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MO RONG PO PO TiNH MO VA ANH XA NGU' NGHIA PINH LUONG
TREN CO SO GIA THIET PO PO TINH MO
CUA PHAN TU TRUNG HOA KHAC KHONG

PHAM THANH HA

Truong Pai hoe Giao thong Van tai Ha Noi

Abstract. In this paper, we extent some concepts such as fuzziness measure of linguistic terms and
semantically quantifying mapping based on supposition that fuzziness measure of the element W is

non-zero (fm(W) # 0).

Tém tat. Bai bdo tap trung vao viéc mé rong mot sé khai niém nhw do do tinh md ciia nhan ngon
nglr v& md rong anh xa ngir nghia dinh luong trén co sd gid thiét do do tinh mo cia phan tir trung

hoa W khéc khong (fm(W) # 0).

1. MO PAU

Dai 56 gia tit (DSGT) cung cdp mot co s& toan hoc cho viec bieu dién ngir nghia cic tir
cia nhan ngon nglr va hinh thitc héa tinh mo ngéon nglr va xay dung doé do tinh mo mot cach
hop 1y [1 — 5]. Trong cic nghién citu trén, céc tc gid déu quan niém dai s6 gia tir gom céc
phan tit sinh ¢, ¢ va phan tit trung hoa (khong sinh nghia) W véi do do tinh md cia phan
tir nay bang khong (fm(W) = 0). Tuy nhién trén thuc té ta luén chi ra dwgc nhitng vi du
cho thay cé thé gid thiét d6 do tinh mo cia phan tir trung hoa khac khong, vi du xét nhan
ngdn ngir tudi véi 2 phan tir sinh 13 “Tré” va “Gia”, phan tik trung hoa cé thé dwoc xem 13
“Trung nién”, ro rang phan tir “Trung nién” khong sinh nghia, tuy nhién né ciing khong phai
la “phéan tir r6” dwoc nén gid thiét fm(“Trung nién”) # 0 1a hoan toan hop ly.

Véi 1y do trén bai bdo nay tap trung vao viéc mé rong mot s6 khai niem nhuw do do tinh
mo cla gid tri ngon ngit va mé rong anh xa ngit nghia trén co s& gia thiét do do tinh mo
ctia phan tit trung hoa khéc khong.

B6 cuc bai bdo: Muc 2, 3 sé tién hanh mé& rong cdc khdi niém nhw do do tinh mo cia
bién ngon ngit, anh xa nglt nghia dinh lwong, Muc 4 13 moét tng dung nham chirng t6 tinh
kha dung cia cdc két qua trong Muc 2, 3.

2. MO RONG KHAI NIEM PO PO TINH MO

Gid st DPSGT AX* = (X*, G, H, 0, ¢, <) la tuyén tinh va day du [7] trong A6 X* 1a tap co
s&, G = (0,¢, W,e",1) véie, et 14 2 phan tik sinh, 0, W, 114 cdc phan tit khong sinh nghia,
(phan tir W con goi la phan tir trung hoa), H 1a tap cdc gia tr am va duong, < la quan hé
thit tir toan phan trén X*, o va ¢ 1a hai phép toan mé rong sao cho véi moi @ € X*, ¢z, ox
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twong ung la can duéi ding va can trén ding trong X* cia tap H(w), l1a tap tat cd céc
phan tir sinh ra tir 2 nhd céc tdc dong cia cdc gia tir trong H. Gid st H = H- UH™T va
H™ ={h_q,.h g}, v6i hoy < hg < ... < h_ g, va HT = {hy, ..., hy}, v6i by < ... < hy,
trong d6 ta quy wéc hg = I, todn tir dong nhat tren X*. Pat H, = HU{o, ¢}, tacé H(G) = X
con H.(G) = X*. Céc phan tr trong tap lim(X*) = X*\ X dwoc goi 1 cdc phan tir gigi han.
Ta luon luon gid thiét rang AX* 13 DSGT tw do, tic 1a Vo € H(G), Yh € H, ha # z, lvu ¥
rang 0,1, W khong sinh nghia. Khai niém do do tinh mo cia bién ngén ngit va dnh xa ngit
nghia dinh lwong cing da dwoc cong bo trong [8].
Gid thiét fm(W) # 0, khdi niém do do tinh m¢o dwge mé rong nhuw sau.

Pinh nghia 2.1. Mot ham fm: X* — [0, 1] dwoc goi 13 mot do do tinh mo cia bién ngon
ngtt X, néu né cé céc tinh chat sau:

F1) fm 1a mot do do day dud trén X* nghia la fm(c™) + fm(W) + fm(c™) = 1 Yu €
X\{W}

F'2) Néu x la mot khdi niém chinh xdc, tic 1a infimuwm H(x) = supremum H(x) thi
fm(x) = 0. Pac biét ta ¢é6 fm(0) = fm(1l) =0;

)  fm(hz)  fm(hy)
1) v,y € XNAW, vh € H,ta e6 S =

thuoc vao mot phan tir cu thé nao va do d6 ta ¢é the ky hieu né bang u(h) va dwoc goi la

, nghia 1& ty s6 nay khong phu

do do tinh mo cua gia ti hA.

