t nhat ?
— Tam can dat ¢ dau ?
— Bao nhiéu di li¢u can thiét di dé luyén mang ?

Ham co s ¢ o6 the c6 nhiéu dang. Mt dang ¢6 thé phit hop véi bai toan ndy nhung
khong phd hop véi bai todn kia. Viée chon s6 luong va vi trf tam citng twong nr bai todn
chon s6 lugng va gid tri ban ddu cita trong s¢ lién ket trong mang perceptron nhiéu lap. Mac
du trong s6 lién ket cua perceptron nhiéu 16p c6 thé duge xdc dinh sit dung thuat lan truyén
nguge. Nhung chua o6 thuat nao chon trong s6 ban ddu ma thudng chi 13 cho trudc ngau
nhién. Mudn rim mo hinh (3t nhét che BTDK 1hi cdn thi€t phai tim s& luong tam 183 wu. C6
qua nhiéu tam hodc qua it tam sé cho két qua khong t6t. Nhiu tam qud s& khéng di dit liéu
luyén mang, nhung tam it qua s& cho mo hinh sai léch.

Thuat binh phuong nhé nbat trong trudng hop c6 nhiéu tam sé tao ra rong s6 lien két
C, lan.

Tom lai van dé quan trong trong khi nhan dang mé hinh bang mang RBF la fim SU cAn
bang gifta sd luong tam va s6 lugng dit ligu luyén, giita s6 lugng tam va dd phiic tap cia
DTDK can nhan dang.

C6 mot so rudng hop déi vai tam cia RBF nhu
— Tam ¢o dinh
— Tam thay déi theo cich nr 18 chitc

— Tam dugc chon tir thuan hoc ¢6 gidm sdt. Vi du thuat giam gradient.
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Neéu 1am cé dinh th ching c6 thé dugc chon tir khang gian dif liéu déu vao. C6 nhigu
cdch dat vi tri tam trong khong gian nay ty theo phin bé cta dit lieu. Néu khong cé théng
tin ban dau vé phan b, ¢ thé coi dif ligu ¢S phan b& déu hay phan bd ngiu nhién. Phan bs
t61 nhit phu thude vio bai todn rigng biét vai dang DTDK cu thé va dit liéu cu thé.

3.1.2 Luyén mang RBF

Viéce luyén mang RBF phu thude vao viéc chon tam nhu the nao. C6 2 k¥ thuat luvén
mang RBF.
1. Chon céc gid tri ca 1am <6 dinh. Sau d6 sit dung k¥ thuat thich nghi d€ luyén mang tim

ra cac trong 6 C; 161 .

2. Gia tri cla tam khéong durge chon ¢6 dinh ma duge chon trong qud trinh luyén. Nhu vay

ca R; vd C; duge tim trén ¢ s§ st dung cdc phuong trinh giam gradient.

K#¥ thuat 2) néi chung cham hon k¥ thuat 1), Nhung néu tap dir liéu bi giéi han thi k¥
thuat 2) sé cho két qua 161 hon k¥ thuat 1}

3.1.3 M& rong mang RBF - Mang RBF nhiéu Iép

Mang RBF vi mang perceptron nhiéu 16p c6 mét s§ vu va nhuge diém nhir sau: Mang
RBF ¢4 16c dé hoi tu nhanh nhung c6 thé bi mat thong tin do kha nang 1dng hop thap néu sit
dung thuér lan truyén ngugc sai sd.

Mang perceptron nhiéu 16p thudng cé 8¢ do hoi tu cham nhung do chinh xéc cao trong
nhan dang. Nhur vay can mo rong mang RBF theo hudng thém céc 16p an bén trong RBF dé
hoi w dirge nhitng dac trirng 16 nhat cta ca hai kiéu mang. C& nghia Ia nang cao do chinh
xdc trong qua trinh nhén dang md hinh nhimg vin dam bao hdi tu nhanh.

Ngoii ra khi mang RBF duge luyén st dung thuat binh phuong nhé nhdt thi RBF heat
déng nhanh hon perceptron nhiéu 16p. Nhung néu tap mau dé juyén duge chon kém thi
mang RBF lai khéng cho két qua 18i rru toan cuc t6t nhu mang perceptron nhiéu lap. Mot s6
két qua di dat dugc trong viéc ma rong mang RBF nhu [10]. Sy khéc nhau gidta RBF nhiéu
16p so véi perceptron nhiéu 18p 1a & cdc phuong trinh ntt tai cdc 10p an va l6p ddu ra. Trong
mang RBF nhié¢u 1ép khong sit dung thuat luyén 16i wu theo binh phuong nhé nhat.

3.2 Nhén dang mé hinh

Nhan dang mé hinh Ia qué trinh xéc dinh mo hinh cba DPTDK vé cau tnic va thong s6
trén co s& ddu vao va dau ra cia DTDK. Thong thudng mé hinh héi quy duge sir dung. O
day dong hoc DTDK duge xét dudi dang hé rai rac véi vécto dau vao bao gém:

XSV ¥ o Mgl o )y {3.2.1)
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trong d6 v, vau,; [ cdc gid tri ddu ra va ddu vao tuong 1ing o chu k¥ trudc.

