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PHUONG PHAP LAP LUAN MO SU DUNG PAI SO GIA TU
VO1 ANH XA NGU NGHIA PINH LUONG KHOANG

PHAM THANH HA

Truong Pai hoe Giao thong van tai Ha Noi

Abstract. Fuzzy reasoning methods based on Hedge Algebras have always used quantitative se-
mantic mapping v with assumption that fuzziness measure of the element W is zero [2]. Therefore,
optimal searching domain for some problems using these reasoning methods has been restricted and,
then, the optimal solutions can be omitted.

Interval quantitative semantic mappings have been introduced based on the assumption that
fuzziness measure of the element W is non-zero. The mathematical basis of these mappings has been
established and published in [7]. In this paper, we will develop a fuzzy reasoning method utilizing
interval quantitative semantic mappings and apply to solve some engineering problems in order to
show that our method gives optimal solutions corresponding to the fuzziness measure of the element

W is non-zero.

Tém tat. Tir trude dén nay cdc phwong phap lap luan mo dua trén dai s6 gia tir (PSGT) déu str
dung 4nh xa ngir nghia dinh luong v véi gid thiét dé do tinh m& cda phan tir trung hoa bang khéng
[2]. Diéu ndy dan dén viing tim kiém t5i wu clia mot s6 bai todn 4p dung céc phuong phap 1ap luan
nay bi han ché va nghiém t&i wru cla né c¢é thé bi bd qua.

Anh xa ngit nghia dinh lwong khodng f dwoc xay dung trén co sé gia thiét dé do tinh mo cia
phan tir trung hoa khic khong, co s& todn hoc cla viéc mé rong va xay dung dnh xa trén da duoc
cong bé trong [7] . Trong bai bdo nay ching téi sé phét trién phwong phap lap ludn m& dua trén
DSGT véi anh xa ngir nghia dinh Iirong khodng va tmg dung gidi quyét moét vai bai todn dé ching
té rang phuong phap méi cho két qua t6i wu hon va nghiém t6i uu thuce s ing véi do do tinh ma
clia cic phan tir trung hoa khic khong.

1. MO PAU

Nhwr ta da biét, phan tit trung hoa W cia bién ngoén ngit ¢ dic diém la diém bat dong,
nghia la AW = W v&i moi h € H. Vi vay khi nghién ctru viéc dinh lrong nhan ngén nglr cac
tiép can cu deu gid thiét fm(W) = 0 (tai lieu [2]). Tuy nhién trong nhiéu truomg hop gid
thiét nay la chat, giy mat mat thong tin vi trong rat nhiéu bién ngon ngir phan tit trung hoa
W c6 do m& hay fm(W) # 0, khi d6 gia tri dinh lwong ciia W cé thé 1y tly v trong khodng
tinh mo cia W, diéu nay dan dén cé mot mieén céc gia tri tham s6 dé xay dung anh xa dinh
lwgng bi bd qua khi ta gid thiét fm(W) = 0. Do dé khi tng dung DSGT vao gidi cdc bai
toan c¢6 thé bd qua céc nghiém téi wu ing véi céc gia tri tham s6 nam trong mieén tham sé
vira dé cap néu buoc fm(W) = 0. Dé gidi quyét van dé ndy mot tiép can khic da dwoc dua
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ra la dinh lwrgng nhan ngoén ngtr theo khodng véi gia thiét hay fm(W) #£ 0 ([7]).

C6 thé tém tat hai céch ti€p can vé dinh lrong nhan ngdén ngit nhw sau:

Cho PSGT tuyén tinh day du AX* = (X* G, H, 0, ¢, <) vi mot do do tinh mo fm.

Tiép can thit nhdt gia thiét fm(W) = 0 va xay dung anh xa dinh lwong v: X* — [0, 1],
trong khi dé tiép can thit hai gid thiét fm(W) # 0 va xay dung 4nh xa dinh lwong khodng
f: X* — P|0,1], trong dé P[0, 1] 1a ho cic khoang trong [0, 1].

DPé xay dung céc anh xa nay ca hai tiép can nay deu xay dung hé khoang mo lién két véi
fm (xem [2,7]), goi J(=) & khodng m¢ lién két véi fm(x) va viéc dinh lwong nhan ngon ngi
dwoc tién hanh nhu sau:

- Véi moi @, v(z) la diém chia trong khodng J(z) theo ty 1é a : 3, néu Sign(hyz) = +1
va theo ty & 3 : a, néu Sign(hyx) =1 (xem|2)).

- Véi moi z, f(z) = J(x), va gid tri dai dién cia khodng mo f(x) 1a p(f(x)) dwoc xéc
dinh nhu sau (xem[6]):

+ Véiw # W, p(f(z)) 1a diem chia trong khodng J(x) theo ty 1é o : 8, néu Sign(h,z) =
+1 va theo ty 1é 8: a, néu Sign(hyx) = 1.

+ Véiz =W, p(f(W)) la gid tri bat ky trong khoang J(W).

Cong thirc xdc dinh gié tri dinh lwong cia nhan ngon ngir theo hai hwéng tiép can trén
cing da dwoc xéc dinh trong cdc tai liéu [2,7].

Tir hai tiép can trén ta rit ra nhan xét sau:

Nhén zét 1.1. Cho PSGT tuyén tinh day di AX* = (X* G, H,0,¢,<) va mot do do tinh
mo fm. Gid st fm(W) = 0, khi d6 ta c¢é p(f(x)) = v(z), trong dé f(x) la 4nh xa ngir nghia
dinh lwong khoang va p la 4nh xa xdc dinh gia tri dai dién cia cdc khoang mo xdc dinh theo
[7], con v(z) 1a 4nh xa ngr nghia dinh lwong truyén thong xdc dinh theo [2].