Tir Pinh nghia 2.1 ta thdy fm cé cdc tinh chat sau.
Ménh dé 2.1. Do do tinh mo fm cia cdc khdt niém va p(h) cia cdc gia t théa man cdc
tinh chdt sau:

1) fm(ha) = p(h) fm(z), Yo € X\{W}

2) fm(c™) + fm(W) + fm(cT) =1 véice {c,c};

3) i fm(hic) = fm(c) véicec{c ,c};

i=—q,i0

n i_ﬂ) fm(hsz) — fle) Yo € X\{W);
i=—q,1

5) i w(h;) = o va iu(hi):6Voz,ﬂ>O vao+ B =1.
i=—1 i=1

Nhur vay diem khéc biét co ban gitta Pinh nghia 2.1 va dinh nghia vé d6 do tinh md trong
8] 1a gia thiét fm(W) # 0 va khéi niém chinh xéc.

Pé mé rong hé khoang mo tride hét ta nhic lai mot s6 khéi niém sau.

Truéc hét la khai niém phép so sanh gitta hai khodng, khdi niém nay dwoc phat biéu nhw
sau: Cho hai khodng thuc bat ky Ji1, J2, ta néi J1 < Jo néu va chi néu Va € Jq, Vb € T
kéo theo a < b. Trong trwomg hop khoang J2 13 mot diém c ta c¢é khai niém phép so sanh
gitta mot khodng va mot diém, khai niém nay dwoc phat bieu nhuw sau: Cho khodng thue J
va mot s6 thue bat ky, ta néi J < ¢ néu va chi néu Va € J kéo theo a < c.

Thit hai la khéi niem do dai cia mot tir trong mot DSGT: Véi moi « € X = H(G), do
dai ctia @, ky hiéu 1a |@|, 1a s6 [an xuat hién cdc ky hiéu ké ca gia tir lan phan tir sinh trong
x.
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Goi P(]0,1]) 1 tap tat cd céc khodng con cia doan [0, 1]. Khdi niém hé khodng m& duwgc
mé rong twr nhién nhw sau.

Pinh nghia 2.2. (Hé khodng md lién két v6i fm) Cho AX* 1a BSGT tuyén tinh, day dd
va tir do va fm 1a mot do do tinh m cia AX*. Anh xa J : X — P([0, 1]) duoc goi 1a phép
gan khodng mo dua trén fm néu né dwoc xay dung theo quy nap theo do dai cia 2 nhw sau:
1) Véi |x] = 1, ta xay dung céc khodng mo J(c™), J(W) va J(cT), véi | T (z)] = fm(x), sao
cho chiing 1ap thanh mo6t phan hoach cia doan [0, 1] va thi tu gitta ching duwgce cam sinh tir
thit tw cla cde phan ti ¢, W va ¢, nho phép so sdnh khoang ta c6 J(c™) < J(W) < J(cT).

Giad st khodng mo J(x) véi |J(z)] = fm(x) da duoc xay dung véi Va € H(G), |x| =
n > 1 ta xay dung céc khodng mo J(h;x) sao cho ching tao thanh mot phan hoach cia
J (@), |T(hz)| = fm(h;z) va thit tu gitra ching duoc cdm sinh tir thit tu gitra cdc phan tir
trong {h;x: —q <i <p, i # 0}.

J(z) duoc goi khodng m& cia phan tir . (6 thé thay rang dinh nghia trén 13 ding

P
dan, vi theo Ménh de 2.1 ta cé Z fm(hiz) = fm(z) Vo € X*\{W}. Ngoai ra dé dang

i=—q,i0
nhan thay rang, cho fm trén AX*, c¢é ton tai duy nhat mot hé khodng mo lien két véi
fm. Ki hieu Jp, = {TJ(x) : @ € X} 1a tap cdc khodng mo cia X. Vi duy, cédc khoang mo
T (), J(W) va J(ch) déng & dau miit phéi ¢é dang [0, fm(c™)], (fm(c), fm(c™)+fm(W)]
va (fm(c™) + fm(W), 1] va 1o rang né dwoc xac dinh duy nhat theo Dinh nghia 2.2.
Véi k 1a mot s6 nguyen dwong, ta dit X = {xz € X : |«| = k}.

Ménh dé 2.2. Cho do do tinh mo fm trén DSGT AX* va Jp, la hé khodng mé cia AX*
lién ket véi fm. Khi 6,

1) Voix € H(G), tap Tpm(z, k) = {T () : y = hehe—1...~ix va (hg, he—1...,h1 € H} la
phdn hoach cia khodng mo J(x);

2) Tap Trm(k) = {T(x) : @ € Xy}, duoc goi la tap cdc khodng mo d6 sdu k, la mot phdan
hoach cia tap J(c™) U T (cT). Ngodai ra, véiVa,y € Xy, ta cé x <y kéo theo J(x) < J(y).
Chitng minh: Ta ching minh khing dinh 1) bang quy nap theo k. Véi k = 1, Jpn(w, 1)
chinh la tap {J(h;x) : j € [¢ A p]}. Theo céch xay dung trong Pinh nghia 2.2, né tao thanh
phan hoach cia J(x).

Gia stt khing dinh 1) ding vé6i k1. Ta thay, Jpm(z, k) = Ujei—gnp) Trm(hjz, k—1). Theo
gid thiét quy nap Jpm(hjz, k—1) 1a phan hoach cia J (hjz) € Tpm(x, 1). Mat khic, Ty (e, 1)
la phan hoach cia J(x). Tt d6 ta suy ra Jsm(x, k) 1& phan hoach cia J(x).

