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VAN DE KET NHAP THONG TIN BIEU DIEN BANG BO 4
VGI NGU NGHIA DUA TREN DAI SO GIA TU

NGUYEN VAN LONG, HOANG VAN THONG

Dai hoc Giao thong van tdi

To6m tét. Bai toan két nhap thong tin néi chung déng vai trd quan trong trong qua trinh lay quyét
dinh v& do d6 né6 c¢6 y nghia tng dung rong 16n, dic biét 13 bai todn két nhap thong tin md vi con
ngudi thudng quyét dinh thong qua thong tin md ngon ngit. Cho dén nay cac phuong phap gidi bai
toan nay chii yéu dya trén cac tap md. Trong [8] vA [7] cdc tac gid da nghién cifu gidi bai toan nay
khi tng dung ngit nghia ngon ngit dya trén dai s6 gia tit (DSGT) véi biéu dién ngit nghia tuong tng
bing dit lidu bo 2 va bo 3. Trong bai bdo nay, thong tin md ctia thang danh gia duge biéu dién bing
bo 4 dé khic phuc mot sb thiéu s6t trong [7]. N6 cho phép biéu thi thong tin ms day dit hon va cho
phép tinh toan trén cac thong tin ngoén ngit trong thang danh gid tryc tiép hon va do d6 két qua két
nhap tu nhién va chinh xac hon.

Abstract. The role of information aggregation problems is in general very important in the decision
process and hence they can find applications in many fields, particularly, for the fuzzy informa-
tion aggregation problem since human makes decisions by means of vague linguistic terms. So far
there are many methods have been exploited to solve these problems but mainly based on fuzzy sets.
The works [8] and [7] were devpted to solve this problem, applying hedge-algebra-based semantics
of linguistic terms to representing linguistic data by 2-tuples or 3-tuples. In this paper we introduce
4-tuple representation exploiting more deeply hedge-algebra-based semantics of linguistic terms for
solving this problem. This allows represent the semantics of linguistic symbols in rating scale more
completely and hence it produces output results more exactly and naturaly.

1. MO DAU

Rat nhiéu van dé clia viéc 1ay quyét dinh hang ngay ctia con nguoi déu dya trén cac thong
tin khong chinh x4c ¢6 ban chat mo, khong chic chan. Ly thuyét tap mo da tao ra cac mo
hinh toan hoc va céac cong cu cho phép dua ra cac cach tiép can khac nhau dé giai cac bai toan
lay quyét dinh trong nhing linh vyc khac nhau. Nhitng thanh tyu ting dung ctia 1y thuyét tap
md lai thic day sy phat trién ctia chinh 1y thuyét d6 va do vay da ra doi cac chuyén nganh nhu
cong nghe logic md (Fuzzy logics technology), cong nghe két nhap (Aggregation technology),
tinh toén véi céc tit ngon ng (Computing with Words-CW) ...

Tinh toan véi cac tit ngdn ngit 1a mot 1y thuyét cho phép thao tac trén cac tit dé gidi quyét
cac bai toan ma dit lieu dau vao va dau ra can biéu thi bang cac tit ngon ngit, dac biet ddi véi
cac bai todn 1ay quyét dinh. Mot bai todn quan trong ctia qua trinh lay quyét dinh 1a téng
hop, két gop cac thong tin, dit liéu ngon ngit tit cac nguon khac nhau (tit cac chuyén gia chang
han), dé c6 mot thong tin danh gia dai dién chung, duge goi 1a bai todn két nhap trén cac tit
ngon ngit. Bai todn c6 thé duge mo ta nhu sau:
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Gia stt nguoi quyét dinh phai ldy quyét dinh chon mot phuong an “t6t nhat” trong m
phuong an lya chon A;, ¢ = 1,...,m, trén co s6 lay ¥ kién danh gid clia n chuyeén gia e;,
j=1,...,n. Trong mai truong thong tin ngdn ngit, cac chuyén gia biéu thi danh gia ciia minh
bang cac tit ngon ngtt (thang danh gid ngon ngit) lay trong tap S = s, ..., sg. Ky hicu z;; la
v kién danh gia ctia chuyeén gia j vé phuong an A;.

Mot yéu cau ty nhién la can dinh gia ¥ kién tong hgp ciia cdc chuyén gia déi véi ting
phuong an, nghia la ta can sit dung mot phép toan két nhap @ tich hop cac y kién {z;; : j =

1,...,n} cha cac chuyén gia. Mot cach hinh thiic toan hoc, toan tit két nhap 1a mot anh xa
@ : {sg,...,8¢}" — {50,554} Anh xa nay phai duge xéc dinh sao cho két qué ciia phép
toan @Q(s;q, ..., Sin) c6 thé xem la bicu thi y kién tap thé ctia n chuyeén gia.

Nhu vay, bai toan két nhap 1a mot bai toan cot yéu trong qua trinh 1ay quyét dinh, va vi
gid tri clia toan t1t cling 1a mot tit ngon ngl, nén ngudi ta can st dung cong cu tinh toan trén
cac tit ngon ngit. C6 nhiéu phuong phéap tiép can tinh toan khac nhau [1-5, 7, 8, 10] dé giai
quyét van dé nay. Dé lam ré noi dung nghién citu ctia bai béo, ta sé phan tich tong quan mot
vai phuong phép.