Nhéan xét 1.1 cho thay v(w) la gia tri dai dién cia khodng mo J(x) trong trudmg hop
fm(W) = 0. Qua day ta cing thiy véi gid thiét fm(W) #£ 0, cdc khodng md& cling nhu céc
gia tri dai dién cia né sé dwoc day i veé hai phia 0 va 1 ctia khodng [0, 1] so véi céc khodng
mo va gia tri dinh lwong truyen thong v.

Phwong phép lap luan st dung 4nh xa ngir nghia dinh lwong v da dwoc dé cap trong
nhiéu nghién citu gan day [3 — 6,9 — 10]. Bai bdo niy sé deé xuat cii tién phwong phéap lap
luan nay, cu thé, thay vi sit dung anh xa dinh lwong v dé dinh lwong nhan ngoén ngir, ta sé
st dung gid tri dai dién cia khodng mo cia nhan ngon nglr (dnh xa f va p).

DPé thue hién dieu nay, trong Muc 2 bai bdo nhac lai phwong phap lap luan md st dung
PSGT véi d4nh xa ngtr nghia dinh lwong v (goi 1a vH AR) va Muc 3 14 céi tién cia né - phwong
phép lap luan st dung DSGT véi dnh xa dinh lwgng khodng (goi 1a fH AR), ca hai phuong
phdp lap luan nay déu cé tén goi chung 1a H AR (Hedge Algebras Reasoning). Viéc sir gidi
thuat di truyén dé xdc dinh céc tham s6 ciia HAR dwoc dé cap trong Muc 4, Muc 5 14 tng
dung ctia vH AR va fH AR vio bai toan xap xi ham hinh chuéng va diéu khién mé hinh may
bay ha canh, viéc so sanh kha nang cda hai phwong phép ciing dwoc dé cap trong muc nay.
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2. PHUONG PHAP LAP LUAN MO SU DUNG ANH XA DINH LUQNG
v(vHAR)

Phwong phép lap luan st dung DSCGT véi anh xa dinh lwong v dwoc phét trién dwa trén
phuong phép lap luan mo (FR xem thém [3 — 6,9 — 12]).

Truée hét ta xem xét bai todn 1ap luan mo da diéu kién sau:

Cho m6 hinh m& (2.1) 14 tap cdc ménh dé dang i f — then :

if X1 = Ay; and ... and X,,, = Ay,, then Y = By

if X1 = Aoy and ... and X,,, = As,, then Y = By
(2.1)

if X1y =A4,; and ... and X,,, = 4,,,, then Y = B,,
trong dé A;; va B;, i = 1,...,n, j = 1,...,m, la nhing tir ngén nglt moé ta cac dai lwrong cia
bién ngon ngr X; va Y.

(2.1) dwoc goi 1a mo6 hinh mo hay bo nhé mo lien hop (Fuzzy Associate Memory goi tat
13 FAM) vi né biéu dién tri thitc cia chuyén gia trong linh vic ing dung nao dé dang dwoc
xét.

Bai todn lap ludn m& dwoc phéat bieu nhw sau: Cho trueée mo hinh mo & dang (2.1). Khi
dé6 tmg véi cde gid tri (hodc gia tri md, hodc gid tri thuc) cla céc bién dau vao da cho, hay
tinh gid tri dau ra ctia bién Y.

Theo tiép can cia DSGT, mo6 hinh mo (2.1) dwoc xem nhur mot tap hop céc “diem mo”,
véi viee sit dung 4nh xa ngit nghia dinh lwong v méi diém cia moé hinh me trén ¢é thé dwoc
bieu dién bang mot “diém thuc”, va tap cic di€m thuc cho ta mot mé hinh goi la bo nhé
lien hop dinh lwong (Semantization Associate Memory goi tat 1a SAM). Xay dung phép noi
suy dura trén cic moc la cic diém ciia mé hinh SAM dé xéc dinh gid tri dau ra tir gid tri dinh
lrong dau vao. Cu thé phwong phap lap luan sit dung DPSGT gom cic buée chinh sau:

1) Xay dung cidc PSGT AX; cho céc bién ngon ngir X;, va AY cho bién ngon ngtr Y.

2) St dung céc anh xa ngit nghia dinh lwong vy; va vy chuyén doi mé hinh mo FAM vé
mo6 hinh SAM.

3) Xay mot phép noi suy trén co s& cédc méc noi suy la cdc diém cia mo hinh SAM.

4) U‘ng vGi gid tri dau vao thue hodc mo xdc dinh dau ra twong tng nhd phép noi suy.

Phuong phép st dung 4nh xa v dé dinh lwong cdc nhan ngoén ngir trong moé hinh FAM
(buée 2) do dé ta goi phwong phép lap luan nay la vH AR.

Trong mot s6 nghién citu gan day céc tac gid da st dung céc phép két nhap AND dé duwa
bang SAM veé dwong cong ngir nghia dinh lwong, dau ra dwoc xdc dinh dua trén viéc dinh
lwong, két nhap cdc dau vio va ndi suy tuyén tinh trén duomg cong nay [3,4, 6,9, 10], ciing &
buée nay trong [5] da sir dung mang noron dé xap xi cic di€m moé hinh SAM va dau ra duoc
xdc dinh nho mang noron (budce 3.4).

