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LOI CAM DOAN

Tac gia xin cam doan day la cong trinh nghién ctru ctia riéng tac gid. Cac két qua
duoc viét chung véi cac tac gid khac déu dugc sy dong ¥ cia dong tac gid trudce khi
dua vao ludn an. Cac két qua trong luan an la trung thuc va chua timg dugc cong bo

trong bét ky cong trinh nao khac.

Tac gia

Nhtr Van Kién
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LOI CAM ON

Téc gia xin chan thanh cam on TS. Hoang Vin Thong, PGS. TSKH. Nguyén Cat HO
da luon nhiét tinh huéng dan va tao diéu kién thuan loi dé tac gid hoan thanh luan an
nay. Tac gia chan thanh cam on PGS. TS. Luu Quéc Pat di ¢6 nhiéu hd trg, dong gop
quy bau trong qua trinh nghién ctru va thoi gian hoan thanh ludn an nay.

Tac gia xin chan thanh gui 161 cdm on dén Ban Giam hiéu Truong Pai hoc Giao
thong Van tdi, Khoa Cong nghé thong tin, Phong Pao tao Sau dai hoc va cac Phong
chtrc ning trong Trudng d quan tm giup dd, tao diéu kién thuan loi trong sudt thoi
gian hoc tap, nghién clru va hoan thanh luan an.

Xin tran trong cam on Ban Gidm dbe Dai hoc Cong nghi¢p Ha N§i, Ban Giam
hiéu Truong Cong nghé thong tin va Truyén thong, Khoa Khoa hoc may tinh va cac
Phong chirc nang trong Truong da quan tam gitp dd, tao dicu kién dé tac gia co thé
thyc hién ké hoach nghién ctru dam bao tién do.

Tac gia xin cam on nguoi than, ban bé va ddng nghiép di tao diéu kién, dong
vién va hd trg tac gia trong qua trinh thuc hién luan an.

Cubi cung, tac gia xin duoc bay t6 tinh cam va long biét on v6 han t6i bd, me va
nhitng ngudi than trong gia dinh, dic biét 1a vo tac gia - Nguyén Thi Thu, ngudi da
ludn dong vién, khich 18, chia sé va ganh vac cong viéc dé tac gia co thoi gian nghién
ctru va hoan thanh luan 4n. Ludn 4n ciing 14 mén qua tinh thin ma tac gia tran trong
gui tang dén cac thanh vién trong gia dinh.

Xin tran trong cam on!
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DANH MUC CAC KY HIEU

TT Ky hiéu Dién giai

1 AX Dai s6 gia tir tuyén tinh

2 AX* Pai sb gia tir tuyén tinh ddy du

3 H(h) D0 do tinh mo cua gia t A

4 fm(x) D0 do tinh mo cua tir ngdn ngit x

5 9(x) Ham dinh lugng ngir nghia cta tir ngdn ngir x

6 Ha(x) Ham xac dinh d6 thudc cua gia tri x vao tap mo A
7 I(x) D¢ dai cua tir ngdn ngir x

8 Thin Khoang tinh m¢ cua gia tri ngon ngir

9 X Tap tat ca cac tir ngdn ngir c6 do dai < k

10 X Tap cac tir ngdn ngir c6 d6 dai dung bang k

11 A Tap hitu han cac phuong an

12 c Tap hiru han céc tiéu chi

13 D Tap hitu han nguoi ra quyét dinh (chuyén gia)

14 @ Phép két~ nhaflp~ng6n ngir nhi phan trén thang do 4-

tuple ngtr nghia
15 (&) Phép két nhap véi dit ligu khuyét thiéu




MO DAU
1. Tinh cép thiét ciia d@ tai

Ra quyét dinh 1a mot hoat dong vo cung quan trong trong hau hét cac linh vuc cia
doi séng kinh té - xa hoi, quan 1y va k§ thuat, boi chit lugng ctia quyét dinh c6 thé tac
dong truc tiép dén hiéu qua dau tu, hiéu nang van hanh, mic do an toan, kha nang thich
mg va strc canh tranh cta t6 chirc [13, 92, 24]. Trong thuc tién, chit lwong cua mot
phuong 4n thuong khong thé dugc danh giad day du chi bang mot tiéu chi don 1é [77].
Céc bai toan nhu lya chon nha cung cap giai phap sb [92, 40, 70, 24], lya chon nén tang
cong nghé [26, 6], xac dinh phuong 4n trién khai hé thong thong tin [92, 24, 20], danh
gia rii ro cong nghé [85, 35], xép hang cac phuong 4n dau tu ha tang s6 [10, 90], hay
danh gia mirc d6 san sang chuyén doi sd cua doanh nghiép [118, 73, 16, 74, 56, 102],
thudng phai xem xét dong thoi trén nhiéu tiéu chi nhu chi phi, chat lugng, kha nang tich
hop, dd tin cay, tinh linh hoat, mirc d§ an toan, hi€u qua van hanh. Gitra cac ti€u chi nay
c6 thé tdn tai quan hé h trg, canh tranh hodc xung dot, lam cho qua trinh ra quyét dinh
tr& nén phirc tap ca vé di liéu 1an phuong phap [12, 76, 24].

Trong bdi canh dé, ra quyét dinh da tiéu chi (MCDM) va ra quyét dinh nhom da tiéu
chi (MCGDM) 1a cac khuon kho phuong phap luan quan trong dé hd tro phan tich, lya
chon, danh gia va xép hang phuong an. MCDM tép trung vao xir 1y cac phuong an theo
nhiéu tiéu chi c6 ban chat va mirc d6 quan trong khac nhau [13, 76], trong khi MCGDM
mé rong bai toan theo hudng két hop ¥ kién ctia nhiéu chuyén gia, nha quan 1y hoac
nhom lién quan ¢6 chuyén mon, kinh nghi¢m, uu tién va mic do chép nhan rii ro khac
nhau [13, 14]. Do d6, MCGDM khong chi phai xtr ly xung dot gitra cac ti€u chi, ma con
phai xtr 1y sy khac biét trong nhan thirc, kinh nghiém va quan diém cua cac chi thé tham
gia ra quyét dinh [93, 13].

Mot diac diém noi bat ciia cac bai toan MCGDM trong thyc tién 1a thong tin danh
gia khong phai liic nao ciing ton tai dudi dang s6 rd [75]. Ddi véi cac tidu chi dinh tinh
nhu mirc d¢ phu hop cong nghé, chat lugng dich vy, nang luc d6i méi, mirc do sin sang
chuyén ddi s6, kha ning thich tmg hay muc do rii ro, chuyén gia thuong sir dung cac tir
ngdn ngir thay vi cac gia tri s6 chinh xac [12, 38]. Cach biéu dat nay gan vdi co ché nhan
thirc tw nhién ctia con ngudi, nhung dong thoi dit ra yéu cau phuong phap luan phic tap
hon: mé hinh ra quyét dinh phai xir Iy duoc tinh mo ho, tinh khong chic chan, tinh chi
quan, tinh phu thudc ngir canh va cau tric ngit nghia ciia cac gia tri ngdn ngit trong sudt
cac giai doan xac dinh trong s6 cua tiéu chi, két nhap y kién nhém chuyén gia va xép

hang phuong an.
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Trén nén tang 1y thuyét tap mo cua Zadeh [115], nhidu phuong phap MCDM va
MCGDM di dugc phat trién nham xr 1y thong tin bat dinh. Cac phuong phap nhu AHP
[95], TOPSIS [59, 37], va cac mé rong dua trén 1y thuyét tap mo, tiéu biéu 1a FAHP [19,
58, 97, 71], FTOPSIS [21, 98, 114, 64, 45, 60, 11], cAic mo hinh tich hgp FAHP -
FTOPSIS [10, 57, 64, 87, 91], ANP - FTOPSIS [66, 69], ANP-DEMATEL [82], cung
cac mo rong dua trén s6 mo [19, 108, 25] va cac dang tap mo khac [45, 113, 8, 105, 22]
d3 gop phan quan trong vao viée biéu dién va xir 1y danh gia bat dinh. Bén canh d6, cac
mo hinh 2-tuple [49, 61, 36, 7, 5, 39], AHP - 2-tuple [28, 99] va 4-tuple ngit nghia [54,
3] da lam 16 hon yéu cau bao toan thong tin ngdn ngit trong qua trinh tinh toan va dién
giai két qua.

Tuy nhién, khi dit trong yéu cau xir Iy tryc tiép thong tin ngdn ngir ciia bai toan
MCGDM, cac huéng tiép can néu trén van con mot s6 gidi han can tiép tuc nghién ctu.
Trong nhi¢u mé hinh dua trén tip mo, mdi lién hé giita tir ngdn ngir va tap mo biéu dién
con phu thudc dang ké vao lwa chon ham thudc, dang s6 mo, tham sd va kinh nghi¢m
ctia nguoi thiét ké [46, 52, 54]. Cac budc tinh toan mo, giai md hodc anh xa xap xi tré
lai nhan ngon ngit c6 thé 1am suy giam mot phan kha nang dién giai ngir nghia cia danh
gi4 ban dau [49, 54, 48]. P6i vi TOPSIS [59] va FTOPSIS [21], viéc xac dinh giai phap
1y tuwong tich cuc (PIS) va gidi phap 1y tudng tiéu cuc (NIS), do khoang cach va suy ra
thir hang thuong dién ra trén céc biéu dién s6 hodc sé mo trung gian; vi vy, khoang
cach sé hoc khong phai luc nao ciing twong thich hodc phan anh day du mbi quan hé
ngir nghia giira cac tir danh gia [63]. D6i v6i bai toan xac dinh trong sd cia tiéu chi,
FAHP [106] va cac bién thé cta né [19, 58, 97, 71] da cho thdy kha ning xir 1y tinh bét
dinh trong so sanh cip, nhung cic thao tac ki thuat nhu tong hop mo, tinh trong tim va
giai mo ¢6 thé 1am suy giam tinh minh bach va kha nang dién giai ngit nghia cta dit liéu
dau vao [63, 99]. Trong cdc md hinh tich hop, viéc xac dinh trong sb cta tiéu chi va xép
hang phuong an trén cac 16p biéu dién khac nhau, chang han két hop sé mo voi gid tri
s6 10 cling c6 thé 1am giam tinh thong nhat ngit nghia xuyén sudt quy trinh MCGDM
[63, 117]. Pay 1a mot thach thirc dang chu ¥ ddi v6i cac bai toan ma ca tim quan trong
clia tiéu chi va dénh gia phuong an déu duoc chuyén gia dién dat bang ngdn ngir tu
nhién [63, 99].

Tir yéu cau do, Iy thuyét Pai s6 gia tir (HA) do Nguyén Cat HO va cong su dé xuat,
cung cép mot cAu tric toan hoc dua trén tién dé dé mé hinh hoa mién tir cua bién ngdn
ngit nhu mot dai s6 ¢ cau tric trat tu ngit nghia [53, 52]. Trong HA, céc tir ngon ngir
duoc sinh tir cac phﬁn tr sinh dudi tdc dong cua céc gia tu; déng thoi, do do tinh mo va
ham dinh lugng ngir nghia cho phép anh xa mdi tir ngdn ngir t&i mot gié tri s theo cach
van bdo toan trat tu va noi dung ngit nghia cua tir [53, 52, 54]. Nho d6, HA tao ra mot
nén tang phu hop dé xay dung cac mé hinh MCGDM ngbdn ngir c6 kha ning kiém soat
cau trac ngit nghia rd hon, tir xdy dung thang do, dinh lugng ngir nghia, chuan hoéa danh
gi4, két nhap nhom, do khoang cach dén giai phap 1y tudng cho dén dién giai két qua
Xép hang. Cac nghién ctru dya trén HA da dat dugc mot s6 két qua trong diéu khién mo
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[86, 72, 103], hdi quy mo [104], tom tat dir liéu ngon ngir [88], du bao chudi thoi gian
ngdn ngit [50, 51], hé hd tro ra quyét dinh [46, 47], va MCGDM [54, 3, 33, 89].

Mic du vay, trong cic nghién cttu MCGDM duya trén HA hién c6, nhiéu mé hinh
chu yéu duoc phat trién trong bdi canh tinh, trong s6 cta tiéu chi thuong dugc gia dinh
trudc hodc do chuyén gia gan truc tiép, co ché kiém soat tinh nhat quan trong phan doan
so sanh cap cua chuyén gia chua duoc tich hop diy di trong mot quy trinh dua trén HA
[54, 3, 33, 89]. Pong thoi, bai toan MCGDM dong trong mdi truong thong tin ngdn ngi,
noi tdp phuong an, bo tiéu chi, hoi dong chuyén gia hodc dit liéu danh gia co thé thay
d6i theo thoi gian, van dit ra yéu cau can c6 co ché két nhap va tich hop dit liéu lich st
v6i dir liéu hién tai mot cach hop 1y [17]. Nhiing van dé nay cho thiy can tiép tuc phat
trién cac moé hinh MCGDM dua trén HA theo hudng vira bao toan cau tric ngir nghia,
vira dap mg cac yéu cau tinh toan trong xac dinh trong sd, kiém soat nhat quan, két nhap
nhom va xép hang phuong an. Trén co so phén tich cic nghién ctu lién quan va dinh
huéng cta luan an, c6 thé thiy ba khoang tréng khoa hoc can tiép tuc 1am rd, nhu sau:

Thir nhat, cac mo hinh TOPSIS [59] va FTOPSIS [21] hién tai con phu thudc vao
sb thuc va s6 mo, ham thudc, gidi mo hodc anh xa xép xi; chua khai thac dﬁy du cau
tric trat tu ngit nghia, d6 do tinh md va ham dinh luong ngit nghia ciia HA dé xép hang
cac phurong 4n trén mién ngir nghia.

Tht hai, cdc m6 hinh MCGDM duya trén HA hién tai [54, 3, 33, 89] trong sb cua tiéu
chi thuong gia dinh biét truéc hodc gan truc tiép, chwa co quy trinh tir so sanh cap ngon
ngit, kiém soat tinh nhat quan dén suy ra véc-to trong s6, nén do tin cdy va lién thong
v6i xép hang con han ché. Mot sé mé hinh tich hop FAHP-FTOPSIS [10, 57, 87] dung
16p biéu dién khac nhau, chuyén doi giira nhan ngén ngi, sé mo, s6 rd hodc giai mo, cd
thé 1am giam tinh minh bach, kha ning dién giai va théng nhat ngir nghia.

Tha ba, cac m6é hinh MCGDM ngoén ngitr dua trén HA [54, 3, 33, 89] hién chu yéu
tap trung vao bdi canh tinh, con thiéu co ché hinh thirc dé xir Iy qua trinh ra quyét dinh
dong; ddng thoi can tich hop dir liéu lich st voi dit 1iéu hién tai va xur 1y dir liéu khuyét
thiéu theo mot co ché suy giam ngir nghia nhit quén.

Tur cac khoang trong trén, luan an hudng téi lya chon HA 1am nén tang tiép can dé
phat trién khung phuong phéap luan cho bai toan MCGDM ngdn ngit theo hudng ndi
tiép, c6 tinh ké thira va mé rong. Cu thé, luan an phat trién mo hinh HA-TOPSIS nham
xép hang phuong an trén mién ngir nghia thong qua thang do ngén ngir, dinh lugng ngir
nghia, xac dinh PIS/NIS, do khoang cach ngir nghia va tinh hé s6 gan. Tiép d6, luan 4n
ké thira va bo sung quy trinh xac dinh trong s6 ctia tiéu chi c6 kiém soat tinh nhit quan
clia cic ma tran so sanh cap ngon ngir, dong thoi phat trién mo hinh MCGDM tich hop
EFAHP - 4-tuple - HA vira xac dinh trong sd clia cac tiéu chi c6 kiém soat tinh nhat quan
vira xép hang cac phuong 4n lién thong trén cting mién ngit nghia. Sau d6, luan an mé
rong bai toan sang bdi canh dong, phat trién khung phuong phap xay dung mo hinh L-
FAHP - L-FTOPSIS dong dua trén HA.
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Nhitng phén tich trén cho thiy dé tai co tinh cap thiét ca vé 1y luan, phuong phap
luan va thuc tién. V& Iy luan, dé tai gop phan lam rd hon co s& biéu dién, dinh lugng va
xir 1y théng tin ngdn ngir trong MCGDM dua trén HA. Vé phuong phap luan, d& tai
huéng toi xay dung khung phuong phéap c6 kha ning lién két twong dbi thong nhét cac
thanh phan cdt 161 ctia quy trinh MCGDM, bao gdm xay dung thang do ngdn ngi, xac
dinh trong s6 cua tiéu chi, kiém soat tinh nhat quan, két nhap y kién chuyén gia, do
khoang cach ngir nghia, xép hang phuong 4n va mé rong sang méi trudng dong. Vé tng
dung, cac md hinh dé xuét c6 kha niang ap dung cho céc bai toan nhu lya chon nha cung
cap, danh gia muirc do san sang chuyén doi sé ciia doanh nghiép, quan tri hé thong théng
tin va danh gia theo chu ky, trong diéu kién dir liéu vira mang tinh ngén ngir vira bién
d6i theo thoi gian dudi tic dong ciia cong nghé, thi truong va chinh sach.

Vi vay, viéc thuc hién dé tai “Nghién ciru phat trién cAc mé hinh ra quyét dinh
nhém da tiéu chi trong méi trudng thong tin ngon ngir dua trén Pai s6 gia tir” c6
co s& khoa hoc rd rang, gan véi nhu cau thuc tién cta cac bai toan ra quyét dinh, dong
thoi dap Ung yéu ciu hoan thién khung phwong phap luan cho MCGDM trong méi
truong thong tin ngdn ngit. Pay 1a co so truc tiép dé luan an phat trién cac mo hinh HA-
TOPSIS, EFAHP - 4-tuple - HA va L-FAHP - L-FTOPSIS dong dya trén HA trong cac
Chuong tiép theo.

2. Muc tiéu nghién ciru

2.1. Muc tiéu tong qudt

Muc tiéu téng quat ctia luan an 13 phét trién cac mé hinh MCGDM trong moi trudng
thong tin ngdn ngir dua trén HA, khai thac cau trac dai s6, d0 do tinh mo va ham anh xa
dinh lugng ngir nghia (SQM) dé biéu dién, dinh lugng thong tin, bao toan trat tw va cdu
tric ngit nghia. Trén nén tang do, luan 4n hudng téi xay dung khung phuong phap luan
lién két cac thanh phan c6t 16i cia MCGDM: xay dung thang do ngdn ngit, xac dinh
trong s cua tiéu chi c6 kiém soat tinh nhat quan, két nhap danh gia nhom va xép hang
phuong 4n trong bdi canh tinh va dong; qua d6 xem xét tinh nhat quan ngir nghia, do on
dinh, d6 tin cdy va kha nang dién giai ctia két qua.

2.2. Muc tiéu cu thé

Dé dat dugc muyc tiéu tong quat néu trén, luan an tap trung thuc hién cac muc tiéu
cu thé sau:

(i). Hé thong hoa co so 1y thuyét va nghién ctru vé MCDM/MCGDM trong moi
truong thong tin ngdn ngir, tip trung vao cac tiép can dua trén 1y thuyét tip mo, FAHP,
FTOPSIS va HA; phén tich han ché, xac dinh khoang trong khoa hoc 1am co s¢ phat
trién va mo rong huéng tiép can HA cho cac md hinh MCGDM.
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(ii). Phat trién mo6 hinh HA-TOPSIS cho MCGDM ngén ngit, str dung thang do ngon
ngit va ham SQM cuia HA, x4c dinh PIS/NIS, khoang cach ngit nghia, hé s6 gan va xép
hang phuong an trén mién ngit nghia théng nhat; kiém chimg bang thuc nghiém, phan
tich 6 nhay va dbi sanh voi cac mé hinh lién quan.

(iii). Phat trién moé hinh MCGDM tich hgp FAHP cii tién véi biéu dién 4-tuple ngir
nghia theo huéng tiép can HA, nham xé4c dinh trong s cua tiéu chi c6 kiém soat tinh
nhit quan ciia ma trin so sanh cip ngon ngit, két nhap danh gid nhém va xép hang
phuong 4n trén nén tang ngit nghia HA; kiém chung kha nang 4p dung, d6 6n dinh va
kha nang dién giai thong qua thuc nghiém, phan tich do nhay va so sanh két qua.

(iv). Phat trién khung phuong phap xay dyng mé hinh MCGDM dong trong méi
truong thong tin ngdn ngir dua trén HA, nham xtr 1y sy thay doi theo thoi gian cia tap
phuong an, bo tiéu chi, hoi ddng chuyén gia va dir liéu danh gia; dong thoi xay dung
phép két nhap ngon ngit, xtr 1y dir liéu khuyét thiéu va co ché suy giam ngir nghia dé
tich hop dir 1iéu lich str v61 danh gid hién tai; phat trién mo hinh L-FAHP - L-FTOPSIS
dong va kiém chimg bang thyc nghiém, phan tich d6 nhay va dbi sanh két qua.

3. N¢i dung nghién ctru

Pé thyc hién cac muc tiéu dé ra, luan an tap trung vao cac ndi dung nghién ctru
chinh sau:

(i). Tong quan, hé théng hoa co so 1y thuyét cia MCDM/MCGDM trong méi trudng
thong tin ngdn ngit, gdm ly thuyét tip mo, FAHP, FTOPSIS, mé hinh 2-tuple, 4-tuple
ngir nghia va HA; phan tich cdc nghién ciru lién quan, nhan dién han ché va xac dinh
khoang trong 1am co s& phat trién cac moé hinh MCGDM dua trén HA.

(ii). Phat trién mo hinh TOPSIS ngon ngir dya trén HA, trong d6 giai quyét cac van
dé xay dung thang do ngdn ngit, dinh luong ngit nghia, xac dinh PIS/NIS, do khoang
cach, tinh hé s6 gan va xép hang phuong 4n trén mién ngir nghia thong nhat. M6 hinh
dugc thyc nghiém trén bai toan lya chon nha cung cip phan mém, két hop phén tich do
nhay va so sanh két qua.

(iii). Phat trién mo hinh MCGDM tich hop FAHP cai tién véi biéu dién 4-tuple ngir
nghia dya trén HA. Noi dung nghién ctru bao gdm kiém soat tinh nhat quan cta ma tran
so sanh cadp trong moi truong HA, xéc dinh trong sb cua tiéu chi, biéu dién, két nhap
danh gia nhom va xép hang phuong an trén ciing mién ngir nghia. M6 hinh dugc ap
dung danh gia muc d6 sin sang chuyén doi sé cia SMEs tai Viét Nam, kém phan tich
d6 nhay va ddi sanh v&i cac mo hinh lién quan.

(iv). Phat trién khung phuong phap MCGDM dong duya trén HA dé xir Iy su thay d6i
theo thoi gian clia tap phuong an, b tiéu chi, hoi dong chuyén gia va dir liéu danh gia;
xay dung phép két nhap ngon ngi, xir 1y dir liéu khuyét thiéu va tich hop dit lidu lich str
v6i dit 1iéu hién tai theo co ché suy giam nglr nghia; trén co s& d6 phat trién mo hinh L-
FAHP - L-FTOPSIS d6ng dua trén HA. M6 hinh duoc thuc nghiém qua nhiéu thoi diém
trén bai toan danh gia mirc do san sang chuyén do6i s6 cia SMEs, két hop phan tich do
nhay va d6i sanh.



4. P6i twong va pham vi nghién ciu

4.1. Péi twong nghién civu

Dbi tuong nghién ciru ctia luan 4n 1a bai toan MCGDM trong méi trudng thong tin
ngdn ngit theo hudng tiép can HA. Trong do, ludn an tip trung nghién ciru cac mod hinh
MCGDM c6 kha nang biéu dién, dinh luong, két nhap va xép hang phuong an trén co
s danh gia ngdn ngit ctia nhidu chuyén gia theo nhiéu tiéu chi. Trén nén tang do, d6i
tuong nghién ctru truc tiép cua luan an la cac m6 hinh MCGDM dua trén HA, bao gém:

(i) M6 hinh TOPSIS ngén ngit dia trén HA cho bai toan xép hang phuong an trong
moi truong thong tin ngdn ngi;

(ii) M6 hinh MCGDM tich hgp FAHP cai tién véi 4-tuple ngit nghia dya trén HA
dé xéac dinh trong s6 ctia tidu chi co kiém soat nhat quan va xép hang phuong an;

(iii) Phat trién khung phuong phap xay dung mé hinh MCGDM dong trong moi
truong thong tin ngdn ngit dya trén HA nham xu 1y dit liéu danh gia thay doi theo thoi
gian, dong thoi c6 kha ning tich hop dir liéu lich sir theo co ché suy giam ngit nghia.

4.2. Pham vi nghién ciru

Vé phirong phdp ludn: Luan an giéi han nghién ctru trong khudn khé bai toan
MCGDM trong moi truong thong tin ngdn ngit. Trong tdm nghién clru tdp trung vao ba
van dé ¢t 16i: biéu dién va dinh lugng ngit nghia ctia thang do ngdn ngir, xac dinh trong
s6 cuia tidu chi c6 kiém soat tinh nhat quan trong mdi trudng ngdn ngir va phat trién cac
phép toan két nhap ngdn ngir nham giai quyét bai toan MCGDM ngon ngir trong bdi
canh tinh va dong.

Vé cach tiép cdn: Luan an gii han trong hudng tiép can dya trén HA tuyén tinh va
thang do ngdn ngir dugc xdy dung trén co sé cac tham sd ngit nghia cia HA. Cac mo
hinh dugc phat trién nham xur 1y truc tiép thong tin ngdn ngir trén mién tir, bao toan trat
tir va cdu triic ngit nghia cta cac danh gia, thay vi chi dua vao ham thudc hay cac bude
giai mo hodc anh xa Xép xi theo cach tiép can tap mo truyén théng. Trong pham vi luan
an, bai toan dong duoc hiéu theo ba khia canh: sy lip lai ctia qua trinh ra quyét dinh qua
nhiéu thoi diém, su thay doi cia tap phuong 4n, bo tiéu chi va hoi ddng chuyén gia theo
thoi gian, va viéc ra quyét dinh co xét dén dir lidu lich sir.

Vé itng dung: Cac md hinh dé xuat duoc kiém chimg trén hai bai toan lya chon nha
cung cip phan mém va danh gia, xép hang mic d6 san sang chuyén doi s6 ciia SMEs
ban 1€ tai Viét Nam trong bdi canh tinh va dong; déng thot thuc hién phan tich d§ nhay
va so sanh véi mot s6 phuong phép lién quan. Luan an khong dat muc tiéu bao quat toan
bd cac phuong phap MCDM va MCGDM, khong xir Iy moi dang bat dinh phtrc tap,
khong kiém ching trén tat ca cac mién tmg dung va khong phat trién mot hé hd tro ra
quyét dinh hoan chinh. Cac mé rong niy duoc xem 1a hudng nghién ctru tiép theo.



5. Phuong phap nghién ciru

Pé thyc hién cac muc tiéu nghién ctru da dé ra, luan an str dung két hop cac phuong
phap nghién ctru cha yéu sau day:

Thir nhét, phuong phép phan tich, tong hop tai liéu va phong van chuyén gia dé
khao ctru ¢6 hé théng cac hudng tiép can MCDM va MCGDM trong méi trudng thong
tin ngon ngir theo hudng tiép can dya trén 1y thuyét tip mo, mo hinh 2-tuple, mo hinh
4-tuple nglr nghia va HA trudc do, tr d6 xac dinh han ché cua cac m6 hinh hién c6 va
1am rd khoang trong nghién ciru.

Thir hai, phuong phap mé hinh héa toan hoc va tiép can hinh thirc dya trén HA lam
nén tang cho viéc biéu dién, dinh luong va xir Iy thong tin ngdn ngit; phuong phap phat
trién mo hinh va thuat toan dé xay dung cac mo hinh HA-TOPSIS, EFAHP - 4-tuple -
HA va mo hinh L-FAHP - L-FTOPSIS dong dya trén HA.

Thir ba, phwong phap suy ludn, chimg minh va phan tich tinh chat nham lam 16 co
so khoa hoc, kha ning bao toan ngir nghia, kiém soat tinh nhat quan va tich hop dir liéu
dong cua cac mo hinh dé xuét.

Tht tu, phuong phap thyc nghiém, phan tich do nhay va dbi sanh duoc st dung dé
kiém chumg tinh dung dan, do tin cay, d6 6n dinh va kha nang tmg dung ctia cdc mo hinh
trén cac bai toan MCGDM trong thuyc té.

6. Péng gop méi cia dé tai

Bam sat muc tiéu, ndi dung va pham vi nghién ctru, dé tai da dat dugc mot sé dong
gop méi c6 y nghia vé phuong phéap luan, mé hinh va ung dung nhu sau:

(i) Luan &n phat trién mo hinh TOPSIS ngon ngit dya trén HA, ky hiéu HA-TOPSIS,
cho bai toan xép hang phuong an trong MCGDM ngon ngit. Diém méi tap trung & viée
xay dung thang do ngdn ngit trén nén HA va str dung ham SQM cua HA dé xac dinh
PIS/NIS, khoang cach ngit nghia va hé s6 gan trén cuing mién ngir nghia. Mo hinh ké
thira nguyén 1y so sanh véi giai phap 1y tuong ctiia TOPSIS [59], nhung phat trién quy
trinh tinh toan theo hudng xir 1y tryc tiép thong tin ngdn ngir dua trén HA, thay vi phu
thudc vao biéu dién s6 mo, giai mo hodc anh xa x4p xi nhu trong nhiéu moé hinh
FTOPSIS [21, 98, 114, 64, 45, 60, 11]. Qua d6, cac thanh phan cdt 18i cia TOPSIS duogc
thuc hién trong mot khong gian dinh lugng ngir nghia thong nhat, phu hop véi trat tur
ctia thang do HA. M6 hinh dugc kiém chimg trén bai toan Iya chon nha cung cip phan
mém; phan tich do nhay va ddi sanh dugc sir dung dé danh gia tinh hop 1y, d6 6n dinh
va kha ning dién gidi trong pham vi thyc nghiém. Déng gép nay dugce trinh bay tai
Chuong 2 va cong bd trong [CT1].
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(ii) Luén an phat trién mé hinh MCGDM tich hop FAHP cai tién voi biéu dién 4-
tuple ngir nghia theo hudng tiép can HA, ky hiéu EFAHP - 4-tuple - HA, lién két xac
dinh trong s6 cua tidu chi voi két nhap danh gia nhoém va xép hang phuong an trén cling
nén tang ngit nghia. Piém maéi cia mo hinh thé hién & co ché kiém so4t tinh nhat quan
clia ma trdn so sanh cip ngdn ngir trong moi truong HA; xac dinh trong sd bang EFAHP
theo hudng tiép can HA; dong thoi biéu dién, két nhap danh gia chuyén gia va xép hang
phuong an bang 4-tuple ngit nghia dya trén HA. Trén co s¢ ké thira FAHP va mé hinh
4-tuple ngtr nghia [58, 54], cach tich hgp nay tao sy lién thong ngilt nghia gitta giai doan
xac dinh mtrc d6 quan trong cua ti€u chi va giai doan danh gia phuong an. M6 hinh dugc
kiém chiig trén bai toan danh gia mirc d6 sin sang chuyén doi s6 cua 16 SMEs bén 1é
tai Viét Nam, két hop phan tich d6 nhay va d6i sanh dé xem xét tinh kha thi, ¢ 6n dinh
va kha ning dién giai trong pham vi nghién ctru. Péng gop nay duge trinh bay tai
Chuong 3 va cong bd trong [CT2].

(iii) Luan an phat trién khung phuong phép xay dung mo hinh MCGDM dong trong
moi trudng thong tin ngdn ngir dua trén HA, mé rong hudng tiép can HA tr MCGDM
tinh sang qué trinh ra quyét dinh qua nhiéu thoi diém. Diém méi gdm phét trién phép
két nhap ngdn ngir nhi phan trén thang do 4-tuple ngit nghia véi cac tinh chat dai s6 can
thiét; xay dung phép két nhap cho dit li¢u khuyét thiéu; va thiét 1ap co ché suy giam ngir
nghia dé tich hop dir liéu lich sir v6i danh gia hién tai. Trén co s& do, ludn an phat trién
mo hinh L-FAHP - L-FTOPSIS dong dua trén HA dé xac dinh trong s cua tiéu chi va
xép hang phuong 4n khi tdp phuong 4n, b tiéu chi, hoi dong chuyén gia hoic dir lidu
danh gia thay d6i theo thoi gian. M6 hinh duoc kiém chimg trén bai toan danh gia mirc
d6 san sang chuyén doi s6 cia SMEs ban 1¢ tai Viét Nam trong bdi canh dong, két hop
phan tich d6 nhay va so sanh két qua. Pong gop nay dugc hién thuc trong Chuong 4 va
cong bd trong [CT3].

Tong hop cac két qua trén, luan 4n di hinh thanh mot khung phuong phap luan véi
ba md hinh dé xuat cho bai toAan MCGDM ngoén ngir dua trén HA theo hudng ké thura
va mo rong. HA-TOPSIS tap trung vao xép hang trén mién ngtr nghia HA; EFAHP - 4-
tuple - HA b0 sung x4c dinh trong s6 cua tiéu chi co kiém sodat tinh nhat quan va lién két
v6i két nhap, xép hang; khung MCGDM ddng tiép tuc md rong quy trinh sang nhiéu
thoi diem, xur 1y dit liéu khuyét thiéu va tich hop dir li¢u lich sur. Cac dong gop nay phu
hop v6i pham vi nghién ctru ctia luén an va tao co s¢ cho cac nghién ciru tiép theo vé
MCGDM ngo6n ngit dya trén HA trong thuc tién.



7. Két ciu ciia luin an

Luan an “Nghién ciru phdt trién cdc mé hinh ra quyét dinh nhém da tiéu chi trong
méi truong thong tin ngon ngir dwa trén Pai sé gia tir” gdm: Phan mé dau, bén chuong
ndi dung (xem Hinh 1), ph@m két luan chung, danh muc cong trinh cong b, tai liéu tham

khao va cac phu luc, cu thé nhu sau:

Chuwong 1. Téng quan nghién ctru vé bai toan MCGDM
trong moi truong thong tin ngdn nglt va co so ly thuyet
dua trén Dai s6 gia tur

¢

Chuwong 2. Phét trién mo hinh TOPSIS ngén ngit
dwa trén Dai s6 gia tir

(Ky yéu Hpi nghi Quoc té ICISN 2025, ISSN: 2367-3389,
Springer LNNS, Scopus, Q4)

l

Chuwong 3. Phat trién mé hinh MCGDM
tich hop FAHP cai tién voi mo hinh 4-tuple ngir nghia
theo hudng tiép can Dai sb gia tir

(Mathematics, ISSN: 2227-7390, SCIE, 2025 IF = 2.3, Q1)

1

Chuong 4. Phat trién khung phuong phap xay dung mo hinh
MCGDM ddng trong moi truong thong tin ngdn ngir
dwa trén Dai sb gia tir
(Applied Sciences, ISSN: 2076-3417, SCIE, 2026 IF = 2.5, Q2)

[ Két luan J

Hinh 1. Cau truc lugn an
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Phan mé ddu: Trinh bay tinh cap thiét cua dé tai, muyc tiéu, doi twong va pham vi
nghién ciru, phuong phap nghién ctru, khoang tréng khoa hoc, cac dong gop méi va bd
cuc tong thé ciia luan an.

Churong 1: Tong quan nghién ctru vé bai toan MCGDM trong mdi truong thong tin
ngdn ngir va co sé 1y thuyét dua trén HA: Hé théng hoa cac moé hinh MCDM/ MCGDM,
cac hudng tiép can dua trén 1y thuyét mo, cac mé rong, FAHP, FTOPSIS va HA trong
moi trudng thong tin ngdn ngir; phan tich nhitng han ché khi xir 1y thong tin ngdn ngir,
xac dinh trong s6 cta tiéu chi va MCGDM dong; dong thoi hé thong héa co sd 1y thuyét
vé HA duoc sir dung trong cac chuong tiép theo.

- Chuwong 2: Phat trién mo hinh TOPSIS ngén ngir dua trén HA [CT1]: tép trung
phat trién mé hinh HA-TOPSIS cho bai toan MCGDM trong méi trudng thong tin ngon
ngir. Noi dung chuong gdm xay dung thang do ngdn ngir dua trén HA, dinh luong ngir
nghia cac tir ngon ngir, thiét 1ap quy trinh HA-TOPSIS va kiém chimg mé hinh qua bai
toan lua chon nha cung cip, két hop phén tich d6 nhay va so sanh véi cac mé hinh 4-
tuple ngir nghia [54], FTOPSIS [21].

- Chuwong 3: Phat trién mé hinh MCGDM tich hop FAHP cai tién v6i mo hinh 4-
tuple ngir nghia theo hudng tiép can HA [CT2]: Chuong nay tap trung xay dung thang
do 4-tuple ngit nghia, dé xuat cong thuc tinh chi s6 nhat quan méi trong méi truong HA,
xac dinh trong sd cla tidu chi bang phuwong phap EFAHP-HA va 4p dung mo hinh 4-
tuple ngit nghia dé xép hang cac phuong an trén mién ngdn ngir; dong thoi kiém chimg
mo hinh qua bai toan danh gia mirc d6 chuyén ddi s6 ctia SMEs tai Viét Nam kém phéan
tich d§ nhay, so sanh véi cac mo6 hinh HA-TOPSIS [CT1], FAHP-FTOPSIS [58, 21].

- Chuwong 4: Phat trién khung phuong phép xay dung mé hinh MCGDM d6ng trong
moi truong thong tin ngdn ngir dua trén HA [CT3]: Noi dung chuong nay dé xuat phép
két nhap tir ngon ngir 4-tuple ngit nghia nhi phan dam bao cac tinh chat dai s6 va phép
két nhap vé6i dir liéu khuyét thiéu c6 co ché suy giam ngir nghia dé tich hop dir liéu lich
st voi dir li€u hién tai va xay dung mo hinh hai giai doan L-FAHP - HA va L-FTOPSIS
- HA nham giai quyét bai toan MCGDM dong trong diéu kién tap phuong an, bo tiéu
chi va hoi dong chuyén gia c6 thé thay ddi theo thdi gian. M6 hinh dugc thuc nghiém
trén bai toan danh gia mirc do chuyén doi s6 ctia SMEs qua nhiéu thoi diém, két hop
phan tich d6 nhay va so sanh v&i phuong phap ddi ching.

- Két lugn chung va cdc phu luc: Tém tat cac két qua dat duoc, nhdn manh cac dong
gop mdi cta ludn an vé phuong phéap luan va tng dung, ddng thoi néu ra mot sé han ché
va dinh hudng nghién ctru tiép theo. Cac phu luc cung cép chi tiét cac bang sb liéu va
két qua tinh toan nham hd trg viéc kiém ching cac md hinh dé xut.

Céc két qua chinh cta luan an d3 dugc cong bd trong 03 cong trinh khoa hoc: 01
bao cao tai Hoi nghi Qudc té ICISN 2025 (Scopus Q4) va 02 bai bao trén cac tap chi
qudc té thude danh muc SCIE (Mathematics duge WoS va Scopus xép hang Q1 top 10%
va Applied Sciences, Q2), qua d6 cho thdy tinh méi va gia tri khoa hoc ctia cac két qua
nghién ctru.



11

CHUONG 1. TONG QUAN NGHIEN CUU VE BAI TOAN
MCGDM TRONG MOI TRUONG THONG TIN NGON NGU VA
CO SO LY THUYET DUA TREN PAI SO GIA TU

Chuong nay trinh bay tong quan nghién ciru va cac co so 1y thuyét nén tang phuc
vu phat trién cac mé hinh MCGDM trong cac chuong tiép theo. Noi dung tap trung vao
bai toan MCGDM, co s& 1y thuyét, cac phuong phap nén, tong quan nghién ciru lién
quan, xac dinh khoang trong nghién ctru va két luan chuong

1.1. Bai to4n ra quyét dinh nhém da tiéu chi

1.1.1. Béi cinh bai toin MCDM va MCGDM

Ra quyét dinh trong cac linh vuc k¥ thuat, quan 1y va to chirc hé thong thuong doi
hoi xem xét dong thoi nhiéu tiéu chi, bdi chat lugng ctia mot phuong an khé duge phan
anh day du chi bang mot tiéu chi don 16 [13, 92, 76]. Chang han trong viéc lua chon giai
phap cong nghé, kién triic hé théng, nha cung cap, phuong an dau tu hay muc do sin
sang chuyén d6i s6 thuong doi hoi xem xét dong thdi nhiéu tiéu chi nhu chi phi, higu
nang, dd tin cdy, tinh bdo mat, kha nang tich hgp, tinh linh hoat va muc d6 dép ung
nghiép vy; gitta cac tiéu chi nay lai c¢6 thé ton tai quan hé hd trg, canh tranh hodc xung
dot, 1am cho viéc xac dinh murc do vu tién tong thé ctia phuong an trd nén phirc tap [92,
12, 24]. Chinh dic trung d6 hinh thanh bai toan MCDM, trong d6 muc tiéu 1a hd trg lya
chon, xép hang hodc phan loai cac phuong an theo nhiéu tiéu chi danh gia dong thoi [14,
76]. Trong MCDM, c4u trac vu tién thudng duoc xem xét tir goc nhin ctia mot ngudi ra
quyét dinh nham xac dinh phuong an hodc thir tw vu tién phu hop.

Khi qua trinh ra quyét dinh c¢6 su tham gia cta nhiéu ngudi ra quyét dinh/chuyén
gia, bai toan duoc mo rong thanh MCGDM [13]. Néu trong MCDM trong tdm chu yéu
nam & co ché tong hop da tidu chi dudi goc nhin ctia mot ngudi ra quyét dinh, thi trong
MCGDM céan déng thot1 xtr ly thém sy khac biét vé tri thue, kinh nghiém, uu tién va
quan diém danh gia gitta nhiéu chuyén gia [14, 13, 29]. Do d6, MCGDM khéng chi 1a
mé rong MCDM vé s6 lugng nguoi tham gia, ma 1a mot khuén kho mé hinh hoa trong
d6 quyét dinh cudi cuing dugc hinh thanh tir mirc do quan trong ctia cac tiéu chi, danh
gid phuong an va y kién ctia nhém chuyén gia [13, 14]. Vi vay, MCGDM dong thoi bao
ham ba dic trung nén tang: tinh da tiéu chi, tinh da chu thé trong diéu kién cac chuyén
gia co thé khac nhau vé chuyén mon, kinh nghiém va tinh xung dot tiém an giira cac
quan diém danh gia [13].

Trong hau hét cac linh vuc, cach tiép cin MCGDM 1a phu hop do phan 16n cac quyét
dinh quan trong déu mang ban chét lién nganh, doi hoi dung hoa ddng thoi goc nhin ki
thuat, quan tri va nghiép vu [92, 12]. Chang han trong bai toan Iyra chon nha cung cp
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phan mém hay giai phap ha tang sd, quyét dinh cudi cing thuong phai cin bang giita
yéu cau cta nha quan 1y, chuyén gia k¥ thuat, chuyén gia nghiép vu va nguoi sir dung
cubi [92, 38]; tuong ty, trong bai toan dénh gid muc do sin sang chuyén doi sb, viéc
xem xét cac tru cot vé chién lugc, cong nghé, dir liéu, nhan lyc va quy trinh cling thuong
doi hoi sy tham gia ctia nhiéu nhoém chuyén gia ¢ goc nhin khac nhau [38].

Trong pham vi luan 4n nay, MCGDM dugc xem 1a khudén khd phuong phéap luan
trong tAm. Ba chuong phuong phép tiép theo ctia luan an 1an luot xir Iy ba mé hinh ra
quyét dinh cét 15i ctia bai toan MCGDM trong méi trudng thong tin ngon ngii: xép hang
phuong an, xac dinh trong s ctia tiéu chi va tich hop dit liéu nhiéu thoi diém trong bdi
canh dong. Vi vay, viéc phan biét rd MCDM va MCGDM ¢& day khong chi mang § nghia
khai ni¢m, ma con c6 vai tro xac dinh dung 16p bai todn ma ludn an hudng téi.

1.1.2. Phdt biéu bai toin MCGDM trong moi trwong thong tin ngén ngi

Vé hinh thirc, mot bai toan MCGDM c¢6 thé dugc mo ta boi ba thanh phéan co ban 1a
tap phwong an, tap tiéu chi va tap ngudi ra quyét dinh [79, 14, 13], ky hiéu nhu sau:

A={A,A,, .., A,},(m=> 2) la tap hiru han cic phuong an;

C ={C,,C,, ...,C,},(n > 2) la tap hitu han cac tiéu chi danh gia;

D = {Dy,D,,...,Dp}, (h = 2) l1a tap hitu han ngudi ra quyét dinh (chuyén gia).

Véi mdi chuyén gia D, € D; e = 1, ..., h, dua ra danh gia dbi voi phuong an 4; € 4;
i =1, ..., m theo ti€u chi (; € C;j =1, ..., n, duoc biéu dién dudi dang ma tran danh
gia quyét dinh:

Ap, = (af) . (1.1)
trong do, af; la danh gia ngdn ngit cua chuyén gia D¢ € D dbi voi phuong an 4; €

A trén tiéu chi G € Civoie=1,. hi=1 ..,mj=1 ..n
Khi bai todn c6 xét tAm quan trong twong dbi ctia cac tiéu chi, ta co véc-to trong sd:
W= Wy, .., W), v6i0 < W; < 1va Yi=awj =1, (1.2)

Trong thyc tién, trong s6 ¢co thé dugc cung cép truc tiép duédi dang s6 thuc, s6 mo
hodc gia tri ngon ngil; ciing c6 thé duoc xac dinh gian tiép théng qua ma tran so sanh
cip hodc phuong phap xac dinh trong s6 pht hop. Trén co s& d6, dau ra cua bai toan 1a
phuong 4n duogc lua chon, thir hang cic phuong an, hodc két qua phan 10p cac phuong

an theo nhiing mtrc xac dinh trude.
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Trong pham vi luan 4n nay, bai toan MCGDM dugc xét trong mai truong thong tin
ngon ngi, tirc 1a cac danh gia aj; va trong nhiéu trudng hop ca trong sb cua tiéu chi
duogc biéu dién chu yéu bang céc tir ngdn ngir thay vi cac gid tri s6 1o [3]. Piéu d6 lam
thay doi ban chét ciia d6i tugng xir 1Iy: mo hinh khong chi tong hop dir liéu dinh luong,
ma phai téng hop cac danh gid ngdn ngit von mang tinh mo hd, khong chéc chan, chii
quan va ¢ ciu trac ngit nghia nhu thap, cao, quan trong, rat quan trong, khong quan
trong, v.v. Vi vdy, yéu cau dat ra la 1am thé nao dé két nhap cac gia tri ngdn ngir trong
qué trinh tinh toan. Viéc két nhap nay phai bao toan duoc trat tw va ndi dung ngir nghia
ctia thong tin dau vao [3, 54]. Chinh tir yéu cau nay, luan an lya chon hudng tiép can
dwa trén HA [53, 52, 54], nham phat trién cac mo hinh va giai quyét bai toan nay trong

ca moi truong tinh va moi trudng dong trong cac Chuong tiép theo.

1.1.3. Pdc diém ciia bai toan MCGDM trong méi truwong ngon ngiv

Trong nhiéu bai toan MCGDM, dir liéu dau vao khong phai luc nao ciing co thé biéu
dién day du bang cac gia tri s6 1d. Khi danh gia cac tiéu chi nhu mirc do phi hop cong
nghé, kha ning tich hop, chét lugng dich vy, mirc do sin sang chuyén dbi s6 hay tim
quan trong cua ti€u chi, cac chuyén gia thuong st dung céc tir ngdn ngir thay cho cac
gia tri s6 chinh xéac [38, 24]. Cach biéu dat nay phu hop véi co ché nhan thirc ty nhién
ctia con ngudi, nhung dong thoi tao ra mot 16p kho khin méi cho mé hinh héa va tinh
toan [49]. Thong tin ngdn ngit trong bai toan MCGDM c6 bdn dic trung ban chat. Thir
nhat 1 tinh mo ho, boi ranh gidi ngit nghia giita cac tir nhu quan trong, rat quan trong
hay cuc ky quan trong khong tach bach tuyét doi [78]. Thir hai 14 tinh khong chic chan,
do chuyén gia thuong danh gia trong diéu kién thong tin chua diy du hodc mai truong
ra quyét dinh dang bién dong [75]. Thir ba 14 tinh cht quan, béi ciing mét tir ¢6 thé duoc
cac chuyén gia khac nhau sir dung voi cuong d6 ngit nghia khong hoan toan giéng nhau,
tiy theo chuyén mén, kinh nghiém va mirc 6 wu tién cta ho [78]. Cudi cing, thong tin
ngon nglt con mang tinh phu thudc ngit canh, bdi y nghia cia mot tir nhu cao hay quan
trong c6 thé thay do6i theo mién ing dung va theo tiéu chi dang xét.

Quan trong hon 1a céc gia tri ngdn ngtr khong chi la cac nhan roi rac cé thu ty, ma
con ¢6 cau trac ngit nghia ndi tai. Chung thé hién quan hé vé cudong do, muc do ting
giam va sy bién d6i ngit nghia dudi tac dong cua cac gia tir [54]. Vi vay, dbi tuong xir
1y trong MCGDM ngon ngit khong con chi la dir li¢u danh gid, ma 1a cdc danh gia ngon
ngir can duoc tong hop theo cach van duy tri dugc trat tu va ndi dung ngir nghia cia

thong tin dau vao.
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Tir goc do phuong phéap luan, diéu d6 dan téi ba yéu cau co ban déi vi mo hinh
giai quyét bai toan MCGDM ngdn ngit. Thir nhéat, md hinh phai c6 kha niang biéu dién
thong tin ngdn ngir theo cach vira tinh toan duoc vira phan dnh duge ciu tric ngir nghia
clia tir ngon ngit. Thir hai, md hinh phai hd tro tong hop ¥ kién cua nhiéu chuyén gia ma
khong 1am suy giam dang ké ¥ nghia ban dau cua thong tin. Thir ba, mé hinh phai cho
phép xac dinh trong sb, do khoang cach, xép hang hodc lya chon phuong an trén co s&
mot co ché dinh luong c6 v nghia ngit nghia. Pay chinh 14 co s¢ dé lua chon 1y thuyét
HA nhu mot nén tang phut hop cho viéc phét trién cac mé hinh MCGDM ngén ngi trong

luan an.

1.1.4. Pham vi cua bai toan MCGDM

Xét theo muc ti€u xu ly tdp phuong an, cac bai toan MCDM va MCGDM thuong
duogc phan thanh ba dang co ban 12 bai toan lya chon, bai toan xép hang va bai toan phan
loai [14, 43]. Trong do, bai toan Iya chon hudng t6i xac dinh mot hodc mét sb it phuong
an wu tién; bai toan xép hang nham sap xép toan bod tap phuong an theo thir tu wu tién;
con bai toan phan loai tap trung vao viéc gan phuong an vao céac 16p hoac mirc da xac
dinh trude [14]. Luan 4n ndy tap trung chil yéu vao bai toan lwa chon va xép hang phuong
an ctia bai toan MCGDM co6 dir liéu dau vao 1a théng tin ngdn ngit. Su lwa chon nay phu
hop v6i cac bdi canh tng dung nhu lira chon nha cung céap giai phap sb va danh gid murc
d6 san sang chuyén do6i sd cua doanh nghiép [92, 38, 24].

Xét theo quy trinh ra quyét dinh, luan 4n khong theo dudi dong thoi moi hudng giai
quyét cia MCGDM ngodn ngir, ma tip trung vao hai giai doan cbt 16i ¢ quan hé truc
tiép toi do tin cdy cua quyét dinh: x4c dinh trong s6 cua tiéu chi va xép hang phuong an.
Giai doan 1 lién quan dén viéc xac dinh tam quan trong tuong ddi ctia cac tiéu chi trong
diéu kién danh gia ngon ngir va nhiéu chuyén gia. Giai doan 2 lién quan dén viéc tong
hop danh gia va xac dinh thir ty vu tién cia cac phuong an trén mot khong gian biéu
dién ngit nghia nhéat quan. Trén co s& d6, luan 4n lya chon TOPSIS [59] lam phuong
phap nén dé phat trién thanh mé hinh HA-TOPSIS nham xép hang cic phuong an, boi
day 1a mot trong nhimg hudng tiép can c6 logic rd rang, dugc sir dung rong rii va phu
hop dé phat trién thanh mé hinh xép hang trén mién ngén ngir; dong thdi lya chon FAHP
[15, 58] lam phuong phap nén dé phat trién mo hinh cho bai toan xac dinh trong s ciia
tiéu chi, vi day 1a nhom phuong phéap c6 vai tro quan trong trong xtr 1y so sanh cap va

xac dinh véc-to trong s6 cua tiéu chi trong MCGDM.
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Xét theo dién bién ctia moi trudng ra quyét dinh, luan an tiép cin bai toan MCGDM
theo hai dang: bai toan tinh va bai toan dong. Trudc hét, Chuong 2 va Chuong 3 tap
trung vao bdi canh tinh, trong d6 tdp phuong an, tap tiéu chi, tip chuyén gia va dit liéu
danh gia dugc xac dinh tai mot thoi diém ra quyét dinh. Trén nén tang d6, Chuong 4 mo
rong sang bdi canh dong, noi qua trinh ra quyét dinh dién ra qua nhiéu thoi diém, dong
thoi c6 thé xudt hién sy thay doi cta tdp phuong an, bo tiéu chi, hoi dong chuyén gia va
dir liéu danh gia. Trong truong hop nay, bai toan khong chi doi hoi tong hop thong tin
tai mot thoi diém, ma con doi hoi co ché tich hop dit li¢u lich sur véi dir li€u hién tai theo
mdt nguyén tic nhat quan vé ngit nghia. Vi vy, pham vi nghién ctru ctia luan 4n c6 thé
dugc xem nhur mot tién trinh phat trién ¢6 chu dich: tir xép hang phuong an, sang xéac
dinh trong s6 va tich hop danh gia trong cing mot khudn kho ngit nghia, rdi tiép tuc mé
rong sang bai toan MCGDM dong c6 xét dén dir lidu lich sir. Pay ciing chinh 13 co s
logic truc tiép cho sy hinh thanh ciia Chwong 2 véi mé hinh HA-TOPSIS, Chuong 3 véi
mo hinh EFAHP - 4-tuple - HA, va Chuong 4 v6i mo hinh L-FAHP - L-FTOPSIS dong
dua trén HA.

1.1.5. Vai tro cua bai todan trong cdc wng dung

Y nghia ctia bai toan MCGDM ngbdn ngit trd nén 1d hon trong linh vuec CNTT, noi
nhiéu quyét dinh quan trong phai duoc dua ra trén co so céc tiéu chi vira dinh lugng vira
dinh tinh, trong khi dit liéu danh gia thuong khong day du va chiu anh huéng manh cia
tri thirc chuyén gia [92]. Trong cac bai toan nhu lya chon nha cung cap phan mém [92,
70], lua chon nén tang cong nghé [26], danh gia mirc d6 sin sang chuyén d6i sb cua
SMEs [75, 56], nguoi ra quyét dinh khong thé chi dwa vao mot chi s6 ki thuat don 1¢,
ma phai dong thoi can nhéc nhiéu tiéu chi c6 ban chat khac nhau nhu chi phi, kha ning
tich hop, d9 tin cdy, mic dd an toan, kha ndng moé rong, chat lugng dich vu va mtc do
pht hop vé6i yéu cau nghiép vu [12].

Piém dang chua y 13 trong cac bdi canh nay, nhiéu danh gia dau vao khéng ton tai
dudi dang s6 16 ma chil yéu dugc biéu dién bang cac gia tri ngdn ngir [93], chang han
nhu mutc d6 phu hop cong nghé, mirc do san sang, mic do rui ro, chét luong dich vy
hay tdm quan trong ctia tiéu chi [62, 93, 78]. Do d6, viéc xtr 1y bai toan khong don thuan
1a téng hop dir liéu, ma 14 tong hop cac danh gia ngon ngir cé cau tric ngit nghia, trong
d6 yéu cau bao toan y nghia cia tir ngon ngir, tong hop nhat quan y kién cia nhiéu
chuyén gia, xac dinh trong s ctia tiéu chi c6 do tin cdy va xép hang phuong 4n mot cach
c¢6 kha nang dién giai 12 nhimg van dé trong tim. Chinh nhimg dic diém nay khién
MCGDM ngén ngit trd thanh mot khuon kho phi hop hon so v6i cac md hinh ra quyét

dinh chi duya trén dir li€u so rd.
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Twr goc do do, lua chon hudng tiép can dua trén HA trong luan 4n khong chi co y
nghia 1y thuyét, ma con c6 y nghia phuong phép luan dbi véi cac bai toan tmg dung. HA
cho phép luan 4n tiép can mot nén tang biéu dién va xir Iy thdng nhit hon véi thong tin
ngdn ngir, tir xay dung thang do, dinh luong ngir nghia va do khoang cach, dén két nhap
danh gia, xac dinh trong s6 cta tiéu chi va mé rong sang bdi canh dong [53, 52, 54]. Vi
vay, muc 1.1 khong chi xac dinh d6i twong bai toan ma luan an tap trung giai quyét, ma
con tao tién dé truc tiép cho muc 1.2 vé co so Iy thuyét nén tang, muc 1.3 vé cac phuong
phap nén ma luan an ké thira va phat trién, muc 1.4 vé tong quan nghién ctru va muc 1.5

vé khoang tréng nghién ctru va dinh huéng phat trién cta luan an.
1.2. Co 6 ly thuyét nén tang
1.2.1. Ly thuyét tip mo va bién ngon ngir

1.2.1.1. Tap mo

Khai niém tap mo do Zadeh dé xuat vao nim 1965, 1a mot nén tang quan trong cho
viéc mo hinh héa thong tin mo hd va khong chic chin [115]. Khac véi tap hop cb dién,
trong d6 quan hé thudc chi nhan hai gia tri 0 hodc 1, tip md cho phép mot phan tir thude
vao tap véi cac mic do khac nhau thong qua ham thudc nhén gia tri trong doan [0, 1].
Nho d6, cac danh gia dinh tinh bang tir ngdn ngir c6 thé duoc chuyén thanh cac thuc thé
toan hoc du linh hoat dé phuc vu tinh toan trong MCDM va MCGDM.

Pinh nghia 1.1. [115] Cho Z la khéng gian nén. Mét tip mo F trén Z duoc xdc
dinh la tdp hop ma méi phan tir dwoc biéu dién béi cdp (x, up(x)), trong dé x € Z va lip
la anh xa:

up:Z - [0,1], (1.3)

trong do, ug duoc goi la ham thuoc cua tdp F. Tdp Z goi la co so cua tap mo F, ky

hiéu F = { (¢, uz (%)) | x € Z}, up(x) biéu thi mirc d6 thuéc cuia x vao F. Gid tri
wr(x) cang gan 1 thé hién mirc dé thudc cang cao.

Néu pp(x) = 1, biéu thi x thudc hoan toan vao F, con up(x) = 0 biéu thi x khong
thude F. Khéc véi tap hop kinh dién chi nhan hai gia tri thudc hoac khong thude, tap mo
cho phép biéu dién muc do thude lién tuc trong khoang [0, 1].

Truong hop dac biét, khi pg(x) chi nhan hai gid tri 0 hodc 1 véimoi x € Z, tap F trd
thanh mot tap kinh dién thong thuong.

Mot s6 ham thuée phé bién trong g dung tdp mo:

Téap mo hinh tam gidc: ur(x) = max (m n(ﬁ,g) , 0),
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Tép mo hinh thang: yz(x) = max (m n (E,E, 1) ,0),

_(b-x)?
Ham thudc Gauss: up(x) = e 262

trong do, a, b, c, d, ¢,... 1a cac tham sb ciia ham thudc tuong ung.

Trong cac ung dung, cac ham thudc hinh tam giac, hinh thang va Gauss thuong
dugc str dung rong rai dé biéu dién sd mo. Tuy nhién, trong ludn &n nay, vai tro quan
trong nhat ctia Iy thuyét tip mo khong nam & ban than timg dang ham thudc, ma & chd
n6 mo ra kha niang chuyén thong tin ngén ngit mo ho thanh ddi twong cé thé tinh toan
dugc. DPong thoi, cling chinh tir day xuat hién gii han phuwong phap luan dau tién: ngir
nghia cta tir ngdn ngit thudng bi gan voi lwa chon ham thude va cac tham sd thiét ké,
nén khé bao ¢am tinh nhit quan hinh thirc giira ngon ngit tw nhién va biéu dién toan hoc
[53, 52, 54].

1.2.1.2. Bién ngén ngir

Pé tién gﬁn hon to1 viée tinh toan voéi tir, Zadeh tiép tuc dé xuat khai niém bién ngon
ngir [116]. Néu tip mo cung cép cong cu biéu dién tinh khong chéc chan, thi bién ngdn
ngit cho phép chinh céc tir hodc phat biéu ngdn ngir try thanh gia tri ctia bién, thay vi
chi 1a cac gid trj s6. Pay 1a budc phat trién quan trong, boi trong nhiéu bai toan MCGDM,
chuyén gia thyc su khong danh gia bang sd, ma bang cac tir nhu thap, trung binh, cao,
rét cao hodc quan trong, rat quan trong. Khai niém bién ngdn ngir dugc Zadeh hinh thic
héa nhu sau:

Pinh nghia 1.2. [116] Mt bién ngén ngir dieoc mé ta béi bo 5 thanh phan (X, T(X),
U, R, M), trong dé X: tén bién, T(X): tdp cdc gid tri ngén ngit ciia bién X, U: khéng
gian cdc gid tri sé cua bién, R: quy tdc cii phdp sinh ra cdc tir ngén ngir T(X), M: tdp
cdc ludt ngiv nghia nham gan ngit nghia ciia méi nhin ngén ngiv cho mét tdp mo trén
nén U.

Vi du 1.1. Xét bién ngén ngit X cé tén AGE, véi mién tham chiéu U = [0,110].
Mién gid tri ngoén ngiv ciia X dwoc biéu dién boi tdp cdc tir ngén ngir: T(AGE) =
{very oldld little, bidtle yowmgingvery young, ...}. Dé gin ngit nghia dinh
luong cho mot twr ngon ngir, ta s dung mot anh xa ngir nghia M tur cdc tir ngon ngir
sang cdc tdp mo trén U. Chang han, véi tir ngon ngiv “old”, ta dinh nghia:

M(old) = {(u, poia(w)) | u € [0,110]},
trong do ham thuéc u,,,(w) dwoc chon theo dang:

Uora(W) = max (min (1, U ;05 0) , 0).
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Céch xdy dung nay phan anh truc gidc ngir nghia: mirc d6 old bat dau ting rd rét
sau ngudng khoang 50 tudi va tién dan dén mic extremely old khi tudi ting du 16n.

Ngit nghia ctia céc tir ngdn ngir khac trong T(AGE) c¢6 thé tinh théng qua céc tap
md clia cac gia tri phan tir sinh (old, young) bdi cac phép toan tuong Gng véi cac gia tir
tac dong (very, rather, little, ...) thuong dugc md hinh hda bdi cac phép taing cuong
(phép binh phuong — CON), hodc lam gidm (phép can bac hai - DIL) trén ham thudc
[116]. Nho d6, ta 6 thé xay dung ngit nghia cho very old, rather old, little old, ... mot
cach hé thong dua trén M (old).

Ngoai ra, cac biéu thirc ngdn ngit c¢6 chtra lién tir logic nhu and, or, not, ... duoc xir
ly thong qua cac toan tir chuan cua logic mo, twong ng véi t-norm, t-conorm va
negation [2]. Piéu nay cho phép trién khai cac phép tong hop va suy luan trén thong tin
ngdn ngir theo co ché hinh thirc, nhung van giir dwoc y nghia gan véi suy nghi tu nhién
ctia con nguoi. Tir cac nghién ciru vé bién ngon ngil, cac tac gia [116, 4], da dua ra cac
dic trung nén tang sau:

- Tinh ph6 quat vé ciu tric mién gia tri: Mic du cac bién ngdn ngir khac nhau c6
thé ¢6 cac gia tri phan tir sinh khac nhau (long/short, high/low, old/young), nhung y
nghia vé ciu trac ngit nghia ciia mién gia ctia chung van duoc gitr. Noi cach khéc, gitra
cac mién gia tri ngdn ngir cia cac bién khac nhau co thé thiét 1ap mot quan hé dang ding
cdu, sai khac nhau boi gia tri phan tir sinh.