Luu ¥ rang vécto dau vao mang noron sé hoan toan bao 26m céc gid tr dau ra vi diu
vao DTDK. Tuy nhién ¢ the 16n tai mét vai kha nang khdc. Trong [13] sir dung vécre dau
vao mang dudi dang:

XU e bymny o Uy U ymg, o ), (3.2.2)

o day v, 1a gid tri ddu ra clia mang RBF. ¢6 nghia la F(x) & chu k¥ trude.

Mé hinh thu duge sau khi nhan dang goi 13 (6t néu n6 thé hién duoc diing PTDK. Nhu
vay c6 the sl dung mo hinh thay cho DTDK dé du béo, kiém tra va diéu khién. Mang noron
dugc luyén dé mo hinh héa quan hé vio - ra cia DTDK. Nhu vay quy trinh nhan dang mo
hinh ¢é ban chat 1a thuat 10an luyén mang.

Mang RBF cho nhan dang mo hinh duge xem xét ki & [3,9].

Bi¢n thé cia mang RBF 1a mang Gauss xuyén tam (radial gaussian network) duge sir
dung dé nhan dang hé phi tuyén [32].

Mang perceptron nhiéu lop ding cho nhan dang mé hinh véi nhiéu thuat 1oan khéc
nhau ducc xem xét trong [6].

Mang spline cling dugc sir dung nhiéu cho nhan dang mo hinh véi yéu ciu vé bo nhg
mdy tinh du 16n. Nhin chung mang noron nhiéu 18p st dung cho nhan dang mé hinh phi
tuyén theo hai quan diém:

13 S0 dung mang nhiéu 16p nhu mé hinh song song véi DTDK. Mang duge luyén sir dung
sal 6 gifta dau ra mo hinh va ddu ra cha DTDK. Phan héi 1y tir ddu ra clia mang nhu &
hinh 14,

2)  Sir dung mang nhiéu I6p nhur mé hinh lién tiép - song song. Mang ciing durge fuyén sir
dung sal s6 gilra dau ra cua mang va dau ra cia DTPK. Nhung phan héi 1dy tir ddu ra
cuila BTPK nhu hinh 15.

= DTDK v u %-—-
e —_ bBTDK ¥
e
u Mang noron s
’? > nhidu ldp ) | Mang ndron = ¥

» nhiéu lap
x
Hinh 14 : Mé hinh song song. Hinh 15 : Mé hinh lign ti€p - song song.
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Mo hinh Lién ti€p - song song ¢ wu the hon so véi mod hinh song song vi thuéat lan
truyén nguge saj s6 ¢o thé st dung binh thudng do khéng cé vong phan héi trong mang
noron. Néu DTBK duge gia thiét 14 6n dinh vdi diu vao ddu ra bi gidi han (Bounded input
Bounded output stable) thi moi ddu vao mang noron bi gidi han v khi sai sd diu ra tiém can
dén gid tr1 40 nho, mo hinh song song co thé thay thé bang mé hinh lién 1iép - song song ma
khong ¢é hé qua nao nghiém trong xay ra.

Cau tnic mang noron giai bél todn nhdn dung mé hinh rdt da dang [8). thy thude vio
timg bai todn cu thé.

Mang RBF khi st dung trong nhan dang mé hinh can luu ¥ mot s6 vu diém va nhuoc
diém sau day:

Uu: Qua trinh hoc tuong déi don gidn va nhanh chong so v&i mang percepiron nhiéu 16p.
Nhude: Khi véeto diu vio cd 56 chiéu Ign sé kéo theo s6 1am 1an va nhu vay khéi lugng tinh
todan nhiéu va cé thé sinh ra hiéu dng khéng chinh 1am sai l&ch qud trinh nhan dang mo
hinh. Ngoéi ra. néu iinh nglu nhién cta dit liéu tang s€ dan dén viéc lam tang s6 lugng tam
vi nhu vay phai tang thém chiéu cho vécta di liéu dau vao dé dam bao do chinh xdc nhan
dang mé hinh. Khéi lugng tinh 1odn tang 1én lam cho théi gian nhan dang bi kéo dai.

3.3 Vidunhén dang hé déng hoc phi tuyé&n s dung mang RBF (26)
Xét hé déng hoc phi tuyén cua BTDK
A=flxy+gixiu (3.3.1)

Gia thi¢t DTDK 12 6n dinh theo véng hd. Vécio trang thai x quan sat duge. S6 chidu
cha x biét trudge. Can tim mo hinh xdp xi DTDPK (3.3.1).
R4 ring cd thé viét (3.3.1) dudi dang sau:
r=AxH(f(x)-Ax}+gix)u (3.3
O day Ae " 1a ma tran 6n dinh cho rrude,
Theo tinh chat x8p xi cta mang RBF cho cdc ham phi tuyén: Néu so lugng cdc mit
trong lap an 1 du 16n. thi f(x)—Ax va g (x) cd thé xap xi bang cdc mang RBF sau:
FO-Ax=W*S(x) v g(0)=V*S(x).

nxXN HEN

trong dé6 W¥e viaV*er 12 cdc ma tran trong s& clia cac 8 hop tuyen tinh trén.