Nhw chiing ta da biét luén ton tai cic mang noron cho phép hoc va xap xi cdc ham véi
do chinh xdc tiy ¥ (vi du nhu cédc mang noron RBF, BP) [1], do dé néu néi suy bang cic
mang noron thich hop thl phwong phdp lap luan sit dung BSGT phu thudc chi yéu vio cic
tham s6 cia cdc DPSGT AX;, ¢ = 1,...,m+ 1, trong d6 AY = AX,, 1, v bo tham s6 cia
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phuong phap vH AR, ky hiéeu vPAR dwoc xac dinh nhu sau:

+ D6 do tinh md cia cic phian tik sinh: fm(c; ), fm(e]) thoa fm(e; ) + fm(cl) =1,
Pi
+ Do do tinh mo cua cdc gia ti u(hy;) thoa Z w(hij) = 1.
= #0

3. PHUONG PHAP LAP LUAN SU DUNG DSGT
VOI ANH XA PINH LUQNG KHOANG (fHAR)

Phuong phép lap luan nay dwoc phét trién trén co sé thay doi buée 2 cia vH AR, cu thé
thay vi sit dung 4nh xa dinh lwong v ching t6i sé sir dung 4nh xa dinh lwong khoang f dé
x4c dinh khodng mo ctia nhan ngdn ngit va st va dinh lrong nhan ngén ngit bang gia tri dai
dién cia khoang mo. Theo dé phwong phap gom céc bude chinh sau:

1) Xay dung cidc PSGT AX; cho céc bién ngon ngir X;, va AY cho bién ngon ngtr Y.

2) Str dung cdc 4nh xa ngir nghia dinh lwong khoang fx, va fy, dong thoi xdc dinh cée
diém dai dién cia khodng nho dnh xa p, chuyén déi mé hinh mo FAM vé mé hinh SAM.

3) Xay mot phép noi suy trén co s& cédc méc noi suy la cdc diém cia mo hinh SAM.

4) U‘ng vGi gid tri dau vao thue hodc mo xdc dinh dau ra twong tng nhd phép noi suy.

Nhw da ban luan & Muc 2, néu noi suy bang cédc mang noron thich hop thi phwong phap
lap luan mo sit dung BDSGT phu thudc chi yéu vio cdc tham s6 cia cac dai s6 gia tir. Do
dnh xa dinh lwong khodng stt dung gia thiét fm(W) # 0 va diém dai dién cia phan ti trung
hoa duoc ldy tu do trong khodng m& f(W) nén céc tham s6 cia phuwong phip fHAR, ky
hieu fPAR gom:

+ Do do tinh m& cia cdc phan tir sinh va phan tir trung hoa:

fm(c;), fm(W;), fm(ch) théa fm(e;) + fm(W;) + fm(cj) =1.

z

+ Gid tri dai dién cho phan tir trung hoa: p(f(W;)) € f(W;).
pi
+ Do do tinh mo cia cdce gia ti u(hy;) thoa Z w(hij) = 1.
= #0
Vé&i Nhan xét 1.1, c6 thé thdy phwong phép 1ap luan véi anh xa dinh lwong v 14 truomg
hop riéng cida phuong phdp lap luan nay (truomg hop fm(W;) =0, ¢ =1,...,m+1).

4. XAC PINH CAC THAM SO CHO vHAR, fHAR

Nhw da thdo luan & trén vHAR va fHAR phu thudc vao cdc bo tham s twong ting
vPAR va fPAR, gid st ton tai mot mo hinh sai s6 cia phwong phép 1ap luan cho bdi ham
h(g, HAR(PAR)) > 0, trong d6 g 13 m6 hinh thue mong muén va HAR(PAR) 1a mo hinh
dwoc xdp xi bang vH AR hoac fHAR cing cic tham s6 vPAR va fPAR twong tng. Khi
dé bai toan xdc dinh tham s6 cho phwong phap lap luan sir dung DSGT dwoc phét biéu nhuw
sau:

Tim cdc tham s6 PAR sao cho h(g, HAR(PAR)) — min.
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Ve ban chat day chinh la bai todn cuc ti€u ham nhieu bién h(g, HAR(PAR)), va mot
trong nhitng cong cu hiru hiéu dé gidi quyét bai toan nay chinh la gidi thuat di truyen (tai
lieu [8]), bai bdo xin nhic lai mot s6 nét co ban cia gidi thuat nay:

+ St dung mé héa nhi phan d€ bieu dién céc ca thé, tham bién @ € [Upin, Unax] dwroc
biéu dién bdi mot chudi L bit véi ty 1& co gian v = (Umax — Umin) /(2L — 1).

+ Ham can t6i wu h dwoc chon 1am co s& dé tinh dé phu hop cia tirng chudi cé the.

+ Todn tir lai ghép la todn tir mot diem cat, gid sir chudi ca thé cé do dai L (c6 L bit),
toan tir lai ghép dwoc tién hanh qua hai giai doan:

- Hai cd thé trong quan thé bd, me dwoc chon ngau nhién véi phan bé xéc suat deu p,.

- Sinh ngau nhién s6 j trong doan [1, L — 1]. Hai c4 thé con dwoc tao bang céch sao chép
cac ky tw tir 1 dén j va trdo doi céc ky tuw tir 5 + 1 dén L.

+ Toan tir dot bién dwoc xay dung nhw sau: duyét tirng gien cia tirng cé thé con dwoc
sinh ra sau khi tién hanh todn tir lai ghép va tién hanh bién doi gia tri tir 0 sang 1 hodc nguwoc
lai v&i mot xdc suat p,, dwoc goi la xac suat dot bién.

+ Ta c6 thé sinh ra quan thé con tir quan thé hién tai thong qua 3 toan tir 14 chon loc,
lai ghép va dot bién thay thé hoan toan quan thé hién tai cia thé hé tiép theo.