- Tinh ddc lap ngir canh cua gia ttr va lién tir: Y nghia ngdn ngit ctia cac gia tir (very,
rather, little, ...) va cac lién tir (and, or, not, ...) mang tinh 6n dinh twong déi, it phy
thudc vao ngir canh cu thé. Nguoc lai, cac gia tri phan tir sinh (nhu old, young) lai phu
thuc dang ké vao ngir canh ciia bién dang xét. Do 0, khi xay dung md hinh hinh thtc
cho gia tir va lién tir, ta c6 thé wu tién mo hinh hoa & cap cau tric chung ma khong can
phu thudc tryc tiép vao mién tham chiéu cy thé cia ting bién.

Hai dic trung trén cho phép chiing ta c6 thé sir dung mot tap gia tir va xay dung mot
cau triic toan hoc thdng nhat cho mién gia tri ciia nhiéu bién ngdn ngir khac nhau. Voi
cach tiép can nay, bién ngon ngir thiét 1ap cau ndi gitra ngdn ngit ty nhién va mo hinh
tinh toan [54]. Tuy nhién, trong phan 16n cic mo hinh dya trén bién ngén ngir truyén
théng, ngit nghia cua tir van dugc xac dinh chu yéu thong qua vi¢c lya chon cac ham
thudc thich hop. Diéu d6 lam xuét hién su phu thudc dang ké vao kinh nghiém cta nguoi
thiét ké, va dan dén kha nang cing mét tap nhin ngdn ngit nhung ¢ thé duge bicu dién
theo nhiéu cach khac nhau [52, 54, 3]. Chinh gi6i han ndy tao ra nhu cau phai phat trién

cac md hinh tinh todn véi tir c6 cau truc biéu dién va xtr Iy ngit nghia chit ch& hon.
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1.2.2. Cac moé hinh tinh todan voi tir trong moi truong ngon ngir

1.2.2.1. M6 hinh hoa ngon ngir mo va tinh toan dwa trén nguyén ly mo rong

Trén nén tang tap md va bién ngdn ngit, mot hudng phat trién tw nhién 1a thyc hién
tinh toan truc tiép trén cac ham thudc cua tir ngdn ngit. Trong cac mo hinh ndy, mdi nhin
ngdn ngit duge gan véi mot tip mo trén mién sd, va cac phép két nhap duoc xay dung
trén co s& nguyén ly mo rong cua Zadeh va cac phép toan mo tuong tmg [30, 116]. Cach
tiép can nay co y nghia 16n & chd né cho phép thyc hién tong hop, so sanh va suy ludn
trong nhimg tinh huéng ma thong tin dau vao mang tinh mo ho va khong chac chén.

Mot cach tong quat, quy trinh két nhap ngén ngit theo nguyén Iy mé rong co thé
xem nhu qué trinh bién d6i tir tip nhan ngdn ngir S™ sang mot tap md trén mién so, roi
tir 46 xdp xi nguge vé mot nhan ngdn ngir trong S. Vé mit hinh thirc, diéu niy c6 thé
mo ta boi so dd sau:

ﬁ .
sn 5 r) P, (1.4)

Trong d6, S™ ky hiéu tich Pé-cac bac n cia tap thuat ngit ngdn ngit S, F 13 mot toan
tir két nhap dugc dinh nghia trén cac tip mo dua trén nguyén Iy mé rong, F(R) 1a tap
cac tdp mo xéac dinh trén tap s6 thuc R, app; () : F(R) = S 1a mot ham x4p xi ngdn
ngir, thuc hién tim kiém mot nhén s; € S sao cho khoang cach ngir nghia (thuong 1a
khoang cach Euclid hodc Hamming giita cac ham thudc) dén sé mo két qua 1a nho nhét.

Y nghia ctia so @b nay 1a két qua trung gian ctia phép toan thuong 1a mot tap mo
moi trén mién sd thyuce, khong con trang khdp véi mot tir ngdn ngir ban dau S. Vi vay,
mo hinh budc phai thuc hién budc xap xi ngdn ngit hodc gidi md dé dua két qua quay
vé mién nhan gan nhit trong S. Van dé phuong phap luan ndi bat ciia hudng tiép can
nay la su phu thugc manh vao lya chon ham thudc va ky thuat Xép xi; hé qua 1a tinh nhét
quan ngit nghia cua két qua co thé suy giam dang ké khi phai thuc hién nhiéu budc tinh

toan lién tiép [49, 3, 48].

1.2.2.2. M6 hinh tinh toan ngén ngit dang ky hi¢u

bé gidm do phuc tap cua viéc thao tac truc tiép trén ham thudc, cac mo hinh tinh
toan ngon ngir dang ky hiéu duoc dé xuat theo hudéng gan cho mdi nhin ngdn ngit mot
chi s6 s hoc va thyc hién phép tinh trén mién chi sd, sau d6 két qua dugc anh xa ngugc

vé nhin ngdn ngit tuong tmg thong qua mot bude xap xi hodc lam tron [27]. Khi do, tap
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tr ngdn ngir S = {SO, e Sg} duogc sap thir tw tuyén tinh, sao cho s; < sj, khi va chi khi i
<J; két qua tinh todn 1a mot gia tri thuc trén doan [0, g], sau d6 dugc anh xa nguoc vé
nhin twong mg qua mot budc 1am tron hodc xap xi:

c app, () index™?
s" - [0,g] — {0,1,...,g8 —S. (1.5)

Trong do:
S™: 1a tich Pé-cac cua tap tir ngdn ngit (biéu dién n danh gia ngdn ngit dau vao);
C: 1a mot toan tir két nhap ngdn ngir ky hiéu tra vé mot gia tri thuc a € [0, g] dai

dién cho chi s6 tong hop.

app,(1): [0,g] = {0, 1, ..., g} 1a mot ham xép xi (1am tron) dé chuyén ddi chi sd thyuc
avé chsdnguyén dn nlit.

index™': Anh xa nguoc tir chi s6 vé nhan ngén ngit tvong g trong S.

Uu diém cta huéng tiép can nay 1a don gian va thudn tién vé mit tinh toan. Tuy
nhién, n6 ngdm gia dinh rang khoang cach ngir nghia gitra cac nhan 1a dong déu, trong
khi diéu d6 thuong khong phi hop véi cach con nguoi cam nhan ngdn ngir tuy nhién.
Hon nira, viéc 1am tron & cac bude trung gian hodc cudi cling dé gy mat mat thong tin
va lam suy giam tinh nhat quan ngit nghia cua két qua [49, 3, 48]. Vi vay, du c6 ¥ nghia
nhu mot budc chuyén tir tinh toan md sang tinh toan ky hiéu, mé hinh nay chua phan

anh day du cdu trac ngir nghia noi tai cia cac tir trong bai toan MCGDM.

1.2.2.3. M6 hinh 2-tuple ngon ngir

Dé khic phuc sy mat mat thong tin do 1am tron trong mo hinh ky hiéu, Herrera va
cong sy da dé xuat mé hinh 2-tuple ngdn ngir [49]. Trong mé hinh nay, mdi danh gia
duogc biéu dién boi cip (s;, @), trong d6 s; 1a nhin ngdn ngit va 213 tham sé dich chuyén
ky hiéu. V& ban chét, & luu giir sai 1éch gitra két qua tinh toan trén mién s voi nhan gan
nhat, nho d6 giam dang ké sai sd xap xi va cho phép két qua dau ra van duy tri dugc kha
ning dién gidi ngdn ngit.

Pinh nghia 1.3. [49] Gia sur S= {SO, . Sg} la mot tdp tir ngén ngit c6 thir tw véi sé
lirong phan tir 1é (g +1). Mot biéu dién 2-tuple dwoc dinh nghia la cdp (s;, @), trong do:

s; € S: La nhan ngon ngit;

@€ [-0. 5, 0.5): Laidich wtibn ky é&i, thhién khdng cdchrgid ir

thrc ta Bt qditinh todénd hsdi ciua nhan s;.
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Co ché chuyén d6i giira mién gia tri s6 thuc B € [0, g] (két qua ctia phép két nhap)
va mién 2-tuple ngdn ngir duoc thyc hién thong qua cip anh xa A va A~* nhu sau:

Anh xa thugn (A): Cho mot gia tri B € [0, g] 1a két qua ctiia mot phép két nhap ky
hi¢u, anh xa A: [0, g] = S X [ -0.5, 0.5] dugc xac dinh boi:

2 =60 4, 2 TIRG a8

Trong d6, round (*) 1 phép lam tron dén s6 nguyén gan nhat.

Anh xa nghich (A~): Cho mét 2-tuple ngon ngit (s;, @), gids6it wong dwong
€ [0, g] dugc khoi phuc thong qua anh xa:

Al(sj, @) =+ a=p. (17)

Mo hinh 2-tuple duoc xem 1a mot bude tién quan trong trong tinh todn véi tir, vi nd
cho phép thyc hién tinh toan ma khong phai giai mo theo nghia truyén thng. Tuy nhién,
dudi goc nhin cia luan an ndy, né van con ba gidi han nén tang;

Thir nhdt, gia dinh vé tinh ddng déu: M6 hinh 2-tuple thuc hién dua trén gia dinh
rang cac tir ngdn ngit duoc phan bd déu va ddi ximg trén mién gia tri (khoang cach ngir
nghia giita s; va s;,1 12 hang s6 véi moi 7). Piéu nay mau thuin v&i nhan thirc tu nhién
clia con nguoi, noi cac tr nglr thuong c6 d¢ bao phu va khoang cach ngir nghia khong
dong nhét (vi du: khoang cach tir 16t dén rdt tot thudng hep hon tir trung binh dén tot).

Thir hai, thiéu cAu tric dai sb ndi tai: Viéc tinh toan trong mo6 hinh 2-tuple thuc chét
van 1a tinh toan trén gié tri s6 thuc (thong qua chi s6 i + &) sau d6 anh xa nguoc lai. N6
thiéu mot co sé toan hoc dé xir Iy cac quan hé ngir nghia phirc tap nhu quan hé sinh,
quan hé d6i xtmg hay tinh so sanh dugc giita cac tir khong cung thang do.

Thir ba, han ché trong biéu dién d6 mod: Tham sb « chi biéu didn d6 1éch so vi tam,
chua phan anh dugc do do tinh md hay d6 khong chic chan cta danh gia. Do do, nd
chua dit manh dé mo hinh héa cac trang thai do du cta chuyén gia trong bai toan
MCGDM nhoém.

Trong cac mo6 hinh nay, hi€u qua biéu dién phu thudc 16n vao dg hat cia thang do
ngdn ngit. Thang do cang chi tiét thi kha nang phan biét cac muc do danh gia cang cao,
nhung dong thoi 1am ting do phirc tap trong mo hinh hoa va tinh toan. Thuc tién nghién
ctru cho thay, cic thang do ngdn ngit thudng dugc thiét ké rdi rac vai sd luong tir ngdn
ngir ¢ dinh nhu thang Likert 5 hodc 7 mtrc duoc st dung phd bién trong khoang 7+2

mirc [83], pht hop v&i nhan thirc cia con ngudi [84]. Tir nhitng phan tich trén, nhu cau
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dat ra 14 can phat trién mot mé hinh biéu dién ngdn ngir mo rong duoce xay dung trén
mot khong gian co cau triic dai s6 tuyén tinh thay vi chi 13 tap sip tha ty don thuan.
Hudng tiép can nay khong chi cho phép dinh lwong ngit nghia trén cac thang do khong
déu ma con cung cip cac phép toan két nhap bao toan duoc ciu trac ngir nghia, lam co

s& virng chic cho cac bai toan ra quyét dinh dong va suy giam ngit nghia theo thoi gian.

1.2.3. Ly thuyét Dqi sé gia ti

Trong ngdn ngir ty nhién, cac tir khong chi dung dé biéu dat thong tin ma con ham
chira ngit nghia ni tai va thiét 1ap quan hé thir ty ngir nghia v6i nhau. Déi véi mot bién
ngdn ngit X, mién tir vung Dom(X)khong phai 1a mot tap hop roi rac thuan tiy, ma 1a
mot cAu tric co trat tu, trong d6 cac tir duoc hinh thanh tir cac phan tir sinh dudi tac
dong cla cac gia tir ngdn ngir. Chang han, tir hai phan tir sinh nhu: old va young dudi
tac dong ctia cac gia tr nhu very va little c6 thé tao thanh tap tir nhu very old, little old,
little young, very young, V.v. v cac tir ndy c6 thé dugc sip xép theo mot trat tu ngir
nghia nhét dinh nhu: very old < old < little old < little young < young < very young (dau
< 1a ky hiéu cho quan hé thir ty duwoc cam sinh bdi ngit nghia vén c6 clia cac tir ngdn
ngit trén tap tir ctia cau tric HA). Day chinh 1a diém ma cac cach tiép can dua trén 1y
thuyét tdp mo va bién ngdn ngit con chua xir Iy mot cach ty nhién va nhat quan khi can
tong hop, so sanh va tinh toan tryc tiép trén cac tir ngon ngir.

Xuat phat tir yéu cau d6, Nguyén Cat H6 va cong su di dé xuat 1y thuyét HA nhu
mot cau tric toan hoc nham mo hinh hoéa twong minh trat tu ngit nghia va co ché bién
d6i ngir nghia do cac gia tir tac dong I1én céc tir ngdn ngit [53]. Theo hudng tiép can HA,
mién gia tri ciia bién ngdn ngir X duge xem nhu mot dai s ¢ cau tric, trong do6 cac tir
ngdn ngir duge sinh ra tir cic phan tir sinh dudi tac dong cia cac gia tir, dong thoi van
duy tri quan hé thir tw ngit nghia noi tai. Pay 1a Iy do HA duoc ludn an lya chon 1am nén
tang hinh thirc d¢ phat trién khung phuong phap luan MCGDM.

Trén nén tang do, 1y thuyét HA tiép tuc duoc phat trién qua nhiéu cong trinh va da
hinh thanh cac khai niém quan trong phuc vu truc tiép cho tinh toan véi tir, gdm: ciu
trac HA myén tinh, do do tinh m¢, ham dinh lugng nglr nghia, hé khoang tuong tu va
mo hinh 4-tuple ngilr nghia [52, 53, 54]. Cac khai niém nay khong chi c6 ¥ nghia 1y
thuyét, ma con 14 co so truc tiép cho viée xay dung thang do ngon ngit, xac dinh khoang
cach ngir nghia, két nhap dénh gia va phat trién cac moé hinh & Chuong 2, Chuong 3 va

Chuong 4.
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1.2.3.1. Dinh nghia va mgt 6 tinh chdt cia HA

Pinh nghia 1.4. [53] M6t dai s6 gia tir AX ciia mét bién ngén ngir X la mét bé gom
bén thanh phan:

AX=(X G, H, ).
Trong do:

e X la tdp cdc tir ngdn ngir ciia bién X, véi X < Dom(X);

o G=1{g~, g*}latdp cdc phan tir sinh, trong d6 g~ va g* twong iing la phan
tir sinh nguyén thity am va dwong, théa man quan hé ngir nghia g~ <g*;

e Hla tdp cdc gia tir ciia bién ngon ngir X;

o <laquan hé thir tw dwoc cam sinh boi ngit nghia von cé ciia cdc tir ngén ngiv
trén tap X;

o Gia thiét rang mién gid tri c6 chira cdc phan tir hang (0, W, 1) lan lwot biéu
thi phan tir bé nhdt, phan tir trung hoa (neutral) va phan tir I6n nhdt trong X,
saocho 0< g~ <W< g*<1.

MJi phan tir x €.X dugc goi 1a mot tir ngdn ngir. Néu X va H déu 1a cac tap sip thir
tur tuyén tinh thi 41X = (X, G, H, <) duoc goi 1a HA tuyén tinh. Hon nita, néu duoc bd
sung thém hai gia tr téi han 1a o va ¢ véi nglr nghia 1a cén trén dung va can dudi ding
cua tap H(x) khi tac dong 1én x, thi ta duoc HA tuyén tinh day du, ky hiéu_2x* = (X, G,
H, o, ¢, <). Trong luan 4n nay, chi xét HA tuyén tinh; vi vay, tir day vé sau, thuat ngir
HA duoc hiéu 1a HA tuyén tinh.

Tap gia tt H= H~ U H*, trong d6 H™ 1a tip gia t&r m c6 tic dung lam giam ngit
nghia cta phdn tir sinh, H* 1a tap cac gia tir duong co tac dung 1am ting ngir nghia cia
phan tir sinh. Khéng mét tinh tong quat, co thé gia thiét

H={h;<h:<..<hgvaH" ={h <h<..<hyl

Khi moét gia tir 4 € H tac dong 1én mot gia tri ngén nglt x € X, s€ tao ra mot gia tri
ngdn ngir mai, ky hiéu 1a Ax. Vi mdi x € X, ky hiéu H(x) 1a tap tat ca cac gia tri ngon
ngir duoc sinh tir x bai cac gia tir trong H. M&i phan tir E€ H(x) ¢ thé dugc biéu dién
dué6i dang chudi € = h,...hix, v6ihie H n>1.

Néu x € {g~, g*} thi biéu dién € = h,...h, dugc goi 1a biéu dién chinh tic néu
hivi...hix # hj.. hiyvoimoij=1,...,n—1.Khido Ecodddailan+1,kyhigula|E |
hodc #(€).
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Pé tién cho viéc xay dung thang do ngdn ngit trong cdc md hinh cta luan an, ky
hidu X, 1a tap cac tir ngdn ngit c6 d6 dai nho hon hodc bang k, con X (k) 1a tap céc tur
ngdn ngit ¢6 d6 dai ding bang k. Chinh céc tip ndy 13 co s& dé thiét lap cac thang do
ngon ngtr hiru han dung trong m6 hinh HA-TOPSIS, md hinh 4-tuple ngir nghia va m6
hinh MCGDM ddng dua trén HA trong cac Chuong 2, 3 va 4.

Vi du 1.2. Xét bién ngén ngiv AGE véi hai phan tik sinh {old, young}, tdp phéan tir
hang C = {0, W, 1}, trong @6, W = {medium}, 0 = extremely old, 1 = extremely young,
va tdp gia tir H = {little, very}. Khi dé, véi dé dai téi da k = 2, tdp X, gom cdc tie:

X, = {extremely old, old, medium, young, extremely young} U {little old, very old,
little young, very young}.

Vi du nay cho thdy mién ngon ngit ciia mot bién c6 thé dugc sinh ¢ hé thong tir cac
phan tir sinh va cac gia tir, d6ng thdi bao toan trat ty ngit nghia giita cac tir. Pay ciing 1a
nguyén 1y duoc sir dung trong luan an dé xay dung cac thang do ngdn ngir dya trén HA
cho tiéu chi, trong s6 cua tiéu chi va tdp phuong an trong cic mo hinh dé xuét.

Céu trac cua AX duge thiét 1ap trén co sé khai thac quan hé thir ty ngit nghia von
ton tai ty nhién trong mién gié tri cua bién ngdn ngir. Trén co s& d6, HO va cong sy [52]
d3 chi ra mot s6 tinh chat co ban ciia HA tuyén tinh nhu sau:

Pinh 1§ 1.1. [52] Cho H va H ld cdc tdp sdp thir tie tuyén tinh ciia HA AX = (X, G,
H, <). Khi do:

i) Vi mbi u e X thi H(u) la mét tap scif:p thir tie ruyé:n tinh;

ii) Néu X duec sinh tir G béi cdc gia tit va G la tdp sdp thir ty tuyén tinh thi X ciing
la tdp sdp thit i tuyén tinh. Hom nita néu u < v, va u, v la déc 1dp véi nhau, tirc la u &
H(v) vav & H(u), thi H(u) =H{v).

Tinh chat nay cho thay HA khong chi cung cap mét co ché sinh tir ngon ngit ma con
duy tri mot cau tric thir ty nhit quan trén toan bo mién ngdn ngir. Pay 13 co so quan
trong dé cac md hinh cua luan an cé thé thuc hién so sanh, xép hang va két nhap truc
tiép trén mién tir ngdn ngir.

Pinh Iy 1.2. [52] Chox = h,,... hyjuvay = k... kyula hai biéu dién chinh tdc ciia
x vay déi véi cimg phan tr goc u. Khi do tén tai chi s6 j < min {n, m} + I sao cho fig =
kjr véimoi j' < j. Khido:

i) x <y khiva chi khi h;x; < k;x;, trong do x; = h;_; ...hyw;

it) x =y khiva chi khi m = nva hjx; = k;x;;

i) x vd y la khéng so sanh duoc vol nhau khi va chi khi h;x; va k;x; khéng so sanh

diroc vai nhau.
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Dinh 1y nay cung cap co sé hinh thirc dé so sanh céc tir ngdn ngit dugc sinh boi
chudi gia tir khac nhau. Diéu nay dac biét quan trong trong luan an, vi vi¢c xac dinh trat
tir, khoang cach ngir nghia va cac phép két nhap trén mién ngdn ngir déu dya trén kha
ning so sanh nhat quan giira cac tir ngon ngir trong HA.

1.2.3.2. B¢ do tinh mo cua gid tri ngon ngir

Tinh mo cta mot gia tri ngdn ngit xuat phat tir thuc té rang ciing mot tir c6 thé dugc
dung dé mé ta nhidu dbi tugng, trang thai hodc hién twong khic nhau trong thé gidi thyc.
Do s6 luong tir ngon ngir 1a hiru han trong khi thé gidi can mo ta lai rat da dang, mdi tir
thudng bao ham nhiéu muc d6 va sic thai y nghia khac nhau [52].

Vi vay, d6 do tinh md ctia gia tri ngon ngir 1a mot khai niém c6 y nghia nén tang khi
xay dung cac md hinh tinh toan véi tir. Khac véi cach tiép can cta ly thuyét tip mo, noi
tinh mo thuong gan véi hinh dang ciia ham thudc, trong HA tinh mo clia mot tir ngon
ngit x duoc hiéu nhu 14 ngit nghia ciia n6 van ¢ thé dugc thay do6i khi tac dong vao nd
bang cac gia tir [52].

Theo do, tap céc tir dugc sinh tir mot tir x bdi cac gia tir, ky hi¢u H(x), co thé xem
nhu biéu dién mac do tinh md cia x, va kich thude cua tap nay dugc luong hoa bang do
do tinh m& fin(x). Cach tiép can nay dic biét quan trong trong ludn an, vi do do tinh mo
1a co so dé xdy dung thang do ngdn ngit, xac dinh gia tri dinh lwong ngit nghia va phat
trién mo hinh 4-tuple ngir nghia trong cic chuong sau. Ta c6 dinh nghia sau vé d¢ do
tinh mo.

Pinh nghia 1.5. [52] Cho AX*= (X, G, H, ¢, 8, <) la mgt HA tuyén tinh ddy di (Com
HA) cila bién ngén ngit X. Mot dnh xa fiy: X — [0,1] dwoc goi la mét d6 do tinh mé ciia
cdc tir ngén ngit trong X néu théa man cdc tinh chdt sau:

i) fin la mét d6 do ddy di trén X, tikc la: fin(e) + fin(e™) =1 va Shen fy(hu) = fiy(u),

Vue X;
ii) fm(x) = 0, V'x thda mdan H(x) = {x}; ddc biét, fiy (0) = fin(W) = fiy (1) = 0;

iii) Fx, yveX Vh eH uh) = ‘;mn;it} = J;mn;;J;], 1y 56 ndy khéng phu thudc vao x

va y, va no duoc goi la do do tinh mo cua cdc gia tr, ky hiéu la u(h).
Tir (i) va (iii) ta cé céng thitc tinh dé quy dé flo tinh mé ciia x = hy,...h,gvéi g

(g, g7} nhue sau: fig(c) = phy,)... uhy) fin(g), rong dé 3 u(h) =1.

Nhu vay, do do tinh mo fiy(x) cia céc tir ngdn nglr trong X dugc xac dinh hoan

toan khi biét fiy(g") (hodc fiy(g")) va |H| - 1, cung voi gia tri cia dd do tinh mo ciia cac
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gia tir (k). Cac dai luong nay chinh 13 cac tham sb tinh mo doc 1ap ctia bién ngon ngir
va giit vai trd dau vao ngir nghia trong viéc xay dung cac thang do ngdn ngit dya trén
HA & cac mo hinh cuda luan an.

Tt Dinh nghia 1.5, da chi ra mot s6 tinh chat quan trong cua do do tinh mo nhu sau:

Ménh aé 1.1. [52] Cho fiy(x) do do tinh mo cia cdc tir ngén ngit va p(h) la dé do
tinh mo cua cac gia tw. Khi do:

(i) fm(g) + fm(g") =1 va Xpen fm(hx) = fr(x);

(ii) Z;zl_qu(hj) = q, Z?zl,u(hj) =pf, trongdoa, f>0vaa+f=1;

(iii) Yxe Xxex, fI0(x) = 1, Xy la tap tir ngon ngit c6 do dai nho hon hodc bang k

(iv) fy(hx) = p(h)fm(x), va VxeX, fip(ox) = fip(¢x) = 0;

(v) Cho fm(g), fm(g*) va u(h), voi Vh € H. Khi do, voi x = hy,...h g%, € €{-, +}, do
do tinh mo cua x dwoc tinh theo cong thire dé quy: fm(x) = u(hp)u(hp—-1)... 1(hi) fm(ge).

Céc tinh chat trén cho thay do do tinh mo trong HA khong duoc gan mot cach tuy
¥, ma duoc xac dinh c6 hé thdng tir cic phan tir sinh va cac gia tir. Diéu nay giup luan
an xay dung céc thang do ngdn ngi co co sé ngit nghia rd rang, bao dam tinh nhat quan
giita cdu tric nglr nghia, mic d6 mo hd va gia tri dinh lugng ngit nghia ctia cac tir. Trén
nén tang do, cac chuong tiép theo sir dung do do tinh mo nhu mot thanh phan dau vao
dé thiét 1ap ham dinh lugng ngir nghia, hé khoang tuong tu va biéu dién 4-tuple ngir
nghia phuc vu cho cac m6 hinh MCGDM duya trén HA.

1.2.3.3. Dinh luong ngit nghia cua gia tri ngon ngir

Néu d¢ do tinh md phan 4nh mirc do bién doi ngit nghia tiém tang ctia tlr, thi ham
dinh luong ngir nghia 14 co ché gin mdi tir véi mot gia tri sd trong [0, 1] theo cach van
bao toan trat ty ngir nghia. Trong cach tiép can tap mo, gia tri sd cua tir thudng duoc xac
dinh thong qua qué trinh khir mo ctia ham thudc [116]; cach lam d6 phu thu¢c manh vao
lwa chon ham thudc va phuong phap khir md, nén cé thé lam suy giam tinh nhat quan
giita thir ty ngir nghia va biéu dién dinh lugng [48].

Theo HA, mdi tir ngdn ngtr x € X dugc dinh lugng truc tiép thong qua mot anh xa
9: X— [0, 1], goi 1a ham anh xa dinh luong ngit nghia (Semantic Quantifying Mapping
- SQM), sao cho 9(x) € [0, 1] vira bao toan trat ty ngit nghia, vira phan 4nh nhat quan
cau tric dai s6 ctia mién ngdn ngir [52]. Pay 1a co so truc tiép dé luan an xdy dung cac
thang do ngon ngtr va thyc hién tinh toan trong mé hinh HA-TOPSIS, m6 hinh tich hop
EFAHP - 4-tuple - HA va m6 hinh MCGDM d¢ng dua trén HA.
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Dinh nghia 1.6. [52] Cho AX* = (X, G, H, o, ¢, <) la mot ComHA tuyén tinh. Mot
anh xa 9: X— [0, 1] duoc goi la mot SOM cua AX* néu théa man cdc diéu kién sau:

(i) 9 la anh xqa 1-1 tw tdp X vao doan [0, 1] sao cho 9(0) = 0, (1) = I va bao toan
thur tw ngit nghia trén X; tucla Vx, y e X x <y =39(x) < I»);

(ii) 3 lién tuc theo nghia: V'x € X, $(ox) = infimum 9(H(x)) va I(¢x) = supremum
9(H(x)).

Dinh nghia trén cho thdy ham SQM khéng chi gan cho mdi tir ngdn ngit mot gié tri
s6, ma con duy tri dugc cau trac thir ty va tinh lién tyc ngir nghia cia mién gia tri ngon
ngir. Pay 13 yéu cau nén tang dé cac phép so sanh, do khoang cach va két nhap trong
cac md hinh cta luan an c6 thé dugc thuc hién truc tiép trén mién ngon ngir.

Nhu vay, tinh ddy du ciia mot HA ¢ nghia 1a: voi moi tap tir H(x), ludn ton tai gioi
han cén trén va cin dudi cta cac tap tir H(x). Tuong tu, gidng nhu ddu dai sd cua cac
s6 trong giai tich toan hoc ¢6 dién, cac tir ngdn ngit x € X cling c6 du dai sé dugc xac
dinh nhu sau, goi 1a ham dau (sign function):

Pinh nghia 1.7. [52] Ham ddu (g: X — {-1, 0, 1} la mdt anh xa dwoc dinh nghia
dé qui nhw sau, trongdoh, h EHva g € {g~, g*}:

(1) Cg(g) =-1,g(g") = +1;

(ii) (g(hg) = -Ca(g) néu hg < g va (g(hg) = +(g(g) néu hg > g;

(iii) Cg(h'hx) = 0 néu h'hx = hx; (g(h'hx) = -Cg(hx), néu h'hx # hx va h'la am
(negative) doi véi h; ngwoc lai, Cg(h'hx) = (g(hx), néu h'hx # hx va h'la dwong (positive)
doi voi h;

(iv) Cg(h'hx) = 0, néu h'hx = hx.

Tir ham déu, c6 thé xac dinh dugc hudng ting hodc giam ngit nghia cua tir khi chiu
tac dong cua gia tu

Ménh dé 1.2. [52] Véi moi gia tir h va tir ngén ngir x, néu (g(hx) = 1, thi hx > x;
néu (g(hx) = -1, thi hx < x; néu (g(hx) = 0, thi hx = x. Cdc tdp tir H(x) ¢6 cdc tinh chat:

H(x)NH(y)= @,véix €H(x)vay H(y) va 0 <H(x) <1.

Hon nira:
o Néu Cglhyx) = +1, thi H(h-ox) <H(h-g+1x) < ... <H(h.;1x) <x < H(h;x) <H(h>x)
<...<H(hx);

o Néulg(hyx) = -1, thi H(h.gx) > H(h.g1x) > ... > H(h.1x) >x > H(hx) > H(h2x)
> .. > H(hpx).
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Tinh chit nay 1a co so dé xay dung thir t trén thang do ngdn ngir, xac dinh khoang
tuong tu va phat trién cac phép toan ngdn ngit trong cic chuong sau cta luan an.

Mot khai niém quan trong trong ngoén ngir tu nhién 1a nglr nghia dinh lugng (ngi
nghia s0) clia cac tir ngon ngi; ta co thé hinh thirc hoa diéu nay dudi dang mot SQM
duoc xay dung dua trén cac tham sb cho trude gém cac d6 do tinh mo cua cac phﬁn tr
sinh fig(g"), fm(g") va d6 do tinh mo cia cac gia tr g(h). Gia tri dinh lwgng cia gia tri
ngdn ngit x chia doan fim(x) theo ty 1& « :B néu (g(hyx) = +1, va theo ty 1& S :a néu
Cg(hpx) = -1, dugc tinh theo cong thue d€ quy sau:

Pinh nghia 1.8. [52] Cho AX* = (X, G, H, ¢, ¢, <) la mét ComHA tuyén tinh va
fm(x) va w(h) lan It la mét dé do tinh mo cia gid tri ngén ngir x va cia gia tir h. Khi

do, mot anh xa 9: X — [0, 1] dwoc cam sinh boi do do tinh mo dwoc xac dinh nhu sau:
(1) (W) =0 =fm(g), }g) =0 — ofm(g) = ffm(g), Hg*) = 0 +afm(g");
(i1) 9(h9) = 9x) + Cg(hyx) {212 599 ulh) f(x) —  (hyx)u(yac) () } vor

1

moi j, trong d6 —q <j <p, j# 0, va w(hjx) = > [1+ Cg(hix){g(hphix)(B — a)];

(iii) $(pg) = 0, $(og) = 0 =9(pg”), ¥ og*) = 1, va voi moi j, —q <j <p,
8(phx) = 99+ Ca(hyx) {12 E8D u(h) ()} = 3 (1 = Cg(yx) ) uCh) fro (),

S(otyx) = 909+ Ca(hyx) {2 E40 nhd fm@)} + 5 (1+ Sg(hyx) ) uhd ().

Trong nghién ctru ctia [52] da ching minh dinh nghia trén thoéa man cac yéu cau cia
mot SQM va dam bao tinh trii mat clia n6 ddi véi cac tir ngdn ngir ctia AX* trong doan
[0, 1]. N6i cach khac, mdi tir ngdn ngit x € X trong HA duoc gin v6i mot gia tri dinh
luong ngit nghia s trong doan $(x) € [0, 1] theo cach co co so toan hoc, nhat quan voi
trat tu ngit nghia va phu hop voi do do tinh mo cua tir ngon ngir. Pay chinh 1a nén tang
dé luan an xay dung céac thang do ngdén ngit dung cho danh gia phuong an, xac dinh
trong s6 ciia tiéu chi, do khoang cach ngit nghia va biéu dién 4-tuple ngir nghia trong
cac mo hinh dé xuat & Chuong 2, Chuong 3 va Chuong 4.

1.2.3.4. H¢ khoang twong tu ngir nghia

Pinh nghia 1.9 [52] Cho mot do do tinh mo fm trén X, mot gia tri k > 0, va tdp hitu
han cdc tir Xy, = {x €X: |x| <k}, ta xdy dung mét tdp cdc khoang {S;(x): x € X} trén
mién tham chiéu da chuan héa [0, 1], goi la cdc khodng twong tw bdc k (k-similarity

intervals), thoa man cdc diéu kién sau:
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(i) Cac khoang nay tao thanh mot phdan hoach cua [0, 1];

(ii) Méi S, (x) chita diing mét gid tri 9(x) thuée tip {9(y):y € Xy}, trong dé 9 la
mot SOM dwoc cam sinh baoi fim. Khi do, moi gia tri thuoc Sy (x) dwoc xem la twong tw
voi 9(x), hay noi cach khac, twong tw voi y nghia cia tir ngén ngit x ¢ murc bdc k.

Vé ban chat, hé khoang twong ty ngit nghia cho phép phan hoach mién tham chiéu
s6 [0, 1] thanh cac khoang ngit nghia trong ing voi cac tir ngdn ngir trén thang do. Viéc
xay dung Sy (x) dugc thuc hién trén co so cac khoang tinh mo ¢ mot bac cao hon k' >
k (thuong k' = k + 2). Cac khoang nay dugc phan hoach thanh cac cum roi nhau
C (x) twong ung vai ting tir x € Xj; khi d6, Sy (x) dugce xac dinh la hop cia cac khoang
tinh mo lién tiép tao thanh cum bao quanh gia tri dinh luong ngir nghia cua tir ngdn ngi,
tirc 9(x). Do d6, hé khoang twong tu bac k dugc xac dinh hoan toan khi chon dugc cu
trac HA va bo tham sb ngit nghia nhu do do tinh mo ctia cac phan tir sinh fm(g~), gia
tir p(h) va tham s k.

Trong céach tiép can dya trén HA, hé khoang tuong ty ngir nghia giir vai tro ciu ndi
giita gi4 tri dinh lugng ngit nghia va mién y nghia cia ting tir trén thang do ngdn ngir.
Nho d6, mbi gia tri s6 trong [0, 1] khong chi mang ¥ nghia dinh lugng, ma con gan véi
khoang 14an can ngit nghia cu thé twong Gng v4i mot tir ngdn ngir. Pay 1a co s& quan
trong dé xay dung biéu dién 4-tuple ngit nghia trong cdc muc tiép theo, trong d6 mdi tir
duogc dic trung dong thoi boi gia tri dinh lugng va khoang twong tu tuong tng.

Trong pham vi luan 4n nay, hé khoang twong ty duoc st dung truc tiép dé xay dung
cac thang do ngdn ngir dua trén HA cho cac md hinh MCGDM. Cu thé, & Chuong 2, nd
hd tro thiét 1ap thang do va dinh vi ngit nghia cho mé hinh HA-TOPSIS; ¢ Chuong 3,
n6 1a thanh phan c6t 16i ctia biéu dién 4-tuple ngit nghia; va & Chuong 4, né tiép tuc lam
nén tang cho cac phép két nhap va co ché suy giam ngir nghia trong bai toan MCGDM
dong. Vi vay, hé khoang tuong tu ngit nghia khong chi c¢6 ¥ nghia 1y thuyét, ma con la
co sO nén tang truc tiép phuc vu phat trién cac mé hinh cua lun an.

1.2.3.5. Thang do ngén ngit biéu dién theo mé hinh 4-tuple ngir nghia

Duya trén HA, Nguyén Cat H6 va cong su da phat trién mé hinh biéu dién 4-tuple
ngit nghia cho cic thang do ngén ngir nham biéu dién dong thoi ndi dung ngit nghia va
gi4 tri dinh luong ctia cac tir ngdn ngit von mang tinh mo hd, khong chic chan [54].
Céach biéu dién nay dac biét hitu ich trong cac bai toAan MCGDM, vi cho phép thuc hién
tinh toan trén mién ngdn ngit ma van duy tri duoc kha nang dién giai ngir nghia cua két
qua. Trong khudn kho luan an nay, moé hinh 4-tuple ngir nghia 14 nén tang truc tiép dé
xay dung thang do ngdn ngir cho danh gia phuong an, xac dinh trong s6 cua tiéu chi va
phat trién cac phép két nhap ngén ngir trong cac chuong sau.
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Pinh nghia 1.10 [54] Cho mét bién ngdn ngiv X va mién tham chiéu sé da chudan héa
[0, 1], mét biéu dién 4-tuple ngit nghia ciia tir ngén ngit x € Dom (X) dwoc xdc dinh béi:

(x' 19(X), Sk(x)i rx)-
Trong do:

x € Dom (X): la mot tu ngon ngir;

S, (x) € [0,1]: la khodng twong tw ciia x doi véi tap tir X, dd cho;

9(x) €[0,1]: la gid tri dinh lwong ngit nghia sé cia tir ngén ngir x;

1, € S (x): la gid tri tham chiéu nam trong khoang twong tu.

Khi (r,, — 9(x)) dugc xem nhu d6 1éch ngit nghia gilra tir ngdn ngir va gia tri tham
chiéu r,.; dac biét, néu r,, = 9(x) twong tng véibiéu dién ngir nghia chuan cua tir x. Nhu
vy, mo hinh 4-tuple ngit nghia khong chi biéu dién vi tri dinh luong cta tir trén mién
[0, 1], ma cOn gan tir véi mot khoang twong tu ngit nghia cu thé, qua d6 lam giau kha
ning biéu dién so v6i cach ding riéng gia tri sb 9(x). Pé xay dung thang do ngdn ngir
hiru han phuc vu tinh toan, Nguyén Cat Ho va cong su dua ra khai niém thang do ngdn
ngtr dong - trén.

Pinh nghia 1.11. [54] Cho AX * = (X, G, €, H, 6, ¢, <) la mét ComHA tuyén tinh
ciia bién ngon ngit X. Mot tp tir T = {to, . tg} C Dom (X) dwoc sdp thir tw toan phan
duoe goi la thang do ngon ngir dong trén (superior-closed) ¢ mire do cu thé k néu théa
mén cdc diéu kién:

(i) Vte T|t| < k, va It € Tsao cho |t| = k;

(ii)g=, 9%, 0, W 1€ T;

(iii) Neuy =hx € T thi€ T.

Do AX*1a mot HA day du, viec T € Dom (X) ham ¥ rang ngit nghia dinh tinh ctia
cac tir trong T can dugc xem xét trong toan b ngit canh cta X, Vi vay, biéu dién 4-tuple
ngit nghia phai duoc xac dinh trén toan b dai sb A.X.

Ba diéu kién trén lan luot bao dam mirc d6 dic ta cia thang do, bao dam sy hién
dién ctia cac tir ngit cot 16 trong mién ngdn ngit, va bao dam tinh déng-trén cua thang
do theo ciu trac sinh cua HA. Tuy nhién, ban than 7 md&i chi 1a mot tdp tr co trat tu,
chua du dé hd tro tryc tiép cho tinh toan ngdn ngir. Vi vdy, can gan cho mdi tir trong T
mdt biéu dién 4-tuple ngir nghia tuong tmg. Trén co s& do, khai niém thang do ngon ngir
4-tuple ngit nghia dugc phat biéu nhu sau:

Pinh nghia 1.12. [54] Cho T la m¢t thang do ngon ngir dong-trén ¢ murc ddc ta k.
Khi dé, thang do ngén ngiv 4-tuple ngit nghia két hop véi T dwge xdc dinh boi:

Tor = {(t,9(t), Sp(t), 1p): t €T, 1 € S ()}
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Thang do ndy théa cdc tinh chdt co ban sau:

(i) Véi moi t € T,(t,9(t), Sk(t), 1) la mét biéu dién 4-tuple ngiv nghia hop Ié,
trong d6 Sy, (t) € [0,1] biéu dién ngit nghia trong khodng twong tw ciia t; 9(t) € [0,1] la
gid tri dinh lwong ngir nghia sé cia t trong Pinh nghia 1.11.

(ii) Cdc khodng Sy (t), V't € T, tao thanh mét phéan hoach ciia mién [0, 1], trong dé
méi khodng S, (t) biéu dién mét khodng twong tw ngiv nghia twong g véi t. N6i cach
khdc, cdc phan tir thudc Sy (t) dwge xem la tiong tw vé mdt ngit nghia véi t theo mot
murc do duoc quyét dinh boi mure dac ta k.

(iii) Véimoi t,t' € T, néu t < t'thi S (t) < Si(t)).

(iv) 9(t) € Sp(t) voimoit € T.

Nhu véy, thang do ngén ngir 4-tuple ngit nghia cho phép két hop dong thoi ba 16p
thong tin: nhan ngdn ngit, gia tri dinh lugng nglr nghia va khodng tuong tu ngtr nghia
cua tir. Py 1a cdu tric phi hop dé vira tinh toan, vira bao toan kha nang dién giai caa
thong tin ngdn ngir trong cac bai toan MCGDM.

Ménh dé 1.3. [54] Cho T la mét thang do ngén ngir déng-trén & mire dic ta k, dwoc
xdy dung dwa trén mot HA cho truée AX* = (X, G, €, H, o, ¢, <). Véi cdc tham sé dé
do tinh mo da cho ciia bién ngén ngit X, tdp:

To ={(t,9(), Sk(), r): t €T, 1 € S (D)},
thoa cdc tinh chat co ban sau:

(i) Ty cdu thanh mét thang do ngén ngit 4-tuple ngir nghia két hop véi T

(ii) Mi khodng Sy (t) dwoc xdc dinh va tinh todn dwa trén cdu tric ngit nghia cia
cdc tw trong AX nhu sau:

SK(?) = Sy(?) U Swy(#) va S(#) = U{T(x): x € X4 & T(x) € (3(tp,p,+ 1)s ¥t pr+ 1))}

Nhu vay, néu tdp md va bién ngdn ngit cung cap nén tang ban dau cho xir 1y thong
tin mo ho, con cac mé hinh tinh toan voi tir nhu nguyén 1y mé rong, tinh toan ky hiéu
va 2-tuple 13 cac budc phat trién quan trong nham giam mat mat thong tin va cai thién
kha ning thao tac trén mién ngdn ngir, thi HA cung cap 16p nén tang hinh thirc trung
tam ma ludn 4n can dén. Trén co s cac khai niém cta HA nhu cdu trac dai s6 ngén ngi,
do do tinh mo, SQM, hé khoang tuong tu va thang do 4-tuple nglt nghia, ludn 4n c6 du
co so 1y thuyét dé phat trién mo hinh HA-TOPSIS & Chuong 2, mo hinh EFAHP - 4-
tuple - HA & Chuong 3 va m6 hinh MCGDM ddng dua trén HA & Chuong 4. Theo nghia
d6, muc nay khong chi trinh bay cac khai niém nén tang, ma con xac dinh tryc tiép co
so hoc thuat dé chuyén sang phan tong quan nghién ctru, phan tich han ché va xac lap

khoang trong nghién clru ¢ cac muc ti€p theo.
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1.3. Cac phwong phap nén ma luin 4n ké thira va phat trién

Trong bai toan MCGDM, qua trinh ra quyét dinh thuong gan véi hai nhiém vu trong
tam: x4c dinh trong s6 cua céc tiéu chi va xép hang cac phuong an. Vi vay, viéc xac dinh
cac phuong phap nén ciia luan 4n khong chi nham lya chon nhing phuong phéap da duoc
str dung rong ri trong MCDM va MCGDM, ma con nham 1am 13 vai trd ctia chiing
trong cau triic 101 giai va kha ning phat trién trong moi truong thong tin ngdn ngir. Trén
co s d6, luan an ké thira va phat trién hai nhom phuong phap chinh: AHP/FAHP cho
bai toan xac dinh trong sd cua tiéu chi va TOPSIS/FTOPSIS cho bai toan xép hang
phuong 4an. Hai nhom phuong phap nay tao nén tang truc tiép cho viéc xay dung cic mod
hinh MCGDM dura trén HA trong cac chuong tiép theo.

1.3.1. Phwong phdp AHP va vai tro trong xdc dinh trong sé ciia tiéu chi

Phuong phéap phan tich thir bic (AHP) do Saaty xut 1a mot trong nhiing phuong
phép quan trong cia MCDM va dugc st dung rong rai trong cdc m6 hinh MCGDM [95].

Béang 1.1. Mo ta thang do ctia phuong phap AHP [95]

Muixc d6 ; - i
quan trong Pinh nghia Giai thich
1 Tém quan trong ngang nhau il:l tiéu chi dong gop nhir nhau cho muc
3 Tim quan trong véu ciamét | Kinh nghiém va nhin dinh hoi nghiéng vé
t1éu chi so von t1gu chi kaa mot t1éu chi so vor tiéu chi kia.
_ x Kinh nghiém va nhan dinh nghiéng manh
2 Tém quan trong manh vé mét tiéu chi so vdi tiéu chi kia.
3 ] : | Mot tigu chi dwoe vu tién manh hon tiéu
7 Taf:ﬁguan trong manh hon (13t | oy jyiia va sy vurot troi d6 da duoc chimg
ma minh trong thie tién.
3 e ek Bing chimg tng hd mét tidu chi so véi tiéu
9 | Tam quan trong tuy¢t 461 chi kia dat mirc cao nhét cé thé khing dinh.
Cac gia tr1 trung gian giira hai : . 2 T g ea
2.4.6_8 mtc danh gid litn ké Puoc st dung khi cén thoa hiép.
Nghich Néu hoat dong i cO mot trong
dao cua | cac gia tr1 khac 0 néu trén khi
cac gid tr1 | so sanh v hoat dong ;. thij co
khac 0 néu | gia tri nghich dao trong g
trén khi so sanh v 1.
T P Néu can ép budc tinh nhat quan bang cach
Cactyso | Cacty s6 phat sinh tir thang do thu dwoc 7 gid tr] s0 d€ bao phu ma tran.
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Y tudng ctia phuong phap AHP 14 cdu triic hoa bai toan ra quyét dinh thanh mot hé
thir bac gém muc tiéu, cac tiéu chi, c¢6 thé bao gém ti€u chi con va cac phuong an; trén
co s& d6, mirc d6 uu tién twong dbi gitra cac thanh phan dugc xac dinh thong qua phan
doan so sanh cip dya trén thang do gdm chin mirc twong Gmg véi cac gia tri trong Bang
1.1. Vi vay, AHP khong chi ho tro Iva chon phuong 4n, ma con la khuén kho nén tang
dbi vé6i bai toan xac dinh trong sb cuia tiéu chi. Mot dic diém co gia tri cuia AHP dé danh
gia tinh nhit quéan trong céc so sanh cip sb rd cta cac chuyén gia. Saaty di dé xuit cong
thirc tinh chi s6 nhat quan (Consistency Index - CI) va cong thirc tinh ty 18 nhat quan
(Consistency Ratio - CR) [95], nhu sau:

A -n

CISaaty = r:lax_ 1 (1.8)
Clsgat

CRsaaty =—ng§)y , (1.9)

trong 6, RI(n) (Random Index) 14 chi s6 ngéu nhién ciia ma tran bac n theo AHP [95].

Ma tran so sanh cip sb rd cua chuyén gia D€ duoc chap nhan néu thoa diéu kién
CRsqaty < 0.10; ngugce lai, chuyén gia D®cén ra soat va diéu chinh lai cac so sanh cap
trong ma tran cho dén khi dat yéu cau nhit quan. Co ché nay khong loai bé hoan toan
tinh chu quan, nhung gitip phéat hién cic phan doan mau thuin, tir d6 yéu cau ra soat
hodc diéu chinh ma tran so sanh. Nho d6, trong s6 cua tiéu chi duoc kiém soat & mirc
nhat dinh vé tinh hop 1y noi tai. Trong béi canh MCGDM, co ché niy cang ¢ ¥ nghia
vi qua trinh xac dinh trong s6 thudng phai két hop nhiéu ngudn phan doan va nhiéu quan
diém chuyén moén khac nhau.

Tir goc d6 ké thira phuong phap, AHP phu hop véi luan an ¢ ba khia canh. Thir nhat,
AHP cung cip nguyén 1y xac dinh trong s6 cua tiéu chi dya trén so sanh cip, 1a cach
tiép can pho bién va c6 kha ning dién giai t6t trong MCDM. Thtr hai, AHP hd tro biéu
dién céu tric phan cap ciia bo tiéu chi, phu hop véi cac bai toan ¢ nhiéu tiéu chi chinh
va tiéu chi con. Thir ba, AHP dit ra yéu cau kiém soat tinh nhat quan ciia phan doan,
mdt van dé quan trong khi xay dung mé hinh xac dinh trong s6 cua tiéu chi trong moi
truong c6 nhiéu chuyén gia. Do d6, trong luan 4n nay, AHP dugc xem la phuong phap
nén cho giai doan xac dinh trong sb cta tiéu chi, con cac moé hinh mé rong duoc phat
trién nham thich Gmg tot hon v&i moi truong thong tin ngdn ngi.

Tuy nhién, phuong phap AHP c¢6 dién cha yéu dugc thiét lap trong diéu kién cac
phan doan dugc biéu dién béng $6 0. Trong nhiéu bai toAn MCGDM thyc té, dic biét

khi tiéu chi mang tinh dinh tinh, chuyén gia thuong khé dua ra mot gia tri s6 chinh xac
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dé biéu thi muc d6 quan trong twong ddi giira hai tiéu chi. Khi cac nhan dinh nay bj ép
chuyén tryc tiép thanh s 18, mot phan tinh mo h, tinh khong chéc chan va sac thai ngir
nghia cta d4nh gia co thé bi suy giam. Ngoai ra, trong méi trudng nhom, viée tong hop
cac ma tran so sanh cip va xir 1y sy khac biét gitta chuyén gia ciing doi hoi cac co ché
mé rong phi hgp hon so v6i AHP c6 dién. Nhimng han ché trén khong lam giam gié tri
nén tang ctia AHP, ma chi ra nhu ciu md rong phuong phéap nay. FAHP duoc phat trién
theo hudng thay thé cac gia trj so sanh rd bang cac biéu dién mo hodc ngdn ngir nham
phan anh tét hon sy khong chic chan trong phan doan ciia chuyén gia [106, 19]. Du vay,
Wang va cong su [108] chi ra rang phuong phap ctia Chang [19] c6 thé dan dén viéc gan
trong s bang 0 cho mot sd tiéu chi van con y nghia, dong thoi bi gidi han trong pham
vi mot s6 dang s6 mo nhét dinh. Pé cai thién diém nay, Hué va cong su [58] da phat
trién FAHP cai tién, trong d6 sir dung sé6 mo tam giac tong quat (Generalized Triangular
Fuzzy Numbers - GTFN) két hop véi chi s trong tim (centroid index) dé xac dinh trong
s6 ru tién cla céc tiéu chi mot cach chinh xac hon. M6 hinh FAHP cai tién [58], gdbm
cac budc sau:

Buée 1: Xay dung ma tran so sanh s6 mo tam giac tong quat

(1,1,1;044) (12,412, C12;W12) o (A1n B1ny C1ns Win)
F=(¥. _ | @21, 821, €215, w21) (11,1 w3,) o (@2, ban, C2n; Wan)
(xlbj)nxn - 'rEl el el el
(a'nlv ’g"nlv Cn1s wnl) (a’nZ: ’g"nZ: Cn2; ’an) (1;1;1; wnm)
(1.10)

1 1 1
Trong d6: X, = (a;, b cinwi ), 2 == ,= ,= s;wy),4,7=1..,n 1*}.
g (74 ( (72 7 2 ¥ 2 /Lf)a 14 C/Lj”&/ij,a/ij' if )’ ;f ) R f

Bu6e 2: Tinh pham vi tong hop mo
Pham vi tong hop mo, S;, duoc tinh nhu sau:
8= (¢4> ois 5 min (wy))

B ( Y7 =1aij Yi-1ty Y7 =1Cij
- ) )
Z;'l=1a~i;'+ Z}}L=1/L¢4Z;=1C&4 Z’i=12}}=1fw Z;'l=1c/i;‘+ Z}}F 1,/“=4Z;'1=1 A pj

2 n(w¢,)>
(1.11)
Trong do: Z;: 1 1\4;1 = (Z;: 1 (14% Z?: 1/5’,%' Z;lz 1 C’ij, m n(w%;)),
i,7=172,..,n
Tiép theo tinh chi sb trong tim ciia pham vi tong hop mo S; st dung phuong phap

dugc dé xuat boi (25). Cho 83, S5, ..., Sp, 14 cac gia tri pham vi tong hop mo. Trong tim

cua moi s0 mo §;, ky hi€u la C; = (%5, %s,), voi4i =1, 2, ..., n, dugc tinh nhu sau:
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Zs, = (¢ + 1 + £)/3; Bs, = min(w;)/3 (1.12)
Khoang céch gitra cac trong tam C; = (&5, ¥s,), Vo141 =1, 2, ...,n,va diém cuec tiéu

G = (Xmin Ymin)> trong d6 X = mi n(g;), Va Yy = m n(w/ij)a w =ni n(w/ij)

duoc tinh nhu sau:

D(5:6) = [(Bs, = min)? + (s, — Ztpmin)? (1.13)

Burée 3: Xac dinh véc-to trong s6 W = (w4, ..., w,)T tuong tmg véi ma tran so sanh mo

= _ w
Pl 1) B \/(xsi — Zmin)? + (@5, — 3 Ymin)®
2o D(S,C)

— — w
/?: 1\/(7054 - xmin)z + (’y)si - ?’y’min)z

(1.14)
trong do:i=1,...,n.

Mic du céc tiép can FAHP cai tién [58], da gop phan nang cao d6 chinh xé4c trong
xac dinh trong sb, Tuy nhién, phuong phap nay duoc phat trién dya trén tap md nén
cling gdp mot sb han ché vé lua chon ham thudc va tinh toan mo da chi ra trong muc 1.
Tinh cap thiét cua dé tai. Bén canh d0, co ché kiém soat tinh nhéat quan trong nhiéu mo
hinh FAHP vé co ban van dugc ké thira hodc diéu chinh tir AHP ¢6 dién, trong khi ban
chét clia céc danh gid ngdn ngit doi hoi mot khudn kho nhét quén phi hop hon véi cau
tric ngit nghia cua mién tir. Nhimg giéi han d6 cho thdy AHP/FAHP céan phai tiép tuc
cai tién theo hudng trén mot nén tang ngdn ngit c6 co so hinh thirc chat ché hon.

Dbi voi luan an nay, vai tro cia AHP khong nam ¢ viée 4p dung nguyén dang AHP
cd dién, ma ¢ viée ké thira nguyén 1y so sanh cip, xac dinh véc-to trong s6 va kiém soat
tinh nhat quan dé phat trién cac mé hinh MCGDM trong mdi trudng thong tin ngdn ngi.
Trén nén tang d6, luan an tiép can FAHP, mo hinh 4-tuple ngit nghia va HA nhu céc
huéng mo rong nham xir Iy t6t hon dénh gia mo, danh gia ngon ngit va yéu cau bao toan
ciu tric ngir nghia cta thong tin dau vao [53, 52, 54]. Vi vy, AHP dugc dit ¢ vi tri
phuong phap nén: cung cip quy trinh x4c dinh trong s6 cua tiéu chi, trong khi Chuong
3 va Chuong 4 sé& phat trién co ché biéu dién, kiém soat nhat quan va tinh toan phii hop

hon v&i bai toan MCGDM ngdn ngir theo hudng tiép can HA.
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1.3.2. Phwong phdp TOPSIS va vai tro trong xép hang phwong dn
TOPSIS 1a mot trong nhitng phuong phap MCDM duoc st dung rong rdi dé danh

gia, so sanh va xép hang cac phuong an theo nhiéu tiéu chi [59]. Khac véi AHP, von
thuong dugc ding dé xac dinh trong sb cta cac tiéu chi, TOPSIS tap trung vao giai doan
tong hop danh gia va xép hang phuong an. Nguyén 1y co ban ciia TOPSIS 1a mot phuong
an duoc xem 13 ¢6 t6i vu khi déng thoi gan PIS va xa NIS [18, 110]. Nho vay, TOPSIS
cung cip mot co ché xép hang truc quan, dé dién giai va phu hop véi cac bai toan cd
nhiéu tiéu chi khac nhau vé don vi do, chiéu hudng t6i uvu va mtrc d6 quan trong.

Vé mit phuong phéap luan, TOPSIS thiét 1ap mot quy trinh tinh toan hé thong thong
qua cic budc chudn hoa dir liu, tich hop trong s6 cia tiéu chi va sir dung cac phép do
khoang cach dé xac dinh gia tri vu tién cho cac phuong an [110, 111].

Trong phuon phap TOPSIS truyén thong cac gia tri duoc udc luong bai s6 thuc va
chi c6 mot ngudi ra quyét dinh. Pau vao ciia md hinh bao gdm m phuong an va n tiéu
chi danh gid. Phuong phap TOPSIS dugc thuc hién theo trinh tu cac budc dudi day:

Buodc 1. Xay dung ma tran danh gia cac phuong an

all alz o aln
axq (05Y) . Qon

A=@mn =0 L L (1.15)
Am1 Amz2 - Qmn

Trong do: a;; 1a muac do danh gia bang sb thuc ciia chuyén gia cho phuong an A;
theotiuchiC;i=1,2, ..., myvaj=1,2, ... n
Bu6c 2. Thiét 1ap ma tran quyét dinh chuan hoa dir liéu

Ma tran A = (a;j)m xn duoc chuan héa thanh A = (dij)m L trong do:

x. .
Gij= ——;i=1,2,..mj=12.,n (1.16)
m 2
\/Zk=1 a;j
Bude 3. Xac dinh ma tran chuan hoa cé trong )
Yi' = dl] X W], i = 1,2, ...,m;j = 1,2, ey, N
Y;; dugc xéac dinh bang cach nhan timg cdt clia ma trdn chuan hoéa @; j VOl trong sb
w; tuong ung cua ti€u chi C;. w; duoc do luong boi DM bang cach udce luong cac gia tri

cho cac tiéu chi sao cho 3L, w; = 1.

Bude 4. Xac dinh PIS (41) va NIS (4 7) duogc tinh theo cong thirc sau:
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bt =65, 65, ... 6,3 (1.17)
b ={b1,b5,.. 07} (1.18)

lyj’“ = max (&;);i = 1,..,mnéu tiéu chi C; la tiéu chi vé lgi ich

& = min (&;;);i =1,..,mnéu tiéu chi ; [a tiéu chi vé chi phi
Buéc 5. Tinh khoang cach (di va d;) ciia phuong 4n 4; dén (6+) va (6°) duoc tinh

nhu sau:

1
df = (Zfa(ly =67 )75 1=1,.m (1.19),
1
di = (Xjo By —67)?)?;i=1,..,m (1.20)
Buéc 6. Tinh hé s6 gan va xép hang cac phuong 4n
dy .
CCi:(di‘+d§’);0S s; <1;i=1,...m (1.21)

Phuong an ¢6 hé s6 CC;, i = 1, ..., m cao nhét 1a phwong an gan voi PIS (&%) duoc
vu tién xép thir nhat. Tiép tuc xép hang cac phuong an Iya chon theo thr ty giam dan hé
50 CC;.

Uu diém chinh cta TOPSIS 1a quy trinh tinh toan rd rang, kha nang xtr ly dong thoi
nhiéu tiéu chi, két qua dé dién giai va thuan loi cho so sanh d6i sanh giita cac phuong
an. Tuy nhién, TOPSIS truyén théng chu yéu lam viée vé6i dit liéu dau vao 1a s 13 va
trong sd ctia tiéu chi da duoc biét trudc hodc gan tryc tiép. Trong nhiéu bai toan thyc té,
nhat 1da MCGDM trong méi truong thong tin ngdn ngit, danh gia cta chuyén gia thuong
mang tinh mo ho, khong chac chan va duge biéu dat bang cac tir ngdn ngir hon 1a bang
s6 5. Khi @6, viéc chuyén tryc tiép cac danh gia ngdn ngir thanh s thyc c6 thé 1am suy
giam mot phan ndi dung ngit nghia ctia thong tin dau vao [49, 54, 48]. Pong thoi, trong
bai toan MCGDM, viéc két nhap y kién chuyén gia va xir 1y khac biét quan diém ciing
doi hoi cac md rong phi hop hon so voi TOPSIS truyén thong.

Nhitng han ché trén 13 co s& cho sy phat trién ctia FTOPSIS va cac mo hinh xir 1y
thong tin ngdn ngit [21, 114]. Céc tiép can ndy md rong TOPSIS bang cach biéu dién
danh gia dudi dang s6 mo hodc gia tri ngdn ngi, qua d6 nang cao kha ning xir 1y bat
dinh [111]. Tuy nhién, cac md hinh FTOPSIS hién c6 van boc 10 mot ) han ché nhu
khoang cach giita cdc phuong an va cac giai phap 1y tudéng van duoc xac dinh trén cac
biéu dién s mo, sau d6 phai giai mo hodc xap xi dé c6 thé so sanh va xép hang. Quy

trinh ndy c6 thé tao ra sy khong trung khép giita ¥ nghia ngon ngir ban dau va két qua
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tinh toan trung gian, nhat 1a khi khoang cach s6 hoc giita cac biéu dién md khong phan
anh dung khoang cach ngir nghia giira cac tir. Bén canh d6, viéc xac dinh PIS/NIS trong
mo hinh FTOPSIS thudng phu thudc vao khong gian biéu dién di chon, nén thiéu mot
co s6 hinh thirc théng nhit dé bao dam rang trat tu vu tién cudi cung thuc sy twong thich
voi trat tu nglr nghia cua cac danh gid chuyén gia.

Do d6, véi muc tiéu bao toan tot hon trat tu va nodi dung ngit nghia cua dénh gia
chuyén gia, luan an ké thira tu tuong xép hang cuia TOPSIS, dong thoi phat trién huéng
tiép can dya trén HA dé xay dung thang do ngdn ngit, dinh luong ngit nghia, xac dinh
PIS/NIS va do khoang cach trén mot mién ngit nghia thong nhat hon [53, 52, 54]. Pay
1a co so phuong phap luan dé Chuong 2 phat trién mé hinh HA-TOPSIS va tiép tuc mé
rong sang bai toan MCGDM dong trong Chuong 4 cua luan an.