Vi vé dau cia khang dinh 2) 1a hé qua truce tiép cda 1), ta chi cin chiing minh vé con
lai. V&i k = 1, vé can chimg minh la hién nhién do ta cé J(c™) < J(W) < J(c). Gid sit
k> 1 Via vaycécing do dai k, bieu dién chinh tic cia ching ¢é dang @ = hphg_1...hic
va y = hjh) | ..hid, trong d6 ¢, € {c™,cT}. Néuc# ¢, gid thiét @ <y kéo theo ¢ < ¢ va
khi d6 1o rang ta c6 J(z) C J(c) < J(y) € J(), d6 la diéu can ching minh. Néu ¢ = ¢/,
ta cé @ = hghg—1...hju vay = hih) ..hlu, trong d6 w la khic dudi chung 16n nhat cia hai
xau @ va y va do dé h; # h}. Gia thiét & < y sé kéo theo hju < Rju. Theo Dinh nghia 2.2,
quan he thit tu hju < hlu cdm sinh quan hé J(hju) < J(Rju). Tir dang thitc nay ta suy ra
J(x) < J(y) va ménh dé hoan toan dwoc chirmg minh. |
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3. MO RONG ANH XA NGU NGHIA BINH LUQNG

Trén co s& cac thay doi cia Dinh nghia 2.1 ta nhan thay:

Veé mit ngtr nghia H(z), Ve € X* 1a tap tat ca cdc khai niém sinh ra tir  nho viéc thay
doi nglr nghia clia @ bang cic gia tir ngéon ngir nén ta van xem tap H(z) moé phéng tinh mo
cia khai niem «, do @6 do do tinh mo cia « van dwoc quan niém la kich thwéc cia tap H(z),
duwoc ky hiéu 1a d(H (z)), kich thude nay sé dwoc xéc dinh bdi dwong kinh cia tap cde gid
tri ngtr nghia dinh lwong cia H(z).

bé xay dung anh xa ngir nghia dinh lwong ta dwa trén ¥ twdng sau: (i tri ngir nghia
dinh lwong cia mot khai niém @ dwoc xdc dinh bdi mot doan thang nam trong doan [0, 1].
Khi d6 ngit nghia dinh lrong cia cidc phan tir trong tap H(x) 13 tap céc doan thang nam
trong doan [0, 1] ky hiéu f(H(x)). Vi doan thang bé nhit bao ham toin bo céc doan cia
f(H(x)) sé duoc cho 1a dwong kinh cia f(H(z)) va khi d6 do dai dwong kinh 14 d6 do tinh
mo cua .

Véi céch tiép can nhu trén viéc xay dung 4nh xa nglr nghia dinh lwong dwoc tién hanh
nhw sau.

Trude hét ta thdy rang hé cic khodng mo lien két véi fm 1a tap con cia P([0,1]), ban
than hé nay khong c¢é thit tw. Nhw vay can xay dung mot quan hé thit tw cho cac phan tik
trong mot hé khodng meo, cac Pinh nghia 3.1, 3.2 va Dinh 1y 3.1 dwoc dwa ra dé phuc vu viéc
xay dung quan hé thit tw trén.

Pinh nghia 3.1. Cho L C P([0,1]). Mot danh xa r : L — [0, 1] dwoc goi la twong thich véi
L néu né théa man cic dieu kién sau:

VYT €L, r(J) e T;

2) VI, J2 € L, J1 # J2 kéo theo r(J1) # r(J2).

Y nghia cia anh xa r 1a né cho ta gia tri dai dién cia khodng trong L va né cam sinh mot
quan hé thit tu trén tap L.
Pinh nghia 3.2. Cho L va mét énh xa r : L — [0, 1] twong thich véi L. Khi d6 r sé cam
sinh mot quan hé thi tu tuyén tinh <y, trén L thda man véi VT, T2 € L, Ji <p, J2 néu
va chi néu r(71) <r(J2).
Pinh 1y 3.1. Cho DSGT tuyén tinh day di AX* = (X*, G, H, 0, ¢, <) va mot dé do tinh mo
fm. Gid st J la hé cdc khodng mo lién két véi fm. Khi @0, ta luon xdy dung dwoc mot bo
(J, p) twong thich (thod Pinh nghia 2.2) sao cho |J(x)| = fm(z) va p(JT(x)) la diém chia
trong khodng J(x) theo ty lé o : B, néu Sign(hpr) = +1 (ham ddau Sign, vem [8]), va theo
ty € B : a, néu Sign(hyx) = 1. Hon nica ta co:

1) Néu Sign(hpx) = +1, ta cé

T(hg) S T(h_gir) < oo € T(h12) < p(T (@) < T(h12) < e € T(hy 1) < T (y)
(+)

2) Néu Sign(hyx) =1, ta cé

JI(hpr) < T(hp2) < ... < T () < (T (@) < T(haz) < .. S T (hgnie) < T (hg2)
(%)
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Chiéng minh

Truée hét ta nhan thay quan hé thit tu gitta p(J(z)) va cac khoang mo cia céc phan tir
c6 do dai |z| + 1 duoc sap xép nhuw (*), (¥*).

Thue vay, theo dinh nghia, cdc khodng mo trén lap thanh phan hoach cia khoang J(z)
va quan hé thit turr gitta chiing dwoc cdm sinh tir quan hé thit tu gitta cdc phan tit trong tap
{hix : ¢ <i <p, i # 0}. Néu Sign(h,x) = +1, ta ¢cé6 « < hya, va do dé suy ra

h_ge <h_gpae<..<h o <x<ha<. <h, @ <hy. (")

Vi i fm(hx) = fm(x) i w(h;) = afm(z), dau mit chung cia hai khodng mo
i=—q i=—q

J(h_12) va J(hiz) la diém chia trong khodng J (=) theo ty 1& o : 3, hay p(J(x)) chinh la

dau mit chung cia hai khodng m& trén. Do vay, day thit tu (*’) cam sinh ra day thi tw (¥).