Gidi thuat di truyen phu thuéc vap bd 4 (N, pe, pm, G), trong dé6 N 1a s6 cd thé trong
quan thé; p. 1a xé4c suat lai ghép; p,, 14 xéc suat dot bién va G 1a s6 thé hé can tién hod, la
céc tham s6 diéu khién cia gidi thuat. C4 thé cé gid tri hAm muc tiéu t6t nhat cia moi thé
heé 13 1o gidi cudi cling cla gidi thuat, quan the dau tién dwoc khdi tao mot cdch ngau nhién.
Nhan zét 4.1. Néu xay dung dwoc mo hinh sai s6 cho HAR, ta luon xéc dinh dwoc bo tham
s6 PAR cia phwong phdp sao cho sai s6 cia phwong phap 13 toi wu.

5. MOT SO UNG DUNG CUA HAR

Trong phan nay ta sé& sit dung vH AR va fHAR dé gidi quyét mot s6 bai todn nhw xap
xi ham hinh chuéng, diéu khién mé hinh may bay ha canh. O phan nay ta ngdm dinh ring
vHAR v fHAR s& duoc st dung véi bo tham s6 t6i wu twong tmg véi moi bai todn dwoc
ap dung.

Van dé noi suy trong HAR dwoc gidi quyét bang viéc sit dung mét mang noron RBF
véi thuat toan huan luyén gom 2 pha nhuwr sau:

Cho tap céc moc noi suy {(z(k),d(k))}, k=1,2,...,p.
Pha 1. Xéc dinh cdc ban kinh mang.

+ Ldy cdc moc noi suy lam cde tam mang: x(k), k= 1,2, ..., p.

+ Xdc dinh do6 rong cia cac ban kinh ttng véi moi tam mang:

Iy 4
Ok — (; Z ||xl - mk||>1/27 k= 17 27 <P
=1
, trong dé a;, ¢ = 1,2, ...,7 la céc ldng giéng gan nhat véi tam aF.
Pha 2: X4c dinh céc trong s6 cila mang.

Buéce 1: Chon téc do hoc 17, chon sai s6 cue dai Epax.
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Buée 2: Dat gid tri dau F = 0, k= 1. Gén gid tri ngau nhién cho cdc trong s6 w;q(k).

Buéc 3: Tinh dau ra ciia mang véi tin hiéu vao 1a x(k) :

lzx(k) — 1mq1° l
k) =c 290 yk) =3 wiglk)zg(k).

Cap nhat trong s6 16p ra cia mang: wig(k + 1) = wie(k) +n((di(k)) — yi(k))z4(k).
Tinh sai s6 tich luy:

E=FE+ % Z(di<k)) — yi(k))*.

Buée 4: (Lap mot chu ky) Kiém tra tap dir litu huan luyén da quay hét mot vong. Néu
k <pthl k =k + 1 va quay lai Buéc 3; treong hop khac vé Buée 5.

Buéc 5: (Kiém tra tin hiéu sai s6) Kiém tra tin hiéu sai s6, néu E < Epax thi két thiic
vong luyén va dua ra bo trong s6 cudi cing; trudmg hop khéc cho F = 0, k = 1 va quay lai

Buée 3 tién hanh chu ky luyén méi.
5.1. Bai toan x4p xi ham hinh chuéng

Trong [11], tdc gid da xay dung mot hé mo don gidn (st dung phwong phép lap luan me
- FR) dé xap xi ham hinh chuong f(x,y) = e~ (@ 1y?) (Hinh 1.a). Cin ctt vao cic két qua da
cong b, ta xay dung lai hé m¢ xap xi ham hinh chuéng néi trén, dong thoi sit dung vH AR
vd fHAR dé xap xi ham nay. P& mo phdng, 1y khong gian dau vao cia bai todn nay la
2,y € [—3,3] dwoc r0i rac hod véi bude nhay 0,3, s6 diém dau vao cia hé xap xi ham la

I xm =21x 21 =441 va mo6 hinh sai s6 duoc xdc dinh nhu sau:

€= lel?jl mg((ﬂ% i) — (@i, 9:)), (5.1)

trong dé ¢ 1a ham hinh chuéng goc, g 13 ham dwoc xap xi bang FR, vHAR hoac fHAR.
5.1.1. Két qud xdp i ham hinh chuéng bang phwong phdp FR

Xay dung cac tap mo L—Low, LM —MediumLow, M—Medium, M H—MediumHight, H—
Hight cho céc bién dau vao x,y € [—3, 3] va cdc tap mo L— Low, M L— MediumLow, M H —
MediumHight, va H — Hight cho bién dau ra z € [0, 1] (xem thém [10]). Mot tap luat mo
cling da dwoc xay dung (Bang 1) dé xap xi ham hinh chuong.

Véi tap luat nhe Bang 1 va cdc ham thuoc xde dinh nhw [11], stt dung Matlab (véi céc
tham s6 And method = min, Or method = max, Implication = min, Aggregation =
max, Defuzzification = centroid) ta xic dinh dwgc bé mit cia ham hinh chuoéng (Hinh
3.b).

St dung mo hinh sai 56 (5.1), ta xac dinh dugc (5.2)
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b) Xap xi bang FR
Hinh 1. Bé mat ham hinh chuéng

5.2. Két qua x4p xi ham hinh chuéng bing vHAR va fHAR
Sau day ta sé st cac buéce cia vHAR va fHAR d€ x4dp xi ham hinh chuéng tir moé hinh
md néi trén, cac bude dwroce tién hanh nhu sau:

1) Do @,y ¢6 vai trdo nhu nhau trong bai todn xap xi ham hinh chuéng nén ta:

Xay dung mot DSGT AXY chung cho céc bién dau vio @,y véi tap cdc phan tir sinh
Low, Medium, Hight, tap céc gia tir gom Little va Very, cic tap mo cia bang luat FAM
dwoc chuyén sang cédc nhan ngon ngir st dung gia tir nhw sau: L — VeryVeryLow, ML —
LitleLow, M — Medium, M H — LitleHight, H — VeryVeryHight.

