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TOM TAT

Chudi thdi gian m& do Song & Chissom dua ra trén tap chi “Fuzzy Sets and Systems” nim
1993 dd duoc nghién cim réng rdi trén thé gi6i cho myc dich dy bao. Tuy nhién, d6 chinh xac
ciia dy bao trén quan diém xem xét chum thoi gian theo tiép cin m& ciia Song & Chissom con
chua cao do phu thudc vao nhidu yéu t4. 8. M. Chen (1996) da d& xuAt mé hinh dy bao chudt
thoi gian md rét hidu qua chi sit dung céc tinh todn 6 hoc don gian. Sau d6 m6 hinh ndy dugc
nghién ciru cai tién trong nhidu tmg dung dy béo va da cé duge nhidu két qua chinh xic hon.

Dai s gia tir 1a mét tlep c&n méi duge céc tic gid N. C. Ho va W. Wechler xay dung vao
nhitng ndm 1990, 1992 hoan toan khic biét so vcn tlep can my. O day, dai sé gia tir duge sir
dung d& md phéng bién ngdn ngit va co duge chu triic ngit nghia. Phep md hoa va phép gids mér
dugc thay thé bing phép ngit nghia héa va phép giai nghia tuong Ung don gidn hon. Dai s6 gia
tir dya trén hé md 14 mdt huéng di méi, duge tng dung lan dAu tién trong didu khién m& nim
2008. Nhimg tmg dyng cia tiép can dai 56 gia tir cho mjt 6 bai todn cy thé trong linh vyrc cong
nghe Lhong tin va éu khién d3 mang lai mft so két qua quan trong khing dinh tinh wu viét cia
tiép can ndy so voi tiép cén md truyen thong Tiép tuc nhiing émg dung cua da: 56 gia tir, bai bao
nay tap trung nghién cim vén dé dy bao chubt thi gian md theo tiép cén dai s gia tir.

Trong bai béo nay, chiung 15i dua ra mét tip cin méi sit dung dai b gia tir voi kha ning
cung cap mét mé hinh tinh todn hoan todn khic biét so véi tlep cdn m¢ cho mé hinh du bio
chudi thoi gian mo. Céc két qua thiz nghxem dy bao sb sinh vién nhap hoc tai Dai hoc Alabama
chitng minh ring md hinh chudi thdi gian m& dya trén dai b gia tir tdt hon so v6i nhiéu mé hinh
hién c6.

Tir khoa: tip md, nhom quan hé logic md, dai s6 gia tir, mé hish dw bao chudi théi gian mé.

1. MG PAU

Dy bao chudi thoi gian 1a vén @& luén dugc nhiéu nha khoa hoc trén thé gi6i quan tim
nghién ciru. Q. Song va B. S. Chissom [1] 1in ddu tién d dua ra quan niém méi xem cdc gid trj
thre dinh hrong trong chudi thon gian tir goc ¢ dinh tinh. T 46 chuds thdi gian c6 thé xem nhu
mot bién ngdn ngit va bai todn dy béo trd thanh vén d& dy bio cac gid tri ngon ngir cua bién
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ngdn ngir. C6 thé coi ddy 14 quan niém méi vé chudi thei gian c6 tinh dot pha. Tuy nhién md
hinh tinh toan nhém quan hé m& [2, 3] qué phirc tap va do d6 d6 chinh xac ciia du bao khong
cao. Chen [4] da thay di cach tinh tofn nhém quan hé m trong mé hinh dir béo [2, 3] véi cac
phép tinh s6 hoc don gidn hon dé thu dugc két qua dy bao chinh x4c hon. Nhiéu nghién ctu tiép
theo vin str dung phuong phép luin ndy va dé thu duge nhibu két qua quan trong [4-6]. G Viet
Nam, bai bao [7] 12 két qua nghién ciru dAu tién vé& dir bso chudi thoi gian m.

Céc nghién ciru trén the gié1 cha yeu tip trung gidi quyet vén d& ning cao d6 chinh xéc dr
bio. C6 thé thiy mot 56 vén dé san day 4anh hudng dén do chinh xéc du béo chudi thai gian md:

a/ M¢ héa cac dif ligu: Pay 1a van dg doi hoi phai 6 truc gidc tht & m6 ta dinh tinh chudi
thdi gian mot cach hop li v6i cde tham s6 déc thi, qua d6 cung cép thong tin 6 gia tri cho qui
trinh dir bo sau ndy. Dic tinh quan trong ciia phép m& hoa 13 s6 hrong khodng chia, d6 dai
khoang chia va bac ca chudi thoi gian md. Néu sb lwgng khoang chia qua it, du bao o6 thé ¢6
6 sai 1éch I6n do chua 4t thdng tin. Néu s6 hrgng khoa.ug chia qué 16m, dy bao c6 thé mét hét y
nghia vé tinh mé cha gis tri ngdn ngi khi khong con nhém quan hé md vi nhur vy c6 thé tao )
phidu khoing khéng chira dit liéu hoje chi chita 1 dit liéu. Do d6 vén dé tim ra khoang chia tdi
wu 14 mét bai toan khong dé.