1.3.3. Moi lién hé giita AHP va TOPSIS trong cdc mé hinh MCGDM

Trong cac md hinh MCDM va MCGDM, xéc dinh trong sd ctia tiéu chi va xép hang
phuong 4&n 1a hai giai doan co mbi quan hé hitu co, ho tro 1an nhau dé dat dugc két qua
t6i wu [57, 117]. AHP va mé rong md FAHP thé hién uu thé vuot troi trong viéc khai
thac tri thirc chuyén gia thong qua cac ma tran so sanh cap, tir d6 suy ra cac trong sb
phan anh chinh x4c tam quan trong twong ddi cia cac tiéu chi [57, 117, 111]. Dua trén
tap trong sd nay, TOPSIS va FTOPSIS dong vai tro 13 co ché tong hop, thuc hién xép
hang dya trén nguyén ly mot phuong an 1y tuéng phai c6 khoang cach ngan nhat PIS va
xa nhét tgi NIS [21, 48]. Chinh sy bd sung chitc ning ndy cac mé hinh tich hgp nhu
AHP-TOPSIS va FAHP-FTOPSIS d trg thanh nhimng khung phuong phap luan phé bién
nhat trong cac bai toan MCGDM ngén ngit [110, 117]. Cac mo hinh lai nay dugc tng
dung thanh cong trong nhiéu linh vuc nhu Iya chon nha cung cip bén vimg, danh gia rai
ro va uu tién dau tu [110, 48]. Su két hop nay khong chi tan dung dugc kha niang kiém
so4t tinh nhat quan trong phan doan cia AHP/FAHP, ma con phat huy thé manh phan
tich khoang cach da chiéu ciia TOPSIS/FTOPSIS, tao nén mét quy trinh MCGDM khép
kin, minh bach va c6 d¢ tin cay khoa hoc cao.

Tuy nhién, mot han ché dang chu ¥ ctia cac mo hinh tich hop dua trén tip mo truyén
thong 1a sy thiéu thong nhat vé nén tang biéu dién thong tin xuyén sudt quy trinh ra
quyét dinh. Trong nhiéu mé hinh, cac phan doan so sanh ciap dugc biéu dién bang s o
hodc s6 mo, trong s sau do thuong phai giai mo, trong khi danh gia phuwong 4n va

khoang cach t6i cac giai phap 1y tudng lai dugc xir Iy trén mot khong gian biéu dién
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khac, dan dén nguy co sai léch két qua [63, 111]. V& mat phuong phap luan, viéc thiét
1ap su twong thich hoan toan giita cac ham thudc s6 hoc va ndi ham cia tir ngdn ngir
trong qua trinh tong hop danh gia van 1a mot thach thire 16n [93, 63, 11]. Theo hudng
nay, Shu va cong su nhan manh nhu cau cép thiét vé viéc han ché mat mat thong tin
trong cac budc hop nhit thong tin ngdn ngir [99]. Pong thoi, cdc nghién ciru cling chi
ra rang ngay ca trong moi truong 2-tuple, quy trinh dénh gia tinh nhat quan va xac dinh
trong sb cua tiéu chi can duge thiét ké lién thong dé vira bao toan tri thirc vu tién ban
dau ciia chuyén gia, vira nang cao d tin cdy ctia thir hang cudi cung [63]. Tir d6, ¢ thé
thdy rang han ché 16n nhét ciia cac mo hinh tich hop hién nay ndam & sy thiéu nhat quan
ngit nghia gitra cac giai doan xir Iy; day chinh 1a co s¢ khoa hoc dé luan 4n lya chon
FAHP va TOPSIS lam hai hudng tiép can chinh, dong thoi phat trién chiing theo mot
khuon kho théng nhét hon dya trén 1y thuyét HA.

Trong boi canh hién nay, yéu cau dat ra d6i v6i quy trinh MCGDM khong chi dimng
lai & viéc tich hop k¥ thuat gita AHP/FAHP va TOPSIS/FTOPSIS, ma quan trong hon
1a phai dam bao sy lién thong va théng nhat ngit nghia xuyén sudt tir bude xac dinh
trong s6 cta tiéu chi dén budc danh gia va xép hang phuong an [57]. Su dit gy hodc
mat mat thong tin trong qua trinh chuyén doi giita cac biéu dién ngdn ngir va cac gia tri
tinh toan trung gian thuong dan dén két qua thiéu chinh xac va kho dién giai [63, 99;
49]. Chinh vi vay, ly thuyét HA dugc luan an lya chon lam nén tang chu dao nho kha
nang mo hinh hoa tryc tiép cau tric thir tw va ndi ham ngit nghia ciia mién tir, gitp bao
toan trat tu ngit nghia tu nhién ctia cac phan doan chuyén gia [53, 52, 54]. Viéc ké thira
AHP/FAHP cho bai toan xac dinh trong s6 cua tiéu chi va TOPSIS/FTOPSIS cho bai
toan xép hang 13 hé qua tat yéu cia cau tric bai toan MCGDM ngon ngit hién nay, noi
tri thirc chuyén gia va phuong thire do khoang cach téi cac giai phap 1y tuong can duoc
két hop hai hoa [57, 117]; dong thoi luan 4n 4p dung mo hinh 4-tuple ngit nghia dé giai
quyét yéu cau bao toan thong tin trong qua trinh tinh toan [54].

Trén co s d0, luan 4n phat trién mo hinh HA-TOPSIS cho bai toan xép hang phuong
an & Chuong 2, xay dung mo6 hinh tich hop EFAHP - 4-tuple - HA & Chuong 3 va m&
rong sang L-FAHP - L-FTOPSIS dong dua trén HA & Chuong 4. Cach tiép can nay
nham duy tri sy théng nhat ngit nghia xuyén sudt tir xac dinh trong sd dén xép hang

phuong an trong moi truong thong tin ngdn ngir.
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1.4. Tong quan nghién ctiru vé MCDM va MCGDM ngén ngir

1.4.1. Céc nghién ciru vé MCDM truyén thong va tiép cin mé rong dwa trén Iy
thuyét tap mo

Céc phuong phap MCDM truyén théng duoc hinh thanh nham h trg lwa chon, danh
gi4 va xép hang phuong 4n trong didu kién c6 nhiéu tiéu chi, nhung vé ban chat chii yéu
duogc xay dung cho dit liéu dau vao 13 s6 16 [13, 24]. Trong nhom nay, cac phuong phap
nhu AHP [95], ANP [96], TOPSIS [59], VIKOR [68], ELECTRE [94] hay
PROMETHEE [109] da cung cép nhitng khuon khd hinh thuec quan trong cho céc nhiém
vu nhu xac dinh trong sd cta tiéu chi, so sanh phuong an, thiét 1ap quan hé uu tién va
xép thtr hang tong thé [24, 92]. Uu diém ciia cac phuong phap nay 1a dit nén tang cho
phuong phap luan cia MCDM va sau d6 dugc mé rong sang MCGDM thong qua cac
co ché tong hop v kién cua nhiéu chuyén gia, tong hop trong sd va két nhap ma tran
danh gia [13, 14]. Tuy nhién, khi dir liéu dau vao 14 thong tin ngdn ngit, cac phuong
phap truyén thong boc 10 gii han 16 rét boi gia thiét mot khong gian danh gia sb 16 va
mot cdu trac thong tin twong ddi on dinh [93].

Pé giai quyét cac han ché trén, cac tiép can dua trén 1y thuyét tap mo duoc phat
trién nham mé rong kha nang cia MCDM va MCGDM sang mdi trudng bat dinh. Trén
nén tang tp mod va bién ngdn ngit ciia Zadeh [115, 116], nhidu mo hinh dua trén s6 mo
va cac dang mo rong cua tip mo di dugc xay dung dé biéu dién cac danh gia mo hd cia
chuyén gia [93]. Trong dong nghién ctru nay, FAHP [19, 108, 25, 58] giit vi tri ndi bat
trong hudng tiép can xac dinh trong sb ciia tidu chi, bai n6 ké thira co ché so sanh cip
ciia AHP [95] nhung thay biéu dién s6 1& bang s6 md dé phan anh tét hon cac phan doan
bat dinh [24, 92]. Tuong tmg, FTOPSIS [21] giit vi tri ndi bat trong xép hang phuong
an, bo1 n6 mo rong y tudng gidi phap 1y tudéng cia TOPSIS sang khong gian mo va tré
thanh mot cong cu duogc s dung rong rai trong cac bai toan MCGDM [13, 92].

Cung v6i do, cac hudng mo rong dua trén tap mo tryc cam [45], tap mo do du [113,
441, tap mo Pythagorean [8, 9, 34], tap neutrosophic [105, 69], tap mo T-spherical [22]
va mot s6 hudng tiép can gan day nhu tap tir ngon ngir xac suat (PLTS) cho phép mo ta
danh gia bang nhiéu thuat ngir ngdn ngit kém xac suat hodc mirc kha ning tuong g,
phu hop khi chuyén gia c6 thé lwong hda mirc do tin cdy ddi véi timg nhin ngdn ngir
[78]; tap tir ngdn ngit mo do du (HFLTS) tap trung biéu dién trang thai do dy gitra nhiéu
thuat ngit, qua d6 phan anh tét hon tinh hudng chuyén gia chua thé lya chon mot gi tri
ngdn ngir duy nhit [37]. Z-number ngdén ngit md rong tu tuéng Z-number vao moi

truong ngon ngir bang cach mo hinh héa dong thoi ndi dung danh gia va do tin cay cia
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danh gia [74] tiép tuc 1am ting dang ké kha nang biéu dién va xtr 1y bat dinh trong nhiéu
linh vuc khac nhau [13, 93]. Cac hudng nghién ctru nay cho thay sy phat trién manh cta
MCGDM ngén ngit theo chiéu biéu dién bt dinh. Tuy nhién, ching khong phai 1a nén
tang phuong phap luan chinh ctia luan 4n nay, vi trong tim cta luan an 1a xtr 1y truc tiép
thong tin ngdn ngit trén co s cau triic ngit nghia, trat ty ngit nghia, do do tinh mo va
ham dinh lugng ngit nghia ciia HA.

Thanh tyu quan trong nhét cila cac nghién ctru nay 1a mé rong déang ké pham vi ap
dung cuia MCDM va MCGDM tu dir liéu sb 1o sang dir li¢u mo ho va khong chic chéin
[13]. Qua d0, cic phuong phap nay da giai quyét hidu qua nhiéu bai toan thyc tién nhu
lwra chon nha cung cép [92, 40, 70, 24], danh gia rti ro cong nghé [85, 35], hay danh gia
chuyén ddi s6 cua doanh nghiép [118, 73, 16, 75, 56, 80]. Pac biét, m6 hinh FAHP -
FTOPSIS di tro thanh mot quy trinh tich hgp phd bién trong MCGDM, trong d6 FAHP
dam nhi¢m giai doan lugng hoéa tri thirc chuyén gia dé xac dinh trong sb cua tiéu chi,
con FTOPSIS ddm nhiém giai doan xép hang phuong an [10, 64, 87, 91]. Tuy nhién, xét
tir goc do tinh todn véi tir [116], phan 16n cac mo hinh thudc nhdém nay van tiép cin bai
toan theo hudéng mo hoa thong tin ngdn ngir. Tuc 14, nglr nghia cua cac tur danh gia chu
yéu duoc biéu dién gian tiép qua cic ham thudc hodc cac tham sé s6 md, trong khi cdu
trac nglt nghia ndi tai va su sai biét trong nhan thirc ¢4 nhan vé tir ngir chua dugc mo
hinh héa mét cach tudng minh [54, 93]. Chinh gi6i han phuong phéap luan nay lam xuat
hién nhu cau chuyén dich sang cic mé hinh tinh toan ngén ngir ¢é céu tric bicu dién
chit ch&, noi trong tAm 13 bao toan t6i da noi dung ngir nghia va tinh nhat quan cia thong

tin trong toan bd qua trinh tinh toan [54, 74, 93].

1.4.2. Cac nghién ciru dwa trén cac mo hinh ngon ngii 2-tuple va 4-tuple

Sy phat trién clia cac mo hinh tinh toan ngén ngir xuat phat tir nhan thirc rang thong
tin d4nh gia trong MCGDM khong chi bat dinh ma con mang ban chat ngon ngit, do d6
viéc chi mo hoda céc tir danh gia chua du dé bao toan day du ¥ nghia cua chung [93, 54].
Trén co s& cic y tuong tinh toan véi tir ciia Zadeh [116] va cac tiép can ngdn ngir ky
hiéu sau d6, mdt dong nghién ciru méi dugc hinh thanh nham thuc hién tinh toan truc
tiép hon trén mién nhan ngdn ngit, giam phu thudc vao qué trinh giai mo truyén théng
va han ché mét mat thong tin do 1am tron hodc xap xi [27, 49].

Trong dong phat trién nay, mé hinh 2-tuple ctia Herrera dugc xem 13 mot budc tién
quan trong [49]. Y nghia cua 2-tuple khong chi ¢ k¥ thuat biéu dién bang cap (s;, @)
gdm s; 12 nhan ngdn ngir va & 1a tham s dich chuyén, ma con & viée tao ra mot co ché

tinh toan cho phép duy tri thong tin ngir nghia tot hon so véi md hinh duya trén chi sé
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ngodn ngir don thuin [49, 54]. Nho d6, nhiéu nghién ciru di ap dung 2-tuple dé phat trién
cac mo hinh MCDM va MCGDM ngoén ngit [36, 39, 63, 5, 7]; cling nhu cdc md hinh
tich hop voi AHP, TOPSIS va cac phuong phép ra quyét dinh khac [36, 28, 5, 7, 99].
Do d6, 2-tuple 14 budc tién quan trong theo hudng tiép can tinh toan véi tir ngdn ngir, vi
no tao ra cau ndi gitra biéu dién ky hiéu va yéu ciu tinh toan ma van giit kha ning dién
giai bang ngdn ngit & dau ra [49, 54]. Tuy nhién, ciing vdi sy phat trién cia cac bai toan
MCGDM phtrc tap hon, céc gidi han ctua 2-tuple ciling dan boc 16. Vé ban chét, nhiéu
mo hinh 2-tuple van dya vao gia dinh phan b twong ddi déu cia cac nhin trén mot
thang do ngdn ngir da dugc xac dinh trudc, trong khi khoang cach ngir nghia gifra cac
tir trong ngdn ngit ty nhién khong phai luc nao cling dong déu [52, 54]. Mat khac, co
ché tinh toan cua 2-tuple van phu thudc vao khong gian chi s6 va tham sé dich chuyén,
nén chua cung cip day d¢a mot khudn khoé hinh thirc ¢ mé hinh héa quan hé giita nhan
ngdn ngi, mic do md va vi tri ngir nghia cua tir trong cling mot cu trac théng nhét.

Chinh tir yéu cau do, cac nghién ctru tiép tuc hudng dén nhimg mé hinh biéu dién
gidu ngir nghia hon, trong d6 mo hinh 4-tuple ngit nghia do Nguyén Cat Ho va cong su
dé xuat tao ra mot cau ndi giira biéu din ngit nghia va kha ning tinh toan, vi mdi tir
ngdn ngir dugc md ta bang mot cau trac bon thanh phan (x, S, (x), 9(x), ;,), c6 ¥ nghia
noi bat [54]. So véi 2-tuple, 4-tuple ngir nghia khong chi nham giam mat mét thong tin
trong tinh todn, ma con gan tryc tiép nhan ngdn ngir voi gia tri dinh luong ngir nghia,
khoang twong tu ngit nghia va tham chiéu ngir nghia trong cung mdt cu trac biéu dién
[54]. Piéu nay cho phép tang kha ning bao toan thong tin ngdn ngit, ddng thoi tao nén
cho viéc tong hop, so sanh va két nhap cic danh gia trong mot khong gian co quan hé
ngit nghia rd hon. Vi vay, néu 2-tuple 1a budc chuyén quan trong tir md héa thong tin
ngdn ngir sang biéu dién ngdn ngir c6 kiém soat, thi 4-tuple ngir nghia c6 thé duoc xem
1a mot budc tién tiép theo theo hudng cau trac hoa sdu hon truc biéu dién ngdn ngir. Ddu
vdy, trong giai doan ndy, nhiéu mo hinh van con thiéu mét nén tang dai sé di manh dé
thong nhat gitra sinh tdp tir ngén ngir, trat tu ngir nghia, dinh lugng ngit nghia va tinh
toan vé6i tir. Nhu cau d6 dan sang hudng tiép can dya trén 1y thuyét HA.

1.4.3. Cac nghién ciru duwa trén HA cho bai toan MCDM va MCGDM

Trong cac huéng nghién ciru MCDM va MCGDM ngén ngit, tiép can dya trén HA
c¢6 y nghia quan trong vi n6 khong chi cung cap mot cong cu biéu dién ngdn ngit, ma
con dit toan bo mién gia tri ngdn ngit trén mot co s hinh thirc chat ché hon [53]. So
v6i cac tiép can dua trén tip mo hodc chi s6 ngdn ngit, tir ngdn ngir trong HA khong chi

dugc xem nhu mét 16p nhan, ma 1a mét mién c6 cau truc ndi tai va cé thé dugce xur ly
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tryc tiép trén chinh ciu trac d6 [52, 53, 54]. Pé 1am rd hon khoang tréng nghién ciru
hién tai, cAn xem xét chi tiét cach thirc HA duoc ting dung trong cac nghién ciru tiéu
biéu [3, 33, 54, 89].

Thir nhat, d6i véi nhom nghién ciru vé biéu dién ngdn ngit va xép hang phuong 4n
[54, 33]: Nghién ctru ciia [54] d3 budc dau sir dung HA dé xay dung thang do ngdn ngi
4-tuple ngir nghia, lién két nhan ngdn ngir voi khoang twong ty, gia tri dinh luong va
tham chiéu ngir nghia, nham phuc vu viéc danh gia va xép hang cac phuong an. Tuong
tu, nghién ctru [33] dd mé rong cac toan tir két nhap thong tin ngon ngir dya trén ham
SQM. Méc du cac nghién ctru nay da ching minh dugc kha nang ctia HA trong vi¢c bao
toan trat tu ngit nghia, nhung ching chu yéu giai quyét bai toan & khau tinh toan diém
danh gia cudi cung ctia phuong an. Mot han ché 16n 13 cac mo hinh nay déu thiét lap
dua trén gid dinh trong sb cla cac tiéu chi di duge cho trude hodc dugc gan truc tiép
mdt cach chi quan, chwa duoc xac dinh tir tri thirc chuyén gia qua quy trinh kiém soat
tinh nhat quan.

Thir hai, d6i v6i nhém nghién ctru vé cac mo hinh danh gia va két nhap tong hop
[3, 89]: Cac nghién ctru ndy ap dung HA dé xay dung cac mo hinh danh gia trén mién
tir, chuyén d6i truc tiép cac danh gia ngodn ngir thanh gia tri dinh lugng dé tong hop két
qua. Tuy nhién, cic nghién ctru nay lai thiéu ving quy trinh kiém soat do tin cdy cua
thong tin dau vao. Viéc thiéu mot co ché kiém tra tinh nhat quan (Consistency Ratio)
khi cac chuyén gia dua ra danh gia so sanh cip ngdn ngir da lam giam dang ké do tin
cdy cua mo hinh khi 4p dung véi céc bai toan c6 quy mo ti€u chi lon.

Céc nghién ctru [3, 33, 54, 89] cho thdy, huéng nghién ciru dua trén HA tuy nhiéu
tiém ning nhung van con phat trién phan tan chwa hinh thanh dugc mot khung phuong
phap luan thong nhét tir biéu dién ngdn ngi, xac dinh trong sd cua tiéu chi dén xép hang
phuong 4n. Mic du HA di hd tro tét cho viéc xép hang phuong an, nhung chua co
nghién ctru nao phét trién moé hinh TOPSIS trong mdi truong ngdn ngit dua trén HA,
trong d6 xac dinh PIS/NIS, khoang cach ngit nghia, hé sé gan va thir hang dugc xac dinh
trén cling mién ngit nghia. Bén canh d6 trong cic nghién ciru trén, trong s6 ctia tiéu chi
thuong dugc gia dinh la da biét trude hodc duge gan truc tiép tor chuyén gia, thay vi
dugc xac dinh thong qua mét quy trinh c6 kiém soat tinh nhét quéan trén chinh khong
gian ngit nghia dya trén HA; va chii yéu duoc phat trién trong bdi canh tinh. Tl nhiing
khoang trong d6, xu hudng tich hop cac thanh phan cia MCGDM va mé rong bai toan
sang bbi canh dong tro thanh hudng phat trién tiép theo cia MCGDM duya trén HA. Day

chinh 14 tién dé dé luan an phat trién cac moé hinh mdi trong cac Chuong 2, 3 va 4.
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1.4.4. Céc nghién ciru vé MCGDM dgng trong méi trwong ngon ngiv
So v&i cac mo hinh MCGDM tinh, cic nghién ctru vé MCGDM dong trong moi

truong ngdn ngir ra doi mudn hon, nhung c6 y nghia thuc tién ngay cang rd khi nhiéu
bai toan ra quyét dinh khong dién ra tai mot thoi diém don 1¢ ma 1ap lai qua nhiéu chu
ky danh gia [17]. Trong nhitng bdi canh nhu danh gia mirc d6 sdn sang chuyén doi sd,
lga chon phuong én dau tu cong ngh¢, theo doi hiéu qua td chirc hodc quan tri rui ro,
quyét dinh hién tai thuong chiu anh hudng khong chi tir dir lidu tai thoi diém dang xét
ma con tur thong tin lich su, tir sy thay ddi cua tdp phuong an, bg tiéu chi va tur sy dich
chuyén trong quan diém cta nhom chuyén gia [17, 29]. Chinh vi vdy, MCGDM dong
dugc hinh thanh dé xir Iy mot 16p van dé méi: khong chi tong hop danh gia da tiéu chi
va da chuyén gia, ma con phai xem xét tich hop dit liéu lich str vé1 dit li¢u hién tai, cling
nhu kha ning thich img voi sy thay ddi ctia tap phuong an, tap tiéu chi va hoi dong
chuyén gia theo thoi gian vio cau tric clia qua trinh ra quyét dinh [17, 29].

Phan 16n cac nghién ctru hién c6 vé MCGDM dong van phat trién dua trén tap mo
hodc cac mé rong cua tdp md. Nhidu mé hinh tip trung vao viéc cap nhat trong sd theo
thoi gian, tich hop danh gia ¢ nhiéu thoi diém [31, 32, 91], xir 1y dir liéu khuyét thiéu
hoic xay dung co ché suy giam anh huéng cua dit liéu lich st [29, 112, 11, 60], trong
d6 cac ciu hinh tich hop FAHP va FTOPSIS dong 1a mot hudng dang chu y [31, 32,
91]. Nhitng két qua nay cho thiy linh virc dd bat dau chuyén tir bai toan MCGDM ngon
ngit tinh sang viéc xem xét qua trinh ra quyét dinh dong theo thoi gian. V& mit tng
dung, day 1a budc phat trién can thiét va co gia tri, bdi nd gitp cac mo hinh ra quyét
dinh phan anh tét hon thyc tién van dong ciia dit liéu va bdi canh danh gia.

Tuy vay, xét vé phuong phap luan, nhiéu mé hinh MCGDM dong hién nay van méi
chi mé rong tinh dong trén nén cac phép toan sé mo hodc cac co ché trung binh ¢ trong
s6, trong khi chua that sy hinh thirc hoa day du viéc tich hop ngit nghia theo thoi gian
[31, 32, 91]. Noi cach khac, yéu té dong thudng duogc biéu dién & mic diéu chinh trong
sb thoi gian, cap nhat ma tran danh gid hoac lam suy giam anh hudng cua dir liéu ci,
nhung chua dugc gin chit voi mot khong gian ngdn ngir c6 cau tric thong nhat cho ca
biéu dién, két nhap va dién giai két qua. Vi vdy, cac mo hinh nay tuy co gia tri ing dung
rd rét nhung van dé lai thach thirc 16n & chd lam thé nao dé tich hop dir liéu lich st va
dir lidu hién tai ma van bao toan dugc logic ngit nghia ctia cac danh gid. DAy chinh 1a
diém ndi tu nhién gitta dong nghién ctru MCGDM dong véi hudng tiép can dua trén
HA, noi c6 tiém ning phat trién cac phép két nhap ngdn ngir va cac co ché suy giam

ngit nghia trén mot nén tang hinh thirc rd rang hon.
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Tir tong quan trén c6 thé thay rang nghién ctru vé MCDM va MCGDM ngdn ngir
d3 phat trién qua nhiéu hudng tiép can ké tiép nhau, tir nhom dua trén tip mo va sé mo,
sang nhom dua trén cic mo hinh ngdn ngit nhu 2-tuple va 4-tuple ngir nghia, rdi dén
nhom dua trén HA va gan day 1a cic md rong theo hudng dong. Mdi dong nghién ciru
ra doi déu xir 1y mot bai toan cu thé, déng thoi tao ra nhitng két qua cé gia tr1 & mot hodc
mot so thanh phan cia quy trinh ra quyét dinh. Tuy nhién, chinh sy phat trién manh
nhung phan tan d6 cho thiy cac két qua hién c6 van chua that sy hoi tu thanh mot khung
phuong phap luin thdng nhat, trong khi can lién két xuyén subt hudng biéu dién ngdn
ngir, tir xac dinh trong s cua tiéu chi dén xép hang phuong an c6 tich hop dir lidu theo
thoi gian. Pay 1a co so truc tiép dé tiép tuc xac dinh ba khoang trong ma luan an tap

trung giai quyét trong muc 1.5 dudi day.

1.5. Khoang trong nghién ciru va dinh hwéng luin an

Trén co s tong quan cac cong trinh lién quan & myc 1.4, c6 thé nhan thiy bai toan
MCDM/MCGDM trong méi truong thong tin ngdn ngir da duge nghién ciru theo nhidu
huéng tiép can. Cac phuong phap nhu AHP [95], TOPSIS [59] tao nén tang cho xéac
dinh trong sb cua tiéu chi va xép hang phuong an; FAHP [106, 19], FTOPSIS [21] va
cac mo hinh tich hop duya trén 1y thuyét tap md goép phan xir 1y thong tin bat dinh; cac
mo hinh 2-tuple [49] va cac m6 hinh MCGDM duya trén HA [3, 54, 33, 89] nhan manh
yéu cau bao toan thong tin ngdn ngir; trong khi HA cung cip co so dai sé d& mo hinh
hoa mién tir co trat tu ngit nghia, d6 do tinh md va SQM [52, 53, 54]. Tuy nhién, cac
cach tiép can trén con boc 10 mot s6 han ché nhu d3 chi ra trong (muc 1. Tinh cép thiét
clia dé tai) va con phén tan theo timg thanh phan ciia quy trinh ra quyét dinh. Do dé, tir
nhitng phan tich trén, ba khoang tréng khoa hoc chu yéu cua luan an duoc xac dinh 1a
xép hang phuong an, xac dinh trong sd cua tiéu chi va md rong bai toan sang bdi canh
dong c6 tich hop dir liéu lich st can tap trung lam rd nhu sau:

Khodng tréng nghién cieu thir nhdt, 1ién quan dén bai toan xép hang phuong an trong
MCGDM ngoén ngtr. Cac mo6 hinh TOPSIS [59] va FTOPSIS [21] da dugc su dung rong
rdi nho ¥ tudng so sanh phuong an v6i PIS/NIS. Tuy nhién, trong nhiéu mé hinh hién
c6, viéc xac dinh PIS/NIS, do khoang cach va tinh hé s6 gan thuong dugc thyc hién trén
cac biéu dién s thuc, s mo hoic théng qua cac bude giai mo, anh xa xap xi trd lai nhan
ngdn ngit [49]. Cach tiép can nay thuan tién cho tinh toan, nhung c6 thé 1am suy giam
kha ning dién giai ngir nghia, khi khoang cach s6 hoc khong phan anh day du ciu triic

ngir nghia thtr tu von ¢ cla tir ngdn ngir, & day thiéu mot phuong phap hinh thire day
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da va chat ché dua trén cau tric dai sé [48, 49, 54]. Trong khi d6, HA cung cap co s&
toan hoc dya trén tién dé cho viée xay dung thang do ngdn ngir, xac dinh quan h¢ thu
tu, d6 do tinh mo va SQM [52, 53]. Bén canh d6, cac nghién ctu MCGDM dya trén HA
hién c6 médi chu yéu st dung HA nhu mdt cong cu biéu dién hodc két nhap, chua khai
thac ddy du cau trac trat tu ngit nghia cia HA dé hinh thanh mét quy trinh TOPSIS ngén
ngit cho xac dinh PIS/NIS, do khoang cach ngir nghia va tinh hé s gan trong ciing mot
khong gian ngit nghia [3, 54, 33, 89]. Tir khoang tréng trén, cdu hoi nghién ctru thir nhat
duogc dit ra nhu sau: Lam thé nio dé xay dung mé hinh TOPSIS ngon ngit dwa trén HA
c6 kha ning xac dinh PIS/NIS, do khoang cach ngit nghia va tinh hé s6 gan cta cac
phuong 4n trén ciing mot mién ngir nghia, qua d6 bao dam tinh nhit quan trong xép
hang phuong &n cua bai todn MCGDM ngdn ngit? Cau hoi nay dugc hién thuc hda thanh
dong gdp mai thir nhit cua luan an trong Chuong 2.

Khodng trong nghién cieu thir hai, 1ién quan dén xac dinh trong sb cua tiéu chi va
kiém soat tinh nhat quan trong méi trudng ngdn ngit dua trén HA. Trong MCGDM,
trong s cua tiéu chi anh huong truc tiép dén két qua tong hop va xép hang [110, 111,
117]. Khi chuyén gia sir dung tir ngdn ngit dé so sanh cip tiéu chi, phan doan co thé
mang tinh chi quan, mo ho va khong hoan toan nhét quan. FAHP da dugc dung rong rai
cho so sanh cip md dé xac dinh trong s6 cia tiéu chi [106, 19, 58], nhung céac thao tac
téng hop mo va giai md co thé lam giam tinh lién thong ngir nghia giita giai doan xac
dinh trong s6 cua tiéu chi va gia doan danh gia xép hang phuong an [49, 54, 57]. Trong
khi 6, mot s6 mé hinh HA hién c6 trong s6 cia tiéu chi thuong gia thiét trude hodc dé
chuyén gia géan truc tiép, chua hinh thanh day di mot quy trinh xac dinh trong s cia
tiéu chi c6 kiém soat tinh nhat quan trén nén biéu dién ngir nghia dya trén HA [3, 54,
33, 89]. Tir khoang trong nay, cau hoi nghién ciru thir hai dugc xac dinh nhu sau: Lam
thé nao dé xay dung mé hinh MCGDM tich hop FAHP cai tién v6i mo hinh 4-tuple ngir
nghia dya trén HA nham xéac dinh trong so cta tiéu chi c6 kiém soat tinh nhat quan,
dong thoi lién thong ngit nghia voi giai doan két nhap danh gia va xép hang phuong 4n?
Cau hoi nay duogc cu thé hoa thanh déng gop méi thir hai cia luan an trong Chuong 3.

Khodng trong nghién ciru thir ba, lién quan dén mé rong MCGDM ngbn ngit dua
trén HA tir bbi canh tinh sang b6i canh dong. Trong thyc tién, nhiéu qua trinh ra quyét
dinh 13p lai qua nhiéu thoi diém; tdp phuong 4n c6 thé duoc bd sung hoic loai bo, bd
tiéu chi c6 thé diéu chinh, hoi dong chuyén gia c6 thé thay doi, dit liéu danh gia va trong
s6 cua tiéu chi c6 thé duoc cap nhat. Cac mo hinh MCGDM dong duya trén 1y thuyét mo

dd budc dau xem xét yéu td thoi gian, nhung viée tich hop dir lidu lich sir v6i dir lidu
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hién tai trong mot khong gian ngdn ngir ¢é cau tric ngit nghia thong nhét van 1a van dé
can tiép tuc nghién ciru [32, 23, 29]. Dbi v6i hudng tiép can HA, phan 16n duoc xay
dung cho boi canh tinh, ra quyét dinh tai mot thoi diém [3, 54, 33, 89]. Néu chi xir Iy dir
liéu hién tai, mo hinh c6 thé 1am giam kha ning ké thira thong tin; nguoc lai, néu duy tri
nguyén ven anh hudng ciia dit liéu qué khir ma khong xét dén tinh 13i thoi, két qua danh
gia c6 thé bi sai léch. Han ché nay cang tré nén rd hon khi cac phép két nhap ngon ngir
trén thang do 4-tuple ngit nghia méi chi dimg & cac dang trung binh s6 hoc hoic trung
binh ¢6 trong s [3, 54], chua khai thac ddy du cau triic 4-tuple ngit nghia trong két nhap
& nhiéu thoi diém. Tir khoang trdng trén, cdu hoi nghién ciru thir ba dwoc hinh thanh
nhu sau: Lam thé nao dé xay dung khung MCGDM dong trong moi truong thong tin
ngon ngir dua trén HA c6 kha niang xir Iy sy thay d6i ctia phuong 4n, tiéu chi, chuyén
gia va dir liéu danh gia qua thoi gian, dong thoi tich hop dit liéu lich sir, xir 1y dir liéu
khuyét thiéu va duy tri co ché suy giam ngir nghia nhat quan? Cau hoi nay dugc hién
thuc hoa thanh dong gop maéi thtr ba cua ludn an trong Chuong 4.

Tir ba khoang tréng va ba cau hoi nghién ctru néu trén, ludn 4n trién khai ba dinh
hudng nghién ciru ¢ quan hé ké thira va mo rong thé hién trong Hinh 1.1. Thir nhat,
phat trién mo hinh HA-TOPSIS nham xép hang phuong an trén co sé thang do ngon
ngit, SQM, xac dinh PIS/NIS, do khoang cach ngit nghia va tinh hé s6 gan trén clng
mién ngir nghia. Thir hai, phét trién mo hinh EFAHP - 4-tuple - HA nham xac dinh trong
s6 clia tiéu chi co kiém soat tinh nhat quan, dong thoi két nhap dénh gia va xép hang
phuong 4n trén cing khudn kho ngit nghia. Thi ba, phat trién khung phuong phap xay
dung mé hinh L-FAHP - L-FTOPSIS dong dya trén HA nham xu 1y thay d6i cua tap
phuong an, bd tiéu chi, hoi dong chuyén gia, dir liéu danh gia, dir liéu khuyét thiéu va
dit lidu lich sir theo co ché suy giam ngir nghia.

Nhu vay, ba khoang tréng nghién ctru, tuong tmg véi ba cau hoi nghién ctru, hién
thuc & ba dong gdop mai va thé hién trong ba Chuong phuong phap cia luan 4n c6 quan
hé ké thira va mé rong, khong chi vé hinh thic cau tric ma con vé logic khoa hoc.
Chuong 2 tra 10i cau hoi nghién ctru thir nhat bang mé hinh HA-TOPSIS; Chuong 3 tra
101 cau héi nghién ctru thir hai bing mé hinh EFAHP - 4-tuple - HA; Chuong 4 tra 1oi
cau hoi nghién ctru thir ba bang mé hinh L-FAHP - L-FTOPSIS dong dya trén HA. Trong
pham vi luan an, cdc mo6 hinh nay khong nham bao quat toan by moi van dé cua
MCGDM ngbn ngit, ma tap trung gop phan phat trién mot hudng tiép can ¢ co s hinh
thirc cho biéu dién, dinh lugng, két nhap va xép hang phuong 4n trong mdi trudng thong

tin ngdn ngilr dua trén HA.
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KHUNG PHUONG PHAP MCGDM NGON NGU DUA TREN HA
Giai quyét bai toin MCGDM trong méi truong thong tin ngdn ngit dya trén HA

quyét dinh c6 trong s.

TANG 1: Piu vao: Xir 1y trén nén HA Xép hang TOPSIS
A, C, D; cac ma tran | | Thang do HA — SQM — PIS/NIS trong khong gian
HA-TOPSIS ¢ D; cac ma trg hang do H - trong
MCGDM finh ngon ngit A® va P¢. || két nhap nhom — ma trén | | HA - d;, d; — CC; —

xép hang phwong an.

g

Ghi chii: Giai quyét bai toan xép hang phuong an khi trong sd tiéu chi duge gan bang cac tir ngon ngir

KE THUA MO HINH XEP HANG + BO SUNG XAC PINH TRONG SO CUA TIEU CHi

A\

( « R r A r
GDP 1: EFAHP-HA Kiém S(;at nhat quan: GD 2: 4-tuple-HA
N Phén cap muyc tiéu- CRiia < 10%? Thang do danh gia
TANG 2: tiéu chi-phuong 4n; || Khong dat — hi¢u chinh || phuong én; chuyén
EFAHP - 4-tuple - HA thang do 4-tuple || ma tran so sanh cap; d6i va két nhap; xép
MCGDM tinh hoan chinh || HA;matran sosanh || Pat — gid tri mo rong | hang phwong 4n
cdp ngon ngir. tong hop mo, véc-to || trén nén HA.
L ) trong so cua tiéu chi.
Ghi chu: K& thira va bo sung quy trinh xac dinh trong so ctia tiéu chi ¢6 kiém soat nhit quan, lién
thong véi giai doan xép hang phuong an trén cling mién ngit nghia — MCGDM tinh hoan chinh
l ﬂ KE THUA MO HINH TINH + MO RONG PONG THEO THOI GIAN, t=1,2, ..., t
(r Ye N ( N(
TANG 3: Piu vao dong: L-FAHP-HA d¢ng L-FTOPSIS-HA dgng
L-FAHP - L- A® C* D matran || Phén cép; thang do 4- Thang do danh gia; két
FTOPSIS dng d,énh,gié éai thoi tuple HA; so sanh cap || nhap; xu Iy khuyét thiéu;
dua trén HA diém t; dit fiéu lich || theo t; kiém soat c Rfi4; suy giam ngir nghia;
MCGDM déng sir tir thoi diém 7 - 1. || Xdc dinh trong so cta || PIS/NIS dong; h¢ s6 gan
q ) L ) | tiéu chi theo thoi gian va xép hang theo ©

‘ Bién d6i dugc xir 1y: tip phuong 4n | bo tiéu chi | tip chuyén gia | dit liéu danh gia | dit liéu lich str. ‘

Ghi chu: M6 rong tir MCGDM tinh sang dong, tich hop dit liéu lich sir va xir Iy bién ddi theo thoi gian.

|

_/

|

CO SO LY THUYET NEN TANG HA

Thang do ngdn ngir | d6 do tinh md | SQM | khoang tuong ty ngit nghia | biéu dién 4-tuple.

N

Hinh 1.1. Khung phuong phdap MCGDM trong méi truong ngén ngiv dua trén HA.
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1.6. Két luan chwong 1

Chuong 1 d4 hoan thanh vai tro cia mot chuong tong quan nghién ctru va co so 1y
thuyét theo ding dinh hudéng cia luan 4n, nhung gia tri ciia chwong khong dimg ¢ viéc
tap hop va hé thong héa tai liéu. Quan trong hon, chuong da dinh vi rd bai toan MCGDM
trong moi truong théng tin ngdn ngit nhu mot déi twgng nghién ciru ¢d yéu cau phuong
phap lun riéng, trong d¢ dit liéu danh gia khong chi mo hd va khong chéc chan, ma con
mang cau triic ngit nghia can dugc bao toan trong toan bd qua trinh xac dinh trong sd,
két nhap thong tin va xép hang phuong an. Tir cach dit van dé d6, Chuong 1 da xac dinh
HA khong chi nhu mot cong cu biéu dién ngdn ngir, ma nhu nén tang hinh thic cho viée
xay dung mot khung MCGDM ngon ngit ¢6 tinh nhit quan cao hon vé mit ngit nghia.

Vé phuong phap luan, chuong da hé thong hoa cac nén tang 1y thuyét chi yéu cia
linh vuc, tir cac phuong phap MCDM/MCGDM truyén thong, cac hudng tiép can dua
trén 1y thuyét tap mo, FAHP, FTOPSIS, cdc md hinh tinh toan véi tlr, mo hinh 2-tuple,
mo hinh 4-tuple ngir nghia dén 1y thuyét HA. Trén co s¢ d6, Chuong 1 khong chi chi ra
y nghia cila cac két qua di co, ma con phan tich nhimng gidi han con ton tai khi xur ly
tryc tiép théng tin ngdn ngit, khi xac dinh trong sé cua tiéu chi, khi bao dam tinh lién
thong ngir nghia giita cac budc tinh todn, va khi mo rong bai toan sang bdi canh dong
c6 tich hop dit liéu lich sir. Nhu vay, Chuong 1 di xac dinh ba khoang tréng nghién ctru
cbt 18i va chuyén hoa chung thanh ba huéng phét trién phuong phap luan ciia luén an.

Theo d6, Chuong 2 phat trién mé hinh HA-TOPSIS nham giai quyét khoang trong
vé xép hang phuong an trong MCGDM ngon ngit trén co s¢ dinh luong ngir nghia, do
khoang cach ngit nghia va xép hang phuong an duya trén thang do ngén ngir dugc xay
dung theo hudng tiép can HA. Chuong 3 phat trién mo hinh EFAHP - 4-tuple - HA nham
giai quyét khoang tréng vé xac dinh trong sd cta tiéu chi va ting cudng su théng nhat
ngir nghia gitra giai doan xac dinh trong s6 véi giai doan danh gia, xép hang phuong an.
Trén nén tang d6, Chuong 4 tiép tuc md rong sang mo hinh L-FAHP - L-FTOPSIS dong
dua trén HA thong qua cac phép két nhap ngon ngit va co ché suy giam ngir nghia dé

tich hop dir 1i€u lich str voi danh gia hi¢n tai.
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CHUONG 2. PHAT TRIEN MO HINH TOPSIS NGON NGU
DUA TREN PAI SO GIATU

Trong chuong 2, ludn 4n phét trién mo hinh TOPSIS ngon ngir dua trén HA (HA-
TOPSIS) nham giai quyét bai tooan MCGDM trong méi trudng thong tin ngdn ngir c¢6
tinh bat dinh. Trén co so gia tri dinh lwong ngir nghia cua cac tir ngdn ngit trong HA,
mo hinh d¢ xuét xac dinh PIS/NIS, tinh khoang cach ngit nghia va hé s6 gan dé xép hang
cac phuong an mot cach nhat quan trén mién ngdn ngir. Sau d6, md hinh duge ap dung
cho bai toan lya chon nha cung cip nham kiém chtmg tinh kha thi va hiéu qua cila cach
tiép can dé xuat.

Noi dung chinh ctia chuong 2 di dugc cong bd trong cong trinh [CT1].

2.1. Giéi thiéu

Nhu di phan tich & Chuong 1, khoang trong nghién ctru thr nhit cia ludn 4n nim &
viéc con thiéu mot mo hinh TOPSIS ngdn ngir duoc phat trién nhat quan trén nén tang
HA dé xur 1y truc tiép bai toan xép hang phuong an trong MCGDM ngén ngit. Theo
logic @6, Chuong 2 s& phat trién mo hinh thir nhat cta lun an, tip trung vao hudng tiép
can xép hang phuong an trong méi truong thong tin ngdn ngit, qua d6 cu thé hoa hudng
tiép can HA ddi voi mot trong nhimg thanh phan quan trong ctia bai toan MCGDM trude
khi chuyén sang hudng xac dinh trong s6 ctia tiéu chi & Chuong 3 va mé rong sang bdi
canh dong & Chuong 4.

Trong nhiéu bai toan MCGDM, cac chuyén gia thuong danh gia phuong an bang
cac tir ngdn ngir thay vi bang cac gia trj s6 chinh xac [62, 38]. Khi d6, bai toan cia riéng
Chuong 2 dugc dat ra la: voi dir 1iéu dau vao gém tdp phuong an, tap ti€u chi, tap chuyén
gia, trong s cla cac tidu chi dugc gan bang cac tir ngdn ngit, cing ma tran danh gia
ngdn ngit ciia cac chuyén gia trén thang do dugc xay dung dya trén HA, can xay dung
mot mo hinh ¢ kha ning tong hop va xép hang phuong 4n sao cho dau ra 1a tha tu vu
tién ctia cic phuwong 4n van phan anh dugc noi dung ngir nghia ctia thong tin ddnh gia
ban dau [78, 93]. Véan d¢é trong tim & day khong chi 1a tinh ra mot hé sé gan theo quy
trinh TOPSIS [59], ma 1a phai thiét 1ap duoc mot co ché xac dinh PIS/NIS, do khoang
cach va suy ra thir hang trén mot khong gian biéu dién ngon ngit c6 co sé hinh thirc 18
rang [13]. TOPSIS do Hwang & Yoon dé xuat 1a mot trong nhirng phuong phap nén tang
cia MCDM nho¢ ¥ tudng xép hang tryc quan: phuong an t6t 1a phuong 4n gan véi PIS
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va xa v6i NIS [59, 111]. Tuy nhién, TOPSIS truyén thong duoc xdy dung chu yéu cho
dir lidu dau vao 1a sb rd; vi vay, khi 4p dung cho bai toan MCGDM trong mdi trudng
thong tin ngdn ngit, md hinh nay boc 16 gidi han ngay tir 16p biéu dién dit liéu [21]. Cac
mé rong nhu FTOPSIS da gop phan xur 1y thong tin bét dinh, bang cach mé hinh héa
cac tir ngilt ngodn ngit thong qua sé mo tam giac [21].

Tuy nhién, cic cach tiép can ndy van chua that su thoa dang ddi véi bai toan xir 1y
tryc tiép ngit nghia. Dit liéu danh gia thuong duoc gan cho cac ham thudc, khién cu
tric nglt nghia cua tur bi chuyén héa thanh mét biéu dién sd hoc phu thudc vao vi¢e lya
chon mé hinh mo va cac tham sb di kém, tir 46 dan dén nguy co mat mat thong tin va
giam d6 chinh xac [49, 54]. Tiép do, viéc xac dinh PIS/NIS trong nhiéu mé hinh
FTOPSIS thuc chat van duoc thuc hién trén mién dinh lugng trung gian hon 1a trén
chinh mién ngon ngit, nén chwa phan anh day du trat ty ngit nghia noi sinh ctia thang do
[63]. Tuong tu, 4 do khoang cach dugc dung dé so sanh phuwong an voi hai giai phap
ly twong cha yéu 13 khoang cach gitra cac biéu dién s6 md thuong khong twong thich
hoan toan v&i khoang cach ngir nghia giita cac tir danh gia [63]. Hé qua 1a hé s6 gan va
thir hang phuong an c6 thé bi anh hudng dang ké boi co ché biéu dién va qua trinh giai
mo thay vi xuat phat truc tiép tir ndi dung ngir nghia cia dit lidu dau vao [63, 111].

Xuat phat tir dinh huéng d6, Chuong 2 tap trung phat trién mo hinh HA-TOPSIS
cho bai todan MCGDM trong moi truong thong tin ngdn ngtr, trong do6 trong tam 1a xay
dung thang do ngdn ngir dua trén HA, thiét 1ap co ché dinh luong ngir nghia cho céac
danh gia ngon ngit, xac dinh PIS va NIS trén mién ngon ngit, do khoang cach ngir nghia
tir cac phuong 4n téi PIS/NIS, va tir d6 tinh hé s6 gan dé xép hang phuong an. Trong
toan bd cau trac luan an, moé hinh nay dam nhiém chirc ning giai quyét bai toan xép
hang phuong an & béi canh tinh, tirc 1a mot thanh phan phuong phép luan co ban nhung
chua bao quat bai toan xac dinh trong sb ciia tiéu chi va chua xét dén yéu t6 dong theo
thoi gian. Chinh vi véy, két qua ctia Chuong 2 vira ¢6 tinh doc 14p vé phuong phap, vira
tao nén truc tiép cho Chuong 3, noi hudng tiép can x4c dinh trong s6 cua tiéu chi dugc
phat trién trong mé hinh tich hgp EFAHP - 4-tuple - HA, va cho Chuong 4, noi mé hinh
MCGDM duoc md rdng sang bdi canh dong dya trén HA.

Trén co s& d6, cac phan tiép theo cuia chuong s& lan lugt trinh bay mé hinh HA-
TOPSIS va quy trinh giai bai toan, vi du thyc nghi¢ém minh hoa, phan tich d§ nhay va
so sanh két qua, qua d6 1am rd co so hinh thirc, kha ning tinh toan va gia tri ing dung

cua hudng ti€p can dugc dé xuat.
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2.2. Phit trién mé hinh ra quyét dinh HA-TOPSIS

(i) Dir ligu dau vao:

Cho A ={A;,A,, ..., Ay} (m > 2) 1a tap hiru han cac phuong an, C ={Cy, C,, ..., C,}
(n > 2) 1a tap hitu han céc tiéu chi, va D = {D;, D, ..., Dy} (h = 2) 1a tap hitu han ngudi
ra quyét dinh (chuyén gia).

Hoi dong chuyén gia D thdng nhit xdy dung cac thang do ngdn ngir L¢ j)k(ff ) va
L,(C) dya trén HA. Trong do, L(j)k(ff ) thang do ngdn ngit dung dé danh gia cac
phuong 4n A; € A theo tiéu chi G € C va L,(C) thang do ngdn ngit dé xac dinh trong
s6 ctia tiéu chi C ;€ C (v6i k 1a mot s6 nguyén, biéu thi cho céc tir ngén ngi trén thang
docodddai<k;i=1,...mj=1, 2 ..n).

Déi voi mdi chuyén gia D€ € D (e = 1, ..., h), thuc hién:

(1) Xay dung ma tran danh gid cac phwong an theo cong thuc (2.1):

e e e
all alz e aln

e e e

a a - a
e _ e — 21 22 2n

A® = (@{)mxn =| . 2z 2.1)

e e e
Am1 Amz2 - Amn

Trong d6, af; € L(jy(A) 1a dénh gia ngdn ngit cta chuyén gia D® € D ddi voi
phuong 4n A; € A trén tiéu chi C; € C,v6ii=1,...m;j=1, ...,nme=1 ..,h

(2) Xdy dwng ma trdn danh gid trong sé ciia cdc tiéu chi theo cong thirc (2.2):

P® = (% )nxn (2.2)

Trong d6, X° € Ly(C) =1, ..., n; e = I, ..., h) 1a danh gia ngdn ngit ctia chuyén
gia D¢ vé muc d6 quan trong cua tiéu chi C; € C. Véc-to trong sd ciia cac tiéu chi w =
(Wy, ..., Wn)T clia cac tiéu chi, thoa cac diu kign: 0<W; < 1 va ¥, w; = 1.

(ii) Dir ligu ddu ra: Thi hang cta cac phuong 4n A; € A

Hinh 2.1 trinh bay quy trinh ra quyét dinh ctia m6 hinh TOPSIS ngon ngit dva trén
HA (HA-TOPSIS) gém c6 cac budc sau:
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______________________________________________

[ ==

Chuyén d6i sang ma tran
dinh lugng ngir nghia
trong sd cua céc tiéu chi
theo ham SQM 9(%;)

Chuyén d6i sang ma tran
dinh lugng ngir nghia
danh gia cac phuong an
bdi cong thuce (2.3)

________________________

[ro’c 3

<+ Baitoan :
:  MCGDM !
—_—— ) ' !
/41 /42 /qnl
- — —_
| pmmmm
e *
Buwéce 1. Xay dung thang do ngén ngit danh gia cac phuong an va i Thang do ngén
trong so cua tiéu chi dua trén HA stt dung cdc Pinh nghia 1.3 - 1.5 15 ngit dua trén
vaménh d¢ 1.1 : HA
_______________________ )
N . . 0ova A N o Ma tran ngdén
Buée 2 Xay dyng ma trin ngdn . Xay dung ma tran ngon ngu ; % danh oi4
; ngit danh gia cac phuong :. déanh gia trong sO cua cac [T r}gu an. glf‘
i an boi cong thirc (2.1) ;1 tiéu chi boi cong thirc (2.2) i cac phuong an

va trong soO cua
cac tiéu chi

4 cho cac phuong

Ma tran SQM

an va trong so
cua cac tiéu chi

Tinh toan trung binh cong
trong so cua tiéu chi boi
cong thirc (2.5)

Tong hop dénh gia cac

1
1
phuong an boi cong thirc i

_________________________

Budre 5. Tinh toan ma tran quyét dinh c6 trong sb boi cong thirc (2.6) ]

| ]

Buéc 6. Xac dinh (PIS, 4 %), (NIS, 4 7) va tinh khoang cach d;f, d

L theo cac cong thic (2.7) — (2.10)
v
-

Budée 7. Xép hang cac phuong 4n boi cong thirc (2.11)
.

¢

Hinh 2.1. Quy trinh MCGDM cua mé hinh HA-TOPSIS

PRI R

Mo hinh
TOPSIS
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Bwéc 1: Xay dung thang do ngén ngir dé danh gia cac phuong an va xac dinh trong
sb cua tiéu chi dua trén HA.

Pé danh gia cac phuong an theo ting tiéu chi trong méi trudng ngdn ngit dua trén
HA, hoi dong chuyén gia thong nhét thiét 1ap cdu triic HA cho timg tiéu chi C; € C.

Dua trén cac Pinh nghia 1.4 - 1.5 va Ménh dé 1.1, qui trinh xdy dung thang do ngén
ngit bao gom: (i) xac dinh do do tinh md clia cac phan tir sinh va gia tir; (ii) thiét 1ap tap
cac tir ngdn ngit dung trong danh gia vai do dai tir t6i da khong vuot qua k. Cuy thé, voi
mdi tiéu chi C i € C, xét mot HA tuyén tinh:

AXy = (X, G H, )

Trong d6: X 1a tap cac tir ngdn ngir; G = {g~, g7} 1a tap cac phan tir sinh, (vi dy,
g~ =bad, gt =good); H=H UH* 1la tip «cac gia to, voi H™ =
{h_g h_gs1, -, h_1} 12 tdp gOm q gia tir &m va HY = {hy, hy, ..., h,} 12 tap gdm p gia tur
duong, (vi du, H~ = Little, H = Very); < 1a quan hé th{r ty ngit nghia cam sinh trén X.

Céac tham sb tinh mo ciia HA duge xac dinh nhu sau: Do do mo cua céc phﬁn tr sinh
dugc ky hiéu boi fm(g™) va fm(g™*), voi rang bude fm(g*) =1 — fm(g~). Bo do
tinh mo cta cac gia tir duoc ky hi¢u boi u(h_g), u(h_ge1), -, u(h-q), u(hy), ..., u(hy),

thoa méan diéu kién chuin hoa: uChy,) =1- > fz__lq u(hy).

Trén co sé bd tham sb ngit nghia ctia HA (HA, fm(g*), u(h), k), cac thang do ngoén
ngit L, (A) dung dé danh gia cac phuong an va L, (C ) dung dé danh gia trong sé cua
tiéu chi, 1an luot duoc tao bang cach két hop cac phan tir sinh véi cac gia tir hinh thanh
co ché ty dong sinh ra tdp cc tir ngdn ngir bang: X ={x €Xj:l x IS k}va Xy =
{x € X:| x I< k} tuong tmg trén hai thang do L(jy, (4 ) va L (C ), bao toan thir tw ngi
nghia va phu hop véi ngilt canh danh gié cia cac ti€u chi.

Bwéc 2: Xay dung ma tran ngdn ngit danh gia cac phuong an va trong sé cia tiéu chi

Vi mdi chuyén gia D€ (e =1, 2, ..., h) st dung cac tr ngon ngit X € X(jk trén
thang do ngén ngi Lj), (4 ) (duge tao trong Budc 1) dé danh gia cac phuong 4n A; € A
theo tung ti€u chi C; € C bdi cong thuc (2.1).

Tiép theo, mdi chuyén gia D¢ sir dung tir ngdn ngit x € X, trén thang do ngdn ngi
Ly ) (dugc tao trong Budce 1) dé danh gia muc do quan trong cua cac tiéu chi C; € Cc
theo cong thue (2.2):
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Bwéc 3: Tinh ma tran dinh lugng ngir nghia cho cac phuong an va trong s cia cac
tiéu chi

Str dung cac Pinh nghia 1.6 - 1.8 va Ménh dé 1.2 xay dyng ham SQM cua HA dé
chuyén ddi cac tir ngdn ngir trong cic ma tran A va P¢ sang biéu dién gia tri dinh luong
ngit nghia s6 ctia tir ngdn ngit 9(x) € [0, 1] phuc vu tinh toan. Cuy thé:

V&i mbi phan tir a;; € X(jx trong ma trdn A°, gia tri dinh lugng ngit nghia cla n6
dugc xdc dinh bdi af; = 9(af;), voi 9: X; — [0, 1], trong d6 9(x) 1a gia tri dinh lugng
ngit nghia s ctia tir ngdn ngit x € X(j)k trén thang do L(j)k(ff ). T d6 ma tran dinh

lwong ngir nghia A° dugc xac dinh theo cong thirc (2.3) sau:

—e —e —~e
aj; QA2 Qg
—e —e —e
~ _ a a eee a
e — e — 21 22 2n
A = (aij)mxn -1 : . . . (2.3)
—e —e —e
Am1 Amz *° Qmn

Trong d6,i=1, ....m;j=1,..,n,e=1,..,h.

Tuong ty, voi mdi phan tir trong ma tran danh gia trong sb clia cac tiéu chi P€ ciing
dugc chuyén d6i sang gia tri dinh lwong ngir nghia sé 9(X7) tuong ung.

Budérc 4. Xay dung ma tran quyét dinh nhém ctia cac phuong 4n va trong s6 clia cac
tiéu chi.

Pé thu dugc danh gi tap thé cia cac phuong an, cic ma tran A¢ dugc tong hop theo
nhom thanh mot ma tran quyét dinh nhom thong nhat. Véi gia thiét cac chuyén gia c6
vai trd nhu nhau (trong s6 chuyén gia bang nhau), ma trin danh gia tong hop nhom, ky
hiéu AA duoc xay dung bang cach tinh trung binh cong dénh gia cic phuong an tir tt

cd cac chuyén gia, theo cong thic (2.4) sau day:
h
- 1 .
AL = (Uipn = 7 ) 5. @4
e=1

Tuong tu, trong sb tong hop cta tiéu chi C i € C ciing dugc xac dinh bang cach tinh

trung binh cong theo cong thue 2.5 dudi day:

h
1
AP = (@) = Z 9(EE). (2.5)
e=1
. u; .
Véc-to trong so cua cac tiéu chi w = (Wy, ..., wy,)T, trong do, w; = n—],] =

zk=1ak

7. ~ \ n ~
1,..,n,véi0<w; <1va ijle = 1.
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Bwéc 5: Tinh toan ma tran quyét dinh c6 trong s6
Yij=u;xw;i=1..,mj=1.,n (2.6)
Trong do, u;; la phan tir ciia ma tran quyét dinh nhom A4 va w; 1a véc-to trong s6
cua ti€u chi C; € C.
Buwéc 6. Xac dinh PIS/NIS va do khoang cach dén giai phéap 1y tuong
- Xac dinh (PIS, &) va (NIS, 4 7) dugc xac dinh boi cac cong thire (2.7) va (2.8)
nhu sau:
bt ={65,6F, .., 61} (2.7)
va
b~ ={b1,65,.., 65} (2.8)
+ DOi v6i tiu chi loi ich (benefit criteria), PIS 1a gia tri 16n nhat: 4;" =
™ max b, va NIS 1a gié tri nho nhat: & = Y% ni nby;.
+ Dbi vai tidu chi chi phi (cost criteria): b4 =Y mnb
nhét: b = Yz max by

;j» va NIS 1a gid tri nho

- Khoang cach d;f va d; tir phuong an A; dén (PIS, £#*) va (NIS, 4~) duoc tinh
boi cac cong thice (2.9) va (2.10) dudi day:

1
n 2
ar = > by -4y (2.9)
j=1
1
n 2
di = ) (b= 477 (2.10)
j=1

v6ii=1,..,m;j=1, ..., n;df vad; la khoang cich ngan nhit va dai nhat cta 4;.
Budéc 7. Xép hang cac phuong an
Hé s6 gan, CC;, (i = 1, ..., m) biéu thi mirc do t6i uu ctia phuong an A; cang gan
(PIS, &%) va cang xa (NIS, 4 7) thi cang tot, duoc tinh theo cong thirc (2.11):
di

CC;i=——,i=1,..
T dr+d)!

., m. (2.11)

Dua trén gié tri ctia CC; tap cac phuong an dugc xép hang theo thir ty va phuong an

c6 gia tri CC; 16n nhét 14 phuong 4n t6i wu nhat.
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Gia ma cua HA-TOPSIS dugc trinh bay trong thuat toan (2.1) dudi day:

Thuit toan 2.1. Thuat todn mo hinh ra quyét dinh HA-TOPSIS.

Algorithm HA-TOPSIS (4, C, D, HA, fm(g™), u(h), k)

Input:

- Tap cac phuong an A = {41, A,, ..., A}, (véi m > 2);

- Tap cac tiéu chi C = {Cy, C,, ..., Cp}, (véin = 2);

- Tap ngudi ra quyét dinh D = {Dy, D5, ..., Dp,}, (voi h > 2);

- Bo tham s6 (HA_C, fm_C(g~), u_C(h), k_C)// xay dung thang do L, (C);

- Bo tham s6 (HA_A, fm_A(g™), u_A(h), k_A)// xdy dung thang do L¢ j)k(ff );

- Ma tran quyét dinh ngén ngir A® danh gia xép hang cac phuong an; Ma tran P®
danh gia trong s6 quan trong ciia cac tiéu chi.

Output: Thir hang ctia cic phuong an A4; € A.

Begin

1. for eacth € C do

>

Thiét Idp cdu tric HA tuyén tinh; xdc dinh fm(g*h), u(h), chon k; xdy dung

thang do ngén ngir L(j)k(ff ), Ly (C) theo Dinh nghia 1.4- 1.8 va Ménh dé 1.1

3. end

4. foreache=1,...,hdo

5. Moi DM xdy dung ma trdn ra danh gid ngon ngiv A = (afj)mm theo tung
tiéu chi boi cong thuc (2.1);

6. end

7. foreache=1,...,hdo

8. Moi DM xdy dung ma trdn ra quyét dinh P® = (X7 )nxn danh gia mirc do quan
trong twong doi ciia tiéu chi C; € C boi cong thirc (2.2);

9. end

10.foreache=1, ...,h do

11. foreachi=1, ..., mdo



12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
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foreachj=1,...,ndo
Pinh lwong ngit nghia bang ham SOM ciia HA theo céng thire (2.3)
end
end
end
foreachi=1, ..., mdo
foreachj=1, ...,ndo
Téng hop ma trdn danh gid cdc phwong dn theo cong thirc (2.4)
end
end
foreachj=1,...,ndo
Trong sé cia tiéu chi C € C dwoc tong hop béi cong thirc (2.5)
end
foreachi=1, ..., mdo
foreachj=1, ...,ndo
Yij = u;; X W; // Ma trén quyét dinh c6 trong s6 béi cong thire (2.6)
end
end
Xdc dinh (PIS, &%) va (NIS, &™) theo cac cong thire (2.7) va (2.8);
foreachi=1, ..., mdo
Tinh khoang cach dff,d; tir A; d@én &%, 6~ theo cong thirc (2.9) va (2.10);
end
foreachi=1, ..., mdo
Tinh hé so gan, CC; ciia A; theo cong thirc (2.11);

end

37.return Rank (4; € A) // thir hang ctia cac phuong 4n

End
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Bang 2.1. D6 phuc tap cua thuat toan thyc hién cac cong thirc trong HA-TOPSIS

STT Coflg Noi dung tinh toan D¢ phuc tap
thurc
X4 tran d4 o a ~ N
|y | e eintih shnsimssien | oy i
’ ot eIy & P g O(hxmxn) cho toan by h chuyén gia.
tiéu chi
) 2.2) Xay dyng ma tran danh gia mic d¢ quan O(n) cho mdi chuyén gia;
' trong cua n ti€u chi cho mét chuyén gia O(hxn) cho toan bo h chuyén gia.
3 2.3) Dinh luvong nglr nghia ma tran danh gia O(mxn) cho mdi chuyén gia;
’ cac phuong an bang ham SQM O(hxmxn) cho toan bd h chuyén gia.
Téng hop ma tran quyét dinh nhém tir h
4 24) ma tran danh gia c4 thé Oth~m<n)
Toéng hop trong sd cua tiéu chi tir h
> 2:5) chuyén gia va tinh véc-to trong sd Oth-n)
6 (2.6) | Tinh ma tran quyét dinh c6 trong sd O(mxn)
7 (2.7) | Xéc dinh PIS trén n tiéu chi O(mxn)
8 (2.8) | Xac dinh NIS trén n tiéu chi O(mxn)
9 (2.9) | Tinh khoang cach tir mdi A; dén PIS O(mxn)
10 (2.10) | Tinh khoang cach tir mdi A; dén NIS O(mxn)
11 (2.11) | Tinh hé s gan cho m phuong an O(m)

T Bang 2.1 ¢6 thé thdy cac bude c6 chi phi 1on nhat cia HA-TOPSIS 1a cac thao

tac xur ly ma tran danh gia cua 4 chuyén gia trén m phuong an va n tiéu chi, bao gobm

xdy dung ma tran danh gi4, dinh lugng ngir nghia bang ham SQM va tong hop ma tran

quyét dinh nhom, véi d6 phire tap O(hxmxn). Cac budc con lai c6 do phic tap thap hon

hodc ciing bac theo m va n, gdbm O(hxn), O(mxn) va O(m). Do d6, do phirc tap thoi gian
tong thé cta quy trinh HA-TOPSIS c¢6 thé viét 1 O(hxmxn) + O(hxn) + O(mxn) + O(m),
va dugc rit gon thanh O(hxmxn). Nhu vay, chi phi tinh todn ciia mé hinh tang tuyén tinh

theo s6 chuyén gia, s phuong 4n va s tiéu chi; diéu nay cho thdy mé hinh c6 tinh kha

thi d6i v6i cac bai toan MCGDM ngdn ngit quy md vira. Can luu y rang d phirc tap

trén chi phan 4nh chi phi xir Iy thuét toan sau khi dir liéu danh gia da dugc cung cép,

khong bao gdm chi phi to chic khao sat va thu thap ¥ kién chuyén gia.
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2.3. Vi du thwe nghiém

Cong ty A c6 nhu cau lya chon nha cung cap phan mém hoéa don dién tir phu hop
nhat, dap tmg cac tiéu chi mong muén. Mot hoi dong chuyén gia gdm nim ngudi ra
quyét dinh, ky hiéu 1an lugt 1a Dy, D,, D3, D, va Ds, dugc thanh 1ap dé tién hanh phong
van ba nha cung cap, ky hiéu E1, E2, E3, dya trén bon tiéu chi: Pon gia (P1), Chat lugng
(P2), Cong nghé (P3) va Ho trg sau ban hang (P4).