1.1. Phuong phap tinh toan ngén ng® dua trén nguyén ly md rong ciia tap mda

Y tuéng chinh ctia phuong phap la cac phép tinh két nhap kinh dién nhu phép trung binh
s6 hoc, trung binh c6 trong s6 ..., c6 thé chuyén thanh cac phép tinh tuong ting trén cac tap
md, chang han phép lay trung binh cong md, trung binh cong md c6 trong s6 trén cac tap md
... Khi d6, cac tit ngdn ngit trong tap S dugc xem la cac nhan clia cac tap md. Cac phép két
nhap mo thyc hién trén cic tap mo clia cadc nhan trong tap S sé cho két qua 1a tap ma. Noi
chung tap mdo két qua khac véi cac tap md ciia cdc nhan, hay né khong biéu thi cho mot nhan
ngon ngit ndo trong §. Diéu nay din dén sy can thiét phai phat trién cac phuong phdp zap xi
ngon ngt, tic 1a tim mot nhan ngdn ngit trong S ¢6 tap mo xap xi tap md két qua nhat.

1.2. Phuong phap tinh toan trén cac ky hiéu ngén ng@

Gia sit ¥ kién danh gia theo mot tieu chi duge bicéu thi bing cac tit ngoén ngit trong tap
S = {s0,...,84} dugc sép tuyén tinh theo ngit nghia ciia ching sao cho: s; < s; néu va chi
néu i < j. Vi khong thé tinh truc tiép trén cac tit nén ngudi ta mugn cau tric tinh toan ctia
doan [0, g] bao ham cac chi s6 dé thye hien viec két nhap sé hoc. Y tudng nay thé hien nhu
sau [3-5].

Gié st ta lay két nhap tap cac tit ngon ngit trong A = {as,...,a,}, a; € S. Ta thyc hién
mot hoan vi céc chi s6 ctia tap A, A = {ar1,..., axp}, 820 cho ar; > arj néu i < j. Xét mot
phép két nhap s6 hoc g ndo d6, g sé cam sinh mot phép két nhap ¢g* trén tap S duge dinh
nghia nhu sau: Tinh g(7, ..., ) € [0, g], v6i 71, ..., la cac chi s6 clia cac phan tit trong
A. Dat i = round(g(m, . . ., mp)), trong dé round 1a phép lam tron s6 hoc. Khi d6 phan tit s;«
duge xem la két qua két nhap g*(ar,, . .., ar,). Phép két nhap g* duge dinh nghia nhu trén la
mot han ché, vi né chiu mot rang buoc it ti nhién v méat mat nhiéu thong tin. Hién nhién,
thay vi dung chi s6 cac tit nhu trén, néu ta st dung ngit nghia dinh lugng ctia cac tit ngon
ngit trong thang danh gia thi dinh nghia phép két nhap g* c6 co s6 hgp 1y hon (xem [10]).
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1.3. Phudng phap tinh toan ngén ngit dua trén biéu dién di liéu bo 2

Trong phuong phép trén ta can lam tron bing biéu thiic i* = round(g(my, ..., m,)) dé két
qua 1a mot tit ngon ngit a;« trong tap S. Tuy nhién viéc lam tron lam mat mat thong tin va
cac tac gia [4] da dua ra cach bicu dién dit lieu bo 2 dé khac phuc sy mat mat thong tin nay.

k-1, k
| | | l? |

S — ——t—
0 b, 9

Hinh 1.1. Biéu dién bo 2

Y tuéng ctia phuong phap nhu sau: gia tri g(my, .. ., Tp) chua lam tron sé 1a mot so thue
be[0,g],k—05<b<k+0.5. Débicu thi ré cic thong tin cic tac gia trong [5] dé xuat
dang biéu dién bo 2, (sg, by), trong d6 by = b — k € [~0.5, +0.5). Tit s dude goi 1a tam clia
thong tin con ag biéu thi gia tri chuyén dich tit gid tri goc b vé tit ngdn ngit s;. Biéu dién nay
ciing xac dinh mot 4nh xa sau:

A:[0,9] = S x [-0.5,0.5); A(b) = (s, bx), v6i by =b— k, k = round(b) (1.1)
va, do do, ta co
A7 8 % [-0.5,0.5) — [0, g]: A™N(sp, br)) = k + by, € [0, g].

V6i biéu dién nhu vay, cac phép két nhap trén céc tit ngon ngit dude dinh nghia thong qua
cac phép két nhap s6 hoc nhg viec chuyén doi clia anh xa A~1

1.4. Phudng phap tinh toan ngén ngit dua trén biéu dién di liéu bo 3

Trong [8,7], cac tac gid da nghién cttu phét trieén viéc tinh toan trén cac tit dua trén dai s6
gia tit (DSGT) véi viéc tan dung cac khoang do do tinh ms cia cac tit ngdn ngi. Theo cach
tiép can ctia DSGT, ngit nghia céc tit ngon ngit c6 thé biéu thi qua céc khoang tinh md miic
[, v6i | chi do dai ctia sau biéu dién céc tit ngon ngit. Cho trudc [ va xét mot tit s bat ky do
dai [. Biéu dién ngit nghia bo 3 [7] clia tit s 1a

(s30(s); ©(s)) (1.2)

trong do v(s) la gia tri dinh lugng cia tir s, Q(s) la khodng tinh md cta tit s. Ta biét rang
v(s) € Q(s).

Loi ich ctia phuong phap nay la thay cho viéc phai xét tap chi s6 clia cac tit, mot dai lugng
mang {t thong tin vé ngit nghia cta ti, ta sit dung gia tri thyc v(s) va khodng tinh mo Q(s)
chita né mang ngit nghia dinh lugng ciia tit s. R6 rang biéu dién bo 3 mang nhiéu thong tin
hon va tu nhién hon so véi biéu dién bo 2.

Nhugc diém ctia cach tiép can nay la gia tri thuc v(s) dude xac dinh bdi ham dinh lugng
v 14 mot rang budc chit, vi chang han két qua ctia phép két nhap s6 hoc khong nhat thiét
tring véi gia tri thuc ciia tit ngon ngit bicu thi két qua két nhap trén cac bo 3 dit licu. Ngoai
ra trong [7] cling dua ra mot rang buoc chit 1a cac tit két nhap duge bicu thi bang cic bo 3
dit lieu trén cung do dai (.