Mot céch twong tu ta cé day (**).

Bay gi¢r ta chi con phai chitng minh 4nh xa p duwoc xdc dinh nhu trong dinh 1y 1a tuong
thich v&i hé khoang mo ciia AX*.

Ro rang theo cdch xay dung ta c6 p(J(x)) € J(x). Gia st J(x) # J(y). RO rang néu
@€ H(c™) vay € H(c") th J(2) € J(c7) va J(x) C J(c") vado dé p(J(x)) # p(T(y))
Vi J(e7) va J(ct) 1a hai tap roi nhau. Gid st @,y € H(e) v6i ¢ € {c7,cT}. Trong trwong
hop nay phai ton tai mot xau con chung u 16n nhat cia 2 va y. Khi dé ¢6 hai kha nang. Thit
nhat, @ € H(hu) viy € H(ku) véi h # k. Bang cach chiing minh twong tu ta ciing thu dwoc
p(J(2)) # p(J(y)). Khd nang thit hai la hodc ta c¢6 € H(y), hodc ta ¢c6 y € H(x). Chang
han, ta ¢6 y € H(z). Vi J(a) # J(y) nén & # y, va do dé y € H(hjx), vé6i mot h; € H.
Ta ¢6 J(y) C J(hjx). Theo cdc bat ding thitc trong (*) va (**) da ching minh, ta cé
hodc p(J(x)) < J(hjz), hoac J(hjz) < p(J(x)). Vi p(J(y)) 1a diém chia trong clia khodng
J(y) C J(hjx) theo ty 1& a : B hodc theo ty lén 3 : a, nén ta suy ra p(J(y)) # p(J(x)).
bPinh 1y dugc chirng minh. |

Ménh dé 3.1. Tdp cdc khodng mo Jpm = {J(x) : @ € X} thod man tinh chit x < y =
p(T () < p(T(y))-
Chitng minh. Gida st x <y vaz,y € X = H(G). Néux € H(g) vag € H(g'), g # ¢/, tr
x <ytasuyrag <g vadodé J(g) < J(g'). Bit dang thitc cudi kéo theo J(x) < J(y) va
do vay p(J(x)) < p(J(y)). Néuz,y € H(g), thl g # W va néu chiing c¢é cing do dai, tikc 1a
|| = |y|, thl theo Ménh dé 2.2, 7 (x) < J(y). Néu chiing khong cling do dai thi hosic x € H(y)
hodic y € H(x). Ching han z € H(y), ta cé @ = h)...hjy,hi # . Vie <y, tasuyra hly <y
va, do Pinh 1y 3.1, ta ¢é p(J(Rly)) < p(J(y)). Diéu nay kéo theo p(J7(z)) < p(T(y)). m

Xét P([0,1]), tap tit cd céc doan con cia doan [0,1], L € P([0,1]) va <y, la mot quan
hé thit tuw sap mot phan trén L. Ta ¢é cdu tric (L, <r). Luu y rang moét diém a trén [0, 1]
c6 thé duwoc xem 1 mot phan tir cia L va né 1a mot khodng cé dang [a, a] va né dwoc goi
13 khodng biéu thi diém a. Trong truwdmg hop nay anh xa r trong Pinh nghia 3.2 luén luén
duoc x4c dinh 1a r([a, a]) = a.

Kh4i niém céan trén va can dudi ding trong (L, <z) dugc dinh nghia giong nhu déi véi
cau tric sap thit tw mot phan bat ki. Chang han can duéi ding ciia mot tap con A C L 1a
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phéan tit k € L sao cho (Vr € L){(Vi€ A)(r <l= 7 <k)}

Cho A C B C L, khéi niém tap con A trit mat trong B néu véi moi @,y € B{x < y =
(Fz e Alx <y < 2)}.

Kh4i niém mot tap con A cida L 1a tri mat trong [u,v] C [0, 1] néu véi moi khodng con
(a,b) clia [u, v] cé6 do dai nhd tuy ¥ déu ton tai mot phan tir 7 € A sao cho 7 € (a, b).
O trén ta c6 khai niém hé khodng mo Jyp, lién két véi fm dwoc xéc dinh bdi 4nh xa 7,
tirc 1 né 13 tap céc khodng mo J(x) gan véi moi € X = H(G). Ta mé rong khai niém nay
trén toan bo tap X* = H.(G). Nhé rang, lim(X*) = X*\ X. Ta ki hieu LR(Jsn) 1a tap tat
c4 céc khodng bieu thi cdc diem dau miit clia cdc khodng clia Ty,

Pinh nghia 3.3. Cho BSGT AX™ vamodt d6 do tinh mo fm cia né, J 1a dnh xa gan khoang
mo dura trén fm dwoc xay dung nhu trong Dinh 1 3.1.

1) Khi d6 J* la 4nh xa mé& rong cia J trén tap X* v6i 7*(0) = [0,0], J*(1) = (1, 1] va,
v6i x = ¢u, J*(x) = (left(T(w)),left(T(u))]. Ki hiéu j}‘m = Ttm U LR(Jfm)-

2) Anh xa gan khoang ciia AX* la 4nh xa ¢ X* — 10, 1], dwoc dinh nghia nhu sau:

-Vo e X, p(x) = p(J(2));

-V e lim(X™), ¢(a) = left(J(u)), trong A6 u € X sao cho @ = ¢u va left 1a dnh xa chi
diem dau muit trai cia mot khoang.