Xay dung DSGT AZ cho bién diu ra z véi cac phan tir sinh Low, Medium, Hight, tap
céc gia tir gom Little va Very, cac tdp mo duwoc chuyén sang cdc nhan ngon ngit sit dung gia
t& nhuw sau: L — VeryVeryLow, ML — LitleLow, M H — LitleHight, H — VeryVeryHight.

2) Chuyén d6i moé hinh FAM sang SAM:
a) Véi tap luat nhwe Bang 1, hé tham s6 cia vH AR 1a (4 tham s6):

vPAR = {fmxy € Low), uxy(Very), fmz(Low), uz(Very)}.

Véi céc rang budc:

Imxy(Low) € (0,1), fmz(Low) € (0,1), uxy(Very) € (0,1), uz(Very) € (0,1).

Theo [2] ta cé:
Lxy = vxy(VeryVeryLow) = uxy (Very) x uxy (Very) x uxy (Very) x fmxy(Low);

LMxy = vxy(LitleLow)
= uxy(Very) x fmxy(Low) 4+ (1 — uxy(Very)) x (1 — uxy(Very)) x fmxy(Low);

Mxy = vxy(Medium) = fmxy(Low);
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MHyxy = vxy(LitleHight) = 1 — uxy (Very) x (2 — uxy(Very)) x (1 — fmxy(Low));
Hxy = vxy(VeryVeryHight)

=1 —puxy(Very) x uxy (Very) x uxy (Very) x (1 — fmxy(Low));
Ly =vz(VeryVeryLow) = uz(Very) X uz(Very) x pz(Very) X fmz(Low);
LMy = vz (Litle Low)

= uz(Very) x fmZ(Low) + (1 — uz(Very)) x (1 — pz(Very)) x fmz(Low);

MHyz = vg(LitleHight) = 1 — uz(Very) X (2 — uz(Very)) x (1 — fmZ(Low));

Hy = vz(VeryVeryHight) = 1 —uz(Very) x uz(Very) x uz (Very) x (1 — fmz(Low));
b)Véi tap luat nhw Bang 1, hé tham s6 cia fHAR 1 (7 tham s6):

JPAR = {fmxy(Low); fimxy(Hight); pxy(fxy(Medium)); pxy(Very);
fmz(Low); fmz(Hight); pz(Very)}

Vi cac rang budc:

Jmxy(Low) € (0,1); fmxy(Hight) € (0,1 — fmxy(Low));
pxy(fmxy(Medium)) € (fmxy(Low), 1 — fmxy(Hight)); fmz(Low) € (0,1);
fmz(Hight) € (0,1 — fmZ(Low)); puxy (Very) € (0,1), uxy(Very) € (0,1).
Theo [7] ta tinh todn dugc:

Lxy = pxy(fxy(VeryVeryLow))
= uxy(Very) x uxy(Very) x uxy(Very) x fmxy(Low);

LMxy = pxy(fxvy(LitleLow))
= uxy(Very) x fmxy(Low) + (1 — uxy (Very)) x (1 — uxy(Very)) x fmxy(Low);

Mxy = p(fmxy(Medium));

MHxy = pxy(fxy(LitleHight))
=1—puxy(Very) x (2 — uxy(Very)) x fmxy(Hight);

Hxy = pxy(fxy(VeryVeryHight))
=1 —puxyVery) x uxy(Very) x uxy (Very) x fmxy(Hight);

Lz = pz(fz(VeryVeryLow))
= uz(Very) x uz(Very) x pz(Very) x fmz(Low);
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LMz = pz(fz(LitleLow))
= uz(Very) x fmz(Low) + (1 — uz(Very)) x (1 — uz(Very)) x fmz(Low);

MHyz = pgz(fz(LitleHight))
=1—puz(Very) x (2— puz(Very)) x (1 — fmz(Hight));

Hz = pz(fz(VeryVeryHight))
=1 —puz(Very) x pz(Very) x uz(Very) x (1 — fmZ(Hight));

Mo hinh SAM tng véi moi bo gid tri cia vPAR hodc fPAR ta xéc dinh nhw Bang 3.
Bdng 3. M6 hinh ngtr nghia dinh lwong (SAM)

xs LX Y LMX Y MX Y MHX Y HX Y
Vs
L, L L ML L L
LM, L ML MH ML L
M, ML MH H MH ML
MH, L ML MH ML L
H,, L L ML L L

3) Phép noi suy duoc sit dung la mang noron RBF véi thuat todn huan luyén nhuw trén, 25
diém cia mé hinh SAM dwoc sit dung lam tap mau hudn luyén mang, céc tham sé huan
luyén mang dwoc chon nhw sau: r = 1, téc do hoc 0, 8 sai s6 0, 0001.
4) Khong gian dau vao cda bai toan gom [ x m = 21 x 21 = 441 diém dwoc x4c dinh nhuw
da thao luan & phan dau, viec dinh lwong cho céc gid tri thue dwoce thue hién theo [4]. Xdc
dinh dau ra tng véi cdc dau vio trén nhd mang RBE dwoc xay dung & Muc 3. Sai s6 clia
phuwong phép 1a ham e dwoc xde dinh theo (5.1).
St dung giai thuat di truyén cuc ti€u ham e véi s6 thé hé bang 200, xéc suat lai ghép
0, 80; xac suat dot bién 0, 05, kich c& quan thé 40, kich thuéc gien 25. Qua mot s6 [an chay
thit, ta xdc dinh cdc két qua xap xi cia vHAR va fHAR lan luot 1a:
wPARI = {0,502203; 0, 230481; 0, 510917; 0, 382553},
e(vH AR) = 0, 135982. (5.3)
Hinh 2.a 13 bé mit hinh chuéng dwoc xdc dinh béi vH AR véi hé tham s6 vPARL.
FPARL = {0,497738; 0,496229; 0, 502072; 0, 479718; 0, 201639; 0, 574661; 0, 7968461,
e(fHAR) = 0, 086465. (5.4)
Hinh 2.b 14 bé mit hinh chuéng dwoc xic dinh bdi fHAR véi hé tham s6 fPARL.
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a) Bing ¥ H AR v&i hé tham s6 t8i vu vPAR1 b) Bing fH AR v6ihée tham s6 t8i wvu fPARL