Céu tric phan cip cua bai toan MCGDM dugc thé hién trong Hinh 2.2. Str dung mo
hinh HA-TOPSIS dé xuét dé giai quyét bai toan nay va quy trinh tinh toan duoc tom tat

nhu sau:
Muc tiéu
P1 P2 P3 P4
bon gia Chat lugng Cong nghé HO trg sau ban hang
El E2 E3

Hinh 2.2. Cdu tric phin cdp ciia bai todn lwa chon nha cung cdp
Buéc 1: Xay dung cac thang do ngdn ngir cho bdn tiéu chi néu trén va trong sb cua
cac ti€u chi.
Hoi dong chuyén gia thong nhat xiy dung cau tric HA tuyén tinh, cic tham s6 mo
va do dai toi da cua tir ngdn ngit k = 2 phu hop voi ngir canh cia timg tiéu chi va trong

s6 quan trong cua cac tiéu chi, nhu tom tat trong Bang 2.2, dudi day:
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Bang 2.2. Thiét 1ap ciu trac HA va cac tham sb mo xay dung thang do ngdn ngit cho cic tiéu
chi va trong so cua tiéu chi

Tiéu Phén tir sinh Céc tir hing Giatr | D¢ do tinh mo
. |HA
chi 9 g* 0 4 I | hey | by |fm(g®)|uhy)
Chea i i i
Pl | ax p Expensive| Extremely |Medium Extrem?ly Little| Very 0.5 0.5
(©) (E) Cheap (M) |Expensive| (L) | (V)
Bad Good | Extremely |Medium|Extremely|Little|Very
P2 | AX 0.525 10.548
’ (B) (G) Bad (M) Good | (L) | (V)
Advanced i i
P3| ax Outdated Extremely |Medium | Extremely | Little| Very 0.572 | 0.55
©O) (A) Outdated (M) |Advanced| (L) | (V)
Dissatisfied | Satisfied | Extremely |Medium | Extremely | Little| Very
. 0.374 10.473
P4 Ax (D) (S) Dissatisfied | (M) Satisfied | (L) | (V) ’ !
Unimportant | Important i i
7 |lax p p Extremely |Medium | Extremely | Little| Very 0.5 0.5

) @ Unimportant| (M) | Important | (L) | (V)

Trén co s& bo tham sb ngit nghia cia HA (HA, fm(g*), u(h,), 2) dugc chon trong
Bang 2.2, HA s€ tu dong ndi sinh tap gém chin tir ngon ngir theo tung ti€u chi C; e C va
trong sd cua tiéu chi (W) tuong tng véi thang do L(j)k(ff) va L, (C).

Tiéu chi P1, v6i bd tham sb ngir nghia HA dugc chon trén Bang 2.2, HA s€ tu dong
noi sinh ra thang do ngdn ngit L4 ,(A) gdm chin tir ngdn ngir dudi day:

L)z = {Extremely Cheap < Very Cheap < Cheap < Little Cheap < Medium < Little
Expensive < Expensive < Very Expensive < Extremely Expensive}

Thang do Ly ,(A) duoc viét tat Lyy ,(4) = {EC, VC, C, LC, M, LE, E, VE, EE}

Tuong tu, cac thang do ngon ngir con lai cua ba tiéu chi (P2, P3, P4) va trong s6 cia
cac tiéu chi (W) 1an luot duoc tao va viét tat nhu sau:

Liz2(A) ={EB, VB, B,LB, M, LG, G, VG, EG},
L(3)2(AT) = {EO, VO, O,LO, M, LA, A, VA, EA},
Li4y,(A) ={ED, VD, D,LD, M, LS, S, VS, ES},
L,(C) ={EU, VU, U, LU, M, LI, I, VL, EI}.

Bwéc 2. Xay dyng ma tran danh gia cac nha cung cip theo bon tiéu chi va trong sb
cta cac tiéu chi

Mdi chuyén gia D¢ sir dung cac tir ngon ngif trong bon thang do ngdn ngi (Liy2(4),
L)2(A), L(3)2(A) L(4)2(A)) dé danh gia ba nha cung cap (E1, E2, E3) theo bén tiéu
chi (P1, P2, P3, P4) bdi cong thue (2.1). Két qua thé hién trong cac Bang (2.3 - 2.6):
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Bang 2.3. Panh gia cic nha cung cap theo tiéu chi P1

) Chuyén gia danh gia
Nha cung cap
Di D» Ds Dy Ds
El LE E LE E LE
E2 M LE LC M M
E3 E LE E E LE

Bang 2.4. Danh gia cic nha cung cp theo tiéu chi P2

. Chuyén gia danh gia
Nha cung cap
Dy D2 Ds D4 Ds
El G VG EG VG G
E2 G M LG VG LG
E3 VG LG VG EG EG

Bang 2.5. Panh gia cic nha cung cap theo tiéu chi P3

. Chuyén gia danh gia
Nha cung cap
D D2 Ds D4 Ds
El VA VA EA EA A
E2 A A LA M LA
E3 LA M A VA VH

Bang 2.6. Danh gia cic nha cung cp theo tiéu chi P4

Chuyén gia danh gia
Nha cung cap
Dy D» Ds D4 Ds
El S VS S ES VS
E2 LD M LS M LS
E3 S S LS VS VS

Tuong tu, mdi chuyén gia D¢ sir dung cac tir ngon ngir trén thang do ngdn ngir
L,(C ) dé danh gia trong s6 clia cac tiéu chi boi cong thire (2.2). Két qua thé hién trong
Béng (2.7) dudi day:



Bwéc 3: Tinh toan gié tri dinh lugng ngit nghia s cua tir ngdn ngi

Str dung cong thirc (2.3) dé chuyén d6i tir ngdn ngir sang gia tri dinh lugng nghia
nghia ctia cac tir va cac cong thic (2.4) - (2.5) dé tong hop danh gia nha cung cip cia
cac chuyén gia dua trén bén tiéu chi, trong sé quan trong cua cac tiéu chi dugc thé hién
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Bang 2.7. Danh gia trong s6 quan trong cua cac tiéu chi

Chuyén gia danh gia
Cac t1éu chi
Dy Dz Ds Dy Ds
P1 VI EI VI EI VI
P2 VI I LI I V1
P3 I VI I EI VI
P4 M LU LI M I

trong cac Bang 2.8 va 2.9 dudi day:

Bang 2.8. Trung binh danh gi4 cta cac nha cung cip theo céc tiéu chi

. Chuyén gia danh gia
Tiéu chi | Nha cung cap Trung binh
Di D» Ds D4 Ds
El 0.625 | 0.750 | 0.625 | 0.750 | 0.625 0.675
P1 E2 0.500 | 0.625 | 0.375 | 0.500 | 0.500 0.500
E3 0.750 | 0.625 | 0.750 | 0.750 | 0.625 0.700
E1l 0.712 | 0.842 | 1.000 | 0.842 | 0.712 0.822
P2 E2 0.712 | 0.475 | 0.605 | 0.842 | 0.605 0.648
E3 0.842 | 0.605 | 0.842 | 1.000 | 1.000 0.858
El 0.827 | 0.827 | 1.000 | 1.000 | 0.685 0.868
P3 E2 0.685 | 0.685 | 0.570 | 0.428 | 0.570 0.588
E3 0.570 | 0.428 | 0.685 | 0.827 | 1.000 0.702
El 0.823 | 0.916 | 0.823 | 1.000 | 0.916 0.896
P4 E2 0.470 | 0.626 | 0.719 | 0.626 | 0.719 0.632
E3 0.823 | 0.823 | 0.719 | 0.916 | 0.916 0.840
Bang 2.9. Véc-to trong sd cuia cac tiéu chi
Ticu chi Chuyén gia danh gia Trong sé
D D» Ds; D4 Ds

Pl 0.875 0.875 1 0.875 0.298

P2 0.875 0.75 | 0.625 | 0.75 | 0.875 0.250

P3 0.75 0.875 | 0.75 1 0.875 0.274

P4 0.5 0.375 | 0.625 0.5 0.75 0.177
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Budrc 4. Tinh ma tran quyét dinh c6 trong sd

Str dung cong thire (2.6) dé xdy dung ma tran quyét dinh dinh lugng ngir nghia c6
trong sd nhu trinh bay trong Bang 2.10 dudi day:

Bang 2.10. Ma tran quyét dinh c6 trong sb

Nhifétufhi | p P2 P3 P4
El 0201 | 0205 | 0238 | 0159
E2 0149 | 0162 | 0161 | 0112
E3 0209 | 0214 | 0192 | 0149

Buéc 5. Tinh 4%, 64—, dt vad~

Str dung cong thirc (2.7) va (2.8), xac dinh PIS, 4 *va NIS, 4~ . Sau d0, tinh khoang
cach di va d; tir nha cung cip thir i dén PIS &* va NIS 4~ bang cac cong thic (2.9)
va (2.10), nhu trinh bay trong Bang 2.11.

Bang 2.11. Khoang cach tir nha cung cap dén lyra chon tot nhét va xau nhét

Nha cung cap d* d-
E1l 0.053 0.100
E2 0.104 0.060
E3 0.076 0.071

Buwéc 6. Tinh CC; va xép hang nha cung cap

Hé s6 gan giira cac nha cung cp dugc tinh theo cong thic (2.11). Dya trén gia tri
CC;, tap cac nha cung cap duoc xép hang theo thir tw, va nha cung cip E1 1a phuong an

t6i wu nhat. Két qua duoc trinh bay trong Bang 2.12, dudi day:

Bang 2.12. Hé s6 gan va thtr hang nha cung cap

Nha cung cip Heé s6 gan Thir hang
E1l 0.654 1
E2 0.364 3
E3 0.485 2
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2.4. Phan tich d9 nhay va so sanh két qua

2.4.1. Phéan tich dp nhay

Phan tich d6 nhay dugc thyc hién nham kiém chimg tinh 6n dinh va mic do tin cay
cua két qua xép hang trong mé hinh HA-TOPSIS, thong qua viéc khao sat su bién dong
ctia két qua dau ra khi diéu chinh cac tham s dau vao. Khac vai cach tiép can thay doi
trong s6 mot cach co hoc, nghién ctru nay diéu chinh truc tiép cac tham s do do tinh
md cuia cac phan tir sinh fiy (U), fiy(I) (Unimportant/ Important) va cac gia t (L), u(V)
(Little/ Very) 1éch han vé hai phia trén thang do ngdn ngir L, (C ) dung dé xac dinh trong

sO cua ti€u chi, theo hai kich ban dac trung am - duong cia mién ngit nghia HA nhu sau:

Ban dau
0.3

Kichban2 Kich ban 1
e ] e 7 E3

Hinh 2.3. Két qua phan tich @6 nhay mé hinh TOPSIS ngén ngit duea trén HA

Trong kich ban 1: Voi fmy(U) = 0.4, fiy(l) = 0.6, u(L) = 0.6, u(V) = 0.4, ngt nghia
¢6 xu hudng léch han vé phia cic mirc quan trong cao hon do phan tir sinh (Important)
c6 mirc mo 16n hon va cac gia tir déu co tac dong twong ddi manh, din dén viéc ting
kha nang phéan giai giita cac muc trong so.

Nguoc lai, ¢ kich ban 2: Vé&i fm(U) = 0.6, fiy(D) = 0.4, w(L) = 0.4, u(vV) = 0.6, a6
mo 1éch han vé phia (Unimportant) va tac dong cia gia tir (Little) giam, lam cho thang
ngodn nglt mém hon & ving trong so thap - trung binh, tir d6 c6 thé 1am thu hep chénh

1€ch trong so gilra cac ti€u chi va gidm bién dg khac biét gitra cac nha cung cap.
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Béang 2.13. Trong so cua cac ti€u chi cua cac kich ban

Tiéu chi Bandau | Kichban1 | Kichban2
Pl 0.298 0.308 0.288
P2 0.250 0.253 0.248
P3 0.274 0.283 0.267
P4 0.177 0.157 0.196

Két qua & Bang 2.13 cho thay viéc thay doi cac tham sd ngir nghia chi 1am trong s
cac tiéu chi dich chuyén trong bién d6 hop 1y. Cu thé:

Trong kich ban 1, P1 va P3 tdng nhe (P1: 0.298 — 0.308; P3: 0.274 — 0.283), trong
khi P4 giam (0.177 — 0.157); nguoc lai & Kich ban 2, P4 ting dang ké (0.177 — 0.196)
con P1 va P3 giam nhe (P1: 0.298 — 0.288; P3: 0.274 — 0.267). Su thay d6i nay phan
anh dung tac dong cua viéc diéu chinh ciu tric ngir nghia trén thang do, nhung khong

lam thay d6i thir hang tong thé gifra cac tiéu chi.

Bang 2.14. Hé s6 gan thu duoc trong céc kich ban

Nha cung cip Ban dau Kich ban 1 | Kich ban 2
E1l 0.654 0.647 0.825
E2 0.364 0.372 0.192
E3 0.485 0.474 0.217

Tuong Gng v6i d6, Bang 2.14 va Hinh 2.3 cho thiy hé sé gan cta cic nha cung cap
c¢6 bién dong vé gia tri, nhung thtr hang cudi cung van dugc bao toan trong ca ba nha
cung cép. Cu thé, E1 luén dat gia tri cao nhét (ban dau 0.654; kich ban 1: 0.647; kich
ban 2: 0.825), E3 dtmg thir hai (twong g 0.485; 0.474; 0.217) va E2 thap nhét (0.364;
0.372; 0.192). Nhu vy, két qua trong Bang 2.15 cho thay thir hang E1 > E3 > E2 duoc

duy tri 6n dinh & ca ba trudng hop ban dau, kich ban 1 va kich ban 2.

Bang 2.15. Thir hang cta nha cung cap thu dugc trong cac kich ban

Kich ban Thir hang
Ban dau E1 > E3 > E2
Kich ban 1 E1>E3 >E2

Kich ban 2 E1 > E3 > E2
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Két qua nay cho thdy mo hinh HA-TOPSIS ¢6 d6 6n dinh cao trudc nhiéu tham sd
ngir nghia, trong d6 cac thay ddi cua fm(-) va u(-) chii yéu anh huong dén bién do dinh
luong cta trong s6 va hé sd gan, nhung khong lam thay d6i thir hang cua ba nha cung
cap. Day 1a bang chimg quan trong cho thiy viéc xdy dung thang do ngon ngit dua trén
HA va sir dung SQM dé anh xa mdi tir ngdn ngir v4i mot gia tri trong [0, 1] theo cach
bao toan trat ty ngit nghia, gop phan ning cao tinh 6n dinh, do tin cay va kha ning dién

giai cta két qua ra quyét dinh.

2.4.2. So sdnh két qua va thio lugn

Dé danh gia két qua ciia mo hinh HA-TOPSIS [CT1] trong pham vi bai toan lua
chon nha cung cdp, muyc nay di sanh véi FTOPSIS [21] va md hinh 4-tuple ngit nghia
[54] trén cac phuong dién: thir hang phuong an, co ché hinh thanh két qua, vai tro cua
trong sb cua tiéu chi va do 6n dinh cua thu hang trudce bién dong tham ) ngit nghia. Do
ba m6 hinh khong sir dung cing mot dai lwong dau ra, HA-TOPSIS va FTOPSIS str
dung hé s6 gan, con mo hinh 4-tuple ngir nghia sir dung tong diém, cac gia tri sb trong
Bang 2.16 khong duoc xem 14 cting mot thang do dé so sanh truc tiép vé do 16n. Vi vay,
phan tich tap trung vao thir hang, ¥ nghia noi tai cia két qua trong timg mé hinh va mirc

d6 phu hop ctia co ché tinh toan véi dit liéu ngon ngi.

Bang 2.16. So sanh két qua xép hang gitra HA-TOPSIS, FTOPSIS va 4-tuple ngit nghia

HA-TOPSIS [CT1] FTOPSIS [21] 4-tuple ngir nghia [54]
Phuong an P p P p - — p
H¢ s0 gan | Xép hang | H¢so gan | Xép hang | Tong diém | 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

Két qua tai Bang 2.16 cho thdy ca ba mo hinh déu xép E1 & vi tri thir nhat. HA-
TOPSIS va mo hinh 4-tuple ngit nghia cung cho thr hang E1 > E3 > E2, trong khi
FTOPSIS cho E1 > E2 > E3. Nhu vy, két qué Iya chon E1 14 nhét quan trén b dir liéu
dang xét, con khéac biét chi xuat hién & thir hang ctia E2 va E3. Sy trung khép gitta HA-
TOPSIS va 4-tuple ngir nghia phan anh sy trong dong vé két qua xép hang trong vi du
nay, nhung khong dong nghia véi hai mé hinh twong duong vé co ché tinh toan hodc gia
tri dau ra. Tuong tu, sy khac bi¢t vai FTOPSIS cho théy cac co ché biéu dién va luong
hoa khac nhau c¢6 thé din dén khac biét cuc b ddi v6i cac phuong an tim trung noi co

két qua tiém can nhau.
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Mirc d6 tuong dong thir hang giit cac mé hinh dbi sanh trong Bang 2.16 dugc mé ta
bang hé sd tuong quan thir hang Spearman [100] va mtrc d6 dong thuin Kendall [67]
khi khéng c6 dong hang. Dya trén Bang 2.16 cac hé sd twong dong thir hang cia ba
phuong an duoc tinh va tong hop trong Bang 2.17 dudi day:

Bang 2.17. Hé s6 twong quan thir hang va murc d6 dong thuan gitra cac md hinh ddi sanh

Ciap mod hinh dbi sanh Heé s6 Spearman (p) | Hé s6 Kendall (1)
HA-TOPSIS [CT1] va FTOPSIS [21] 0.50 0.33
HA-TOPSIS [CT1] va 4-tuple nglt nghia [54] 1.00 1.00
FTOPSIS [21] va 4-tuple ngit nghia [54] 0.50 0.33

Két qua cac mo hinh HA-TOPSIS va 4-tuple ngir nghia dat hé sb twong quan thtr
hang va muc do déng thuan tuyét ddi thé hién qua céc gia tri p = 1.00, x= 1.00, phan
anh sy tring khop hoan toan vé thir hang trong bo dit liéu 13 minh chimg thyc nghiém
quan trong cho thay nén tang HA cung cap mot khung tham chiéu ngit nghia thong nhat,
giap két qua ra quyét dinh dat do 6n dinh cao, it phu thudc vao bién dong k¥ thuat cua
thuat toan xép hang cu thé. Nguoc lai dat mtc do tuong quan thép hon v6i hai cap ddi
sanh con lai vai FTOPSIS dat p = 0.50 va x = 0.33, cho thdy mo hinh dé xuét di khic
phuc hiéu qua cac nhidu loan ngir nghia ma cic phuong phap mo truyén théng gap phai.

Poéi véi HA-TOPSIS, cac Bang 2.11 va 2.12 cho thay E1 ¢6 khoang cach nho nhat
ti PIS (0.053) va khoang cach 16n nhat tgi NIS (0.100), nén dat hé s gan 0.654. E3 c¢6
cac khoang cach tuong tmg 0.076 va 0.071, dat hé sb gan 0.485; E2 c¢6 khoang cach toi
PIS 16n nhit (0.104) va khoang cach t&i NIS nho nhat (0.060), nén hé s6 gan chi dat
0.364. Cau trac khoang cach nay dan téi tha hang E1 > E3 > E2 dugc trinh bay trong
Bang 2.16. Két qua trén c6 thé dugc giai thich thém tir véc-to trong sb cia tiéu chi va
ma tran quyét dinh c6 trong sd trong muc 2.3. Trong s6 ctia bon tiéu chi lan lugt 13 P1 =
0.298, P3 =0.274, P2 = 0.250 va P4 = 0.177; trong d6 P1 va P3 c6 anh hudng 16n nhat.
E1 dat mirc danh gia c6 trong sb cao & P3 = 0.238, P2 = 0.205 va P4 = 0.159. E3 ¢6 gia
tri cao & P2 = 0.214, nhung thap hon E1 tai P3 = 0.192 va P4 = 0.149. E2 c6 loi thé vé
P1=0.149 khi P1 dugc xur ly theo hudng ti€u chi chi phi, song céc gia tri tai P2 =0.162,
P3=0.161 va P4 =0.112 déu thap hon hai phuong an con lai. Vi vay, thir hang ciia HA-
TOPSIS phan anh dong thoi huéng vu tién cia timg tiéu chi, trong s6 cia tiéu chi va vi

tri ctia phuong an so voi PIS/NIS, thay vi chi dua vao tong diém thanh phan.
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Hinh 2.4. Két qua so sanh gita HA-TOPSIS véi FTOPSIS va 4-tuple ngir nghia

Poi véi FTOPSIS [21], cho cac hé sd gan 0.58, 0.51 va 0.36, tuong tmg voi thi
hang 1a E1 > E2 > E3. Két qua niy van xé4c dinh E1 1a phuong an tot nhat, nhung hoan
d6i vi tri cia E2 va E3 so v6i HA-TOPSIS. Vé mit y nghia, didu nay cho thiy hai mo
hinh ciing bao toan duogc thir hang phuong an ndi trdi cua dir liéu, tirc E1 13 nha cung
cap tot nhat, song ton tai su khac biét trong co ché lugng hoa cac phuong an tim trung
c¢6 két qua gan nhau. Sy sai khic nay phan anh han ché ¢ hitu cta phuong phap mo
truyén thong: viéc 4nh xa tir nhdn ngdn ngir sang sé md tam giac va thuc hién cac budc
gidi mo trung gian thudng gay ra hién tugng mat mat thong tin ngir nghia va lam suy
giam do phan biét giita cic phurong 4n c6 muc danh gia gan nhau. Trong khi HA-TOPSIS
tinh toan truc tiép trén mién dinh luong ngit nghia cta tir ngdn ngit, FTOPSIS phu thudc
vao viéc lya chon ham thudc va phuong phap khir mo, dan dén sai s tich lity co thé 1am
thay d6i thir hang ctia phuong an nhu trudng hop gitra E2 va E3 trong bai toan nay.

M6 hinh 4-tuple ngit nghia [54], két qua trong Bang 2.16 cho tong diém cua ba
phuong an lan luot 1a E1 = 0.82, E3 = 0.77 va E2 = 0.59, tuong tng véi thir hang E1 >
E3 > E2. Thir hang nay triung khép voi HA-TOPSIS cho thay hai cach tiép can dya trén
HA duy tri cing mot thtr hang trong vi du nay. Tuy nhién, hai két qua khong duoc hinh
thanh theo co ché tuong dwong: mo hinh 4-tuple ngir nghia st dung tong diém va gia
dinh cac tiéu chi co trong sd bang nhau, trong khi HA-TOPSIS sir dung véc-to trong sd
khong dong déu, xac dinh PIS/NIS va tinh hé s6 gan. Vi vay, su tuong dong vé thir hang
chi phan 4nh tinh nhat quan cua két luan trén bo dir lidéu dang xét, khong dong nghia véi
su tuong duong vé mé hinh hodc gié tri dau ra.
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Két qué phan tich d§ nhay tai muc 2.4.1 b6 sung béng ching vé do 6n dinh va do
tin cdy cia mo hinh HA-TOPSIS. Khi cac tham sb do do tinh md ciia phan tir sinh va
gia tir trén thang do trong s6 duoc diéu chinh theo hai kich ban, trong s6 cta tiéu chi va
hé sé gan déu thay d6i. Chang han, & kich ban 1, trong s6 P1 va P3 1an lugt 12 0.308 va
0.283, con & kich ban 2 giam xubng 0.288 va 0.267; hé s6 gan cua E1, E2 va E3 ciing
bién dong gitra cac kich ban. Du vay, tht hang tht hang E1 > E3 > E2 vén dugc duy
tri. Pay la béng ching thuc nghi€ém quan trong cho théy Kkét qua cua HA-TOPSIS khong
chi hop 1y tai mot c4u hinh tham s duy nhit ma con c6 d6 6n dinh dang ké truéc nhiéu
ctia cac tham sb ngir nghia. Nguoc lai, su thay doi thir hang giita E2 va E3 trong phép
d6i sanh voi FTOPSIS cho thiy hudng tiép can mo truyén théng c6 thé nhay hon véi
cach gan ham thudc va phép do khoang cach.

Tom lai, thong qua cac két qua trén, mo hinh HA-TOPSIS da ké thira logic cua
TOPSIS [59] nhung trién khai cac budc dinh luong ngir nghia, xac dinh PIS/NIS, do
khoang cach va tinh hé s6 gan trén mién ngit nghia dua trén HA. Trong pham vi bai toan
lwra chon nha cung cip, mé hinh cho ciing phuong an xép thir nhat v6i hai phuong phap
d6i sanh, tring hoan toan thtr hang véi md hinh 4-tuple ngit nghia va duy tri thir hang
khi cac tham sb ngit nghia duoc thay ddi theo hai kich ban cia Muc 2.4.1. Cac két qua
nay hd tro tinh hop 1y va d6 on dinh th hang cia HA-TOPSIS trong pham vi thyc
nghiém va tao tién d¢ dé ludn an tiép tuc phat trién co ché xac dinh trong sb tiéu chi co
kiém soat nhat quan tai Chuong 3 va mé rong sang MCGDM dong tai Chuong 4.

2.5. Két luan chwong 2

Chuong 2 di phat trién mo hinh TOPSIS ngon ngir dua trén HA (HA-TOPSIS) nham
giai quyét bai toan MCGDM trong méi trudng thong tin ngdn ngit. Diém cot 18i ciia mo
hinh 14 xay dung thang do ngén ngit ndi sinh dya trén HA, thong qua bd tham s6 ngir
nghia gdm (HA, fiy(g™), u(h), k). Tir cac tham sb nay, ap dung ham SQM dé anh xa
gia tri dinh lugng ngir nghia s6 9 (x) € [0, 1] cho mdi tir ngdn ngir, dong thdi bao toan
thir tw ngir nghia va nhat quan véi ngit nghia dinh tinh. Nho d6, toan bo thang do ngén
ngir dugc sinh ddng bo tir cing mot bd tham s6, giam phu thudce vao thiét ké ham thudce
va khir md nhu trong tiép can tdp mo truyén thong. Trén co sd d6, chuong 2 da thiét 1ap
quy trinh ra quyét dinh HA-TOPSIS gom x4y dung ma trin quyét dinh ngon ngir, chuyén
d6i sang ma tran dinh luong ngir nghia, xac dinh PIS/NIS, tinh khoang cach va hé sb
gan dé xép hang phuong an. Két qua thuc nghiém trén bai toan lya chon nha cung cap
cho thidy mé hinh d& xuat xac dinh dugc phuong an t6i vu mot cch rd rang. Phan tich
d6 nhay cho thay thir hang cac nha cung cp duoc duy tri 6n dinh khi thay dbi cac tham
s6 ngir nghia cta thang do, qua d6 khang dinh do tin cdy két qua cia mé hinh. So sanh
v6i cac mo hinh 4-tuple ngit nghia va FTOPSIS cho thdy HA-TOPSIS c6 wu thé hon vé
tinh nhat quan ngir nghia, d6 6n dinh va kha niang dién giai két qua.

Trén nén tang d6, Chuong 3 sé& tiép tuc nghién ctru bai toan xac dinh trong s6 ciia
tiéu chi trong moi truong HA, théng qua mo hinh MCGDM tich hop FAHP cii tién voi
4-tuple ngir nghia dya trén HA dé nang cao do tin cdy va kha nang dién giai cia qua
trinh xép hang cac phuong an.
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CHUONG 3. PHAT TRIEN MO HINH MCGDM
TICH HQP FAHP CAI TIEN VOI 4-TUPLE NGU NGHIA
THEO HUONG TIEP CAN PAI SO GIA TU

Chuong 3 phat trién mo hinh EFAHP - 4-tuple - HA nham giai quyét dong thoi hai
van dé c6t 18i cua bai toan MCGDM ngodn ngii: xac dinh trong sb cua tiéu chi va xép
hang phuong an. Trong tAm ctia chuong 13 xay dung co ché kiém soat tinh nhat quan
clia ma tran so sanh cdp ngdn ngir dé xac dinh véc-to trong s6 cia tidu chi co thé dugc
kiém soat tot hon vé tinh nhit quan, dong thoi 4p dung mo hinh 4-tuple ngit nghia dé
biéu dién, két nhap va xir 1y ddnh gid ngdén ngit mot cach nhit quan hon vé mit ngir
nghia. M6 hinh dé xuat sau d6 duoc ap dung cho bai todn danh gia mic do sin sang
chuyén do6i s6 ctia 16 SMEs ban 1¢ tai Viét Nam nham kiém chimg tinh kha thi va gié tri
mg dung ctia hudng tiép can.

Noi dung chinh ctia chuong 3 di dugc cong bd trong cong trinh [CT2].

3.1. Gi6i thiéu

Chuong 3 tip trung giai quyét khoang trong nghién ciru thir hai di duoc xac dinh
tai Chuong 1, lién quan dén xé4c dinh trong s cua tiéu chi c6 kiém soét tinh nhat quan
trong MCGDM ngo6n ngir va duy tri su lién thong nglt nghia gilra giai doan xac dinh
trong sd cua tiéu chi véi giai doan két nhap, danh gia va xép hang phuong an. Néu
Chuong 2 phat trién HA-TOPSIS dé xir Iy bai toan xép hang phuong 4n trén mién ngir
nghia dya trén HA, thi Chuong 3 bo sung thanh phan xéac dinh trong s cua tiéu chi tir
phan doan chuyén gia va lién két két qua nay v6i qua trinh danh gia phuong 4n trong
cing mot khuon kho 4-tuple ngir nghia.

Trong MCGDM, trong s6 cua tiéu chi phan anh mirc d6 quan trong twong ddi cia
cac thudc tinh quyét dinh va tac dong truc tiép dén két qua tong hop, lua chon hoic xép
hang phuong an. Khi trong sé duoc xac dinh tir so sanh cip ciia chuyén gia, cac phan
doan co6 thé mang tinh chti quan, mo hd va khong hoan toan nhat quan, nhat 14 khi duoc
biéu dién bang tir ngdn ngir [110, 111, 117]. Vi vay, x4c dinh trong sd cia tiéu chi can
duogc to chirc thanh mot quy trinh ¢6 co s¢ phuong phap luan, vira khai théac tri thic
chuyén gia, vira kiém soat tinh nhat quan trudc khi sir dung cac trong sb & cac budc tiép
theo. AHP cung cap co ché xac dinh trong sb dua trén so sanh cip [95], con FAHP mé
rong cach tiép can nay dé xir 1y cac phan doan bat dinh hodc khé biéu dién bang sb 1d
[106, 19, 58]. Tuy nhién, trong MCGDM ngén ngit, cac danh gia thuong phai dugc
chuyén sang s6 mo hodc ham thudc trude khi tinh toan, 1am cho két qua phu thudc vao

cach thiét ké thang do va tham s6 biéu dién [63, 99]. Cac budc tong hop mo, so sanh
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murc d0 mé rong, tinh trong tdm hodc gidi mo cling co thé lam suy giam moi lién hé truc
tiép voi ngit nghia ban dau cta phan doan [49, 54]. Mit khéc, co ché kiém soat tinh nhét
quan trong nhiéu bién thé FAHP van chu yéu dugc ké thira hodc diéu chinh tir AHP trén
mién sb, trong khi dir liéu ddu vao ctia bai toan dang xét 1a cac phan doan ngdn ngir
[111, 117]. Piéu nay dit ra yéu cau xac dinh trong sd c6 kiém soat tinh nhat quan va
dong thoi duy tri lién thong ngir nghia véi giai doan xép hang

Trong bdi canh d6, hudng tiép can dua trén HA di cung cép co s& hinh thirc cho xay
dung thang do, x4c dinh trat tu ngit nghia, dinh lugng va két nhap danh gia [53, 52, 54].
Tuy nhién, nhu da phan tich tai Muc 1.4.3 va Muc 1.5, trong mot s6 md hinh MCGDM
dua trén HA, trong s6 cua tiéu chi van dugc gid dinh biét trudc, gan tryc tiép boi chuyén
gia hodc st dung dudi dang trong s6 bang nhau [54, 3, 33, 89]. Cac cach tiép can nay
chua hinh thanh day di mot quy trinh suy ra trong s6 tir so sanh cap ngdn ngir c6 co ché
kiém soat tinh nhit quan, dong thoi lién két két qua trong sd voi qué trinh két nhap va
xép hang trén cing nén tang ngit nghia. Pay 1 van dé phuong phap luan tryc tiép ma
Chuong 3 tiép tuc xur ly

Ly thuyét HA m6 hinh hoa mién gia tri ngdn ngit nhu mot cau tric cé trat tu, trong
d6 cac phan tir sinh két hop véi cac gia tir tao ra cac tir ngdn ngir méi [53, 52]. Do do
tinh mo va ham SQM ciia HA cho phép anh xa gia tri ngon ngit sang mién s nhung van
bao toan quan hé thir tw va ndi dung ngit nghia co ban cua tir [53]. Trén nén tang d6, mod
hinh 4-tuple ngir nghia véi cau triic biéu dién mdi tir ngdn ngir duge mo ta bang mot cau
tric bon thanh phan (x, S, (x), 9(x), 71.), lién két nhin ngon ngir, gia tri dinh lugng ngit
nghia, khoang tuong tu ngit nghia va gia tri tham chiéu trong mot cu tric théng nhét
[54]. Cach biéu dién nay phu hop voi yéu cau lién két két qua xac dinh trong sb cia tiéu
chi v6i danh gia phuong an ma khong phai chuyén d6i lap lai giita nhiéu mién biéu dién.

Tir cac co s6 trén, Chuong 3 phat trién mé hinh MCGDM tich hop FAHP cai tién
v6i mo hinh 4-tuple ngir nghia theo hudng tiép can HA, ky hiéu EFAHP - 4-tuple - HA.
M5 hinh duge t6 chic theo hai giai doan. Giai doan thir nhat, EFAHP-HA sir dung ma
tran so sanh cip ngdn ngit dé xac dinh trong s6 cua tiéu chi va xdy dung co ché kiém
so4t tinh nhat quan cia phan doan trong méi trudng HA. Giai doan thir hai, mé hinh 4-
tuple ngir nghia dya trén HA dugc st dung dé biéu dién, két nhap danh gia va xép hang
phuong an bang cac trong sd di xac dinh. Cau tric ndy duoc thiét ké nham tao sy lién
thong giita tri thirc chuyén gia & budc xac dinh trong s cia tiéu chi va thong tin danh
gid & budc xép hang. Cac cong thirc, chi sd va tinh chat ciia co ché kiém soat tinh nhét
quan dugc trinh bay tai Muyc 3.2, con quy trinh tinh toan day du duoc phat trién trong

cac muc tiep theo.
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Dé kiém chimg mé hinh, Chwong 3 4p dung mé hinh EFAHP - 4-tuple - HA cho bai
toan danh gia mirc d6 san sang chuyén ddi sé ciia 16 SMEs trong linh vuc ban 1€ tai Viét
Nam, véi 7 tiéu chi chinh va 34 tiéu chi con. Phan thuc nghiém tai Muc 3.4 duoc st
dung dé kiém tra kha nang trién khai cta quy trinh hai giai doan; Muc 3.5 tiép tuc phan
tich d6 nhay va d6i sanh két qua vdi HA-TOPSIS [CT1] va FAHP - FTOPSIS [58, 21].
Qua d6, Chuong 3 xem x¢ét tinh 6n dinh va kha nang dién giai ciia mo hinh dé xuat trong
pham vi bai toan thuc nghiém, 1am co so danh gia muc d6 dap Gmg cua hudng tiép can

doi véi khoang trong nghién curu da dat ra.

3.2. Kiém soat tinh nhit quan ciia ma trin so sanh ciip trong mdi truong HA

Trong m6 hinh EFAHP - 4-tuple - HA, ma tran so sanh cap khong chi la cong cu
téng hop y kién chuyén gia ma con 1a dit liéu ddu vao dé suy ra véc-to trong sd cua tiéu
chi. Vi vy, néu cac phan doan so sanh cdp khong dugc kiém soat vé tinh nhat quan thi
sai 1éch khong chi dimg & bude xac dinh trong sd, ma con lan truyén sang giai doan két
nhdp, danh gia va xép hang phuong an [110, 117]. Theo nghia do, kiém so4t tinh nht
quan trong Chuong 3 khong phai 1a mot bude phy, ma 1a khau then chét ni gitra tri thire
chuyén gia, co ché xac dinh trong s6 cta tiéu chi va quy trinh tich hop ctia toan mé hinh.

Khac v6i Chuong 2, noi trong tam 1a xép hang phuong an trén mién ngon ngir, muc
nay tap trung riéng vao do tin cdy ciia thong tin dau vao ding dé xac dinh trong s6 cia
tiéu chi. Sy tach bach d6 1a can thiét vé phuong phap luan, boi trong bai toan MCGDM,
trong sb cua tiéu chi git vai trd chi phdi mirc dong gdp cua ting tiéu chi vao két qua
cubi cuing; do do, mot véc-to trong sb chi ¢ ¥ nghia khi nd duoc suy ra tir mot quy trinh
ra quyét dinh da nhat quan.

Trong AHP ¢6 dién [95], tinh nhat quan dugc hiéu trén ma tran sé & duong ddi

nghich d4o; ma tran dat nhat quan hoan hao khi t6n tai véc-to trong s6 W = (W, ..., Wy)”

Wi 7 s . . . ’ \ . A A ’ ) . 9 s
£ = W—‘ v&i moi 4, 7, khi d6 A .x = 1 va chi so nhat quan dugc xac dinh boi
j

sao cho uj; =
cong thirc (1.8). Co ché nay chi phu hop khi ddi twong so sanh 1a cac s6 rd. Tuy nhién,
khi chuyén sang FAHP va rong hon la cic mo hinh ngén ngit, ban chat ctia ma tran so
sanh cap da thay d6i: phan doan khong con 1a mot gia tri s6 duy nhat, ma chira muc do
mo hd, 46 do dy va quan hé ngir nghia giira cac nhan danh gia. Boi vay, viéc sao chép
tryc tiép ty 1& nhat quan (CR) duoc xac dinh bai cong thirc (1.9) ciia AHP ¢6 dién vao
mai truong ngdn ngir s& lam suy giam y nghia ciia phép kiém tra, vi moc A, = n

khong phan anh dung sai ngit nghia von c6 cua cac phan doan [95].
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Xét theo ddi tuong biéu dién, c6 thé phan biét ba 16p nhat quan. Thir nhét, nhat quan
s6 18 trong AHP ¢6 dién 1a nhat quan dai s6 trén ma tran s6 rd. Thir hai, nhat quan trong
FAHP 13 nhit quan trén cac dai luong mo, thudng van phai quy chiéu vé mot 16p biéu
dién s6 dé kiém tra. Thir ba, trong moi truong HA va 4-tuple ngit nghia, nhit quan con
phai bao toan trat tu ngit nghia va ciu trac dai s cia mién gia tri, nghia 1a khong chi
kiém tra do 1éch s6 hoc ma con phai xem xét viée ty sd wu tién suy dién dugc c6 con
nam trong khoang twong tu ngir nghia chdp nhan dugc hay khong.

Do d6, van dé dit ra ¢ day khong chi 1 kiém tra nhat quan theo nghia ctia AHP ¢
dién, ma 1a kiém tra nhat quan trong mot khong gian biéu dién ngon ngit dya trén HA.
Co ché dugc dé xuét trong luan an ké thura tu tuéong cia AHP & chd van do do 1éch cia
ma tran thong qua gi tri riéng 16n nhat, nhung diéu chinh mbc chuan theo dung sai ngir
nghia ciia tir trung hoa trén thang do ngdn ngit. Nhd vay, phép kiém tra vira giit duoc
lién hé véi tu tuong cuia AHP va FAHP, vira thich tng véi ban chat ngon ngit ciia bai
toan MCGDM.

Pinh nghia 3.1. Xéf chuyén gia D¢(e = 1, ..., h), voi ma trdn so sanh cap ngon ngir

pe = (xiej)nxn,
trong do, x{; € Xy biéu thi mirc do quan trong twong doi ciia tiéu chi i so véi tiéu
chi j, xi; = w va w la tir ngén ngit trung hoa trén thang do ngon ngir L. Goi W° =
(WE, We ..., T, WE > 0, la véc-to trong sé suy ra tir ma trdan P¢; goi ¢:[0,1] - R,
la anh xa tir mién chudn héa ngit nghia sang thang ty so cua AHP. Khi d6, ma trdn
Péduoc goi la HA-nhdt quan néu véi moi i, j ta co,
(W e v s
o) (vT/_]e> € Si(xi7), Vi, J. (3.1
Diéu kién (3.1) cho thdy trong moi truong HA, tinh nhat quan khong con duge hiéu
nhu sy tring khit mot gia tri sé duy nhat, ma 1a sy phu hop cta ty s6 uu tién suy dién
duogc voi khoang tuong tu ngir nghia ctia phan doan ban dau. Pay 1a diém phan biét cot
16i giita ma tran HA-ngdn ngir va ma tran so 1d ciia AHP ¢6 dién.
bé lugng hoéa mirc do nhat quén, moi phén to xfj € P® dugc anh xa sang gia tri dinh
luong ngit nghia 9(x;;) va chuyén sang biéu dién s6 duwong ddi nghich dao, thu dugc
ma tran:
RE = (Uf)nxn, trong d6 uf; > 0, uf; = 9(M), wj; = 1/uf;. (3.2)

Ky hidu A8, = Aax(R®) 12 gia tri riéng 16n nhit cia ma tran nay.
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Goi9(w) € (0, 1) la gia tri dinh lugng ngir nghia cta tir trung hoa w theo ham SQM

cua HA, va dat:
6=1-9(w) € (0,1).

Trong do, dai lugng § duoc xem nhu dung sai ngir nghia toan cuc cua thang do,
phan anh thyc té rang quanh tir trung hoa ludn ton tai mot ving 1an can ngir nghia thay
vi mot diém ding tuyét ddi. Khi d6, mdc HA-nhét quéan dugc xac dinh bdi:

MA=n+65=n+1-9Ww)). (3.3)

Trén co s d6, luan an d& xuat chi s6 nhat quan trong méi truong HA cho ma tran

P¢cua chuyén gia D€ nhu sau:

e _Afnax_n_(l_ﬁ(w)) _Afnax_(n+6)
Cliza = n—(1-9w)) - n—2§ ' S

So v6i Clsgqyy cta [95], cong thic (3.4) khong thay d6i nguyén 1y do do 1éch bang
28 %, nhung thay mbc nhat quan n bang mdc mém n + §. Luan an da phat trién CI¢,
trong moi truong HA thoéng qua viéc nhing truc tiép dung sai ngit nghia clia cua gia tri
dinh luong ngit nghia phan tir trung hoa vao do d6 1éch nhat quan ctia ma trin so sanh
cap ngdn ngit. Noi cach khac, chi s6 CI¢, dé xuat ké thira tu twong ciia AHP va FAHP,
dong thoi thich nghi voi ddc trung ciia mién ngit nghia dua trén HA.

Vi CI§, van chiu anh huong béi kich ¢& ma tran, ty 1& nhét quéan dugc chuéan héa
nhu sau:

e

CIg,
CRita = Rigyy”

trong d6 RI(n) (Random Index) la chi s ngu nhién ciia ma tran bac n theo AHP ¢6

voie=1,..,h;n=>3 (3.5

dién [95], duoc sir dung & day nhu mot hé sb chuan hoa theo kich thudc ma tran. Cac

gia tr1 RI(n) dugc cho trong Bang 3.1 dudi day:

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

]

3 4 5 6 7 i 9 10

n 1

EI 000 000 0538 090 112 124 132 141 145 149

Trong ludn 4n ndy, ma tran so sanh cip cua chuyén gia D¢ duoc chdp nhan néu
CR§, < 0.10. Néu diéu kién nay khong dat, chuyén gia D®phai ra soat va diéu chinh lai

cac so sanh cdp trong ma tran P¢ cho dén khi dat yéu cau nhat quan.
p g y q
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Ménh dé 3.1. Véin =2, 9(w) € (0,1), va R® la ma trdn dwong doi nghich ddo
suy ra tir ma trdn ngon ngit P€, chi so CIS, trong cong thirc (3.4) cé cdc tinh chat co
ban sau:

(i) CIE 4 dwoc xdc dinh tot trén mién dp dung;

(ii) CI% 4 = 0 tai moéc HA-nhat quan M54,

(iii) Véin va 9(w) cé dinh, CIE , tang don diéu theo A%,

(iv) Cong thirc (3.4) nhiing truc tiép gid tri dinh lwong ngit nghia cia tir trung hoa
I(W) vao co ché do nhdt qudn;

(v) CIE 4 lién tuc theo 25,4, O (W) va 6n dinh cuc bé;

(iv) Ddu ciia C1%, cho phép dién gidi triec tiép vi tri ciia ma trgn so véi viing dung
sai ngit nghia (nhé hon méc, bang moc, hay lém hon méc HA-nhdt qudn).

Chirng minh:

(i) Chirng minh tinh xdc dinh tot ciia CIE ,:

Ta can chimg minh mau s6 cia cong thirc (3.4) luon duong

Vié=1-9(w)€e (0,1)van>2nénn—46 > 0.

Do d6, mau s6 cua cong thirc (3.4) luén dwong, nén CIS, dugc xac dinh tot trén
mién 4p dung.

(ii) Chitng minh chudn héa theo méc HA-nhdt qudn

Ta can ching minh rang, néu A%, =n + 8 =n + (1 —9(w)) thi CI%, = 0.

That vay, thay 15, = n + & vao (3.4), taco

cre _(n+6)—(n+6)_ 0
HA = n—3=a8 n-=-26

Suy ra, cong thuc (3.4) dugc chuan tai mdc HA-nhét quan

=0.

(iii) Chitng minh tinh don diéu theo mirc dd khong nhdt qudn: CI%, = 0 tai moc
MA=n4+ 1 -9Ww)).
Ta can ching minh réng v6in vaw cd dinh, CI f 4 1a ham tang theo A%, ..
Tir (3.4), ldy dao ham theo A%, ta duoc:
oclg, 1
0A8.x Nn—90

Theo (i), n — § > 0, do d6
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0Clg4
aA?ﬂaX
e

Vi vay, CIf, 1a ham ting nghiém ngit theo A%,.,. Tinh chit nay bao toan y tudng cia

> 0.

AHP ¢6 dién, ma tran cang 1éch khoi mbc nhat quan thi chi sd nhat quan cang 1on.

(iv) Chitng minh nhiing truec tiép (w) trén thang do ngon ngir dwa trén HA vao cong
thiee (3.4).

Ta can ching minh ring céng thic (3.4) phu thudc truc tiép vao $(w), hay tuong
duonglad =1 —-9(w). Tu (3.4),
Aax —Nn—96

n—=9
Ta thay & xudt hién & ca: tir s6: A, — n — &, va mau sd: n — 6.

CII?IA -

Piéu d6 cho thdy, gia tri dinh lugng ngit nghia cta tir trung hoa $(w) khong chi
mang tinh mo ta ma dugc tich hop truc tiép vao co ché do murc do nhat quan. Xét do
nhay theo 9(w), ta co:

Viét CI¢ , theo §(w):

Apax —n—1+9(w)

Clg, =
Ha n—1+9(w)

Lay dao ham theo 9(w):
OCIG, 20— Mg
Ww): (n—1+9w))?
Vi (n—149(Ww))? > 0, ddu cia dao ham phu thudc vao 2n — A%, ,y.

(3.6)

Xét ba truong hop:

Truong hop 1: 15, < 2n, khi do,
0CIf 4
a9 (M)

>0

Nghia 13, 9(M) tang thi CI§ 4ting; twong duong, § giam thi phép kiém tra chat hon.
Truong hop 2: 15,.x = 2n, khi do,

0CI§ 4

aI(w)

Chi s6 khong nhay v6i 9(w) tai diing diém bién nay.
Truong hop 3: A5, > 2n, khi do,

acIg,

9 (w)

<0
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Pay 1a mién ma tran rat kém nhat quan, thuong nam ngoai mién gia tri ciia phuong
phap AHP va FAHP.

(v) Chitng minh tinh lién tuc va én dinh

Buoc 1: Ching minh tinh lién tuc

Tir (3.4), CIf 4 12 ham hitu ti theo A%, va9(W), véimausén — 8 = n— 1 + 9(w)
luén duong theo tinh chét (i). Vi vay, CI¢, lién tuc trén mién

Q = {(Aax, I(W)): Ahmax > 0, 9(w) € (0,1)}.

Buée 2: Chitng minh 6n dinh cuc bo theo nghia Lipschitz

Xét mot mién compact: K = [n, A] X [mg,m;],0 <my <my < 1.

Trén K, ta c6

aCIG, 1 __ 1
M. n—14+9W) n—1+m,

va tur cong thuc (3.6),

0CIG, 20— 2% | A% 12n—Al
W) Mm—-1+9W))2~ (m—1+my?’

Do d6, hai dao ham riéng déu bi chin trén K. Theo dinh 1y gié tri trung binh, ton tai
hing s6 L > 0 sao cho v&i moi (A4, 9(w,)), (A, 9(w,)) € K,

| Clya(A, 9(Wy)) — Clya(A3, 9 (W) IS L1 Ay — A5 | H I(wy) = I (W) 1)
Suy ra CIf 4¢6 tinh 6n dinh cuc bd theo nghia Lipschitz.

Vi vay, thay doi nho ciia A%, khong lam CI¢ ,bién dong bat thudng; sai léch nho
trong luong hoa ngit nghia cia 9 (w) chi gay thay d6i nho cho két qua; diéu nay rat quan
trong trong bai toan MCGDM xép hang céc phuong an va phén tich do nhay.

(vi) Chitng minh kha ndng dién gidi viing dung sai ngir nghia

Ta xét dau cua CI¢ , trong (3.4).

Vimaiu sén — 8 > 0, nén dau cia CI§, phu thudc hoan toan vao tir s6

Amax — (n +6)

Xét ba truong hop:

Truong hop 1: Ao <N+ 6.

Khi d6, A5,x — (n +8) < 0nén Clg, < 0.

Diéu nay dugc dién giai 1a sai 1éch ctia ma trdn ndm trong ving dung sai ngit nghia.

e

Truong hop 2: A8.x =n+ 96
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Khi do, CIf;, = 0. Ma tran nam dung tai méc HA-nhat quan.

Truong hop 3: A8,.x >n+ 96

Khi d9, CIf;, > 0. Ma tran da vugt qua dung sai ngt nghia, va mtrc vugt nay dugc
luong hoa bang gi tri dwong ctia CIZ,.

Vi vay,

<0 Apax <n+6,
Cl543=0, Apax =n+6,
>0, Apax >n+6.

Piéu nay cho phép dién giai truc tiép ba trang thai cia ma tran so sanh cip: nim
trong ving dung sai ngir nghia, dtng tai méc HA-nhét quan, hodc vuot qua dung sai ngi
nghia. Vi vay, CI¢, khong chi 1a mot dai luong dai s6 ma con 1a mot chi bao co ¥ nghia
ngir nghia rd rang vé mirc dd nhat quan clia ma tran so sanh cdp trong moi truong HA.

Tom lai, Co thé thay diém méi ciia co ché dé xuat nam & chd phép kiém tra nhat
quan khong con dya trén mot méce dai s6 ¢d dinh nhu trong AHP ¢6 dién, ma duoc didu
chinh boi dic trung ngit nghia ciia thang do HA thong qua 9(w). Phan ké thira cia
phuong phép 13 cach do d6 1éch bang A,,., va chuin hoa theo RI(n); phan cai tién 1a
dua dung sai ngir nghia cua tir trung hoa vao médc chuan; con phan méi do méi trudng
HA va 4-tuple ngit nghia dit ra 1a yéu cau dién giai nhat quan theo khoang tuong ty ngi
nghia thay vi theo mot diém s duy nhat. Nhd d6, co ché kiém soat tinh nhat quan duoc
dé xuét vira bao dam tinh chit ché vé toan hoc, vira ting kha nang dién giai va d6 phu

hop khi xtr Iy cac ma tran so sanh cdp cua bai toan MCGDM trong moi truong HA.

3.3. Phit trién mé hinh FAHP cii tién v6i 4-tuple ngir nghia dwa trén HA

Dua trén co ché dinh lugng nglt nghia ctia cac tir ngébn nglr trong HA, mo hinh 4-
tuple ngir nghia va co ché kiém soat tinh nhat quan ctia ma trén so sanh cip ngon ng,
luan 4n phat trién mo hinh tich hop EFAHP - 4-tuple - HA nham giai quyét bai toan
MCGDM trong mdi truong thong tin ngdn nglt. M6 hinh nay cho phép xac dinh trong
s6 cua tiéu chi mot cach nhat quan trén mién ngon ngit, dong thoi tong hop va xép hang
cac phuong an trén thang do 4-tuple ngir nghia theo hudng bao toan ciu tric ngit nghia
cua dir liéu danh gia.

(i) Dir ligu dau vao:

Cho A = {A;,A,, ..., A} (m =>2) 1a tap hiru han ciac phuong an kha thi, C =
{Cy, C,, ..., C,} (n = 2) 1a tap hiru han cac tiéu chi, va D = {Dy, D,, ..., D, } (h = 2) la tap

hiru han nguoi ra quyét dinh (chuyén gia).
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Hoi dong chuyén gia D thong nhat xay dung hai thang do 4-tuple ngit nghia dua
trén HA, ky hiéu L, (C) va L (A). Trong d6, thang do L, (C ) dé danh gia tim quan
trong tuong dbi gitra cac tiéu chi, con L, (4) dung dé danh gia xép hang phuong 4n A; €
A theo tiéu chi C; € C. Pbi véi mdi chuyén gia D € D (v6i e =1, 2, ..., h), thuc hién:

(1) Xéy dung ma trdn so sanh cdp ngén ngiv dé xdc dinh trong sé ciia cdc tiéu chi,
theo cong thurc (3.7):

X{1 X{p e Xin

e e xfz xgn
P® = (xij)nxn = . . 3.7)

Xin

e
ij

Trong 6, xf; € L,(C) biéu dién mtc do quan trong twong d6i cta tiéu chi C; so
v6i tiéu chi C; theo danh gid cuia chuyén gia D°. Céc phan tir trén dudng chéo chinh x¢
1a phan tir trung hoa cua thang do ngdn ngit L, (€ ), biéu thi quan hé so sanh quan trong
béng nhau gitra mot ti€u chi vdi chinh no, véie = 1,2,...,h; i,j =1,...,n;0 #].

Ma tran P¢ chi duoc chép nhan néu dat ty 1¢ nhét quan CR} 4 < 0.10; nguoc lai,
chuyén gia D® phai ra soat va diéu chinh lai cac so sanh cip ngdn ngit trong ma tran P®
cho dén khi dat yéu cau nhat quéan.

(2) Xdy dung ma trgn danh gida cac phwong an theo cong thirc (3.8)

e e e
all a12 L aln
e e e
a a .o a
e _ e — 21 22 2n
A" = (aij)mxn - : . . . (3.8)
e e e
An1t Amz2 - Amn

Trong d6, af; € Ly (A ) 1a danh gid ngdn ngit cua chuyén gia D® € D dbi voi phuong
an thir A; € A theo tiéu chi C; e C,véie=1, .., hi=1 ..,m j=1, .. n Matran
nay phan anh mirc d6 dap tmg cua timg phuong an ddi véi timg tiéu chi trong bdi canh
danh gia.

(ii) Dir liéu dau ra: Thi hang cia cac phuong 4n A; € A.
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Mo hinh dé xuat trong Hinh 3.1 thyc hién theo hai giai doan. Giai doan 1, phat trién
EFAHP-HA dua trén phuong phap FAHP [58], dé x4c dinh trong s cta tiéu chi thong
qua so sanh cap ngdn ngir va kiém soat tinh nhat quan trong phan doan cua cac chuyén
gia trong mdi trudng HA. Giai doan 2, 4p dung mé hinh 4-tuple - HA d¢ tong hop, danh
gia va xép hang cac phuong an [54]. Quy trinh MCGDM v&i mo hinh EFAHP - 4-tuple
- HA gdm céc budc sau:

|

Thiét ké cau trac phan cp cho Xay dung thang do 4-tuple ngit
muc tiéu ra quyét dinh nghia d¢ danh gia cac phuong an

, l

<
=
m
] 5n N 5
XaYNd‘-mth thj‘ngtfrigo‘;fg ;4(‘1@116 Thu thap va chuyén déi dénh gia | 2
ngt nghia dia tren HA ¢e dan cac phuong an sang biéu dién 4- | <
gia trong soO cua cac ti€u chi tuple ngit nghia &
()
Qo
N .
Xay dyng ma tran 0 sanh cdp Tong hop va xép hang cac
cho cac tiéu chi va kiém tra ty 1¢ 'phuorng an
nhat quan ;

CR%, <0.10

GD 1: EFAHP-HA

Téng hop cac danh gia do céc
chuyén gia cung cap

A4

Tinh gia tri mo rong tong hop mo
va vécto trong so cua cac tiéu chi
I

Hinh 3.1. Quy trinh MCGDM cua mé hinh EFAHP - 4-tuple - HA
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3.3.1. Xdc dinh trong soé ciia cdc tiéu chi

Budre 1. Thiét ké cau trac phan cap cho bai toan ra quyét dinh

Trudc hét, bai toan MCGDM dugce mé hinh héa dudi dang céu tric phan cap gom
ba mirc: O cip cao nhit 1a muc tiéu tong thé; cip thi hai 13 bo tiéu chi chinh/ tiéu chi
con; va cdp thap nhét 13 tdp phuong an. Ciu trac ndy duoc xac lap trén co sd két hop
giita co so 1y thuyét va tri thirc chuyén gia, nham bao dam tinh logic giita cac muc phan
cap va su pht hop v6i ngit canh tmg dung.

Budérc 2. Xay dung thang do ngon ngir 4-tuple dua trén HA dé danh gia trong s6 cia
tiéu chi

Pé danh gia tim quan trong tuong doi gitra cac tiéu chi, hoi dong chuyén gia thong
nhat xay dung mot ComHA tuyén tinh va Iya chon bd tham sb ngit nghia (HA, fin(g)
hoic fiy(g"), u(h), k), tir 46 thang do ngdn ngir 4-tuple ngit nghia L, (C ) dugc xay dung
nhu sau:

Cho mot ComHA tuyén tinh, AxX* = (X, G, € H, o, ¢, <), trong d6, G = {g", g} 1a
tap cac tir clia phan tir sinh, € = {0, W, 1} 1a tap cac tir hang, va H=H~ U H*, trong d6
H™={h_q h_g41, ..., h_1} 1a tap hop ¢ cac gia tr am va H* = {h,, h,, ..., h,} la tap
hop p céc gia tor duong.

Do do tinh mo clia cac tir phan tir sinh duoc ky hiéu fiy(g) va fin(gh), trong d6 fiy(g")
=1-fm(g’). Do do tinh m& cua cac gia tir dugce ky ky hi€u pu(h_g), p(h_g41), ..., p(h_1);
u(hy), ..., u(hy,), va théa man diéu kién sau: uChy,) =1-— Zp_lq u(hy).

=

Trén co s& bo tham sb ngit nghia (HA, fm(g™), u(h), k) ctia HA, tip cic tir ngdn
ngit X,, € L, (C) duoc tao bang cach két hop cac phan tir sinh véi cac gia tir hinh thanh
co ché tu dong sinh ra tap cac tir ngdn ngit sao cho | x | < k. Véimoix € X, vah € H,
do do tinh m¢ cia tir ngdn ngit sinh bdi gia tr duge xac dinh dé quy theo cong thirc
(3.9):

Jm(hx) = u(h) fiy(x) (3.9)

Vi du 3.1. Hay xem xét mot ComHA tuyén tinh, AX* = (X, G, €, H, o, ¢ <) ciia bién
ngon ngit Criteria, trong do, G = (Unimportant, Important), € = (Extremely
Unimportant, Medium, Extremely Important), H= H~ U H* = (Little, Very), (véi q = p
=]), theo d6 cdc tir ngén ngit bao gom: Unimportant, Important, Extremely
Unimportant, Medium, and Extremely Important, két hop véi cdc gia tir: Little va Very.
Cdc tir nay lan lwot dwoc viét tat la: U, I, EU, M, EI, L, va V. Theo Ménh dé 1.1, d do

tinh mo cua cac tw phan tw sinh va gia tw duoc xdc dinh nhu sau:
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CAu trac HA va tham s ngit nghia cua HA, duoc xéac dinh duya trén tri thirc chuyén
gia hodc dir liéu thuc nghiém phu hop véi ngit canh tmg dung cu thé. Chang han, trong
bdi canh danh gia muc do chuyén ddi s6 ctia SMEs tai Viét Nam, hoi déng chuyén gia
thdng nhat chon ciu trac HA va tham s ngit nghia nhu sau:

Sm(U) = 0.489, fy(1) = 1 = fg(U); (V) = 0.472, w(L) = I — u(V), k =2.

Khi do, tap tir ngon ngit X, € L,(C ) duoc nodi sinh dya trén HA nhu sau:

L,(C)={EU, VU, U, LU, M, LI, 1, VI, EI}.

Str dung DPinh nghia 1.5 va Ménh dé 1.1 tinh d6 do tinh m& cho céc tir ngdn ngir

x € X, trén thang do 4-tuple ngit nghia L, (C ) duoc tong hop trong Bang 3.2 dudi day:

Bang 3.2. Do do tinh md cua cac tir ngdn nglt x € X, trong thang do L (C_' )

Thang do ngdn

. _ EU | VU U LU M LI I VI EI
ngi¥ (L;(C )

Jmix) 0 |0231| 0489|0258 |0000|0270 (0511|0241 O

Tiép theo, ap dung cac Pinh nghia 1.6 dén 1.8 va Ménh dé 1.2 mdi tir ngon ngit x €
X}, dugc anh xa thanh mét gia tri dinh lugng ngir nghia 9(x) € [0, 1]. Pé thuan tién cho
viéc tinh toan nghich ddo trong ma tran so sanh cd@p (tranh gip phai chia cho 0) & budc
tiép theo, cac gia tri ndy dugc chuan hoa tir doan [0, 1] sang doan [0.1, 1].

