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1
MO DAU
1. Tinh cip thiét cha dé tai

Ra quyét dinh trong ky thuét va hé théng thong tin thudng phai lwa chon hodc xép hang phuong an
theo nhiéu tiéu chi nhu chi phi, chat luong, kha nang tich hop, do tin cdy va an toan. Khi co nhiéu
chuyén gia, nha quan 1y hodc nhom lién quan cung tham gia, bai toan tré thanh MCGDM. Nhiéu tiéu
chi trong thyc t& mang tinh dinh tinh nhu danh gia mic d6 phu hop cong nghé, chat luong dich vu,
mirc d6 sin sang chuyén dbi s6 hodc rui ro. Chuyén gia thuong danh gia cac tiéu chi nay bang tir ngdn
ngit thay vi gia tri s6 rd. Tuy nhién, thong tin ngdn ngir c6 tinh mo hd, khéng chic chan, chi quan va
phu thudc ngit canh, nén can mot md hinh cé kha nang bao toan cau tric ngit nghia trong toan b quy
trinh ra quyét dinh. Do d6, can mo hinh MCGDM ngén ngir c6 kha ning bao toan cau tric ngir nghia
trong toan bo quy trinh ra quyét dinh.

Céc tiép can dya trén tip mo, FAHP, FTOPSIS, 2-tuple va 4-tuple da c6 dong gop quan trong. Tuy
nhién, nhiéu md hinh van phu thudc vao ham thudc, s6 mo, gidi mo, anh xa X'Zip xi hodc 1op biéu dién
khac nhau, nén c6 thé 1am giam tinh minh bach va tinh thong nhit ngi nghia. Dai s6 gia tr (HA) cung
cép cAu tric toan hoc dé mo hinh hoa mién tir theo trat tu nglr nghia; do do tinh mo va ham dinh luong
ngit nghia cho phép dinh luwong tir ngdn ngit, ddng thdi gdp phan bao toan ngit nghia.

Tir tong quan nghién ctru, cho thiy ba khoang trong can duoc 1am ré nhu sau: TOPSIS/FTOPSIS
chua khai thac dz‘?ly du cAu trac ngir nghia cia HA khi x4c dinh PIS/NIS va xép hang; MCGDM dua
trén HA chua tich hop day du viéc xac dinh trong s6 cua tiéu chi c6 kiém soat nhit quan véi xép hang;
MCGDM ngdn ngit dua trén HA con cha yéu xét bdi canh tinh, trong khi bai toan thyc tién bién ddi
theo thoi gian, c6 dit liéu lich sir va dit lidu khuyét thiéu. Vi vay, phét trién cac mé hinh MCGDM
trong moi truong thong tin ngdn ngir dua trén HA 1a can thiét, tao co s¢ cho HA-TOPSIS, EFAHP -
4-tuple - HA va L-FAHP - L-FTOPSIS dong dua trén HA.

2. Muc tiéu nghién ciru

Muc tiéu tong quét ctia luan an 14 phat trién cac mé hinh MCGDM trong méi truong thong tin ngon
ngtr dua trén HA, tir xay dung thang do, dinh lugng nglt nghia, x4c dinh trong sb cua tiéu chi, kiém
soat tinh nhat quan, két nhap danh gia nhom dén xép hang phuong 4n va mé rong sang bdi canh dong.
Céac muyc tiéu cu thé gdbm: xdy dung mo hinh HA-TOPSIS; phat trién mé hinh tich hop EFAHP - 4-
tuple - HA; xdy dung mé hinh L-FAHP - L-FTOPSIS dong dua trén HA; kiém ching qua bai toan
lwa chon nha cung cap phan mém va dénh gid mutc do sin sang chuyén ddi s6 cia SMEs.

3. Pdi twong, pham vi va phwong phap nghién ctru

Pbi twong nghién ciru 1a bai toan MCGDM ngdn ngir theo hudng tiép can HA.

Pham vi nghién cutru tap trung vao biéu dién va dinh lugng nglr nghia, xac dinh trong sb cua tiéu
chi c¢6 kiém soat nhat quan, két nhap y kién chuyén gia, xép hang phuong an va xur 1y bdi canh dong.
Luan an khong dat muc ti€u bao quat toan bd MCDM/MCGDM, khong kiém ching trén moi mién
g dung va khong phat trién hé hd tro ra quyét dinh hoan chinh.

Phuong phap nghién ciru gdm phan tich tai liéu, mo hinh héa toan hoc, phat trién thuét toan, phan
tich tinh chat, thuc nghiém, phéan tich do nhay va d6i sanh két qua.

4. Céu tric cia ludn an

Luan 4n gdm phan Mo dau, bon chuong nodi dung, Két luan, danh myc cong trinh cong bd, tai liéu
tham khao va phy luc. Phan M& dau trinh bay tinh cip thiét, muc tiéu, ndi dung, ddi tugng, pham vi,
phuong phéap nghién ctru, dong gdép mai va bd cuc cia ludn an.

Chuong 1, tong quan nghién ctru vé bai toan MCGDM trong méi trudng thong tin ngdn ngir; tong
hop co s& 1y thuyét vé tap mo, FAHP, FTOPSIS, mé hinh 2-tuple, 4-tuple va HA, qua d6 xac dinh
khoang trong nghién ctru.
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Chuong 2, phét trién mé hinh HA-TOPSIS cho MCGDM ngbdn ngit, gdm xay dung thang do HA,
dinh lugng ngu nghia, xac dinh PIS/NIS, do khoang cach ngir nghia, tinh hé s gan va xép hang
phuong an; gan voi [CT1].

Chuong 3, trinh bay mé hinh tich hop EFAHP - 4-tuple - HA nham xéc dinh trong s cua tiéu chi
c6 kiém soat tinh nhat quan trong moi truong HA, két nhap y kién chuyén gia va xép hang trén mién
ngit nghia; gan véi [CT2].

Chuong 4 m¢ rong sang MCGDM dong véi mo hinh L-FAHP - L-FTOPSIS dua trén HA, xt ly
bién doi cua tap phuong an, bo tiéu chi, tp chuyén gia, dir liéu khuyét thiéu va tich hop dit liéu lich
sir theo co ché suy giam ngir nghia; gan véi [CT3].

Két luan tong hop két qua dat duoc, chi ra dong gop, han ché va hudng phat trién. Cac phu luc
cung cap bang sb liéu, két qua tinh toan va minh chimg thuc nghiém phuc vu kiém chirg mé hinh.

CHUONG 1. TONG QUAN NGHIEN CUU VE BAI TOAN MCGDM NGON NGU VA
CO SO LY THUYET DUA TREN PAI SO GIA TU
1.1. Bai toan MCGDM ngon ngir
Bai toan MCGDM ngon ngit dugc phat biéu nhu sau:
(i) Pau vdo ciia bdi todn:
Cho ba tip gbébm tdp phuong an A= {4y, A, ...,Apn},(Mm>2); tip tiu chi C=
{C,,Cy, ...,Cp},(n = 2) vatap chuyén gia D = {D;, D5, ..., Dy}, (h = 2).
Véi mdi chuyén gia D, € D danh gia phuong 4n A; € A theo tiéu chi C i € C duoc biéu dién dudi
dang ma tran danh gia quyét dinh:
= (@), (1.1
trong d6, a;; 1a danh gid ngon ngit cua chuyen gia D¢ € D dbi voi phuong an A; € A trén tiéu chi
C; € C:véie=1 . hi=1 .. m;j=1, ..,
Khi bai toan co xét tam quan trong tuong déi clia cac tiéu chi, ta co véc-to trong sd:
W = (Wy, .., W,)T, voi W =0vaYi =1 (1.2)
‘ Trong pham vi luan an, danh gia cic phuong an va tam quan trong cﬁ,a tiéL} chi déu dugc biéu dién
bang cac tir ngdn ngir. Do‘ do, mo h‘inh phai xur Iy tinh mo ho, khong chac cbén, chu quan va cau trac
ngit nghia cia thong tin dau vao, dong thoi bdo toan trat tuw nglr nghia khi két nhdp va xép hang.
(i) Pdu ra ciia bai todn: Xép hang cac phuong an 4; € A
Luéan an tap tr}mg vao bai todn lya chon yé xép hang, v6i hai giai doar} cot 161 1a x4c dinh trong sb
cua ti€u chi va xép hang phuong 4n trong bdi canh tinh va dong. Trong boi canh dong, tdp phuong an,
bd tiép chi’, tap chuyén gia va dir li¢u danh giéf co thé thgty in theo t}ldi gian, kém dir li¢u lich s&:
khuyét }hiéu. Vi vay, HA dugc st dung lam nén tang bi€u dien va két nhap théng’ tin ,ngén ngl dé’
phat trién khung phuong phap luan cho bai todn MCGDM ngdn ngit theo hudng ndi ti€p, co tinh ké
thf{a va mo rong: tr mo hinh HA-TOPSIS x&p hang phuong an trét} mién nglt nghia, dén ké thtra phat
trién mo hinh tich hgp EFAHP - 4-tuple - HA va mé rong sang boi canh dong xay dung mo hinh L-
FAHP - L-FTOPSIS dong dua trén HA.
1.2. Co 56 1y thuyét nén tang
1.2.1. Ly thuyét tap mo va bién ngon ngir
Tap mo cua ‘Zadeh biéu didn muc d6 thudc cua phﬁn tir qua ham thudc, tao co s& mo hinh hoa
thong Fin mo h6 trong MCDM va MCGDM. Bién ngdén ngit cho phép tir ngdn ngir tré thanh gia tr’i
cﬁa, bié’n, ho trg tinh todn véi tir. Tuy nhién, nglt nghia cta tu: phu thudc vao ham thudc va tham so
thiét ke, tao dong luc st dung cadc md hinh tinh toan véi tir d€ xur Iy ngir nghia chat ché hon.
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1.2.2. Cac moé hinh tinh toan voi twr trong moi truwong ngon ngir

Céc mo hinh tinh toan véi tir 1a co s¢ xur Iy danh gla ngdn ngir trong MCDM/MCGDM. Tiép c4n
nguyen Iy mo rong thao tac trén ham thudc nhung 1ay xap xi vé nhin ngdn ngir. M6 hinh ky hiéu dung
chi sd, thuan tién tinh toan song d& mét thong tin khi lam tron. M6 hinh 2-tuple thuong gia dinh thang
do ngdn ngir phan bd déu va dbi xtmg, viéc tinh toan van dya trén chi s6 6 thuc va anh xa nguoc vé
nhan nén thiéu co s dai s6 dé xtr Iy cac quan hé ngit nghia. Cac gidi han nay 1a co so dé luan an lua
chon HA 1am co so 1y thuyét nén tang.
1.2.3. Ly thuyét Dai sé gia tir
1.2.3.1. PBinh nghia HA

Pinh nghia 1.1. [53] Mdt HA AX ciia mét bién ngén ngit X la mét bé gom bon thanh phan: AX =
(X, G, H, <). Trong dé: X la tdp cdc tir ngén ngir ciia bién X, véi X < Dom(X); G = {g~, g*} la tp
cdc phdn tir sinh, trong dé g va g* twong img la phan tir sinh nguyén thity dm va dwong, théa mén
quan hé ngir nghia g~ < g*. H la tdp cdc gia tir ciia bién ngén ngw/\’ <la quan hé thir tw duoc cam
sinh béi ngit nghia von c6 cia cdc tir ngén ngit trén tdp X. Gia thiét rang mién gid tri cé chira cdc
phan tir hang (0, W, 1) lan lwot biéu thi phan tir bé nhdt, phan tir trung hoa (neutral) va phan tir I6m
nhdt trong X, sao cho 0< g~ <W< g+t <1.
1.2.3.2. B do tinh mo cua gia tri ngdn ngix

Pinh nghia 1.2. [52] Cho AX*= (X, G, H, 6, ¢, <) la mét HA tuyén tinh day dii (Com HA) ciia bién
ngon ngit X. Mot anh xa fm: X — [0,1] dwoc goi la mot do do tinh mo cua cac tu ngon ngir trong X
néu théa man cdc tinh chdt sau:

i) fiy la mot @6 do day dii trén X, tirc la: fmy(g) + fin(g*) =1 va Sheu fip(hu) = fiy(u), Vue X;

ii) fm(x) = 0, V'x thoa man H(x) = {x}; dac biét, fm(0) = fm(W) = fm(1) = 0;

fm(hx) Sm(hy)
iii) Vx,y e X, Vh e H, u(h) = e fmo)

dwoc goi la do do tinh mo cua cac gia tw, ky hiéu la u(h).

ty s0 nay khong phu thuoc vao x va y, va no

Tir (i) va (iii) ta co cong thirc tinh dé quy dé do tinh mo cia x = hy,...hygVvoi g € {g, g'} nhw sau:
Sp) = phey)..ifhy) fip (@), trong @6 ), p(h)=1.

heH

1.2.3.3. Pinh lugng ngt nghia cta gia tri ngdn ngir

Pinh nghia 1.3. [52] Cho AX* = (X, G, H, 6, ¢, <) la mét ComHA tuyén tinh. Mot anh xa 9: X—
[0, 1] duoc goi la mot SOM cua AX* néu thoa man cac diéu kién sau:

(i) % la anh xa 1-1 tie tap X vao doan [0, 1] sao cho 9(0) = 0, (1) = 1 va bao toan thw tw ngir nghia
tréen X; tecla Vx,y € X, x <y =23(x) <),

(ii) & lién tuc theo nghia: V'x € X, (ox) = infimum 9(H(x)) va $(¢x) = supremum 9(H(x)).

Pinh nghia 1.4. [52] Cho AX* = (X, G, H, 6, ¢ <) la mét ComHA tuyén tinh va fig(x) va u(h) lan
lwot la mot do do tinh mo cua gia tri ngon ngir x va cua gia tw h. Khi do, mot anh xa 3: X — [0, 1]
dwoc cam sinh boi do do tinh mo dwoc xac dinh nhw sau:

() (W) = 0=fin(g), %) = 0~ ofin(g) = Bfin(2), &) = 0 +afiy(g");

(ii) 9(hx) = 9x) + Cg(hy) {12898 u(h) () = w(hya)u(hyx) fro ()} vii moi j, rong do
~q<j <p.j #0,va w(hyx) = 2[1+ {g(hx)¢g (hyhyx) (B — @)];

(i) (g) = 0, (o) = 0 = ¥(¢g*), $(og”) = 1, va véi moi j, —q <j <p,

8(phyx) = 909+ Ce(hyx) {212 890 u(hd (o)} = 5 (1= ¢g(hyx) ) ) fy o),

8(oh;x) = )+ Cg(hyx) {Z1 2590 uh) @} + (1 + 2g(hyx) ) nlh) Fm ().



1.2.3.4. H¢ khoang tuong tu ngir nghia

Pinh nghia 1.5 [52] Cho mot do do tinh mo fm trén X, mot gia tri k > 0, va tdp hitu han cdac ti
X = {x €EX: |x| <k}, ta xdy dung mét tdp cdc khodng {Sy,(x): x € X} trén mién tham ‘chié’u dd chudn
hoa [0, 1], goi la cac khoang twong tu bdc k (k-similarity intervals), thoa man cdac diéu kién sau:

(i) Cac khoang nay tao thanh mot phan hoach cua [0, 1];

(ii) M6i S, (x) chira diing mét gid tri 9 (x) thuée tip {9(¥):y € X}, trong d6 9 la mét SOM dwoc
cam sinh boi fmy. Khi do, moi gia tri thuéc Sy, (x) dwoc xem la twong ty voi 9(x), hay ndi cach khdc,
twong tw voi y nghia cua tir ngén ngir x o murc bdc k.
1.2.3.5. Thang do ngén ngit biéu dién theo mé hinh 4-tuple ngit nghia

Pinh nghia 1.6 [54] Cho mét bién ngén ngiv X va mién tham chiéu sé da chudn héa [0, 1], mot
biéu dién 4-tuple ngit nghia ciia tir ngén ngit x € Dom (X) dwoc xdc dinh boi:

(x, 9(x), S (x), 720). ,
Trong do: x € Dom (X): la mot tir ngon ngir; S, (x) € [0,1]: la khoang twong tw cua x doi voi tap tie
X, di cho; 9(x) €[0,1]: la gid tri dinh lwong ngit nghia sé cia tir ngén ngit x; 1, € S, (x): la gid tri
tham chiéu nam trong khodng ZLt’O‘I’lg tuy.