Hinh 2. Bé mit hinh chuéng dwoc xap xi
5.2. Bai toan diéu khi€n mé hinh may bay ha canh
Xét mo hinh mdy bay ha cdnh véi phwong trinh dong hoc da duoce roi rac nhu (5.5), trong

dé v(i), h(3), (i) 1a tdc Ao (ft/s), do cao (ft) va luc dieu khién (Ibs) may bay tai thoi diem
i [12],

h(i + 1) = h(@) +v(i); v(i + 1) = v(@) + £(i). (5.5)

Yéu cdu: diéu khi€n may bay ha cadnh tir Ao cao 1000 ft xudng do cao 100 ft, biét van toc
ban dau cia mdy bay la -20 ft/s.
Trong bai toan nay ta sé sir dung céc gid thiét da dung trong cac nghién ctru [4—6,8—10]) :

- Téc do ha canh t6i wu tai do cao h la:

vo = —(20/(1000)%)/Rh*. (5.6)
- Sai 56 toc do ha canh qua n chu ki diéu khién dwoc xéc dinh theo cong thitc (5.7), trong

dé e(F) 1a sai 86, vo;(F), v;(F) 1a t6c do ha canh t6i wu va toc do ha cdnh tai chu k¥ 4 ting
v6i h(i)

e(F) = (Z(’vm(F) — (1)), (5.7)

5.2.1. K& qud diéu khién s dung lap ludn mo

Véi tiép can mo cdce téc gid da xay dung cdc tap mo cho céc bién do cao, van toc va e
dieu khién nhwr Bang 4 tap luat mo dwoc xdc dinh nhe kinh nghiém cia céc chuyén gia dwoc
thé hién trong Bang 5. Két qua diéu khién qua 4 chu k¥ duwoc xéc dinh theo Bang 6 (xem

[12]).



PHUONG PHAP LAP LUAN MO SU DUNG DPAI 8O GIA TU

Bdng 4. Céc tap mo cla cdc bién ngon ngir

27

Do cao h (fp) Van tée v (ft's) | L diéu khién £ (ft/s)
(0, 1000) (-20, 20) (-20, 20)
Large(L) UpLarge(UL) UpLarge(UL)
Medium(M) UpSmall(US) UpSmall(US)
Smal(S) Zero(Z) Zero(Z)
NearZero(NZ) DownSmall(DS) DownSmall(DS)
DownLarge(DL) DownLarge(DL)

Bdng 5. Bang FAM - Kinh nghiém cia cdc chuyén gia

Pb cao h Toc dd v
DL DS Z UsS UL
L Z DS DL DL DL
M UsS Z DS DL DL
S UL Us Z DS DL
NZ UL UL Z DS DS

Bdng 6. Két qua dieu khién sit dung lap luan m& qua 4 chu ky

ppesot | Ghle | 0 | ins | man pnoms
0

1000,0 -20,00 -20,00 5,8 0,00
980,0 -19,21 -14,20 -0,5 25,08
965,8 -18,65 -14,70 -0,4 15,65
951,1 -18,09 -15,10 0,3 8,95
Téng binh phuwong sai s van téc 49,67
Sai s6 vén tbc 7,15

5.2.2. Két qud diéu khién st dung vHAR va fHAR

Sau day ta sé sir cac buée clia vHAR va fHAR dé diéu khién mo6 hinh may bay néi trén
ha céanh, cdc buéc dwoc tién hanh nhu sau:

1) Xay dung DSGT AH cho bién do cao h véi tap cdc phan tir sinh Small, Medium, Large,
tap céc gia tir gom Little va Very, cic tap mo cia bién dd cao dwoc chuyén sang cdc nhan ngoén
nglt st dung gia ti nhu sau: NZ—VeryVerySmall, S—Small, M —Medium, L— Litle Large.
Xay dung BDSGT AV cho bién van toc v véi tap cac phan tir sinh Small, Medium, Large,
tap céc gia tir gom Little va Very, cdc tdp mo cla bién van téc dwoc chuyén sang cic nhan
ngon ngr st dung gia tr nhw sau: DL — VerySmall, DS — LitleSmal, M — Medium,US —
Large,UL — VeryLarge. Xay dung DSGT AF cho bién luc dieu khién f véi cac phan ti
sinh Small, Medium, Large, tip céc gia tir gom Little va Very, cac tap m& cila bién luc dieu
khién dwoc chuyén sang cdc nhan ngén ngit sir dung gia tir nhw sau: DL —VerySmall, DS —
LitleSmal, M — Mediuwm,US — Large, UL — VeryLarge.
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2) Chuyén d6i moé hinh FAM sang SAM:
a)Véi tap luat nhu Bang 1, hé tham s6 cia vH AR la (6 tham s6):
vPAR = {fmpg(Small); u(Very); fmy(Low); py(Very); fmp(Small); up(Very)}.
Vi cac rang budc:
fmu(Small), frmy(Small), fmp(Small) € (0,1); ua(Very), uv(Very), urp(Very) € (0,1).
Theo [2] ta tinh todn duoc:
NZpg = vg(VeryVerySmall) = ug(Very) X pg(Very) x ug(Very) x fmp(Small);
S =vg(Small) = pg(Very) x fmg(Small); MH = vg(Medium) = fmpg(Small);
Ly = vg(LitleLarge) = 1 — ug(Very) x (2 — ug(Very)) x (1 — fmg(Small));
DLy =vy(VerySmal) = py(Very) x uy(Very) x fmy(Low);
DSy = vy (LitleSmal)