Pinh ly 3.2. Cho DSGT AX™* ddy @i, tuyén tinh va te do va mét @6 do tinh md fm cia nd.

1) Cdu tric (j]i‘m, p*), trong a6 p* = p trén X va p*([a,a]) = a v6i[a,a] € LR(Ttm), la
tap sap thit tw tuyén tinh;

2) Anh xa @ la dnh xa don cdu trong pham tri cde tap sap thit tw tie X* vao |0,1]. Hon
nira ta cé J*(H(x)) va (H(x)) déu tri mat trong khodng J(x), x € X\W;

3) Voi v = ¢u, ta ¢c6 J*(x) = infimum J*(H(u)) va, vdi x = ou, ta ¢é J*(x) =
supremum J*(H(u));

4) Véi v = ¢u, ta cé p(x) = infimum @(H(uw)) va, voi & = ou, ta cé p(x) =
supremum @(H(u)).
Ching minh

1) Vi theo Pinh If 3.1, (Jm, p) & twong thich nén né la tap sap thit tu tuyén tinh nén
ta chi can ching té v6i moi [a, a] € LR(Jy,) déu sénh dwoc v6i J(x), Vo € X. Nhung diéu
nay la hién nhién, vi @ va p(J(z)) luon luon sanh duge.

2) Do 1), ta chi can ching té ¢ 1a don 4nh. Vi (Jpm, p) 1a twong thich nén ¢ la dnh xa
don 4nh tir X vao [0, 1]. V1 vay, ta chi can chimg té:
(i) Véiz e X vay € lim(X™*), z <y thi p(z) < ¢(y). Trong DSGT ta biét y = ¢pu < u, u €
X. Theo Ménh deé 3.1, ta c6 p(J(x)) < p(J(u)) va do d6 p(T () < left(T (u)), titc 1a ta cb
p(x) < p(y).
(i) Véiy € X vax € lim(X*), x <y thi p(z) < ¢(y). Twong tu ta ¢cé & = gu < u, u € X.
Vi ¢u = infimum H(u) va < y, nén ton tai u' € H(u) sao cho u/ < y. Ciing theo Ménh
de 3.1, ta c6 p(J()) < p(JT(y)). Tat nhién ta cé p(J(u')) € J(u) va do vay ¢(x) < p(y).

Bay gio ta chimg té @(H(x)) tri mat trong khodng mo J(w). Theo Ménh dé 2.2,
tap Tpm (@, k) = {T () : y = hihg—1...~hux va Vhy, hg_1,...,h1 € H} la phan hoach cia
khodng m& J(z), véi moi s6 nguyén duong k. Theo cdch xay dung hé khodng mo, do dai
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| T (hrhie—1...hiz)| = p(hg)...pw(hy) fm(z) < AN fm(z), trong @6 X = max{p(hg), ..., u(h1)} <
1. Vi vay, ldy mot khoang con (a,b) do dai £ < 1 bat ky cia khodng J (), cé ton tai k sao
cho | T (hxhg—1...hx)| < /2. V6i k d6, phai ¢6 mot J(y) € Tym(w, k) sao cho J(y) C (a, b).
Theo dinh nghia cia ¢, ta cing ¢é ¢(y) € J(y) C (a,b). C4 hai diéu nay chimg té tinh tru
mat can chimg minh trong 2).

3) Theo gia thiét x = ¢u va do dé @ < H(u). Theo khang dinh 1), J*(x) < J*(u'),Vu' €
H(u). Gid st J*(2) € J}, théa man J*(2) < J*(«), Yu' € H(uw). Vi ¢(H(u)) trit mat
trong khodng J*(u) = J(u) nén tir bat dang thitc cudi ciing ta suy ra J*(2') < J*(x) =
[Left(T (w)), left(T(uw))].

Con lai 4) 1a hé qua truc tiép cia 3). [ ]

Dé tién cho viéc thiét 1lap cong thirc tinh ham nglt nghia dinh lrong khodng cia PSGT,
ta dwa vao cic ki phap va khai niém sau.

Moi khoang trong P[0, 1] dwoc bieu dién bang cip (u,d), véi u € [0,1] 14 dau mit trai
ciané vad,1 > d >0, chido dai cia né. Trén P[0, 1] ta dwa ra khéi niém hai phép todn sau:

1. Phép tinh tién: {(u,d) +v = {u+v,d) véimoivsaochou+v>0vau+v+d<1.

2. Phép co gian: (u,d) x k = (u,k x d) vé6i moi 1 > k > 0.

Pinh nghia 3.3. Cho mot cdu tric thi tu tuyén tinh (L, <p) cdc khodng con cia [0, 1].
Mot anh xa f : X* — L dwoc goi 1a 4nh xa ngtt nghia dinh lwong khoang cia AX* néu né
théa man cdc dieu kién:

Q1) f la song 4nh;

Q2) f bdo toan thi tu trén X*, tic la 2 < y = f(z) < f(y), va f(0) = (0,0), f(1) =
(1,0);

Q3) Tinh chét lién tuc: Vo € X*, f(¢x) = infimum f(H(2)) va f(ox) = supremum f(H (x)).