b/ Giai mé: Pay 13 qua trinh dy bio trén co s phép mé héa trén diy va cin hudmg dén dy
béo 161 ru.

Van de thir nhit c6 thé thdy r5 qua mot s6 nghién ciru [8, 9]. Trong céc nghién cir ndy 13
rang ring: s& lutmg khoanh, 46 dai khoang va béc clia md hinh chudi thoi gian m& c6 anh hudng
dén 4o chinh xdc cila mé hinh dy bio. Vin d& nghién ctru sau hon lién quan dén vén d& t6i wu Ia
xAy dung sb lu(mg khoang, d6 dai khoang va bac ctia md hinh chudi thoi gian mé nhir thé nio aé
¢d du bao tot nhét cho céac dir liéu trong nhém quan hé mo. Nhidu tic gia ciing da nghién clm
thinh cong vén @& néu trén [10, 11]. Van dé thir nhat ciing lién quan dén kha ning tao ra chc
tham 56 h3 trg cho vén d& dw béo trén co s& tham s6 héa mirc 46 ting hay gidm gi4 tr cha di
1iéu theo thot gian [12].

Vin d& thir hai c6 anh hudng dén d6 chinh xc ciia du bao 1a cach gidi m tim ra gid trj dy
béo cho céc dif lidu tir nhém quan hg md trén co s& md héa chudi thoi gian & trén. Tuy nhién
céch gidi mo phd bién dia trén 3 lujt co ban [4]. Dic biét trong [6, 7] tim ra mot 6 tham s6 dinh
huémg cho qué trinh gidi md va ¢4 thu dwge mot sb két qua kha tét.

Tlep cin dai s6 gia tir (DSGT) [13,14] 13 tidp cdn khéc bit so v6i tip can mo vadico mdt
56 tm, dung thé hién 16 hi¢u qua ing dung trong mét 56 Tinh vire cng nghe cua tiép can niy so
véi tiep can mé truyen théng. C6 thé ké dén mot s6 linh vic ing dyng c6 trién vong nhur didu
Kkhién (15 - 19], cong nghé théng tin [20] vA ddc biét gin day 13 Tinh v tinh todn trén tr
(Computing with words) [21] Nhimg két qua tng dung mang tinh wu viét hon trong mét 56 Tinh
vye cong nghe khac nhau ctia tlep ¢an DSGT so voi tiép can md 14 minh chimg quan trong cho
tinh diing d4n cia tiép can co xuat phét diém khoa hoc dya trén hé tién d& chiit ché lam co s¢
cho v1ec xay dyng DSGT- mét chu tric toén hoc dugce nhiing vao tip céc gid tri ngén ngit
48 bidu didn cac khai niém mé mét céch tdng quat dwa trén ngit nghia [22].

T1ep tuc nhimg nghién ctru Gmg dung trén day, t.1ep can DSGT cling cin duge nghién ciu
thir nghiém cho mét linh vire tmg dung méi, d6 14 bai toan xdy dyng mé hinh dy bdo chudi thoi
gian m& 43 dugc nhidu tac gi4 khéc trén thé gidi quan tim hién pay.

Bai bo du'qc trinh by theo thir ty seu ddy: Sau myc MG DAU 14 Muc 2 gidi thiéu vé mé
hinh dy béo chudi thdi gian mé va tng dyng cho di bao sb sinh vién nhap hoc tai tru:rmg dai hoc
Alabama ctia Song & Chissom [2, 3] va Chen {4]. Muc 3 trén co s& bai toén du bio b sinh vidn
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nhdp hoc cia trudmg dai hoc Alabama, néu mgt sé n91 dung quan trong cha PSGT cin thiét cho
bai toén dy bao chudi thai gian m& v6i by tham 6 hop 1i va so sénh véi céc phuong phép cia
Chen va cac phuong phap cai tién khéc sir dung chudi thoi gian m& bac nhét véi 7 khoang chia.
Muyc 4 twp tyc trinh bay phurong phép dy bao s6 sinh vién nhip hoc cla trudng dai hoc Alabama
trén co s& tlep cén DSGT tmng diéu kién phép ngit nghia héa phi tuyén, phép gidi nghia phi
tuyén v6i cac tham 56 161 wu va so sanh v&i mét s6 phiwong phép du béo céi tién mdi st dung béc
cao, s& khoang chia 16 hon 7 v mét sé mé hinh di béo chudi thoi g1an md t6i wu hién nay. D6
chinh xac du bio clia cic phuong phip trén dwoc dénh gi4 qua sai s trung binh binh phuong
MSE (Mean Square Error), tir d6 ¢6 thé thiy r5 tinh wu viét cia tip cin DSGT so vdi tiép cin
md.