Cac khai niém ctia HA nhu cdu trac dai sd ngon ngtt, do do tinh mo, ham SQM hé khoang twong
tu va thang do 4-tuple ngu nghia cho phep biéu dlen dinh luong, so sanh, két nhap va bao toan ciu
trac ngir nghia. Pay 1a nén tang truc tiép cho phat trién cac md hinh MCGDM ngbn ngit dya trén HA
trong cac Chuong 2, 3 va 4.

1.3. Cac phwong phap nén ma luin én ké thira va phat trién

Trong MCGDM, luan 4n ké thira AHP/FAHP dé xéac dinh trong sd cua tiéu chi bang so sanh cap
va kiém soat nhat quan; ké thira TOPSIS/FTOPSIS dé xép hang phuong an theo nguyén ly gan PIS
va xa NIS. Tuy nhién, cac tiép can nay con phu thudc vao sb 13, sé mo, ham thudc hoac giai mo, nén

c6 thé thiéu thong nhat ngit nghia. Vi vy, luan 4n da phat trién chiing trén nén HA, tao co s& cho céc
mo hinh HA-TOPSIS, EFAHP - 4-tuple - HA va L-FAHP - L-FTOPSIS dong dua trén HA.
1.4. Tong quan nghién ciru vé MCDM va MCGDM ngén ngir

Céc nghién ctu MCDM/MCGDM truyén théng da hinh thanh nhiéu khuén khé Iya chon, danh gia
va xép hang nhu AHP, TOPSIS, VIKOR, ELECTRE. Khi chuyén sang méi trudng thong tin ngon
ngtt, caic mo rong dya trén tdp mo nhu FAHP, FTOPSIS; cadc md hinh tinh todn véi tir nhu 2-tuple,
4-tuple gbp phan xir Iy tinh mo hd, bat dinh va giam mat mat thong tin. Tuy nhién, nhiéu mé hinh con
phu thudc vao ham thude, giai mo, anh xa Xép xi hodc thiéu théng nhét ngi nghia gitra xac dinh trong
s6, két nhép va xép hang. Cac m6 hinh MCGDM dya trén HA cho théy kha nang mo hinh hoa trat tu
ngit nghia, dinh luong va bao toan ciu triic mién tir nhung trong s ciia tidu chi thudng duoc gia dinh
truéc hodc do chuyén gia gan truc tiép, co ché kiém soat tinh nhat quan chua duoc tich hop day du
trong quy trinh dya trén HA va chu yéu duoc xay dung trong boi canh tinh.
1.5. Khoang trong nghién ciru va dinh hwéng luin an

Téng quan cho thiy MCDM va MCGDM trong mdi truong ngdn ngit da duge nghién ciru qua
AHP, TOPSIS, FAHP, FTOPSIS, 2-tuple, 4-tuple va HA. Tuy nhién, con ba khoang tréng chinh: Thu
nhat, TOPSIS/FTOPSIS chua khai thac day du trat tu nglt nghia, d¢ do tlnh mo va ham SQM cua HA
dé xac dinh PIS/NIS, khoang cach ngir nghia va xép hang trén cung mién ngir nghia. Thur hai, cdc mo
hinh HA hién co chua hoan thién quy trinh x4c dinh trong s6 tiéu ch1 ¢6 kiém soat tinh nhat quan va
lién thong v6i xép hang. Thir ba, MCGDM duya trén HA con chit yéu mé hinh tinh, chua xur 1y dy du
dir liéu lich str, khuyét thiéu va suy giam ngir nghia. Do d6, luan an dinh huéng lya chon HA 1am nén
tang tiép can dé phat trién khung phuong phap luan cho bai toan MCGDM ngén ngir: tir mo hinh HA-
TOPSIS xép hang phuong an trén mién ngit nghia; dén ké thira va bo sung quy trinh xac dinh trong
sO clia tiéu chi c6 kiém soét tinh nhat quan, phat trién mo hinh EFAHP - 4-tuple — HA; sau d6 mé
rong sang bdi canh dong, xay dung mo hinh L-FAHP - L-FTOPSIS dong dya trén HA.



1.6. Két luin Chuong 1

Cl}uong 1 da hé thong hoa bai toan MCGDM trong méi trudng thong tin ngdn ngit va cac co so 1y
thuyét lién quan: tap mo, CWW, 2-tuple, 4-tuple, AHP/FAHP, TOPSI@/FTOPSIS va HA. Chuong
lam rd yéu cau b’éo toan cau trac ngir nghia, lién thong nglr nghia va kiém soat tinh {1hﬁt quén trong
xac dinh trong s0, két nhap danh gia, xép hang phuong an. Pay 1a co sé cho phat trién cac moé hinh:
HA-TOPSIS, EFAHP - 4-tuple - HA va L-FAHP - L-FTOPSIS ¢ cac Chuong 2, 3 va 4.

CHUONG 2. PHAT TRIEN MO HINH TOPSIS NGON NGU DUA TREN PAI SO GIA TU
2.1. Giéi thi¢éu

Chuong 2 dugc trién khai tir khoang tréng nghién ctru thir nhat: cac moé hinh TOPSIS/ FTOPSIS
hién tai con phu thudc vao sd thuc va sé mo, ham thudc; chua khai thac cau trac trat ty ngit nghia ca
HA @€ xép hang cac phuong an. Trong MCGDM, chuyén gia thuong danh gid phuong an bang tur
ngdn ngilt thay vi so 10; viéc chuyén doi truc ti€p sang so thuc, s6 mo hodc ham thudc c6 thé lam suy
giam trat tu va ndi dung ngir nghia. TOPSIS xép hang phuong an theo nguyén ly gan PIS va xa NIS,
song TOPSIS truyén thong va m¢t s6 mo hinh FTOPSIS con phu thudc vao gia tri s rd va giai mo
hodc mién dinh lugng trung gian. Vi vay, chuong nay phat trién HA-TOPSIS nhdm xay dung thang
do ngon ngtr dua trén HA, dinh lugng nglr nghia bang ham SQM, xéc dinh PIS/NIS, do khoang cach
ngtr nghia, tinh h¢ s6 gan va xép hang trén cung mién ngtr nghia.

2.2. Phat trién md hinh ra quyét dinh HA-TOPSIS

(i) Dit liéu dau vao:

Cho A = {A,A,, ..., A}, m =2; C ={C,,C,,...,Ch.},n =2 va D = {Dy,D,,...,Dy}, h = 2. Hoi
dong chuyén gia D thong nhét xdy dung céc thang do ngdn ngit L(jy, (4 ) va L, (C ) dya trén HA dé
danh gia cac phuong an va xéac dinh trong s6 cua tiéu chi C i € C (v6i k 1a mot sé nguyén, biéu thi cho
céc tir ngdn ngir trén thang do c¢6 6 dai < k; j = 1, ..., n. i vi mdi chuyén gia D€ € D thyc hién:

(1) Xay dung ma tran danh gia cac phuong an theo cong thuc (2.1):

A® = (afj)mxn- (2.1)

Trong d6, af; € L(jy k(A ) 1a danh gia ngdn ngit cia chuyén gia D¢ € D déi véi phuong 4n 4; € A
tréntiéuchi G € C,v6ii=1, ..,m;j=1, ..,ne=1 .. h

(2) Xay dyng ma tran danh gia trong s6 ctia cac tiéu chi theo cong thirc (2.2):

P = (& )nxn- (22)

Trong d6, ¢ € L, (C) (j=1, ..., n) 1a ddnh gia ngdn ngit ctia chuyén gia D€ vé mirc d6 quan trong
cua tiéu chi C; € C. Véc-to trong sb clia cac tiéu chi w = (Wy, ..., W,)" , véi W =0vaYi w =1

(ii) Dit liéu dau ra: Thir hang ctia cic phuong én A; € A.

Quy trinh ra quyét dinh ciia mé hinh HA-TOPSIS gbm c6 cac budc sau:

Buée 1: Xay dung thang do ngdn ngit dé danh gia cac phuong an va xac dinh trong s cua tiéu chi
dua trén HA.

Hoi dong chuyén gia théng nhat thiét 1ap cac bo tham sb ngit nghia cia HA (HA, fm(g™), u(h), k)
dé xay dung cac thang do ngdn ngir Ly (A) dung dé danh gia cac phuong an va L, (C ) dung dé
danh gia trong so cua tiéu chi.

Dua trén cac Dinh nghia 1.4 - 1.5 va Ménh dé 1.1, qui trinh x4y dung thang do ngén ngit bao gom:
(7) xac dinh d¢ do tinh md cia cac phan tr sinh va gia tur; (ii) thiét 1ap tap cac tr ngon ngir dung trong
danh gia véi do dai tur toi da khong vuot qua 4.
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Buérc 2: Xay dung ma tran ngdn ngir danh gia cac phuong an va trong sd ciia tiéu chi

V6i moi chuyén gia D¢ st dung cac tir ngdn ngilf x € X(jy, trén thang do ngdn ngir L, (4) dé
danh gia cac phuong an A; € A theo ting tiéu chi C; € € boi cong thuc (2.1).

Tiép theo, mdi chuyén gia D€ sir dung tir ngdn ngit x € X, trén thang do ngon ngit L, (€ ) dé danh
gia muc do quan trong cua cac tiéu chi C; € C theo cong thirc (2.2).

Buére 3: Tinh ma tran dinh lwong ngir nghia cho cac phuong 4n va trong sb cta cac tiéu chi

Str dung cac Pinh nghia 1.6 - 1.8 va Ménh dé 1.2 xay duyng ham SQM ctua HA dé chuyén doi cac
tir ngdn ngir trong cic ma tran A° va P sang biéu dién gia tri dinh luong ngit nghia s6 cua tir ngdn
ngit 9(x) € [0, 1] phuc vu tinh toan. Tir &6 ma tran dinh luong ngit nghia A® dugc x4ac dinh theo cong
thire (2.3) sau:

A = @)mxni=1 .omj=1.,ne=1,.,h (2.3)

Tuong tu, véi mdi phan tir trong ma tran danh gia trong s cua cac tiéu chi P¢ ciing duoc chuyén
dbi sang gia tri dinh luong ngit nghia sb 19(%1?) tuong Ung.

Buéc 4. Xay dung ma tran quyét dinh nhém ctia cac phuong an va trong sd cua cac tiéu chi.

Ma tran danh gia tong hop nhom, ky hiéu A4 duoc xay dung bang cach tinh trung binh cong danh
cac phuong 4n gia tir tat ca cac ma tran quyét dinh ctia chuyén gia A® nhau (trong sé chuyén gia bang
nhau), theo cong thirc (2.4) sau day:

h
- 1
AL = Upmn = 3 ) UG 24)

e=1

—

Tuong tu, trong s tong hop cua tiéu chi C; € C ciing duoc xéac dinh theo cong thirc 2.5 dudi day:

h
1
AP = (&) = 7 Z I(X7). (2.5)
e=1
Véc-to trong sb ciia cac tidu chi W = (Wy, ..., W,)T, v6i W; = Z"L] =1,..,mW = 0va
k=1U4k
n 1
j=1
Buérc 5: Tinh toan ma tran quyét dinh c6 trong sb
Yij =uU><v’Vj,l = 1,,m,]= 1,...,n. (26)

Trong do, u;; la phan tir ciia ma tran A4 va w; 1a véc-to trong sO cua tiéu chi ¢ eC.
Buéc 6. Xac dinh PIS/NIS va do khoang cach dén giai phap 1y tuong
- Xac dinh (PIS, 4 %) va (NIS, 4 ) bai cac cong thire (2.7) va (2.8) nhu sau:
6 =6}, 65, ..., 65 (2.7) va &6~ ={b1,6,5,..., 65} (2.8)
+Boi voi tidu chi lgi ich: 4;" = X% max 6;, va & = Y12, min b;.
+Poi voi tidu chi chi phi: ;" = X%, min &;;, va 6, = X%, max b;;.
- Khoang cach df va d; tir phuong 4n A4; dén (PIS, ) va (NIS, 4~) dugc tinh béi cac cong thirc
(2.9) va (2.10) duoi day:

d;- _ (Z;;l(lyij _ 1?]-4_)2)5 (2.9); dy = (Z?:l(&ij _&j‘)z)E (2.10)

voii=1,..,m;j=1,...,n; dl-+ va d; la khoang cach ngan nhat va dai nhat cua A;.



Buwéc 7. Xép hang cac phuong an
Dua trén gia trj ciia hé s6 gan CC;, (i = 1, ...,m) tap cac phuong an dugc xép hang theo thir ty va
phuong an c6 gia tri CC; 16n nhét 1a phuong an ti wu nhét, dugc tinh theo cong thirc (2.11):
di

CCi=———r,i=
CT )

1,..,m. (2.11)

2.3. Vi du thuc nghiém
Cong ty A c¢6 nhu cau lya chon nha cung cip phan mém hoa don dién tir phit hop nhat, dép tmg cac
tiéu chi mong mudn. Mot hoi dong chuyén gia gdbm niam nguoi ra quyét dinh, ky hiéu 1an luot 1a
Dy, D,, D3, D, va Ds, dugc thanh 1ap dé tién hanh phong van ba nha cung cap, ky hiéu E1, E2, E3, dua
trén bon tiéu chi: Pon gia (P1), Chat lugng (P2), Cong nghé (P3) va H tro sau ban hang (P4).
Bang 2.1. Khoang cach tir nha cung cipdénlya  Bang 2.2. Hé sb gan va thir hang nha cung cip
chon tot nhat va xau nhat

Nha cung cap d* d- Nha cung cap | Hésbé gan | Thir hang
El 0.053 0.100 El 0.654 1
E2 0.104 0.060 E2 0.364 3
E3 0.076 0.071 E3 0.485 2

Két qua thuc nghiém cho thdy nha cung cip E1 dung tht nhét, E3 ding tht hai. E2 dtng thir ba.
- Nhu vay, E1 vira gan PIS, vira xa NIS hon so v6i cac phuong an con lai.
- Cac trong s cua bdn tiéu chi cho thay Pon gia va Cong nghé 14 hai tiéu chi c6 anh hudng 16n nhit.
2.4. Phén tich d9 nhay va so sanh két qua
2.4.1. Phédn tich dp nhay
Phan tich do nhay duqc thuc hién thong qua viéc thay ddi @6 do tinh md theo hai kich ban dic
trung am - duong trén mién ngir nghia cua HA nhu sau: Kich ban 1: fm(U) = 0.4, fiy(l) = 0.6, u(L)
= 0.6, u(V) = 0. Nguoc lai, ¢ kich ban 2: Vi fm(U) = 0.6, fiy(l) = 0.4, u(L) = 0.4, u(V) = 0.6.
Bang 2.3. Hé s gan thu dugc trong cac kich ban Bang 2.4. Thir hang cua nha cung cip

Nha cung A Kich ban | Kich ban Kich ban Xép hang
£ Ban dau 1 2 :
cap Ban dau E1>E3 > E2
El 0.654 0.647 0.825 Kich ban 1 E1l> E3 > E2
E2 0.364 0.372 0.192 Kich bén 2 E1l> E3 > E2
E3 0.485 0.474 0.217

Két qua phan tich do nhay trong cac Bang 2.3 va 2.4 cho thdy hé s6 gan cta cac nha cung cap c6
thay doi theo ting kich ban nhung khong 16n, va thir hang tong thé van dugc bao toan E1 > E3 > E2;
day la bang ching quan trong vé d6 6n dinh ctia mo hinh trudce nhiéu tham s ngir nghia.