Cho PSGT AX* va do do tinh m& fm cia né, khi dé ta cé ciu tric (j]i‘m, ij*m>. Ta xay
dung mot cong thie tinh dnh xa f: X* — J;  théa man f(z) = J(x). Trén co s& phuong
phép xay dung cau tric (j]i‘m, ij*m> cong thire tinh dnh xa ngr nghia dinh lwong khoang
dugc xay dung nhuw sau:
Pinh nghia 3.4. Cho AX™* 14 DSGT tuyén tinh, day di va tw do, fm(c™) va fm(ch) la céc
do do tinh m& cla phan tir sinh ¢, ¢t con fm(W) la do do tinh mo cia phan tit trung hoa
W va p(h) 1a do do tinh mo cia céc gia tir A trong H thda man céc tinh chat trong Ménh dé
2.1. Anh xa nglr nghia dinh lrong nho tinh mo 14 anh xa f dwoc dinh nghia dé quy nhw sau:

1) f(e7) =0, fm(e)); (W) = (fm(c™), fm(W)); f(c") = (fm(cT)+fm(W), fm(c));

P
2) Néu Sign(hpx) < 0thi f(hjz) = (f(x)+ > fm(hw)) x p(hy);
i=j+1, i£0
j—1
Néu Sign(hpx) > 0 thi f(hjz) = (f(x) + > fm(hix)) x p(hy); véij € [—g A p| =
i=—q, i0

{j:—q¢<j<pvaj#0}va fm(hjz) duoc tinh theo tinh chit 1) Ménh dé 2.1.

3) f(de™) = (0,0), floc) = {fm(c™),0), f(¢cT) = (1= fm(c"),0), f(oc") = (1,0) va

v6i céc phan tit dang hjz, j € [—¢"p|, ta cé:

Néu Sign(hpx) < 0 thi f(ph;a) = (f(z) + i fm(h;x)) x 0;
i=j+1, i#0
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flohz) = (f@)+ > fmlha)) x 0.

i=j, 170
Néu Sign(hpax) > 0 thi f(ph;a) = (f(z) + ]Zl fm(h;x)) x 0;
i=—q, i#0
fohm) = (F@) + %2 fm(ha)) x 0.
i=—q, i#0
Pinh 1y 3.3. Cho AX* la DSGT tuyén tinh, day dui va tw do. Xét anh xa duoc xay dung nhu
trong Dinh nghia 3.4. Khi d6 tap anh f(H(x)) la tap trimat trong T (x) = {Tpm(u), u(H(x)}
voiVa € X*\{W}. Ngodira ta cé f(¢x) = infimum f(H(z)), f(ox) = supremum f(H(x))
va fm(x) = p(f(ox)) — p(f(dx)), titc né bang A6 dai cia doan J(x) va do @6 fm(x) =
d(f(H (x))).
Chitng minh: Trude hét ta luon cé gid thiet € X*\{W}.

Lay 2 phan tit J (u) < J(v) € Tpm(x), theo phwong phép xay dung cau tric (Jm, p), ta
cb u,v € H(x) viu <v. Vi ¢(H(x)) tri mat trén J(«) (Pinh 1y 3.2) nén ton tai z € H(x),
twong tng la J(z) € f(H(x)) sao cho ¢(u) < ¢(z) < ¢(v) hay p(u) < p(z) < p(v), ta cb p
cdm sinh thi tu cia Jp,, do d6 J(u) < J(z) < J(v), diéu nay ching td tap f(H(z)) tri
mat trén Jp,(x).

Cau tric (Jfm, p) sap tuyén tinh va f(H(x)) trl mat trén Jgm(z), theo tinh chat 3),
Pinh nghia 3.4 ta ¢6 infimum f(H(z)) = f(¢x), va supremum f(H(x)) = f(ox). Do d6 f
thod dieu kién Q3) Pinh nghia 3.3 va J(z) = [p(f(¢)), p(f(ox))| va d(f(H(x))) = fm(x) =
p(f(oz)) — p(f(¢2)). Pinh 1§ dwoce chitng minh. [ ]

Ta ¢6 hé qua truc tiép cia ménh dé trén nhuw sau.
Hé qud 3.1. Cho AX* la PSGT tuyén tinh, day di va tu do, f la dnh za duoc xdy dung
nhu trong Dink nghia 3.4. Khi @6 tdp dnh f(H(G)) tric mat trong Jgm.
Chitng minh: Trude hét ta thay f(a) = J(x) € Tym nén f(H(G)) = Tim.

Xét hai doan bat k¥ f(u) < f(v) € f(H(G)), ta c6 u,v € H(G) va u < v, ditu nay dan
dén céc kha nang sau:
e u,v€ H(c), ce{c,c}, vi f(H(c)) trit mat trén Jp,(c) nén ton tai f(z) € f(H(c)) sao
cho f(u) < f(z) < f(v).
euc H(c) vave HW), vi f(H(c7)) trit mat trén Jp,,(c) nén ton tai mot doan f(z2) €
f(H(c)) sao cho f(u) < f(2) < f(oe™), vi floc™) < f(v) € W nén f(u) < f(z) < f(v).
euc H(c)vave H(ch), truomg hop nay 16 rang ta ¢ f(u) < f(W) < f(v).

Nhuw vay hé qua da hoan toan dwoc chitng minh. |
Pinh 1y 3.4. Cho AX* la DSGT tuyén tinh, ddy du va tw do. Khi dd f dwoc xac dinh trong
Dinh nghia 3.4 la dnh xa ngtc nghia dinh leong va théa man tinh chdt

d(f(H (hy)))

(
d(f(H(=)))  d(f(H(y)))

Va,y € X'\{W}.

Ching minh:
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Truée hét ta sé chirng minh f 14 mot ding cau trong pham trit cac tap sap thit tu, tirc 1a né
la 4nh xa 1-1 va bao toan thi tu cia tap X*, nghia la véivVa,y € X*, z <y = f(z) < f(y),
va f(0) = (0,0), f(1) = (1,0).