Dé khéc phuc nhiing thiéu sét néu trén, trong bai bao nay ching t6i mé rong bicu dién
bo 3 thanh mot biéu dién bo 4 biéu thi nhiéu thong tin hon va cho phép linh hoat hon trong
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viéc gidi cic bai toan két nhap trén cac tit ngdn ngit va trong giai quyét bai toan quyét dinh
diya trén ¥ kién nhiéu chuyén gia.

Noi dung con lai ctia bai bao duge t6 chitc nhu sau. Muc 2 trinh bay phuong phap hinh
thitc hoa biéu dién ngit nghia bing bo 4 céc tit ngdn ngit trong thang danh gia va cac phép
két nhap trén dit lieu bicu dién bo 4. Muc 3 mo ta cach giadi bai toan lay quyét dinh bing cac
phuong phap biéu dién bo 4 do bai béo dé xuat va so sach két qui véi cac két qua clia cac
phuong phap khéac. Viéc phan tich so sanh cac két qua ctia cac phuong phéap sé chitng to6 1oi
ich va hiéu qua ctia phuong phap méi.

2. XAY DUNG THANG DIEM NGON NGU VOI NGU NGHiA
BIEU DIEN BANG BO 4

2.1. Lan can ngi¥ nghia ctia cac tir ngén ngi

Dat § = X (j) = X1U...U Xy, nhé rang X; 1a tap cac tit c6 do dai /.

Nhu da trinh bay trong Muc 1, d6i véi bai toan dit ra ta can xét thang danh gia bang cac ti
ngon ngit S = Xy = o, . . ., 5. Dé duara cach biu dién ngit nghia bang bo 4, trude hét ching
ta dinh nghia lan can ngi nghia clia cac tit ngon ngi. Ext. DPSGT AX= (X, G, C, H, X, ?, <).
Dé dinh nghia lan can ngit nghia mic k, ta xét tap cac khoang tinh mo mitc k + 1, Ip4q. Ta
biét réng Ix41 tao thanh mot phan hoach ctia doan [0,1].

Xét tap cac khoang tinh mo mutc k + 1, Iy 1. Ta sé phan cum cac khoang tinh md trong
I.11 nhu sau. Vi cac khodng tinh mo trong I, 1 rodi nhau va ké tiép nhau, ta siap xép ching
theo thtt ty tang dan. V6i 2 < p, ¢, dat

Hy ={hi,h_j:1<i<[p/2]&1 < j <[q/2]}, Hy={hi,h—_j:[p/2] <i<p&klq/2] <j<q}

Viéc phan cum sé dugce thye hién nhu sau. Ta duyét ti trai sang phai cac khoang tinh mao
Sit1(hiyj), hi € H vay; € Xy, trong Ix11. Ching sé duge xép vao cling mot cum néu cac
khoang ké tiép c6 céc gia tit h; ciing thuoc tap H,, v6i n = 1 hodc n = 2. C6 thé kiém tra
thay rang tap

Cy1 = {Sk+1(hiy) : hi € H1},y € X, (2.3)

chinh 13 mot cum theo cadch phan cum nay va cac khoang trong I, ndm giita hai cum dang
(23] ké tiép 1a cum chita mot s6 khoang Sgi1(hiy) : hy € Ho.

Ky hiéu ¢ 1a tap tat ca cac cum theo cach phan cum trén va mdi cum ctia n6 duge ky hieu
la C. C6 thé d& dang kiém tra thay ring ho C la mot phan cum ctia tap Ij 1:

(i) Céc cum C la roi nhau;

(i) Moi khoang tinh md trong Iy déu thudc vao mot cum C nao do.

Dat X(k) =X1U...UXg va

Sk(C) = Y{Skt1: Spy1 € C} (2.4)

Ménh dé 2.1. (i) Si(C) la mot khodng mé & dau mait phdi va déng ¢ dau mait trdi, tri cum
sinh ra khodng tan cing phdi la doan déng cd hai dau mait, va ho Sk(C) : C € | la mot phan
hoach cia doan [0,1];

(ii) Voi moiy € X, ton tai mot khodng Sk(C) sao cho gid tri dinh lugng v(y) nam
trong Si(C) cung vdi hai khodng tinh mo mic k + 1 ké vdi né.

Viéc chitng minh ménh dé trén la rat don gidn, ching toi khong trinh bay & day.
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Dinh nghia 2.1. V6i moi y € X 5, khodng (2.4) c6 tinh chat v(y) € Si(C), va no la diém
trong ctia khoang Sk (C) vé6i topo tur nhién trén mién s6 thuc, duge goi 1a lan can ngit nghia
mtc k cha tlt ngdn ngit y.

2.2. Biéu dién tir ngdén ngit bing bd 4 ngit nghia

Cho mot DSGT tuyén tinh va day di AX = (X, G, C, H, <) va xét mot tap hitu han
cac tit ngon ngit S € X. Tap S dudc goi la day du ngit nghia, hay dé don gidn goi la day du,
néu

hr € § = kx € S,vivk € H (2.5)

Khai niéem day du bdo ddm rang thang danh gia X ¢ mdi miic sinh tit clia né c¢6 di mit
céc tit ngon ngit sinh bang gia tit. RO rang rang X (4 la day di ngit nghia.

Vidy, ta xét mot DPSGT AX v6i G = {bad, good}, H = {R,V}, trong d6 cac chit céi la sy
rit gon tuong ing clia cac tit Rather va Very. Gia st S = {V_bad, bad, R_bad, medium, R_good,
good, V_good}. Thang danh gia nay la day di va duge biéu thi bing dang cay nhu trong Hinh
2.2. Tinh day di ctia tap S duge kiém chitng bang cach xét cac niit con ctia mot nit cha, néu
chiing sinh tit cha bang gia tit thi c6 di mat cic gia tit R va V.