2.4.2. So sanh két qud va thio lugn

Bang 2.5. So sanh két qua xép hang giita HA-TOPSIS, FTOPSIS va 4-tuple ngit nghia

HA-TOPSIS FTOPSIS 4-tuple nglr nghia
Phuong én — ; s . ; > .
Hé¢ so0 gan | Xép hang | H¢ so gan | X¢&p hang | Tong diem | Xép hang
El 0.65 1 0.58 1 0.82 1
E2 0.36 3 0.51 2 0.59 3
E3 0.49 2 0.36 3 0.77 2
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- Két qua d6i sanh trong Bang 2.5 cho thay ca ba mo hinh déu nhan dién E1 13 phuong an tot nhat.
Diéu nay khang dinh tinh hop 1y cta dir li€u thuc nghiém va két qua Iya chon chinh.

- Trong khi FTOPSIS cho thr hang E1 > E2 > E3 (d4o thtr hang E2, E3), cho thiy khi cac phuong
an c6 muc danh gia gan nhau, biéu dién s6 mo va giai mo ¢o6 thé lam thay doéi thir hang.

- Su twong ddng tht hang gitta HA-TOPSIS V?l 4-tuple ngir nghia cung c¢d luan diém ring nén tang
HA gitp bao toan trat ty ngir nghia cta dir li¢u tot hon.
2.5. Két luan Chwong 2

Chuong 2 da phat trién mo hinh HA-TOPSIS nhiam xép hang phuong 4n cho bai toan ra MCGDM
ngodn ngit trong bdi canh tinh. M6 hinh xay dung thang do ngdn ngit dua trén HA, dinh luong ngi
nghia bang ham SQM, xac dinh PIS/NIS, tinh khoang cach ngit nghia va hé sé gan. Thuc nghiém,
phan tich d6 nhay va so sanh cho thdy mé hinh duy tri tinh nhat quan ngit nghia, tinh 6n dinh va kha
ning dién giai. Chuong 3 tiép tuc ké thira va bd sung quy trinh xéac dinh trong sb cta tiéu chi c6 kiém
soat tinh nhat quan bang mé hinh tich hop EFAHP - 4-tuple — HA.

CHUONG 3. PHAT TRIEN MO HiINH MCGDM TiCH HQP FAHP CAI TIEN VOI MO

HINH 4-TUPLE NGU NGHIA THEO HUONG TIEP CAN PAI SO GIA TU
3.1. Giéi thi¢u

Chuong 3 ké thira mo6 hinh HA-TOPSIS ¢ Chuong 2 nhung chuyén trong tdm sang xac dinh trong
s0 clia tiéu chi c6 kiém soat tinh nhat quan trong bai toan MCGDM ngon ngit. Do trong s6 anh hudng
tryc tiép dén két qua danh gia va xép hang, chuong nay phat trién mé hinh tich hop EFAHP - 4-tuple
- HA nham khai thac tri thirc chuyén gia, kiém soat tinh nhat quén ctia phan doan va bao dam lién
thong ngit nghia giita x4c dinh trong s cua tiéu chi, két nhap danh gia va xép hang phuong an. M6
hinh duoc kiém ching qua bai toan danh gia mirc do chuyén d6i sé cia SMEs bén 16 tai Viét Nam.
3.2. Kiém soat tinh nhét quan ciia ma trin so sinh cip trong méi truong HA

Trong AHP va FAHP, kiém soat tinh nhat quan 1a diéu kién quan trong dé danh gia do tin cay cua
ma tran so sanh cdp. Luan an ké thira tinh than nay nhung phat trién trong méi truong HA.

Ty 1€ nhét quan (Consistency Ratio — CR) cua ma tran so sdnh cdp ngén nglir dugc xac dinh boi
cong thire (3.1). Ma tran so sanh cdp ctia chuyén gia D¢ chi duoc chap nhan néu CRE, < 0.10. Nguogc
lai, chuyén gia D®phai diéu chinh lai cac so sanh cap cho dén khi dat yéu cau nhét quan:

CIf 4
CRjf = ——,
HA ™ RI(n)
- RI(n): La chi s6 ngiu nhién ciia ma tran bac n theo AHP c6 dién cia Saaty, duoc st dung nhu
mot hé s6 chuan hoa theo kich thudc ma tran. Cac gia tri RI(n) dugc cho trong Bang 3.1 dudi day:

Bang 3.1. Gia tri chi s6 ngau nhién (RI(n))

voie=1, .., hn=3. (3.1

n 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.58 090 1.12 1.24 132 1.41 145 149

- Trén co so ké thira C1 Saaty cua AHP co dién, luan 4n da phat trién cong thirc tinh chi s6 nhat quan
cho cac ma tran so sanh cap ngon ngir (P¢) cta chuyén gia D€ trong méi truong HA (CIf;,) nhu sau:
Afpax — N — (1 - ﬁ(W)) _ Afpax — (n + 8)

n—(1-9(w)) n—2=o '

Diém khac biét clia cong thitc (3.2) so véi Clgaqry cliia AHP c6 dién la da thay moc nhét quan n

Clf, =

(3.2)

bang méc mém n + (1 — 9(w)) va nhung truc tiép dung sai ngit nghia cua cta gi tri dinh luong ngit
nghia phan tir trung hoa 1 — 9(w) vao do do 1éch nhat quan cua ma tran so sanh cip ngon ngir dé
thich nghi véi dac trung cua mién nglr nghia dua trén HA.



9
Ménh dé 3.1. Véin = 2, 9(w) € (0,1), va R¢ la ma trdn dwong déi nghich dao suy ra tir ma
trdn ngén ngit P€, chi sé CIE, trong cong thirc (3.2) ¢é cdc tinh chdt co ban sau:
(i) CI§,, dwoc xdc dinh tot trén mién ap dung;
(ii) CI& 4 = 0 tai méc HA-nhdt quan AH4;
(iii) Véin va 9(w) co dinh, CIE, ting don diéu theo A%,qy:

, (iv) Céng thirc (3.2) nhiing truec tiép gid tri dinh lwong ngit nghia cia tir trung hoa 9(w) vao co

ché do nhat quan;

(v) ClIf 4 lién tuc theo A%y, (W) va on dinh cuc bé;

(iv) Dd’u’ cda‘C If . gho phép dién gid{ truec tiép ’v_z' tri cua ma trdn so voi viung dung sai ngir nghia
(nho hon moc, bang moc, hay lon hon moc HA-nhat quan).
3.3. Phit trién md hinh FAHP cai tién véi 4-tuple ngir nghia dua trén HA

(i) DiF liéu dau vao:

Cho A ={A4,,4,,..,Ap}, m>2; C ={C,,C,,...,Co,},n =2 va D ={Dy,D,,..,Dp}, h > 2. Hoi
ddng chuyén gia D thong nhit xay dyung hai thang do 4-tuple ngit nghia dya trén HA, ky hiéu L, (C)
va L (A) d¢ danh gia trong so cua ti€u chi va danh gia cac phuong an.

Déi v6i mdi chuyén gia D€ € D, thyc hién:

(1) X4y dung ma tran so sanh cip ngdn ngit dé xac dinh trong s cac tiéu chi, theo cong thirc (3.3):

pe = (xfj)n xn: (3.3)
€ Li(C), x& 1a phan tir trung hoa cta thang do L, (C ), biéu thi quan hé so sanh

e
ij
quan trong bang nhau gitta mot ti€u chi voi chinh no, véie = 1,2,...,h; i,j=1,...,m;1 #j.

Trong do, x

Ma tran so sanh cip ngdn ngit P€ chi dugc chap nhan néu dat ty 1¢ nhit quan C R}, < 0.10; ngugc
lai, chuyén gia D®phai dicu chinh lai cac so sanh cg@p cho dén khi dat yéu cau nhat quan.

(2) Xay dung ma tran danh gia cac phuong an theo cong thurc (3.4):

A® = (af)mxnvoiaf; € Ly(A),e=1, .. hyi=1, ..m j=1 .. n (3.4)

(ii) Dit liéu dau ra: Thir hang cia cdc phirong dn A; € A.

M6 hinh EFAHP - 4-tuple - HA thuc hién theo hai giai doan. Giai doan 1, phat trién EFAHP-HA
du:a trén phuong phép FAHP dé xac dinh trong so cua tiéu chi thong qua so sanh cdp ngon ngfr co
kiém soat tinh nhét’ quan trong moi truong HA. Giai doan 2, 4p dung mo hinh 4-tuple - HA d¢ tong
hop, danh gia va xép hang cac phuong an.

3.3.1. Xac dinh trong sé ciia cdc tiéu chi

Buére 1. Thiét ké ciu triic phan cdp cho bai toan ra quyét dinh

Céu truc phan cap bai toan MCGDM gélp ba I’Ill:YCI O cép cao nhat 1a myc tiéu tong thé; cip thi hai
1a b ti€u chi chinh/ tiéu chi con; va cap thap nhat 1a tap phuong an.

Buéc 2. Xay dung thang do 4-tuple ngit nghia dua trén HA dé danh gid trong s6 cua tiéu chi

Hoi dong chuyén gia thong nhat thiét 1ap bo tham sb ngit nghia cia HA (HA, fm(g7), u(h), k) dé
xay dung thang do 4-tuple ngir nghia L, (C) dung dé danh gia trong s6 cta tiéu chi.

Str dung Pinh nghia 1.5 va Ménh dé 1.1 tinh d¢ do tinh mo cho cac tir ngdn ngit x € X, trén thang
do 4-tuple ngit nghia L, (C). Tiép theo, 4p dung cac Pinh nghia 1.6 dén 1.8 va Ménh dé 1.2 mdi tur
ngon ngt x € X, dugc anh xa thanh moét gia tri dinh lugng nglt nghia J(x) € [0, 1]. Sau d6, ap dung
cac Pinh nghia tir 1.9 dén 1.12 va Ménh dé 1.3 dé xac dinh khoang tuong tu ngir nghia Sy (x) cho
ting tr ngdn ngit x € X, trén thang do L, (C ). Trén co s& d0, thang do ngdn ngir L, (C ) dé danh gia
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trong s6 cua tiéu chi dugc biéu dién duéi dang 4-tuple ngit nghia, cu thé: L,(C) =
{0, 9(x), S (x), 1): x € Xy, 1y € S ()}

Buée 3. Xdy duyng ma tran so sanh cp tiéu chi va kiém tra tinh nhét quan.

M&i chuyén gia D€ sir dung cac tir ngdn ngit x € X, trén thang do ngdn ngir L, (C ) dé danh gia
mirc d6 quan trong twong ddi gitra cac tiéu chi, tir d6 xdy dung ma trén so sanh cip ngdn ngit P¢ =
(x{7)n x n theo cong thirc (3.3). Céc phan tr trén dudng chéo chinh biéu thi quan hé so sanh mot tiéu
chi v6i chinh n6 nén dugc gan bang phan tir trung hoa w trén thang do ngén ngir Ly (C), tirc 1a: xf =
w,(i=1,..,n).

Sau d6, mdi phan tur x{; € P¢ dugc dnh xa sang gid tri dinh lugng ngit nghia 9(x;;) va tiép tuc
chuyén d6i thanh s6 mo tam giac tong quat (GTFN) uf; = (L5}, €5, Rij; wf;), T do, ma tran P¢ duoc
chuyén thanh ma train GTEN R€ bdi cong thire (3.5) dudi day:

RE = (uiej)nxn- (3.5)
L3 e) e = i) =

Riejr CS’LZ, wl])l(e 1""Ih’ l')]
1,..,nvai # j); trong luan 4n ndy phép nghich dao khong duoc hiéu nhu mot phép toan dong trén
cung khong gian biéu dién, ma duoc sir dung chil yéu dé thiét 1ap quan hé dbi ngiu cia cac phan tir
trong ma tran so sanh cdp mo. Cac budce tinh toan tiép theo chi dugc thuc hién sau khi cac phén tr da

duoc dua vé mot mién biéu dién tuong thich, nham bdo dam tinh nhat quan hinh thirc ctia mé hinh.
Thanh phan wiej la @6 cao cua s6 mo, bi€u thi mic do thudc cuc dai hodc murc tin cdy cua danh gia,

Trong  do, uf] = (L?j;cii';Riej;wiej)a (uiej)_l = (

nén dugc gitt nguyén va khong 1ay nghich dao.

Str dung cong thuc (3.1) dé kiém tra ty 18 nhat quan CR$, cua cic ma tran so sanh cip ngdn ngit
P€. Ma tran P€ chi dugc chap nhan néu CRf,, < 0.10, nguoc lai chuyén gia D¢ phai diéu chinh lai cac
so sanh cap ngon ngtr cho dén khi dat yéu cau nhat quan.

Buéc 4. Tong hop cac déanh gia do cac chuyén gia cung cp

Sau khi cac ma tran P¢ da dat yéu cau vé tinh nhat quan, cic ma tran nay dugc tong hop thanh mot
ma tran so sanh cdp mo nhoém AP bang phép tinh trung binh cdng cac GTFN theo cong thic (3.6):

AP = (aij)nxn (3.6)

Zh e e o e o
1€. 2 ce. 2 RE. Z W
e=1 Y e=1 Y e=1 U_ e=1 Y

h " n 7 n ’ n

trong do: @;; = ,e=1,.. hi,j=1,...,nvai #j.
Buéc 5. Tinh gia tri mo rong tong hop mo va vée-to trong sd clia cac tiéu chi
Tir ma trin tong hop AP, gia tri mo tong hop cla ting tiéu chi, ky hiéu P;, dugc xac dinh theo phép
chuan hoa boi cong thuc (3.7) nhu sau:
P; =(D;, Ki, T;; min(w;5))

i=1Lij i=1Cij
L+ X% YR Yy
i=1%ij k=1, k#i&j=17Kj i=14j=1"ij , ,
= ,Voit,j=1,...,n 0 #J. (3.7)
2i'=1 Ryj :
;mln(a)ij)

n n n
Zj:lRij + 2k=1,k¢i2j= 1Lk]
Mbi P; biéu thi mie do wu tién téng hop cua ti€u chi C; sau khi xét toan b cac quan hé so sanh
cap trong ma tran nhom. Tiép theo, trong tadm (centroid) ctia mdi s6 mo P; duoc xac dinh bdi m; =

(Kﬂ»i, Lp,),v6ii=1,2,..,n,vaduoc tinh theo cong thirc (3.8):
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K]P_ _ (]D)l + ]Ki + Ti)' EP_ _ mln(wu)
' 3 ' 3
Khoang cach tur trong tam m; = (A]Pi, f]pi) dén diém tham chiéu € = (&,,;,,, Lmin) dugc tinh theo
cong thuc (3.9):

(3.8)

2

= 2 2 ~
D(P,,€) = J (Re, = Amin) + (Lo, =% Lonin) (3.9)
trong do Amin = min(]Dl-), Lmin = min(a)ij), Y= mln(a)u) ;

Cudi cung, véc-to trong so cua tiéu chi W = (W, ..., ;)T tuong tmg véi ma tran so sanh md duge
tinh nhu cong thirc (3.10) sau:

D(IP’UC ) \/(T ~ Amln)z + (LIP‘l lé)me)

MTIED(PL€) m
\/ AIP’l mln (['IPl 3 ['mm)
=1

3.3.2. Ddnh gid xép hang cdc phwong dn

2

voii=1,..,n (3.10)

Buwéc 6. Xay dung thang do 4-tuple ngit nghia dé danh gia cac phuong an

Dé danh gia cac phuong an theo cac tiéu chi, hoi ddng chuyén gia thdng nhat thiét 1ap bo tham sb
ngit nghia cua HA (HA, fm(g™), u(h), k) dé xay dung thang do 4-tuple ngit nghia L, (A4 ) dung dé
danh gia cac phuong an theo cac tiéu chi. Quy trinh xay dung thang do nay hoan toan tuong tu nhu
xay dung thang do L, (C ) trong Budc 2, nhung duogc sir dung cho muc dich danh gia xép hang cac
phuong 4n. Khi d6, thang do ngon ngit L, (A ) duge xéac dinh béi:

Li(A) = {(x, 9(x), S (x), 1:): x € Xy, 1 € S (X)}-

Trong d6, mdi tir ngdn ngit x € X, trén thang do Ly (4 ) dugc biéu dién dudi dang mot 4-tuple ngi
nghia.