2. MO HINH DU’ BAO CHUOI THOI GIAN MO
2.1 Mt sb khai niém co bin céa mé hinh dir bao chudi thi gian mé

M4 hinh chudi thai glau md 1an diu tién duoc Song va Chissom dua ra [1 - 3] va duge
Chen cai tién [4, 23, 24] dé 6 thé xit Ii bing céc phép tinh s hoc don gian hon nhung chinh xac
hon phit hgp véi céc img dung dy bao chudi thoi gian mo. C6 thé tém luge qua mdt b khai
niém co ban sau ddy:

Dinh nghia 2.1: Chudi thi gian m&s

Gid sir Y(t), (t=.., 0, 1,2, ...), 14 tap cAc s6 thyc va cfing 14 t3p nén trén d6 x4c dinh cac tip
mé f, (), I=172,...). Bién t 1a théi gian. Neu F(t) 12 mdt chubi cc tap mér cha f, (), 1= 1,
2,...), thi F(t) duoc goi 14 chudi thoi gian mé trén Y(t), (t=...,0,1,2,..).

Pinh nghia 2.2: Quan hé¢ m¢

Néu tdn tai quan h¢ md R(t-1, 1), sao cho F(t) = F(t—1)*R(t-1, ©), trong dé déu * ki higu
toén tir nao d6, thi F(t) dugc suy ra tir F(t—1). Quan hé giita F(t) va F(t—1) duoc xdc dinh bang ki
hiéu:

F(t-1)—F(t) 2.1)
Vi du v& todn tir * c6 thé 13 phép két hop MaxMin [2] hodic MinMax 3] hay phép tinh s&
hoc [4] . Néu F (t-1) = A1 vaF ()= A), quan h¢ logic gifta F (t) va F(t-1) dugc ki higu bing
Ai—Aj, trong 46 Aila vé trai vi Aj 1 vé phéi ciia quan hé m& md t4 thp mé dy béo.
Pinh nghia 2.3: Quan hé m¢ bic n
Gia sit F(t) 13 chubi thoi gian mo. Néu F(t) duoe suy ra tit F(t-1), F(-2),..., F(t-n), thi quan
hé md ndy duoc bidu dién bing biéu thirc:
F(t-n),..., F(t=2), F(t-1) - F(t) 22)
va duge goi la chudi théi gian m bac n. .
Pinh nghia 2.4: Chudi thoi gian mé dimg
Gia sir F(t) dugc suy ra tir F(t~1) va duge ki higu bing F(t-1) — F(t), khi d6 quan hé m&
gita F(t) va F(t—1) dugc md ta bang phuong trinh:
F(t) = F(t-1)*R(t-1, t). 23)
Quan hé md R thé hign mo hinh bc nhit ctia F(t). Néu R(t-1, t) khong phy thubc t, sao cho
véi moi tI va 12 kidc nhau, R(tl, t1-1) = R(t2,12-1), thi F(t) dugc goi 1a chudi thoi gian mo
dimg, con lai dugc goi 14 chudi thoi gian mo khong dimg.
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Pinh nghia 2.5: Nhém quan hé mé (NQM)

Céic quan hé md véi cing mét tip md bén vé trai c6 thé dua vio mét nhém goi 1 nhom
quan hé mé hay nhém quan hé logic mé.

Gié st ¢6 cac quan hé md sau:

Ai— Ajl; Ai— Aj2;...; Ai—> Ajn.
Céc quan hé m& trén co thé dua vio mét nhom dige ki hidu nhur sau;
Ai— Ajl, Aj2, ..., Ajn (2.4)

tap mé Ajk (k=1,2, ..., 1) chi dwoe xuft hién 1 14n bén vé phai.
2.2 M5 hinh dw bdo Song va Chissom

M3 hinh dir bao chudi thoi _gian moy lau d4u tién duge Song va Chissom dua ra vio nim
1993 [1 - 3] va duge tmg dung @& dy béo sb sinh vién nhap hoc tai trudng Pai hoc Alabama véi
di liéu lich sir qua 22 ndm k& tir n#m 1971 dén 1992 ninr trong Bang 2.1 sau ddy:

Bang 2.1. 86 sinh vién nhip hoc tai tnromg dai hoc Alabama tit 1971 dén 1992.