Tap Xo 1a tap sap tuyén tinh véi quan he thi ty 1a: V_bad < bad < R_bad < medium <
RR_good < R_good <V R_good < good < V_good.

medium
bad good

V_bad R bad R _good V_good
Hinh 2.1. Cay biéu dién tap S

Duéi day chiing ta dua ra cach biéu dién thong tin bo 4 ctia cac tit ngon ngit trong thang
danh gia ngbén ngt.
Dinh nghia 2.2. Xét mot DSGT AX = (X, G, C, H,<) dugc trang bi mot do do tinh
md fm. Gia st [ 1a s6 nguyen duong. Biéu dién bo 4 mic [ clia mot tit ngon ngit s € X 1a
bo 4 ngt nghia (s, v(s),r,Si(s)), trong d6 v(s) la gia tri dinh lugng cta tit s, S;(s) 1a khoang
lan can ngit nghia mic [ cta s, goi 1a mitc lan can, va r,v(s) € S;(s). Hieu s6 r — v(s) duge
goi la do léch ngit nghia ctia gia tri dugc chon r.

Khac véi bieu dién bo 3 trong [7], cac tit s khong bi rang budc phai c6 ciing do dai va
thém thanh phan méi r. Thanh phan nay bdo dam cac phép tinh két nhap trén bo 4 1a déng.
Ngoai ra, vé thuc tién né cho phép cac chuyéen gia cé thé cho diém danh gid bing s6 thuc
trong mién tham chiéu ctia bién ngon ngi.

Vi ta khong thé tinh toan tryc tiép trén cac tit s, cach bicu dién ngit nghia ctia tit nhu
vay cho phép ta tinh toan trén gia tri thuc r. Y nghia ciia anh xa ngtt nghia dinh lugng v(s)
la gia tri thuc mang nhicu thong tin ctia tit s nhat va c6 thé xem né tuong tng véi tam diem
(core) clia tap md biéu thi ngit nghia ctia s. V6i ¥ nghia do, hi¢u s6 r — v(s) mang thong tin
veé do phit hgp ctia r d6i vé6i tit s. Nhu vay thay vi tinh toan trén cac chi s6 clia tap S, trong
cach tiép can nay ching ta tinh todn trén s6 thuc 7 ndm trong lan can Sj(s)-khoang lan can
ngit nghia cla s.
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2.3. Xay dung biéu dién bo 4 ngit nghia cho thang danh gia ngén ngit

Trong nhiéu mo hinh ting dung ngudi ta mong mudén cho phép cic chuyén gia danh gia
cac tieu chi dbi vé6i cac dbi tugng can danh gia dé ra quyét dinh theo thang diém ngon ngit.
Xét mot thang danh gia ngon ngit S c¢6 thit ty tuyén tinh dya trén ngit nghia ctia ching.

Gia stt tap thang danh gia S c6 tinh chat “ké tiép”, bdo dam tinh da dang ctia thang danh
gid ngdn ngi, sau:

(Vs € 8)(3s' € 8)(3h € H)(s = hs') (2.6)

Y nghia ctia (2.6)) la thang danh gi4 ngon ngit lien tuc vé mitc mo t& ngi nghia sinh ra béi
cac gia t1t: khong cé ti nao trong thang danh gidé ma phdi s dung hai lan tdc dong gia ti ké
tiép vao mot i nao dé da cé trong thang danh gia mdi sinh dugc ra né. N6i khac di, néu can
hai lan tac dong gia ti thi c6 nghia trong tap S con thiéu mot s6 tit ngon ngit nao do.

Vi du, thang danh gia ngon ngit S = bad, medium, RR_good, VR_good, good, RV_good,
VV_good la khong day vi “RR_good” chi c6 thé sinh dugc tit “good” trong S bing viec st
dung hai lan tac dong lién tiép gia ti R.

Thang danh gid ngon ngit bang bo 4 ngit nghia duge dinh nghia nhu sau.

Dinh nghia 2.3. Cho mot thang danh gid ngon ngit § C X gom cac tit ngdn ngit, va mot
s6 nguyéen duong [, mot biéu dién bo 4 ngit nghia ctia S, {(s,v(s),r,8(s)) : s € §,r € S(s)},
r 1a ki hieu bién thie, duge goi 1a mot thang danh gia ngon ngit dia trén bo 4 ngit nghia
néu tap S(s): s € S lap thanh mot phan hoach ctia doan [0,1], tiic 1a ta co:

(i) S(s) € S(s') = 2,Vs,s' € S vi s # §';

(ii) S(s) = [0,1].

Gia tri thic 7 trong bo 4 ngit nghia déng vai tro nhu diém thic trong thang danh gia thiec
trong truong hop kinh dién. O day doan [0,1] 1 thang diém thuc duge chuan héa dé tien trinh
bay vé phuong phap luan. Méi quan hé dinh luong giita s va 7 thé hién quan hé ngit nghia
trong bicu dién bo 4. Diéu kién (i) bdo ddm rang mot gia tri thuc r khong thé 1a biéu thi cling
lic cho hai tit ngon ngit khac nhau. (ii) néi rang bat ky gia tri nao ctia thang diém thyc cling
c6 thé duge chon dé bic¢u thi mot tit ndo do trong S véi do sai lech duge do bang 7 — v(s).

V6i cach biéu dién bo 4 ngit nghia viéc so sanh hai bo dude xac dinh béi thit tu cia cac
tlt s trong S va thi tu cia gid tri thuc trong thanh phan thit 3 ciia bo 4. Cu thé la:

(sisv(si), 13, 8(si)) <a (s5,v(s5),75,S(sj)) néu s; < s; hodc s; = s; & ry <rj.
VA (sisv(si), 13, 8(si)) =a (s5,v(s5),75,8(sj)) néu s; = s; & r; = ;.