Nxdc dinh $o lugng mit rong mét 16p RBF cila mang.
S(x)=[8,.8,.....8,)7.

véctd cdc ham co so sau:
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S, =(l-cff ol 7 vii=12 N

)l
Tam C,e R" va dé rong p,e R dugc biél trude. Nhu vay phuong trinh (3.3.1) ¢6 thé
viél dudi dang sau:

2TAHWHE ()} +V*Sixlu. (3.3.3)

Dua trén (3.3.3) mo hinh uéc lugng ciia PTDK 6 thé dugc md ta bang phitong trinh
sau:

T=AT+WS(x)+VS(x)u. (3.3.4)
dday We RN Ve R™*" 1a cdc ma tran udc luong clia W* va V* tudng ing. ¥ e R” I
udc lugng trang thai cia x . Goi

X, =i-x. W=W-W* V,=V-V*,
phuong trinh sai 6 udc lugng sé la:

1= Ax, +W S0+ V 8w (3.3.5)

Thuat nhan dang sir dung ham Lyapunov sau day dé dam bao tinh hoi tu:
Lix, W, V)= %xf." Px,+ % Tr(W/ W)+ % Tr(VI V), (3.3.6)

¢ day £ Ta ma tran doi xitng xdc dinh duong. C6 thé xdc dinh ma tran § 461 xing xdc dinh
ducng thoa man phuong trinh Lyapunov sau:
PA+ATP=-@Q.

Thav (3.3.3) vio (3.3.6) va xét dao ham ¢ha haim Lyapunov, thu duge:
= 2xT (PA*ATP)x,+8T(x) W Px,+8T(x) V] Pxou+

* THOWT W STr(VI V). (3.3.7)

Néu chon

TrewlI w)= - 8Ty W Py, (3.3.8)

TriVIv,y= - st v? Px u. (3.3.9)
thi:

Lix, W.V,)=- éx? Qx,. (33109

Do ma tran sai 6 W* via V¥ 1a ma tran hing. nén tit (3.3.8), {3.3.9} nhan dugc thuit
nhan dang mé hinh sau day:

263



“fi:,f: _S_J' EZP:erE (3‘3.11":1)
=1
. [}
Vy=-58; FZ Pipx e 3.3.11b)
=1
vaii=1.2, ... N va j=1.2, .. N . P;; 12 phén tir ciia ma tran Lyapunov P
Tir (3.3.6) thiy rang L (x,.W,.V,)20.
Tix (3.3.10) nhan dwge L (x,.W_.V,)<0.

Vivayx,(t)—0, W_—0, V,—0.hoac x »x, W W* VV* khifow,
b tinh todn don gian cé thé chon
A=al.@=ql vaP=pl v&ia>0 , ¢>0 va I 1a ma tran don vi.

Khi d6 thuit nhan dang mé hinh don gian nhu sau:

I/Vi_} :_pS_j‘x{.'i .

VU:—pSJ-x(,!-u.

Tir phuong trinh Lyapunov ruit ra:

_4q
[J—'(—)—}O.

A e
Dé hoi tu dén trong so thue, hé dong luc phai cé ¢ gidu thong tin & ddu vao. Vi thé da
s6 déu vao phai duge chon ngau nhién.

3.4 Vidy vé diéu khién thich nghi sif dyng mang RBF (7}

Mang noron nhiéu 1dp ¢6 kha nang x4p xi moi ham phi twyén va duoc sir dung réng rai
trong nhén dang va diéu khién [15, 23. 43]. Mang noron cé thé xem nhu mét h¢ phi wyén
véi dau ra 1a bién d6i phi tuyén cla ddu vao va trong sé lién két. Nhu vay bai toan nhan
dang thong 6 mo hinh trong di¢u khién thich nghi phai dua trén co s& k¥ thuat 181 wru phi
tuyen. K¥ thuat nay doi héi tinh todn phive tap ma thudmg chi dat dén 15i tu dia phwong.
Trong nhiing \ing dung cu the thudng ham kich hoat sigmoid duge chon va thuat todn lan
truyén nguge 1 phrong phap luyén mang co ban. Nhung phirong phap nay ¢6 t6¢ d6 héi
cham va ciing khong dam bao t&i wu toan cuc.

Mang RBF ¢6 vu diém la dau ra ¢6 quan hé tyén tinh d&i véi wong s6 lién két. Phuong
phap luyén nhanh va hiéu qua. Nhimg uu diém nay dugc nhan manh trong [22].