Ta biét, cho fm trén AX* thi ton tai duy nhédt tap cédc khodng mo cia X, ky hiéu
Tpm = {T(x) 1 2z € X}. Vi j]?‘m = Jtm U LR(J¢m) nén jfm la duy nhat. Do 4nh xa
[+ X*— Jf, théaman f(x) = J(x) nén f la dnh xa 1-1. Do cau tric J},, thod diéu kién
@ < y kéo theo J(x) < J(y) nén dnh xa f bao toan thit tw cia tap X*.

Vitap f(H(G)) la tra mat trong J¢, (Hé qua 3.1), nén tir 3) trong Dinh nghia 3.4 ta ¢é
ngay tinh chat f(0) = (0,0), f(1) = (1,0). Tinh lién tuc cia dnh xa f dwoc ddm bao bdi
Pinh Iy 3.3.

Tir dé ta c¢6 f la 4nh xa nglr nghia dinh lwong, ty 1é thitc néu trong dinh 1y dwoc suy ra
tir Pinh 1y 3.3. Dinh 1y da dugc hoan toan chirng minh. [ |

Nho énh xa f kich ¢& ctia H(x) c¢6 thé x4c dinh bdi dwong kinh cia tap dnh f(H(x)), c¢6
thé thiy véi moi y € H(z) ta cé f(y) C J(x), nén J () c6 thé dwoc xem nhw dwdong kinh
cia tap f(H(x)) va do dai |7 («)] 1a kich thuée cia H(x) hay la do do tinh mo cia x. Diéu
nay cing gidi thich tai sao phan tir trung hoa W ¢é do do tinh mo khéc 0, doi véi cac phan
tir nhw 0, 1 ngit nghia dinh lwong ctia chiing 1 céc doan thing cé dé dai bang 0 nén dwong
nhién doé do tinh mo cia ching bang 0.

4. UNG DUNG

Muc 3 da xay dung anh xa ngit nghia dinh lwong khodng trén co s& gid thiét do do tinh
mo cla phan tir trung hoa khdc khong. Véi dnh xa nay trong qud trinh lap luan xap xi ta ¢é
thé dinh lwong cho khéi niém mo @, (Vo € W) bang gid tri dai dién cia né 1a p(f(2)) (diém
chia cia khoang m& f(x) = J(x) trong Pinh 1y 3.1), con d6i véi phan tir trung hoa W gia
tri dinh lwong c6 thé 1ay trong khodng mo f(W) = J(x) = (fm(c™), fm(W)). Trong ting
dung dwoc trién khai duéi day ta [an lwot chon gid tri dinh lrong cho W lan Iwot 13 dau miit
trai cia khoang f(W), diém gitra cia khoang f(W) va dau miit phdi cia khoang f(W). Bé
tién theo doi trong phan dudi day ta quy wéce ky hiéu r(x) 1a gid tri dinh lwong cia x,

) = p(f(®), x#W
ye flx), a=W
4.1. Bai toan

Xét bai todn dieu khién mé hinh may bay ha canh [11] véi phuong trinh dong hoc:

h(i +1) = h(i) + v(i), v(i+ 1) = v(i) + (i), (4.1)

trong dé v(3), h(7), f(i) 1a toc do, do cao va luc dieu khién may bay tai thoi diém ¢, don vi
cla cac dai lwong nay lan lwot 1a ft, ft/s va lbs.
Quy dao t6i wu cho mo6 hinh mdy bay ha cdnh [9, 10] c6 dang:
(20/(1000)?)

Ve (4.2)
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Sai s6 vé téc do ha canh ep qua n chu ki diéu khién [9, 10] dwoc xé4c dinh nhw sau:

n

er = (D (vio(F) — vi(F))*)',

=1

(4.3)

trong dé, vip(F) 14 t6c do ha cdnh t6i wu tai chu ky ¢ ing véi h(7), v;(F) 1a toc dd ha cdnh
tai chu k¥ ¢ tng vé6i h(2).
Mién ngon ngitr str dung trong bai todn dwoc xac dinh nhu Bang 1.

Bdng 1. Mién gi4 tri cia cdc bién ngon ngir

Do cao méy bay | Tdc dé mdy bay | Luc diéu khién
Large(L) UpLarge(UL) UpLarge(UL)
Medium (M) UpSmall(US) UpSmall(US)
Smal(S) Zero(7) Zero(Z)
NearZero(NZ) DownSmall(DS) | DownSmall(DS)
DownLarge(DL) | DownLarge(DL)

Kinh nghiém cia céc chuyén gia trong linh vuc bai toan [11] dwoc cho bdi Bang 2.

Bdng 2. Kinh nghiém cia céc chuyén gia (FAM)

Do cao Téc do 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

4.2. Két qua diéu khién

Qué trinh mé phéng két qua diéu khién mo hinh mdy bay ha canh dwoc thuc hién theo
cic buéc cia phwong phap dieu khien st dung DSGT (]9, 10]), trong phan nay ta st dung
anh xa nglt nghia dinh lwrong khodng nhw da xay dung & Muc 3 dé dinh lwong cho cac gia tri
ngodn ngir, cac buwée cu thé nhw sau:

1) Trong phan nay, mot DSGT chung dwoc xay dung cho céc bién ngon ngir do cao, van toc
va lwe dieu khién, cu thé

C = {0, Small, W, Large, 1}, H~ = {Little}, g =1, H" = {Very}, p= 1.
2) X4dc dinh cdc tham s6 cho d4nh xa nglr nghia dinh lwong va tinh toan céc gid tri nglr nghia
dinh lwrong cho céc gia tri ngoéon ngir clia cac bién ngon ngir.