Vi {S(s) : s € S} lap thanh mot phan hoach, c6 thé thay ring (s;, v(s;), i, S(s;)) <
(sj,v(s4),75,8(s5)) & r; < rj. Mot bai toan dat ra la, cho thang danh gia ngon ngit S, c6
thé hay khong xay dung duge mot thang danh gia ngon ngit duta trén bo 4 ngit nghia cho S.

Gia stt kg 1a do dai 16n nhat ciia cac tit trong S, nghia la kg 1a can trén ding ctia céc |s|
v6i moi s trong S. Ta sé dua trén cac khoang tinh md ctia § dé xay dung cac khoang S(s),
v6i 1 1a mic lan can. Trude hét ta dua ra khai niem “Khoang lan can ké” clia s.

Nhu trén, ta ki hieu X; 1a tap cac tut trong X c6 do dai [. Xét tap cac khoang tinh mo
mic [, I; = {Ji(x) : € X;} = U{{Ti(hiu) i € [—q,p]} : v € X;_1}. V6i | > kg, nhu ching
ta biét cac gia tri v(s),s € S, déu la cdc dau mut cia cac khodng tinh mo mic . Hgp cla
hai khoang tinh md mitc [ ¢6 cliing chung dau mit v(s) duge goi 1a khodng lan cin ké cia s,
seS.

Menh dé 2] chiu sit rang buoc 1a 2 < p, ¢ duge md rong bang ménh dé sau.

Meénh dé 2.2. Gid st tap S co tinh chat ké tiép. Khi dé matc | nhé nhat dé cic khodng lan
can ké cia v(s), cing ki hieu la Sy(s), vdi s € S, roi nhau la:
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(i) Il =ks+1, vdip,q>2;
(i) l=ks+2 vdip=1 hoac g =1.

Ménh dé 2.2l bdo ddm ring doi v6i tap S 6 tinh ké tiép ta luon luon xay dung dudce hé
khoang lan can mic ! r6i nhau. Viec mé rong mot hé khoang rdi nhau nhu vay dé no tré thanh
phan hoach ctia [0, 1] 14 khong khé khan vé miat thuat toan.

Sau day ta dua ra thuat toan xay dung biéu dién bo 4 ngit nghia clia tap S cac tit ¢6 tinh
ké tiép.

Thuat toan 2.1. Xay dung biéu dién bo 4 ngi nghia cia S.

Xét danh sach cac tit ngon ngit S = sg, s1,. - -, S, thoa dicu kien (2.4) véi thit ty thoa
man s; < s; néu va chi néu ¢ < j.

V6i [ 1a mot s6 nguyen duong thoa diéu kien trong Ménh de[2:2] xét danh séch I; = {I;(z;) :
zj € Xy,j=0,1,...,n} gom cic khoang tinh m& mitc ! théa dieu kien [;(x;) < I(z) khi va
chi khi j < j’. Ki hi¢u khoang lan can lién ké mic [ 1a S;(s),s € S.

Xét vi tit Incl(L;(x;), Si(s;)) noéi rang khoéng I;(z;) chita trong khoang S;(s;).

Bude 1: Xuat phat tir so(i := 0) va tit khoang tinh mo dau tiéen Jj(z7)(j := 0) trong danh
sach I;. Luu gia tri chi s6 0 vao bién Index;
- Kiém tra diéu kien Incl(J;(z;), Si(s0)) lan lugt déi véi cac Ji(z;) cho dén khi tim
duge j dau tién thoa dieu kien Connect(Ji(x;),Si(so)) = “true”. Dat Tempy(so) :=
Si1(50) U Y maea<i<;Ii(zr). Thay j tim duge vao bién Index va tang chi so j them
1,5 = +1.

Budc 2: Tang 1 :=1+ 1.
- Kiém tra diéu kien Incl(J;(x;), Si(s;)) 1an lugt tiép céc Ji(x;) cho dén khi tim dugc j
thoa dieu kien Incl(Ji(x;), Si(si)) = “true”. Dat Center = round((j + Index)/2) va dat
S(si—1) == Tempy(si—1) UY mdea<k< Centerli(zr) va dua S(s;—1) vao danh sach NEIGH-
SYS. Dat Temp(s;) := Si(si) UY center<k<;j Ji(xx). Thay j tim duge vao bién Index va
tang chis6 j them 1:j :=j+ 1.
- Néu i < m, quay vé Buée 2.

Budc 3: Dat S(sm) = Si(sm)Y mdea<k<nli(x) va dua vao danh sach NEIGH-SYS.

- V6i mdi s;, tinh v(s;) va thanh 1ap tap bo 4 ngit nghia (s;, v(s;),r, S(s;)), véi r €
S(s;) € NEIGH-SYS da duge xéc dinh trong Bude 2, va dua vao tap OUTPUT.

- Xuat danh sach két qua OUTPUT va két thiic thuat toan.

Dinh 1y 2.1. . Vdi | théa mdan Ménh de[2.2, thudt todn luon luon ding, do phic tap tuyén
tinh va két sudt (ouput) ciia Thudt todn 2.1 la mot phan hoach cia doan [0,1]. Do dé, tdp
bicu dién bo 4 {(s,v(s),7,8(s)) : s € 8,7 € S(s)} ciia S la thang ddanh gid ngon ngw dua trén
bo 4 mgt nghia.