Diéu khién sir dung mang noron RBF dugce dé cap trong nhiéu cong trinh [11.27].
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Trong 1hei phueng phap diéu khién thich nghi thi chién luge diéu khién thich nghi dua
trén mé hinh nghich la chién hrge diéu khién khd don gian nhing hiéu qua. Néu dua mang
RBF vao cau triic diéu khién s& nang cao hiéu qua hon nita. Ham kich hoat ¢é thé chon céc
ham spling cho bai todn nhin dang dong hoc nghich cia BTDK. Vi nhiing ¥ wdng nay.
xét mang RBF v&i n diu vao v3 m dau ra dudi dang vécto:

M
frm=et 3 Ciple— R (3.4.1)
1=1
o day xe R", C,eR™. Cye R™ . R;eR". j=1,2. ... .M, @(.) 1a ham va ||| 1a chudn
euclidean. Gia sir:
c={c, )" j=1.2. ... .M. (3.4.2)

Biéu thiic (3.4.1) dudi dang vé hudng duge viét nhu sau:

M
£ (x)=¢ 0t zcggp(ﬂx—ﬁ_,-n), i=1,2, ... .m. (3.4.3)
i=1

Neéu @(.) va cdc tam R, 1a <o dinh. tdp dau vao x(¢) va ddu ra mong mudn d(z}.
t=1.2, ... N, dugc cho trude thi cdc trong s6 lien két ;) voi i=1.2, ... .m, va j=1.2,
... .M s& duoc xdc dinh én co s¢ thuat binh phuong nho nhidt tyén tinh va & day khong

t3n tai bai todn cuc tiéu dia phuong vi mé hinh RBF la mang noron ¢6 déu ra tuyén tinh
theo trong s6 lién két. Biéu dién mang RBF trén hinh 16.

Ham @(.) ¢6 thé chen nhut saw:
qp(z)=zzlnz. (3.4.4)
Can nhadn manh rang qua trinh xir 1y théng tin cua RBF phu thudc vaoe cac tam R, cho

trude. Cac 1am nay phii duge cho phil hop véi mién dau vae {x(¢) }N. Luu ¥ dén mot s&
cich chon tam, vi du [5].

Lép ddu ra

e(llr-R;),1sjsM
L&p dn

Hinh 16 : Mang RBF Lép dau vao

265



Gia st hé dong hoc phi tuyén 6n dinh theo gi6i han du vac - gidi han dau ra (BIBO
Stable) v dugc mo ta bang biéu thitc sau:

__v(k+1)=f[y(k),y(k—1),,,‘,y(k—n+1],u(k—&),u(k—&‘—l),.,‘,u(k—ﬁ—m}], (3.4.5)
trong dé v 13 diu ra ciia DTDK. u 12 ddu ra cla Bo dicu khién. n vi mla cdc wé cuc dai o
ddu ra va ddu vho tuong iing, & 1a tré thoi gian biét nude.

Neéu hé théng ¢é dong hoe nghich (invertible} thi mé hinh dong hoc nghich ¢4 thé biéu
dién dudi dang sau:

u(k—O=fly (k+1).y(k}. ... .y(k-n+1), u(k-6-1).....u(k-8-m)], (3.4.6)

& day y,(k+1) 1a ddu ra k¥ vong tai bude (x+1) ciia PTDK.

Goi
x(B)= [y, (k+1) y (k). ... y(k—n+1).u(k=0-1), . u(k-8-m)]. (3.4.7)

nhtr vay 6 thé sir dung mang RBF 3¢ mé hinh héa dong hoc nghich nhur sau:
M -
i {k-8)=Co+ Y Cip(|xtk)- Ri) . x(k)e R™ ™" . M<N, (3.4.8)
i=1
rong 46 « (k-8) 1a udc lrong ddu vao tai budc £ rong ung voi ddu ra ki vong ¥, (k+1)

vi NV 1a s6 luong cac mau dan vio.

Bo diéu khién thich nghi dua trén mang RBF duoc thiét ké cu thé nhw hinh 17.

dnhiéu
v .
;2. T3 Mang u = DTEK _,é J
Stre »| RBF2
.Y . X
tré D € 8Aa1 50 1 D
" tré
Thuit binh phuong
nho nhat truy hai
4 \
iy, g
Hinh 17: Sa d6 digu khién tré \ Mang |
dua trén 2 mang RBF. RBF1 -

Cé 2 mang RBF1 v RBF2 trong so d6 diéu khi¢n. RBF2 mo hinh hoa dong hoc nghich
ctia DTPK v thudmg dwoc sit dung nhur bo didu khién. Con RBF1 €6 céu tric giong hét
RBF2. Khi RBFI 1ai thai diém bat ddu cha diéu khién. duoc dimg nhur don vi phan hoi.
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Trong so do diéu khién trén &3 dung thuat binh phuong nhd nhét truy héi dé hiéu chinh
thong s6 mang.

yp 12 ddu ra k¥ vong cia DTDK & bude 1iép theo thti diém hién tai duoc dua vio
RBF2. Ngodi ra con 2 dau vao khac duge lay r diu ra RBF2 qua bo 1ré va tir déu ra coa
DTBK ciing qua bo tré. Pau ra RBF? 12 tin hiéu diéu khién . Muc tiéu diéu kbién Ja 1ao ra
dau ra ky vong yp. Tuy nhién rat khé dat duge muc tiéu khi ¢6 tac dong bat thudng cia
nhiéu méi trudng d hoac bat dinh treng DTDK. Chinh vi vay mang RBF1 dugc dung dén dé
giai quyét kho khan nay. Su sai léch e gifta ddu ra RBF2 (ddu vao DTDK) va dau ra clia
RBF1 sé dugc sir dung € hiéu chinh trong s6 clia mang RBF1 theo thuat binh phuong nho
nhat truy hai. Cic trong s6 maéi cua RBF1 duge sao chép sang mang RBF2 dam bao cau tric
giong nhav gilta RBF1 va RBF2. Thuar toan dimg khi sai s8 ¢ dat gid tri cuc tiu. Khi d6
dau vac va ddu ra cia RBF1 chinh la ddu vao va dav ra clla RBF2 (¥ = y,.3). Nhu vay toan
b gud trinh diéu khign gém hai budc sau day:

a) Nhan dang off-line

b)  Diéu khién thich nghi on-line

Treng qua trinh nhin dang mo hinh. cic tam RBF va cic trong s6 ban ddu cho madc.
Trong khi diéu khién on-line, cic tam RBF khong thay déi. cic trong s6 dugc hiéu chinh
theo su thay doi cla moéi trrdng va do bat dinh cia hé theng (DTPK). Pé thu duge didu
khién 161 hon c6 thé cai tién thuat luyén mang nhu sau: Coi biéu thite (3.4.8) [a tremg hop
dac biét clla md hinh hadi quy tuyén tinh:

M
d{t)=3 p, ()8, + e(t). (3.4.9)

i=1

& day d(2)- dau ra mong mudn: 8- cic trong $6
P;(#) - b hdl quy (regressors) va 12 mét ham nao dé cé dinh céa x{¢)
Pi()=P;(x(t)= plx()- R; | (3.4.10)

sal 86 e{t) gia thi€t khong wong quan vai P;{¢). Nhu vay bai todn chinh trong s6 6 the
hiéu trén co s ¥ tudng cai bién thuat todn binh phuong nho nhat truy héi sau day:

clh+l)=c¢(k)+Ac(k) (341D

Tir day c6 thé xay dung mot kigu thuat todn cdi bign nhir sau:
1k
clk+1)—c(R)=k Ac(k)+kd{A(‘(k) —Ac(k-1})+ k_z Ac{ ). {3.4.12)
Quy tac (3.4.12) wong duong vai quy tac diéu khi€n PID trong 19 thuvétr diéu khien.

Pai lugng dau coa vé phai (3.4.12) 1a dai dién ty lé thuan voéi dai luong cai bién Ac (k) thu
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dugc tir thuan 1oan binh phwaong nho nhil truy hoi 4p dung cho (3.4.9). Pai luong thif hai ty
lé voi tac do thay déi cita dai luong cii bien dé. Dai lugng thi ba tv 16 véi dng céc dai
lugmg cai bién da cb ude day. So sanh (3.4.11) va (3.4.12), cd thé thiy rang (3.4.11) cé thé
thu dugce tir (3.4.12) néu

k,U =1. kar 20, kr'=m,

Thuat todn nay gei la thuat binh phuong nhd nhét truy héi PID [7]. Thuat todn nay hoi
1 nhanh hen thuat 1odn binh phuong nhd nhit thong thuong.

3.5 Mang noron nhiéu I8p v& mét s& thudt hoc trong nhén dang méd hinh
va diéu khién

Mang noron nhi€u 1ap duge sit dung khd rong rii cho cdc bai todn nhan dang 4nh, nhan
dang mo hinh va diéu khién. Thuér hoc lan ruyén nguoc sai sé 12 mét thuat hoc tuwong dai
phé bién cho cdc bai todn trén trong nhitng nam 90. Thuat hoc nay da duge Werbos P.J. xay
dung tir 1974 [42]. Tuy nhién nhiéu nhi khoa hoc thuc 1€ cho rang tiém can trén thudc vé
cdc céng trinh cia nhém tac gia vé tinh tean song song [30. 31].

Qua 1rinh hoc ctia mang noron nhiéu 16p duge thuc hién bang cich so sdnh cac déu ra
clia mang véi cdc tin hiéu chi dao, thiéu vang thong tin vé cdc dau ra ¢ cdc 16p 4n. Su hiéu
bi€1 vé cAu tric mang nhiéu I6p cho phép tinh todn céc tin hiéu hiéu chinh trong sé lién ket
khéng chi doi véi nhitng noren 18p cudi ciing ma con déi vdi ca cac Idp an. Mot s6 tic gia
cal tiéh phuong phdp lan muyén nguge sai s6 dé€ nang cac do chinh xdc vé 16¢c 6 tinh oan
[12.14]. Mét s6 phuong phap khdc lam tang 16¢ do hoi t cia qué trinh hoc théng qua viée
str dung cac thudt toan dang Newton. trong doé ngoai viéc thé hién gradient ciia phiém ham
cén cuc réu con cdn phai ¢é ca ma tran dao ham bac hai. Vi vay cac thuat todn nay goi la
thuat 10dn hoc bac hai [4]. Cac thuat hoe dang lan truyén nguge sai 56 thude dang thuéat toin
Newion va ¢é thé thé hién trong mang noron vdi c& khong 16n 1am. P6i vdi mang ¢& 1én
thuat lan truyén nguge doi hdi khéi lugng tinh todn lon d¢€ xac dinh gradient bac nhat va dsi
vai mot s0 dang thuat hoe nang cao doi héi xac dinh gradient bac hat.