= uy (Very) x fmy(Low) + (1 — py(Very)) x (1 — uy(Very)) x fmy(Low);

My = vy (Medium)
= fmy(Small); USy = vy (Large) = (1 — uy(Very)) x (1 — fmy (Small));
ULy =vy(VeryLarge) =1 — py (Very) x py (Very) x (1 — fmy(Small));
DLp =vp(VerySmal) = up(Very) x up(Very) x fmp(Small);
DSp = vp(LitleSmal)
= ur(Very) x fmp(Small) + (1 — (F(Very)) x (1 — (F(Very)) x fmp(Small);

Mp = vp(Medium) = fmp(Small);
USp =vp(Large) = (1 — (F(Very)) x (1 — fmp(Small));

ULp =vr(VeryLarge) =1 — up(Very) x up(Very) x (1 — fmp(Small));
b) Véi tap luat nhw Bang 1, hé tham s6 cia fH AR 1a (12 tham s0):

fPAR = {fmpu(Small); frmg(Large); pu( fu(Medium)); ug(Very); fmy(Small);
Sy (Large); (V(fV(Medium)); pv(Very); fmp(Small); fimp(Large);
pr(fF(Medium)); up(Very)}
Véi céc rang budc:
fmu(Small), fmy(Small), fmp(Small) € (0,1); ug(Very), pv (Very), up(Very) € (0,1);
fmu(Large) € (0,1—fmp(Small)), pu(fmu(Medium)) € (fmp(Small), 1—fmy(Large));
fmy(Large) € (0, 1—fmy(Small)), py(fmy(Medium)) € (fmy (Small), 1—fmy(Large));
fmp(Large) € (0,1—fmp(Small)), pp(fmp(Medium)) € (fmp(Small), 1—fmp(Large));
Theo [7] ta tinh todn duwoc:

NZg = pua(fu(VeryVerySmall))
= pr(Very) x ug(Very) x ug(Very) x fmp(Small);
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S = pa(fa(Small))
= ug(Very) x fmy(Small); My = py(fu(Medium));

Ly = pu(fu(LitleLarge))
1 pn(Very) x (2 — p(Very)  fng(Large):
DLy = pv(fv(VerySmal))
= uy(Very) x uy (Very) x fmy(Small);
DSy = py(fv(LitleSmal))
= py(Very) x fmy(Small) + (1 — py (Very)) x (1 — uy(Very)) x fmy(Small);
My = pv(fv(Medium)); USy = pyv(fv(Large)) = (1 — pv (Very)) x fmy (Large);

ULy = pv(fv(VeryLarge))
=1 —py(Very) x py (Very) x fmy(Large);

DLp = pr(fr(VerySmal)) = ur(Very) x up(Very) x fmp(Small);
DSr = pp(fr(LitleSmal))
= pup(Very) x fmp(Small) + (1 — up(Very)) x (1 — up(Very)) x fmp(Small);

Mp = pp(fr(Medium));USp = pp(fr(Large)) = (1 — up(Very)) x fmp(Large);
ULp — pe(fr(VeryLarge)) — | — pp(Very) x pp(Very) x fmp(Large):
Ung véi moi gid tri cia bo tham s6 ta xdc dinh dwoc mo hinh SAM nhuw Béng 7

Bdng 7. M6 hinh ngtt nghia dinh lugng (SAM)

P9 cao Téc dd v,
h, DL, DS, z, Us, UL,
L, Z, DS, DL, DL, DL,
M, US, Z, DS, DL, DL,
S, UL, US, Z, DS, DL,
NZ, UL, UL, Z, DS, DS,

3) Phép noi suy dugc sir dung la mang noron RBF véi thuat todn huan luyén nhu trén, 25
diém cia mé hinh SAM dwoc sit dung lam tap mau hudn luyén mang, céc tham sé huan
luyén mang duoc chon nhuw sau: » = 1, téc do hoc 0, 8 sai s6 0, 0001.

4) Vi do cao ban dau la 1000, van toc 1a —20ft/s, tién hanh dinh lugng cdc gia tri do cao
va van toc va xdc dinh gid tri dau ra nho mang RBF nhuw da thiét ké, viéc giai dinh lwong
sé cho ta luc dieu khién tai chu ky dau (dinh lwong va giai dinh lwong - xem [4]), tiép tuc
tinh toan toc do ha cdnh va do cao cia chu ky tiép theo nhd cdc phuong trinh (5.5), lip lai
qué trinh tinh lwc diéu khién cho dén khi d6 cao xudng t&i 100t hoac van toc bang 0, ta thu
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dwroc céc két qua diéu khién cia n chu ky ha canh, sai s6 e cia veé toc do ha canh dwoc xac
dinh theo (5.6), (5.7).