Chiitng minh. Theo gid thiét cia [, cac gia tri v(s;), 1 =0,1,...,m, déu la cac dau mat cia
cac khoang tinh mo muec ! trong I} = {Ji(z;) : z; € X;,5 = 0,1,...,n}. Cha y rang ho
I, 13 mot phan hoach ctia doan [0,1] va, do vay, luon ton tai khoang J;(z;) théa dieu kien
Connect(Ji(z;), Si(si)) = “true”. Theo Dinh 1y 2.2, giita hai gia tri lién tiép bat ky, v(s;) va
v(si1+1), déu c6 it nhat 2 khoang tinh mo ctia I;. Mot nita s6 cac khoang d6 duge st dung



248 NGUYEN VAN LONG, HOANG VAN THONG

dé xay dung khodng lan can S(s;) v nita con lai dé xay dung S(s;11). Luu y ring tat ca
cac khoadng tinh m& mitc [ mam bén trai v(sg) dude sit dung dé xay dung S(sg)) va tat ca
cac khodng tinh md mitc I mam bén phai v(s,,) dugc sit dung dé xay dung S(s,,). Tit do
suy ra tap {S(s;) : i =0,1,...,m} tao thanh mot phan hoach cia doan [0, 1].

Theo cach xay dung, luon luon c6 2 khodng tinh md mitc [ ké bén trai va ké bén phai

clia v(s;) nam trong S(s;) va do d6 v(s;) € S(s;),i=0,1,...,m.
Ta thay rang thuat toan chi duyét mot lan danh sach I; va do d6 dé dang chitng minh
cac khing dinh con lai trong phat biéu dinh 1y trén. |

3. CAC PHEP KET NHAP TREN CAC BO 4 NGU NGHIA

3.1. Bai toan két nhap va phép két nhap

Trong thiic té c¢6 rat nhiéu van dé dan dén bai todn tim y kién danh gia lam dai dién chung
cho ¥ kién ctia cac chuyén gia vé mot van dé nao dé. Viec tong hop va két hop cac ¥ kién rieng
clia ting chuyén gia duge goi 1a viéc két nhdp (aggregation) va phép tinh thuyc hien viec két
nhap cac ¥ kién rieng biét duge goi 1a phép két nhap (aggregation operator). Trong cach tiép
can tinh toan trén tit, thang danh gia 1a thang cac tit ngon ngit va phép tinh két nhap cing
phai cho két qua la mot tit trong thang diém.

Tuong tu nhu trong [4,5,7], ching ta sé md rong cac phép két nhap thong thuong trén s6
thiyc “dai dién” ngit nghia dinh lugng trong biéu dién bo 4 ngit nghia clia céc tit trong S.

Trong phan nay ta xét mot thang diém ngon ngit dua trén bo 4 ngit nghia cia § =
805 815+« +y Sm, 1§ = {(sia U(si)v T4, S(sl)) RS S(sl)7Z =0,1,.. "m}'

Tuong tu nhu trong [5], ta dinh nghia anh xa sau:

A:[0,1] = Tg,A(r) = (si,v(si), 7, 8(s;)), 7 € S(s4), v6ir € 0,1] (3.7)

Dinh nghia dnh xa (3.1) 1a chinh vi ho {S(s;) : ¢ = 0,1,...,m} 1a mot phan hoach cta
[0,1] nén chi ton tai duy nhat mot ti s; thoa man (3.1).
Anh xa nguoc A ! duge xéc dinh béi cong thiic

A7 ((si,v(8), 7, 8(s4))) = r,7 € [0, 1] (3.8)

Dinh nghia 3.1. Cho g 1a4 mot phép két nhap p—ngoi trén cac s6 thyc ctia doan [0, 1],
g : 10,1 — [0,1]. Phép p—ngdi gx, g : (Ts)? — Tg, dugc goi la phép két nhap md rong
clia phép két nhap thong thuong ¢ sang mién cac bo 4 chita cac tit ngon ngit néu né duge
dinh nghia nhu sau:

Véi vecto di lieu ((sik, v(sik), rik, S(sik)) : k=1,...,p),

9" ((si1, v(si1), i1, 8(5i1))s - - -, (Sip, V(Sip)s Tip, S(5ip))) = Alg(rin, - - -, g(rip)) (3.9)

Dinh nghia phép két nhap trén tit dua trén biéu dién bo 4 ngit nghia ctia chiing mang
nhiéu thong tin ngit nghia ctia tit hon so véi viéc thye hién phép két nhap trén cac chi sé vi
nhitng 15 do sau:

(i) Céc khoang lan can S(s;) ctia cac tit mang ngit nghia dinh lugng ctia cac tit v6i miic
tinh mo [. Ching duge xéc dinh dya trén do do tinh md cta cac tit ngon ngit. Vi vay,
gia tri thuc r; ciing mang nhiéu thong tin ngit nghia ctia tit nhiéu hon cac chi s6 cia
ching;
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(ii) Theo dinh nghia ctia bo 4 ngit nghia, gia tri ngit nghia dinh lugng v(s;) ctia s; c6 the
duge xem la gia tri thuc mang thong tin ngit nghia phit hop véi si nhat va hiéu sb
(ri= —v(s;+)) cho ta thong tin vé do lech clia viee chuyén ddi gia tri thue vé gia tri ngon
ngu.

Sau day ta chi ra mot s6 phép két nhap thong dung.