Vi du 3.2. Xét lai ComHA twong vmg véi bién ngén ngir Criteria trong Vi du 3.1.
D¢ do tinh mo cia cdc tir phan tie sinh va gia tir dwoe xdc dinh la: fiy(U) = 0.489, fiy(I)
=1—fmy(U)vauWV)=0472, u(L) =1—u(V), véoiq=p=1.

Ap dung céc Pinh nghia 1.6 dén 1.8 va Ménh dé 1.2, mdi tir ngdn ngit x € X, trong
thang do L,(C ) dugc anh xa mot gi tri dinh lugng ngir nghia 9(x) € [0, 1] va duoc

chuan hoa vé doan [0.1, 1], nhu duoc trinh bay trong Bang 3.3.

Béng 3.3. Gia tri dinh luong nglr nghia cua tur ngdn ngit x € X, trong thang do Lz(f)

Thang do ngdn ngi¥
(L2(C )
B(x) 0.1 | 0198 | 0308 | 0430 | 0.540 | 0.624 | 0.783 | 0.897 1

EU | VU u LU M LI I VI El
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Sau d6, 4p dung cac Dinh nghia tir 1.9 dén 1.12 va Ménh d& 1.3 d¢ xéc dinh khodng
tuong tw ngir nghia Sy (x) cho timg tir ngdn ngit x € X, trén thang do L (C).

Vi du 3.3. Xét lai ComHA lién quan dén bién ngén ngiv “Criteria” trong Vi du 3.1
va Vidu 3.2, trong do: fm(U) =0.489, fm() =1— fmU); u(V) =0.472u(L) =
1—pu(V),vaq=p=1, k =2. Cdc gid tri dinh lwong ngit nghia sé cua chin tir ngén
ngit dwoc cho trong Bang 3.2 va Bang 3.3. Ap dung cdc Pinh nghia tir 1.9 dén 1.12 va
Ménh dé 1.3, dé tinh khodng twong tw ngit nghia S,(x) trong doan [0.1, 1] cho méi tir
x € X, trén thang do L,(C) nhw sau:

S@ (EU) = [0.1, 0.146), S (VU) = [0.146, 0.256), Sy (U) = [0.256, 0.366), S
(LU) = [0.366, 0.488), S (M) = [0.488, 0.594), S (LI) = [0.594, 0.722), S (1) =
[0.722, 0.837), Sy (VI) = [0.837, 0.952), Sy (ED) = [0.952, 1].

Trén co s& do, thang do ngdn ngir L, (C ) dé danh gia trong sb cua tiéu chi duoc
biéu dién dudi dang 4-tuple ngir nghia, cu thé:

L (C) = {(x,9(x), Si(x), 12): x € Xy, 1 € Spe(x)}.

Vi du 3.4. Xét lai ComHA lién quan dén bién ngon ngir Criteria trong Vi du 3.1 dén
Vi du 3.3, véi cic tham sé: fm(U) = 0489 fm)=1- fmU);ulV) =
0472 u(L)=1—-uV),k=2vaq =p = 1. Cac gia tri dinh lwong ngir nghia va cac
khoang twong tw ciia chin tir ngén ngir dwoc trinh bay trong cdc Bang 3.2 — 3.3. Ap dung
cdc Pinh nghia cac Dinh nghia tu 1.9 dén 1.12 va Meénh dé 1.3 ta thu dwoc mot thang
do L,(C), trong dé cdc tir x € X, dwoc biéu dién dudi dang 4-tuple ngit nghia nhur sau:

L,(C)={(EU,0.1,[0.1,0.146), 0.1), (VU, 0.198, [0.146, 0.256), 0.198), (U, 0.308,
[0.256, 0.366), 0.308), (LU, 0.430, [0.366, 0.488), 0.430), (M, 0.540, [0.488, 0.594),
0.540), (LI, 0.655, [0.594, 0.722), 0.655), (1, 0.783, [0.722, 0.837), 0.783), (VI, 0.898,
[0.837, 0.952), 0.898), (EL 1, [0.952, 1], 1)}.

Nhur vy, mdi tir ngdn ngit trong thang do L, (C ) khong chi dugc x4c dinh béi nhan
ngon nglr x, ma con duoc dac trung bdi gia tri dinh lugng ngir nghia 9 (x), khoang tuong
tu ngit nghia S, (x) va gia tri tham chiéu 7. Cach biéu dién nay cho phép bao toan dong
thoi trat ty ngir nghia, mirc d6 mo ho va kha nang tinh toan trén mién ngon ngir, qua d6
tao co so truc tiép cho budc xdy dung ma tran so sdnh cdp va xac dinh trong sb cua tiéu

chi trong moi truong HA.
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Bwéc 3. Xay dyng ma trén so sanh cip tiéu chi va kiém tra tinh nhat quan.

Gia sir tai mot mirc cua cu tric ¢ n tiéu chi. Mdi chuyén gia D¢(e = 1, ..., h), st
dung cac tir ngon ngit x € X, trén thang do ngdn ngit L, (C ) da duoc tao trong Budc 2
dé danh gia mac d6 quan trong tuong ddi giita cac tidu chi, tir d6 xdy dung ma trn so
sanh c@p ngon ngit P¢ = (x{;)p x » theo cong thirc (3.7).

Trong ma tran P®, cic phan tir trén dudng chéo chinh biéu thi quan hé so sanh mot
tiéu chi v&i chinh nd nén dugc gan bang phan tir trung hoa w trén thang do ngdn ngir
L (0), tic 1a:

xi;=w,(=1,..,n).

Céch biéu dién nay khac voi AHP c6 dién [95] va cac phién ban FAHP dua trén 1y
thuyét mo [19, 58] thudng sir dung cac gid tri s6 ¢d dinh nhu s6 1 hay sé mo tam giac
(1, 1, 1) hoac GTEN (1, 1, 1; 1) dé biéu dién mirc d6 quan trong bang nhau. Trong phan
mg dung va thuc nghiém cic mo hinh d& xuét trong Chuong 3 va Chuong 4 sir dung
tryc tiép tir trung hoa M trén hai thang do L,(C ), L,(A ) va L, (CT), L (A%) dé dién dat
mirc 46 quan trong nhu: bang nhau (equal), xdp xi bang nhau (approximately equal)
hodc gan nhw tiong dwong (almost the same) qua d6 phan anh phu hop hon ban chat
ngdn ngit va bat dinh phan doan cua chuyén gia.

Sau d6, mdi phan tix x{; € P¢ dugc anh xa sang gia tri dinh lugng ngit nghia 9 (x;)
va tiép tuc chuyén doi thanh GTFN ui; = (L3, G5 Rij; wf;), Tr d6, ma trdn so sanh cdp
ngdn ngir duge chuyén thanh ma trdn sé mo tam giac tong quat boi cong thie (3.10)
dudi day:

R = (uiej)n xn

(L1, Ct1, RY1; wiy) (L2, Ci2, Rz wi,) v (LSn, Ciny Ry 1)
1 1
(R—e'C—e'LT; 0)51) (LeZZ' CZeZ' Rgzi ‘ng) (L%n' Czen' Rgn; wgn) (3 10)
= 21 b21 L21 .
(1 1 1 e)(l 1 1 ) (Le. Co Re )
l_l_; a) _l_l_;a) e ) ) ;a)
Re Gl Y ReyCE I G K
, _ 1 1 1
Tong 46, uf = (. ChRG L) @)= (2 of) e -
ij ij Mij

1,...,h i,j =1,..,nvai# j); trong ludn an nay phép nghich dao khong dugc hiéu
nhu mdt phép toan dong trén cung khong gian biéu dién, ma dugc sir dung chii yéu dé
thiét 1ap quan hé d6i ngiu ctia cac phan tir trong ma tran so sanh cip mo. Cac budce tinh
toan tiép theo chi dugc thuc hién sau khi cac phﬁn tir d3 duoc dua vé mot mién biéu dién
twong thich, nhim bao dém tinh nhat quan hinh thic cia m6 hinh. Thanh phan wf; 1a 40
cao ctia s6 mo, biéu thi mirc d6 thudc cuc dai hodc mire tin cdy cua danh gia, nén duoc
giit nguyén va khong lay nghich ddo.
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Nhu vy, R® 1a ma tran duong ddi nghich dao, 1am co sé cho budc kiém tra nhét
quan va xac dinh trong sd cia tiéu chi. Bang 3.4 trinh bay tip cac gia tri GTFN tuong
mg v&i cac tir ngdn ngit x € X, trén thang do L,(C) dung dé danh gia muc d6 quan

trong gilta cac ti€u chi, dudi day:

Bang 3.4. Bang gia tri GTEN cua cac tir ngdn ngit x € X, trén thang do L, (C )

TT | Tir ngon ngir| GTFNs dwa trén HA GTFNs nghich dao dwa trén HA
1 EU (0.1,0.1, 0.198;0.7) (1/0.198, 1/0.1. 1/0.1; 0.7)

2 VU (0.1, 0.198, 0.308; 0.7) (1/0.308, 1/0.198. 1/0.1; 0.7)

3 8] (0.198, 0.308, 0.430; 0.8) | (1/0.430, 1/0.308, 1/0.198; 0.8)
4 LU (0.308. 0.430, 0.540: 0.8) | (1/0.540. 1/0.430. 1/0.308: 0.8)
3 M (0.430, 0.540, 0.654: 1.0) | (1/0.654. 1/0.540. 1/0.430; 1.0)
6 LI (0.540, 0.654,0.783: 0.9) | (1/0.783, 1/0.654. 1/0.540; 0.9)
7 I (0.654,0.783,0.897:0.9) | (1/0.897, 1/0.783, 1/0.654; 0.9)
8 VI (0.783,0.897.1: 1.0) (1. 1/0.897. 1/0.783: 1.0}

9 EI (0.897.1,1;1.0) (1,1, 1/0.897: 1.0}

Str dung cong thirc (3.5) dé kiém tra ty 1& nhat quan CRY, cia cdc ma tran so sanh
cip ngdn ngit P€. Ma tran P¢ duoc chap nhan néu CRf, < 0.10, nguoc lai chuyén gia
D phai diéu chinh lai cac so sanh cip ngdn ngit cho dén khi dat yéu ciu nhat quan.

Buwéc 4. Tong hop cac danh gia do cac chuyén gia cung cap

Sau khi cac ma tran so sanh cap ngon ngit P¢ d3 dat yéu cau vé tinh nhat quan, cac
ma tran nay duoc tong hop thanh mot ma tran so sanh cip mo nhom AP bang phép tinh
trung binh cong cac GTFN theo cong thuc (3.11):

Uy Uz - Ugp
~ Uy Upyy - Upp
AP = (Uij)nxn = | . : S} (3.11)
Upr Upz2 - Upn
h e h e h e h e
L8, Z ct z R, z w8
Ze:l Y e=1 Y e=1 Y e=1 Y

trong do: U;; = ,v0ie=1,..,hi,j=

h

1,..,nvai#j.
Budc 5. Tinh gia tri m¢ rong tong hgp mod va véc-to trong so cua céc ti€u chi

Tir ma tran tong hop AP, gia tri mo téng hop cua timg tidu chi, ky hiéu P;, dugc xéac
dinh theo phép chuan hoa bai cong thire (3.12) nhu sau:
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P; =(D;, K;, Ty; m n(a)ij))

Xi=1Lij 2= 1 Cijj
1—1Ll]+ Zk 1 k¢12?=1Rkj‘ ?=1Z?=1Cij‘
= R (3.12)
]=1 ij .
, m n(a)ij)

n n n

véii,j=1,..,nvai # j, mdi P; biéu thi mic d6 vu tién tong hop cua tiéu chi G
sau khi xét toan bg cac quan hé so sanh cdp trong ma trdn nhém
Tiép theo, trong tdm (centroid) ctia mdi s6 mo P; dugc xac dinh bai m = (A]pi, fpi),
voii = 1,2,...,n, va dugc tinh theo cong thirc (3.13):
K _ (]D)l + ]Kj_ + Tl) - m n(a)ij)
]Pi - 3 ) ]Pi - 3 .
Khoang céch tur trong tim m = (Ap,, Lp,) den diém tham chiéu € = (A, Linin)
duogc tinh theo cong thire (3.14):

(3.13)

_ 2 _ 2
D(]Pi; C) = \/(A]Pl_ Amin) + (LIP’i_ %Lmin) (3-14)
trong d6 Ay, = mi n(D;), Linim = mi n(wy;), v = mi n(w;;);
Cudi cung, véc-to trong s6 W = (Wy, ..., W,)T tuong tng voi ma tran so sanh mo

duogc tinh nhu cong thirc (3.15) sau:

D(]PL,C) ~ (Ap,— A -)2 (fuvl lé,me)z

VTS D (PLE) — >
\/ mm + (LIPi - ?Lmin)

voii=1,..,n

(3.15)

3.3.2. Ddnh gid xép hang cic phwong dn
Budéc 6. Xay dung thang do 4-tuple ngit nghia dé danh gia cac phuong an

Dé danh gia cic phuong an theo cac tidu chi, hoi dong chuyén gia thong nhat xay
dung mot ComHA tuyén tinh va lya chon bo tham sé ngit nghia phu hop (fim(g") hoic
fm(g"), u(h), k) dé tao mot thang do ngon ngir 4-tuple dya trén HA danh cho tap phuong
an, ky hiéu 1a L, (4). Quy trinh xay dung thang do nay hoan toan twong tu nhu xay
dung thang do L,(C ) trong Budc 2, nhung duoc sir dung cho muc dich danh gia xép
hang cac phuong an.
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Khi d6, thang do ngon ngit L, (A) duge xac dinh béi:

Le(A) = {(x, 9(x), S(x), 1)t X € Xy, 7y € Sp ()}

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

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

Vi moi chuyén gia D€ (e = 1, 2, ..., h) st dung cac tir ngdn ngir x € X,, trén thang
do ngon ngir L, (A) dugc tao trong Budce 6 dé danh gia xép hang cho m phwong an trén
n tiéu chi. Cac danh gia nay duoc to chtrc thanh mot ma tran quyét dinh dénh gia cac
phuong dn A® = (af;)m x n theo cong thirc (3.8).

Sau d6, 4p dung cac Dinh nghia 1.9 dén 1.12 va Ménh d¢ 1.3, mdi phan tr af; trong
ma tran ngdn ngit A° duoc chuyén d6i sang biéu dién dudi dang 4-tuple ngir nghia
(a{"j, 9(af;), Sk(af), rafj) tuong Ung.

Buéc 8. Tong hop va xép hang cac phuong an

- Tong hop cdc danh gia ciia chuyén gia:

Tir cic ma tran danh gia cac phuong 4n ciia cac chuyén gia dugc tong hop thanh ma
tran quyét dinh tong hop cia nhém chuyén gia duoc ky hiéu la:

AA = (4;j) mxn-

Trong do, a;; la danh gia tong hop clia phuong an A; theo tiéu chi C -

Dé tong hop ¥ kién chuyén gia, luan an sir dung phép két nhap trung binh cong trén
thanh phan dai dién 7, cioa cac 4-tuple ngit nghia. Cu thé, véi mot tip T, =
{%,, %,, ..., X,}, trong d6 mdi phan tir ¥; ¢6 dang: ¥ = (x;,9(x;), S (%), 7),j = 1, ..., p,
toan tir tong hop g dugc xac dinh boi

p

L 5 1
g(X1, Xz, 0, Xp) = A ;Zr] , (3.16)

j=1
trong do6, A(+)la toan tir anh xa nguoc tur gia tri dai di€n trong mién chuan hoa sang mot
4-tuple ngtr nghia twong tng, va
P

1
;Z 77 € S (x).

j=1
Trong bai toan nay, véi mdi cdp (i, j), phan tir tong hop a; jdugc xac dinh bang cach

ap dung toan tir g cho cic danh gia cua tat ca chuyén gia:
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aij = g((aly, 9(aly), S(aly), ), -, (alj,9(aly), S(alh), mi):

- Tong hop cé trong sé theo cdc tiéu chi:

Sau khi xdy dung ma tran quyét dinh tong hop AA, diém tong hop cudi cung cho
timg phuong 4n A; € A dugc tinh bang phép két nhap trung binh cé trong sé theo véc-
to trong s6 cua tiéu chi W = (W, ..., w,)T, voi 21]‘-’:1 w; = 1 thu dugc trong Budce 5. Khi
d6, phép tong hop c6 trong sé duoc xac dinh bai:

P
Y(%1 %o %) = B ) Wy (3.17)

j=1
Két qua cua phép tong hop 1a mot 4-tuple ngir nghia c6 dang:
(x, 9(x), S (x), 25;1 W rj), trong do, Z;’:l W; 17 € S(x).
Cudi cung, dua trén téng diém cac phuong an A; € A duoc xép hang theo thir tu
giam dan; phuong an cé diém cao nhat duogc xép hang thir nhat.
Thuit toan 3.1. Thuat todn mo hinh tich hop EFAHP - 4-tuple - HA
Algorithm EFAHP - 4-tuple - HA (4, C, D, HA_C, fm_C(g™), u_C(h), k_C, HA_A,
fm_A(g™), u_ACh), k_A).
Input:
- Tap cac phuong an A = {41, A,, ..., A}, (véi m > 2);
- Tap céc tiéu chi C = {C;, C, ..., C,}, (v6in > 2);
- Tap ngudi ra quyét dinh D = {D;, D,, ..., D}, (v6i h > 2);
- Bo tham s6 (HA_C, fm_C(g~), u_C(h), k_C)// xay dung thang do L, (C);
- Bo tham sb (HA_A, fm_A(g™), u_A(h), k_A)// xdy dung thang do L, (4 );
- Ma tran quyét dinh ngon ngit A danh gia xép hang cac phuong 4n; Ma tran quyét
dinh ngon ngir P¢ danh gia trong sd quan trong ctia cac tiéu chi.
Output:
Thir hang clia cac phuong an 4; € A.
Begin
// Giai doan 1: EFAHP-HA xdc dinh trong s6 quan trong ciia cdc tiéu chi
1. Thiét ké cau triic phin cap MCDM (muc tiéu — tiéu chi — phwong dn).
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2. Xay dung thang do ngén ngit 4-tuple Ly, (C ) dwa trén HA bang cach lwa chon bé
tham sé6 ComHA, fm_C(g™), u_C(h), (k_C) theo cic Pinh nghia tir 1.4 dén 1.12
cung cac Ménh dé 1.1 dén 1.3.

3. foreach D, € D do
- Xdy dung ma tran so sanh cap ngon ngir P¢ boi cong thiec (3.7)
- Chuyén P€ sang ma trdn GTFN béi cong thire (3.10)
- Tinh chi s6 nhat quan CIE, theo cong thirc (3.4)
- Tinh ty 1é nhadt qudn CR,, theo céng thirc (3.5)
- while CRf, 4, = 0.10 do
Yéu cau chuyén gia D€ hiéu chinh lai ma trdn P®
Cdp nhat lai P¢, Clf; 4, CRf 4 theo cac cong thire (3.7), (3.10), (3.4)
va (3.5)
end while
end for
4. Tong hop cdc ma trdn so sanh cdp cua tdt ca cac chuyén gia thanh ma trin
tong hop nhom AP theo cong thuc (3.11).
5. foreach C; € Cdo
Tinh gid tri mé rong tong hop mo P; theo cong thire (3.12).
Tinh trong tam m; theo cong thurc (3.13).
Tinh khodng cach D(IP;, €) theo cong thirc (3.14).
end for
6.  Chudn héa dé thu dwoc vector trong s6 w = (Wy, ..., Wy, theo (3.15).
// Giai doan 2: 4-tuple - HA déanh gid va xép hang phwong dn bang 4-tuple - HA
7. Xdy dung thang do 4-tuple Ly, (A ) dwa trén HA bang cdach lywa chon bg tham so
ComHA, fm_A(g™), u_A(h), (k_A) boi cac Pinh nghia tir (1.4) - (1.12)
8. foreach D, € D do
Thu thdp ma tran A® = (Uf;)m xn theo cong thirc (3.8);
Chuyén ui; — 4-tuple (x, Sy (x), 9(x), 1) boi Dinh nghia 1.10.
end for
9. foreach A; € Ado
for each C; € C do
Téng hop danh gid ciia h chuyén gia bang phép trung binh cong g dé xdy
dung ma trdn tong hop AA = (Q;;)mxn theo cong thirc (3.16).
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end for
Tinh diém tong hop c6 trong sé cho phwong dn A; trén toan bé tdp tiéu chi
C bang phép két nhdp trung binh cé trong sé va véc-to trong so theo cong thirc
(3.17)
end for
10. Xép hang cdc phwong dn theo r(A;) giam dan (diém 1om nhdt xép hang 1).
11. return Rank (4;), v6i A; € A
End

Béng 3.5. Do phuc tap cua thuat toan thuc hién cac cong thire trong mo hinh
EFAHP - 4-tuple - HA

STT | Cong thuc Noi dung tinh todn Do phuc tap
Xay dung cac ma tran so sanh c@p ngdn ngit cho )
! 3-7) h chuyén gia, mdi ma tran co kich thudc n x n. Olhxn)
) (3.8) Xay dung cac ma tran danh gia phuong an cho /4 O(hxmxn)

chuyén gia, mdi ma tran c6 kich thudc m x n.

Tinh d¢ do tinh mo ciia mét tir ngdn ngilr sinh boi
3 (3.9) gia tir; néu ap dung cho toan bo tap tir X, thi co o)
thé xem 1 O (|Xy|).

Chuyén toan bd cac ma tran so sanh cip ngdn ngit
4 (3.10) | sang ma tran GTEN; mdi phén tir dugc xir 1y trong | O(hxn?)
thoi gian hang sb.

Tong hop céc ma tran so sanh c@p cua /2 chuyén

2
> (3.11) gia thanh mdt ma tran nhom kich thuée n X n. Othxn?)
Tinh céc gia tri mé rong tong hop mo cho toan bd
5 (3.12) n tiéu chi; mdi tiéu chi can cac phép cong va O(n’)

chuan hoa trén cac hang va phan bu cua ma tran
nhom.

Tinh chi s trong tdm cho 7 s6 md tong hop, mdi
7 (3.13) trong tam duogc xac dinh béng sb lugng hitu han O(n)
phép toan s hoc.

Tinh khoang cach tir n trong tim dén diém tham

8 19| chidu; mBi khoang cich c6 chi phi hing sb.

O(n)
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STT | Cong thuc Noi dung tinh todn Do phuc tap
9 (3.15) Chuan A’ho? n Akhoaflg cach d¢ thu dugc véc-to O(n)
trong so cua tiéu chi.
Téng hop danh gia ciia & chuyén gia trén toan b
10 (3.16) ma tran quyét dinh nhom kich thuée m x n. Othxm>n)
1 (3.17) T1Anh dlim tor,lg hop c6 trong so6 cho m phuong an O(mxn)
trén n ti€u chi.

Ky hiéu: m 1a sb phuong an; n 1a s6 tiéu chi; A 1a s6 chuyén gia. Do phuc tap dudi
day dugc xac dinh theo chi phi thoi gian dé tinh toan b dai lwong tuong ng véi timg
cong thirc trong mot 1an thuc hién mo hinh.

Nhdn xét: Do phuc tap thoi gian chi phdi ctia mé hinh EFAHP - 4-tuple - HA 1a
O(max (hxn? hxmxn, n, mxn)). Trong truong hop thong thuong khi sé tiéu chi nho
hon dang ké so v&i s6 phuong an, chi phi tong hop danh gid phuong dn O(hxmxXn)
thuong 1a thanh phan chi phdi; nguoc lai, néu sb tiéu chi 16n thi budc tinh gia tri mo

rong tong hop md theo cong thirc (3.12) c6 thé trd thanh nit thit véi do phic tap O(n?).

3.4. Ung dung mé hinh dé xuit vao dinh gia mirc d9 sin sang chuyén d6i so cia
SMEs trong linh vuc ban 1é tai Viét Nam

Dé kiém chimg tinh kha thi va gia tri tmg dung ctia md hinh d& xuat, luan 4n ép dung
mo hinh EFAHP - 4-tuple - HA vao bai todn danh gia mirc d sin sang chuyén doi s6
cia SMEs trong linh vuc bén 1€ tai Viét Nam. Linh vuc ban 1¢ dugc lua chon vi day 1a
mdt trong nhimg nganh chiu tic dong manh cua chuyén dbi sd, gan véi sy thay doi
nhanh cta hanh vi tiéu dung, phuong thirc ban hang va moé hinh kinh doanh.

Trong bai todn nay, bd dit liéu thuc nghiém gém 4 chuyén gia, 16 SMEs, 7 ti€u chi
chinh va 34 tiéu chi con. Cy thé, bén chuyén gia trong linh vic nghién ctru va quan tri
béan 1¢ tham gia danh gia mirc d6 quan trong cia bd tiéu chi gdm 7 tiéu chi chinh va 34
tiéu chi con, dugc xdy dung trén co sé Quyét dinh s6 2158/QD-BTTTT ngay 07/11/2023
ctia B Thong tin va Truyén thong va dugce trinh bay trong Bang A1.1 ¢ phan Phu luc A
[1]; déng tho1 16 SMEs trong linh vuc ban 1¢ tai Viét Nam dugc lya chon dé khao sat

hién trang chuyén doi so.
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Trén co s& do, Hoi dong chuyén gia thong nhét xay dung hai thang do 4-tuple ngit
nghia dya trén HA, ky hiéu L, (C ) va Ly (A), 1an luot dung cho dénh gia tAm quan trong
cua tiéu chi va danh gid muc d§ dép ung ctia doanh nghiép. Theo do, 4 chuyén gia su
dung thang do L, (C) trong Bang 3.7 d¢ thuc hién so sanh cdp va xac dinh mirc d6 quan
trong tuong ddi ciia cac tiéu chi, trong khi 16 SMEs dugc khao sat cung cap muc do dap
mg dbi v6i timg tiéu chi danh gia trén thang do L, (A) trong Bang 3.8.

Qua trinh tinh toan thyc nghiém ctia mé hinh EFAHP - 4-tuple - HA dugc t6 chire
theo hai giai doan: (i) xac dinh trong sb cua tiéu chi c6 kiém soat tinh nhit quan bing
phuong phap FAHP cai tién trong méi trudng HA va (ii) tong hop, dénh gia va xép hang
mirc d6 sdn sang chuyén ddi sb ctia cac doanh nghiép bang mé hinh 4-tuple ngir nghia
dwa trén HA. Noi dung thyc hién cu thé cia timg giai doan dugc trinh bay nhu sau:

Buwéc 1. Xay dyung thang do ngon ngit 4-tuple ngit nghia dya trén HA dé danh gia
muc do quan trong cua cac tiéu chi chinh va tiéu chi con

Trén co s& bo tiéu chi gdm 7 tidu chi chinh va 34 tiéu chi con, hoi dong chuyén gia
thdng nhét lya chon ciu tric ComHA tuyén tinh va bo tham sd ngir nghia trinh bay trong
Bang 3.6 dé xay dung thang do ngdn ngir 4-tuple dya trén HA dung cho danh gia mirc

dd quan trong cua céc tiéu chi.

Bang 3.6. Thiét 1ap cau tric ComHA va bd tham sb ngit nghia

L L o L .| D6 daitdi da
Phan tir sinh Cac tir hang Giatr |BPodotinhme| | | | .
ComH.A cua tir ngdn ngik
g g O | W\ 1 |hoy| hy |fiy(g)|ulh-y) k
Ay u I EU|M|EI| L |V |0489 ]| 0528 2

Tur cic Dinh nghia 1.4 - 1.12 cung cac Ménh dé 1.1 - 1.3, thang do ngdn ngit L,(C)
duoc thiét 1ap dudi dang 4-tuple ngit nghia, trong d6 mdi tir ngdn ngir dugc biéu dién
bai mot bo 4-tuple (x, 9(x), Sy, (x), 7;,), cho phép bao toan dong thoi ndi dung ngir nghia
va muc do bat dinh cta danh gia. Két qua xay dung thang do ngon ngir duoc trinh bay

trong Bang 3.7 dudi day:
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Bang 3.7. Thang do ngdn ngit 4-tuple xac dinh trong s6 cua tiéu chi (LZ(E ))

T ngdn noie 4-tuple ngi nghia
EU (EU, 0.1,[0.1, 0.146), 0.1)
VU (VU, 0.198_[0.146,0.256), 0.198)
U (U, 0.308, [0.256, 0.366), 0.308)
LU (LU, 0430, [0366, 0 488), 0.430)
M (WL 0.540, [0 488, 0.5394), 0.5340)
LI (LI, 0.633, [0.394, 0.722), 0.633)
I (I, 0.783, [0.722, 0.837), 0.783)
VI (VI, 0.898, [0.837, 0.952), 0.898)
EI (EL 1, [0952 1]. 1))

Budérc 2. Xay dyung, kiém tra tinh nhat quan va tong hop ma tran so sanh cap

Duya trén b tidu chi trong Bang Al.1 & phan Phy luc A va thang do L,(C), mdi
chuyén gia xay dung cdc ma tran so sanh cip ngdn ngit dé danh gia mac do quan trong
tuong d6i gitra cac tiéu chi chinh va céc tiéu chi con theo cong thic (3.7).

Céac ma tran nay sau d6 duoc chuyén sang cac ma tran GTFN theo cong thirc (3.10),
1am co s& dé tinh chi s6 nhat quan CI,va ty 18 nhat quan CR stheo cac cong thirc (3.4)
va (3.5). Két qua cho thay tat ca cac ma tran déu thoa man diéu kién CR, < 0.10,
chtg to cac phan doan ctia chuyén gia dat yéu cau vé tinh nhat quan.

Trén co s& do, cic ma tran ca nhan dugc tong hop bang phép trung binh cong theo
cong thirc (3.11) dé thu duoc ma trén so sanh cip md nhom AP. Két qua tong hop ma
tran so sanh mo trung binh ciia bay tidu chi chinh thé hién trong cac Bang A1.2 & phan
Phu lyc A d4 phan 4nh twong d6i nhit quan danh gia tong hop cua hoi dong chuyén gia
vé tim quan trong tuong ddi gitra cac tiéu chi. Twong tu véi tat ca cac ma tran so sanh
mo trung binh & 34 tiéu chi con thudc bay tiéu chi chinh ciing dat yéu cau nhat quan.

Buwéc 3. Xac dinh cac gia tri mé rong tong hop mo va vée-to trong sé cua cac Tiéu
chi chinh, ti€u chi con

Tir cac ma trin AP, cac gia tri mé rong tong hop mo cta 7 tiéu chi chinh va 34 tiéu
chi dugc tinh boi cac cong thire (3.12) - (3.14), sau d6 chudn héa theo cong thirc (3.15)
dé thu duoc cac véc-to trong sb tuong ing.

Két qua tinh toan cho thay toan bo bo tiéu chi duoc lwong hoa nhat quan trong cling
mdt khuon kho ngir nghia dya trén HA, qua d6 phan anh r& muc d6 quan trong twong

doi1 gitra cac Tiéu chi chinh cling nhu gitra cac ti€u chi con trong ting ti€u chi chinh.
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Céc gia tri m& rong tong hop mo ctia 7 tiéu chi chinh va 34 tiéu chi con dugc trinh
bay trong Bang A1.3, con cac véc-to trong s6 twong tng dugc trinh bay trong Bang A1.4

Két qua & Bang A1.4 cho thay tiéu chi chinh Nang luc con ngudi va té chire (P7) ¢6
trong s6 16n nhat, tiép theo 13 Quan 1y rai ro va an ninh mang (P6), trong khi cac tiéu
chi chinh con lai c6 mirc d6 quan trong phan bd twong ddi dong déu.

Két qua nay phu hop vé6i dic thu chuyén ddi sé cia SMEs ban 16 tai Viét Nam, noi
nang lyc con ngudi, kha nang thich Gmg cua t6 chirc va ning luc bao dam an toan cong
nghé giit vai trd quan trong. O cép do tiéu chi con, cac trong sd thu duoc 1a co so dinh
luong cho giai doan tong hop danh gia va xép hang doanh nghiép & budc tiép theo.

Buwéc 4. Xay dung thang do ngdn ngir 4-tuple dé danh gia muc do sin sang chuyén
doi s6 cia SMEs ban 1€ tai Viét Nam

Can cir Quyét dinh sé 2158/QD-BTTTT ngay 07/11/2023 cia Bo Thong tin va
Truyén thong vé khung danh gia mirc do sin sang chuyén doi sé cia SMEs theo 5 cap
dd, luan an str dung thang do nam murc dé thu thap danh gia cia 16 SMEs ban 1¢ tai Viét
Nam di v6i b¢ tiéu chi da thiét 1ap trong Bang Al.1 & phan Phu luc A [1].

Dé bao dam tinh nhat quan ngir nghia trong toan bd quy trinh tinh toan véi tir ngon
ngit, hoi dong chuyén gia théng nhat xay dung moét ComHA tuyén tinh 4x* = (X, G, €,
H, o, ¢ <) voi tap phan tir sinh G = {Low, High}, tap tir hing € = {Extremely Low,
Medium, Extremely High}, cing b tham sb ngit nghia fm(Low) = 0.518, p(Little) =
0495vak =1.

Trén co s& cac Pinh nghia 1.4 -1.12, cing cac Ménh dé 1.1 - 1.3, thang do ngdn ngi
4-tuple L,(A) duoc xay dung dua trén HA dé danh gia mirc do sin sang chuyén doi s6
cua SMEs.

Két qua thu dugc 1a thang do gdm nim murc ngdn ngit duoc biéu dién 4-tuple ngir

nghia tuong Ung trong Bang 3.8 dudi day:

Bang 3.8. Thang do ngdn ngir 4-tuple dé danh gia cac phuwong an L, (A )

TT Ti¥ ngdn ngir 4-tuple ngi¥ nghia

1  [Extremely Low (EL) (EL.0.1,[0.1,0.219),0.1)

2 [Low (L) (L.0.336,[0.219,0.450), 0.336)
3 Medium (M) (M, 0.566, [0.450, 0.673), 0.566)
4 High (H) (H, 0.781, [D.675_0.889) 0781)
5  [Extremely High (EH) (EH, 1,[0.889,1]. 1)
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Trong thang do mdi mirc danh gia khong chi duoc biéu dién bang mot nhian ngon
ngit, ma con gan véi gia tri dinh lugng ngir nghia, khoang tuong ty ngir nghia va gia tri
tham chiéu trong mién chuan hoéa [0.1, 1]. Nho d6, dit liéu khao sat ciia doanh nghiép
vira bao toan duoc kha ning dién gii, vira co thé duoc xtr Iy dinh luong trong cac phép
két nhap va tong hop cé trong sd & cac budc tiép theo. Cach tiép can nay bao dam sy
tuong thich giita giai doan xac dinh trong so bang EFAHP-HA va giai doan xép hang
doanh nghiép bang mo hinh 4-tuple ngir nghia dua trén HA, qua d6 duy tri tinh nhat
quan xuyén sudt ctia toan bd mo hinh dé xuét.

Buwéc 5. Thu thap va chuyén doi cac danh gia muc d6 chuyén dbi s6 ciia 16 SMEs
sang biéu dién dang 4-tuple ngit nghia

Dua trén thang do ngon ngir 4-tuple da xay dung & Budc 4, dir liu khdo sat dugce
thu thap tr 16 SMEs ban 1¢ tai Viét Nam cho toan bg 34 ti€u chi thudc 7 ti€u chi chinh
ctia md hinh. Mdi doanh nghiép ty danh gid mirc d6 san sang chuyén doi sé theo timg
tiéu chi bang mot trong ndm mirc ngdn ngir trong Bang 3.8, tir d6 hinh thanh ma trdn
danh gia ngon ngir A® theo cong thirc (3.8).

Tiép theo, mdi phan tir trong ma tran A® dugc chuyén sang biéu dién 4-tuple ngir
nghia theo cac Pinh nghia 1.10 -1.12, titc dudi dang (x, 9(x), Sqey (X), rx). Viéc chuyén
d6i nay duogc thuc hién théng nhét cho toan bd 16 SMEs va 34 tiéu chi, bao dam moi
danh gia dau vao déu dugc biéu dién trong ciing mot khong gian ngit nghia chuan hoa
dua trén HA.

Buwéc 6. Tong hop két qua va xép hang murc do sin sang chuyén d6i s6 cia 16 SMEs
ban 1¢ tai Viét Nam

Sau khi dit liéu khao sat dugc chuyén sang biéu dién 4-tuple ngir nghia, cac danh
gia cia ting doanh nghiép theo ting tiéu chi duoc tong hop bang phép két nhap trung
binh cdng theo cong thurc (3.16).

Tiép @0, diém tong hop cubi cung ctia mdi doanh nghiép duoc xac dinh bang phép
két nhap trung binh co trong s6 theo cong thirc (3.17), trong d6 véc-to trong sd cua cac
tiéu chi chinh va tiéu chi con duoc 13y tir két qua ctia Bude 3. Theo cach tiép can nay,
mirc 46 san sang chuyén doi s6 tong thé cia mdi doanh nghiép phan anh dong thoi muc
do dap ung thyc té trén timg tiéu chi va tam quan trong twong ddi cua tiéu chi d6 trong
cau triic phan cép cua bai toan. Két qua danh gia c6 trong sb theo timg tiéu chi cta 16
SMEs dugc trinh bay trong Bang A1.5, con téng diém va thir hang cubi ciing dugc trinh
bay trong Bang 3.9 dudi day:
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Bang 3.9. Tong hop diém sb va xép hang muc do chuyén d6i s cho 16 SMEs trong linh vuc
ban 1¢ tai Viét Nam

Dna-jih Téng didm Mo hinh 4-tuple ngi¥ nghia The: hang
nghiép x Sk(x) 9x) 7
El 0.3522 L [0.219, 0.450) | 0.3360 |0.3522 2
E2 0.3930 L [0.219, 0.450) | 0.3360 |0.3930
E3 02318 L [0:219, 0.450) | 03360 |02318 16
E4 0.3380 L [0.219, 0.450) | 0.3360 |0.3380 5
E5 0.3446 L [0.219, 0.450) | 0.3360 |0.3446
E6 0.3381 L [0.219,0.450) | 0.3360 |0.3381 4
E7 0.2876 L [0.219, 0.450) | 0.3360 |0.2876 10
E8 0.3250 L [0.219, 0.450) | 0.3360 |0.3250 6
E9 0.2956 L [0.219, 0.450) | 0.3360 |0.2956
E10 0.3010 L [0.219,0.450) | 0.3360 |0.3010 7
Ell 0.2767 L [0.219, 0.450) | 0.3360 |0.2767 13
E12 0.2826 L [0.219,0.450) | 0.3360 |0.2826 11
E13 0.2770 L [0.219, 0.450) | 0.3360 |0.2770 12
El4 0.2950 L [0.219,0.450) | 0.3360 |0.2950 9
El5 0.2765 L [0.219, 0.450) | 0.3360 |0.2765 14
El6 0.2761 L [0.219,0.450) | 0.3360 |0.2761 15

Két qua trong Bang 3.9 cho thdy mo6 hinh EFAHP - 4-tuple - HA c6 kha ning téng
hop va xép hang cho 16 SMEs mot cach nhat quan ca vé mat dinh lugng va ngir nghia.
Mic du cac doanh nghiép déu dugc dnh xa vao ciing mot nhan ngén ngir L (Low), mo
hinh van phan biét dugc mirc d6 khac nhau gifta cac doanh nghiép thong qua gid tri tham
chiéu 7. Nho d6, két qua khong chi dimg & muc phéan 16p ngdn ngit tong quat ma con
cho phép xép hang chi tiét ngay trong cling mot 16p ngdn ngir. Trong s6 16 SMEs khao
sat, E2 dat diém cao nhat (0.3930), tiép theo 1a E1 (0.3522), E5 (0.3446), E6 (0.3381)
va E4 (0.3380), trong khi E3 c6 diém thap nhat (0.2318). Diéu nay cho thiy murc do sin
sang chuyén d6i s6 cua tap SMEs ban 1¢ tham gia khao sat nhin chung con & mirc thap,
nhung ngay trong ndi bo tdp nay van ton tai sy phan hoa tuong ddi rd gitta nhom dan
dau, nhom tim trung va nhém xép cudi.

Vé phuong phap luan, két qua thyc nghiém khang dinh wu diém cta mo hinh dé
Xuat trong moi truong HA: vira bao toan duoc kha niang dién giai tu nhién ctia thong tin

ngdn ngir, vira duy tri duoc d6 nhay can thiét &é nhan dién cac khac biét dinh lugng nhod
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giita cac ddi tuong dugc danh gia. V& mit thuc tién, két qua trong Bang 3.9 cho thiy
SMEs khao sat tuy chua vuot qua ngudng “Low” vé mirc d6 sin sang chuyén doi sb,
nhung trong ndi bd nhom nay da xuét hién su khac biét tuong ddi o vé muc do chuan
bi va trién khai chuyén ddi sé giita nhém dén dau, nhom tim trung va nhém cudi. Nhom
doanh nghiép c6 diém cao hon, tiéu biéu 1a E2, E1 va ES, cho thay kha nang da thiét lap
dugc nén tang to chirc, quy trinh va ning luc trién khai s6 t6t hon so véi phan con lai.
Nguoc lai, cac doanh nghiép c6 diém thap nhu E3, E16, E15 va E11. Piéu d6 cho thiy
nhu cau tiép tuc dau tu va cai thién co hé théng ddi véi cac nang luc sb cot 161 cia SMEs

ban 1¢ tai Viét Nam trong giai doan téi.

3.5. Phan tich d9 nhay va so sanh két qua

3.5.1. Phan tich do nhay

Pé danh gia d6 6n dinh va do tin cy két qua cia mé hinh dé xuat, luan 4n thuc hién
phan tich d6 nhay theo hai kich ban nhiéu trén ma trin so sanh cip giita bay tiéu chi
chinh. Trong do:

O kich ban 1, tir kich ban ban dau S0, cic kich ban S§1 — S6 dugc xay dung bang
cach lan lugt tang mQt murc uu tién cua tung ti€u chi chinh P1, ..., P7 so vdi sau Tiéu
chi chinh con lai trén thang do ngén ngir L,(C), nham xem xét riéng r& mirc do anh
hudng cua timg Tiéu chi chinh dén két qua xép hang.

O kich ban 2, toan bo cac gia tri so sanh cdp cua bay tiéu chi chinh dugc gy nhidu
dong déu bang cach tang 1én mot cap do trén cung thang do L, (C), qua d6 danh gia muc
dd 6n dinh ctia mé hinh trudc bién dong hé théng cua bo trong $0.

Thiét ké nay cho phép kiém tra déng thot1 d6 nhay cuc bd va do nhay toan cuc cua
mo hinh, tir 46 1am rd kha nang duy tri tinh nhat quan va do tin cay cta két qua xép hang
trong bai toan danh gia mirc d6 sin sang chuyén d6i sé ctia 16 SMEs ban 1¢ tai Viét
Nam. Két qua phan tich duoc tong hop trong Bang A1.6 va minh hoa tryc quan trong

Hinh 3.2 va Hinh 3.3 dudi day:
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Hinh 3.2. Phan tich do nhay theo kich bdan nhiéu don tiéu chi

Két qua ciia kich ban 1: thé hién trong Bang A1.6 va Hinh 3.2 cho thdy mé hinh c6
d6 6n dinh cao d6i véi nhom doanh nghiép dung diu va nhom doanh nghiép xép cudi.
Cu thé, doanh nghiép E2 ludn duy tri vi tri hang nhat trong tat ca cac kich ban, voi téng
diém chi dao dong nhe trong khoang 0.389 - 0.400; doanh nghiép E1 ciing gitt on dinh
& hang 2 trong toan bd cac kich ban; twong tu, E3 luon xép cudi ¢ hang 16. Pidu nay
cho thiy két qua xép hang ctia mé hinh khong bi dao 16n trudc cac diéu chinh nho trong
mirc d6 vu tién cua cac Tiéu chi chinh, qua d6 phan anh d6 6n dinh va d6 6n dinh cao
ctia md hinh ddi v6i cac phuong an c6 wu thé hodc bat 1oi 16 rét.

Bién dong xép hang chil yéu xuat hién & nhém doanh nghiép tim trung, noi cac téng
diém tuong d6i gan nhau. Cuy thé, E4 dao dong giita hang 4 va 5; E5 va E6 hoan d6i giira
hang 3,4 va5 & mot s6 kich ban; E9 va E14 thay doi qua lai gitta hang 8 va 9. Murc dich
chuyén r& hon xuat hién ¢ E11, E13, E15 va E16; trong d6 E13 ¢6 thé giam tir hang 12
xudng hang 15, con E16 c6 thé tang tir hang 15 1én hang 13. Tuy nhién, cac thay doi nay
van nam trong pham vi hep va khong 1am thay doi cau trac xép hang tong thé. Két qua
nay cho thdy mo hinh vira ¢ nhay dé nhan dién cac khac biét nho giita SMEs ¢6 ning
luc tuong duong, vira du 6n dinh dé tranh tao ra cac bién dong cyc doan khi dau vao chi
thay d6i nhe.

Vé phuong phap luan, két qua phén tich theo kich ban nhidu don tiéu chi cho thay
mo hinh dé xuét dat duoc sy cin bang hop 1y gitta d6 on dinh va d6 nhay. D6 6n dinh
thé hién & viéc cac doanh nghiép dimg dau va xép cudi dugc nhan dién nhat quan qua
tat ca cac kich ban; trong khi d6, do nhay thé hién ¢ kha nang phan biét tinh trong nhom

doanh nghiép xép hang tim trung, noi khoang cach diém sd nho va su thay doi trong sd
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cia mot tiéu chi chinh c6 thé lam thay ddi quan hé thr hang cuc bd. DPay la dac diém
quan trong d6i véi bai toan MCGDM sir dung thong tin ngén ngit, vi trong thyc té, cac
danh gia chuyén gia ludn chira dung tinh mo hd va dao dong nhat dinh trong nhan thic
vé tam quan trong cua ti€u chi. Nho dya trén cAu trac ngir nghia ndi sinh cua HA, mo
hinh khong chi bao toan duogc trat ty nglr nghia cua cac danh gia ma con han ché su méo
léch két qua khi bo trong sé bi nhidu.

Xét theo kich ban 2: nhidu toan cuc, két qua minh hoa trong Hinh 3.3 cho thdy cau
trac xép hang téng thé van dugc duy tri, trong 6 ddi v6i cac doanh nghiép dan dau nhu
E2, E1 va doanh nghiép xép cudi 1a E3. Su bién dong tiép tuc tap trung & nhém doanh
nghiép tdm trung, phan anh kha ning phan biét tinh ctia mo hinh trong cac truong hop
c¢6 diém sd gan nhau. Mot s6 dich chuyén nhu E16 ting hang hoac E13 giam hang cho
thdy két qua xép hang c6 phan tmg nhit dinh trudc bién dong hé thong cua trong sb,
nhung murc d6 thay d6i van khong du 1on dé pha v& cau trac xép hang chung. Piéu nay
cung cép thém bang chimg rang mo hinh dé xut c6 tinh 6n dinh cao khong chi trudc
cac nhiéu cuc bo theo timg tiéu chi chinh ma con trude cac bién dang cé tinh hé thong
trong toan bd ma tran so sanh cap.

El

El6 16 E2
14
E15 12 E3
10
8
E14 5 E4
4
2
E13 0 ES5
E12 E6
E11 E7
E10 E8
ES
S_Ban d3u S_Nhiéu toan cuc

Hinh 3.3. Phan tich d¢ nhay theo kich bdan nhiéu toan cuc

Tom lai, két qua phan tich d6 nhay khang dinh rang mo hinh EFAHP - 4-tuple - HA
c6 do 6n dinh cao, déng thoi van duy tri duge do nhay can thiét dé phan biét cac phuong
an c6 mirc danh gia gan nhau. Pay 1a mot minh chimg quan trong cho thdy mé hinh phu
hop v6i cac bai toan MCGDM trong mdi trudng ngdn ngit mo hd va khong chic chan,
noi vira can bao dam kha ning dién giai ngit nghia, vira can duy tri tinh 6n dinh ctia két
qua ra quyét dinh.
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3.5.2. So sdnh két qud va thio lugn

Nham danh gia mirc d6 twong dong va 1am rd cac khac biét trong két qua xép hang,

muc nay dbi sanh ba hudng tiép can trén cung bg dit 1iéu 16 SMEs ban 1¢ tai Viét Nam:

EFAHP - 4-tuple - HA [CT2], FAHP-FTOPSIS [58, 21] va HA-TOPSIS [CT1]. Viéc déi

sanh tap trung vao thu hang cuoi cung, mic do phan hoa gitra cac phuong an, co ché

xé4c dinh trong s6 cla tiéu chi, cach biéu dién va xur 1y thong tin ngdn ngit, dong thoi

lién hé vé6i két qué phan tich do nhay ctia m6 hinh dé xuét tai Muc 3.5.1. Do FAHP-
FTOPSIS va HA-TOPSIS sir dung hé s6 gan, con EFAHP - 4-tuple - HA st dung tong

diém két nhap, cac gia tri sé trong Bang 3.10 khong nam trén cung mot thang do va

khong dugc so sanh truc tiép vé d6 16n. Vi vay, ndi dung thdo luan chu yéu dua trén thir

hang va co ché hinh thanh két qua ctia timg mo hinh.

Bang 3.10. So sanh két quéa gitra moé hinh EFAHP - 4-tuple - HA v6i FAHP - FTOPSIS va
HA-TOPSIS

Doanh | FAHP-FTOPSIS [58,21] | HA-TOPSIS [CT1] |EFAHP - 4-tuple - HA [CT2]
nghiép Hé s6 gan | Thir hang | Hé s6 gan | Thi hang | Tdéng diém Thu hang
El 0.5813 4 0.0139 2 0.3522 2
E2 0.7010 1 0.0212 1 0.3930 1
E3 0.5206 11 0.0078 16 0.2318 16
E4 0.5183 12 0.0123 4 0.3380 5
ES 0.4764 13 0.0133 3 0.3446 3
E6 0.6081 2 0.0111 6 0.3381
E7 0.3388 16 0.0110 8 0.2876 10
E8 0.6051 0.0121 5 0.3250 6
E9 0.5476 0.0102 12 0.2956 8
E10 0.4724 14 0.0104 11 0.3010 7
El1l 0.5646 0.0108 9 0.2767 13
E12 0.5650 0.0107 10 0.2826 11
E13 0.4392 15 0.0100 13 0.2770 12
El4 0.5725 5 0.0110 7 0.2950 9
E15 0.5256 10 0.0100 14 0.2765 14
El6 0.5406 9 0.0094 15 0.2761 15

Bang 3.10 cho thiy ca ba md hinh déu xac dinh E2 & vi tri thir nhat. Tuy nhién, su

phan héa bat dau xudt hién rd rét & nhém SMEs ké can va nhom tam trung. EFAHP - 4-
tuple - HA xép 5 SMEs dan dau theo thtr ty E2 > E1 > E5 > E6 > E4; HA-TOPSIS
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cho E2 > E1 > E5 > E4 > ES8; con FAHP-FTOPSIS cho E2 > E6 > E8 > El1 > El4.
EFAHP - 4-tuple - HA va HA-TOPSIS cung xép E3 & vi tri cudi, trong khi FAHP-
FTOPSIS xép E7 ¢ vitri 16 va E3 ¢ vi tri 11. Hai m6 hinh dya trén HA trung khép vi
tri xép hang tai 6 SMEs: E1, E2, E3, E5, E15 va E16, dong thoi ¢6 cing 3 vi tri ddn dau
1a E2, E1 va E5. Két qua nay cho thiy mirc do tuong dong thir hang gitta EFAHP - 4-
tuple - HA va HA-TOPSIS cao hon so véi sy tuong dong ciia tmg md hinh nay véi
FAHP-FTOPSIS trén bd dir li¢u dang xét.

Dé luong hoa mirc do tuong dong thir hang giita cac mo hinh ddi sanh, luan an s
dung hé sb tuong quan thir hang Spearman (p) [100] va Kendall (x) [67], khi khong co
hang tring trong tirng mo hinh. Két qua dugc tong hop tai Bang 3.11 dudi day:

Bang 3.11. Hé s tuong quan thir hang va mirc d6 dong thuan giira cac mo hinh ddi sanh.

Cap mo6 hinh ddi sanh Hé sb Spearman (p) | HE s6 Kendall (©)
A obsis ctn 09059 08000
P AT FTOPSIS (36,211 03912 03167
HA-TOPSIS [CT1] va FAHP- 0.4382 0.3500

FTOPSIS [58, 21]

Cap mo hinh EFAHP - 4-tuple - HA va HA-TOPSIS dat chi so tuong quan thir
hang va muc d6 dong thuan & muc rat cao vai p = 0.9059 va x=0.8000 13 minh ching
thyc nghiém khang dinh rang: khi cung dua trén nén tang HA, cic mo hinh ra quyét dinh
dat duoc tinh nhat quan rat cao bat ké co ché xép hang 1a két nhap truc tiép hay do
khoang cach. Nguoc lai cap EFAHP - 4-tuple - HA va FAHP-FTOPSIS thép hon 10 rét,
voi p=0.3912 va «=0.3167; va cap HA-TOPSIS va FAHP-FTOPSIS c6 p=0.4382 va
x=0.3500 chi ra rang cac phuong phap dua trén tdp mo truyén théng, qua budc gidi mo
hay chuyén d6i s6 mo sang s thuc dé tinh khoang cach thudng gy ra hién tuong suy
giam hodc mat mat thong tin ngdn ngir ban dau.

Poi véi mé hinh EFAHP - 4-tuple - HA [CT2]: Céu tric xép hang duoc hinh thanh
qua hai giai doan lién thong. O giai doan 1, trong s6 ctia 7 tiéu chi chinh va 34 tiéu chi
con dugc suy ra tir cAc ma tran so sanh cap ngén ngir bang EFAHP-HA; cac phan doan
dugc kiém soat tinh nhat quan theo co ché phat trién tai Muc 3.2 dé tinh CI%, va CRf,
thoa min CR4 < 0.10 trude khi sir dung dé xac dinh véc-to trong sb cua tiéu chi. O giai
doan thtr hai, danh gia cia SMEs dugc biéu dién bang 4-tuple ngit nghia, két nhap theo
cong thirc (3.16), sau d6 tong hop co trong s6 dé tinh diém theo cong thirc (3.17) va xép
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hang. Theo Bang 3.9, 16 SMEs trong mau khao sat déu dugc anh xa vao nhan L (Low),
nhung van c6 cac gia tri dinh luong va gia tri tham chiéu khac nhau. Nho 6, mé hinh
duy tri dugc kha nang phén biét thir hang gitra cdc doanh nghiép ngay cé khi chiing cuing
thudc mot 16p ngodn ngir. Chang han, E2 dat tong diém 0.3930, tiép theo 1a E1 vi 0.3522
va E5 voi 0.3446; trong khi E6 va E4 ¢6 diém rat gan nhau, twong tmg 0.3381 va 0.3380.
Nhimg chénh léch nhé nay cho thiy gia tri dinh lugng trong biéu dién 4-tuple dugc st
dung dé sap th tu chi tiét trong ciing 16p ngdn ngi, thay vi dong nhat cic phuong an
chi vi chiing ¢6 cing nhan danh gia, phan 4anh chinh xac sy khac biét tinh té trong ning
luc chuyén ddi s6 giita SMEs.

Poéi véi FAHP-FTOPSIS [58, 21]: E2 ciing dugc xac dinh ¢ vi tri thir nhat v6i hé s6
gan 0.7010, nhung ciu tric thir hang con lai khac dang ké so voi EFAHP - 4-tuple - HA.
E6 va E8 lan luot dung thi hai va thir ba, trong khi E5 tir hang 3 & mo hinh dé xuat
xudng hang 13, E4 tir hang 5 xu6ng hang 12 va E8 tir hang 6 1én hang 3. FAHP-FTOPSIS
sir dung FAHP [58] dé xac dinh trong s6 va FTOPSIS [21] dé xép hang trén khong gian
biéu dién mo, trong d6 cac danh gia duoc xu Iy thong qua sd mo, giai phap 1y tudng,
khoang cach va hé s6 gan. Nhiing sai khac nay cho thdy phuong phap dua trén tip mo
truyén thdng van nhan dién ding SME dung dau, nhung thiéu 6n dinh hon ¢ nhém
SMEs tim trung va cin trén. Nguyén nhan chil yéu cta su khac biét néu trén xuét phat
tir nén tang biéu dién, tinh todn mo va khir md; ¢ thé 1am suy giam mot phan cau tric
ngir nghia ban dau, dic biét khi cac phuong an c6 mirc danh gia twong d6i gan nhau. Vi
vay, két qua cia no co thé nhay hon ddi vai cach lua chon ham thudc, dang s6 mo va
quy tac giai mo, dan t6i sy bién dong thir hang & nhitng phuong an khong cach biét 16n
vé chit luong tong thé.

Thir ba, doi véi HA-TOPSIS [CT1]: thit hang E2 > E1 > E5 & ba vi tri du tring
v61 EFAHP - 4-tuple - HA. HA-TOPSIS sur dung thang do ngén ngt va ham SQM cua
HA dé dinh lugng cac danh gia, xac dinh PIS/NIS, do khodng cach va tinh hé ) gﬁn.
Vé trong sd ciia tiéu chi, cac chuyén gia danh gia tryc tiép mic d6 quan trong cia ting
tiéu chi bang cac tir ngdn ngit; cac danh gid nay dugc dinh luong va két nhap dé hinh
thanh véc-to trong s6. Cach xac dinh nay khong sir dung ma tran so sanh cip va co ché
kiém soat tinh nhat quan nhu EFAHP-HA.. Do d6, khac biét giira hai mé hinh khong chi
nam & quy tic xép hang - khoang cach téi PIS/NIS d6i véi HA-TOPSIS va két nhap 4-
tuple 6 trong s6 ddi véi EFAHP - 4-tuple - HA - ma con & cach hinh thanh trong s6 ciia
ti€u chi. Do do, cac sai khac thir hang cia SMEs: E4, E6, E9, E10, E11 va mot sb phuong
an khac, dugc xem 1a khoang trong phuong phéap luan cia HA-TOPSIS: miac du da xir

Iy tot bai toan x&p hang trén mién ngdn ngit, md hinh nay chwa tich hop mét co ché xac
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dinh trong s cua tiéu chi ndi sinh c6 kiém so4t tinh nhat quan nhu EFAHP-HA. Vi vay,
mo hinh EFAHP - 4-tuple - HA ¢6 thé duoc xem 1a phu hop voi logic phat trién cta luan
an tir giai quyét bai todn xép hang sang bd sung co ché xac dinh trong s c6 kiém soat
tinh nhat quén

Xét tong thé Bang 3.10, sy twong dong giita EFAHP - 4-tuple — HA [CT2] va HA-
TOPSIS [CT1] tap trung & nhém dan dau va nhém xép cudi, trong khi cac sai khac chu
yéu xuét hién & nhom tam trung. Cac SMEs: E4, E6, E7, E9, E10, E11, E12, E13 va E14
c6 nhiing thay d6i thir hang voi mic do khac nhau gitra hai mo hinh. Diéu nay phi hop
v6i dic diém cua dit liéu thuc nghiém, khi nhiéu SMEs c6 téng diém tuong dbi gﬁn nhau
va cung thudc nhan L (Low). Trong trudng hop dé, thay doi vé trong sb cua tiéu chi
hodc quy tic tong hop co thé ddn dén hoan ddi cuc bd ma khong 1am thay d6i cac phuong
an c6 uu thé hodc bt lgi 13 rét. So v6i hai mé hinh dua trén HA, md hinh FAHP-
FTOPSIS dua trén 1y thuyét tdp mo tao ra nhiéu thay doi thir hang hon trén ciing bo dir
liéu. Két qua phan tich d6 nhay tai Muc 3.5.1 b6 sung bang ching vé d6 6n dinh cua
chinh m6 hinh EFAHP - 4-tuple - HA trong pham vi céac kich ban da khao sat. Khi gay
nhiéu don tiéu chi va nhiéu toan cuc trén ma tran so sanh cip ctia bay tiéu chi chinh, cac
SMEs dan dau E2, E1 va SME xép cubi E3 duy tri vi tri twong dbi 6n dinh; bién dong
chu yéu tap trung & nhém SMEs ¢6 diém gan nhau. Két qua nay cho thdy mé hinh c6
phan tmg trude thay doi cia trong s6 nhung khong 1am dao 16n ciu trac xép hang tong
thé trong cac kich ban dugc thiét ké; cung ¢ ludn diém rang loi thé cua HA khong chi
nam & biéu dién ngdn ngit, ma con & kha ning duy tri cau tric ngit nghia xuyén sudt tir
giai doan xac dinh trong s dén giai doan tong hop va xép hang.

Toém lai, trong pham vi thuc nghiém Chuong 3, EFAHP - 4-tuple - HA cho két qua
thong nhét voi hai mo hinh déi sanh ¢ phwong an dting dau va c6 mic twong dong thir
hang dang ké vi HA-TOPSIS, dic biét ¢ ba vi tri dan dau va cac phuong 4n cudi bang.
Diém khac biét phuong phap luan cia mé hinh dé xuat nam & viéc bo sung co ché xac
dinh trong s6 cta tiéu chi c6 kiém soat tinh nhat quan véi biéu dién, két nhap va xép
hang 4-tuple trén nén HA. Két qua phan tich d6 nhay cho thay céu tric xép hang ciia mo
hinh duy tri tuong ddi 6n dinh trong cac kich ban nhiéu da khao sat. Cac két qua nay hd
tro tinh kha thi va kha ning dién giai ctia mo hinh trong bai toan ddnh gia mirc d9 san
sang chuyén d6i s6 ctia 16 SMEs bén 1¢ tai Viét Nam. Do d6, mo hinh EFAHP - 4-tuple
- HA ¢6 thé dugc xem 1a mot mé rong hop 1y, nhat quan va cé gia tri phuong phap ludn
cho bai toan MCGDM ngén ngit mo ho va khong chic chan.
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3.6. Két luan chwong 3

Chuong 3 dd d& xudt mé hinh MCGDM tich hop FAHP cai tién vdi 4-tuple ngir
nghia dwa trén HA nham danh gia mic do sin sang chuyén d6i s cia SMEs ban 1¢ tai
Viét Nam. M6 hinh két hop co ché xac dinh trong s cia tiéu chi bang phuong phap
EFAHP kém co ché kiém soét tinh nhét quan trong méi truong HA, ddng thoi st dung
biéu dién 4-tuple ngit nghia dé két nhap va xép hang phuong an trén mién ngdn ngi.
Cach tiép can nay gop phan bao toan cdu trac ngit nghia cua thong tin dau vao, giam
mat mat thong tin trong tinh toan, dong thoi nang cao tinh nhat quan, kha nang dién giai
va d6 on dinh cua két qua.

Két qua thuc nghiém trén 16 SMEs cho thdy mo hinh dé xuat tich hop hiéu qua cac
danh gid ngon nglr cua chuyén gia va doanh nghiép, phan anh hop ly su khac biét gitra
cac phuong an ngay cé khi ching cung thuoc mot 16p ngén ngir danh gid. Phan tich do
nhay va dbi sanh véi md hinh HA-TOPSIS va FAHP - FTOPSIS tiép tuc cho thy tinh
kha thi, 6 6n dinh va kha niang dién giai cia mo hinh theo huéng tiép can HA trong bai
toan MCGDM str dung thong tin ngdn ngtr.