3.5.1 Cdu tric mang noron nhiéu I6p

Hinh 18 mé 14 mang noron phé bién nhiéu 16p thuc hién chifc niang bién d8i phi tuyén
vai lign két trong s6. trong do:
1) M —sd 1dp cla mang.
2} Ny—s0 noron tai 1ép ¢ va khong c6 moi lién ket gilta cdc noron cling mot 15p.
3) D¢ bai toan ro nén don gian nhimg khong mat tinh tdng quét cdn guan niém nhu sau:
Nhitng dau ra clla noron 10p g = 1.2, ... .M -1 chi lién két v&i 1dp 1iép theo (u+1).
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4) Cdu tric lién két giita cac noron 16p 4 va (g+1) thé hién bang ma tran ¢ vei 2 gia tri
Oval:
a) Neéu C:{'.ﬁ) =1 thi dau ra ciia noron thir i tai 16p u duge dua vao noron thit j tai 16p
(H+1).
b) Néu C:‘j.] = 0 thi khéng c6 lién két dé.
5) x — vecto tin hiéu vao tir bén ngoai chi tdc dong 1én ddu vao cac noron 16p diu tién
(u=1). Céc tac dong cua tin hiéu bén ngoai vao 16p noron ddu tién dugc biéu dién bang
ma tran tac dong "% ¢6 cdu tric trong c'#
(M)

. Cac ddu ra cua l6p noron cudi cling

(#4=M) tao thanh vecto dau ra y

S8 16p 1 - U+l -— M
1) v(l.]] (M.1)
9 (1.2) 1.2) (M.2)

=) |

U
1 lﬂ::)O—’» O ~a—— - :;O—y>

) aw (M)
: y

v x“IZDO—> -—- -——— :DQ—»

N] x(l.f\ﬁ} y[l,Nl}

%
|

$6 noron tai N,

céc 16p Nu Nun

Hinh 18 : Cau tric mang ndron nhiéu l8p

(M1

M&i noron thif i tai 16p x bién déi vecto dau vao x'“**) thanh dai luong vé huéng

y#"Bién déi nay gom 2 giai doan: déu tién tinh todn ham net*"", sau dé bién déi ham

nay thanh du ra vo hudng y“*'= £, (net'"")) v6i ham kich hoat f,,; clia noron i tai 16p
4. Ham net'™ ") 1a mot doan chudi Taylor nhiéu chiéu: bac cao nhat ciia ham nay la bac
ciia noron. Néu bac bang 1, rong ‘mg véi noron bac nhat; bac tir 2 trg di tuong ting véi
noron bac cao. Cac hé s6 phan ra chuéi Taylor nhiéu chiéu tao thanh vecto trong sé lién két

w40 hay con goi la bé nhd ctia noron. D6i véi bai todn nhan dang mé hinh va diéu khién,

it khi sir dung noron bac cao, chu yéu la ham béc 1:
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TiH.0 L ’
netﬁ“‘”:wff"” Z [’U” [”” =w tH.e u B {3.5.1)

trong do:
1) w““‘”:(w{[]ﬁ'”,w;ﬂ’”, ,wj,\»‘f‘”] [a vec 1o trong s6 lién két v5i noron,
2y utHs (l,xi’”‘”‘ Y ”)T]a vec to md rong dau vao noron thif i tai I6p 4 (ngudng

duoc coi 1a dau vao 1).

N . N .. - N [F % - .z
) x‘;‘"” la phan 1 ; clia vec to déu vio x'“*) cé chiéu N.
Dét véi noron bic hai;

) N . . N o . .

(it _ gyl (e d) 1) i) {,ur: ey _ o Tl e}y (0

nety w "+ Z] w e Zl ;‘Z] g M = u (3.5.2)
- J=lk=

o day:

[T A P2 R
D wy W et i e L

o N .k < Ia cdc phan ur cia vec to trong s6 w !

2 W vec td dau vao md rong ¢é dang:

: ‘ . T . . . Y
(M.
g l.x%’”‘”. ,xkf“'..\‘]‘Ztﬁ'n,xéﬂ'”.r%ﬂ"), .xi{',u,u) (3.5.3)

Noron bac cao ¢ thé dung cho nhan dang anh.

Bién doi phi tuyén v = finet) duoc cho bdi ham kich hoat tang. don diéu va hitu han. Vi
du ham kich hoat ctlia noron thit : tai 16p u
1— e—net(,u_.e'}

) 1 )
u:.njz hoac fp,-{ner”‘”):

‘f’U’(HEt 1+ P—net[#.n 1+e—net(,u,:"r

3.5.2 MGilién hé gilia ddu vao va ddu ra cla mang noron nhiéu I6p bac nhét

ret! = net™ " dugc bicu dién qua (3.5.13
O mang noron nhiéu 16p v6i day du lién két, ddu ra cha noron i tai 16p g duoc mo 14
bang phuong trinh sau:
yH# =g wf '+ Y rﬂﬂﬁ'ny?&_l"“ = fiaw T Ay
g1 ’ J

[}
LN
N

=

= finet :,u_n}‘ j=1.2. .. ,Nﬂ (

(.0

trong dé u 1a vec 10 dau vao md rong (ké ca ngudng) ciia noron  tai 16p u
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Dé vigt gon. st dung cac kv hiéu sau day:

) yultr ZU'[ﬂ']}.J"”’"”..”, yw..-‘\e‘#r}'f' (3.5.5)
1& vec 1o ddu ra cla cic noron tai 16p ¢ cé 56 naron N

by W o Ny 2 e ] (3.5.6)
14 ma tran trong s6 ién ket ¢d chiéu Ny, ( Ny, +1) cha cdce noron tai 16p g

c) wé‘”=[wb""”,wé’”‘2]. ,wép'N”}]T

Ja vec to 6 chiéu N, bao gém cac trong s6 lién két ngudng wf}"""')
Céc ky hiéu a). b) va c) cho phép viét (3.5.4) dudi dang sau day:

ey =f'(wf{” +W](ﬂ1yt_,u—ll]: T N S 7t (3.5.8)

trong d6 £ 1a vec to ham phi tuyén bién ddi timg vec 1o thanh phin wi + W4y 41

trong Gng voi quan he (3.5.4).

Phuong irinh héi quy phi tuyén (3.5.8) cho phép lap méi guan hé gilta dau vao va dau ra
cha mang noron nhiéu 1ép dudi dang téng quat sau:

yMI (%M': +W1{M}f~!M-1][wBM—1'J S WD M2
@ W@ PO W] )2 (550
Nhir vay dau ra clia mang noron nhiéu 16p 1a vec 1o ham phi tuyén phic tap cia vec ta
dan vao x vi vec 1 ham nay phu thude vao vec to trong s6 lign két trong mang.
3.5.3 Thudt hoc cla mang noon nhiéu 16p vé phuong phap lonkuyen nguge saisd

Qua trinh fim cac gid tri 161 vu cha trong s& lién k&t 14 qud trinh hoc clla mang va qué
trinh nay duge thuc hién nham cye tiéu tiéu chuan chat lugng nac dé o (w) dac trung cho do

do gdn nhau dugc tich hop & céac dau ra cda mang yf‘m (n) v& tin hiéu chi dao y*(n). Vidu:
i
Jiwi= L S Qlelw.m)) (3.5.10)
n m=1

n - la thoi di€m ra cha mang naron v tin hiéu chi dao trong iing.
w - vec 1o clia cac vec 1o thanh phdn biéu dién trong s6 lién két ciia mang

MT M-1IT (VT T
w=e'" w! o . 1°.

(3.5.11)
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' u=M1 chia céc vec 1o w* P,

4 day cac vec 10 thanh phan w i= I,Np biéu dién
rong so lien ket voi noron i tai 16p t;
M

. T (NI .1
w ]:(w(”“T,w[‘u ) e T

{3.5.12)
Tiéu chuan chat lugng hoce aie thoi @ (e(w.n)) phu thudc vao vec 1o sai sé mang e{w.m)
e(w.n)Z_v“\f'\(.rn)—y*(m). {3.5.1%
Trong céc bai todn nhan dang va diéu khién thudng @ ¢6 dang binh phirong:
Qe(w.n))= ¢ (w.n)Re(w.n]. (3.5.14)
vl R 14 ma tran xdc dinh duong,

Cyc tiéu phiém ham tiéu chudn tich hgp chat lugng hoc J (w) duge thuc hién chil véu
nho phuong phap gradient. Nhir vay sé& dwa dén biéu thitc tim trong s& duéi day:

win)= win-1)-TV _ Qle{win-1).n)} (3.5.15)
trong do:

qu() = aQ(f'(w;l_ 1)”)]

trong s6 lién két cua mang

la gradient cia phi€ém ham tic théi Q(-) ddi vdi vec to

Pac trung T hoac 1a hang va khi d6 théng thudng chudi w (1) hoi tu dén lan can gid 1ri
18] wu w, hoac Y 1a ham gidm theo thai gian. vi du nhu thuat todn 8i uu thich aghi ngu
nhién [38].

O day sé khong ban dén van dé hoi tu cia (3.5.15), chi hun ¥ ring (3.5.15) 6 16 d6 hoi
tu cham va nhiéu khd nang lam phi¢m ham (3.5.10) roi vho 161 wu dia phuong. Tir quan
diém tinh todn. khé khan co ban thire hién thuat hoc (3.5.13) 1a viéc fim gradient ¢ia ham
phtic tap @ (e (w.m)). Chinh vi vy, cic téc gia [30. 31] dd tim duge thil e ¢6 hiéu qua dé
tinh todn gradient ciia hdm Q(-). Thu we nay dugc goi 13 phuong phdp lan truyén nguoe sai
s6. Dau tién tinh todn gradient cha Q (e (w,m)) chi d6i véi vec to trong s6 lien két w'¥’ rai

Idp £ bd gua cdc 1op khic. Nhu vay sé cé:

. T
Q _[( @ Y (s ' (_s@ Y (3.5.16)
' | gptet ) aww,z}J e e N ) o

A0

Do haim (e (w,m)) phu thuec vao vec to w (.5

nén bigu thifc (3.5.16) ¢& thé viét lai nhu sau:

qua ham vé hudng v clla (3.5.4)
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T
¢

T T . T
dQ _L aQ ! _Bner(’”‘”\‘ { aQ N e N

au_,(.i'-"l ay[.f-n‘.l} aner[p,ﬂ aw(,ﬂ"]? ay(,{.r,Nlu) anet{p,N'u} aw{y.f\fﬂl

(3.5.17)

Sir dung (3.5.4) va (3.5.1) ¢d thé viét nhan tr thiy hai vi thit ba cGa (3.5.17) nhu saw:

av(,u.x 1

m:ﬂnett'ﬂ'”) {3.5.18a)

onet'# ! R

i (3.5.18b)

s

Nhan 17 ddu tien cta (3.5.17) la ham nhay. Thanh phdn cla tiéu chuan chat lugng nic

thi Q (e (w,m)) d6i véi vec 1o dau ra v 1ai lop 4.