1) Phép trung binh cong so hoc

Cho cac bo 4 ngit nghia trén thang diem T, (sik, v(sik), ik, S(sik)), k = 1,...,p. Theo
Dinh nghia B} phép két nhap trung binh s6 hoc

Garith(Q1, - . ., a § ag

Py
cadm sinh mot phép két nhap trén cac tit véi biéu dién bo 4 ngit nghia sau:
. 1
garith((silv ’U(Sil), Til1, S(Sil)), sy (Sip, ’U(Sip), Tips S(SZ;D))) = A(_ Z Tik) (310)
p 1<k<p
nghia 1a gia tri clia ggrin 18 b0 4 (s4%, v(8%), % Zlgkgp Tik), S(si+)) ung véi i* sao cho
1
— Z Tik € S(Si*).
Py

2) Phép trung binh cong cé trong so ‘
Cho cac bo 4 ngit nghia trén thang diem T's, (sik, v(sik), 7ik, S(sik)), k = 1,...,p. Phép
trung binh c6 trong sd thong thuong

Gueight(a1, . .., ap) = § wrak, wg = 0 va g wg = 1.
1<k<p 1<k<p

cam sinh mot phép két nhap trung binh c6 trong s gy ;. Sau:

g;kueight((silv ’U(Sil), 731, S(Sil)), ERE (Sip, ’U(Sip), Tips S(slp))) = A( Z wkrik)
1<k<p

nghia 1a gia tri ctia g;kueight 14 bo 4 (s4+,v(84+), Zlgkgp WgTik, S(8;+)) tng véi ¢* sao cho
Z wirik € S(8+).
1<k<p

3) Phép két nhap trong so cé thit tu (ordered weighted aggregation operator)
Cho cac bo 4 ngit nghia trén thang diem T's, (sik, v(sik), 7ik, S(six)), k = 1,..., p. Phép
két nhap trong s6 c6 thit ty thong thuong

> <
GOr-weight(at, - . ., ap) = § wrag, wg > 0 va § wy =1,
1<k<p 1<k<p

trong d6 vecto (aT, ..., af) thu duge tir viec sdp xép day aq, .. ., a, theo thi tu giam dan, sé
cam sinh mot phép két nhap trong s6 c6 thi tu Geight SAU:

g*Or—weight((sila ’U(Sil), i1, S(Sil)), sy (Sip, ’U(Sip), Tip, S SZP Z wkak
1<k<p
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nghia la gia tri cia gy,.; n, 18 b0 4 (si=, v(si+), D1 << wkaf, S (si)) tng v6i ¢* sao cho

Z wkaf € S(s+).

1<k<p

3.2. Vi du minh hoa m6 ta cic phuong phap tiép can

Ta hay lay vi du viéc giai bai todn quyét dinh ngon ngit (Linguistic decision problem) dé
so sanh gitta hai phuong phép tiép can.

Trong [4,5] dua ra vi du vé bai toan ting dung nhu sau. Gia st mot cong ty phan phoi
mudn ky hop dong véi mot cong ty tu van lam mot béo cdo phan tich tong quan vé cac kha
ning cung cap cac gidi phap xay dung hé may tinh hién cé trén thi trudng dé quyét dinh
phuong an phut hgp nhat cho nhu cau cia cong ty. Nhitng phuong an Iita chon bao gom:

T T2 L3 T4
Unix | Windows-NT | AS/400 | VMS

Cong ty tu van lap mot nhém gom 4 phong thye hién tu van nay, bao gom

p1 P2 b3 yZ"
Cost analysis | System analysis | Risk analysis | Technology analysis

Mabi phong cung cap y kién danh gia ciia minh déi véi ting phuong an (Alternatives) bang
mot vects danh gia dya trén y kién chuyén gia (Expert) biéu thi qua thang diém ngon ngit
S =X ={FL,VL,L,M,H,VH, EH}, trong d6 céc ky hi¢u trong S la cac chit viét tat
cua “Extremely Low”, “Very Low”, “Low”, “Medium”, “High”, “Very High” va “Extremely High”.
Cac y kién duge cho trong bang sau:

Al
xr1 ) X3 T4
Ex
P1 Vi m m l
D2 m l Vi h
D3 h Vi m m
D4 h h l l

Chiing toi thyc hién gidi bai toan nay vdéi phuong cac phuong phap trinh bay & trén va
so sanh két qua trong bang 3.1. Dudi day ching to6i mo ta chi tiét phuong phap giai dya trén
biéu dién cac tit bing bo 4 ngit nghia.

So vé6i vi du trong [4], 6 day ching ta da thay tit N (Negative) bang tit EL (Extremely
Low) va P (Positive) bang tit EH (Extremely High). D6i v6i 3 phuong phéap trén, viec thay
doi nay khong anh huéng dén ban chat ctia phuong phap luan vi thang diém ngon ngit chi
13 mot day cac ky hieu ngon ngtt. Y nghia céc tit chi ¢6 tinh goi nhé va than thien véi nguoi
dung. Tuy nhién, theo cach tiép can dya trén ngit nghia cia DSGT, ngit nghia ciia cac ky
hieu lai quan trong. Viéc thay doi nhu trén dé bao dam cac tit sé ndm trong tap nén ctia mot
DSGT va, tat nhien, viéc chon nay sé anh hudng dén két qua tinh toan.

Gia st cac tu trong S = {FELl, VI, l,m, h,Vh, Eh}, trong d6 I := Low, h := High va m
:= Medium, c6 ngit nghia dinh lugng trén khong gian tham chiéu [0,1]. S 1a mot tap con
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trong mot DSGT AX = (X, G, C,H,<),v6i G = {l,h}, H = {R, Lt}, trong d6 R la viét
tat clia tit “Rather” va Lt 1a viét tat ctia tit “Little”, HT = {V, E}.