Trén co s& do, Chuong 4 s€ mo rong tir mé hinh MCGDM tinh sang MCGDM dong
dwa trén HA, nham mé hinh héa su bién thién theo thoi gian cua tdp phuong an, bo tiéu
chi va hoi dong chuyén gia; dong thoi xay dung cac phép két nhap ngon ngit méi trong
qua trinh tong hop nhom va két nhap gitra thong tin hién tai va lich sir ma van bao dam
trat ty ngit nghia va tinh nhat quan dinh luong trén thang do ngdn ngir HA, dong thoi
dam bao tinh 6n dinh, kha ning dién giai va do tin cdy cua két qua trong diéu kién bat

dinh va bién dong.
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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

Trong chuong nay, luan an dé xuat mot s6 1y thuyét mé rong cua HA nhu phép két
nhap ngdn ngit nhi phan va phép két nhap voi dir lidu khuyét thiéu ¢ co ché suy giam
ngit nghia phu hop trén thang do ngon ngir 4-tuple ngit nghia nham giai quyét mot s6
van vé bo tiéu chi, tdp phuong an, tip chuyén gia c6 thé thay doi theo thoi gian va di
li¢u lich str ctia bai todn MCGDM dong trong moi trudng ngdn ngilr dya trén HA.

Noi dung chinh ctia chuong 4 di dugc cong bd trong cong trinh [CT3].

4.1. Giéi thiéu

Chuong 4 13 budc phat trién mo hinh tiép theo cta luan an nhim mé rong khung
MCGDM duya trén HA tir bdi canh tinh sang bdi canh dong. Néu Chuong 2 tip trung
vao viéc phat trién mo hinh HA-TOPSIS dé xép hang phuong an trén mién ngdn ngi,
va Chuong 3 tap trung vao co ché xac dinh trong s6 ctia tiéu chi c¢6 kiém soat tinh nhat
quan trong mo hinh EFAHP - 4-tuple - HA, thi Chuong 4 hudng t6i mot yéu cau phuong
phap luan rong hon: xir Iy qua trinh ra quyét dinh khi dit liéu danh gid, phuong an, tiéu
chi hodc hoi dong chuyén gia c6 thé thay doi qua nhiéu thoi diém. Theo nghia do,
Chuong 4 khong 13p lai cac mo hinh tinh da x4y dung, ma ké thira chung dé phat trién
mot khung phuong phép xay dung mé hinh MCGDM dong c6 kha nang tich hop dir liéu
lich sir v&i danh gia hién tai trong moi trudng thong tin ngén ngir.

Su can thiét cia Chuong 4 xuat phét truc tiép tir khoang tréng nghién ctru thr ba da
duoc xac dinh & Chuong 1. Trong nhiéu bai toan thuc tién, trong do cac bai todn danh
gia theo chu ky nhu danh gia mirc d6 san sang chuyén ddi s6 [73, 16, 74], lua chon giai
phap cong nghé [26, 6], hoic xép hang phuong an dau tu [10, 90], quyét dinh cudi cling
khéng chi phu thudc vao dir liéu tai mot thoi diém don 1é. Tap phuong an c6 thé duoc
bod sung hoac loai bd; bg ti€u chi co thé dugc diéu chinh theo muc tiéu danh gia [23];
hoi dong chuyén gia ciing co thé thay doi do diéu kién to chirc, chuyén mén hodc pham
vi tham gia thuc té [32]; trong s cia tiéu chi co thé thay ddi khi wu tién cua t6 chirc
thay ddi va ma tran danh gia co thé dugc cap nhat khi xuét hién dir liéu méi. Vi vay,
MCGDM déng can duogc hiéu khong phai 14 viéc 13p lai doc 1ap nhiéu bai toan MCGDM
tinh, ma 1a mot 16p bai toan trong d6 thong tin ra quyét dinh thay doi theo thoi gian va

két qua tai thoi diém hién tai duoc xem xét trong quan hé véi dit lidu lich st [17, 29].
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Trong moéi truong thong tin ngdn ngtr, ddc trung dong cua bai toan lam phat sinh
thém nhimg khé khin vé phuong phap luan. Cac dénh gia ciia chuyén gia thuong duoc
biéu dat bing cac gia tri ngdn ngi, khi cac danh gia nay thay d6i theo thoi gian, viéc
tich hop dit liéu lich st v6i dit liéu hién tai khong thé chi dua trén phép trung binh s
hoc hodc gan trong sb thoi gian cho céc dai luong s6 trung gian. Cach tiép can nhu vay
c6 thé 1am suy giam mdi lién hé giira biéu dién dinh luong va ndi dung ngit nghia ban
dau, trong khi két qua tong hop nam gan ranh gidi giita cac khoang twong tu ngit nghia
hogc khi dit lidu tai mot sb thoi diém bj khuyét thiéu [23, 32]. Do d6, bai toan MCGDM
dong trong mdi trudng ngdn ngir doi hoi mot phép két nhap co kha ning bao toan trit tu
ngir nghia, xtr 1y dir liéu khuyét thiéu va phan anh hop Iy mtrc d6 suy giam anh huong
ctua dir liéu lich str theo thot gian [91, 29].

Céc nghién ctru hién c6 vé MCGDM dong trong méi trudng bat dinh da bude dau
giai quyét mot s6 khia canh cuia bai toan nay, chu yéu dua trén 1y thuyét tap mo, s6 mo
va cac toan tir két nhap theo thoi gian [23, 29, 31, 32, 91]. Tuy nhién, khi dit trong yéu
cau xur 1y truc tiép thong tin ngdn ngir, cac mo hinh ndy van con mét s6 han ché. Thi
nhét, két quéa tinh toan thuong phu thudc vao lga chon ham thudc, tham s6 mo hoa,
phuong phap giai mo hodc xap xi, lam suy giam tinh toan ven ngit nghia cua dit liéu dau
vao [32, 23]. Thu hai, co ché tich hop dir liéu lich sir thuong duge xdy dung bang trong
s6 thoi gian ngoai sinh, nhung chua lam rd day du su suy giam vé mit ngir nghia cua dir
lidu lich str [29, 32]. Tht ba, trong nhiéu trudng hgp, mo hinh chwa xir Iy mot cach nhét
quan cac tinh hubng dir liéu khuyét thiéu, phuong an méi xuat hién, tiéu chi thay doi
hozc hoi ddng chuyén gia khong on dinh qua cac thoi diém danh gia [23, 29]. Nhiing
han ché nay cho thdy nhu cau phat trién mot mé hinh MCGDM dong c6 co so ngit nghia
chit ché hon, do d6 luan 4n da Iya chon HA 1am nén tang biéu dién va dinh lugng thong
tin ngdn ngir.

Trong bdi canh d6, HA cung cip co s& toan hoc phul hop dé tiép can yéu cau trén
[52, 53]. Trong HA, mién gié tri ctia bién ngon ngir dugc to chirc nhu mot ciu tric co
trat tu ngir nghia; cac phan tir sinh va gia tir cho phép hinh thanh cac tir ngon ngir méi;
d6 do tinh md va SQM cho phép 4nh xa tir ngon ngit sang mién s6 ma van bao toan quan
hé thtr ty va ndi dung ngilr nghia co ban cua tur [52, 53, 54]. Trén nén tang d6, mo hinh
4-tuple ngir nghia cho phép biéu dién dong thdi nhan ngdn ngir, khoang tuong tu ngir
nghia, gié tri dinh luong ngit nghia va gia tri tham chiéu cta tir [54]. Day 1a co s& quan
trong dé xay dung cac phép két nhap ngon ngit, xir Iy sy dich chuyén ngir nghia cia
danh gia va thiét 1ap co ché suy giam ngit nghia cho dit lidu lich st trong bai toan
MCGDM dong.
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Mic du HA di duoc ung dung trong mét sé mé hinh MCDM va MCGDM ngon
ngir, nhung phan 16n cac mo hinh hién c¢6 cha yéu dugc phat trién trong bdi canh tinh
[3, 33, 54, 89]. Trong cac md hinh d6, dir liéu d4nh gia thuong dugc gia dinh 1a 6n dinh
tai mot thoi diém; trong sb cua tiéu chi, tap phuong an va tap chuyén gia thuong dugc
xac dinh trudc; con cac phép két nhap trén thang do 4-tuple ngir nghia chii yéu dua trén
trung binh sd hoc hodc trung binh c6 trong s6. Cach tiép can ndy c6 y nghia trong bai
toan tinh, nhung chua ¢t dé mo hinh hoa day du su bién doi cta thong tin theo thoi gian,
chua khai thac day du cau trac ngit nghia — dai s6 ciia HA trong két nhap nhiéu giai
doan, va chua hinh thanh co ché tich hop dit liéu lich sir theo huéng suy giam ngir nghia.
Do d6, viéc mé rong MCGDM duya trén HA sang bdi canh dong 14 bude phat trién can
thiét d¢ hoan thién khung phuong phap luan ctia lugn 4n.

Xuat phat tir cac phan tich trén, Chuong 4 phat trién khung phuong phap xay dung
mod hinh MCGDM dong trong moi truong ngodn ngir dua trén HA véi ba trong tdm chinh.
Thir nhat, phat trién phép két nhap ngdn ngir nhi phan moi trén thang do 4-tuple ngir
nghia, nham két nhap cac danh gia ngdn ngir trong diéu kién can bao toan quan hé ngir
nghia va mot sé tinh chat dai sé co ban. Thir hai, xdy dung phép két nhap voi dir lidu
Kkhuyét thiéu va co ché suy giam ngir nghia dé tich hop dit liéu lich st véi danh gia hién
tai, qua d6 phan anh hop 1y sy giam dan anh huong cta thong tin qua khir ma khong lam
dut gy ciu tric ngir nghia ciia danh gia. Thir ba, dé xuat mé hinh hai giai doan L-FAHP
- L-FTOPSIS dong dya trén HA, trong d6 L-FAHP - HA duoc str dung dé xac dinh trong
s6 cua tiéu chi trong mai truong ngdn ngir, con L-FTOPSIS - HA duoc str dung dé két
nhap, danh gia va xép hang phuong an qua nhiéu thoi diém. M6 hinh dé xuat dugc kiém
ching, phan tich do nhay, ddi sanh véi mo hinh lién quan thong qua bai toan dénh gia
mirc 6 chuyén d6i s6 cua 10 SMEs tai Viét Nam theo 4 tiéu chi chinh va 14 tiéu chi
con qua 3 thoi diém, nhim xem xét kha ning bao toan ngit nghia, do 6n dinh cua thi

hang va muc dd thich img ctia moé hinh trudce su bién déi ctua dir li€u theo thoi gian.

4.2. Ngir nghia tap mo cia tir ngon ngir trong HA

Mot trong nhiing cach dién giai ngir nghia quan trong ciia tir ngdn ngir 1a biéu dién
chung dudi dang tap mo. Trén co ciu traic HA, Nguyén Cat HO va cong sy da dé xuét
khai niém khung nhan thirc ngén ngir (Linguistic Frame of Cognition — LFoC), vé ban
chat c6 thé xem nhu mot thang do ngdn ngit [55]. Tir d6, ngit nghia cua cac tir ngdn ngir

trong LFoC dugc biéu dién thong qua ngit nghia don thé hat dudi dang tap mo tam giac.
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Trong chuong nay, dé xdy dung ngit nghia cia cac tir ngdn ngir trén thang do ngdn
ngir L, theo cach tiép can phan hoach bang cic tdp mo tam giac, luan an str dung mot
quy trinh sinh ngit nghia dua trén cac tinh chét dai s ciia HA. Quy trinh ndy bao dam
dong thoi ba yéu cdu co ban: bao toan thir ty ngit nghia cta cc tir ngdn ngilt, phan anh
dung sy bién d6i ngir nghia do tic dong cua gia tr, va duy tri tinh nhat quan dinh luong
thong qua ham SQM cua HA. Quy trinh nay dugc goi 1a phan hoach ngit nghia tap mo
tam giac, dugc mo ta nhu sau:

Xét mdi tlr ngdn ngit x; € Xy, voi X = {xq, X3, ..., X, }. Ngit nghia tdp mo cua x;
duogc biéu dién boi mot sb md tam giac (1, m, u), trong d6 cac tham s , m, u duoc xac
dinh nhu sau:

() Néui=1thil=0,m=0, u=19(x);

(i) Néui=nthil=9(x,_), m=1,u=1;

(i) Néul <i<nthil=90x_,), m=9(0x), u=09(xi,).

Trong do, 9(x;) la gia tri dinh lugng ngir nghia cua tir ngén ngir x; € X,

Nhu vay, tap cac tap mo tuong ng vdi cac tir ngdn ngir x; € X, trén thang do L
tao thanh mot phan hoach md cia mién ngit nghia dugc sinh boi cau trac HA. Goi Fp la
tap cac tAp mo gan Vi cac tir trong thang do Ly.

Pinh nghia 4.1. Anh xqa f,: L, — Fy, dugc goi la anh xa ngit nghia tdp mo tam gidc
(triangular fuzzy semantic — TFS) ciia mot tir ngén ngit. V&i moi tir ngon ngie x € Xy, trén
thang do L, dwoc biéu dién duéi dang 4-tuple ngiv nghia, ¥ = (x,9(x), S (x), 1) € Ly,
anh xa f,(X) duwoc xdc dinh boi,

f,(x) = (,mu) (4.1)
trong do, (I, m, u) duoc xac dinh theo quy trinh phan hoach ngir nghia tap mo tam
gidc néu trén.

Vi du 4.1. Xét mot ComHA, Ax*= (X, G, €, H, o, ¢, ), trong do G = {Unimportant
(U), Important (1)}, € = {0, w, 1} = {Extremely Unimportant (EU), Medium (M),
Extremely Important (EI)}, H = {Little (L), Very (V)}, voi u(L) = 0.528, fm(U) = 0.489,
uV)=1—-—ul)=1-0528=0472.

Voik=2tacoX, ={FU<VU<U<LU<M<LI<I<VI<EI.
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(i) Ap dung Ménh @é 1.1, tinh @6 do tinh mo ciia cdc tir ngén ngiv x; € X, dwoe xdc

dinh nhw sau:

Sm(EU) = 0;

fy(VU) = u(V) x fip(U) = 0.472 % 0.489 = 0.231;
fin(U) = 0.489;

fpLU) = w(L) X fig(U) = 0.528 x 0.489 = 0.258;
Sm(M) = 0;

fm(LD) = u(L) X fm() = 0.528 x 0.511 = 0.270;

fmd) =1—fmU) =1-0.489=0.511;

(VD) = uV) X fmd) = 0.472 x 0.511 = 0.241,;

(D) = 0.

(i) Tiép theo dp dung cdc Pinh nghia 1.5 dén 1.8 cing cdc Ménh dé 1.1 va 1.2, gid
tri dinh luwong ngit nghia cua cdc tw ngon ngit trong X, dvwoc xac dinh la:

S$(EU) =0, ¥VU) = 0.109, U) = 0.231, $(LU) = 0.367, M) = 0.489, $(LI) =
0.616, 1) = 0.759, ¥VI) = 0.886, ¥EI) = 1.

(iii) Twr cdc gia tri dinh lwong ngir nghia nay, TFSs twong wng voi cdc tir ngon ngir
x; € X, dugc xac dinh theo cong thirc (4.1), qua do hinh thanh tap F;, nhw minh hoa
trong Hinh 4.1:

EU VU M LI

0 0109 0231 0367 0480 0616 0759 0886 1 xr

Hinh 4.1. TFSs cua cac tir ngon ngit x € X, cua Fy,

Két qua cho thiy viéc biéu dién céc tir ngdn ngit x € X, bang TFSs dya trén HA da
tao co s¢ hinh thie cho viée xir Iy va tinh todn véi thong tin ngén ngtr. Trén co s¢ do,
van dé tiép theo 13 xay dung cac phép két nhap phu hop dé tong hop nhiéu danh gia
ngon ngit ma van bao toan dugc trit ty ngit nghia, tinh nhat quan dinh lugng va kha
nang dién giai ciia két qua. Vi vay, phan tiép theo ctia luan 4n s& trinh bay cac phép két
nhap ngdn ngir trén thang do 4-tuple ngit nghia, ké ca trong truong hop dir liéu khuyét
thiéu, 1am nén tang cho qua trinh tong hop thong tin trong md hinh MCGDM dong theo
huéng tiép can HA.
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4.3. Cac phép két nhap ngon ngir

Twr cac ma tran so sanh cap va ma tran danh gid cadc phuong an do cac chuyén gia
cung cap, viéc xac dinh trong s6 cua tiéu chi va xép hang cac phuong an déu doi hoi mot
budc quan trong 14 két nhap cac danh gia ngdn ngit. Xuat phat tir tinh chat ctia phép
cong trén tap s thuc, luan an dé xuat mot phép két nhap ngdn ngir nhi phan trén thang
do 4-tuple ngir nghia L, nhdm bao dam két qua téng hop vira phu hop voi truc giac ngi
nghia, vira duy tri dugc cac tinh chét dai sb can thiét cho bai toan MCGDM dong.

4.3.1. Phép két nhdp ngon ngiv nhi phin trén thang do 4-tuple ngiv nghia

Ta nhan thay rang, voi hai s6 thuc bat ky a va b, tong a + b thoa man ba trudng hop
co ban sau:

(i) Néua,b>0thia+b=avaa+b > b;

(i) Néua,b <0thia+b<avaa+b <b;

(iiyNéua <0vab>0thia<a+b<bhoicnéub<0Ovia=>0thib<a-+
b<a.

Trén co so d6, phép két nhap ngdn ngir nhi phan dugc xy dung bang cach két hop
dic trung Am - dwong ctia mién ngit nghia HA véi tu tudng cta toan tir uninorm trong
logic mo, ky hi¢u la: .

Pinh nghia 4.2. Xét hai tir ngén ngiv %, € L, dwoc biéu dién dwdi dang 4-tuple
ngit nghia: % = (x, S, (x),9(x), %), ¥ = 0, Sk (), 9(), 1), trong dé w la phan tir
trung hod cia Ly. Ky hiéu, 7 = ¥ @ ¥ = (z,8,(2),9(2),1,) la két qua két nhdp ciia

% va . Thanh phan tham chiéu r,, dwoc xdc dinh nhw sau:

r, =Tt

(fm(g")xT< & 2 > néux,y < w
fm(g™) fm(g™)/)’ ’
_ N r — fm(g™) n, — fm(g™)
fm(g™) + fm(g*) x S( mh . fm@
fm(y) w4 fm(x)
Umx) + fm@y) " * fm@x) + fm)

Trong d6, T(a, b) =a xbvaS(a, b) =a+b-a xb

),né’uws x,y (4.2)

Xr,néu x <w<yvax#0,y=+1

Sau khi x4c dinh 7, cac thanh phan con lai cua Z duoc suy ra bang cach chon tir
ngoén nglr z € Ly, sao chor, € S (2), conI(z) la gia tri dinh lugng ngir nghia tuong rng
cta z. Nho d6, két qua cua phép két nhap @ ludén duoc dua tro lai mién biéu dién 4-

tuple ngtr nghia.
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V& ¥ nghia, cong thirc (4.2), di chia phép két nhap thanh ba truong hop dya trén vi
tri ctia hai toan hang x va y d6i voi phan tir trung hoa w. Goi 1, = 9(x), r, =9(y) va
1y = 9(W) 1a cac gia tri dinh lugng ngit nghia twong tng. Ba truong hop dugc mé ta
nhu sau:

- Truwong hop 1 (cd hai nam vé phia ém ciia w): 1, < 1;, v 1y, < 1. Khi do, 1, duoc
tinh theo nhanh thir nhit cta cong thuc (4.2)

- Truong hop 2 (ca hai nam véphl'a khong dm cua w): 1, 2 1,var, = 1,,. Khi do,
1, dugc tinh theo nhanh thur hai ctia cong thirc (4.2)

- Truong hop 3 (truong hop hén hop): r, < 1, < 1, hodc ry, < 1, < 7. Khi do, r;,
dugc tinh theo nhanh thr ba cuia cong thirc (4.2) nhu mot t6 hop 16i cua 1y va 7, v6i cac
trong sd phu thudc vao do do tinh md cia hai tir trong tng.

Tuong duong, bang cach dua vao ham diu {gn(-), duoc dinh nghia trén cac 15i ciia
ngtr nghia dinh lugng la:

T =9(x) =1y, Ty =9(y) — 1y, 7, € [-1,0,+1],
trong d6 1, = 9(w), thi ba truong hop trén co thé dién gidi theo diu cia 7, va 7. Cu
thé, truong hop 1 twong tmg véi {gn(7,) = {gn(7y) = —1; Truong hop 2 twong Ung
voi {gn(7y) = {gn(7,) € {0, +1}; va Truong hop 3 bao gOm tat ca cac gid tri con lai, it
nhat mot trong hai gia tri {gn(7,), ¢ gn(7y) 1a (-1) va gia tri con lai thuée {0, +1}. Do
do, ba nhanh ctia cong thiic (4.2) tao thanh mdt phan hoach déy du va loai trir 1an nhau
ctia Ly X Ly, bao dam toan tir @ duoc xac dinh tot cho moi cap tir ngon ngi.

Két qua ctia phép két nhap ¥ @ j 1a mot tir ngdn ngit z € X, sao chor, € Sy (2) S
Ly, con 9(z) biéu dién gia tri dinh lugng ngit nghia twong tmg cua tir z. Nho vay, phép
két nhap duoc xay dung khong chi bao toan tinh toan trén mién dinh lugng, ma con duy
tri duoc cdu triic ngit nghia cua thang do ngdn ngir trong mdi truong HA.

Vi du 4.2. Xet lai ComHA trong Vi du 4.1, su dung cac Dinh nghia 1.9 - 1.12 va
Ménh dé 1.3 dé tinh cdc khodng twong tw ngit nghia S,(x) ciia méi tir x € X, trén thang
do ngon ngir L,(C ) nhu sau:

Si2y(EU) = [0.1,0.146], S5y (VU) = [0.146, 0.256], S(»,(U) = [0.256,0.366],
S(2)(LU) = [0.366, 0.488], S, (M) = [0.488,0.594],55,(LI) = [0.594,0.722],
Si2y(I) = [0.722,0.837], S5y(VI) = [0.837,0.952], S5, (EI) = [0.952, 1].

Ap dung cac Dinh nghia 1.9 dén 1.12 va Ménh d¢ 1.3 thu duoc mot thang do 4-tuple
ngir nghia L,(C ) nhu trong Bang 4.1 duéi day:
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Bang 4.1. Thang do ngdn ngir 4-tuple ngit nghia L, (C )

Tir ngdn ngi 4-tuple ngi nghia

EU (EU, 0, [0,0.051),0)

VU (VU, 0.109, [0.051, 0.173), 0.109)
U (U, 0.231,[0.173,0.295), 0.231)

LU (LU, 0.367, [0.295, 0.431), 0.367)
M (M, 0.489, [0.431, 0.549), 0.489)
LI (LI, 0.616, [0.549,0.692), 0.616)
I (1, 0.759, [0.692, 0.819), 0.759)
VI (VI, 0886, [0.819_0946). 0886)
EI (EI, 1,[0946.1]. 1)

Trén co s& d6, xét mot sd trudng hop minh hoa cho phép két nhap ngon ngit nhi
phan theo Dinh nghia 4.2.

(i) Véi x = (U, 0.231, [0.173, 0.295), 0.231) va y = (LU, 0.367, [0.295, 0.431),
0.367),tacox <w,y <w. Do d6, ap dung bi€u thirc nhanh thir 1 cua cong thirc (4.2):

= fm@) *T (e e 155 5469

= 0.173 € S(3)(U) =[0.173,0.295), nén ket qua thudc v tir ngoén nglr U.

Suyra, Z=X® y=(U,0.231,[0.1730.295),0.17 3).

(ii)) Vo1 x = (1, 0.759, [0.692, 0.819), 0.759), va y = (VI, 0.886, [0.819, 0.946),
0.886), taco x > w,y > w. Do d6, ap dung biéu thirc & nhanh thir 2 cia cong thire (4.2):

> = 0.489 X

1, =0.489 +0.511 xs(ﬂ ﬂ)_
0.511°0.511
= 0.489 + 0.511 xﬂ+0511 xﬂ-osn o 027 0397
0.51 0.511 0.511

= 0.946 € S(;)(EI) = [0.946,1]
Suyra, Z=X ®y=(EI,1,[0.946,1],0.946).
(iii) V6i X = (VU, 0.109, [0.051, 0.173), 0.109) va y = (LI, 0.616, [0.549, 0.692),
0.616), ta c6 x < w < y. Khi d6, ap dung biéu thiic & nhanh thir 3 ctia cong thirc (4.2):

_ fm(LD) fm(VU)
= Tty + rmah OO rmw ) £ fm@h

0.231 0.109 + 0.270 0.616
= x 0. x 0.
0.231+0.270 0.231+0.270

X 9(LI)
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= 0.342€ S,y(LU) = [0.2950.431),nén & qathwc ¥ ngdén ng LU

Suyra,Z = x®y = (LU,0.367[0.295,0.431),0.342).

Céc két qua trén cho thay phép két nhap dé xuat ludn dua két qua tro lai mién biéu
dién 4-tuple ngir nghia cta thang do L, (C), dong thdi bao toan dugc sy nhit quan giira
gia tri tham chiéu r,,, khoang twong tu ngit nghia S, () va tir ngdn ngit két qua. Nho do,
phép toan khong chi ¢ ¥ nghia tinh toan trén mién dinh lwong ma con duy tri dwoc kha
ning dién gidi ngdn ngit trong mdi truong HA.

Ménh dé 4.1. Véi moi %, ¥ € Ly, phép két nhdp @ dwoc dinh nghia trong Pinh
nghia 4.2 théa man cdc tinh chdt sau:

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

(ii) Tinh giao hoan, tic lax @ y =y P X,

(iii) Tinh don diéu, néux, < %, thi %, ® j < %, ® y;

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

(v) Tinh két hop bé phén, tirc la phép két nhdp chi c6 tinh két hop khi tat ca cdc
todn hang nam ciing mét phia so véi phan tir w.Cy thé, néu x,y,z = w hodc x,y,z <
wihi FDH) DI=5D (D2,

Chirng minh:
Theo cac Pinh nghia 1.3 - 1.7, taco w = fm(g™) =0va fm(g~) =1 — 6. Goi

r, =9(x), r, =9()var, =9(w). Do biéu dién 4-tuple ngit nghia va anh xa dinh
luong ngir nghia déu bao toan thir tu ngir nhia, viéc chimg minh céc tinh chat ciia phép
két nhap @ trén thang do ngdn ngir L, duge quy vé chimg minh cac tinh chat tvong tng
cua thanh phén séthucr, = F (1, 1y) duoc xac dinh boi cong thire (4.2), nhu sau:

(i) Tinh dong trén thang do ngon ngir Ly,

Dé ching minh phép két nhap co tinh dong trén thang do Ly, ta chi can chi ra rang
r, € [0, 1], trong d6 1, dugc tinh theo cong thic (4.2), ¢6 ba trudng hop

Truong hop 1: V61 x,y < w, khi dé r, dugc tinh theo nhénh thtr 1 trong cong thirc
(4.2). 1, dugc xac dinh théng qua ham T:[0,1]% - [0,1]. Vi T 4nh xa moi cip gia tri
trong [0, 1]% vao [0, 1].

Suy ra, , € [0, 1]. Diéu nay chimg minh rang r, nim trong khoang [0, 1].



115
Truong hop 2: V&iry,r, = w, khi d6 r, dugc tinh theo nhanh 2 trong cong thirc (4.2),

— _ =01~ 6
n=0+01-0)5(3=5.9=7),
trong d6, S:[0,1] x [0,1] = [0,1] 12 mét toan tir két nhap dang uninorm, anh xa moi cip

rx—: < 1. Tuwong

gié tri trong [0, 1]? vé mot gia tri trong [0, 1]. Vi0 <7, < 1,tac6 0 <

-6 A , . , X N 5
tu, 0 < rlyj < 1. Vi mién xac dinh ctia S déu nam trong khoang [0, 1], suy ra: 0 <

S (rl_';rly_':) < 1.Nhan vé6i s khong am (1 — ) va cong thém 8 (v6i 0 < 6 < 1),

suyra, 0<0+(1-0)xXx0=<r,<0+(1-0)x1<1.

Do dé, r,, € [0,1], diéu can chimg minh.

Truong hop 3: V&i x > w >y hoic x <w <y (trudng hop hon hop), khi d6 7, dugc
tinh theo nhanh thir 3 trong cong thic (4.2).

Tacé fm(x) > 0va fm(y) > 0, => fm(x) + fm(y) > 0, dong thoi:

I 515 M 7€)
fmG) + fm)'" ” fme) + fm0)

Khi d6 a + B = 1. Cong thirc c6 thé viét lai thanh: 1, = ar, + Bry, nghia la r, 1a

mét t0 hop 10i cta 1, va 1y, Vit 1y, € [0,1], va o, B> 0 véi @ + B = 1, céc tinh chat co
ban cua to hop 16i suy ra: mi n(ry, 1) < 1, < max (7y, 7). Vi ca hai dau mut déu thude
[0,1]nén 1, € [0,1].

Suy ra, 7, € [0, 1] diéu can chimg minh.

(ii) Ching minh tinh giao hodn ciia phép két nhdp

Xét cong thire (4.2), gia tri tham chiéu 7, g, dugc xac dinh theo ba truong hop tiy
thudc vao vi tri clia x va y so véi phan tir trung hoa w.

Truong hop 1: x,y < w. Khi d6, dugc tinh theo nhanh thir 1 cua cong thic (4.2),

taco

Tx T'y
Tx@y = rWT(a!a)!

trong do, T(a,b) = a - b 1a t-norm dang tich. Do T ¢6 tinh giao hoan, nén

(52) TR

rW,rW rW,rW

suy ra,
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oy =Tyox
Vi vay, phép két nhap c6 tinh giao hoan trong truong hop nay.
Truong hop 2: x,y = w. Dat

Ty — T Ty — Ty

u= v = :
1-1,’ 1—r1,

Khi d6, dugc tinh theo nhanh thir hai cia cong thuce (4.2),
vgy =Tw+ (1 —1,)S,v),
trong d6 S(a, b) = a + b — a X b 1a t-conorm dang tong xéac suat. Vi § c6 tinh giao
hoan, nén S(u, v) = S(v,u), do d6 viéc hoan ddi vi tri cta 7, va 7, khong lam thay do6i
gla tri 1 g 5. Suy ra
oy =Tyox
Do d6, phép két nhép 1a giao hoan trong trudng hop nay.
Truwong hop 3: x va y nam & hai phia khac nhau cua w. Khong mat tinh tong quat,
gid st x < w < y. Khi do, dugc tinh theo nhénh thir ba ctia cong thiic (4.2),
o MO) L fme)
fm(x) + fm(y) fm(x) + fm(y)
Néu hoan d6i x va y, ta dugc:
e = fm(x) "+ fm®) .
fm(x) + fm(y) fm(x) + fm(y)

Hai biéu thurc trén 1a twong duong vé mit dai s, do ciing ¢ mau sé fm(x) + fm(y)

va chi khac nhau & thur ty cac hang tir. Vi vay,

oy =Tyox
Suy ra phép két nhap ciing c6 tinh giao hoan trong trudng hop hdn hop.
Tong hop ca ba trudng hop, phép két nhap @ cé tinh giao hoan trén Ly.

(iii) Chitng minh tinh don diéu ciia phép két nhdp
Can ching minh rang néu ¥; < %, thi ¥, @ j < ¥, @ .
Do 4anh xa dinh lugng ngir nghia 9 bao toan thi tw, chi can chirg minh rang néu

T, < Ty, thiTy, @y < 7y, @y Xét ba truong hop cua cong thirc (4.2):
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Truong hop 1: x,y < w (ca hai ndm phia 4m cua w). Khi d6, nhanh thir 1 ctia cong
thirc (4.2) duogc 4p dung:

— Tx T'y
rx@y =Tw T (a,a)

trong 46, T(a,b) = a - b 1a t-norm dang tich (product t-norm). Véi y ¢é dinh, ham

ree T (r—r—y) 1a ham tang trén [0, 7,,].

Tw ' Tw
Do d6, néu r; | Sy, thiry @y <7y, @, Lap ludn tuong ty cling ap dung cho d6i
s6 thtr hai nho tinh d6i xtmg cua T.
Trwong hop 2: x,y = w (ca hai nim phia khong 4m ciia w): Khi d6, nhanh thi 2
ctia cong thic (4.2) duoc st dung. Xéc dinh cac gia tri dd chuan hoa:
Ty — Tw Ty, — Ty
) ) uy = —’
1-r, 1-r,

Suy ra: 7, g, =1, + (1 — 1) S(uy, uy), trong do, S(a,b) =a+b —ab la tong xac

Uy

suat (t-conorm). Vi S 1 ham tang theo timg ddi s trén khoang [0, 1], nén néu 7, <
T, thity ¢y <7y, @y

Do do, tinh don di¢u dugc dam bao trong truong hop nay.

Truwong hop 3: x va y nam vé hai phia khac nhau so voi w (hodc mdt trong hai phan
tir bang w) (trudong hop hdn hop): Khi d6 nhanh thir ba cia cong thic (4.2) dugc ap
dung va c6 dang nhu sau:

N LLOL LI L1
fm(x) + fm(y)

trong d6 fm(-) 1a d6 do tinh md da dugc dinh nghia trude. Vi y ¢b dinh, biéu thire trén

1a mot ham tuyén tinh (161) theo 7, v6i hé sd
m(x
fm(x) >0,
fm(x) + fm(y)

Vi vay, ry g tang theo 7. Tuwong ty ry g, cling tang theo 7;, do tinh d6i ximg

Tom tai, Tong hop ca ba trudng hop va str dung tinh chat bao toan thir tu cua ngir
nghia, suy ra phép két nhap la don diéu theo timg d6i s6 trén mién Lj.
(iv) Ton tai phan tir trung hoa w € L,

Goi w 1a tr ngon ngir trung hoa trén thang do Ly, véir, = 9(w) va fm(w) = 0.
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Truong hop 1: x = w. Khi do, cap (x, w) dugc tinh theo nhénh thir 2 ctia cong thirc

(4.2). Viu, = rW_‘:W = 0, nén:

1-1y

r, —T
rx@W=rW+(1—rW)S(f_rM"l’, 0)

Do S(a,b) = a, suy ra

e —Tw
11—, =

Texw =Tw T+ (1 _rw)

w
Truong hop 2: x < w. Khi d6 cip (x, w) dugce tinh theo nhanh hop hon hop clia cong
thac (4.2). Vi fm(w) = 0, ta co:
. :fm(x)rx‘l'fm(w)rw:fm(x)rx:r
VT fm) + fmw) T fm)

Nhu vay, trong moi trudng hop déu co: 7, ew = Tx-

Két hop vai tinh giao hoan ctia phép két nhap, suy ra

whx=xPw=x.

Do d6, w 13 phan tir trung hoa (hay phan tir don vi) ctia phép két nhép.

(v) Phép két nhdp cé tinh két hop bé phdn khi cdc todn hang cing nam mét phia so
véi phan tik trung hoa w.

Tinh chat ndy chi dugc théa min trong truong hop tit ca cac toan hang déu nam
cing mdt phia ctia phan tir trung hoa w, tirc 13 khi,

x,y,Z <whoic x,y,z > w,

Khi @6, can ching minh rang:

GEONDz =% DFTD.

That vy, néu ca ba tir ngon ngit déu nam vé phia 4m cta w, tirc x,y,z < w, thi
cong thirc (4.2) ludn van hanh trong nhanh thir nhat. Khi d6, phép két nhap duoc quy vé
phép hop thanh ctia t-norm dang tich T trén cac gia tri dinh luong ngit nghia da chuan
hoa. Vi T 1a phép toan két hop trén [0, 1], nén ta ¢,

Tconez=xoud2:

Tuong tu, néu ca ba tir ngdn ngit déu nam vé phia khong am cia w, tic x,y,z = w,
thi cong thirc (4.2) ludn thuc hién trong nhanh thir hai. Khi d6, phép két nhap duoc quy
vé phép hop thanh cua t-conorm S trén cac gia tri da chuan hoa. Do S ciing 1a phép toan

két hop trén [0, 1],
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Suyra: "x @ y)@z = "x @y d 2)-

Vi biéu dién 4-tuple nglr nghia bao toan trat ty va anh xa nguoc tir gia tri tham chiéu
1, vé mién ngdn ngir 14 xac dinh, nén tir dang thirc trén mién sb thuc suy ra

EDVDPzZz=xD G D D).

Nhu vay, phép két nhap @ c6 tinh két hop bd phan, nghia 1a chi két hop khi toan b
cac toan hang cing nam trong mot nhanh ctia cong thirc (4.2), tic cung & phia 4m hodc
cuing & phia khong am cua phan tir trung hoa w.

Can luu y rang tinh két hop noi trén khong con dugc bao dam trén toan trén thang
do Lj,. Khi cac toan hang nam & hai phia khac nhau ciia w, cong thirc (4.2) phai chuyén
sang nhanh hdn hop, khi d6 phép két nhap khong con quy vé mot phép toan két hop duy
nhat nhu T hoic S. Piéu nay phan anh dung dic trung ngit nghia cia thang do 4-tuple
trong moi trudng HA, noi phan tir trung hoa w dong vai tro ranh gidi giita hai mién ngir
nghia 4m va duong. Vi vay, trong cac truong hop hdn hop, dé bao dam tinh xac dinh va
kha nang tai lap cua két qua, cac toan hang duogc sip xép theo thtr ty ting dan trude khi
thyc hién phép két nhap lap. Quy udc nay khong lam thay doi kha nang ap dung cia
phép két nhéap trong thuc tién, nhung gitp duy tri sy nhat quan ctia qua trinh tong hop.

Pinh nghia 4.3. Cho n tir ngon ngit x; € Ly, voi i = 1,2, ...,n, duoc biéu dién boi
cdac 4-tuple ngit nghia tuwong ung X; = (x;,9(x;), Sk (x;), 1y;) va gid sur cdc tir ngon ngi
nay da dwoc sdp xép theo thir ty tang dan theo x;. Ky hiéu z = (z,9(2), Sk(2),13) la tir
ngén ngir thu dwoc khi tong hop todn bé cac %;. Khi dé, phép két nhdp nhiéu ngéi trén
thang do 4-tuple ngit nghia L, duoc xac dinh dé quy boi

F= i X = (nz_l xl> ® i, @.3)

i=1 i=1

N6i cach khac, phép két nhap cua n tir ngdn ngit duge xay dung bang cach ap dung
lap lai phép két nhap ngon ngir nhi phan @ trong Dinh nghia 4.2 theo thir tu da sap xép.
Sau mdi budc két nhap, két qua trung gian van 1a mot 4-tuple ngit nghia thudc Ly, nhd
d6 bao dam tinh dong va tinh nhat quan ngit nghia trong toan b qua trinh tong hop.

Dinh nghia 4.3 cho phép mé rong tu nhién phép két nhap nhi phan trén thang do L,
sang truong hop tong hop nhiéu danh gia ngdn ngit trong bai toan hay MCDM hay
MCGDM. Péng thoi, 1a co s¢ dé xay dung cac phép két nhap trong bdi canh dir lidu
dong, khi tai mot s6 thoi diém c6 thé xuat hién cac danh gia bi thiéu hodc khong quan
sat duge. Trén co s d6, phan tiép theo s& trinh bay phép két nhap ngdn ngir trong trudng
hop dir liéu khuyét thiéu, nham bao dam tinh lién tuc ciia qua trinh tong hop thong tin
trong moi truong MCGDM dong.
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4.3.2. Phép két nhap véi div liéu khuyét thiéu

Pinh nghia 4.4. Cho thang do ngon ngir 4-tuple L;, duoc xday dung dwa trén HA.
Mbi tir ngén ngiv ¥ € Ly, dwoc biéu dién duéi dang, ¥ = (x, S, (x),9(x),1,), t rong dé
W € Ly la phdn tir trung hod cia thang do L. Ky hiéu @ la tir rong biéu thi truong hop
dir liéu bi khuyét thiéu, VO D & L. Gia st
(@D = (-1 5, (x(f—l)),v (x(f—l)),rx(r_l)) va i@ = x®, 5, (x®@),v(x®),
@) lan luot ld gia tri danh gia cua mot doi twong tai hai thoi diémt-1vit, véit=

1,2, .., tt=>1

=(0) _

adg Sk(xagg) v(xagg) T (r) ) la gid tri két nhdp tai thoi diém T dugc

Ky hiéu x (xagg,

xdc dinh (-1 4 @ trong trwong hop mét trong hai gid tri bi khuyét thiéu, nhuw sau:

(i) Truong hop 1: V&it = I 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 7 duoc 1dy bang chinh danh gia hién tai:

0 =0 @i =5O (4.4)

(ii) Truong hop 2: t > 1, x(@-1) +Pvax® =0
Khi dit liéu hién tai bi khuyét thiéu, gia tri két nhap tai thoi diém 7 duoc xac dinh
bang co ché suy giam ngit nghia tir danh gid lich st

O ;D@0 =D F o (4.5)

agg

Trong trudng hop nay, thanh phan tham chiéu cia gia tri két nhap r o dugc xac
agg

dinh bdi cong thire suy gidm ngit nghia (4.6)

r.® =9(w) +)1< (- )—19(W)> (4.6)

agg
Trong do:
9(w) 1a gia tri dinh lugng ngit nghia cta phan tir trung hod w € Ly;
A € [0,1] 1a hé sb suy giam ngit nghia hay con goi la ty 1& quén:

= Vo6iAd =1, khong xay ra suy giam ngir nghia, dodér @ =r [(T-1):

Xagg

" V6ia = 0, thong tin lich st bi quén hoan toan, do dd r » = =9J9(w).
agg
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= V6i0<A<lI1,giatri r.® nam gittar (T_l)vél 9(w), qua d6 mé hinh héa su suy
agg X
giam dan anh huong cua danh gia lich sir vé phia phan tir trung hoa.

- . , \ A \ . ~ ~ (7)) ,
Sau khi xac dinh r_«) , cac thanh phan con lai cua 4-tuple ngir nghia X, , dugc xac

agg

@

dinh bang cach chon tir ngdn ngir Xagg

€Lysaochor o € Sk(xégg), v(xégg) la gia
agg

©

tri dinh lugng ngtr nghia cua tir x4,

bats,_; =70, 5, =7,0.

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,
I(w) € [0,1] la gid tri dinh lwong ngit nghia ciia phan tir trung hoa, va A € [0,1] la hé
s6 suy giam ngir nghia. Khi do, phép két nhdp suy giam ngit nghia theo cong thirc (4.6)
théa man cdac tinh chdt sau:

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

(ii). Tinh hoi tu vé phan tir trung hoa: néu dir liéu bi khuyét thiéu lién tiép n thoi
diemva 0 <A <1 thi s, ., sé hoi tu vé (W) khi n — oo;

(iii). Tinh don diéu theo hé sé suy giam: véin =1, néu 0 <Ay <A, < 1thi |
Span(A) — W) | < | 5,0n(Ay) —OW) |, diéu do cé nghia la A cang nhé thi s, tién
vé 9(w) cang nhanh.

(iv). Tinh 6n dinh tai moc trung hoa: néu s,_; = 9(w) thi s, = 9(W) vdi moi A €
[0, 1], tiec 1a, khi gid tri lich sir dd & moc trung hoa, phép todn suy giam khéng lam thay
doéi gid tri nay.

Chirng minh:

(i). Chitng minh, tinh bdo toan mién gid tri: Gia tri suy giam s, ludn nim trong
khoang gidi han bai gia tri lich sur s, _;va gia tri trung hoa 9(w), tic la:

min{s,_,9(w)} < s, < max{s,_;,9(w)}

Ttr cong thuce (4.6), suy ra:

St — 19(W) = A(Sr—l - 19(W))

Vi A € [0, 1], ta xét hai truong hop:

- Truwong hop 1: Néu s,_, > 9(w) (danh gia lich st tt hon hodc bang mirc trung binh).
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Khi d6, s,_; —9(w) = 0. Do, 0 <A1 < 1,suyra0 < A(s,_.;, — 9Ww)) < s, —
9(w). Cong I(w) vio ca ba vé, ta co: 9(w) < I(W) + A(s,; — I(W)) < s5,_5.

Suy ra, 9(w) < s; < S,_;.

- Truong hop 2: Néu s,_; < 9(w) (danh gia lich sir kém hon mirc trung binh).

Khido, s,_; —9(w)<0.Vi,0<A1<1,nén(s,_;—9w)) < A(s,—; — 9(w)) < 0.

Cong 9(w) vao cac vé: s,_; < IW) + (5,1 — I(W)) < I(w).

Suy ra, ;-1 < 5; < I9(w).

Tir hai trudng hop trén, ta luén c6 s, nim giita s,_,va 9(w).

Suy ra, min{s,_,,9(w)} < s, < max{s,_;,9(w)}, diéu phai chimg minh.

(ii). Chitng minh, tinh héi tu vé phan tir trung hoa: Néu dit liéu bj khuyét thiéu lién
tiép trong n thoi diém va (0 < A < 1) t his,,,, s& hoi tu vé 9(w) khin — oo.

Gia sir tai thoi diém bat dau qua trinh suy giam t,, gia tri lich st 13 5o = s,_;. Do
khong co dit liéu méi trong cac thoi diém tiép theo, cong thirc suy giam ngit nghia duoc
ap dung lap lai:

Tai thoi diém 7, (sau mot budc suy giam): s; —9(W) = A(sg —9(W))

Tai thoi diém 7, (sau hai budc suy giam): s, —I(W) = A(s; —9W)) = A[A(s, —
9(w))] = 22(s, —9(w)). Bang phuong phép quy nap, tai thoi diém s,,, ta co:

Sn—9(W) = A"(so —I(w))

Hay twong duong: s;,,=9(W) + A"(s,—1 —9(w))

Lay gidi han khin — 00: Do A € [0, 1]. NéuA<1,nén 1i m®™ = 0

n—-oo

Vivay, 1i s, =9(Ww) + 0.(s,—; —9(w)) =9(w), diéu phai chirng minh.
n—-oo

Truong hgp A =1 cho s,,,, = s;_;, khong suy gidm ngir nghia.

Truong hop 41 =0 cho s,,.; =9(W), quén hoan toan sau mdt budc.

Tinh chat ndy dam bao hé thong ty dong quén hay suy giam ngit nghia theo thoi
gian va dua danh gia vé trang thai trung binh, tranh viéc luu gitr thién kién vinh vién.

(iii). Chitng minh, tinh don diéu theo hé s6 suy gidm: véi moin = 1, néu 0 < A4 <
Ay S 1thi | spnAy) — IW) | < | 5p40(A2) —IW) |, tike la, A cdng nh thi s, tién
vé 9(w) cang nhanh.

Twr cong thure suy gidm ngir nghia (4.6) sau n budc,
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Sean = 9W) + (5121 — DW)),

suy 1, S;4n(A) —IW) = 2" (s,-1 — I(W)).

Lay tri tuyét d6i hai vé, ta duoc: | s;4,(A) —9(W) | = A" | s,_y — I (W) |.

Vio < 1, <4, <1van=>1,nén At < 2.

Mat khac, | s,_; —9(w) | = 0.

Do d6, nhan ca hai vé véi | s,_; — 9(w) |, suy ra

AT ISemy —9W) 1< A3 | sy — (W) |.

Hay tuong duong, | s;1n(41) —9W) | <1 5p40(42) —9(W) |.

Vay tinh don diéu theo hé sb suy giam duoc chimg minh. Két qua nay cho thdy A
cang nho thi tc do suy giam ngir nghia cta dir liéu lich sir cang 16n, va nguoc lai, A
cang gan 1 thi anh hudng cta thong tin lich st dugc duy tri lau hon.

(iv). Chitng minh tinh én dinh tai diém trung hoa (w):

Can chimg minh ring néu s,_; = 9(w), thi véimoi A € [0,1], taludéncod s, = I(w).
That vay, thay s,_; = 9(w) vao cong thuc (4.6), ta dugc

S;=9(w)+ A0 w) —I9I(w)) =I9(w) + A1 X 0 =IJ(w).

Vay, s;_; = 9(w) v6i moi A.

Suy ra, s,_; = 9(w), diéu phai chirng minh.

Vi du 4.3. Gid sir Doanh nghiép A, tai thoi diém t, dwoc ddnh gid mire dé san sang
chuyén doi so ¢ mirc cao (High) véi gid tri tham chiéu ngi nghia Se, = 0.781. Chon
I(W) =0.566, A = 0.7. Néu tai cdc thoi diém T3, 14, Ts, doanh nghiép khéng tham gia
danh gia hodc dir liéu bi khuyét thiéu thi gid tri suy giam ngit nghia dwoc tinh nhu sau:

Tai thoi diém T3: S;,= 0.566 + 0.7%(0.781 — 0.566) = 0.717;
Tai thoi diém T,: S, = 0.566 + 0.7%(0.7165 — 0.566) = 0.672;
Tai thoi diém Ts: S;.= 0.566 + 0.7%(0.672 — 0.566) = 0.640;

Nhue vdy, diém sé ciia doanh nghiép gidm dan theo chudi:

S, =0781-> s, =0717>5s;, =0.672-> 5, = 0.640.

Két qua nay cho thiy khi dir liéu bi khuyét thiéu lién tiép trong nhiéu thoi diém, anh
huong cua danh gia lich sir khong bi loai bo ngay lap tirc ma suy giam dan mot cach co
kiém soat theo thoi gian, dong thoi tiém cin vé mdc trung hoa 9(w). Co ché niy phu
hop vai thuc té trong bai toan danh gia chuyén doi s6, noi nang lyc va mirc do san sang
ctia doanh nghiép khong bét bién ma c6 thé thay doi theo thoi gian dudi tic dong cia

cong nghé, thi trrong va mai trudong quan tri.
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Tom lai, phép két nhap voi dir liéu khuyét thiéu cung cap mot co ché suy giam ngir
nghia ndi tai, trong d6 w déng vai tro 1a mbc trung hoa va A 1a tham sé diéu khién toc
dd quén cua dit li¢u lich str do chuyén gia xac dinh. Nho d6, mo hinh vira duy tri duogc
dau vét ctia dir liéu qua khwr, vira tranh viéc bao toan tuyét ddi cac danh gia cii khi thiéu
vang dit liéu méi, qua d6 1am cho qua trinh xép hang trong bai toan MCGDM dong tro
nén hop 1y, 6n dinh va phan 4nh dung hon sy bién thién theo thodi gian cua d6i tuong
dugc danh gia.

Trong thyc tién, nhidu bai toan ra quyét dinh khong dién ra tai mot thoi diém don 1¢
ma can duoc danh gia dinh ky qua nhiéu thoi diém ké tiép, khi thong tin, d6i twong va
bdi canh ra quyét dinh c6 thé thay doi theo thdi gian [29, 23]. Dang bai toan nay duoc
mo hinh hoa dudi tén goi ra MCGDM dong [17].

4.4. Xay dung mo hinh L-FAHP - L-FTOPSIS dong dua trén HA.

Duya trén cac phép két nhap ngdn ngit nhi phan, phép két nhap véi dir liéu khuyét
thiéu va co ché suy giam ngit nghia dé tich hop dir liéu lich sir v6i dit liéu hién tai trén
thang do biéu dién 4-tuple ngir nghia; luan an dé xuit mo hinh ra quyét dinh L-FAHP -
L-FTOPSIS dong dua trén HA nham giai quyét bai toan MCGDM dong trong moi
trudng ngdn ngi, trong d6 tap phuong an, bo tiéu chi va hoi ddng chuyén gia co thé thay
d6i theo thoi gian va quan tam dén dir liéu lich sur.

(i) Dir ligu dau vao:

Xét bai toan MCGDM ddng trong moi truong ngén ngr dua trén HA. Gid su qua
trinh ra quyét dinh duoc thuc hién tai T thoi diém roi rac, ky hiéu T= {7, 2, ..., £}, v6i

t=>1.

Tai méi thoi diém t véit =1, 2, ..., ), thwe hién:

(1) Xét ba tap hiru han sau: A" = {A], A3, ..., A}, }, (m; = 2) la tap hiru han céc
phuong an kha thi; C* = {C{,C3, ..., C} }, (n; = 2) 1a tAp hitu han c4c tiéu chi; va D* =
{D1,D3, ..., Dp,_} (hy = 2) la tap hitu han nguoi ra quyét dinh (chuyén gia).

(2) Hoi dong chuyén gia DT thong nhat xay dung hai thang do 4-tuple ngit nghia
dwa trén HA, ky hiéu 1an luot 13 L, (C7) va L, (AY). Trong d6, thang do L, (C?) duoc sir
dung dé xéac dinh trong sb cua tiéu chi C]-T € CT; con thang do L, (A%) dé danh gia muc

do dap tmg cua cac phuong an AT € A7 theo timg tiéu chi G € C*.
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(3) V&i mdi chuyén gia Df € D* (véie =1, 2, ..., h;), thuc hién:
- Xdy dung ma trgn so sanh cdp ngoén ngiv dé xdc dinh trong sé cia cdc tiéu chi,

theo cong thirc (4.7):

(D) x50 - x$, (D)
ng = (xlf"j (T))nrxnr = x32(7) xz:nt(T) 4. 7
Xnn (T)

Trong d6, mdi phan tir x;(T) € Ly (C™) biéu dién muc do quan trong tuong ddi clia
tiéu chi Cfso voi ti€u chi Cf theo danh gia cua chuyén gia D,. Cac phan tir trén duong
chéo chinh x£(7) 1a phan tir trung hoa cua thang do ngon ngir L, (CF), biéu thi quan hé
so sanh quan trong bang nhau giita mot tiéu chi véi chinh nd, véie =1, 2, ..., h; T = 1,
2 i =12 Ny i E )

Ma tran PDTg duoc chép nhan néu dat ty 1€ nhat quan CRf,(7) < 0.10; nguoc lai,
chuyén gia D? can ra soat va diéu chinh lai céc so sanh cdp ngdn ngit trong ma tran P;g
cho dén khi dat yéu cau nhat quan.

- Xdy dung ma tran danh gia cac phwong an theo cong thuc (4.8)

ai, () ap(® - afp, @
Aog = @ (D, = | 0 @0 @D
afnrl (@) agqrz (@ - A n, ()

Trong d6, af;(t) € L,(A") 1a dénh gia ngdn ngit cua chuyén gia D; € D* doi v6i
phuong 4n A? € AT theo tiéu chi Ci € CT tai thoi diém <, voie =1, .., hyi=1, .., m
j=1,..,n;t=12 .. t Matran nay phan anh mtc 4o d4p ung cta tirng phuong an
d6i voi timg tiéu chi trong bdi canh danh gié tai thoi diém 7.

Tir thoi diém © — 1: c6 xét dén dit liéu lich sur.

(ii) Dir ligu ddu ra: Thi hang cta cic phuong an A7 € A7 (c6 xét dir lidu lich sir).
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Tai thoi diém 7, Hoi dong chuyén gia thong nh_ét x@y dung hai thang do ngén ngir
4-tuples ngilr nghia, L, (C™) va Ly (A7)

Giai doan 1 Giai doan 2
1.1 Mbi chuyén gia sir dung Ly (C7) 2.1. Mbi chuyén gia sir dung L, (A7) dé
de xay dung mot ma tran so sanh cap xay dung ma trén danh gia cac phuong
dam bao tinh nhat quéan, Pj_. an, Agg
s v

1.2. Két nhdp cac ma tran so sanh cap

NV o . 2.2. Két nhép cac ma tran tur tat ca cac
tir tat ca cac chuyén gia, thu dugc ma

chuyén gia, thu duoc ma tran 4A°.

tran AP®.

v v
1.3. Xay dung ma tran so sanh cap 23. Xﬁ}’ C}u‘ng ma tffm d’r'thN gjé
tong hop c6 tich hop dit liéu lich sir, | [——)| | phwong dn tong hop c6 tich hop dir liéu
APT. lich st, AAT .

v A
1.4. Chuyén ddi ma trdn APT thanh 2.4. Chuyén dbi ma tran xép hang,
ma tran mo, FAPT. AAT thanh ma trin mo, FAAT .

v v

2.5. Tinh thir hang cac phuong an bang
FTOPSIS, trong d6 dit liéu dau vao
gém cac ma tran FAAT va trong s6 mo
FAHP, v6i FAPT la dir liéu dau vao. Fw; (1) (Buée 1.5).

1.5. Xéc dinh trong sé mo F; (1) va

véc-to trong sO W; (T) cua tiéu chi bang

Hinh 4.2. Quy trinh MCGDM déng trong moi truong ngon ngir dua trén HA

Hinh 4.2 trinh bay khung tong quat ctia mo hinh L-FAHP - L-FTOPSIS dong dwa
trén HA. Quy trinh ra quyét dinh nay gdm hai giai doan: giai doan 1 phat trién mé hinh
Linguistic FAHP dya trén HA, ky hiéu la L-FAHP - HA dé xac dinh trong s6 cua tiéu
chi dua trén phwong phap FAHP [19, 15], con giai doan 2 phat trién mé hinh Linguistic
FTOPSIS dua trén HA, ky hiéu 1a L-FAHP - HA d¢ danh gia, két nhap va xép hang
phuong an qua nhiéu thoi diém dya trén phwong phap FTOPSIS [21]. Trong ca hai giai
doan, thong tin danh gia cta chuyén gia duoc biéu dién trén thang do ngdn ngit 4-tuple
ngit nghia xay dung tir HA, cho phép thuc hién truc tiép cac phép két nhap trén mién
ngdn nglt ma bao toan trat tu va ciu triic ngit nghia ndi tai ciia cac tir ngdn ngit. Pong
thoi, md hinh con thiét 1ap co ché suy giam ngir nghia dé tich hop dir liéu lich sir voi dir
lidu hién tai theo huéng dich chuyén dan vé phan tir trung hoa ctia thang do. Nho vay,
md hinh bao dam tinh nhat quan ngir nghia, ndng cao do tin cdy va kha nang dién giai

ctia két qua ra quyét dinh trong bbi canh dir liéu thay ddi theo thoi gian.
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Pé thuan tién cho viéc trinh bay cac budc tinh toan trong cac muc tiép theo, ky hiéu
Pz va A 1an luot biéu thi ma tran so sanh cdp tiéu chi va ma tran danh gia phuong an
do chuyén gia DZ cung cap tai thoi diém 7. Cac ma tran AP® va AAT lan luot 1a két qua
két nhap thong tin tir toan bo hoi ddng chuyén gia tai thoi diém T cho ca giai doan xac
dinh trong sb cua tiéu chi va danh gia phuong 4n. Tuong tng, APT va AA® 1a cac ma
tran ngdn ngit sau khi tich hop thém dir lidu lich sir tir thoi diém 7 - 7. Sau budc chuyén
d6i ngir nghia mod thu duoc ma tran FAPT va FAAT 1a dau vao truc tiép trong cc bude
tinh toan cia mo hinh L-FAHP-HA va L-FTOPSIS-HA. Cach ky hi¢u nay cho phép
phan biét 16 ba 16p xir 1y thong tin trong mo hinh, gdm: thong tin ca nhan chuyén gia,
thong tin nhom tai thoi diém hién tai va thong tin nhom sau khi tich hop dir liéu lich sir.

4.4.1. Xdc dinh trong sé ciia cdc tiéu chi

Budéc 1.1. Xay dung ma trdn so sanh cdp ngdn ngir va kiém tra tinh nhat quan tai
thoi diém .

Tai thoi diém 7, mdi chuyén gia DZ sir dung cac tir ngon ngit x € X, trén thang do
ngon ngir L, (CY) dugc trinh bay trong Bang 4.1 d€ xay dung ma tran so sanh cap ngén
ngir gilta cac tiéu chi, ky hiu Pj, nhu trong cong thire (4.7). Ma tran nay phan anh phan
doén ctia chuyén gia vé muc dd quan trong gitra tirng cap ti€u chi trong tap C”.

Pé bao dam db tin cdy cta cic phan doan, ma tran ng duoc kiém tra tinh nhat quan
thong qua ty 18 nhat quan CRE (1), x4c dinh theo cong thirc (4.9):

Clia(T)

CRf4(7) = ,voie=1,..,hn, > 3. (4.9)

Trong d6, RI(n,) (Random Index) 1 chi s6 ngiu nhién cia ma tran bac n, theo
AHP ¢6 dién cta [95] duoc tra trong Bang 4.2.

Bang 4.2. Gia tri chi s6 ngau nhién (RI(n;))

n 1 2 3 4 5 6 7 8 9 10
EI 000 000 058 095 112 124 132 141 145 149

Trong muc 3.2 ciia Chuong 3, luan an da dé xuat cong thirc tinh chi s6 nhat quan
(CI§,) cho ma tran so sanh cap ngdn ngi ng do chuyén gia D? cung cip trong moi
truong HA nhu cong thirc (4.10) dudi day:

Amax (D) =1 — (1 =9 (W)")
n, — (1 =9(w)?)
Trong d6, A%,,,(7) 12 gia tri riéng 16n nhit cia ma tran ng do chuyén gia D cung

CIg(T) = (4.10)

cap tai thoi diém 7, n, 13 s6 luong tiéu chi trong tap C7 tai thoi diém 7, con 9(w)” 1a gia
tri dinh lugng ngir nghia ctia tir trung hoa w trén thang do ngén ngit Ly, (C7) tai thoi diém
7. Trong vi du thuc nghiém cua Chuong 4 sir dung tir ngén ngit M 1a phan tir trung hoa
ctia thang do L,(C%) va L,(4%).
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Dé tinh CRE, (1), trudc hét ma tran ngdn ngir Pp: duge chuyén sang ma trin mo ngir
nghia F Pp,; bang cach 4nh xa mdi phan tir x{;(t) sang tdp mo ngit nghia tuong tmg thong
qua anh xa fz(x{;(t)) theo cong thirc (4.1). Ma trn Pp: chi duge chap nhan néu dat ty 1&
nhat quan CR{, 4 (1) < 0.10. Nguoc lai chuyén gia D phai diéu chinh lai cac so sanh cip
cho dén khi dat yéu cdu nhat quan.

Budére 1.2. Két nhap cac ma tran so sanh cip ngdn ngir cta cac chuyén gia tai thoi
diem 7.

Sau khi tt ca c4c ma trdn P, (e = 1, ..., h;) dd dat ty 1 nhat quén, tién hanh két
nhap cac danh gia ngon ngir clia toan bo hoi dong chuyén gia tai thoi diém 7 dé thu dugc
ma tran so sanh cap nhoém, ky hiéu AP*. Phép két nhap dugc thyc hién trén mién ngon
ngit 4-tuple bang cach ap dung phép két nhap ngdn ngit nhi phan da xay dung trong cac
cong thuce (4.2) va (4.3), theo cong thic (4.11) sau:

AP* = (X;j(1)) n xn, (4. 11)

Trong d6, mdi phén tir £;;(r) cua ma trin AP" dugce xéc dinh boi:

(o), v6ii,j=1,..,n5i # j. (4.12)

Ma tran AP™ biéu dién danh gia tap thé cta hoi dong chuyén gia vé mic do quan
trong tuong dbi gifra cac tiu chi tai thoi diém 7. Viéc thuc hién két nhap tryc tiép trén
mién ngon ngir 4-tuple gitip bao toan cau tric thir ty va ngit nghia ndi tai ciia cac tir
ngdn ngir. Pay 13 co s¢' ¢ mo hinh tiép tyc tich hop dit liéu lich sir trong budc tiép theo
ma van duy tri dugc tinh nhit quan ngit nghia ctia thong tin dau vao.

Bwéc 1.3. Xay dyng ma trdn so sanh cip tong hop cé tich hop dir liéu lich st.

Budc nay duoc ap dung cho truong hop t > 1, khi qué trinh ra quyét dinh tai thoi
diém hién tai can ké thira thong tin tir cac thoi diém trude. Dé thyuc hién viéc tich hop
dir liéu lich str, ky hiéu: CZ = C*=* U C7, 1a tap hop cac tiéu chi xuat hién trong hai thoi
diém lién tiép 7 - 1 va 7, va n¥ 1a s6 phan tir cia tap nay. Khi d6, ma tran so sanh cip
téng hop ¢o tich hop dit li€u lich st dugc ky hi¢u la APT, véi cac phﬁn tir duoc xac dinh

theo cong thuc (4.13) nhu sau:

o @ %0 néu Cf e C*tvacy e C,
pi(0) =1{ %jc—-1)@X;(x) néucCi',Cfe ' (T, (4.13)
%jc-1) ®@ CileC'vacitecC.