Budre 7. Thu thap va chuyén doi cac danh gia phuong an sang biéu dién 4-tuple ngit nghia

Véi mdi chuyén gia D€ (e = 1, 2, ..., h) sir dung céc tir ngdn ngit x € X}, trén thang do ngdn ngir
L, (A) dé danh gia xép hang cho m phuong an trén n tiéu chi. Cac danh gia nay dugc té chiic thanh
mot ma tran quyét dinh dénh gia cac phuong an A® = (@{))m x n theo cong thirc (3.4).

Sau d6, ap dung cac Pinh nghia 1.9 dén 1.12 va Ménh dé 1.3, mdi phan tir aj ; trong ma tran A®
duoc chuyén d6i sang biéu dién dudi dang 4-tuple ngit nghia (ai i ﬁ(ai j), Sk(al- j), rafj) tuong Ung.

Buée 8. Tong hop va xép hang cac phuong an

- Tong hop cdc danh gid ciia chuyén gia:

Tir cac ma tran danh gia cac phuong an cta cac chuyén gia duoc tong hop thanh ma tran quyét dinh
téng hop ciia nhoém chuyén gia duoc ky hiéu 1a: AA = (&; i)m x n- Trong do, a;; 1a danh gia téng hop
cua phuong an A; theo ti€u chi ;.

Pé tong hop ¥ kién chuyén gia, luan an sir dung phép két nhap trung binh cong trén thanh phan dai
dién 7, ctia cac 4-tuple ngit nghia. Cu thé, voi mot tap Ty = {%4, %y, ..., Xp}, trong do mbi phén tir X;
c6 dang:

q X = (x,9(x), Sk (%), 15),) =1, ...,p,
toan tu tong hop g duogc xéac dinh boi:
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P
o . 1
g(Xy, Xp, ., Xp) = A —er , (3.11)

trong d6, A(+) 14 toan tir 4nh xa nguoc tir gia tri dai dién trong mién chuan hoa sang mot 4-tuple ngir
nghia tuong Ung, va
14
1
—z 7 € Sp(x).
p &
Jj=1
Trong bai toan nay, voi mdi cap (i, j), phan tir tong hop a; j duge xac dinh bang cach ap dung toan
tir g cho cac danh gia cua tit ca chuyén gia:
- 1 1 1y .1 h h hy R
a;; = g((ai;, 9(aiy), Si(aiy), i), . (afj, 9(afy), Si(al), ).
- Tong hop c6 trong s6 theo cdc tiéu chi:
Sau khi xdy dung ma tran quyét dinh tong hop AA, diém téng hop cubi ciing cho timg phuong an
A; € A duoc tinh bang phép két nhdp trung binh c6 trong sd theo véc-to trong sb cua tiéu chi w =

(Wq, ..., Wp)T, Vo1 Z?zl w; = 1 thu dugc trong Budc 5. Khi do, phep tong hop co trong s6 duoc xac
dinh béi:
P
Y(%y, %5, .., %p) = A z W; 7; (3.12)
j=1

Két qua cua phép tong hop 1a mot 4-tuple ngit nghia cé dang:

D P
(x,ﬁ(x),Sk(x),Z w; rj>, trong do, Z w1 € Sp(x).
j=1 ]=1

Cubi cung, dya trén tong diém cac phuong an 4; € A dugc xép hang theo th tw giam dan; phuong
an c¢6 diém cao nhét duoc xép hang thu nhat.

3.4. Ung dung mé hinh dé xuit vao danh gia mirc dd sin sang chuyén doi sé cia cac doanh
nghiép nhé va vira (SMEs) trong linh vuc ban 1€ tai Viét Nam

Trong bai toan nay, bo dir liu thuc nghiém gém 4 chuyén gia, 16 SMEs, 7 tiéu chi chinh va 34
tiéu chi con. Cu thé, 4 chuyén gia trong linh vuc nghién ctru va quan tri ban 1é tham gia danh gia mic
d6 quan trong ctia bo tiéu chi gdm 7 tiéu chi chinh va 34 tiéu chi con, duoc xay dung trén co sé Quyét
dinh s6 2158/QD-BTTTT ngay 07/11/2023 ctia B4 Thong tin va Truyén thong; dong thoi, 16 SMEs
trong linh vyuc ban 1¢ tai Viét Nam duoc lwa chon dé khao sat hién trang chuyén dbi sd.

Trén co s& d6, Hoi dong chuyén gia thong nhat xay dung hai thang do 4-tuple ngit nghia duya trén
HA, ky hiéu L, (C) va Li(A), 1an lugt dung cho danh gia tim quan trong cua tiéu chi va danh gia
mirc do dap tng ciia doanh nghiép. Theo d6, 4 chuyén gia str dung thang do L, (C ) dé thuc hién so
sanh cip va xac dinh mic do quan trong tuong ddi clia cac tiéu chi, trong khi 16 SMEs dugc khao sat
cung cap mic do dap tmg dbi voi ting tidu chi danh gia trén thang do Ly (4).

Qua trinh tinh toan thuc nghiém ciia mé hinh EFAHP - 4-tuple - HA duoc to chirc theo hai giai
doan: (i) xac dinh trong s cua tiéu chi c6 kiém soat tinh nhat quan bang phuong phap FAHP cai tién
trong moi truong HA va (ii) tong hop, ddnh gia va xép hang mic do sin sang chuyén doi s6 cia cac
doanh nghiép bang mé hinh 4-tuple ngir nghia dua trén HA.

Két qua thyc hién mo hinh EFAHP - 4-tuple - HA xép hang mirc d6 sin sang chuyén doi sé cho 16
SMEs ban 1¢ tai Viét Nam dugc trinh bay trong Bang 3.2 nhu sau:
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Bang 3.2. Téng hop diém va xép hang muc do chuyén ddi sé cho 16 SMEs tai Viét Nam

Doqr}h Téng diém M0 hinh 4-tuple nglr nghia Thir hang
nghiép X Sk(x) 9(x) Ty
El 0.3522 L |[0.219,0.450) | 0.336 |0.3522 2
E2 0.3930 L |[0.219,0.450) | 0.336 |0.3930 1
E3 0.2318 L |[0.219,0.450) | 0.336 |0.2318 16
E4 0.3380 L |[0.219,0.450) | 0.336 [0.3380
ES 0.3446 L |[0.219,0.450) | 0.336 [0.3446
E6 0.3381 L |[0.219,0.450) | 0.336 |0.3381 4
E7 0.2876 L |[0.219,0.450) | 0.336 [0.2876 10
ES8 0.3250 L |[0.219,0.450) | 0.336 [0.3250
E9 0.2956 L |[0.219,0.450) | 0.336 [0.2956
E10 0.3010 L |[0.219,0.450) | 0.336 [0.3010
Ell 0.2767 L |[0.219,0.450) | 0.336 |0.2767 13
E12 0.2826 L |[0.219,0.450) | 0.336 [0.2826 11
E13 0.2770 L |[0.219,0.450) | 0.336 [0.2770 12
E14 0.2950 L |[0.219,0.450) | 0.336 [0.2950 9
E15 0.2765 L |[0.219,0.450) | 0.336 [0.2765 14
El6 0.2761 L |[0.219,0.450) | 0.336 [0.2761 15

- Két qua xac dinh trong s6 cua tiéu chi cho théy tru cdt P7 - Nang luc con nguoi va td chirc ¢
trong s6 16n nhat, béng 0,28. Tiép theo 1a P6 - Quan ly rdi ro va an ninh mang, véi trong 6 0,16. Cac
tru cot con lai phan bd twong dbi dong déu: P1=0.10; P2=0.10; P3=0.11; P4=0.12; P5=0.12.

- V& xép hang, tat ca 16 SMEs duogc gan vao cung 16p ngdn ngit L, tirc mirc Low. Tuy nhién, nho
biéu dién 4-tuple, md hinh van phan biét dugc mirc d6 khac nhau théng qua gia tri tham chiéu r; day
1y do ludn 4n lya chon 4-tuple vi né cho thdy mé hinh khong chi phan 16p ma con xép hang tinh trong
cung mot 16p ngon ngir.

- Két qua trong Bang 3.2 cho thiy tht hang ctia 16 SMEs: E2 > E1 > E5 > E6 > E4 > E8 > E10
> E9 > El14 > E7 > EI2> E13 >EIll > El5 > E16 > E3. Trong d6, E2 dtng tht nhat, E1 ding
thir hai, E5 dung thtr ba va E3 dung cubi.

3.5. Phan tich @ nhay va so sanh két qua
3.5.1. Phdn tich dp nhay

Phan tich d§ nhay theo hai kich ban nhiéu: Nhiéu don tiéu chi va nhiéu toan cuc trén ma trin so
sanh cap gifra bay ti€u chi chinh. Trong do:

Kich ban 1, tao nhiéu don tiéu chi bang cach 1an luot ting mot muc wu tién cla ting tiéu chi chinh
tir P1 dén P7 so v&i sau tiéu chi con lai trén L, (€) nham xem xét riéng 1& mirc d6 anh hudng cua timg
tiéu chi dén két qua xép hang. Két qua trong Hinh 3.1 cho thdy mé hinh c6 d 6n dinh cao d6i véi
nhom DoN dimg dau va xép cudi. Bién dong xép hang chi yéu xuat hién & nhém DoN tam trung, noi
cac tong diém tuong ddi gan nhau.

Kich bdn 2, tao nhidu toan cuc bang cach toan bo cac gia tri so sanh cip ciia bay tiéu chi chinh
dugc ting 1én mot cap do trén cung thang do L, (C). Két qua trong Hinh 3.2 cho thiy ciu truc xép
hang tong thé van duoc duy tri, trong d6 ddi voi cac doanh nghiép din dau nhu E2, E1 va doanh
nghiép xép cudi 1a E3. Su bién dong tiép tuc tap trung & nhoém doanh nghiép tim trung, phan anh kha
ning phan biét tinh ctia mé hinh trong cac trudng hop c6 diém sé gan nhau.
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El

E4 E14

E13

E10 E8 E10 EE
B9 E

(V=)

—es0 51 52 53 54 55 —emsh $_Ban dau S Mhidu todn cuc

Hinh 3.1. Phdn ~ll'Ch do nhay theo kich ban Hinh 3.2. Phan tich do nhay theo kich ban
nhieu don tiéu chi nhiéu toan cuc

Toém lai, két qua phan tich d6 nhay khang dinh mo6 hinh EFAHP - 4-tuple - HA ¢6 d6 6n dinh cao,
ddng thoi van duy tri duge do nhay can thiét &é phan biét cac phuong an c6 muc danh gia gan nhau.

3.5.2. So sanh két qud va théo ludn

Nham 1am rd hon mtrc d6 phu hop, tinh 6n dinh va kha nang dién gidi ciia mo hinh, ludn an so sanh
EFAHP - 4-tuple - HA v6i HA-TOPSIS dya trén HA va FAHP-FTOPSIS dya trén tap mo. Két qua
cho thdy ca ba mo hinh déu thong nhit & doanh nghiép tét nhit 1a E2 va doanh nghiép thap nhat 1a
E3. Diéu nay cho thy két luan chinh ciia md hinh dé xuat pht hop véi cic mé hinh dbi sanh.

Trong khi m6 hinh FAHP-FTOPSIS van nhan dién E2 12 phuong an tt nhit nhung bién dong manh
& nhom doanh nghiép can trén va tam trung. Sai khac cho thdy qué trinh anh xa mo, khir mo dé lam
suy giam ngit nghia khi cac phuong an c6 két qua gan nhau thuong bi dao hang.

Tém lai md hinh EFAHP - 4-tuple - HA cho thdy kha ning bao toan ngir nghia t6t, giam mat mat
thong tin trong tinh toan, dong thoi ndng cao d tin cay va kha ning dién giai cua két qua xép hang.
3.6. Két luan chwong 3

Chuong 3 d3 phat trién mo hinh tich hop EFAHP - 4-tuple — HA, vira xac dinh trong s6 ciia tiéu
chi ¢6 kiém soat nhat quan bang EFAHP-HA, vira ap dung 4-tuple ngit nghia dé danh gia, xép hang
céc phuong 4n lién thong trén cung mién ngit nghia. Thuc nghiém trén 16 SMEs ban 16 tai Viét Nam,
phan tich do nhay va so sanh voi HA-TOPSIS va FAHP-FTOPSIS cho thidy mé hinh ¢6 tinh 6n dinh,
kha ning dién gidi va phu hop véi MCGDM ngdn ngit. Chwong 4 md rong sang MCGDM dong dua
trén HA, xét dit liéu lich str, dit liéu khuyét thiéu va co ché suy giam ngit nghia.

CHUONG 4. PHAT TRIEN KHUNG PHUONG PHAP XAY DUNG MO HINH MCGDM

PONG TRONG MOI TRUONG THONG TIN NGON NGU DUA TREN PAI SO GIA TU
4.1. Gi6i thiéu

Chuong 4 ké thira tir cac mo hinh HA-TOPSIS va EFAHP - 4-tuple — HA trong cac Chuong 2, 3

va mo rong bai toan MCGDM ngon ngit sang bdi canh dong trong moi trudng HA. Trong bdi canh
nay, tip phuong an, bd tiéu chi, tap chuyén gia, trong sd va dit liéu danh gia co thé thay ddi theo thoi
gian. Luan an phat trién cac phép két nhap ngon ngir trén thang do 4-tuple ngit nghia, két nhap voi dir
liu khuyét thiéu va co ché suy giam ngit nghia, dong thoi xdy dung mé hinh L-FAHP - L-FTOPSIS
dong dua trén HA va kiém chimg qua dénh gia SMEs tai nhiéu thoi diém.
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4.2. Ngir nghia tap mo cua tir ngon ngir trong HA
Pinh nghia 4.1. Anh xa f,: L, - Fp, dwoc goi la anh xa ngit nghia tap mo tam giac (triangular
fuzzy semantic — TFS) ciia mét tir ngdn ngir. Vi moi tir ngdn ngit x € Xy, trén thang do Ly, dwoc biéu
dién dudi dang 4-tuple ngiv nghia, ¥ = (x,9(x), S (), 1) € Ly, dnh xa f,(¥) dwoc xdc dinh boi,
&) = A, mu). (4.1)
Trong do, (I, m, u) dwoc xac dinh theo quy trinh phan hoach ngit nghia tap mo tam gidac néu trén.
4.3. Cac phép két nhap ngon ngir
4.3.1. Phép két nhdp ngon ngit nhi phén trén thang do 4-tuple ngit nghia
Pinh nghia 4.2. Xét hai tir ngén ngit X,y € Ly, dwoc biéu dién dwedi dang 4-tuple ngit nghia: % =
(X, Sk (%), 9(x), 1), ¥ = 0, Sk (¥), 9(¥), 13,), trong do w la phc?n twe trung hoa cua Ly. Ky hiéu, Z =
¥ Dy = (z,5:(2),92),1,) la két qua két nhdp ciia % va y. Thanh phan tham chiéu r,, dwoc xdc
dinh nhw sau.:

T, =Tt

( - Tx Ty x
fm(g™) % T(fm(g‘)'fm(g‘))' néux,y < w
. - + Tx — fm(g_) Ty — fm(g_)
=< fm(g™) + fm(g*) x S< ) fmgD)
fme) L fm@
fm@) + fm@) * fm() + fm)
Trong do, T(a, b) =a xbvaS(a, b) =a+b-a xb.