T
g Q[ @ 0 W | cuw

. (HNINT
VTN PRI ‘aym.Np) S ). (G519

Sir dung quy tac 18y vi phan ham phifc tap va trén co s& ciu tnic mang naron nhiéu lép
SUV ra:

Siﬂ‘“: aQ _N.i*l BQ a‘,}_,i.u+1.j}

avm.f] - Jo avt,uﬂ._,r']. av[,u,_:)

N+l .

_ (ar+l fy g+l

= Zl Sta+ di._;‘ .i=1.2, ... \N;, (3.520)
j=

Biéu thite (3.5.20) biéu dién phuong trinh hdi quy dsi véi vec 1o thanh phan do nhay
Ciatl Dang ma tran cia (3.5.20) sé 1a:

S[”‘:D‘#+llsfp+lj,)(zZM—l,M-Q. 9. (3.5.21)

& day D' 12 ma ran chuyén do nhay ¢é chiéu NyuxN .y doi véi mang bac nhat (3.5.1)
va oo dang sau day saw khi két hop véi (3.5.8):

a,‘_,lp-r'i.j'] aqu]!T

=(d¥ =2 W IT Gigg(pr(net™ V) (3.5.22)

D(,ﬂ+ 1 F____
a.v(ﬂ.r) tJ ayL,HJ

Trong biéu thitc (3.5.22) d6i vdi ma tran chuyén dé nhay DY**" mu ¢ rang ma tran

W DT duge xac dinh bang (3.5.6)

Frinet Ny =[P inet T, L f*(netw“‘N“m)]T.

Nhu vay biéu thite (3.5.22) chi bao gém phan ma tran trong so lién két W' i cac 16p

A khoéng chida vec 1o ngudng w}_;”] .
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Bigu thic gradient cha @ (efw.m)) déi vdi vec to w irong s& litn k& 1ai 16p u
(3.5.17) co dang:

)a?,?r. =(SH VR e YT 8N e BNy 1 BT (35 93
L

Bieu thic (3.5.23 va {3.5.21) tao thanh quy trinh tinh todn tim gradient phiém ham tic
thai € theo toan bé cic 16p cia mang. bar ddu tir 1ép cudi cling:

Q__ diag(f* (net™) s H @4, {3.5.24a)
St
Sz ptHritgihiat u=M-1.M-2. .. 2.1, (3.5.24b}

trong dé @ 1a ky hiéu tich trnic tiép clia cdc ma trén hay cén goi la tich Kroneker {41]
Vi dy tich trye tiép cila 2 ma tran A va B ja:

anB - a,B
A®B=| : 5 (3.5.25)
anlB G'nt

Cac diéu kién ban dau cha (3.5.21) dé dang tinh dugc theo céng thiic:

g Q™M — 3™
avlfxﬁ

va nhur vay $* phu thudc vao ciu tric ham Q. Néu @ ¢6 dang binh phuong nhu & {3.5.14)

va R=0.57 voi I 1a ma tran don vi thi vec 1o ban dau S("'”=y*"'”~y*=e. Day chinh a1y do
dé giai thich xudt xif ciia phuong phdp lan truyén nguoc sai s6. Coé nghia 13 quy tinh
(3.5.21) tinh céc sal s6 ban dau cia mang theo hudng giam déan sa 16p. bat dau tir 16p M -

1ap ra cua mang.

4 Tong két

Mang noron la mot cong cu hitu hiéu cho cdc bai tedn nhan dang mo hinh va diéu khién
phi tuyén cac hé dong hoc ¢6 do bar dinh cao. Lép mang quan trong tUng dung trong nhan
dang mo hinh va di€u khién la mang RBF ho#c mang nhiéu ldp véi thuat hoc lan truyén
nguoc sai s&. Tuy nhién thuat hoc nay khé cé thé 4p dung cho mang noron nhiéu 16p ¢& Jan.
Can hwu ¥ rang cdc tin hi¢u trong mang noron sinh hoc chi c¢é thé lan truyén theo hudng
thang. Mot s6 thuit hoc ty 16 chifc hodc thuat di truyén 6 thé sir dung trong céc baj todn
diéu khién thich nghi thong minh va htra hen nhién @ng dung c¢6 ¥ nghia. Mang noron con
c6 the két hop vdi logic mé 1ao thanh mat hing tng dung khd manh cho céc bai toan nhan
dang mé hinh vi diéu khién trong cong nahicep
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