Trong d6, @: 1a phép két nhap voi dit lidu khuyét thiéu; @: 1a phép két nhap ngon
nglr nhi phan; i, j = 1, ..., n¥ i #J.
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Trong cong thure (4.13), c6 ba truong dugc x€t trong tng véi ba trang thai dong cia
tap ti€u chi: ti€u chi moi xuét hién & thoi diém hién tai, tiéu chi duoc duy tri qua hai thoi
diém, va tiéu chi chi con trong dit liéu lich sir ma khong con xuét hién tai thoi diém hién
tai 1an luot duoc tinh toan nhu sau: Trudng hop 1 cia cong thirc (4.13) duoc thuc hién
theo cong thuc (4.4), truong hop 2 theo cac cong thic (4.2) va (4.3), con truong hop ba
duoc tinh theo cac cong thirc (4.5) va (4.6). Céach t6 chirc nay cho phép mo hinh linh
hoat thich ng vi su thay ddi cua tap ti€u chi theo thoi gian, déng thoi bao dam réng
di¥ 1i€u lich stir khong bi loai bd hoan toan ma dugc tich hop céd kiém soat thong qua co
ché két nhap ngdn ngit va suy giam ngir nghia.

Budc 1.4. Xay dung ma trdn so sanh cap ngir nghia mo

Ap dung Dinh nghia 4.1 dé chuyén doi cac phan tir ngén ngit trong ma tran AP* sang
biéu dién ngit nghia mo thong qua ham anh xa fz(+), theo d6 mdi tir ngdn ngir duoc gan
vo1 mot tdp mo tam gidc nglr nghia tuong tng. Khi d6, ma tran so sanh cdp ngit nghia
md duge ky hiéu 1a FAP® va dugc xac dinh theo cong thuc (4.14) dudi day:

fz(B1.() fz(B12(D)) .. fz(Prnu(D))

fz(B2:(0)  f2(B32(D)) - f2(Bpu (D))

FAPT :fz(ﬁ:](r))n’;xn? = (414)

fz (ﬁ:igl(r))fz (ﬁ:;;z(r)) 2 (ﬁ:;;ng @)
trong do: fz (ﬁ;‘](r)) = (lij(r), m; (1), uij(T)) ) (fz(ﬁ;j(f)))_l =

1 1 1 s e U 5o 51 N 18 vhdn 4 . A \
<ui,-(r)’mi,-(r)’ li,-(r)>’ voii,j=1,..,n% i +#j;ham fz(-) la phép anh xa cta tap mo

tam gidc cia mot tir ngén ngilr, nhu minh hoa trong Hinh 4.1.

Can luu y rang, dé tranh xuat hién mau sd bang 0 khi tinh cic phan tir nghich dao
trong ma tran so sanh cdp mo, cac gia tri nglr nghia tdp mo tam gidc (TFS) duoc tai
chuan hoa tir mién [0, 1] sang mién [0.1, 1]. Viéc tai chuin hoa nay khong lam thay d6i
quan hé thir ty ngir nghia giita cac tir ngdn ngit, nhung giup bao dam tinh 6n dinh sé hoc
trong qua trinh tinh toan. Bang 4.3 trinh bay cac TFSs ctia cic tir ngdn ngit dung dé so
sanh muc d0 quan trong tuong d6i giira hai tiéu chi trén thang do L,(CT) trong mdi
truong HA. Céc gia tri nay dugc xay dung nhat quan tir cau tric ngit nghia ctia thang do

4-tuple va dugce st dung théng nhét trong toan bd giai doan xac dinh trong s0.
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Biang 4.3. Cac TFSs cua céc tir ngdn ngit dung dé so sanh cap giira hai tiéu chi trén thang do
L,(C") dya trén HA

TT Tirngén TFS cia cac tir ngdn ngty TFS nghich dao cla tl¥ ngdn ngir

ngir dura trén HA dya trén HA
1 EU (0.1,0.1,0.198) (1/0.198. 1/0.1. 1/0.1)
2 Vu (0.1, 0.198, 0.308) (1/0.308&, 1/0.198, 1/0.1)
3 U (0.198, D.308, 0.430) (1/0.430, 1/0.308, 1/0.198)
4 LU (0.308, 0.430, 0.540) (1/0.540, 1/0.430, 1/0.308)
5 M (0.430, 0,340, 0.654) (1/0.654, 1/0.540, 1/0.430)
6 LI (0.540.0.654, 0.783) (1/0.783, 1/0.654. 1/0.540)
7 I (0.654, 0,783, 0.897) (1/0.897, 1/0.783, 1/0.654)
g VI (0.783.0.897. 1) (1, 1/0.897. 1/0.783)
9 EI (0.897.1. 1) (1,1, 1/0.897)

Budc 1.5. Xac dinh trong s6 mo va trong s6 chuén hoa cta cac tiéu chi theo phuong
phap trung binh hinh hoc cua Buckley [15].

Trén co sé ma trin so sanh cip ngit nghia md FAP?, trong sb cua cac tiéu chi tai
thoi diém 7 duoc tinh boi phép trung binh hinh hoc md do Buckley dé xuét. Trudc hét,
dbi v6i mdi tiéu chi C ]-T, trung binh hinh hoc m¢ ctia ma tran FAPT duogc tinh theo cong
thirc (4.15):

1/ng

nt
RAP = l—[fz (ﬁi}(r)) j=12,..,nt (4.15)
j=1

Trong d6, RAP/ biéu dién murc d6 uu tién mo tong hop cia tiéu chi thir j so vdi toan
b céc ti€u chi con lai, con fz(p;;(7)) la phan tir md tam giac tai vi tri (i, /) ctia ma tran
mo FAP?.

Tiép theo, trong s6 md cia tiéu chi tha j, ky hiéu F w;(t) dugc xac dinh bang cach
chuan hoa gia tri RAP} theo tong cac trung binh hinh hoc mo cua tat ca cac tiéu chi boi

cong thuce (4.16):

F;(r) = RAP (1) ® (RAPf(r) ORAEF(D) & .. D RAng(r))_l (4.16)
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Trong d6, @: dung dé cong cac s6 mo tam giac; ®: dung dé nhan s6 mo tam
giac thtr j voi nghich dao mo cua tong; va (-)~*: 1a nghich dao nhan ctia so mo duong.

Két qua thu dugc 1a mot s6 mo tam giac c6 dang:

Fi(0) = (L, (0 My, (0, upa, (0 )
bé phuc vu cho budc tinh toan tiép theo trong mé hinh L-FTOPSIS-HA, céac trong
s6 m& duge khir mo dé thu duoge cac gia tri sb 1. Trong ludn an, qué trinh khtr mo dugc
thyc hién bang phuong phap trong tim mién (COA). Cu thé, véi mdi trong s6 mo
Fw;(t), gia tri s6 10 twong (g M;(7) dugc xac dinh theo cong thuc:

lFWi (T) + mFWi (T) + uFWi (T)
3

M;(7) = (4.17)

Gia tri M;(7)la dai dién s6 o cla trong s6 mo F w; (1). Cudi cung, cac gia tri M;(7)
dugc chuan hoa dé thu dugc véc-to trong sb cia tidu chi w; (1) tai thoi diém 7, bao dam
thoa man diéu kién tong céac trong sd bang 1. Véc-to trong sd chuin hoa nay 1a két qua
dau ra cua giai doan 1 va dugc st dung lam dau vao cho giai doan 2 cua mo hinh dé

xudt, tirc giai doan xép hang cac phuong an bang phuong phap L-FTOPSIS-HA.

4.4.2. Pdanh gid xép hang cdc phwong dn

Bwéc 2.1. Xay dyng ma tran danh gia ngdn ngir cho cac phuong an tai thoi diém 7.

Tai thoi diém 7, mdi chuyén gia D? str dung tir ngon ngit x € X,, trén thang do ngon
ngit Ly (A7) dugc trinh bay trong Bang 4.4, dé xay dung ma tran danh gia ngon ngit cho
cac phuong an, ky hiéu Agg, theo cau triic nhu trong cong thirc (4.8). Trong ma tran nay,
mdi phan tir biéu dién danh gia ngdn ngit cua chuyén gia DI d6i véi muc do dap tng
clia phuong an AT € A7 theo timg tiéu chi Ci € C" tai thoi diém 7. Viéc sir dung thang
do 4-tuple ngit nghia dya trén HA cho phép cac chuyén gia biéu dat danh gia bang ngon
ngir tu nhién, dong thoi van bao dam kha nang dinh lugng ngit nghia va tinh toan & cac

budrc tiép theo.
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Bang 4.4. Thang do ng6n ngir 4-tuple va TFS cua cac tir ngén ngir dya trén HA dung dé xép
hang cac phuong an L, (AT)

TT Tl ngdn ngiy 4-tuple ngir nghia Tizﬁciir:ét:;: ;ian
1 [Extremely Low (EL) (EL. 0.1, [0.1.0.219), 0.1) (0.1, 0.1, 0.336)
2 [Low (L) (L. 0.336, [0.219, 0.450), 0.336) | (0.1.0.336, 0.566)
3 Medmum (M) (M, 0.566, [0.450, 0.675), 0.566) | (0.336, 0.566, 0.781)
4 [High (H) (H. 0.781. [0.675, 0.889). 0.781) (0.566.0.781. 1)
5 |[Extremely High (EH) (EH. 1. [0.885.1]. 1) (0.781, 1.000. 1)

Buwéc 2.2. Két nhap cic ma tran danh gia ngon ngit cia chuyén gia tai thoi diém .

Két nhap cac danh gia ngon ngir cia toan bo hoi dong chuyén gia tai thoi diém 7 dé
thu duoc ma tran danh gia phuwong an nhom, ky hiéu AA?, theo cong thirc (4.18) sau:

AA™ = (@3 (1))mxn, (4.18)

Trong d6, mdi phan tir d; (1) cta ma trin AA™ dugc xéc dinh thong qua phép Kkét

nhap ngdn ngit nhi phan trén mién 4-tuple ngit nghia theo cong thirc (4.19) nhu sau:
;) = a(@) B a4 (D) B -+ D a7 (1) (4.19)
trong dé=1,...m;j=1,..,n.

Ma tran AAT phan anh danh gia tap thé ctia hoi dong chuyén gia vé mirc 46 dap ung
clia cac phuong an tai thoi diém . Viéc thuc hién két nhép tryc tiép trén mién ngdn ngir
4-tuple gitp bao toan cau tric thir tu va ngir nghia ndi tai cia cac tir ngdn ngi, thay vi
chuyén dbi sang mién sb.

Buwéc 2.3. Xay dung ma tran danh gia phuong 4n tong hop c6 tich hop dir liéu lich sir

Budc nay dugce ép dung khiz > 1. Pé tich hop danh gié hién tai véi dir ligu lich str,
ky hidu: AL, = AT U A%; CE = C™' U C" 1a tap hop cac phuong an xuat hién trong hai
thoi diém lién tiép T — 7 va 7, c6 s6 phan tir cua hai tip ndy m¥, n¥ . Tuong ty, viéc tich
hop lich sir ciing duoc xét dong thoi dbi véi tap tiéu chi. Khi d6, cac phan tir clia ma tran

danh gia tdng hop c6 tich hop di liéu lich sir, kY hiéu AA® = (ai ! (r)) , duge xéc

m¥ x nl

dinh theo cong thirc (4.20) sau:
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(& &a . [AT€e ANAT™ vaCf e CT\C™*
a;j(7) P |ar e Av AT va ¢ e CT\C
(o) =4 dij(t — 1) ®d;(r) néudje AN A" vaCf eC'n (™! (4.20)
G- P néudf e AN\ Awa i € CTI\CT
DB :=w néu A} € ANAT 1 va Cf € CTI\C™.

Trong d6, @: 1 phép két nhap voi dir 1iéu khuyét thiéu; @: 1a phép két nhap ngon
ngir nhi phan; w dugc biéu dién 4-tuple ngit nghia cta phan tir trung hoa w trong Ly
i=1...m¢,j=1,..,n%

Trong cong thirc (4.20), c6 bdn truong hop duoc xét trong tmg voi bdn trang thai
dong cua tap phuong an: phuong 4n méi xuat hién ¢ thoi diém hién tai, phuong an duoc
duy tri qua hai thoi diém lién tiép, phuwong 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 bo sung
phuong 4n méi va loai bo tiéu chi & thoi diém hién tai. Do d6, truong hop 1 ciia cong
thirc (4.20) dugc thuc hién theo cong thirc (4.4), truong hop 2 tinh theo cac cong thirc
(4.2) va (4.3), truong hop 3 dugce tinh theo cac cong thirc (4.5) va (4.6), con truong hop
4 dé bao dam tinh day di cia cong thic trong truong hop tap phuong an va tap tiéu chi
dong thoi thay doi. Xét ma tran mé rong trén mién hop A% va CZ, voi moi AT € AF, va
C; € Cf, néu A7 € A"\A""* dong thoi CF € C*"*\C", thi ca gié trj lich st va gid tri hién
tai tai 6 (i, j) déu khuyét thiéu; khi d6 quy udc: @ B & = W = (w, Si(w), IW), 7,y)-
Quy udc nay chi nhim bao dam tinh ddy du ciia ma tran va tinh nhat quan ngit nghia
ctia biéu dién 4-tuple dua trén HA. Khi xép hang tai thoi diém 7, cac tiéu chi khong
thudc C* khong tham gia ma tran quyét dinh hién tai, nén gia tri W chi c6 ¥ nghia luu
vét cau tric va khong anh hudng dén két qua xép hang tai thoi diém .

Cong thiic (4.20) cho phép mé hinh thich tmg vé&i bdi canh MCGDM dong, trong
do6 tap phuong an A” va tap tiéu chi CT c¢6 thé thay doi theo thoi gian. Nho co ché nay,
dir liéu lich sir duoc két nhap véi dir liéu hién tai bi khuyét thiéu theo nguyén tic ké thira
c6 kiém soat, tranh viéc loai bo hoan toan thong tin cii, dong thoi khong 1am cho dir liéu
lich sir chi phdi qua murc két qua danh gié hién tai.

Bud6c 2.4. Chuyén d6i ma tran danh gia ngon ngir da tich hop dir liéu lich sir sang
ma tran danh gia mo.

Tuong ty Bude 1.4, ap dung Pinh nghia 4.1 dé chuyén d6i cc phan tr ngdn ngir

trong ma tran AA" sang biéu dién ngit nghia mo bang ham anh xa fz(+), theo d6 mdi tir
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ngon ngit dugc gan véi mot tap mo tam giac ngir nghia twong ing. Khi do, ma tran danh

gia ngit nghia mo duge ky hiéu 1a FAA® va dugc xac dinh theo cong thirc (4.21) sau:

FAA" = fz(a;;(D))mpxnz,i=1, ...,m¥ j=1, ., n (4.21)

T
Bwéc 2.5. Tinh gia tri danh gia tong hop ¢ trong s ciia cac phuong an.
Trén co s ma tran danh gia mo FAA® va trong s md cua cac tiéu chi F w; (1) thu
dugc trong Bude 1.5, gia tri danh gia tong hop 6 trong sd cila phuong an thi i tai thoi

diém 7 ky hiéu 1a Y} dugc xac dinh theo cong thirc (4.22):

Y7 =%Z7L1ij(r) X fz(@;(©)i = 1,..,m4j = 1,..,nd (4.22)

n
Budrc 2.6. Xac dinh khoang cach tir cic phuong 4n dén PIS (64) va NIS (6 7) tai
thoi diém 7 duoc tinh 1an luot theo cac cong thirc (4.23) va (4.24):

df (r) =J(X[—=61)%i=1,..,mY (4.23)
dl_(T) = (Yit—/ﬁ’_)z, i = 1, ey m:l[L (424)
trong d6, &#* = (1,1,1), 4~ = (0,0,0), va d; (¢) va d; (7) lan lugt biéu thi mirc
d6 gan ciia phuong dn A? t6i PIS va xa ddi véi NIS.
Bwéc 2.7. Tinh hé sé gan va thir hang cho cac phuong an.
Hé s6 gan ciia cac phuong 4n A? tai thoi diém t dugc tinh theo cong thirc (4.25).
Trén co sd do, cac phuong an duge xép hang dua trén gia tri CCF; trong d6 CC} cang
16n thi phuong 4n cang t6i uu hon.

d; ()

¢ = dF () + d7 (0)

(4.25)

Thuat toan 4.1. Thuat toan mo6 hinh L-FAHP - L-FTOPSIS dong dua trén HA.
Algorithm L-FAHP-L-FTOPSIS-HA (4, C, D, HA_C, fm_C(g~), u_C(h), k_C,
HA_A4, fmp_A(g7), u_A(h), k_A).

Input:
- S6 thoi diém danh gia T= {1, 2, ..., t}, voi t > 1.
-Omdithdidiémt €T (r=12 .., 0:

e Tap cac phuong an A™ = {A], 43, ..., A}, }, (v&im, > 2);

e Tép céc tidu chi C* = {C],C3, ..., Cr }, (voin, = 2);

e Tap nguoi ra quyét dinh D* = {D}, D%, ..., Dy }, (vOih, = 2);
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e Botham s6 (HA_C, fm_C(g7), u_C(h), k_C)// xay dung thang do L, (C®);
e Botham s6 (HA_ A4, fm_A(g7), u_A(h), k_A)// xay dung thang do L, (4Y);
- TUr thoi diém 7 - 7: History data (dir liéu lich str).
Output: Thir hang cic phuong 4n A7 € AT tai mdi thoi diém 7.
Begin
1. fort€Tdo
// Giai doan 1: Xdc dinh trong sé ciia cdc tiéu chi bang L-FAHP - HA
2. Thiét ké cdu triic phdan cap MCDM (muc tiéu — tiéu chi — phwong dén).
3. Xdy dung thang do ngon ngit 4-tuple L, (C ) dwa trén HA bang cdch lwa chon
cau triic ComHA, va cdc tham sé fm_C(g™), u_C(h), (k_C) theo cic Pinh nghia
tir 1.4 dén 1.12 cing cdc Ménh dé 1.1 dén 1.3.

for DZ € D* do

Xdy dung ma trdn so sanh cap ngon ngit P boi cong thirc (4.7);

4.
5
6. Kiém tra ty 16 nhdt qudn CRE 4() boi cong thirc (4.9) va (4.10);
7 while CRf 4(t) = 0.10 do

8 Yéu cau D} hiéu chinh lai ma tran PE;; quay lai buoc 3-4;
9 end while

10. end for

11. Két nhdp cdac ma trgn so sanh cap tai thoi diém t, thu dwoc ma trgn nhém, APT
theo cong thure (4.11) va (4.12),
12. ift > 1 then

13. Tinh ma trdn so sanh cdp tong hop cé tich hop dit liéu lich sir APT béi cong

thirc (4.13);
14. else
15. APT = AP;
16. endif

17.  Ap dung ham danh xa fz(,) dé chuyén d6i APT sang FAPT boi cong thire (4.14);
18. forCf € C* do
19. Tinh trung binh nhan mo RAP; theo cong thirc (4.15);

20. end for
21.  Tinh trong s6 mo ciia tiéu chi Fwj(t) boi cong thirc (4.16);
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22.  Khit mo theo COA dé thu gid tri s6 ré béi cong thire (4.17);

23. Chudn héa {M; (1)} dé thu véc-to trong sé Wi (1)

// Giai doan 2: Ddnh gid xép hang phwong dn tai bang mé hinh L-FTOPSIS-HA.

24.  Xdy dung thang do ngon ngit 4-tuple L, (A) dwa trén HA bang cdch lya chon
cau triic ComHA, va cdc tham sé fm_A(g™), u_A(R), (k_A) theo cic Pinh nghia
tir 1.4 dén 1.12 cing cdc Ménh dé 1.1 dén 1.3.

25. for D; € D* do

26. Xay dung ma tran danh gia ngon ngir cho cdc phuwong an, AB;, boi cong thuc
(4.8);

27. end for

28.  Kétnhdp cdc ma tran danh gid ngén ngit thanh ma trdan nhém AA® tai thoi diém
T, boi cong thirc (4.18), (4.19);

29. ift>1 then

30. Tinh ma trgn danh gid phwong dn tong hop cé tich hop dir liéu lich sir
AAT béi cong thire (4.20);

31. else

32. AAT = AAT;
33. endif

34. Chuyén déi tir ma trin AA*sang FAA® theo cong thire (4.21)

35. Tinh ma trdn quyét dinh mo chudn héa cé trong s6, YT béi cong thirc (4.22)
36. for A € A® do

37.  Tinh khodng cach tir A dén PIS va NIS béi cong thire (4.23) va (4.24);
38. end for

39. for AT € A" do

40.  Tinh hé s6 gan CC} boi cong thire (4.25)

41. end for

42.  Xép hang phuong dn Aj theo CC} giam dan

43. end for

44. Return { Rank* (AT € A*),i=1, ... m; t=12, .., 1)

End
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Béng 4.5. D) phuc tap cua thuat toan thuc hién cac cong thue trong mo6 hinh L-FAHP - L-

FTOPSIS dong dya trén HA

STT Ct:}i)lrrlcg Noi dung tinh toan D phuc tap
Xay dung cac ma tran so sanh cap ngon nglr cho h; 2
! @.7) chuyén gia; mdi ma tran co kich thudc n, x n,. Othe X n)
) 4.8) Xay fiung cacx‘ma train d?n}} gia p%luo*ng an cho h; O(h, X m, X n,)
chuyén gia; moi ma tran c6 kich thuéec m, x n,.
3 (4.9) T.inh ty léq n}A}ét ciuén C R,‘:’, 4(7) Ch? tczéln bd h; chuyén O(hy)
gia khi chi so CIg,(7) va RI(n;) da co.
Tinh chi s6 nhat quan dya trén gia tri riéng 16n nhat ciia
4 (4.10) | ma tran so sanh cdp; chi phi chi phdi 1a phép tinh O(h; x n3)
2%,ax(T) cho h, ma tran béc n,.
5 (4.11) - | Két nhap cac ma tran so sanh cip cia cic chuyén gia O(h. X n2
(4.12) | tai thoi diém 7 dé thu duoc ma tran nhom APT. (he > n7)
Tich hop dit li€u lich st vao ma tran so sanh cép trén
6 (4.13) | khong gian tiéu chi hop nhat; mdi phan tir dwoc xir 1y O((n¥)?)
trong thoi gian hang so.
7 (4.14) A’nh xe;1 toi‘ln bd cac phéan tir flgén‘ngfr Cfl.ff. ma trén so O((n%)?)
sanh c@p tong hop sang ma tran mo tam giac.
Tinh trung binh hinh hoc md cho toan bg n¥ tiéu chi;
4.1 ~. . 3 P : . ) ’ u) 2
8 4.15) moi ti€u chi can két hgp n¥ phan tir. O((m)")
9 (4.16) Tinh va chuin hoa féc ‘giét tri trunig bin’h hinh hoc mo O(n¥)
deé thu dugc trong s6 mo cuia cac tiéu chi.
10 (4.17) Khu mfr theo phuorrA’lg Philp COI?{ Vei chuerln hoa dé¢ thu O(n)
dugc véc-to trong so sO ro cho n¥ ti€u chi.
(4.18) Két nhap cac ma tran danh gid phuong an cia h,
11 (4 19) ch}lyén gia dé thu dugc ma tran dénh gia nhom tai thoi | O(h, X m; X n,)
' diém .
Tich hop dir li¢u lich str vao ma tran danh gia phuong
12 4.2 i T . : X n¥
(4.20) an trén khong gian phuong an - tiéu chi hop nhat. O(my X nr)
13 (4.21) Chuyén doi ma tran danh gia ngon ngir da tich hop lich O(m? x nd)

su sang ma tran danh gia mo.
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STT Corng Noi dung tinh toan Do phuc tap
thurc
Tinh gia tri danh gia tong hop co trong s6 cho toan bd
14 4.22 i o : : U s pu
(4.22) mY¥ phuong an trén n¥ tiéu chi. Ofmy X nr)
Tinh khoang cach tir cic phuong an dén PIS trén toan U u
. . X
151 (23) ) s mi x nd tiu chi. Ofmy X nc)
Tinh khoang cach tir cac phuong 4n dén NIS trén toan
24 _ Uy U
161 (29 ) s m x n¥ tiu chi. Ofmy X nc)
17 (4.25) | Tinh hé s6 gan cho toan bd phuong an tai thoi diém 7. O(m})

Ky hiéu: t 14 s6 thoi diém danh gia; tai mdi thoi diém 7, m, 1a s6 phuong 4n, n, 1a
s6 tiéu chi, h, 1a sb chuyén gia; m¥* va n¥ lan luot 1a s6 phan tir ctia tdp phuong an va
tap tiéu chi hop nhét khi tich hop di liéu lich str. Vi vay, phan tich do phirc tap can dugc
tach thanh hai mirc: chi phi tai mot thoi diém danh gid 1a T va chi phi téng thé trén toan
b6 chudi thoi diém danh gid 1a ¢.

Tai mot thoi diém 7, do phuc tap thoi gian chi phdi ctia mé hinh L-FAHP - L-
FTOPSIS dong dua trén HA bi chi phdi chti yéu boi hai thao tac: qua trinh kiém tra tinh
nhit quan clia ma tran so sanh cip bac n, véi do phirc tap O(h, X n2) va qua trinh két
nhdp ma tran danh gia phuong an ctuia h; chuyén gia voi do phtrc tap O(h,; X m; X n;),
con p,(m%,n) biéu dién nhom chi phi gan véi tich hop dir lidu lich si, xtr Iy khong
gian phuong an - tiéu chi hop nhét va cac budc tinh toan tiép theo theo cac bac da néu
trong Bang 4.5. Do mo hinh L-FAHP - L-FTOPSIS dya trén HA dugc xay dung cho bai
toan MCGDM dong qua nhiéu thoi diém, do phirc tap tong thé can dugc lugng hoa bang
téng chi phi tinh toan qua toan bo chudi thoi diém. Vi vay, do phirc tap tong thé ciia mo
hinh trén t thoi diém danh gia dugc viét dudi dang:

t
0 (Z[hT Xnd+h, Xm; Xn, + pr(m}‘,n?)]>
T=1

Trong trudng hop bo qua cac hang bac thap va gia dinh chi phi tra ciru, chuyén doi
trén thang do HA hitu han duoc xem 1a hang sd, thanh phan chinh c6 thé dién giai 1a:
O(t X hx max{n®, m x n}). Trong thyc tién ciia cac bai toan MCGDM, sé luong tiéu
chi n, va sb lugng chuyén gia h, thuong 1a cac hing sé nho, kich thudc bai toan chu yéu
tang theo s6 lwong phuong an m,. Pong thoi, do phirc tap ¢6 tham s6 t chi phan anh chi
phi xtr Iy thuat toan sau khi dir liéu danh gia da duoc cung cap; chi phi t6 chirc khao sat,
Ira chon chuyén gia va thu thap danh gia ngon ngit qua nhiéu thoi diém thudc vé chi phi
trién khai thyc nghiém, khong phai d6 phtc tap thuat toan theo nghia tinh toan. Vi vay,
mo hinh L-FAHP - L-FTOPSIS dong dua trén HA c¢6 d6 phirc tap tuyén tinh theo my,
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cho thiy mo hinh c¢6 do phtc tap phit hop voi pham vi thuc nghiém; kha ning mé rong
can tiép tuc kiém chung va xt 1y dir lidu thoi gian thuc trong cac hé thong hd tro ra
quyét dinh dong.

4.5. Vi du thwe nghiém
Trong muc nay, mé hinh ra quyét dinh L-FAHP - L-TOPSIS duya trén HA dugc ap

dung dé giai quyét bai toan dénh gid muc do sin sang chuyén dbi sé6 caa SMEs trong
linh vuc ban 1€ tai Viét Nam, qua d6 minh chung kha ndng tng dung va hi¢u qua ctua
mo hinh dé xut trong méi trudng MCGDM dong. Bai toan dugc lira chon vi ddy 1a mot
bai toan MCGDM dién hinh, trong d6 thong tin danh gid mang tinh dinh tinh, mo ho,
kho lwong hoa chinh xac [31, 91] va c6 xu huéng bién thién theo thoi gian dudi tac dong
cua sy thay doi cong nghé, thi truong, hanh vi tiéu dung va nang lyc thich img cua doanh
nghiép [29, 32]. Trén co s& tong hop cac nghién ctu lién quan, mac do chuyén doi sd
ctia SMEs ban 1é c6 thé dugc xem xét mot cach tuong ddi toan dién thong qua bon ticu
chi chinh duéi day:

Vé cong nghé va nang lyc so: Cac doanh nghiép can chu trong kha ning tich hop va
mg dung cac nén tang sd nhu thuvong mai dién tir, Big Data, IoT va blockchain [101],
ciing nhu nang luc trién khai tri tu¢ nhén tao (AI), dién toan ddm may va dua ra quyét
dinh dya trén phan tich dit liéu 16n [42].

Vé chién luge va t6 chirc: Viée xay dung mdt chién lugc chuyén ddi s6 1o rang cung
cac muyc tiéu va chi sb do luong hiéu qua (KPIs), di kém v&i cam két va sy ung hd manh
mé tir ban lanh dao, kha ning linh hoat thich img va phan b6 ngudn luc hop 1y, 14 nhiing
yéu t6 quan trong quyét dinh sy thanh cong ctia chuyén d6i sé [101, 107, 65].

Vé trai nghiém khdch hang: SMEs can ting cudng nang luc ban hang da kénh [65],
ca nhan hoéa trai nghiém khach hang thong qua viéc tmg dung cong nghé [42], dong thoi
nang cao sy tién loi va toc do giao dich trong cac dich vu s6 dé dap tmg nhu cau ngay
cang khat khe tir phia khach hang [107].

Vé yéu té nhan lye va vin héa: Viée dau tu vao dao tao va phat trién k¥ nang s cho
nhan vién, xy dung van hoa d6i méi, khuyén khich chap nhan rii ro va diéu chinh linh
hoat co céu t6 chirc phi hop véi chuyén doi s6 1a nhimng diéu kién tién quyét nham dam
bao sy bén virg va hiéu qua cia qua trinh nay [77, 107].

Nhin chung, bé tiéu chi nay khong chi phan anh tinh trang va nang luc chuyén déi
s6 cia SMEs trong linh vuc ban 1é ma con 1a co s& quan trong dé xdy dung céc chién
lugc phii hgp nham t6i vu héa van hanh va nang cao nang luc canh tranh trong moi

truong kinh doanh sb hoa hién nay.
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Trong vi du thuc nghiém nay, bd tiéu chi danh gia gém 4 tiéu chi chinh va 14 tiéu
chi con, duoc sir dung dé mé hinh hoa bai toan danh gia muc do sin sang chuyén doi sb
ctia SMEs ban 1¢ tai Viét Nam duoc trinh bay trong Bang A2.1 & phan Phu luc A.

Gia str mot tinh A tai Viét Nam c6 nhu cau danh gia va xép hang mic do sin sang
chuyén dbi s6 cia SMEs trong linh vuc béan 1¢. Sau qué trinh sang loc, 10 doanh nghiép
(E1, E2, E3, E4, ES, E6, E7, ES, E9, E10), dugc chon lam tap phuong an khao sat. Qua
trinh nay duoc thuc hién tai 3 thoi diém 74, T, va T, trén co s¢ bo tiéu chi gom 4 tiéu
chi chinh va 14 tiéu chi con dugc trinh bay trong Bang A2.1 & phan Phu luc A. Trong
bdi canh ra quyét dinh dong, tap phuong an, bo tiéu chi va thanh phan hoi dong chuyén
gia c6 thé thay doi theo timg thoi diém nham phan 4nh sy bién dong ciia méi truong ra
quyét dinh, chang han nhu su thay d6i ctia cong nghé, thi trudng, hanh vi tiéu ding,
chinh sach quan 1y hodc ning luc thich tmg cta doanh nghiép. Pé thuc hién qua trinh
danh gia, mot hoi dong chuyén gia dugc thanh 1ap gém 3 chuyén gia, ky hiéu D;, D,,
D5. Pay 1a nhitng ngudi ¢ kién thic chuyén sau va kinh nghiém thyc tién trong linh
vuc chuyén d6i s6 SMEs tai Viét Nam.

Hoi dong chuyén gia théng nhit xay dung hai thang do ngon ngir 4-tuple ngit nghia
dua trén HA, ky hiéu 1an luot 13 L, (C?) va L,(AY). Trong d6, thang do L,(C?) dugc sir
dung trong giai doan L-FAHP-HA véi bd tham sb ngir nhia cua HA duoc thiét 1ap nhu
trong Vi du 4.1 (4.x* fm(U), w(L), k = 2) dé biéu dién cac danh gia so sanh cap ngdn
ngit vé mirc dd quan trong giita cac tiéu chi trinh bay trong Bang 4.3; con thang do
L,(AY) duoc sir dung trong giai doan L-FTOPSIS-HA véi tap phan tir sinh G = {Low,
High}, tap gia trt H = {Little, Very}, cung dd do tinh m¢ cua fm(Low) = 0.518, p(Little)
=0.495 va d6 dai t6i da cta tir ngdn ngit k = 1 dé biéu dién mirc do dap ung cua ting
doanh nghiép theo timg tiéu chi tai Bang 4.4; dong thoi thong nhat thiét 1ap hé sb suy
giam nglr nghia A= 0.7.

Duya trén hai thang do ngdn ngir trén, tién hanh thu thap dir liéu thong qua phuong
phap phong van ban ciu trac ddi v6i cac nha quan 1y cdp cao va truong bd phan cia cac
doanh nghiép dugc lua chon khao sat theo bd ti€u chi néu trén. Ba chuyén gia s€ cung
cap ma tran danh gia so sanh cdp ngdn ngit dé xac dinh trong sd cua tiéu chi, dong thoi
cung cap ma tran danh gia mirc 4o dap tng clia cac doanh nghiép theo timg tiéu chi tai
ting thoi diém quan sat.

Quy trinh tinh toan thyc nghiém ctia md hinh ra quyét dinh dé xuét qua ba thoi diém

(11, T2 va t3) dugc thuc hién nhu sau:
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(1) Thoi diém 74:

Céc chuyén gia da thyc hién danh gia 5 doanh nghiép (E1, E2, E3, E4, E5). Dya
trén phan tich bdi canh hién tai, mudi mot tiéu chi con dugc nhoém vao ba tiéu chi chinh,
bao goém: (i) chién lugc va to chic, (i) cong nghé va nang luc sd, va (iii) trai nghiém
khach hang, da dugc xac dinh dé phuc vu viéc danh gia.

Céc Bang (tir A2.2 dén A2.7) trong Phu luc A trinh bay ma trén so sanh mo cho céc
tiéu chi va tiéu chi con, cing véi cac danh gia két nhap cua doanh nghiép va trong sb
quan trong cila cac tiéu chi tai thoi diém 7,. Bang 4.6 va Bang 4.7 14 két qua tinh toan
ctia md hinh ra quyét dinh tai thoi diém 7,, bao gdom: danh gia trung binh c6 trong sd
ctia cac doanh nghiép, tinh khoang cach tir cic doanh nghiép dén PIS va NIS, ciing nhu
hé sé gan caa cac doanh nghiép.

Bang 4.6. Danh gia trung binh c6 trong s ciia cac doanh nghiép tai thoi diém 7,

Doanh nghiép Dénh gia trung binh 6 trong sb
El (0.047,0.111,0.177)
E2 (0.061,0.133, 0.185)
E3 (0.029, 0.080, 0.149)
E4 (0.025,0072,0.135)
E5 (0.028,0.076,0.141)

Bang 4.7. Khoang céach tir cac doanh nghiép t6i 4+ va &~ tai thoi diém 7,

Doanh nghiép d* d”
El 0.890 0.124
E2 0.875 0.136
E3 0915 0.099
E4 0.924 0.090
E> 0919 0.094

Bang 4.8 cho thiy két qua xép hang cac SMEs, trong d6, doanh nghiép E2 dat hé s6
gan 16n nhat 0.135, xép hang tht nhét, tiép theo 1a E1 (0.122) va E3 (0.098); trong khi
E4 (0.088) 1a phuong 4n c6 muc d6 uu tién thap nhat. Thir hang nay cho thdy mé hinh
¢6 kha nang nhan dién duoc doanh nghiép ndi troi ngay tir giai doan dau, dong thoi bao
dam su phan hoa hop 1y giita cac phuong an ¢ mirc danh gia twong ddi gan nhau trong

cung moi trudng ngdn ngtr dua trén HA.
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Bang 4.8. Hé sb gan va tht hang ciia cac doanh nghiép tai thoi diém 7,

Doanh nghiép Heé s6 gan Thir hang
El 0.122 2
E2 0.135 1
E3 0.098 3
E4 0.088 5
ES 0.093 4
(2) Thoi diém 75:

Tai thoi diém nay, ba doanh nghiép mai (E6, E7, E8) duoc bd sung vao tap phuong
an, dong thoi ba tiéu chi con thudc tidu chi chinh “Nguon nhdn lwc va vin héa” ciing
duogc dua vao khao sat. Cac budc tinh toan, két nhap danh gia cta cac doanh nghiép va
tinh trong s6 quan trong cho bon tiéu chi va mudi bén tidu chi con dugce trinh bay tai
cac Bang A2.8 va A2.9 trong Phu luc A. Cac Bang 4.9 va 4.10 1a két qua tinh toan, bao
gdm: danh gia trung binh co trong s ciia cac doanh nghiép, khoang cach dén PIS va

NIS, hé s6 gan, va thir hang cua cic doanh nghiép tai thoi diém .

Bang 4.9. Danh gia trung binh c6 trong s ciia cac doanh nghiép tai thoi diém 7,

Doanh nghiép Déanh gia trung binh c6 trong s6

El (0.023, 0.054, 0.111)
E2 (0.025, 0058, 0.114)
E3 (0.019, 0.047,0.103)
E4 (0.014,0.037, 0.090)
E5 (0.015, 0.040, 0.092)
E6 (0.030, 0.066, 0.112)

17 (0.022,0.052,0.112)
ER (0.016, 0.043, 0.095)

Bang 4.10. Khoang cach tir cic doanh nghiép t6i & *va &~ tai thoi diém T,

Doanh nghigép dt d”
El 0.938 0.072
E2 0.935 0.075
E3 0.944 0.067
E4 0.954 0.057
ES 0952 0.058
E6 0931 0.077
E7 0.939 0.072
E8 0.949 0.061
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Két qua xép hang cudi ciing ctia cac doanh nghiép duoc trinh bay trong Bang 4.11,
trong d6 E6 vuon 1én xép hang thtr nhat voi hé sb gan 0.077, tiép theo 1a E2 (0.075) va
E1 (0.072); cac doanh nghiép con lai c6 hé s6 gan thip hon va phan bd thir hang tuong
d6i 6n dinh. Két qua nay cho thay mo hinh khong chi thich tmg tt voi sy thay doi cia
tap phuong 4n va bo tiéu chi theo thdi gian, ma con duy tri duge kha nang so sanh, xép
hang nhat quan khi tich hgp thong tin hién tai véi dir liéu lich sir trong m6 hinh L-FAHP
- L-FTOPSIS dong dua trén HA.

Bang 4.11. Hé s6 gan va thir hang ctia cac doanh nghiép tai thoi diém 7,

Doanh nghiép Heé s6 gan Thu hang
El 0.072 3
E2 0.075 2
E3 0.066 5
E4 0.056 8
ES 0.058 7
E6 0.077 1
E7 0.072 4
E8 0.060 6
(3) Thoi diém 75:

Vi mét s6 1y do thuc té, hai doanh nghiép E1 va E2 duoc dua ra khoi tap phuong
an; dong thoi, hai doanh nghiép mai 12 E9 va E10 duoc dua vao mé hinh. Bo tiéu chi
duogc gilt nguyén nhu ¢ thoi diém 7,, gdm 14 tiéu chi con trong 4 tiéu chi chinh chinh.
Céc Bang A2.10 va A2.11 trong Phuy luc A 1an luot trinh bay cac muc danh gia tong hop
ctia doanh nghiép va trong sd quan trong ctia cic tiéu chi. Tiép theo, Bang 4.12 va 4.13
trinh bay cac két qua tinh toan, bao gdbm: danh gia trung binh c6 trong sd, khoang cach
tir mdi doanh nghiép dén PIS va NIS, hé s6 gan, va thir hang cudi cua cac doanh nghiép.

Bang 4.12. Danh gia trung binh c6 trong s6 ctia cac doanh nghiép tai thoi diém 7,

Doanh nghiép Dénh gi4 trung binh cé trong sb
El (0.018, 0.046, 0.094)
E2 (0.034, 0.070, 0.115)
E3 (0.011, 0.032, 0.075)
E4 (0.015, 0.038, 0.086)
E5 (0.020, 0.046, 0.095)
E6 (0.030, 0.062, 0.105)
E7 (0.029, 0.060, 0.105)
E8 (0.020, 0.046, 0.095)
E9 (0.031, 0.063, 0.105)
E10 (0.028, 0.059, 0.103)
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Bang 4.13. Khoang cach tir cac doanh nghiép t6i & *va &~ tai thoi diém 75

Doanh nghigp d*t d”
El 0.948 0.061
E2 0.928 0.080
E3 0.961 0.047
E4 0954 0.055
E5 0.947 0.062
E6 0.935 0.073
E7 0.936 0.072
E8 0.947 0.062
E9 0.934 0.073
E10 0.937 0.071

Tai thoi diém 75, Bang 4.14 13 két qua xép thir hang tong hop ca qua trinh danh gia
& 3 thoi diém cta 10 doanh nghiép, trong d6 két qua xép hang cho thay E2 dimg dau voi
hé sb gan 0.079, tiép theo 1a E9 (0.073), E6 (0.072) va E7 (0.071), trong khi E3 ¢ hé sb
gin nho nhét 0.047. Piém dang chi ¥ ¢ thoi diém nay 12 mic du mot sé doanh nghiép
khong con duge danh gia méi, mo hinh van bao luu va khai thac thong tin lich sir theo
chinh sach luu gitr két hop co ché suy giam ngit nghia, chang han nhu E2 bi dua ra khoi
tap phuong an (khong duoc dénh gia & thoi diém hién tai, 73), nhung hé théng van luu
trir két qua lich sir xuét sac cua no tir cac thoi diém 7, (xép thir nhat) va 7, (xép thi hai)
nhd d6 E2 van duoc xac dinh 14 phwong an t6i wu do ¢ thanh tich tich lity ndi troi & cac

thot diém trudec.

Bang 4.14. Heé s6 gan va thir hang cta cac doanh nghiép tai thoi diém 75

Doanh nghié¢p Heé s6 gan Thir hang
El 0.061 8
E2 0.079 1
E3 0.047 10
E4 0.054 9
E5 0.061 7
E6 0.072 3
E7 0.071 4
E8 0.062 6
E9 0.073 2
E10 0.070 5

Két qua nay lam rd wu diém quan trong cia mo hinh dé xuét: khong chi danh gia
theo 14t cat tai mot thoi diém, ma con hd tro xép hang tong thé trong bdi canh dong, qua
d6 nang cao tinh ké thira, do on dinh va kha nang dién giai cia két qua ra quyét dinh.
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4.6. Phan tich d9 nhay va so sanh két qua
4.6.1. Phén tich dp nhay

Phan tich d§ nhay dugc thuc hién tai ba thoi diém 14, T,, 75 trén hai kich ban nham
kiém tra 6 6n dinh va do nhay cia mé hinh ra quyét dinh L-FAHP - L-FTOPSIS dong
dua trén HA trudc cac bién dong co6 hé¢ théng cta dit liéu dau vao va trudc su thay ddi
dong thoi cua cdu tric ngit nghia. Cu thé, & kich ban I, toan bd cac phan doan so sanh
cap ngdn ngir dugc dich ting mot murc trén thang do L,(C%), qua d6 md phong kich ban
nhiu loan toan cuc nhung van bao toan quan hé tht ty tuong dbi giira cac phan doan.
con kich ban 2, ngoai nhiéu loan toan cuc noi trén, mo hinh con thay ddi do do tinh mo
cia HA, nho d6 kiém tra kha nang on dinh ciia két qua khong chi theo dir liéu danh gia
ma con theo chinh co ché biéu dién ngit nghia ctia mo hinh.

Két qua tong quat theo hai kich ban duoc tom tit trong Bang 4.15, Hinh 4.3 va Hinh
4.4 cho thiy thir hang SMEs bién dong rat nho, trong d6 nhoém dan dau va nhom xép
cubi hau nhu duge bao toan qua ca ba thoi diém. Pidu d6 cung cap bang chung thuc
nghiém rd rang vé do On dinh va do tin cdy cua mod hinh trong bdi canh L-FAHP - L-
FTOPSIS dong dua trén HA.

Bang 4.15. So sanh két qua phan tich d6 nhay trong cac kich ban tai thoi diém 7, 7, va 75

Thi . Két qua phén tich d6 nhay trén hai kich ban
_3 Ban diu - - ——
diem Kich ban 1 Kich ban 2

ty; |E2>=El1:=E3=E5=E4E2=E]l=E3=E5>>E4 E2? =El =E3 = E5> = E4

E6=E2=El=E7=E3|E6=E2>=E7=El =E3 = E6:=E2>=E7>=El=E3 >
=E8 =E5> =E4 E8 = E5 = E4 E8 = E5 = E4

E2=E9 =E6=E7 >
ta E10 = E§ = E5 = El =
E4 = E3

ts

E2=E9 =E6 =E7:=E10|E2 =E%:=E6=E7=EI0 >
=E8=E5=El =E4=E3 El1=E8:=E5:=E4=E3

(i) Kich bdn I: Cho thay mé hinh c6 mirc chdng chiu rat tt trudc nhidu loan toan
cuc cua cac phan doén so sadnh cdp. Theo Bang 4.15, ¢ thoi diém 74, két qua ban dau 1a
E2 > El > E3 > E5 > E4, va th hang nay duoc giit nguyén ¢ ca hai kich ban. Diéu
nay cho thiy ciu tric wu tién giita cdc phuong an tai thoi diém dau 1a kha bén ving
trudc ca nhidu dit liéu 1an bién dong tham sd ngit nghia. Vé mat dinh luong, E2 12 doanh
nghiép ¢ wu thé rd rét khi dat hé sd gan 0.135, cao hon E1 véi 0.122 va E3 véi 0.098,
trong khi E4 chi dat 0.088. Khoang cach du 1on giira phuong an ding dau, nhém tam
trung va xép hang cubi lam cho cac nhiéu loan 4p dung 1én ma trén so sanh cip khong

du manh dé gay ra dao hang.
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Két qua nay cho thay tai thoi diém t,, uu thé ciia E2 khong mang tinh ngau nhién
ma phan anh nang luc chuyén d6i sb tét hon mot cach twong ddi 6n dinh ngay trong cu
hinh bai toan ban dau. Tai thoi diém t,, khi khong gian ra quyét dinh mé rong tir 5 1én
8 SMEs, tur 3 ti€u chi chinh 1én 4 ti€u chi va tir 11 1én 14 tiéu chi con, thir hang chi thay
d6i cuc bo: tir két qua ban dau E6 > E2 > E1 > E7 > E3 > E8 > E5 > E4 chuyén thanh
E6 > E2 > E7 > El > E3 > E8 > E5 > E4; ttc chi c¢6 su hoan d6i vi tri gitra E1 va E7,
con phuong an t6t nhat E6, nhom tAm trung va phuong an cubi E4 déu duoc giit nguyén.
Tai 73, tht hang ban dau E2 > E9 > E6 > E7 > E10 > E8 > E5 > El > E4 > E3 duogc
bao toan hoan toan trong Kich ban 1. Dién bién nay phu hop v6i Hinh 4.3, noi cac dudng
biéu dién giira trudng hop ban dau va truong hop nhiéu loan gan nhu chdng khit ¢ hau
hét cac tiéu chi va thoi diém, cho thay hé sé gan chi dao dong bién nho va khong da dé

pha v& céu tric thi hang tong thé.

El
10
E10 > E2
/1
€\
4
{ 4
E9 \ 1 _ 4 E3
V2 e I
P 7 “0 ] ‘\ \\ II
/\- - /,\\ ,/ \ |
=~
E8 S~ 7 E4
\\\ éll
~
E7 E5
E6
t1_Ban diu === 11 Toan cuc
12_Ban dau === 12 Toan cuc
13 Ban dau === 13 Toan cuc

Hinh 4.3. Kich ban phan tich d¢ nhay voi nhiéu loan toan cuc

Y nghia cua két qua trén 1a rat 3. Thir nhat, khi mot sy dich chuyén hé théng duoc
ap dung déng déu 1én toan bd ma tran so sanh cip, mo hinh van duy tri duoc trat ty uu
tién cua cac doanh nghiép chii chot. Piéu d6 cho thay véc-to trong sb sinh ra boi L-
FAHP dya trén HA khong nhay qua mirc v6i nhidu loan toan cuc, vi cau trac thir ty ngir
nghia cta cac danh gia van dugc bao toan sau khi dich mirc. Thtr hai, SMEs dimg dau
tai timg thoi diém déu 1a nhitng phuong an ¢6 uu thé tuong ddi rd rét trong két qua gdc:
tai 7,, E2 c6 hé s6 gan 0.135, cao hon E1 (0.122) va E3 (0.098); tai 7,, E6 dat 0.077,
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cao hon E2 (0.075) va E1 (0.072); tai 75, E2 tiép tuc dimg dau véi 0.079, tiép theo 1a B9
(0.073), E6 (0.072) va E7 (0.071). Diéu d6 cho thdy cac cuc tri trong cdu tric danh gia
dugc bao toan sau gy nhidu, va mo hinh 6n dinh khong chi & murc thir hang ma con &
muc khodng cach to1 giai phéap 1y tudng.

Két qua trong kich ban 1 phan anh tic dong dong thoi cua hai thanh phan trong mo
hinh: trong s cua tiéu chi dugc xac dinh bang L-FAHP - HA va diém danh gia phuong
an duogc tong hop bang L-FTOPSIS - HA dong. Viéc dich ting dong déu toan bo cac
phan doan chi lam thay doi mutrc do uu tién ma khong lam thay d6i quan hé thi tu tuong
dbi gitra cac tiéu chi. Do d6, véc-to trong sé do L-FAHP duya trén HA sinh ra van duy tri
dugc tinh 6n dinh, va cac phuong 4n c6 loi thé tich lily trén nhiéu tiéu chi tiép tuc giir
vu thé. Chang han, tai 75, E2 ¢6 d* = 0.928 nho hon va d~ = 0.080 16n hon so v6i phan
16m cac phuong an khéc, tir do dat hé sb gﬁn 16n nhét 0.079; nguoc lai, E3 c6 d* =0.961
16n nhat va d~ = 0.047 nho nhét, nén ludn & cudi bang xép hang. Dién bién nay phu hop
v6i Hinh 4.3, khi cac dudng biéu dién giira truong hop ban dau va trudng hop nhidu
loan gan nhu chong khit & hau hét cac tiéu chi va thoi diém.

Vé phuong phép luan, két qua phén tich theo kich ban nhidu loan toan cuc cho thay
mo hinh dé xuét dat duoc sy cin bang hop 1y gitta d6 6n dinh va d6 nhay. D6 6n dinh
thé hién ¢ viéc cac doanh nghiép dtng dau va dimg cudi duoc nhan dién nhit quan qua
tat ca cac kich ban; trong khi d6, 6 nhay thé hién & kha nang phan biét tinh trong nhém
xép hang tam trung, noi khoang cach diém sb nho va sy thay doi trong s6 cia mot Tiéu
chi chinh c6 thé lam thay doi quan hé thir hang cuc bo. Pay 1a dic trung co gia tri thuc
tidn, vi trong cac bai toan danh gid mic d6 sin sang chuyén dbi sd, didu quan trong
thudng 1a nhan dién ding nhém doanh nghiép ndi troi, nhom xép cudi va xu hudng dich
chuyén ciia nhém tam trung.

(ii) Kich bdn 2: La phép thir khat khe hon, vi ngoai viéc dich ting toan b cac phan
doan so sanh cip ngdn ngit 1én mot murc trén thang L, (CY), mo hinh con dong thoi thay
d6i do do tinh md cta phan tir sinh va gia tir trong cau trac HA vé mutc (fm(g~) =
0,5 va u(h™) = 0,5). Tuy nhién, két qua van cho thiy mé hinh c6 do 6n dinh rat cao.
Theo Bang 4.15, tai 7,, thir hang tiép tuc dugc giit nguyén hoan toan. Tai 7,, két qua
Kich ban 2 1a E6 > E2 > E7 > E1 > E3 > E8 > E5 > E4, tuc giéng v6i Kich ban 1 va
chi khac két qua ban dau ¢ sy hoan d6i nhe giita E1 va E7. Tai 75, kich ban 2 cho két
qua E2 > E9 > E6 > E7 > E10 > E1 > E8 > E5 > E4 > E3, nghia la chi c6 mét thay
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d6i cuc bo gilta E1 va ES, con doanh nghiép dimg dau E2, nhém wu tién cao gdm E9,
E6, E7 va E10; doanh nghiép cudi bang 1a E3 van khong thay doi.

Hinh 4.4 ciing cho thdy cac dudng radar ctia ba trudng hop: ban dau, nhidu toan cuc
va nhiéu toan cuc két hop thay doi d6 do tinh md, nhin chung van bam khé sat nhau, chi
tach nhe & mot s6 truc. Piéu d6 ching to cac thay doi hop 1y ciia d6 do tinh mo chi yéu
lam thay dbi bién d dinh luong, nhung khong lam mat trat tu ngit nghia giita cac tir
ngodn ngit va cling khong dan t6i dao hang quy mé 16n. Pay 1a uu thé ndi bat cua mo
hinh dya trén HA so véi nhiéu md hinh dya trén tdp mo truyén thong, noi thay doi ham

thudc hodc tham s6 mod thudng co thé 1am bién dong dang ké két qua xép hang.

El
10

E10

E9
B8 -
E7 ES
. E6
t1_Ban dau t1_Toan cuc t1_Toan cuc & FM
12 _Ban dau 12 Toancyc ====- 12_Toan cuc & FM
73_Ban dau t3 Toancyc ~  ====- 13_Toan cuc & FM

Hinh 4.4. Bo nhay ciia mé hinh trudc nhiéu loan toan cuc va thay déi @6 do tinh mo ciia HA.

Nhin tir bdi canh dong ctia bai toan, y nghia ciia thir hang phuwong 4n ciing kha nhét
quan. O thoi diém 7, E2 ludn dimg dau cho thiy doanh nghiép nay da c6 mic do sin
sang chuyén doi sé ndi trdi ngay tir ciu hinh ban dau. O 7,, sy vuon 1én cta E6 1én vi
tri s6 mot khi bai toan duge mé rong 1én 8 SMEs, 4 ti€u chi chinh va 14 ti€u chi con cho
thdy SMEs nay c6 kha ning thich tmg tot hon khi chiéu danh gia tré nén day du hon,
dic biét trong tiéu chi chinh méi lién quan dén “Ngudn nhén lyc va van hoa”. O 73, mic
du tap phuong an thay d6i khi dua thém E9, E10 va loai E1, E2 khoi tdp phuong an hién
hanh, két qua xép hang tong hop van xac dinh E2 1a tét nhét, tiép theo 1a E9, E6, E7.
Diéu d6 cho thay co ché tich hop dir liéu lich sir ¢6 suy giam ngir nghia da phat huy tac
dung, mo hinh khong danh gia SMEs chi theo 1at cat hién thoi, ma phan anh dugc ca
quy dao phat trién theo thoi gian. Chinh vi vay, thir hang dau ra mang y nghia ca qua
trinh d4nh gia chir khong don thuan 1 thoi diém.
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Téng thé, cac két qua phan tich do nhay phu hop v6i ky vong 1y thuyét va voi cac
két qua thuc nghiém trude d6 trong luan an. Vé nguyén tic, moét mo hinh MCGDM ngén
ngit c6 nén tang dai so tot can dong thoi bao toan trat ty ngit nghia va khong nhay qua
murc trudc cac nhidu loan hop 1y. Két qua cho thdy mo hinh L-FAHP - L-FTOPSIS dong
dwa trén HA dap tng tot ca hai yéu cau nay. Pong thoi, phat hién d6 ciing nhat quan voi
cac két qua & Chuong 2 va Chuong 3, noi cic mo hinh dwa trén HA déu cho thay do 6n
dinh thr hang cao va kha ning dién giai t6t hon so vdi cac tiép can tip mo truyén thong.
Vi vy, Chuong 4 c6 thé dugc xem 13 sy mé rong hop logic tir bdi canh MCGDM tinh
sang MCGDM dong, dong thoi cing ¢b thém luan diém rang HA 1a nén tang phu hop
cho cac bai toan MCGDM ngon ngir ¢6 dit liéu lich st va thay doi theo thoi gian.

Tom lai, phan tich d6 nhay trong hai kich ban cho thdy moé hinh L-FAHP - L-
FTOPSIS dong dua trén HA c¢6 d6 6n dinh cao, d tin cdy tot va kha nang dién giai &
rang trong bdi canh danh gia mirc d6 sin sang chuyén doi sé caia SMEs ban 1¢ tai Viét
Nam. Nhiéu loan toan cuc trén ma tran so sanh cip chi gay ra cac dich chuyén cuc bd
rat nho; ngay ca khi dong thoi thay d6i do do tinh md ctua HA, céu tric xép hang tong
thé van duoc bao toan. Piéu nay cho thidy mé hinh khong chi 6n dinh trude sai léch danh
gi4 ctia chuyén gia ma con 6n dinh trudc nhiing thay ddi hop 1y ciia cau tric ngit nghia,
qua d6 khang dinh tinh kha thi va gi4 tri ing dung ciia phuong phap dé xuat trong cac
bai toan MCGDM dong thuc té.

4.6.2. So sdanh két qud va thdo lugn

Phan tich so sanh nham di sanh mo hinh L-FAHP - L-FTOPSIS dong dua trén HA
v6i phuong phap FAHP - FTOPSIS dong dua trén 1y thuyét tap md cua [91] tai ba thoi
diém 7., 7, va 75, qua d6 xem xét mure do tuong dong cua két qua xép hang va khac biét
trong co ché xtr 1y thong tin. Cac Bang 4.16 - 4.18 cho thay hai m6 hinh nhin chung
théng nhat trong nhan dién mot s6 SMEs ndi troi, trong khi khéc biét chu yéu xuat hién
& cac phuong an c¢6 muirc danh gid gan nhau va rd hon khi bai toan mé rong theo thoi
gian. M hinh [91] biéu dién danh gi4 ngon ngit bang s6 md va xir 1y trén mién md, con
mo hinh d& xuat [CT3] st dung biéu dién 4-tuple ngit nghia dya trén HA va két nhap
trén mién ngdn ngir; doi voi dir lidu lich str, md hinh ap dung co ché suy giam ngir nghia
huéng gia tri lich sir dan vé phan tir trung hoa. Vi vay, sai khac thir hang phan 4nh sy
khac nhau vé co ché biéu dién va tong hop thong tin; trong pham vi thyc nghiém cia
Chuong 4, két qua thu dugc pht hop v6i muyc tiéu duy tri trat ty ngir nghia va kiém soat
anh hudng cua dir liéu lich st trong MCGDM dong.

Tai thoi diém t,: Két qua tom tat trong Bang 4.16 cho thiy hai mo hinh thong nhat
hoan toan & hai vi tri dan dau: FAHP - FTOPSIS dong [91] xép E2 hang 1 véi hé s6 gan
0.290 va E1 hang 2 v6i 0.231; mé hinh d& xuit [CT3] ciing xép E2 hang 1 véi 0.135 va
E1l hang 2 véi 0.122.
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Bang 4.16. Bang so sanh két qua giita hai mo hinh tai thoi diém 7,

FAHP-FTOPSIS dong cta [91] Mo hinh dé xuat [CT3]
Doanh nghiép P P
d* d~ | Héso gan |Th hang| d* d~ |Hé so gan|Thir hang
El 0.932 ] 0.281 0.231 2 0.890 | 0.124 | 0.122 2
E2 0.862 | 0.351 0.290 1 0.875 | 0.136 | 0.135 1
E3 0.972 | 0.241 0.199 5 0.915 | 0.099 | 0.098 3
E4 0.961| 0.253 0.209 4 0.924 | 0.090 | 0.088 5
E5 0.960 | 0.256 0.210 3 0.919 | 0.094 | 0.093 4

Tuy nhién, su khéc biét tap trung & E3, E4 va ES: mo hinh [91] cho thu ty ES > E4
> E3, trong khi md hinh d¢ xut cho thr ty E3 > E5 > E4. Thi hang E2 > E1 > E3 >
E5 > E4 ctia mo hinh dé xuat thong nhét vi Muc 4.5 va duoc bao toan trong ca hai kich
ban phan tich d§ nhay 6 Muc 4.6.1, cho théy clu tric xép hang tai thoi diém dau 6n dinh
trudc cac nhidu loan duge khao sat. Két qua ndy cho thdy mé hinh dia trén HA khong
lam thay d6i nhan dién phuong an tdi uu, nhung c6 kha niang phéan biét tét hon giira cac
doanh nghiép tim trung khi hé sé gan chi chénh 1éch nho. Nguyén nhan cha yéu 1a & mo
hinh d6i chimg, qua trinh anh xa va giai md c6 thé 1am mat khoang cach ngir nghia gitra
cac murc danh gid 1an can, trong khi mé hinh dé xuat duy tri tot hon quan hé ngit nghia
trong qua trinh Kkét nhap.

Trén co s& Bang 4.16, luan an tinh hé s6 tuong quan thir hang Spearman [100] dat
p = 0.7000 va mirc 46 dong thuan Kendall [67] voi k= 0.6000, phan anh mirc d6 twong
dong dang ké giira hai két qua, mac du ton tai hai cip nghich trong nhom E3 - E5. Do
7, 1 thoi diém dau, khac biét ndy chil yéu lién quan dén cach biéu dién va két nhap
thong tin ngon ngit, chua phan anh tac dong tich lily ciia co ché suy giam dir lidu lich
sir. Theo d6, md hinh dé xuat voi phép két nhap ngdn ngit nhi phan duy tri t6t hon quan
hé ngir nghia khi tong hop, nén E3 duoc dua 1én hang 3 thay vi hang 5. Dy 1a mot phat
hién c6 gié tri hoc thuét, vi né cho théy wu thé cua tiép can HA khong nhét thiét ndm &
viéc thay d6i phuong 4n tdi uu, ma & kha ning tai céu tric hop Iy nhém phuong an cin
bién, noi sai léch ngit nghia thuong anh huéng manh nhat dén két qua xép hang.

Tai thoi diém T,: Khi khong gian phuong an duoc mo rong 1én 8 SMEs va bo tiéu
chi dugc hoan chinh thanh 4 tiéu chi chinh véi 14 tiéu chi con, két qua trong Bang 4.17
cho thdy FAHP - FTOPSIS dong [91] va mé hinh L-FAHP - L-FTOPSIS dong dya trén
HA [CT3] van théng nhit & céc vi tri chu chdt, gém E6 hang 1, E2 hang 2 va E4 hang
8; su trung khép ndy chi xét vé thir hang, trong khi hé sé gan cua cac phuong an giira
hai m6 hinh c6 gia tri khac nhau. Cy thé, thir hang ctia FAHP - FTOPSIS dong [91] 1a
E6 > E2 > E8 > E7 > El > E5 > E3 > E4, trong khi m6 hinh d& xuat [CT3] cho tht
tw E6 > E2 > E1 > E7 > E3 > E8 > E5 > E4; theo do, El tang tir hang 5 1én hang 3,
E3 tir hang 7 1én hang 5, E5 giam tir hang 6 xuéng hang 7 va E8 giam tir hang 3 xudng
hang 6.
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Bang 4.17. Bang so sanh két qua giita hai mo hinh tai thoi diém 7,

FAHP-FTOPSIS d6 ga [91 N
Doarth TOPSIS dong cua [91] M6 hinh d& xudt [CT3]
” (trung binh cong cua 7;va 7,)
nghiép o -
d* d~ |HE so gan|Thtr hang| d* d~ |H¢ s6 gan| Thir hang
El 0.937 10.278 | 0.229 5 0.938 | 0.072 | 0.072 3
E2 0.896 | 0.319 | 0.262 2 0.935 | 0.075 | 0.075 2
E3 0.958 | 0.257 | 0.2114 7 0.944 | 0.067 | 0.066 5
E4 0.959 | 0.256 | 0.211 8 0.954 | 0.057 | 0.056 8
ES 0.949 | 0.268 | 0.220 6 0.952 | 0.058 | 0.058 7
E6 0.852 | 0.366 | 0.300 1 0.931 | 0.077 | 0.077 1
E7 0.925 | 0.290 | 0.239 4 0.939 | 0.072 | 0.072 4
E8 0.916 | 0.304 | 0.249 3 0.949 | 0.061 | 0.060 6

So sanh dinh luong hai véc-to thir hang cho hé sé twong quan thir hang Spearman
[100] voi p = 0.7857 va mirc d6 dong thuan Kendall [67] dat k= 0.6429, twong tng 23
cap thuan va 5 cap nghich trong tong s6 28 cap; nam cip nghich gdm (E1, E7), (E1, ES),
(E3, E5), (E3, E8) va (E7, E8), cho thiy khac biét tap trung chii yéu & quan hé thir tur
giita cac SMEs thudc nhém trung gian, du E7 van giit nguyén hang 4.