Sau khi xac dinh r,, cac thanh phan con lai cua Z dugc suy ra bang cach chon tir ngon ngir z € L,

>,né’uw < xy (42)

X1y,néu x <w<yvax #0,y#1

sao cho 1, € Sy (2), con 9(z) la gia tri dinh lwong ngir nghia twong ung ctia z. Nho dé, két qua cia
phép két nhap @ ludn duoc dua trd lai mién biéu dién 4-tuple ngit nghia.

Vé y nghia, cong thirc (4.2), di chia phép két nhap thanh ba trudng hop dya trén vi tri clia hai toan
hang x va y d6i v6i phan tir trung hoa w. Goi 7, = 9(x), r, = 9(y) var, = 9(w) la cac gia tri dinh
lugng ngilt nghia twong tmg. Ba truong hop dugc mo ta nhu sau:

- Truong hop 1 (ca hai ndm vé phia 4m cua w): 7, < Iy, va ry < ry. Khi dd, r, dugc tinh theo
nhanh tht nhat cia cong thic (4.2)

- Truong hop 2 (ca hai nim vé phia khong am ciia w): 7, = ry,va ry > ry,. Khi d6, r, duge tinh
theo nhéanh thir hai cua cong thuc (4.2)

- Truong hop 3 (trudng hop hdn hop): 7, < 1y, < 1y hodic ry < 1y < 1. Khi d6, r, duoc tinh theo

nhéanh thir ba cia cong thuc (4.2) nhu mét td hop 16i cua Ty VA I'y, VOi Cac trong sb phu thudc vao do

do tinh m¢ cuda hai tur tuong Gng. ’

Ménh dé 4.1. Véi moi %, j € Ly, phép két nhdp @ dwoc dinh nghia trong Dinh nghia 4.1 théa mén
cac tinh chat sau:

(i) Tinh dong trén thang do ngon ngit Ly, ticla Z = X @y € Ly,

(ii) Tinh giao hoan, tieclaX @ y =y @ X;

(iii) Tinh don diéu, néu i, < ¥, thi ¥, ® ¥ < %, @ j;

(iv) Ton tai phan tir trung hoa w € Ly, sao cho ¥ @ w =w @ & = ¥;

(v) Tinh két hop bo phdn, tirc la phép két nhdp chi cé tinh két hop khi tat ca cdac todn hang nam
ciing mot phia so véi phan tir w.Néu x,y,z = w hodc x,y, 2 <wthi 6 @) Dz=%x D (J D 2).
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Pinh nghia 4.3. Cho n tir ngén ngir %; € Ly, v6ii = 1,2, ...,n, dwoc biéu dién boi cdc 4-tuple ngir
nghia twong vng %; = (x;,9(x;), Sy (x;), 1,) va gia sir cdc tir ngon ngit nay da dugc sdp xép theo thir
tie tang dan theo x;. Ky hiéu z = (2,9(2), Sk (2), 1) la tir ngén ngit thu dwoc khi tong hop toan bé cdc
%;. Khi @6, phép két nhdp nhiéu ngéi trén thang do 4-tuple ngit nghia Ly, dwoc xdc dinh dé quy boi

cong thure (4.3):
n n-1
Z= Z X = (Z xl> @ i, (4.3)

i=1 i=1
4.3.2. Phép két nhdp véi div liéu khuyét thiéu
Pinh nghia 4.4. Cho thang do ngén ngit 4-tuple Ly, dwoc xdy dung dua trén HA. Moi tir ngon ngir
¥ € Ly, dwoc biéu dién dwdi dang, ¥ = (x, Sk (x),9(x), 1), trong dow € Ly, la phdn tir trung hoa ciia
thang do Ly. Ky hiéu @ la tir rong biéu thi truong hop di liéu bi khuyét thiéu, véi @ & Ly,. Gid sir

(@D = (x (-1 s, (x(T‘l)),v(x(T‘l)),r (z-1)) vd i® = (x®, 5 (x®),v(x®), r @) ldn

lwot la gid tri ddnh gid ciia mét doi tweong tai hai thoi diem T - 1vat, véit=1,2, .., t;t>1.

(D) _ (x(T)

Ky hiéu %454 = (Xqg4,

Sk(xagg) v(xagg) r (r) ) la gid tri két nhdp tai thoi diém T dwoc xdc dinh

(@1 4 ¥ Otrong trirong hop mét trong hai gid tri bi khuyét thiéu, nhw sau:
(i) Truong hop 1: Voit = 1 hoac @D =g

Khi chua c6 dit liéu lich str, hodc dit liéu & thoi diém 7 - 1 bi khuyét thiéu, gia tri két nhap tai thoi
diém T dugc lay bang chinh danh gia hién tai:

B =0 B x®=5® (4.4)

(ii) Truong hop 2: T > 1, (1) #Qvai® =0,
Khi dit liéu hién tai bi khuyét thiéu, gia tri két nhap tai thoi diém 7 duoc x4c dinh bang co ché suy
gidm ngir nghia tur danh gia lich su:
0 =0 D@ =3 FHg (4.5)

Trong trudng hop ndy, thanh phan tham chiéu cua gia tri két nhap r @ duoc xac dinh boi cong
*agg

thirc suy giam ngtr nghia (4.6)
r.@ = =9(w) + /1( ( 1)~ 19(W)> (4.6)

*agg
Trong do:
9(w) 1a gia tri dinh lwong ngit nghia ctia phan tir trung hoa w € Ly;
A € [0,1] 14 h¢ sb suy giam ngit nghia hay con goi la ty 1& quén:
V61 A = 1, khong x4y ra suy giam ngit nghia, do d6 r 6(129 =r (t-1):

V6i A = 0, thong tin lich sir bi quén hoan toan, do @6 7 ) = =9(w).
Xagg

Voi10<A<l1,giatrir ((Eg nam giita r (- 1)Va 9(w), qua d6 mo hinh héa sy suy giam dan anh
hudng ctia danh gia lich sir vé phia phan tir trung hoa.

Sau khi x4c dinh rng?g’ céc thanh phan con lai cia 4-tuple ngir nghia il dugc xac dinh bang
@
agg

agg
cach chon tr ngén ngir x

(™)
agg-

€ Lgsaochor o € Sk(xagg) v(xagg) la gia tri dinh lugng nglr nghia
*agg

cuatur x
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bats,_1 =7,@-v,S: =71,@®.

Trén co s& do, ta c6 ménh dé sau:

Ménh dé 4.2. Cho s,_, € [0,1] la gid tri tham chiéu ngit nghia tai thoi diém T - 1, 9(w) € [0,1]
la gia tri dinh lwong ngir nghia cua phan tir trung hoa, va A € [0, 1] la hé so suy giam ngir nghia. Khi
do, phép ket nhap suy giam ngir nghia theo cong thirc (4.6) thoa man cdc tinh chat sau:

(i). Tinh bdo toan mién gid tri: min{s,_,,9W)} < s; < max{s,_,,9W)}, nghia la, gid tri suy
gidm s; luén nam trong khodng giGi han béi gid tri lich sir S;_q va gid tri trung hoa 9(w);

(ii). Tinh héi tu vé phan tir trung hoa: néu dir liu bi khuyét thiéu lién tiép n thoi diém va 0 < A <
1 thi s, 4, € héi tu vé 9(W) khi n — oo;

(iii). Tinh don diéu theo hé sé suy giam: véin =1, néu 0 < A, < Ay < 1thi | S;0n(A) — (W) |

< | Span(A2) —9(W) |, diéu do cé nghia la A cang nhé thi S;.p, tién vé 9(w) cang nhanh.

(iv). Tinh én dinh tai moc trung hoa: néu s,_; = 9(w) thi s, = 9(w) véi moi A € [0, 1], tire la,
khi gia tri lich sw dda o moc trung hoa, phép toan suy giam khong lam thay doi gia tri nay.

4.4. Xay dung m6 hinh L-FAHP - L-FTOPSIS dfng dua trén HA
(i) DiF liéu dau vao:
(1) S6 thoi diém danh gia: T={1,2, ..., t}, véi t > 1.
(2) Tai mdi thoi diém 7 (véiT =1, 2, ..., t), thuc hién:
- Xét ba tap hitu han sau: A° = {41, 45, ..., A%, }, (m; = 2);C" = {C],C],....CE }, (n, = 2) va
D® = {D}, D, v, Dp } Che 2 2).
- Hoi dong chuyén gia DT thng nhat xdy dung hai thang do 4-tuple ngit nghia dua trén HA, ky
hiéu lan luot 14 L, (CT) va L (A%) dé xac dinh trong sb clia tiéu chi va danh gia cac phuong an.
- V6i mdi chuyén gia D € D (véie=1,2, ..., hy), thuc hién:
+ Xay dyng ma tran so sanh cip ngon ngir dé xac dinh trong sb cta tiéu chi, theo cong thirc (4.7):
pr = (5 (g x n- (4.7)
Trong d6, mdi phan tur xi;(t) € Ly (C™). Cac phan tir trén dudng chéo chinh x§ (t) 1a phan tir
trung hoa cua thang do ngon ngit Ly (C*), bicu thi quan hé so sanh quan trong bang nhau giira mot
tiu chi véi chinhné, véie=1,2, ..., hyyt=1,2, ..., ;i j=1,2, ...,n; i #].

+ Xay dung ma tran danh gia cac phuong an theo cong thirc (4.8):

b = (05 (D) xny (48)

Trong do, af;(t) € Ly(AD),e =1, ., hyyi=1, ...myj=1 ..n5t=12 .., 1L

(3) Tur thoi diém t — 1: ¢6 xét dén dir liu lich st

(ii) DiF liéu dau ra: Thi hang cua cac phuong an AT € AT (c6 xét dit liéu lich su).

Quy trinh ra quyét dinh gom hai giai doan: GD 1 phat trién mo hinh Linguistic FAHP dya trén HA,
ky hi¢u 1a L-FAHP - HA d¢€ xac dinh trong so cua ti€u chi dua trén FAHP, con GD 2 phat trién mo
hinh Linguistic FTOPSIS dya trén HA, ky hi¢u la L-FAHP - HA dé danh gid, két nhap va xép hang
phuong an qua nhiéu thoi diém dua trén FTOPSIS [21]. Trong ca hai giai doan, thong tin danh gia
cua chuyén gia dugc bicu dién trén thang do ngdn ngir 4-tuple nglr nghia xay dung tir HA, cho phép
thuc hién truc ti€p cac phép két nhdp trén mién ngén nglt ma bao toan trat ty va cau trac ngt nghia
ndi tai cua cac tir ngdn nglr. Bong thoi, mo hinh con thiét 1dp co ché suy gidm nglr nghia dé tich hop
dir liéu lich str voi dir li¢u hién tai theo hudng dich chuyén dan vé phan tur trung hoa cua thang do.
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4.4.1. Xdc dinh trong sé ciia cdc tiéu chi

Buérc 1.1. Xay dung ma trén so sanh cip ngdn ngit va kiém tra tinh nhat quan tai thoi diém 7.

Tai thoi diém 7, mdi chuyén gia DI st dung cac tir ngdn ngir x € X, trén thang do ngdn ngix Ly, (C7)
dé xay dung ma tran so sanh cip ngon ngir, ky higu ng, theo cong thuc (4.7).

Pé bao dam d¢ tin cay clia cac phan doan, ma tran ng dugc kiém tra tinh nhat quan thong qua ty
1& nhat quan CR,, (), xac dinh theo cong thirc (4.9):
CI54(0)
RI(n;)’

Trong d6, RI(n,) (Random Index) 1a chi s ngau nhién ctia ma trén bac n, theo AHP ¢ dién duoc
tra trong Bang 4.1. Con CIf,4(t) 1a chi s6 nhat quén ciia ma tran so sanh cip ngon ngir ng do chuyén

CRf,(7) = véie=1,..,hn, = 3. (4.9)

gia DT cung cap trong méi trudng HA nhu cong thie (4.10) dudi day:
Arenax(T) —ng— (1 - 19(W)T)
n; — (1 —9(w)?)

Dé tinh C Rf 4 (T), trude hét ma trin ngdn ngir ng dugc chuyén sang ma trin mod ngit nghia

CIg, () = (4.10)

F ng bang cach anh xa mdi phan tir xfj () sang tdp mo nglr nghia twong Gng théng qua anh xa
J2(x{;(7)) theo cong thirc (4.1). Ma tran ng chi duoc chip nhan néu dat ty 18 nhat quan CRf, (1) <
0.10. Nguoc lai chuyén gia DZ phai diéu chinh lai cc so sanh cip cho dén khi dat yéu cau nhat quan.

Buwéc 1.2. Két nhap cac ma tran so sanh cip ngdn ngit cua cac chuyén gia tai thoi diém .

Sau khi tt ca cac ma tran ng, da dat ty 1¢ nhét quan, tién hanh két nhap cac danh gia ngén ngir
cua toélp b0 héi déng chuyén gia tai tl}di diém 7 dé thu du’(_yg ma tran so sanh cap nh('?m, ky hiéu AP?.
Phép két nhap dugc thuc hién trén mién ngoén ngir 4-tuple bang cach ap dung phép két nhap ngon ngir
nhi phan da xay dung trong cac cong thirc (4.2) va (4.3), theo cong thirc (4.11) sau:

APT = (X;;(T))ny x n,- (4.11)

Trong d6, mdi phén tir ¥; (1) ctia ma tran AP dugc xé4c dinh boi:

%0 =xji(@D O x50 © ... @xihjt(r),vc'ri Lj=1,..,n5i # j. (4.12)

Ma tran AP? biéu dién danh gia tap thé ciia hoi dong chuyén gia vé mirc 46 quan trong twong dbi
gitra cac tiéu chi tai thoi diém .

Buée 1.3. Xay dung ma trdn so sanh cip tong hop co tich hop dit liu lich sir.

Budc nay duge ap dung cho truong hop T > 1, khi qua trinh ra quyét dinh tai thoi diém hién tai
can ké thira thong tin tir cac thoi diém trudce. Dé thuc hién viée tich hop dir liéu lich sir, ky hiéu: €T =
C™ 1 U C7, 1a tap hop céc tiéu chi xuét hién trong hai thoi diém lién tiép 7 - 1 va 7, va n¥ 13 s6 phan
tir ctia tap nay. Khi d6, ma tran so sanh cip tong hop c6 tich hop dit liéu lich str duoc ky hiéu 1a APT,
véi cac phan tir dugc xéc dinh theo cong thirc (4.13) nhu sau:

D @ ;@) néuCfte C*1vact e C,
ﬁ:}('l') = fij(l' — 1) @fU(T) néu Ci‘r_l, CLT € C™1n C_'T, (413)
Xj(r—1) %% CFleC™'vacitecCr.