Chon fm(c™) = fm(c") = 0,4, fm(W)=0,2, chon a = 3 =0, 5.

Gi4 tri dinh lwong cia cdc khai niém mo khdc W dwoc tinh nhw sau.
r(Small) = 0,2; r(Large) = 0,8; r(VerySmall) = 0,1; r(LittleSmall) = 0, 3;

r(VeryLarge) = 0,9; r(LittleLarge) = 0,7, r(VeryVerySmall) = 0,075.
Gi4 tri dinh lwong cia phan ti trung hoa W lan lwot dwoc chon nhu sau
Truwong hop 1: »(W) = Left(f(W)) = 0,4;
Truong hop 2: »(W) = Medium(f(W)) = 0, 5;
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Truong hop 3: »(W) = Right(f(W)) = 0, 6.
3) Xay dung cdc gia tir tng véi cde tap mo
Baéi véi do cao (0 — 1000)

NZ —VeryVerySmall, S — Small, M — Medium, L — LitlleLarge.
bai véi tée do (—20 — 20)
DL —VerySmall, DS — LitlleSmall, Z — Medium, US — Large, UL — VeryLarge.
Déi véi lwe dieu khien (=20 — 20)
DL —VerySmall, DS — LitlleSmall, Z — Medium, US — Large, UL — VeryLarge

M6 hinh SAM dwoc xéc dinh tir mé hinh FAM (Béng 2) thé hién & Béng 3
Bdng 3. Mo hinh SAM

v] o1 03 [04(0506)] 08 | 09
h,
07 |04(0506) 03 0,1 01 | 01
040506) 07 040506 03 01 | 01
0.2 0,9 08  |04(05,06) 03 | 01
0,075 0,9 09 [04(05,06)] 03 | 03

4) Céc khodng xdc dinh céc gia tir cia cdc bién ngon ngtr dwoc xde dinh nhw Hinh 1.

-20 -10 0 10 20
\'
L l l l |
Vg I T T T 1
0.1 03 0,4(0,5; 0,6) 08 0,9
h 100 200 800 1000
h, i i ' i i
0,075 0.2 0,4(0,5; 0,6) 0.7
f -20 -10 0 10 20
f i i i i i
0,1 0,3 0.4(0.5; 0.6) 0,8 0,9

Hinh 1. Khodng x4c dinh gia tit cia bién ngon ngir

Céch ghi 0,4(0,5; 0,6) dwoc hieu la W Tan lwot 14y cdc gid tri 0,4;0,5 va 0, 6.
5) Két qua bon chu ky diéu khién dwoc xdc dinh nhw Bang 4.

Bdng 4. Két qua bon chu ky diéu khién véi AND = PRODUCT

r(W) = Left(f(W))=0,4 | r(W) = Medium(f(W))=0,5 | (W) = Right(f(W))=0,6
k | hk) | vk) | f(k) h(k) | v(k) f(k) h(k) | v(k) f(k)

1 | 1000 | -20 0 1000 | -20 0 1000 | -20 0

2198 |-20 -5 980 | -20 -5,33 980 -20 -3,0
31960 | -25 1,5 960 | -25,33 | 5,96 960 -23 1,73
4|93 | -235 | 6,87 934 | -19,38 | -6,67 951,1 | -21,27 | 8,90
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Sai 56 ctia diéu khién trong 4 chu k¥ dwoc tinh theo cong thitc (4.2), (4.3), ta cé

er, = 8,94 (Sai s6 ttng v&i gia tri dinh lwong cia W = Left(f(W))).

em = 7,2 (Sai 86 tng v&i gid tri dinh lwong cia W = Medium(f(W))).

er = 5,9 (Sai 86 ing véi gid tri dinh lwong cia W = Right(f(W))).

So sanh cac sai s6 trén, chiing t6i thay rang sai s6 cia diéu khién phu thudc vio qué trinh
chon gid tri dinh lwong cho W. Nhuw vay viéc xay dung anh xa ngtt nghia dinh lwong nhw
trén da c6 tac dung dé mé kha nang diéu chinh sai s6 cho qué trinh dieu khién. Mat khéc
qua so sanh véi két qua dieu khién khi 4p dung 4nh xa ngit nghia dinh lwong cii [9, 10], ta
thay rang sai s6 cia dieu khién nhu da xéc dinh lIa nhd hon (eg = 5,9 < egap = 6, 12), diéu
nay chimg té viéc viéc sir 4nh xa ngir nghia dinh lwong khodng cho két qua tot hon.

5. KET LUAN

Bai bdo da mé rong duwoc khai niém do do tinh md cda bién ngoén ngir va d4nh xa ngir
nghia dinh lwong trén co s& gia thiét do do tinh m& cia phan tir trung hoa W, ciing nhw
chiing minh dwoc céc tinh chat quan trong ciia 4nh xa nay.

Bai bao ciing da trién khai mot ng dung nham ching minh rang viéc mé rong cac khai
niém nhuw trén la can thiét, ddp ng yéu cau thuc té cia qud trinh lap luan ngon ngr. Va
véi nhitng kv thuat t6i wu hién nay ta cé thé chon dwoc gid tri dinh lwrong thich hop cho W
deé sai s6 ctia qué trinh 1ap luan toi wu.
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