Vé mit y nghia, két qua nay cho thiy khi tich hop dir liéu lich st tir 7; duoc tich
hop véi danh gia hién tai tai 7,, mo hinh dé xuat khong chi phan anh trang thai hién thoi
ma con xem xét hop 1y hon xu hudng phét trién tich lily cia doanh nghiép theo thoi
gian. Pong thoi, viéc nhém dan dau gdm E6, E2, E1, E7 c¢6 hé sd gan dao dong trong
khoang hep 0.072 - 0.077, nhung van duoc phéan giai thir hang 6n dinh cho thdy kha
nang xir 1y tot hon tinh d6ng ciia bai toan. Tinh 6n dinh cua cau trac xép hang con dugc
cung cb qua két qua phén tich 6 nhay & Muc 4.6.1, khi cac kich ban gdy nhidu cho thay
E6 va E2 tiép tuc giit vitng hai vi tri dau, E4 tiép tuc duing cudi, va chi xay ra sy hoan
doi mang tinh cuc bd gitra E1 va E7. Diéu nay cho théy phuong phap AHP-FTOPSIS
[91] stir dung k¥ thuat léy trung binh cong don thuan gitra hai thoi diém T,Va Ty, déng
thoi trai qua budc giai mo lam gia ting phép tinh, dé mat mat thong tin ngir nghia tich
lity va chua phan anh day da quy luat ké thira va suy giam caa dir liéu lich s, trong khi
mo hinh d& xudt [CT3] xir Iy truc tiép trén mién ngir nghia véi co ché suy giam ngi
nghia hudng vé phan tir trung hoa ctia HA phi hop hon véi ban chit cia MCGDM dong.

Tai thoi diém T5: Khi bai toan cap nhat khong gian danh gia véi sy xuat hién cia
hai SMEs méi (E9, E10) va ngimg danh gia méi d6i v6i E1, E2, nhung thong tin lich str
clia cac phuong an trude d6 van duoc luu gitr va tham gia vao két qua xép hang téng
hop cta mo hinh dé xuat. Két qua trong Bang 4.18 cho thdy sy khac biét vé thir hang
giita hai mo hinh biéu hién rd hon & nhém dan dau khi bdi canh ra quyét dinh tiép tuc
thay doi.
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Bang 4.18. Bang so sanh két qua giita hai mo hinh tai thoi diém 7,

| FAHP-FTOPSIS dong cua [91] MBb hinh d& xuét [CT3]
Doanh nghiép|  (trung binh cta 7y, 75, va 73 )
d* d~ |Hé s6 gan|Thir hang| d* d~  |Hé sb gan|Thir hang
El 0.937 10.278 | 0.229 7 0.948 0.061 0.061 8
E2 0.87510.342 0.281 4 0.928 0.080 0.079 1
E3 0.958 10.257| 0.212 10 0.961 0.047 0.047 10
E4 0.943 10.273 [ 0.225 9 0.954 0.055 0.054 9
E5 0.940 10.278 [ 0.228 8 0.947 0.062 0.061 7
E6 0.87510.344 | 0.282 3 0.935 0.073 0.072 3
E7 0.92510.292 |1 0.240 6 0.936 0.072 0.071 4
ES8 0.907 10.313 | 0.256 5 0.947 0.062 0.062 6
E9 0.82510.390  0.321 1 0.934 0.073 0.073 2
E10 0.865 10.355( 0.291 2 0.937 0.071 0.070 5

Mic du E1 va E2 khong con dit liéu danh gia hién tai (thoi diém t3), mo hinh dé
xuat L-FAHP - L-FTOPSIS dong dwa trén HA [CT3] van bao luu va khai thac thong tin
lich str ctia cac phuong 4n nay & cac thoi diém trude do (T, va t,) duy tri tap phuong an
gdm 10 SMEs. Trong khi mé hinh d6i sanh FAHP - FTOPSIS dong [91] xép cac phuong
an m&i E9 ¢ hang 1 va E10 & hang 2, dong thoi day E2 xubng hang 4; con mo hinh dé
xuét [CT3] lai ghi nhan hiéu sudt tich lily vuot trdi ciia E2 khi dwa phuong an nay 1én vi
tri dan dau v6i hé sé gan 0.079, tiép theo 1a E9 hang 2 véi 0.073, E6 hang 3 véi 0.072,
E7 hang 4 véi 0.071 va E10 hang 5 v6i 0.070; & nhom cubdi, E4 va E3 clng giit tuong
mg hang 9 va hang 10 & ca hai moé hinh. Két qua tinh toan tai thoi diém 75 cho thiy
mirc ¢ twong déng thir hang tong thé van duy tri & muc cao, voi Spearman [100] dat p
= 0.8424 va Kendall [67] = 0.6889. Trong tong s6 45 cip so sanh, két qua ghi nhan 38
cap déng thuan va 7 cap nghich thuan. Sy xuét hién cua cac cap nghich nay chu yéu xut
phat tir khac biét trong co ché xir 1y dir liéu dong. Thay vi liy trung binh cong két qua
cta ba thoi diém 74, 7, va 73 nhu mé hinh dbi sanh [91], m6 hinh d& xuat [CT3] két
nhap dir lidu lich sir thong qua co ché suy giam ngir nghia huéng vé phéan tir trung hoa.
Két qua thuc nghiém nay phan anh rd vai tro cta co ché luu giir thong tin, cho phép qua
trinh tong hop danh gia mot cach hop 1y mirc do dong godp cua dir liéu qua khir ma khong
lam thién I¢ch danh gia hi¢n tai ciia cac phuong an.

Nhin chung, két qua ddi sanh tai 7,, T, va 75 cho thiy hai mé hinh vira duy tri nhiing
diém tuong déng & cac phuong an chu chét, vira xuat hién cac khac biét thr hang phu
hop v6i su thay d6i cua khong gian ra quyét dinh va co ché tich hop di liéu. Tai 74, hai
mo hinh cling x4c dinh E2 xép hang 1 va E1 hang 2; tai 7,, ca hai tiép tuc théng nhat ¢
E6 hang 1 va E2 hang 2, trong khi khac biét chii yéu xuat hién & nhém SMEs tam trung;
dén 75, su khac biét rd hon & nhom wu tién cao khi E9, E10 dugc bo sung véo tip phuong
an hién tai con dir lidu lich sir cua E1, E2 tiép tuc duoc xir 1y trong két qua tong hop.
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Mirc do twong dong thtr hang qua ba thoi diém c6 xu hudng ting dan, véi Spearman p
lan luot 13 0.7000, 0.7857 va 0.8424, con Kendall x twong tng 14 0.6000, 0.6429 va
0.6889. Murc d6 twong dong thir hang ting dan trong pham vi vi du thyc nghiém cung
cap thém bang chimg vé tinh 6n dinh ctia ciu trac thuat toan. Két qua nay dong thoi phu
hop v&i phan tich d¢ nhay tai Muc 4.6.1: thtr hang tai t; dugc bdo toan trong ca hai kich
ban; tai T, chi xuét hién hoan doi cuc bg gitra E1 va E7; tai 73, Kich ban 1 gilt nguyén
cAu trac thir hang ban dau, con Kich ban 2 chi tao ra thay ddi cuc bd gitta E1 va ES.
Pang chil ¥, cic phuong an thuée nhom dan dau va nhom cudi nhin chung van duge duy
tri dudi cac nhiéu loan dugc khao sat; E4 lién tuc thudc nhém thir hang thép, trong khi
E3 dimg cubi tai 75 & ca hai mo hinh. Do d6, két qua so sanh giira cdc mé hinh va két
qua phan tich d6 nhay bo tro cho nhau trong viéc cung cip bang ching thyc nghiém vé
d6 6n dinh cta ciu trac Xép hang cua [CT3] trong cac kich ban dugc xem xét.

Tém lai, phan tich dbi sanh tai ba thoi diém thuc nghiém cho théy mo hinh dé xuét
L-FAHP - L-FTOPSIS dong dua trén HA [CT3] duy tri dugc kha nang nhan dién céc
phuong an chii chét dong thoi xir Iy duge su thay d6i cua tap phuong an va sy tham gia
cua dir li€u lich st trong méi truong MCGDM dong. Khéc vo1 moé hinh FAHP -
FTOPSIS dong [91] v6n anh xa thong tin ngdn ngit sang tap mo, giai mo thanh s thuc
va dung trung binh cong, mo hinh dé xuit cua [CT3] thuc hién biéu dién va két nhap
thong tin trén mién 4-tuple ngir nghia dya trén HA, két hop co ché luu giit va suy giam
ngit nghia ddi vé&i dir ligu lich sir. Cach tiép can nay hudng t&i duy tri tryc tiép hon quan
hé thir ty ngir nghia va tinh ké thira ciia thong tin khi moi truong ra quyét dinh thay doi;
dong thoi, két qua phan tich d6 nhay cho thay céc bién dong thir hang chi yéu mang
tinh cuc bd trong pham vi cac kich ban khao sat. Vi vay, cac két qua tai Muc 4.6.2 cung
cap thém co s& thyc nghiém vé tinh kha thi, kha nang xir Iy dir liéu lich st va d6 6n dinh
ctia mo hinh dé xuét trong bai toan danh gia muc d sin sang chuyén do6i sé ciia SMEs
ban 1¢ tai Viét Nam.

4.7. Két luan chwong 4

Trong chuong nay, luan an da trinh bay mot s6 1y thuyét HA mé rong cho bai toan
MCGDM ngdn ngir dong nham giai quyét su thay doi ctia bo tiéu chi, tap phuong an va
ngudi ra quyét dinh theo thoi gian. Cu thé trong chuong nay da trinh bay hai phép két
nhap d6 1 phép két nhap ngdn ngit nhi phan trén thang do 4-tuple ngir nghia va phép
két nhap vai dir liéu khuyét thiéu, trong d6 co co ché suy giam ngit nghia dé tich hop dir
lidu lich sir trong mdi truong HA.. Tiép theo mo hinh ra quyét dinh L-FAHP - L-FTOPSIS
dong dua trén HA da duoc phét trién. Cudi cuing, md hinh dé xuét da duoc tng dung
trong viéc danh gid mirc d sin sang chuyén doi sé caa SMEs trong linh vuc ban 1¢é tai
Viét Nam dé minh hoa cho nhiing loi thé va kha niang ung dung thyc tién cta Iy thuyét

va mo hinh ra quyét dinh duoc dé xuat.
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KET LUAN

Lu4n an “Nghién ciru phat trién cac mé hinh ra quyét dinh nhom da tiéu chi trong
moi trudng thong tin ngdn ngit dua trén Pai s6 gia ti” duoc thyc hién véi muc tiéu phat
trién cac mod hinh MCGDM c6 kha ning xir 1y ddnh gid ngdn ngit trén nén tang HA.
Luan 4n tap trung vao ba thanh phan c6t 18i ciia quy trinh MCGDM: xép hang phuong
an, xac dinh trong s cia tiéu chi co kiém soat tinh nhat quan va mé rong qua trinh ra
quyét dinh sang bdi canh dong. Cac phuong phap nén nhu TOPSIS [59], FAHP [58, 15,
19], FTOPSIS [21] va m6 hinh 4-tuple ngit nghia [54] dugc ké thira c6 chon loc va phat
trién theo hudng tiép can HA, phu hop vé&i pham vi, khoang tréng khoa hoc va dinh
hudng nghién ctru da xac dinh.

Trén co sé tong quan va phan tich cac nghién ctru lién quan, Chuong 1 x4c dinh ba
khoang tréng khoa hoc. Khoang trong thtr nhit lién quan dén xép hang phuong an
MCGDM ngén ngit trén mdt mién ngir nghia c¢6 co so hinh thirc; khoang trong thir hai
lién quan dén xac dinh trong sé tir phan dodn ngdn ngir ¢6 kiém soat tinh nhat quan va
duy tri sy lién thong véi giai doan xép hang; khoang trong thir ba lién quan dén mé rong
MCGDM dua trén HA tir bdi canh tinh sang dong, co xét su thay doi cua cau trac bai
toan, dir lidu lich str va dir liéu khuyét thiéu. Cac Chuong 2, 3 va 4 1an lugt phat trién ba
nhom két qua twong tmg theo logic ké thira, b6 sung va mo rong.

Thir nhdt, Chuong 2 phat trién mé hinh TOPSIS ngon ngir dya trén HA, ky hiéu
HA-TOPSIS [CT1], cho bai toan xép hang phuong an trong MCGDM ngén ngir. Mo
hinh xay dung thang do ngon ngir dua trén HA va st dung ham SQM dé dinh lugng cac
gi4 tri ngoén ngir sao cho 3(x) € [0, 1] theo cach bdo toan trat tw nglr nghia; tir d6 xéac
dinh PIS/NIS, do khoang cich ngir nghia, tinh hé s6 gan va thiét 1ap thir hang trén cling
mién dinh luong ngir nghia. Cach tiép can nay ké thira nguyén Iy cia TOPSIS [59] nhung
t chirc cac budce tinh toan theo cau triic ngit nghia cia HA. M6 hinh dugc kiém chimng
trén bai toan lya chon nha cung cip phan mém, két hop phan tich d6 nhay va ddi sanh
v6i FTOPSIS [21] va m6 hinh 4-tuple ngir nghia [54] cho thidy mé hinh dé xuét bao toan
trat tu ngit nghia, gop phan nang cao tinh 6n dinh, d6 tin cdy va kha nang dién giai cia
két qua ra quyét dinh.

Thir hai, Chuong 3 phat trién mo hinh MCGDM tich hop FAHP cai tién v6i 4-tuple
ngir nghia theo hudng tiép can HA, ky hiéu EFAHP - 4-tuple - HA [CT2]. M6 hinh bd
sung quy trinh xac dinh trong sb ciia tidu chi tir ma tran so sanh cip ngdn ngir va kiém
so4t tinh nhat quan cta phan doan trong méi truong HA (Chuong 3, myc 3.2). O giai
doan thur nhat, EFAHP-HA dugc str dung dé xac dinh véc-to trong sb sau khi kiém tra
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tinh nhat quén; & giai doan thtr hai, biéu dién 4-tuple ngir nghia dya trén HA dugc su
dung dé biéu dién, két nhap danh gia va xép hang phuong an. Ciu trac nay tao su lién
thong gitra xac dinh trong sé cia tiéu chi va tong hop danh gia trén cung nén tang ngir
nghia (Chuong 3, muc 3.3). M6 hinh dugc ing dung vao danh gia mic do san sang
chuyén doi s6 ctia 16 SMEs ban 1¢ tai Viét Nam (Chuong 3, muc 3.4). Phan tich d6 nhay
va d6i sanh véi HA-TOPSIS [CT1] va FAHP-FTOPSIS [58, 21] cho thiy céu triic thir
hang duy tri twong ddi 6n dinh trong cac kich ban nhidu da khao sat va mo hinh van
phan biét dugc SMEs khi nhiéu phuong 4n cung thudc mét 16p ngon ngit (Chuong 3,
muc 3.5). Két qua cho thiy tinh kha thi, d¢ tin cdy va kha nang dién giai cia mo hinh
trong pham vi thuc nghiém.

Thir ba, Chuong 4 mé rong hudng tiép can sang MCGDM dong va phat trién khung
phuong phap dwa trén HA cho qua trinh ra quyét dinh qua nhiéu thoi diém [CT3]. Trén
thang do 4-tuple ngit nghia, luan 4n xay dung phép két nhap ngén ngir nhi phan, phép
két nhap ddi v6i dir liéu khuyét thiéu va co ché suy giam ngir nghia dé tich hop dit liéu
lich str véi danh gia hién tai (Chuong 4, muc 4.3). Trén nén tang d6, mo hinh L-FAHP -
L-FTOPSIS dong dya trén HA duoc xay dung dé xac dinh trong sb cta tiéu chi va xép
hang phuong 4n khi tap phuong an, b tiéu chi, hoi ddng chuyén gia hodc dit liéu danh
gia thay doi theo thoi gian (Chuong 4, muc 4.4). M6 hinh duoc kiém chimg trén bai toan
danh gia mirc d6 sin sang chuyén d6i sb ctia 10 SMEs tai Viét Nam v&i 4 tiéu chi chinh,
14 tiéu chi con va 3 thoi diém danh gia (Chuong 4, muc 4.5). Két qua thuc nghiém, phan
tich d6 nhay va d6i sanh v&i phuong phap lién quan cho thdy mé hinh c6 kha ning khai
thac thong tin lich sir, xtr 1y cac thay ddi ctia cau triic bai toan va duy tri kha ning dién
giai ngir nghia trong cac kich ban da xay dung (Chuong 4, muc 4.6). Qua do, Chuong 4
hoan thién budc md rong ttr MCGDM tinh sang MCGDM ddng trong pham vi luan an.

Tur cac két qua trén, c6 thé khang dinh rang luan an da tao ra mot s6 dong gop méi
c6 gia tri vé ca Iy thuyét, phuong phap ludn va tng dung nhu sau:

- V& 1y thuyét, luan 4n da gdp phan mo rong 1y thuyét HA thong qua viée dé xuét
cong thirc tinh chi s6 nhat quan trong méi truong ngdn ngir, dong thoi xdy dung cac
phép két nhap ngdn ngit nhi phan, phép két nhap véi dir lidu khuyét thiéu va moé hinh
hoa su suy gidm anh hudng cia dir liéu lich su trén thang do 4-tuple ngit nghia.

- V& phuong phap luan, luan 4n d& hinh thanh mot khung phuwong phap luan thong
nhat cho MCGDM ngbn ngir dya trén HA c6 tinh ké thira, bo sung va mé rong: HA-
TOPSIS gidi quyét thanh phan xép hang phuong 4n trén mién ngit nghia; EFAHP - 4-
tuple - HA b sung quy trinh xac dinh trong s6 cta tiéu chi c¢6 kiém soat tinh nhat quan
va lién két v6i két nhap, xép hang; L-FAHP - L-FTOPSIS dong tiép tuc mé rong quy
trinh sang nhiéu thoi diém, 6 tich hop dir liéu lich str va xir 1y dit lidu khuyét thiéu.
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- V& tmg dung, cac mo hinh d& xuat dugc kiém ching trén cac bai toan ¢ y nghia
thuc tién cao, cho thdy huéng tiép can dua trén HA c6 tiém ning tmg dung trong lya
chon giai phap cong nghé, danh gia ning luc chuyén ddi sd, quan tri hé théng thong tin
va cac bai toan danh gia dinh ky trong SMEs. Két qua nghién ctru tao tién dé cho viéc
phat trién cac cong cu hd tro ra quyét dinh c6 kha nang xur Iy danh gia ngdén ngi, tong
hop ¥ kién nhom chuyén gia va cung cap két qua co kha ning dién giai.

Bén canh cac két quéa dat dugc, luan 4n con mot sb han ché can tiép tuc dugc nghién
ctru. Thir nhit, cac mé hinh chii yéu dugc xay dung trong pham vi HA tuyén tinh va sir
dung cac bo tham s ngir nghia theo gia thiét hodc cau hinh thuc nghiém; anh hudng cua
cac cau tric HA phtrc tap hon va co ché lva chon tham sb t6i wu chua dugc khao sat dﬁy
du. Thir hai, pham vi kiém chimg thuc nghiém tuy gan vé6i cac bai toan ¢ y nghia thyuc
tién nhung van con gidi han vé s6 luong mién tmg dung, s6 luong bo dir liéu va quy mo
bai toan. Thir ba, kha ning mé rdng cua cac thut toan dbi v6i bai toan MCGDM quy
mo 16n, dir liéu khong dong nhét, dir liéu cap nhat lién tyc hodc mirc do twong tac cao
giita cac tiéu chi can duoc danh gia sdu hon. Thit tw, luan an tap trung vao mé hinh, phép
todn va quy trinh tinh toan cdt 161, chua phat trién thanh mot hé hd tro ra quyét dinh
hoan chinh dé kiém ching trong méi truong van hanh thuc té.

Tur nhimng han ché trén, nghién ctru tiép theo c6 thé tap trung vao ba hudng. Trudc
hét, can nghién clru co ché hiéu chinh hodc tdi vu cac tham sb ngilr nghia cia HA dya
trén dir lidu thuc nghiém va phan hdi chuyén gia, dong thoi xem xét cac cau triic biéu
dién phong pha hon. Tiép theo, can kiém chiing cac md hinh trén nhiéu bo dit liéu va
mién ung dung, nghién ctru kha nang mé rong déi voi MCGDM quy mé 16n, dir lidu
khong dong nhat, khuyét thiéu hodc cap nhat theo thoi gian thuc; dong thoi co thé doi
sanh sdu hon v&i cac mo hinh dua trén tdp mo Pythagorean, tap neutrosophic hoac mo
hinh ngdn ngir da hat dé xac dinh rd diéu kién ap dung cta hudng tiép can HA. Cubi
cung, can phat trién hé hd tro ra quyét dinh tich hop cac mo hinh da dé xuat nham kiém
chtng kha ning van hanh va tao co s md rong sang cac bai toan thyc té khac nhu danh
gid i ro, quan 1y du an, y té, gido duc, tai chinh hodc méi trudng.

Tém lai, ludn an da dat dugc muyc ti€u nghién ciu dé rala phat trién cac mo hinh
MCGDM trong mdi truong thong tin ngoén ngtr dua trén HA va hinh thanh m¢t khung
phuong phap tir xép hang phuong an, xac dinh trong s cua tiéu chi co kiém soat tinh
nhat quan dén xtr Iy qua trinh ra quyét dinh dong. Céac két qua dat duoc bd sung co s
phuong phap luan cho xir 1y thong tin ngon ngir trong MCGDM, dong thoi tao nén tang
cho viéc tiép tuc hoan thién va trién khai cAc mé hinh dua trén HA trong nhiing bdi canh

ra quyét dinh phirc tap hon.
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PHU LUC A. MOT SO KET QUA

Al. Mt sb két qua trong Chuong 3

Bang Al.1. B9 tiéu chi danh gia mic d6 sin sang chuyén doi s6 ciia SMEs trong linh vic ban

1é tai Viét Nam

Tiéu chi
chinh

Tiéu chi con

Pinh hudng
chién luogc
(P1)

Lanh dao hiéu biét chuyén doi sé trong linh vuc kinh doanh ctia doanh nghiép (P1.1)
Chuyén d6i s6 12 mot nhiém vu trong tAm wu tién mang tinh chién luoc (P1.2)
Ngan sach dugc phan bd cho d6i méi va cac sang kién chuyén déi sé noi bo (P1.3)

Cong cu s6 va phan tich dir li¢u dugc st dung dé hd tro cac quyét dinh chién lugc
(P1.4)

Trai nghiém
khach hang
va ban hang
da kénh (P2)

Cong cu sb gitip nang cao hoat dong marketing, phan phéi va ban hang nham cai
thién trai nghiém khach hang va nang lyc canh tranh (P2.1)

Chuyén d6i s6 cai thién chit lugng dich vu va trai nghiém khach hang (P2.2)

Heé thdng quan tri quan hé khach hang (CRM) dugc tich hop dé mé rong chirc ning
va nang lyc (P2.3)

Phan tich dit liéu ho tro do ludng higu qua hoat dong (P2.4)
Giai phap s6 cho phép du bao ban hang va diéu chinh chién lugc (P2.5)

Tich hop
chudi cung
ung (P3)

Cong cu sb hd tro danh gia hiéu suat va du bao (P3.1)

Chuyén doi s6 nang cao nang lyc du bao va quan tri chudi cung tng (P3.2)
Giai phap s6 dong bo cong tac 1ap ngan sach véi ké hoach kinh doanh (P3.3)
Cong nghé sé cho phép chudi cung tmg linh hoat va dap tmg nhanh (P3.4)
Chuyén doi s6 thuc ddy ty dong hod trong cac quy trinh san xudt (P3.5)

Ung dung s6 nang cao hiéu qua va tu dong hoa quan 1y ton kho (P3.6)

Heé thdng s6 hd tro ra quyét dinh trong van hanh dya trén dir liéu (P3.7)

Quan ly tai
chinh, ké
hoach, nhan
su, phap ché
(P4)

Chuyén d6i s6 hd trg nang cao hiéu qua kinh té va ra quyét dinh (P4.1)

Chuyén d6i s6 ting cuong ty dong hoa va tinh minh bach trong quan tri nhan sy
(P4.2)

Cong cu sb hd tro nhan dién va danh gia rui ro kinh doanh (P4.3)

Heé thong
thong tin va
quan tri dir

lidu (P5)

Chuyén doi sb gitp doanh nghiép duy tri sy pht hop véi cac xu hudng cong nghé
(P5.1)

Céc cong nghé sé méi ndi cai thién chi phi va hiéu qua quan tri doanh nghiép (P5.2)

Giai phap s6 cho phép tich hop linh hoat véi cac cong nghé méi (P5.3)

Nguon luc duoc phan bd dé nang cip hé thong thong tin sb (P5.4)




i

Tiéu chi
chinh

Tiéu chi con

C6 céc quy trinh va chinh sach nham hd tr trién khai chuyén dbi s (P5.5)

Quan 1y rii
ro va an ninh(P6'2)
mang (P6)

Doanh nghiép nhén thirc ddy du vé rii ro an ninh mang va rii ro dit liéu trong
chuyén doi so6 (P6.1)

Heé thdng giam sat, danh gia va giam thiéu cac rui ro lién quan dén hé thong thong tin

Hé théng tu dong phat hién va canh bao cac méi de doa an ninh mang (P6.3)

C6 céc quy trinh ing pho sy cd ddi véi cong nghé thong tin va an ninh mang (P6.4)

Nang luc

(P7.6)

Nhan su chuyén d6i sb thich tng nhanh va tich cuc trudc thay doi (P7.1)
T chirc ¢6 co cdu linh hoat, thich img véi cac thay ddi bén trong va bén ngoai (P7.2)
Nhan sy c6 dii kién thic, ki ning va kinh nghiém céan thiét (P7.3)

M (C6 chinh sach thu hat va gitr chan nhén sy CNTT ¢6 néng lyc, cam két gan bo dai
con nguol Vahan (P7.4)
to chirc (P7) . . o 2 o . . .
Chuong trinh dao tao ndi bd dugce trién khai hiéu qua nham nang cao nang lyc ciia

nguoi lao dong (P7.5)

Chia sé dit liéu theo thoi gian thuc hd trg quan tri doanh nghiép tich hop va hiéu qua

Béang A1.2. Ma tran so sanh mo trung binh cho bay ti€u chi chinh

Tiéu chi P P2 P3 P4 P5 P6 P7
chinh
by [(0:430,0.540, (0.687,0.812,) (0837, 0.952, |(0.601, 0.715,((0.894, 1.003,((0.629, 0.747,  (0.455, 0.570,
0.654;1) | 0.923:09) | 1.069;:1) | 0.83709) | 1.069;1) | 0.866;0.9) | 0.690;0.8)
by |(1:086,1.236, (0430, 0.540,| (0.626, 0.751, (0715, 0.847,|(0.712, 0.842,[(0.772, 0.909, | (0.311,0.425,
1.465:0.9) | 0.654;1) | 0.869:0.9) | 0.991:0.8) | 0.998:0.9) | 1.091;0.9) | 0.546;0.8)
py | (0946, 1060, (1155, 1.340,| (0.430, 0.540, (0.547, 0.655,)(0.542, 0.662, (0.485, 0.603,  (0.713, 0.891,
1208: 1) | 1.609:0.9) | 0.654:1) | 0.741:1) | 0.776:0.9) | 0.716;0.8) | 1.111;0.7)
by [(1:208, 1425, (1155,1375,) (1396, 1.639, (0.430, 0.540,(0.541, 0.658, (0.602, 0.719,  (0.369, 0.485,
1.708:0.9) | 1.738:0.8) | 2.022:1) | 0.654:1) | 0.780;0.9) | 0.834:0.9) | 0.597;0.8)
ps | (0946, 1003, (1081, 1.279,] (1299, 1.564, (1.299, 1.546,)(0.430, 0.540, (0397, 0.514, (0369, 0.483,
1126: 1) | 1.532:0.9) | 1.926:0.9) | 1.889:0.9) | 0.654:1) | 0.629:0.8) | 0.602;0.8)
be |(11167,1362, (1,091, 1317, (1495, 1.823,|(1.230, 1.443, (1.627, 2.007,|(0.430, 0.540, (0.369, 0.485,
1.627:0.9) | 1.611;0.9) | 2.406;0.8) | 1.745:0.9) | 2.668:0.8) | 0.654:1) | 0.597;0.8)
py | (1483, 1808, |(1.944, 2,587,  (1.663, 2.401, (1.690, 2.088, (1.745, 2.238, (1690, 2.088,  (0.430, 0.540,
2319;0.8) | 3.799;0.8) | 4.154:0.7) | 2.786;0.8) | 3.118;0.8) | 2.786:0.8) | 0.654: 1)

Chuyén gia 1: CR =0.04

Chuyén gia 2: CR = 0.048

Chuyén gia 3: CR =0.037

Chuyén gia 4: CR =0.054
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Bang A1.3. Céc gi tri mo rong tong hop mo ctia 7 tidu chi chinh va 34 tiéu chi con

Tici?nchhi Gié tri mé rong tong hop mo Tlilérfhi Gié tri mo rong tong hop mo
PI1.1 (0.10, 0.15, 0.21; 0.80)
P1.2 (0.14, 0.19, 0.26; 0.80)
Pl (0.07, 0.10, 0.14; 0.70)
P1.3 (0.25, 0.33, 0.43; 0.80)
P1.4 (0.24, 0.32, 0.43; 0.80)
P2.1 (0.11, 0.15, 0.20; 0.90)
P2.2 (0.15, 0.19, 0.24; 0.90)
P2 (0.07, 0.10, 0.15; 0.70) P2.3 (0.15, 0.19, 0.25; 0.90)
P2.4 (0.17, 0.22, 0.28; 0.90)
P2.5 (0.19, 0.25, 0.31; 0.90)
P3.1 (0.11, 0.14, 0.19; 0.70)
P3.2 (0.07, 0.10, 0.13; 0.70)
P3.3 (0.09, 0.12, 0.16; 0.70)
P3 (0.07, 0.11, 0.15; 0.70) P3.4 (0.09, 0.12, 0.17; 0.70)
P3.5 (0.12, 0.17, 0.23; 0.70)
P3.6 (0.13, 0.19, 0.24; 0.70)
P3.7 (0.13, 0.17, 0.23; 0.70)
P4.1 (0.18, 0.25, 0.32; 0.90)
P4 (0.09, 0.13, 0.18; 0.70) P4.2 (0.23, 0.30, 0.38; 0.90)
P4.3 (0.37, 0.45, 0.55; 0.90)
P5.1 (0.11, 0.15, 0.20; 0.70)
P5.2 (0.11, 0.15, 0.21; 0.70)
P5 (0.09, 0.13, 0.18; 0.70) P5.3 (0.13, 0.18, 0.24; 0.70)
P5.4 (0.18, 0.24, 0.33; 0.70)
P5.5 (0.21, 0.28, 0.37; 0.70)
P6.1 (0.14, 0.19, 0.25; 0.80)
P6.2 (0.17, 0.22, 0.29; 0.80)
P6 (0.12,0.17, 0.24; 0.70)
P6.3 (0.26, 0.32, 0.41; 0.80)
P6.4 (0.20, 0.26, 0.33; 0.80)
P7.1 (0.10, 0.14, 0.17; 0.80)
P7.2 (0.10, 0.14, 0.19; 0.80)
P7.3 (0.10, 0.14, 0.18; 0.80)
P7 (0.18, 0.26, 0.37; 0.70)
P7.4 (0.11, 0.15, 0.20; 0.80)
P7.5 (0.16, 0.21, 0.28; 0.80)
P7.6 (0.17, 0.23, 0.30; 0.80)
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Bang Al.4. Véc-to trong sb ctia 7 tiéu chi chinh va 34 tiéu chi con

Tiéu chi chinh | Véc-to trong s6 Tiéu chi con Véc-to trong sd
PI.1 0.11
PI 0.10 P1.2 0.16
P1.3 0.37
P1.4 0.36
P2.1 0.11
P2.2 0.18
P2 0.10 P23 0.18
P2.4 0.24
P2.5 0.29
P3.1 0.14
P3.2 0.10
P3.3 0.12
P3 0.11 P3.4 0.12
P3.5 0.16
P3.6 0.18
P3.7 0.17
P4.1 0.15
P4 0.12 P4.2 0.26
P4.3 0.59
P5.1 0.13
P5.2 0.14
P5 0.12 P5.3 0.17
P5.4 0.25
P5.5 0.31
P6.1 0.15
P6 0.16 P6.2 0.20
P6.3 0.39
P6.4 0.27
P7.1 0.12
P7.2 0.13
p7 0.28 P7.3 0.12
P7.4 0.14
P7.5 0.23
P7.6 0.27
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Bang A1.5. Két qua danh gia c6 trong sé cho mirc d6 chuyén ddi sé ciia 16 SMEs ban 1¢é tai
Viét Nam.

Tiéu chi| Tiéu chi Doanh nghiép

chinh | con | Ejp E2 E3 E4 | E5 E6 | E7 | E8
P1.1 | 0.009 | 0.006 | 0.004 | 0.004 | 0.009 | 0.004 | 0.001 | 0.004
P1.2 | 0.005 | 0.009 | 0.005 | 0.009 | 0.009 | 0.002 | 0.005 | 0.002
P1.3 | 0.012 | 0.021 | 0.004 | 0.012 | 0.004 | 0.012 | 0.004 | 0.012
P14 |0.012]0.012 | 0.012 | 0.004 | 0.004 | 0.004 | 0.012 | 0.004
P2.1 | 0.006 | 0.006 | 0.004 | 0.004 | 0.004 | 0.004 | 0.009 | 0.004
P22 | 0.006 | 0.006 | 0.002 | 0.011 | 0.002 | 0.006 | 0.002 | 0.011
P2 | P23 |0.002 | 0.006 | 0.006 | 0.015 | 0.006 | 0.002 | 0.002 | 0.006
P2.4 | 0.008 | 0.008 | 0.002 | 0.008 | 0.008 | 0.008 | 0.019 | 0.014
P2.5 | 0.010 | 0.003 | 0.003 | 0.003 | 0.024 | 0.010 | 0.017 | 0.010
P3.1 | 0.005 | 0.005 | 0.001 | 0.001 | 0.005 | 0.005 | 0.005 | 0.005
P3.2 | 0.004 | 0.004 | 0.004 | 0.004 | 0.001 | 0.001 | 0.001 | 0.006
P3.3 | 0.001 | 0.004 | 0.001 | 0.004 | 0.004 | 0.004 | 0.004 | 0.010
P3 P3.4 | 0.004 | 0.001 | 0.004 | 0.004 | 0.004 | 0.004 | 0.010 | 0.001
P3.5 | 0.002 | 0.006 | 0.002 | 0.010 | 0.002 | 0.002 | 0.002 | 0.006
P3.6 | 0.002 | 0.002 | 0.002 | 0.002 | 0.006 | 0.006 | 0.015 | 0.002
P3.7 | 0.006 | 0.002 | 0.002 | 0.002 | 0.006 | 0.002 | 0.014 | 0.002
P4.1 | 0.006 | 0.006 | 0.006 | 0.006 | 0.002 | 0.006 | 0.002 | 0.006
P4 | P42 |0.011 | 0.003 [ 0.003 | 0.003 | 0.011 | 0.011 | 0.011 | 0.018
P43 | 0.024 | 0.024 | 0.007 | 0.024 | 0.024 | 0.007 | 0.024 | 0.024
P5.1 | 0.006 | 0.002 | 0.002 | 0.002 | 0.002 | 0.006 | 0.002 | 0.009
P5.2 | 0.006 | 0.010 | 0.002 | 0.006 | 0.006 | 0.006 | 0.006 | 0.002
P5 P5.3 | 0.007 | 0.007 | 0.007 | 0.016 | 0.007 | 0.007 | 0.002 | 0.002
P5.4 | 0.011 | 0.003 | 0.011 | 0.025 | 0.018 | 0.011 | 0.011 | 0.018
P5.5 | 0.013 | 0.021 | 0.021 | 0.030 | 0.021 | 0.013 | 0.013 | 0.013
P6.1 | 0.008 | 0.014 | 0.008 | 0.008 | 0.008 | 0.014 | 0.002 | 0.014
P6.2 | 0.003 | 0.011 | 0.011 | 0.011 | 0.003 | 0.011 | 0.011 | 0.011
P6.3 | 0.022 | 0.006 | 0.006 | 0.006 | 0.022 | 0.006 | 0.022 | 0.006
P6.4 | 0.015 | 0.025 | 0.004 | 0.004 | 0.015 | 0.015 | 0.025 | 0.004
P7.1 |0.019 | 0.019 | 0.011 | 0.011 | 0.011 | 0.019 | 0.003 | 0.011
P7.2 | 0.012 | 0.020 | 0.020 | 0.012 | 0.012 | 0.020 | 0.003 | 0.012
P7 | P73 [0.019 | 0.019 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011
P7.4 |0.013]0.022 | 0.013 | 0.022 | 0.013 | 0.022 | 0.004 | 0.004
P7.5 |0.022 | 0.036 | 0.022 | 0.036 | 0.036 | 0.036 | 0.006 | 0.036

P1

P6
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P7.6 | 0.042 | 0.042 | 0.007 | 0.007 | 0.025 | 0.042 | 0.007 | 0.025
Tiéu chi| Tiéu chi Doanh nghiép (tiép theo)

chinh | con | E9 | E10 | Ell | EI2 | E13 | El4 | E15 | El6

P1.1 | 0.001 | 0.001 | 0.004 | 0.004 | 0.001 | 0.004 | 0.004 | 0.004

. P1.2 | 0.005 | 0.005 | 0.009 | 0.013 | 0.005 | 0.005 | 0.009 | 0.002

P1.3 |0.021 | 0.012 | 0.012 | 0.021 | 0.004 | 0.004 | 0.012 | 0.012

P1.4 |0.028 | 0.004 | 0.020 | 0.012 | 0.004 | 0.012 | 0.020 | 0.004

P2.1 | 0.006 | 0.004 | 0.009 | 0.006 | 0.001 | 0.004 | 0.006 | 0.001

P22 | 0.006 | 0.002 | 0.002 | 0.002 | 0.011 | 0.006 | 0.002 | 0.006

P2 | P23 [0.002 | 0.006 | 0.002 | 0.002 | 0.011 | 0.006 | 0.002 | 0.011

P2.4 | 0.002 | 0.008 | 0.008 | 0.002 | 0.008 | 0.008 | 0.008 | 0.008

P2.5 | 0.010 | 0.010 | 0.010 | 0.010 | 0.024 | 0.017 | 0.003 | 0.010

P3.1 | 0.005 | 0.008 | 0.001 | 0.008 | 0.005 | 0.005 | 0.005 | 0.008

P3.2 | 0.006 | 0.006 | 0.001 | 0.001 | 0.001 | 0.006 | 0.004 | 0.006

P3.3 | 0.007 | 0.004 | 0.004 | 0.001 | 0.004 | 0.007 | 0.004 | 0.007

P3 | P3.4 |0.004 | 0.004 | 0.007 | 0.004 | 0.004 | 0.010 | 0.007 | 0.004

P3.5 | 0.002 | 0.006 | 0.006 | 0.006 | 0.010 | 0.010 | 0.006 | 0.006

P3.6 | 0.002 | 0.011 | 0.006 | 0.006 | 0.006 | 0.006 | 0.002 | 0.006

P3.7 | 0.006 | 0.010 | 0.006 | 0.002 | 0.002 | 0.006 | 0.006 | 0.006

P4.1 | 0.006 | 0.002 | 0.011 | 0.011 | 0.002 | 0.011 | 0.002 | 0.011

P4 | P42 |0.011 | 0.003 | 0.011 | 0.011 | 0.011 | 0.018 | 0.003 | 0.011

P4.3 | 0.007 | 0.024 | 0.007 | 0.007 | 0.024 | 0.024 | 0.024 | 0.007

P5.1 | 0.006 | 0.009 | 0.002 | 0.002 | 0.006 | 0.002 | 0.009 | 0.006

P5.2 | 0.010 | 0.002 | 0.006 | 0.006 | 0.002 | 0.002 | 0.006 | 0.002

P5 | P53 |0.007 | 0.007 | 0.002 | 0.007 | 0.007 | 0.007 | 0.007 | 0.007

P5.4 | 0.003 | 0.018 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.011

P5.5 | 0.013 | 0.013 | 0.013 | 0.004 | 0.013 | 0.004 | 0.021 | 0.013

P6.1 | 0.002 | 0.002 | 0.014 | 0.014 | 0.008 | 0.008 | 0.008 | 0.002

p6 P6.2 | 0.018 | 0.011 | 0.011 | 0.011 | 0.003 | 0.011 | 0.011 | 0.011

P6.3 | 0.006 | 0.022 | 0.036 | 0.022 | 0.006 | 0.022 | 0.006 | 0.022

P6.4 | 0.015 | 0.025 | 0.025 | 0.025 | 0.015 | 0.015 | 0.015 | 0.004

P7.1 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003

P7.2 |0.020 | 0.012 | 0.003 | 0.012 | 0.012 | 0.003 | 0.012 | 0.003

. P7.3 | 0.011 | 0.003 | 0.003 | 0.003 | 0.011 | 0.003 | 0.011 | 0.011

P7.4 |0.013 | 0.013 | 0.004 | 0.013 | 0.004 | 0.013 | 0.004 | 0.004

P7.5 |0.022 | 0.022 | 0.006 | 0.022 | 0.022 | 0.022 | 0.022 | 0.022

P7.6 | 0.007 | 0.007 | 0.007 | 0.007 | 0.025 | 0.007 | 0.007 | 0.025
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Bang A1.6. Diém s6 va thir hang cudi ciing sau khi phan tich d6 nhay & kich ban 1

ddySu queo(q

SO

(Ban dau)

S1

S2

S3

S4

S5

S6

Téng
diém

Tong
diem

Tong
diem

Tong
diem

El

0.352

o |Suty nyL

0.350

o [Suey nyL

to |Suty Ny

o |Suey nyL

0.352

o |Suey nyp

0.352

o |Suty nyL

o |[SUBy nyL

E2

0.393

[u—

0.389

—_

[u—

—_

0.391

0.392

—_

[u—

E3

0.232

16

0.233

16

16

16

0.230

16

0.232

16

16

E4

0.338

0.344

0.337

0.340

E5

0.345

0.346

0.344

0.345

E6

0.338

0.335

0.336

0.337

E7

0.288

0.290

0.289

0.288

E8

0.325

0.325

0.325

0.326

E9

0.296

0.296

0.295

0.296

E10

0.301

0.305

0.301

0.302

Ell

0.277

13

0.277

14

12

15

0.277

13

0.276

15

12

E12

0.283

11

0.281

11

11

11

0.283

11

0.282

11

11

E13

0.277

12

0.276

15

15

12

0.278

12

0.277

13

14

El4

0.295

9

0.294

9

0.297

0.295

E15

0.277

14

0.280

12

13

14

0.276

14

0.278

12

13

El6

0.276

15

0.278

13

14

13

0.276

15

0.277

14

15

A2. Mt s6 két qua trong Chuong 4

Bang A2.1. B§ ti€u chi danh gia mac d6 chuyén d6i s6 cuia SMEs ban 16 tai Viét Nam

Tiéu chi chinh

Tiéu chi con

Chién lugce va td
chire (P1)

(P1.1) Chién lugc chuyén ddi sb 16 rang, v6i cac muyc tiéu cu thé va cac
chi s6 do ludong hiéu qua then chét (KPIs) c6 thé dinh luong

(P1.2) Kha ning linh hoat va thich nghi cta t6 chtic dbi véi nhiing thay
d6i cong nghé.

(P1.3) Phan b ngudn luc phi hop cho céc sang kién s6 (dau tu vao cong
nghé, nguén nhan lyc, dao tao nhan vién).
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Cong ngh¢ va
ning lyc sb (P2)

(P2.1) Tich hop va sir dung cac nén tang sd (thwong mai dién i, dit liéu
1on, 10T, blockchain, v.v.)

(P2.2) Ning lyc tri tué nhan tao (nhu hoc may, hé théng phan tich dit liéu
vé khach hang)

(P2.3) Ung dung dién toan dam may (cho luu trit, xir 1y dit liéu, hodc dich
vu phan mém)

(P2.4) Ning lyc ra quyét dinh dya trén dit liéu (phan tich dit liéu 16n, phan
tich du bao)

(P3.1) Kha niang da kénh (Omnichannel) (tich hop lién mach céc tuong tac
khach hang tryc tuyén va ngoai tuyén).

(P3.2) C4 nhéan hoa va marketing sb huéng muc tiéu (dua ra cac san pham

Trai nghiém khach|[Pht hop, trai nghiém ca nhan héa cho khach hang).

hang (P3)

(P3.3) Tang cuong su tuwong tac cua khach hang (st dung cong nghé thuc
té tang cudng (AR), thuc té 4o (VR), ca nhan hoa bang Al).

(P3.4) Sy thuan tién va nhanh chéng trong giao dich sb (giao hang nhanh,
hinh thirc nhan hang tai ctra hang, thanh toan qua di dong)

Nhan luc va van
hoa (P4)

(P4.1) Pao tao va phat trién k¥ ning s6 cho nhan vién (ning cao trinh do
ky thuét sb, hoc tap lién tyc).

(P4.2) Van hoa dbi méi va chuyén doi s trong t6 chirc (khuyén khich
chip nhan rui ro, d6i méi sd, hop tac ndi bo).

(P4.3) Tac dong ctia chuyén d6i s6 1én co cau viée 1am (thay ddi trong cdu
trac luc lugng lao dong, gia tang ty 1€ lao dong k¥ nang cao va cac cau
trac phu hop véi ki thuat s6).

Bang A2.2. Ma trin so sanh md cho ba tiéu chi chinh tai thoi diém 7,

Tiéu chi Pl P2 P3
Pl | (0.430,0.540, 0.654) | (0.783,0.897, 1) (0.783,0.897, 1)
P2 (1, 1.114,1.277) | (0.430,0.540, 0.654) |  (0.783,0.897, 1)
P3 (1, 1.114, 1.277) (1,1.114,1.277) | (0.430,0.540, 0.654)

Chuyén gia 1: CR =0.032 | Chuyén gia2: CR =0.002 | Chuyén gia 3: CR =0.009

Bang A2.3. Ma tran so sanh mo cho tiéu chi P1 tai thoi diém 7,

Pl P1.1 P1.2 P1.3
P1.1 (0.430, 0.540, 0.654) | (0.430, 0.540, 0.654) | (0.540, 0.654, 0.783)
P1.2 | (1.528,1.852,2.324) | (0.430, 0.540, 0.654) | (0.540, 0.654, 0.783)
P1.3 (1.277,1.528, 1.852) | (1.277, 1.528, 1.852) | (0.430, 0.540, 0.654)

Chuyén gia 1: CR=0.032 | Chuyén gia2: CR=0.021 | Chuyén gia 3: CR =0.005
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Bang A2.4. Ma tran so sanh mo cho tiéu chi P2 tai thoi diém T,

P2

P2.1

P2.2

P23

P2.4

P2.1

(0.430, 0.540, 0.654)

(0.654, 0.783, 0.897)

(0.783, 0.897, 1)

(0.897, 1, 1)

P2.2

(1.114, 1.277, 1.528)

(0.430, 0.540, 0.654)

(0.897, 1.000, 1.)

(0.654, 0.783, 0.897)

P23

(1, 1.114, 1.277)

(1,1, 1.114)

(0.430, 0.540, 0.654)

(0.654, 0.783, 0.897)

P2.4

(1.114,1.114, 1.114)

(1.528, 1.528, 1.528)

(1.528, 1.528, 1.528)

(0.430, 0.540, 0.654)

Chuyén gia 1: CR =0.024

Chuyén gia 2: CR = 0.038

Chuyén gia 3: CR =0.012

Bang A2.5. Ma tran so sanh mo cho tiéu chi P3 tai thoi diém 7,

P3

P3.1

P3.2

P33

P3.4

P3.1

(0.430, 0.540, 0.654)

(0.783, 0.897, 1.000)

(0.540, 0.654, 0.783)

(0.540, 0.654, 0.783)

P3.2

(1.000, 1.114, 1.277)

(0.430, 0.540, 0.654)

(0.783, 0.897, 1.000)

(0.654, 0.783, 0.897)

P3.3

(1.277, 1.528, 1.852)

(1.000, 1.114, 1.277)

(0.430, 0.540, 0.654)

(0.783, 0.897, 1.000)

P3.4

(1.277, 1.528, 1.852)

(1.114, 1.277, 1.528)

(1, 1.114,1.277)

(0.430, 0.540, 0.654)

Chuyén gia 1: CR =0.013

Chuyén gia 2: CR = 0.020

Chuyén gia 3: CR =0.020

Béang A2.6. Trong soO mo cua cac tiéu chi chinh va ti€u chi con tai thoi diem 7,

T A \ 5 A \ 5 r s A
Tiéu chi chinh rQn'g S0 Mo cua Tiéu chi con Trong s0 mror cua cac ticu
cac tiéu chi chinh chi con
PI1.1 (0.151, 0.228, 0.227)
P1 (0.226, 0.310, 0.415) P1.2 (0.231, 0.344, 0.346)
P.1.3 (0.290, 0.428, 0.427)
P2.1 (0.169, 0.228, 0.222)
P2.2 (0.185, 0.249, 0.247)
P2 (0.246, 0.333, 0.450)
P2.3 (0.185, 0.241, 0.242)
P2.4 (0.217, 0.282, 0.289)
P3.1 (0.137,0.194, 0.271)
P3.2 (0.168, 0.232,0.317)
P3 (0.267, 0.358, 0.488)
P3.3 (0.198, 0.274, 0.379)
P3.4 (0.217, 0.300, 0.422)




X

Bang A2.7. Tong hop danh gia ctia cic doanh nghiép tai thoi diém 7,

Tiéu chi con Doanh nghiép Két nhap xép hang
El (0.566, 0.781, 1.000)
E2 (0.781, 1.000, 1.000)
P1.1 E3 (0.336, 0.566, 0.781)
E4 (0.566, 0.781, 1.000)
ES (0.336, 0.566, 0.781)
El (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
P1.2 E3 (0.566, 0.781, 1.000)
E4 (0.336, 0.566, 0.781)
ES (0.566, 0.781, 1.000)
El (0.566, 0.781, 1.000)
E2 (0.781, 1.000, 1.000)
P1.3 E3 (0.566, 0.781, 1.000)
E4 (0.336, 0.566, 0.781)
ES (0.336, 0.566, 0.781)
El (0.566, 0.781, 1.000)
E2 (0.781, 1.000, 1.000)
P2.1 E3 (0.336, 0.566, 0.781)
E4 (0.336, 0.566, 0.781)
ES (0.336, 0.566, 0.781)
El (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
P2.2 E3 (0.336, 0.566, 0.781)
E4 (0.336, 0.566, 0.781)
ES (0.336, 0.566, 0.781)
El (0.566, 0.781, 1.000)
E2 (0.781, 1.000, 1.000)
P2.3 E3 (0.336, 0.566, 0.781)
E4 (0.336, 0.566, 0.781)
ES (0.566, 0.781, 1)
El (0.336, 0.566, 0.781)
P2.4 E2 (0.781, 1.000, 1.000)
E3 (0.336, 0.566, 0.781)




xi

Tiéu chi con Doanh nghiép Két nhap xép hang
E4 (0.336, 0.566, 0.781)
ES (0.336, 0.566, 0.781)
El (0.336, 0.566, 0.781)
E2 (0.781,1, 1)
P3.1 E3 (0.1,0.1,0.336)
E4 (0.1, 0.336, 0.566)
E5 (0.1, 0.336, 0.566)
El (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
P3.2 E3 (0.336, 0.566, 0.781)
E4 (0.336, 0.566, 0.781)
ES (0.336, 0.566, 0.781)
El (0.781, 1.000, 1.000)
E2 (0.566, 0.781, 1.000)
P3.3 E3 (0.566, 0.781, 1.000)
E4 (0.336, 0.566, 0.781)
ES (0.336, 0.566, 0.781)
El (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
P3.4 E3 (0.336, 0.566, 0.781)
E4 (0.100, 0.100, 0.336)
E5 (0.100, 0.100, 0.336)

Béang A2.8. Trong soO mo cua cac tiéu chi chinh va ti€u chi con tai thoi diém 7,

Tiéu chi Trong s6 mo cua ) Trong $6 mo cla
] ) Tiéu chi con i

chinh céc tiéu chi chinh céc tiéu chi con
P1.1 (0.211, 0.295, 0.402)
P1 (0.187, 0.243, 0.296) P1.2 (0.252,0.348, 0.481)
P.1.3 (0.264, 0.357, 0.491)
P2.1 (0.186, 0.243, 0.297)
P2.2 (0.183,0.241, 0.308)

P2 (0.186, 0.237, 0.304)

P2.3 (0.197,0.243, 0.314)
P2.4 (0.215,0.273, 0.361)




Xii

Tiéu chi Trong s6 mo cla ) Trong s6 mo cua
. } Tiéu chi con i

chinh céc tiéu chi chinh cé4c tiéu chi con
P3.1 (0.145, 0.200, 0.266)
P3.2 (0.186, 0.241, 0.309)

P3 (0.205, 0.257, 0.323)

P3.3 (0.203, 0.268, 0.360)
P3.4 (0.216, 0.291, 0.396)
P4.1 (0.211, 0.295, 0.402)
P4 (0.210, 0.264, 0.344) P4.2 (0.252, 0.348, 0.481)
P4.3 (0.264, 0.357, 0.491)

Bang A2.9. Tong hop danh gia ctia cac doanh nghiép tai thoi diém 7,

Tiéu chi con Doanh nghié¢p Két nhap xép hang
El (0.566, 0.781, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.336,0.566, 0.781)

E4 (0.566, 0.781, 1.000)

Pl E5 (0.336, 0.566, 0.781)
E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

El (0.566, 0.781, 1.000)

E2 (0.566, 0.781, 1.000)

E3 (0.781, 1.000, 1.000)

E4 (0.336,0.566, 0.781)

Pl E5 (0.781, 1.000, 1.000)
E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.566, 0.781, 1.000)

El (0.566, 0.781, 1.000)

E2 (0.781, 1.000, 1.000)

P1.3 E3 (0.566, 0.781, 1.000)
E4 (0.336,0.566, 0.781)

E5 (0.336,0.566, 0.781)




Xiii

Tiéu chi con Doanh nghiép Két nhap xép hang
E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

El (0.566, 0.781, 1.000)

E2 (0.566, 0.781, 1.000)

E3 (0.336,0.566, 0.781)

E4 (0.336,0.566, 0.781)

P2l E5 (0.336, 0.566, 0.781)
E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

El (0.781, 1.000, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.336,0.566, 0.781)

P22 E4 (0.336,0.566, 0.781)
ES (0.336,0.566, 0.781)

E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

E1l (0.566, 0.781, 1.000)

E2 (0.566, 0.781, 1.000)

E3 (0.336,0.566, 0.781)

P23 E4 (0.336,0.566, 0.781)
ES (0.566, 0.781, 1.000)

E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

El (0.336,0.566, 0.781)

E2 (0.566, 0.781, 1.000)

P24 E3 (0.336,0.566, 0.781)
E4 (0.336,0.566, 0.781)

ES (0.336,0.566, 0.781)

E6 (0.781, 1.000, 1.000)




X1v

Tiéu chi con Doanh nghiép Két nhap xép hang
E7 (0.566, 0.781, 1.000)
ES8 (0.336, 0.566, 0.781)
E1l (0.336, 0.566, 0.781)
E2 (0.566, 0.781, 1.000)
E3 (0.100, 0.100, 0.336)
P31 E4 (0.100, 0.100, 0.336)
E5 (0.100, 0.100, 0.336)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
ES8 (0.336, 0.566, 0.781)
E1l (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
E3 (0.336, 0.566, 0.781)
P32 E4 (0.336, 0.566, 0.781)
E5 (0.336, 0.566, 0.781)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
ES8 (0.336, 0.566, 0.781)
E1l (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
E3 (0.781, 1.000, 1.000)
P33 E4 (0.336, 0.566, 0.781)
E5 (0.336, 0.566, 0.781)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
ES8 (0.336, 0.566, 0.781)
E1l (0.781, 1.000, 1.000)
E2 (0.781, 1.000, 1.000)
E3 (0.336, 0.566, 0.781)
P34 E4 (0.100, 0.100, 0.336)
E5 (0.100, 0.100, 0.336)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
ES8 (0.336, 0.566, 0.781)
E1l (0.336, 0.566, 0.781)




XV

Tiéu chi con Doanh nghiép Két nhap xép hang
E2 (0.336,0.566, 0.781)
E3 (0.566, 0.781, 1.000)
E4 (0.336,0.566, 0.781)
P4.1 E5 (0.336,0.566, 0.781)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
ES8 (0.336,0.566, 0.781)
El (0.336,0.566, 0.781)
E2 (0.336,0.566, 0.781)
E3 (0.336,0.566, 0.781)
E4 (0.336,0.566, 0.781)
pd.2 E5 (0.336,0.566, 0.781)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
E8 (0.566, 0.781, 1.000)
El (0.336,0.566, 0.781)
E2 (0.336,0.566, 0.781)
E3 (0.566, 0.781, 1.000)
E4 (0.336,0.566, 0.781)
pa.3 E5 (0.336,0.566, 0.781)
E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)
E8 (0.781, 1.000, 1.000)

Béang A2.10. Trong s6 mo cua céc ti€u chi chinh va tiéu chi con tai thoi diem 75

Tiéu chi Trong s6 mo cia ) Trong s6 mo cua
, Tiéu chi con _

chinh cac tiéu chi cac tiéu chi con
P1.1 (0.245, 0.321, 0.403)
P1 (0.189, 0.243, 0.294) P1.2 (0.265, 0.345, 0.437)
P.1.3 (0.275, 0.333, 0.433)
P2.1 (0.193, 0.249, 0.295)
P2.2 (0.175, 0.224, 0.285)

P2 (0.194, 0.243, 0.302)

P2.3 (0.197, 0.242, 0.312)
P2.4 (0.223, 0.285, 0.376)




Xvi

Tiéu chi Trong s6 mo cia _ Trong s6 md cia
, ) Tiéu chi con i

chinh cac tiéu chi cac tiéu chi con
P3.1 (0.160, 0.218, 0.284)
P3.2 (0.180, 0.235,0.311)

P3 (0.207, 0.264, 0.332)

P3.3 (0.192, 0.255, 0.342)
P3.4 (0.217, 0.292, 0.398)
P4.1 (0.245, 0.321, 0.403)
P4 (0.212, 0.250, 0.319) P4.2 (0.265, 0.345, 0.437)
P4.3 (0.275, 0.333, 0.433)

Bang A2.11. Tong hop danh gia cua cac doanh nghiép tai thoi diém 75

Tiéu chi con Doanh nghié¢p Két nhap xép hang
El (0.566, 0.781, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.336, 0.566)

E4 (0.566, 0.781, 1.000)

E5 (0.336,0.566, 0.781)

Pl E6 (0.566, 0.781, 1.000)
E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

E9 (0.781, 1.000, 1.000)

E10 (0.336,0.566, 0.781)

El (0.566, 0.781, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.781, 1.000, 1.000)

E4 (0.336,0.566, 0.781)

E5 (0.781, 1.000, 1.000)

Pl E6 (0.566, 0.781, 1.000)
E7 (0.566, 0.781, 1.000)

E8 (0.566, 0.781, 1.000)

E9 (0.566, 0.781, 1.000)

E10 (0.566, 0.781, 1.000)

P1.3 El (0.566, 0.781, 1.000)




XVii

Tiéu chi con Doanh nghiép Két nhap xép hang
E2 (0.781, 1.000, 1.000)

E3 (0.336,0.566, 0.781)

E4 (0.336,0.566, 0.781)

E5 (0.336,0.566, 0.781)

E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.336,0.566, 0.781)

E9 (0.566, 0.781, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.100, 0.336, 0.566)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.336, 0.566)

E4 (0.566, 0.781, 1.000)

E5 (0.566, 0.781, 1.000)

P2l E6 (0.566, 0.781, 1.000)
E7 (0.566, 0.781, 1.000)

E8 (0.566, 0.781, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.781, 1.000, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.336, 0.566)

E4 (0.336,0.566, 0.781)

P22 E5 (0.336,0.566, 0.781)
E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.336,0.566, 0.781)

E9 (0.781, 1.000, 1.000)

E10 (0.566, 0.781, 1.000)

El (0.566, 0.781, 1.000)

P23 E2 (0.781, 1.000, 1.000)
E3 (0.100, 0.336, 0.566)

E4 (0.336,0.566, 0.781)




XViil

Tiéu chi con Doanh nghiép Két nhap xép hang
E5 (0.781, 1.000, 1.000)

E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.336,0.566, 0.781)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.100, 0.336, 0.566)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.336, 0.566)

E4 (0.336,0.566, 0.781)

P24 E5 (0.336,0.566, 0.781)
E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.566, 0.781, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.566, 0.781, 1.000)

El (0.336,0.566, 0.781)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.100, 0.336)

E4 (0.100, 0.100, 0.336)

E5 (0.100, 0.100, 0.336)

P E6 (0.781, 1.000, 1.000)
E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

E9 (0.781, 1.000, 1.000)

E10 (0.566, 0.781, 1.000)

El (0.781, 1.000, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.336, 0.566)

P3.2 E4 (0.336,0.566, 0.781)
E5 (0.566, 0.781, 1.000)

E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)




XiX

Tiéu chi con Doanh nghiép Két nhap xép hang
E8 (0.566, 0.781, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.781, 1.000, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.566, 0.781, 1.000)

E4 (0.336,0.566, 0.781)

P33 E5 (0.566, 0.781, 1.000)
E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.566, 0.781, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.566, 0.781, 1.000)

E2 (0.781, 1.000, 1.000)

E3 (0.100, 0.336, 0.566)

E4 (0.100, 0.100, 0.336)

P34 E5 (0.100, 0.100, 0.336)
E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.566, 0.781, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.100, 0.336, 0.566)

E2 (0.781, 1.000, 1.000)

E3 (0.336,0.566, 0.781)

E4 (0.336,0.566, 0.781)

E5 (0.566, 0.781, 1.000)

Pl E6 (0.781, 1.000, 1.000)
E7 (0.781, 1.000, 1.000)

E8 (0.566, 0.781, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)




XX

Tiéu chi con Doanh nghiép Két nhap xép hang
El (0.100, 0.336, 0.566)

E2 (0.566, 0.781, 1.000)

E3 (0.100, 0.100, 0.336)

E4 (0.336,0.566, 0.781)

P42 E5 (0.566, 0.781, 1.000)
E6 (0.781, 1.000, 1.000)

E7 (0.566, 0.781, 1.000)

E8 (0.336,0.566, 0.781)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)

El (0.100, 0.336, 0.566)

E2 (0.781, 1.000, 1.000)

E3 (0.336,0.566, 0.781)

E4 (0.336,0.566, 0.781)

P43 E5 (0.336,0.566, 0.781)
E6 (0.781, 1.000, 1.000)

E7 (0.781, 1.000, 1.000)

E8 (0.781, 1.000, 1.000)

E9 (0.781, 1.000, 1.000)

E10 (0.781, 1.000, 1.000)