Trong d6, @: 1a phép két nhap véi dir liéu khuyét thiéu; @: 1a phép két nhap ngdn ngit nhi phan; i,
j=1, ., n¥i#].

Trong cong thirc (4.13), c6 ba truong dugc xét twong trng voi ba trang thai dong cua tap ti€u chi:
tiéu chi moi xuét hién ¢ thoi diém hién tai, tiéu chi dugc duy tri qua hai thoi diém, va tiéu chi chi con
trong dit liéu lich sir ma khong con xut hién tai thoi diém hién tai 1an luot duoc tinh toan nhu sau:
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Truong hop 1 cua cong thic (4.13) dugc thuc hi¢n theo cong thic (4.4), trudong hop 2 theo cac cong
thire (4.2) va (4.3), con trudong hop ba dugce tinh theo cac cong thire (4.5) va (4.6). Cach t6 chirc nay
cho phép mé hinh linh hoat thich tmg véi su thay d6i cua tap tiéu chi theo thoi gian, dong thoi bao
dam rang dir liéu lich str khong bi loai bo hoan toan ma duoc tich hop ¢ kiém soat théng qua co ché
két nhap ngon ngit va suy giam ngir nghia.

Budce 1.4. Xay dung ma tran so sanh c@p nglr nghia mo

Ap dung Pinh nghia 4.1 dé chuyén ddi cac phan tir ngdn ngit trong ma tran APT sang biéu dién ngir
nghia mo thong qua ham anh xa fz(+), theo dé mdi tir ngdn ngir dugc gan véi mot tip mo tam giac
ngit nghia trong tng. Khi d6, ma trén so sanh cip ngit nghia md dugc ky hiéu 1a FAPT va duoc xac
dinh theo cong thtrc (4.14) duoi day:

fz@11(™) fz(Fi2(D)) - f2(Pin, (D))

PP — o = | 2P @) o foPi) |
12 (@) f2 (B2 (@) o f 2 (Fron, (D)

trong do6: fz (ﬁ;‘j(r)) = (ll-j(r), mij(r),uij(r)),(fz(ﬁ{‘j(r)))_l = ( ! ! : ), véi

uj (1) myj ()" 15(7)

i,j=1,..,n;,1# j;ham fz(-) la phép anh xa cta tdp mo tam giac cia madt tor ngodn ngr.

Can luu y rang, dé tranh xuat hién mau sé bang 0 khi tinh cac phan tir nghich déo trong ma tran so
sdnh cdp mo, cac gia tri nglt nghia TFS duoc tai chuén hoa tir mién [0, 1] sang mién [0.1, 1]. Viéc tai
chuin hoa nay khong lam thay doi quan hé thir ty ngit nghia giira cac tir ngdn ngir, nhung gitp bao
dam tinh 6n dinh sd hoc trong qua trinh tinh toan.

Budre 1.5. Xac dinh trong s6 md va trong sé chuin hoa cia céc tiéu chi theo phuwong phap trung
binh hinh hoc ctia Buckley.

Trén co s& ma tran so sanh cip ngir nghia md FAPT, trong s6 cua céc tiéu chi tai thoi diém 7 dugc
tinh boi phép trung binh hinh hoc md do Buckley dé xuét. Trudce hét, ddi véi mdi tidu chi C i, trung
binh hinh hoc m& ctia ma tran FAPT duoc tinh theo cong thic (4.15):

1/n7

nt
RAP] = nfz Q) Jj=1,2,..,n¥ (4.15)
j=1

Trong do, RAP]-T biéu dién mirc d6 vu tién mo tong hop cua tiéu chi thir j so véi toan bo cac tidu
chi con lai, con fz(p;;(7)) la phan tir mo tam gidc tai vi tri (i, /) cia ma tran FAPT.

Tiép theo, trong sé mo cua tiéu chi tht j, ky hiéu Fwj(t) dugc xac dinh bang cach chuan héa gia
tri RAP]-T theo tong céc trung binh hinh hoc mo cua tit ca cac tiéu chi boi cong thirc (4.16):

_ N |
Fy () = RAF (D) @ (RAP () @ RAF[ (D) @ .. ® RAPL, (D)) (4.16)
Trong d6, @: dung dé cong cac s6 mo tam giac; ®: dung dé nhan sé mo tam giac thir j v6i nghich
dao mo cua tong; va (-)~1: 1a nghich dao nhéan cua sé mo duong.
Két qua thu duoc 13 mot sé mo tam giac c6 dang: F wi(r) = (l Fiwj (1), Mpw, (1), Ur, (1) )

Pé phuc vu cho budc tinh toan tiép theo trong mé hinh L-FTOPSIS-HA, cac trong s6 mo duge khir
md dé thu duogc cac gia tri s6 1d. Trong luan an, qua trinh khir md duoc thyc hién bang phuong phap
trong tim mién (COA). Cu thé, véi mdi trong s6 mo F w;(T), gia tri s6 1o tuong Ung M;(7) dugc xac
dinh theo cong thirc:
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lFWi (T) + mFW,: (T) + uFW,: (T)
3
Gia tri M;(7) la dai di¢n s6 10 cua trong s6 mo F w; (7). Céc gia tri M;(7) dugc chuan hoa dé thu

M;(r) = (4.17)
dugc véc-to trong sb cta tiéu chi w;(7) tai thoi diém 7, bao dam thoa mén diéu kién téng cac trong sb
bang 1. Vé‘c-tq trong s nay la k@t qua dauracua Gb 1 V‘E‘l duoc st dung lam dau vao cho Gb 2 cua
mo hinh dé xuat, tirc giai doan x&p hang cac phuong an bang phuong phap L-FTOPSIS-HA.

4.4.2. Pdanh gid xép hang cdic phwong dn

Buérc 2.1. Xay dung ma trdn dédnh gia ngdn ngit cho cac phuong 4n tai thoi diém 7.

Tai thoi diém 7, mdi chuyén gia DZ st dung tir ngon ngit x € X, trén thang do ngon ngir Ly (A7),
dé xdy dung ma tran danh gia ngdn ngir cho cac phuong an, ky hiéu Agg, theo cdu triic nhu trong cong
thirc (4.8). Trong ma tran ndy, mdi phan tir biéu dién danh gid ngdn ngit ctia chuyén gia DI dbi véi
murc d§ dap Umg clia phuong 4n A7 € A* theo timg tiéu chi ¢ € C* tai thoi diém 7.

Buwéc 2.2. Két nhap cac ma tran danh gia ngdn ngir ctia chuyén gia tai thoi diém 7.

Két nhap cac danh gia ngdn ngir cua toan bd hoi dong chuyén gia tai thoi diém 7 dé thu duoc ma
tran danh gia phuwong 4n nhom, ky hiéu AA®, theo cong thirc (4.18) sau:

AAT = (@;;(0))m, x n, (4.18)

Trong d6, mdi phan tir d; (t) clia ma tran AAT dugce xac dinh thong qua phép két nhap ngdn ngir
nhi phan trén mién 4-tuple ngt nghia theo cong thirc (4.19) nhu sau:

a@;;(0) = aj;;(0) @ af; (1) B - B a?j’(r),i =1,...mg;j=1,..,1n; (4.19)

Ma tran AA® phan anh danh gia tap thé ciia hoi dong chuyén gia vé muc d6 dap ing ciia cac phuong
an tai thoi diem 7.

Buéc 2.3. Xay dung ma tran dénh gia phuong an tong hop c6 tich hop dit liéu lich s

Budc nay dugc ap dung khi 7 > 1. Pé tich hop danh gia hién tai véi dit lidu lich str, ky hiéu: A7, =
AT U AT, CF = €™ ' U €T 1a tap hop cac phuong an xuit hién trong hai thoi diém lién tiép 7 — 1 va
7, ¢6 sO phan tir cua hai tap néy m¥, n¥. Tuong tu, viéc tigh hop lich sir cling dugc xét dong thoi dbi
voi tap ti€u chi. Khi do, cac phan tir ciia ma tran danh gia tong hop co tich hgp dit liéu lich su, ky hi¢u

AAT = (dikj (T))

,» duoc xac dinh theo cong thirc (4.20) sau:

m¥xnl
(. . [Af e ANA"1vaCf e CP\C* 1
@ a;;(r) e 4t e AT va CT e CT\C™!
ay(r) = { ay(t — D ®a;(1) néudf € A A" vacf € C*n ! (4.20)
G- B D néudfe AN\ Avacl e CTI\CT
(DD D:=w néu A7 € ANA"1vaCf € CTI\CT

Trong d6, @: 1a phép két nhap vai dit liéu khuyét thiéu; @: 1a phép két nhap ngdn ngir nhi phan; w
dugc biéu dién 4-tuple ngit nghia ctia phan tir trung hoa w trong Ly; i = 1,...,m%, j = 1,...,n%.

Trong cong thirc (4.20), c6 bon trudng hop duge xét tuong img voi bdn trang thai dong cia tap
phuong an: phwong 4n méi xuat hién ¢ thoi diém hién tai, phuwong an duoc duy tri qua hai thoi diém
lién tiép, phuong an chi con trong dir liéu lich sir ma khong con xuat hién tai thoi diém hién tai va bi
khuyét thiéu dir liéu ca 2 thoi diém bd sung phuong an méi va loai bo tiéu chi ¢ thoi diém hién tai.
Do @6, truong hop 1 ctia cong thirc (4.20) dugc thuc hién theo cong thirc (4.4), trudng hop 2 tinh theo
cac cong thire (4.2) va (4.3), truong hop 3 dugc tinh theo cac cong thuc (4.5) va (4.6), con truong hop
4 d¢ bao dam tinh day du ciia cong thirc trong truong hop tap phuwong an va tap tidu chi dong thoi thay
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doi. Xét ma trin mé rong trén mién hop A7, va CF, véi moi A7 € A%, va C; € €, néu AT € AN\A™?
dong thoi Cf € C™""\C", thi ca gi4 trj lich st va gi4 trj hién tai tai 0 (i, ) déu khuyét thiéu; khi d6 quy
udc: D@ B :=w = (w, Sp(w), 9(W), %,). Quy udc ndy chi nhim bao dam tinh day du ctua ma tran
va tinh nhat quan ngit nghia ctia biéu dién 4-tuple dya trén HA. Khi xép hang tai thoi diém t, cac tiéu
chi khong thudc €T khong tham gia ma tran quyét dinh hién tai, nén gia tri W chi c¢6 ¥ nghia luu vét
cdu tric va khong anh huong dén két qua xép hang tai thoi diém 7.

Buéc 2.4. Chuyén doi ma tran danh gia ngon ngir tich hop dir liéu lich sir sang ma tran danh gia
mo.

Tuong tu Budc 1.4, ap dung Pinh nghia 4.1 dé chuyén ddi cac phan tir ngdn ngir trong ma tran

AAT sang biéu dién ngir nghia mod bang ham anh xa fz(+), theo d6 mdi tir ngdn ngir duge gan véi mot
tap mo tam gidc ngit nghia twong ung. Khi d6, ma tran danh gia ngir nghia mo duoc ky hiéu 1a FAA®
va dugc xac dinh theo cong thuce (4.21) sau:

FAA" = fz(a;;(0)muxpu,i=1 ..m¥j=1 .,n¥ (421

Buérc 2.5. Tinh gia tri danh gia tong hop co trong sé cua cac phuong an.

Trén co s& ma tran dénh gia mo FAA? va trong sb mo cta cac tiéu chi F w; (1) thu dugc trong Bude
1.5, gia tri ddnh gia tong hop c6 trong s6 clia phuong 4n thir i tai thoi diém 7 ky hidu 1a Y7 duge xac
dinh theo cong thuc (4.22):

ng
Y7 = niu Fity(t) X fz(@;;(0),i = 1,..,m&j = 1,..,n (4.22)
T j=1

Buére 2.6. Xac dinh khoang cach tir cac phuong an dén PIS (&) va NIS (4 7) tai thoi diém T duoc

tinh 1an lugt theo cac cong thire (4.23) va (4.24):
df (0) = J(YF=61%i=1,..,m¥, (4.23)
di (r) =J(Xf=67)%i=1,.., m¥ (4.24)

Trong d6, 4+ = (1,1,1), 4~ = (0,0,0), va df (r) va d; (z) lan lugt biéu thi mic d6 gan cua
phuong n AY téi PIS va xa d6i véi NIS.

Budrc 2.7. Tinh hé s6 gan va thir hang cho cac phuong én.

Hé sb gan clia cic phuong 4n A tai thoi diém 7 dugc tinh theo cong thirc (4.25). Cac phuong an
dugc xép hang duya trén gia tri CC 75 trong d6 CC; cang lon thi phuong an cang t6i wu hon.

Edf (o) +di (@) (425)

4.5. Vi du thyc nghiém

Bang 4.1. Kich ban danh gia muc do sin sang chuyén d6i s6 ciia SMEs tai Viét Nam

Thoi . R S A a1
didm Tap phuong &n va boi canh B§ tiéu chi
T, El, E2, E3, E4, ES. 03 tiéu chi chinh, 11 ti€u chi con.
; . 04 tiéu chi chinh, 14 tiéu chi con (b
Bo 51: E6, E7, ES. : ’ .
t2 0 sung mot: E6, E, E8 sung 1 tiéu chi chinh va 3 tiéu chi con).
T3 E1 va E2 bi loai bo; bd sung E9, E10. 04 ti€u chi chinh, 14 ti€u chi con.
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Bang 4.2. Két qua xép hang mirc d6 san sang chuyén doi s6 cia SMEs ¢ Viét Nam

tai 3 thoi diem 74, 75, 75

Thoi

didm Két qua xép hang Nhan xét

E2 la phuong éan ndi troi; thir hang phan anh dugc su

2 E2>El>E3>E5>E4 phan hoa hop 1y gitta nhém dan dau va nhom cudi.

. E6 > E2 > El > E7 > E3 > | Khi tap phuong an va b tiéu chi thay ddi, E6 vuon
5 A

E8 > E5 > E4 1én dimg dau nho két qua hién tai tt hon.
E2>E9>E6>E7> EL0 EZ kh(;)ng con du’chdanh gid m6i 6 73 ~nhung van
T3 dirng dau nho co ché suy giam ngir nghia cho phép

> E8>ES > El >E4>E3 bao luu hop 1y thanh tich lich sir tt cua E2.

4.6. Phan tich d nhay va so sanh két qua
4.6.1. Phan tich dp nhay

Phan tich d6 nhay duoc thuc‘ hiér} tai ba thoi diém T4, T2, T3 theo hai kich ban nham kiém tra d6 6n
dinh va dg nhay ctia mo hinh dé xuat

Kich ban 1, nhiéu loan toan cuc béng cach dich toan b cac phan doan so sanh cap ngén ngit duoc
dich ting mot murc trén thang do L, (CY).

Kich ban 2, két hop nhiéu loan toan cuc va thay doi do do tinh mo cia HA.