St dung giai thuat di truyén cuc ti€u ham e véi s6 thé hé bang 200, xéc suat lai ghép
0, 80; x4c suat dot bién 0, 05; kich c& quan thé 40; kich thuéc gien 10. Qua mot s6 [an chay
thit, ta xdc dinh cac két qua dieu khién st dung vH AR va fHAR lan lwot la:

vPAR2 — {0,410459; 0, 745943; 0, 681818 0, 884360; 0, 196970; 0, 414370},

c(vHAR) = 22, 444913. (5.8)
FPAR2 —{0,860899; 0, 133597; 0, 864843; 0, 898436; 0, 644282 0, 180240; 0, 719928; 0, 839785

0,329912; 0, 664515; 0, 330364; 0, 110166}

e(fHAR) = 8,867477. (5.9)

Hinh 3 14 cac quy dao ha canh ciia mé6 hinh may bay véi phwong phép diéu khién sit dung

vHAR va fHAR véi diéu kién ban dau h(0) = 1000ft, v(0) = —20ft/s.

guy dao ha canh toi uu e ———m20
— — quy dao ha canh su dung vHAR P -
------ guy dao ha canh su dung HAR i 15
~10
15
. r L 0
100 200 300 400 500 500 700 80O 900 1000

Hinh 3. Quy dao ha cdnh cia mé hinh mdy bay - diéu khién sir dung vHAR, fHAR
5.3. So sanh va danh gia két quad rng dung cic phuong phap lap luan

Véi bai toan xap xi ham hinh chuéng:

+ Qua so sanh bé mat hinh chuéng xdp xi bang FR, vHAR va fHAR (Hinh 1, 2) ta
thay Hinh 1.b cé bé mat bac thang trong khi dé Hinh 2.a va dic biét 13 Hinh 2.b cé bé mat
tron va kha giong v4i bé mit cia hinh chuong goc (Hinh 1.a).

+ Mat khdc tir (5.2), (5.3), (5.4) ta cé:

e(fHAR) = 0,086465 < e(vH AR) = 0,135982 < e(FR) = 0, 875995.

Véi bai toan diéu khién moé hinh méy bay ha cénh:

+ Qua so sanh quy dao van téc ha cdnh cia mo hinh may bay (Hinh 3), ta thay ha canh
cia dieu khién st dung fH AR da bam rat sit quy dao ha céanh t6i wu ctia bai todn (cong
thitc (5.6)), trong khi dé quy dao ha cénh cia diéu khién sit dung vH AR khong lam dwoc
nhw vay.

+ Mit khéc tir cdc cong thie (5.8), (5.9) ta c6 e(fHAR) = 8,867477 nhd hon rat nhiéu
so v6i e(vHAR) = 22,444913. Véi dieu khién st dung 1ap luan mo, sai s6 qua 4 chu ky
diéu khién (img véi may bay méi chi xuong téi do cao xap xi 951 fi- xem Bang 6) da 1a
e(fHAR) = 7,15; trong khi d6 véi dieu khién st dung fH AR may bay da xuéng dwoc téi
do6 cao mong muon 100 ft chi véi sai s6 1a e(fHAR) = 8,867477. Cling phai néi thém rang
da c6 mot s6 nghién citu vé phwong phép diéu khién st dung DSGT cho bai todn nay va cho
két qua tot hon dieu khién st dung lap luan mo [5 — 6,9 — 10], tuy nhién cdc nghién citu nay
méi dirng lai & viec xét 4 chu ky dieu khién, dieu dé chwa ddm béo qud trinh ha canh (vé
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mat quy dao cling nhur sai s6) s& t6t khi xét toan bo cic chu ky nhur qud trinh diéu khién st
dung fHAR ta da trién khai & trén.

Céc két qua trén ching t6 fH AR cho két qua tot hon vH AR va FR trong bai toan xap
xi ham hinh chuéng vi diéu khién mé hinh may bay ha canh. S& di fHAR va vHAR t6t
hon F'R la vi ta da tim dwoc hé tham s6 t6i wu cho fHAR va vH AR, trong khi dé cho dén
nay ngudi ta van chwa cé gidi phap toi wu toan dién cho FR. Con fHAR tot hon vHAR vi
vH AR chi 1a mét truong hop riéng cia fH AR.

Tir bo tham s6 t6i wu fPAR] cia fHAR trong bai todn xap xi ham hinh chuéng ta thiy
fmx(Medium) = fmx(Medium) # 0 va fmz(Medium) # 0, diéu twong tu cling xay ra
véi bo tham s6 fPAR2 cia fHAR trong bai todn diéu khién mo6 hinh méy bay ha. Qua dé

ta thay viéc gia thiét do do tinh m& cia phan tir trung hoa khic 0 1a can thiét.

KET LUAN

Viéc mé& rong khai niém do do tinh mo tir gid thiét do do tinh md cia phan tir trung hoa
khéc khong (fm(W) # 0) cho phép ta dinh lrong cidc nhan ngdn ngit bang cic khodng mo,
tir dé bai bdo da st dung gi4 tri dai dién cia khoang mo trong lap luan, va xay dung duoc
phuwong phép lap luan mo st dung PSGT vé6i d4nh xa dinh lwong khodng - fHAR (day la
diém khéc biét co ban cia fH AR so véi cac nghién ciru trude day), bai béo ciing da khing
dinh vH AR chi la truong hop riéng cia fHAR.

Viéc néi suy trong phwong phap lap luan da dwoc thuc hién bang mang noron, theo dé
phuong phap H AR phu thudc chi yéu vao cac tham s6 cia cdc DPSGT (day cung l1a mot khéc
biét nita so véi cac nghién ciru trwde day) va ta 6 the dé dang st dung gidi thuat di truyen
dé x4c dinh cac tham s6 nay.

Thong qua bai todn xap xi ham hinh chudéng va diéu khién mé hinh may bay ha cédnh,
bai bdo da buéc dau chi ra rang phwong phap lap luan mo sit dung DSGT véi dnh xa ngir
nghia dinh lwong khoang cho két qua tot hon nhiéu so véi cdc phwong phéap xap xi khic (nhuw
da thao luan & Muc 5.3). Diéu nay cho thdy trién vong ng dung phwong phap fH AR vio
nhiéu linh vuc bai todn khéac nhau.
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