Gié stt do do tinh mo cta cac tt duge cho nhu sau: fm(l) = 0.5 = fm(h), p(R) = p(E) =
0.24; u(V) = p(Lt) = 0.26. Theo Ménh dé 211 ta c6 biéu dién bo 4 véi mite ngit nghia [ = 3,
nghia 1a viéc tinh cac lan can ngit nghia ctiia S dya trén cac khoang tinh md ctia cac tit X3 .
Két qua tinh toan thu duge nhu sau:

S3(E1) = [0, (0.0288 + 0.0312) x 2) = [0, 0.12); v(El) = 0.06
S3(V1) = [0.12,0.0338 + 0.0312 % 2) = [0.12, 0.2162); v(V1) = 0.185
S3(1) = [0.2162, 0.0338 + 0.12) = [0.2114, 0.37); v(l) = 0.25
S3(m) =[0.37,0.13% 2) = [0.37,0.63); v(m) =0.5
S3(h) = [0.63,0.12+ 0.0338) = [0.63, 0.7838); v(h) = 0.75
S3(Vh) = [0.7838,0.0312 % 2 + 0.0338) = [0.7838, 0.88); v(VR) = 0.8488
S3(ER) = [0.88, (0.0312+ 0.0288) * 2) = [0.88, 1.0]; v(ER) = 0.94

Khi dé ta hoan toan chi ra dugc cac gia tri bo 4 ciia thang danh gia ctia §. Ching
han ta c6 cac gia tri: (E1,0.06,r,[0.0,0.12)), r € [0.0,0.12); (V'1,0.185,7,[0.12,0.2162)), r €
[0.12,0.2162); (Vh,0.8488,r,[0.7838,0.88)), r € [0.7838,0.88) ...

De so sanh, tuong tu nhu’ ddi véi truong hgp bicu dlen bang bo 2 trong [5,8], ta sit dung
phép két nhap trung binh s6 hoc:

Déi v6i phuong an @1 : (0.185 4 0.5+ 0.75 + 0.75) /4 = 2.185/4 = 0.54625 € S3(m)

Ddi véi phuong an 5 : (0.5 + 0.25+ 0.185 4 0.75) /4 = 1.685/4 = 0.42125 € S3(m);

D6i véi phuong an x3 : (0.5 + 0.185 + 0.5 + 0.25) /4 = 1.435/4 = 0.35875 € S3(m);

Ddi véi phuong an 24 : (0.25 + 0.75 + 0.5+ 0.25) /4 = 1.75/4 = 0.4375 € S3(m);

Theo dinh nghia thit ty trén cac bo 4 ngit nghia, 1 la phuong an duge lya chon. Nhu vay,
phuong an z1 c¢6 diém ngon ngit bicu thi bang bo 4 ngit nghia (m, 0.5,0.54625, [0.37,0.63))
la cao nhat va tring véi két qua lya chon ctia phuong phap bicu dién bang bo 2 du’cjc trinh
bay & diém 3).

Bang 3.1 So sach cac két qua 10i gidi ctia 4 phuong phép, cac 6 chit dam 1a cac phuong an
dugc lya chon.

b

Phuong phap Phuong phap Phuong phap dua Phuong phap giai dya trén
Phuong biéu dién ngit dya trén ky hiéu trén biéu dién biéu dién cac tit bing

an nghia céac tu ngdn ngl trong dién cac tu bd 4 ngit nghia.

bing tap md thang diém bing bo 2
z1 app1(Cr1) = m m (m, 0.0) (m, 0.5, 0.54625, [0.37, 0.63))
T2 app1(Cz2) = m m (m, —0.5) (m, 0.5, 0.42125, [0.37, 0.63))
3 app1(Caz) = 1 1 [, 0.25) (1, 0.5, 0.54625, [0.2114, 0.37))
T4 app1(Czs) = m m (m, -0.25) (m, 0.5, 0.4375, [0.37, 0.63))

Phuong phap biéu dién bo 4 v bo 2 cho phép chon mot phuong an t6t nhat trong khi do
phuong phap bicu dién ngit nghia cac tit bang tap md va bing ki hiéu ngon ngit trong thang
diém lai cho phép chon ci 3 phuong an.

4. KET LUAN

Bai toan lay quyét dinh vdi thong tin mo dan dén cac cach tiép can khac nhau trong
viec giai bai toan két nhap cac ¥ kién danh gia dua trén thang diém danh gia ngon ngit. Cac
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phuong phép dua trén bicu dién ngit nghia bing tap md thudng mat mat thong tin trong viec
biéu dién ngit nghia cc tit ngdon ngit va trong tinh toan trén céc tit. Ching han viéc tinh todn
trén céc chi s6 ciia thang diém ngon ngit da duge sap tuyén tinh 1a khong ty nhien, vi cac chi
s6 bicu thi qua it thong tin vé ngit nghia ciia céc tit ngon ngit. DSGT cung cap cho ta cong cu
biéu dién thong tin ngon ngit véi nhiéu uu diém dang ké: (i) Cau tric DSGT phan anh kha
trung thanh ngtt nghia cac tit ngon ngt; (ii) C6 ton tai moi quan hé chat ché va phong phu
gitta ngtt nghia dinh tinh v& dinh lugng; (iii) Viéc biéu dién ngit nghia nhd bo 4 ngit nghia
mang nhiéu thong tin. V6i nhitng wu diém nhu vay phuong phép méi dé biéu dién va két nhap
cac thong tin ngon ngit duge dé xuat trong bai bdo sé bao ham duge nhitng thong tin ngit
nghia hitu ich trong viéc giai céc bai toan tng dung.

Nhu ta da phan tich § trén, phuong phap méi chit loc duge nhiéu thong tin ngit nghia
cua tit ngon ngit. Ngoai ra, pham vi tng dung ctia phuong phap rong va linh hoat hon vi n6
tao ra kha nang xay dung phuong phap danh gia cho phép vita cho diém ngon ngit, vita cho
diém thite. Dé so sanh chitng t6 hiéu ning ctia phuong phép, sit dung phuong phép duge dé
xuat dé gidi bai todn da dugc gidi bing cac phuong phap khac. Két qua chi ra ring phuong
phap mdi cho két qua t6t va dé sit dung do tinh mém déo ctia n6 (cho phép danh gid bang
diém thuc hoiic ngon ngw, tinh toan két nhap trén cac gia tri ngit nghia dinh luong, nghia la
gia tri thuc, ...).
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