Bang 4.3. So séanh két qua phéan tich d¢ nhay trong cac kich ban tai 3 thoi diém T, T, Va T3

Thoi . Két qua phan tich do nhay theo hai kich ban
% Ban dau
diém Kich ban 1 Kich ban 2

7, | E2>E1>E3>E5>E4 | E2>El >E3>E5>E4| E2>El>E3>ES5>E4

E6 >E2>FE1>E7>E3>| E6>E2>E7>El1>E3|[E6>E2>E7>El>E3>
E8 > E5 > E4 > E8 > ES > E4 E8 > E5 > E4
E2>E9>E6>E7>EI0 | E2>E9>E6>E7>EIO|E2>E9>E6>E7>EIQ
>E8 >ES5>El >E4>E3|>E8>E5>El >E4>E3|>E1>E8>ES>E4>E3

Két qua tong quat theo hai kich ban trong Bang 4.3 cho thiy thir hang SMEs bién dong rat nho,

nhom din dau va xép cubi hau nhu dugc bao toan qua ca ba thoi diém. Trong d6, E2 giit vi tri dan
dau ¢ thoi diém 7, va thoi diém 73, con E6 gilt wu thé ¢ thoi diém 7,. M6 hinh L-FAHP - L-FTOPSIS
dong dua trén HA c6 d¢ On dinh cao, do tin cdy tot va kha nang dién gii rd rang trong boi canh danh
gia murc dg san sang chuyén doi so cia SMEs ban 1¢ tai Viét Nam.
4.6.2. So sdnh két qud
Bang 4.4. So sanh két qua mo hinh dé xuat véi FAHP-FTOPSIS dong tai 3 thoi diém 7, 7, va 75
Thoi
diém
T4 E2 > El1 > E5> E4 > E3 E2 >El1 >E3 >E5>E4
7, |E6>E2>E8>E7>El>E5>E3> E4| E6 >E2>E7>El > E3 >E8 > ES5 > E4

E9 > E10 > E6 > E2 > E8 > E7 >E1l > E5[E2 > E9 >E6 >E7 >FE10 > E8 > E5 > EIl
>FE4 >E3 >E4 > E3

FAHP-FTOPSIS dong Mo hinh dé xuat

T3
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Két qua trong Bang 4.4 cho thy ca hai mé hinh thdng nhat & mot sé phuwong an noi trdi, chang han
E2 & 7, va E6 ¢ T,. Tuy nhién, tai 73 mo hinh dbi sanh dua trén 1y thuyét tap mo sir dung phép két
nhap trung binh cong cia 3 thoi diém va wu tién phuong an c6 két qua t6t & thoi diém hién tai 1a E9
dung dau.

Trong khi mé hinh dé xuét xép E2 dung dau dya trén thanh tich lich st tot (t; va T,). Su khac biét
nay cho thdy mé hinh dé xuét c6 kha nang tich hop dit liéu lich st véi dit liéu hién tai theo mot co ché
cho phép anh huodng dir liéu lich sir suy giam hop 1y theo thdi gian. Qua d6, mé hinh dé xuat khong
chi bao dam d tin cdy va tinh on dinh cta két qua xép hang, ma con phan anh ding hon ban chét
truéng thanh ctia qué trinh chuyén ddi sb trong méi trudng ra quyét dinh dong.

4.7. Két luan chwong 4

Trong chuong nay, luin an d3 trinh bay mot sb 1y thuyét dai s6 gia t¢ md rong cho bai toan
MCGDM ngon ngir dong nham giai quyét su thay doi ctia bo tidu chi, tip phuong an va ngudi ra quyét
dinh theo thoi gian. Cuy thé trong chuong nay di trinh bay hai phép két nhap d6 1a phép két nhap ngon
ngit nhi phan trén thang do 4-tuple ngit nghia va phép két nhap véi dir liéu khuyét thiéu, trong d6 co
co ché suy giam ngir nghia dé tich hop dir liéu lich st trong méi truong HA. Tiép theo mé hinh ra
quyét dinh L-FAHP - L-FTOPSIS d6ng dua trén HA da dugc phat trién. Cudi ciing, mé hinh dé xuat
da duoc ung dung trong viéc danh gia mirc d6 san sang chuyén doi s cia SMEs trong linh vuc ban
1¢ tai Viét Nam dé minh hoa cho nhing loi thé va kha ning Gng dung thuc tién cua ly thuyét va mo

hinh ra quyét dinh duoc dé xuét.

KET LUAN

Luén &n da dat muc ti€u phat trién cac mé hinh MCGDM trong moi truong thong tin ngdn ngir dua
trén HA, theo hudng sir dung HA lam nén tang biéu dién, dinh luong ngtr nghia, bao toan trat ty ng
nghia, két nhap danh gia va xép hang phuong an. Trén co sé hé théng héa Iy thuyét va xac dinh céc
khoang tréng nghién ctru, luan 4n hinh thanh mot khung phuong phap luin ¢6 quan hé ké thira, bo
sung va mo rong qua ba két qua chinh nhu sau:

Thir nhat, mé hinh HA-TOPSIS duoc phat trién cho bai toan xép hang phuong an trén mién ngi
nghia, trong d6 thang do ngdn ngir dya trén HA va ham anh xa dinh lugng nglt nghia (SQM) dugc str
dung dé xac dinh PIS/NIS, do khoang cach ngir nghia va tinh hé sé gan. Két qua dugc kiém ching
trén bai toan lua chon nha cung cip, két hop véi phan tich d6 nhay va so sanh v&i cac mé hinh 4-tuple
ngit nghia va FTOPSIS cho thdy mé hinh dé xuét bao toan trét tu ngit nghia, gop phan nang cao tinh
on dinh, d6 tin cay va kha ning dién giai cua két qua ra quyét dinh (Chuong 2).

Thir hai, ludn 4n d4 phat trién mo hinh MCGDM tich hop EFAHP - 4-tuple - HA nham dong thoi
xéc dinh trong sb cia tiéu chi va xép hang phuong 4n trong mdi truong ngdn ngir. Két qua trong tam
ctia mo hinh 14 dé xuat co ché kiém soat tinh nhat quan ctia ma tran so sanh cip ngdn ngit trong moi
truong HA, trén co so d6 xac dinh trong s6 cua tiéu chi bang EFAHP-HA. Tiép theo, ap dung mé hinh
4-tuple ngir nghia dé biéu dién, két nhap danh gia cta chuyén gia va xép hang phuong an. Viéc biéu
dién va xir 1y dir liéu theo hudng ngit nghia trén cing mot nén tang HA gop phan bao dam tinh lién

thong ngir nghia gitta hai giai doan xac dinh trong s6 cia tiéu chi va xép hang phuong an. M6 hinh
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duoc timg dung vao bai toan danh gia mirc d6 sin sang chuyén d6i sé ciia 16 SMEs trong linh vuc ban
1¢ cho thiy mo hinh khong chi bao toan tét hon vé ciu tric ngit nghia ciia dir lidu dau vao, ma con
duy tri dugc do on dinh cua tht hang khi phan tich d§ nhay va ddi sanh v6i cac mo hinh HA-TOPSIS
va FAHP-FTOPSIS (Chuong 3).

Thir ba, luan an di phét trién khung phuong phép xay dung mo hinh MCGDM dong trong mdi
truong ngdn ngir dua trén HA. Trén nén tang biéu dién 4-tuple ngit nghia, luan an da phat trién phép
két nhap ngon ngit nhi phan, phép két nhap voi dir liéu khuyét thiéu va co ché suy giam ngit nghia
nham tich hop dit liéu lich str v6i dir liéu hién tai. Tir khung phwong phéap ndy, luan 4n xay dung mé
hinh L-FAHP - L-FTOPSIS dong dwa trén HA dé xac dinh trong sb ctia tiéu chi va xép hang phuong
an nhat quan qua nhiéu thoi diém. M6 hinh dugc kiém chimg thong qua bai toan danh gia mic do sin
sang chuyén d6i s6 cia SMEs trong bdi canh dong, két hop phan tich ¢ nhay va so sanh véi phuong
phép lién quan. Két qua thuc nghiém cho thdy mé hinh c6 kha ning phan anh su bién dbi cua dit liéu
danh gia theo thoi gian, dong thdi duy tri kha nang dién giai ngir nghia trong pham vi cac kich ban da
xay dung (Chuong 4).

Bén canh nhiing két qué dat dugc, nghién ctru van con mot s6 han ché can tiép tuc dugc nghién
ctru. Thir nhat, cac mo hinh duoc xay dung cha yéu trong pham vi HA tuyén tinh véi cac bo tham sd
ngit nghia dugc xac dinh theo gia thiét hodc theo cdu hinh thuc nghi¢m. Thur hai, pham vi kiém ching
thuc nghiém con gidi han vé b lugng mién ung dung, sb luong bd dit liu va quy mo bai toan. Thu
ba, luan an chua phat trién thanh mot hé hd tro ra quyét dinh hoan chinh dé kiém chirng kha nang trién
khai trong moi truong van hanh thuc té.

Tt nhiing han ché @6, mot sb hudng nghién ciu tiép theo o thé duoc trién khai. Trude hét, can
nghién ctru co ché t6i wu va hiéu chinh bo tham sé ngit nghia ciia HA dya trén dit liéu thuc nghiém
hodc phan hoi cua chuyén gia, nham giam sy phu thudc vao cac phuong phap khao sat truyén théng.
Tiép theo, c6 thé mo rong cac mo hinh dé xuét cho bai toan MCGDM quy md 16n, bai toan c6 dit liéu
khong déy du, dir liéu khong déng nhét hodc dir liéu cap nhat theo thoi gian thuec. Cubi cung, can phat
trién hé hd tro ra quyét dinh dya trén cic mo hinh da dé xuét va md rong tng dung sang cac linh vuc

nhu danh gid rai ro, quan ly du an, y té, gido duc, tai chinh va méi truong.
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  A A


    A  i ∈   A -


    w ~ =


  (     w ~ 1 , … ,     w ~  p  )  T


      ∑  j   = 1  p      w ~  j = 1


      Υ  (     x ~ 1 ,     x ~ 2 , … ,     x ~  p ) = Δ  (   ∑  j = 1  p      w ~  j   r  j )                                           (3.12)


   ( x , 𝜗  ( x ) ,   S  k  ( x ) ,   ∑  j = 1  p      w ~  j   r  j ) ,


    ∑  j = 1  p      w ~  j   r  j ∈   S  k  ( x ) .


    A  i ∈   A -


    L  k  (   C -   )


    L  k (   A - )


    L  k  (   C -   )


    L  k (   A - )


    r  x


    r  x


  ≻


  ≻


  ≻


  ≻


  ≻  


  ≻


  ≻  


  ≻


  ≻


  ≻  


  ≻  


  ≻


  ≻


  ≻  


  ≻


    L 2  (   C ˉ )


    L 2 (   C ˉ )


    f  z :   L  k →   F    L  k


  ∈   X  k  


    L  k


    x ⃛ = ( x , 𝜗 ( x ) ,     S  k ( x ) ,   r  x ) ∈   L  k


    f  z  (   x ⃛ )  


        f  z  (   x ⃛ ) =  ( l , m , u ) .  


    x ¨ ,   y ¨ ∈   L  k


    x ¨ = ( x ,   S  k ( x ) , 𝜗 ( x ) ,   r  x )


    y ¨ = ( y ,   S  k ( y ) , 𝜗 ( y ) ,   r  y )


  w  


    L  k


    𝒛 ¨ =   x ¨ ⊕   y ¨ =  ( 𝒛 ,   𝑺  𝒌  ( 𝒛 ) ,   𝝑  ( 𝒛 ) ,   𝒓  𝒛 )  


    x ¨  


    y ¨


    r  z


    r  z   =     r  x +     r  y =  {    f m  (   g − )   ×   T  (     r  x  f m  (   g − ) ,     r  y  f m  (   g − ) ) ,                                                                                                 n ế u   x , y   <   w                     f m  (   g − ) +   f m  (   g + ) ×   S  (     r  x   −   f m  (   g − )  f m  (   g + ) ,       r  y   −   f m  (   g − )  f m  (   g + ) ) ,   n ế u   w ≤   x ,   y            ( 4 . 2 )       f m ( y )  f m  ( x )   +   f m ( y ) ×   r  x   +     f m ( x )  f m  ( x )   +   f m ( y ) ×   r  y ,   n ế u     x < w < y   v à   x ≠ 0 ,   y ≠ 1


    𝐫  𝐳


    𝐳 ¨


  z ∈   L  k


    r  z ∈   S  k ( z )


  𝜗 ( z )


  z


  ⊕


  x  


  y  


  w


    r  x = 𝜗 ( x )


    r  y = 𝜗 ( y )


    r  w = 𝜗  ( w )  


  ω


    r  x <  r w


   r y <  r w


   r z


  ω


    r  x ≥  r w


   r y ≥  r w


   r z


    r  x ≤  r w ≤  r y  


   r y ≤  r w ≤  r  x


   r z


    r  x  


   r y


    x ¨


    y ¨  


    L  k


  ⊕


    L  k


    z ¨ =     x ¨   (       y ¨ ∈   L  k


    x ¨   (       y ¨ =   y ¨ ⊕   x ¨


      x ¨ 1 ≤       x ¨ 2


      x ¨ 1 ⊕   y ¨ ≤     x ¨ 2 ⊕   y ¨


  w ∈   L  k


    x ¨ ⊕ w = w ⊕   x ¨ =   x ¨


  w


  x , y , z ≥ w  


  x , y , z ≤ w  


   (   x ¨ ⊕   y ¨ ) ⊕   z ¨ =   x ¨ ⊕ (   y ¨ ⊕   z ¨ )


  n


      x ¨  i ∈   L  k


  i = 1 , 2 , … , n


      x ¨  i = (   x  i , 𝜗 (   x  i ) ,   S  k (   x  i ) ,   r    x  i )  


    x  i


    z ¨ = ( z , 𝜗 ( z ) ,   S  k ( z ) ,   r  z )


      x ¨  i


    L  k


        z ¨ =   ∑  i   =   1  n      x ¨  i =  (   ∑  i   = 1  n − 1      x ¨  i ) ⊕     x ¨  n                                                        (4.3)


    L  k


    x ¨ ∈   L  k  


    x ¨ =  ( x ,   S  k  ( x ) , 𝜗  ( x ) ,     r  x ) ,


  w ∈   L  k  


    L  k


  ∅  


  ∅ ∉   L  k .


        x ¨   (  𝜏 − 1 )  


    (   x   (  𝜏 − 1 ) ,     S  k  (   x   (  𝜏 − 1 ) ) ,   v  (   x   (  𝜏 − 1 ) ) ,     r    x   (  𝜏 − 1 ) )


      x ¨   ( 𝜏 ) =


    x  ( 𝜏 ) ,   S  k (   x  ( 𝜏 ) ) ,   v (   x  ( 𝜏 ) ) ,


    r    x  ( 𝜏 ) )


  𝜏


  𝜏


  𝜏


      x ¨  a g g  ( 𝜏 )


    x  a g g  ( 𝜏 )


    S  k


    x  a g g  ( 𝜏 ) ) ,   v (   x  a g g  ( 𝜏 ) ) ,   r    x  a g g  ( 𝜏 ) )


  𝜏


      x ¨   (  𝜏 − 1 )


      x ¨  ( 𝜏 )


  𝜏


      x ¨   (  𝜏 − 1 )


  ∅


  𝜏


  𝜏


      x ¨  a g g  ( 𝜏 )


  ∅


   ⊕ ^


      x ¨   ( 𝜏 )


      x ¨   ( 𝜏 )


  𝜏


      x ¨   (  𝜏 − 1 )


  ∅


      x ¨  ( 𝜏 )


  ∅


  𝜏


      x ¨  a g g  ( 𝜏 )


      x ¨   (  𝜏 − 1 )  ⊕ ^


      x ¨  ( 𝜏 )


      x ¨   (  𝜏 − 1 )


   ⊕ ^


  ∅


    r    x  a g g  ( 𝜏 )


    r    x  a g g  ( 𝜏 )


  𝜗  ( w ) + 𝜆  (   r    x   (  𝜏 − 1 ) − 𝜗  ( w ) )


   


  


  w ∈   L  k


  𝜆 ∈ [ 0 , 1 ]


  𝜆 = 1


    r    x  a g g  ( 𝜏 ) =   r    x   (  𝜏 − 1 )


  𝜆 = 0


    r    x  a g g  ( 𝜏 ) = 𝜗  ( w )


  𝜆


    r    x  a g g  ( 𝜏 )  


    r    x   (  𝜏 − 1 )


  𝜗  ( w )


    r    x  a g g  ( 𝜏 )


      x ¨  a g g  ( 𝜏 )


    x  a g g  ( 𝜏 ) ∈   L  k  


    r    x  a g g  ( 𝜏 )   ∈ S  k


    x  a g g  ( 𝜏 ) )


  v (   x  a g g  ( 𝜏 ) )


    x  a g g  ( 𝜏 )


    s  𝜏 − 1


    r    x  ( 𝜏 − 1 )


    s  𝜏


    r    x  ( 𝜏 )


    s  𝜏 − 1 ∈ [ 0 ,   1 ]


  𝜏


  𝜗 ( w ) ∈ [ 0 ,   1 ]


  𝜆 ∈ [ 0 ,   1 ]


    m i n ⁡   {   s  𝜏 − 1 , 𝜗  ( w ) } ≤   s  𝜏 ≤   m a x ⁡   {   s  𝜏 − 1 , 𝜗  ( w ) }


    s  𝜏


    s  𝜏 − 1


  𝜗  ( w )


  𝜆


    s  𝜏   +   n


  𝜗  ( w )


  → ∞


  n ≥ 1


  0 ≤   𝜆 1 ≤   𝜆 2 ≤ 1  


  ∣   s  𝜏 + n  (   𝜆 1 ) −   𝜗  ( w ) ∣   ≤   ∣   s  𝜏 + n (   𝜆 2 ) − 𝜗  ( w ) ∣


  𝜆


    s  𝜏 + n


  𝜗  ( w )


    s  𝜏 − 1 = 𝜗  ( w )


    s  𝜏 = 𝜗  ( w )


  𝜆 ∈ [ 0 ,   1 ]


    t ≥ 1


  𝜏


  𝜏


      A -  𝜏 = {   A 1  𝜏 ,   A 2  𝜏 , … ,   A    m  𝜏  𝜏 }


   (    m  𝜏 ≥ 2 )


      C -  𝜏 =  {   C 1  𝜏 ,   C 2  𝜏 , … ,   C    n  𝜏  𝜏 } ,


   (    n  𝜏 ≥ 2 )


      D -  𝜏 = {   D 1  𝜏 ,   D 2  𝜏 , … ,   D   h  𝜏  𝜏 }


   (   h  𝜏 ≥ 2 )


      D -  𝜏


    L  k  (     C -  𝜏 )


    L  k  (     A -  𝜏 )


      D  e  𝜏 ∈     D -  𝜏


  e


   h  𝜏


    P    D  e  𝜏  𝜏 = (   x  i j  e  ( 𝜏 )  )    n  𝜏   ×     n  𝜏 .


    x  i j  e ( 𝜏 ) ∈   L  k (     C ˉ  𝜏 )


      x  i i  e ( 𝜏 )


    L  k (     C ˉ  𝜏 )


   h  𝜏 ;


  𝜏


    n  𝜏


  ≠


    A    D  e  𝜏  𝜏 = (   a  i j  e  ( 𝜏 )  )    m  𝜏   ×     n  𝜏 .


    a  i j  e ( 𝜏 ) ∈   L  k (     A -  𝜏 )


  e


   h  𝜏


    m  𝜏


    n  𝜏 ; 𝜏


  τ


    A  i  𝜏 ∈     A -  𝜏


  𝜏


  𝜏


    D  e  𝜏  


  x ∈   X  k  


    L  k (     C ˉ  𝜏 )


    P    D  e  𝜏  𝜏


    P    D  e  𝜏  𝜏


  C   R  H A  e ( 𝜏 )


      C   R  H A  e  ( 𝜏 ) =   C   I  H A  e ( 𝜏 )  R I (   n  𝜏 ) , v ớ i   e = 1 ,   … ,   h ;   n  𝜏 ≥ 3 .                                                   (4.9)


  R I (   n  𝜏 )


    n  𝜏


  C   I  H A  e ( 𝜏 )


    P    D  e  𝜏    𝜏


    D  e  𝜏


      C   I  H A  e  ( 𝜏 ) =     𝜆 max  e  ( 𝜏 ) −   n  𝜏 −  ( 1 −   𝜗  ( w )  𝜏 )      n  𝜏 −  ( 1 −   𝜗  ( w )  𝜏 )                                  (4.10)


  C   R  H A  e  ( 𝜏 )


    P    D  e  𝜏  𝜏  


  F   P    D  e  𝜏  𝜏  


    x  i j  e  ( 𝜏 )  


    x  i j  e


  𝜏


    P    D  e  𝜏  𝜏


  C   R  H A  e  ( 𝜏 )


    D  e  𝜏  


  𝜏 .


    P    D  e  𝜏  𝜏


  𝜏


  A   P  𝜏


      A   P  𝜏 =   (     x ~  i j ( 𝜏 ) )    n  𝜏   (     n  𝜏 .  


      x ~  i j ( 𝜏 )


  A   P  𝜏  


      x ~  i j  ( 𝜏 ) =   x  i j 1  ( 𝜏 )   (     x  i j 2  ( 𝜏 )   (   …   (     x  i j   h  t  ( 𝜏 ) ,   v ớ i   i ,   j = 1 , . . ,   n  𝜏 ; i   ≠   j .


  A   P  𝜏


  𝜏


  𝜏 > 1


      C ˉ  u  𝜏 =     C ˉ  𝜏 − 1 ∪     C ˉ  𝜏 ,


  𝜏


  𝜏


    n  𝜏  u


      A P    𝜏 -


      p ~  i j ∗  ( 𝜏 ) =  {        (    ⊕ ^     x ~  i j  ( 𝜏 )                                       n ế u     C  i  𝜏 − 1 (       C -    𝜏 − 1   v à      C  i  𝜏 ∈     C -  𝜏 ,                   x ~  i j  ( 𝜏 − 1 )   (       x ~  i j  ( 𝜏 )           n ế u     C  i  𝜏 − 1 ,     C  i  𝜏 ∈       C -  𝜏 − 1   (       C -  𝜏 ,                     x ~  i j  ( 𝜏 − 1 )    ⊕ ^ (                           C  i  𝜏 − 1 ∈     C -  𝜏 − 1   v à     C  i  𝜏 − 1   (       C -  𝜏   .                                         (


   ⊕ ^


  (


    n  𝜏  u


  i ≠ j


      A P    𝜏 -  


  f z ( ⋅ )


    F   A P    𝜏 -


    F   A P    𝜏 -  


    f z   (     p ~  i j ∗  ( 𝜏 ) )    n  𝜏 (   n  𝜏   =  (    f z (     p ~ 11 ∗ ( 𝜏 ) )    f z (     p ~ 12 ∗ ( 𝜏 ) )    …  f z (     p ~  1   n  𝜏 ∗  ( 𝜏 ) )     f z (     p ~ 21 ∗ ( 𝜏 ) )    f z (     p ~ 22 ∗ ( 𝜏 ) )  …  f z (     p ~  2   n  𝜏 ∗  ( 𝜏 ) )   ⋮    ⋮  ⋱  ⋮   f z  (     p ~    n  t 1 ∗  ( 𝜏 ) )  f z  (     p ~    n  𝜏 2 ∗  ( 𝜏 ) )    …  f z  (     p ~    n  𝜏   n  𝜏 ∗  ( 𝜏 ) ) )


  f z  (     p ~  i j ∗  ( 𝜏 ) ) =  (   l  i j  ( 𝜏 ) ,   m  i j  ( 𝜏 ) ,   u  i j  ( 𝜏 ) ) ,    ( f z (     p ~  i j ∗ ( 𝜏 ) ) )  − 1 =  (   1    u  i j  ( 𝜏 ) ,   1    m  i j  ( 𝜏 ) ,   1    l  i j  ( 𝜏 ) ) ,  


  i , j = 1 , … ,   n  𝜏 


  i ≠ j


  f z ( ⋅ )  


    F   A P    𝜏 -


  𝜏


    C  j  𝜏


    F   A P    𝜏 -


      R A   P  j  𝜏 =    (   ∏  j = 1    n  𝜏  u    f z  (     p ~  i j ∗  ( 𝜏 ) ) )  1 /   n  𝜏  u   , j = 1 ,   2 , … ,   n  𝜏  u                (4.15)


  R A   P  j  𝜏


  j


  f z (     p ~  i j ∗ ( 𝜏 ) )


    F   A P    𝜏 -


  j


      w ~  j


  𝜏


  R A   P  j  𝜏


  F     w ~  j ( 𝜏 ) =   R   A P  j    𝜏 -  ( 𝜏 ) ⊗    (   R   A P 1  𝜏 -  ( 𝜏 )  ⊕ -   R   A P 2  𝜏 -  ( 𝜏 )    ⊕ - …    ⊕ -     R   A P    n  𝜏  u  𝜏 -  ( 𝜏 ) )  − 1


   ⊕ -


  ⊗


  j


     ( ⋅ )  − 1


  F     w ~  j ( 𝜏 ) =  (   l  F     w ~  j  ( 𝜏 ) ,     m  F     w ~  j  ( 𝜏 ) ,     u  F     w ~  j  ( 𝜏 )   )


  F     w ~  j ( 𝜏 )


    M  j ( 𝜏 )


        M  j  ( 𝜏 ) =     l  F     w ~  i  ( 𝜏 ) +   m  F     w ~  i  ( 𝜏 ) +   u  F     w ~  i  ( 𝜏 ) 3                                                                                 (4.17)


    M  j ( 𝜏 )


  F     w ~  j ( 𝜏 )


    M  j ( 𝜏 )


      w ~  j ( 𝜏 )


  𝜏


  𝜏


  𝜏


    D  e  𝜏


  x ∈   X  k


      L k (     A -  𝜏


      A ~    D  e  𝜏  𝜏


    D  e  𝜏


    A  i  𝜏 ∈     A -  𝜏


    C  j  𝜏 ∈     C -  𝜏


  𝜏


  𝜏 .


  𝜏


    A   A ~    𝜏


        A   A ~    𝜏 = (     a ~  i j  ( 𝜏 )  )    m  𝜏   ×     n  𝜏  


      a ~  i j  ( 𝜏 )


    A   A ~    𝜏


          a ~  i j  ( 𝜏 ) =   a  i j 1  ( 𝜏 ) ⊕   a  i j 2  ( 𝜏 ) ⊕ ⋯ ⊕   a  i j   h  𝜏  ( 𝜏 ) ,   i = 1 , … ,   m  𝜏 ;   j = 1 ,   … ,   n  𝜏                                              ( 4 . 19 )


    A   A ~    𝜏


  𝜏


  𝜏 > 1


      A ˉ  u  𝜏 =     A ˉ  𝜏 − 1 ∪     A ˉ  𝜏


      C ˉ  u  𝜏 =     C ˉ  𝜏 − 1 ∪     C ˉ  𝜏


  𝜏


  𝜏


    m  𝜏  u


    n  𝜏  u


      A   A ~    𝜏 -


     (     a ~  i j ∗  ( 𝜏 ) )    m  𝜏  u ×   n  𝜏  u


      a ~  i j ∗  ( 𝜏 ) =  {        (  ⊕ ^   a ~  i j  ( 𝜏 )                                   n ế u    [      A  i  𝜏 ∈     A -  𝜏 \     A -  𝜏 − 1   v à     C  j  𝜏 ∈     C -  𝜏 \     C -  𝜏 − 1                           A  i  𝜏 ∈     A -  𝜏 − 1 \     A -  𝜏   v à     C  j  𝜏 ∈     C -  𝜏 \     C -  𝜏 − 1                                       a ~  i j  ( 𝜏 − 1 )   (       a ~  i j  ( 𝜏 )         n ế u     A  i  𝜏 ∈     A -  𝜏 (       A -  𝜏 − 1   v à     C  j  𝜏 ∈     C -  𝜏 (       C -  𝜏 − 1                                 a ~  i j  ( 𝜏 − 1 )  ⊕ ^ (                   n ế u     A  i  𝜏 ∈     A -  𝜏 − 1 \       A -  𝜏 v à     C  j  𝜏 ∈     C -  𝜏 − 1 \     C -  𝜏                                   (  ⊕ ^ (   : =     w ¨                           n ế u     A  i  𝜏 ∈     A -  𝜏 \     A -  𝜏 − 1   v à     C  j  t ∈     C -  𝜏 − 1 \     C -  𝜏                                    


   ⊕ ^


  (


    L  k


  i = 1 , … ,   m  𝜏  u


  j = 1 , … ,   n  𝜏  u


      A ˉ  u  𝜏


      C ˉ  u  𝜏


    A  i  𝜏  


      A ˉ  u  𝜏


    C  j


      C ˉ  u  𝜏


    A  i  𝜏 ∈     A -  𝜏 \     A -  𝜏 − 1


    C  j  t ∈     C -  𝜏 − 1 \     C -  𝜏


  (  ⊕ ^ (   : =   w ¨


    S  k


    r  w


      C -  𝜏


  𝜏


      A   A ~    𝜏 -


  f z ( ⋅ )


      F A   A ~    𝜏 -


      F A   A ~    𝜏 -   =   f z   (     a ~  i j ∗  ( 𝜏 ) )    m  𝜏  u   (     n  𝜏  u   ,


    m  𝜏  u


    n  𝜏  u


      F A   A ~    𝜏 -


  F     w ~  j ( 𝜏 )


  i


  𝜏


   Υ  i  𝜏  


   Υ  i  𝜏 =  1    n  𝜏  u   ∑  j = 1    n  𝜏  u  F     w ~  j ( 𝜏 ) ×   f z (     a ~  i j ∗ ( 𝜏 ) ) , i   =   1 ,   … ,     m  𝜏  u ; j   =   1 ,   … ,     n  𝜏  u  


    𝒷 + )  


    𝒷 −


  𝜏  


       d  i + ( 𝜏 ) =   (   Υ  i  𝜏 −    𝒷 +  ) 2 , i = 1 , … ,   m  𝜏  u ,                                


       d  i − ( 𝜏 ) =   (   Υ  i  𝜏 −    𝒷 −  ) 2 , i = 1 , … ,   m  𝜏  u .                                


    𝒷 + = ( 1 , 1 , 1 )


    𝒷 − = ( 0 , 0 , 0 )


    d  i  +   ( 𝜏 )


    d  i −  ( 𝜏 )


    A  i  𝜏


      A  i  𝜏


  𝜏


  C   C  i  𝜏


  C   C  i  𝜏


  C   C  i  𝜏


     d  i − ( 𝜏 )   d  i + ( 𝜏 )   +    d  i − ( 𝜏 )


    𝜏 1


    𝜏 2


    𝜏 3


    𝜏 1 ,     𝜏 2 ,     𝜏 3


    𝜏 1


    𝜏 2


    𝜏 3


    𝜏 3


    𝜏 1 ,     𝜏 2 ,     𝜏 3


    L 2 (     C ˉ  t )


  𝜏


    𝜏 2


    𝜏 3


    𝜏 1


  ≻


  ≻


  ≻


  ≻


  ≻


  ≻


  ≻


  ≻


  ≻


  ≻


  ≻
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