Nim S sinh vidn nhap hoc Nam $6 sinh vidn nhap hoc
1971 13055 1982 15433
1972 13563 1983 15497
1973 13867 1084 15145
1974 14696 1985 15163
1975 15460 1986 15984
1976 15311 1987 16859
1977 15603 1988 18150
1978 15861 1989 18970
1979 16807 1990 19328
1980 16919 1991 19337
1981 16388 1992 18876

Chudi thi gian 14n dAu tién dwgc xem xét dudi géc do bién ngdn ngit va bai todn dy béo dé
6 duge mt cach nhin hoan toan méi trén quan didm Ll thuyet tap my. M6 hinh du bo din tién
12 md hinh dy béo chudi thoi gian dimg [2, 3] va dwoc trién khai qua cac bude sau diy:

Bude 1. Xéc dinh tip nén

Budc 2. Chia mién x4c dinh ctia tap nén thanh nhitng khoang bing nhau.

Budc 3. Xy dung céc tip md trén tip nén

Bude 4. M& héa chudi dit tigu

Bude 5. Xac dinh cac quan hé md

Bude 6. Dy béo bing phuong trinh Ai = Ai~1* R, & day ki hiéu * 1 toén tit max-mm
Buéc 7. Gidi md céc két qua dy béo.
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Trong budc 5, quan hé m& R duoc xéc dinh bing biéu thirc Ri = As "xAq, v&i moi quan hé m&
k, As 5Aq, R=Ui, Ri 2.5
G day x 13 toén tir min, T 13 phép chuyén vi va U 14 phép hop.

2.3 M hinh dy béo Chen

Do md hinh dy bao chudi thoi gian mo cua Song & Chissom kha phirc tap trong budc 5 va
bude 6, vi vy Chen [4] dd cai tién cach tinh todn sao cho chinh xédc¢ hon cho cdc md hinh du bao
chudi thari gian chi sir dung cac phép tinh s6 hoc don gian trén co s& théng tin tir cic quan hé md
va nhém quan hé m& theo cic budc sau day:

Bude 1. Chia mién x4c dinh cla tip nén thanh nhitng khoang bing nhau.
Bude 2. Xay dung cac tdp mé trén tap nén.

Bude 3. M héa chudi dit ligu.

Budc 4. Xac dinh cac quan hé md.

Budc 5. Tao ldp nhom quan hé md.

Budc 6. Giai md diu ra dy béo.

3. MO HINH DU BAO THEO TIEP CAN DPAI SO GIA TU

Pai sb gia tir cung cdp mot m& hinh xir I cc dai luong khéng chic chin kha hiéu qua cho
nhidu bai toan img dung. C6 thé thiy 13 raug céc gié trj ngdn ngir v&i ngit nghia vén c6 thir t
chit ché trong bién ngdn ngix da duoc mé ta bing mot cau triic dai s6 gia tir [13, 14], tir d6 tao ra
moi trudmng tinh toan, suy ludn t6t cho nhidu img dung.

Goi AX=(X, G, C, H, <) 13 mdt cu tric dai s6, véi X 13 tip nén cia AX; G = {e-, c+} 14
tap cac phan tir sinh; C = {0, W, 1}, trong d6 0, W va 1 twong tng I3 nhimg phén tir dic tumg
cén trii (tuyét d6i nho), trung hoa va c4n phai (tuyét d5i Iém); H 12 thp céc toan tir mét ngdi duoc
201 13 céc gia tir; < 13 bidu thi quan hé thir tw trén céc gia tri ngdn ngit. Goi H 14 tip hop cic gia
tir m va H' 12 tap hop céc gia tir dwong clia AX.

KihiéuH = {hy, h,, ..h }, trongdo hy <h, < ... <hgvd H' = {hy, hy, ..., h,}, trong
d6h; <hy<...<h,

Pinh ughia 3.1: P§ do tinh mo
fm: X — [0, 1] goi 1a d6 do tinh m¢ néu thoa min cic diéu kién sau::
fmie)+fmc+) =1va thH fm{hx) = fim(x), véi Vx € X. 3.0

Vi céc phin tir 0, Wva 1,
Jm(0) = fi(W) = fm(1) = 0. 3.2)

(k) _ fin(ly)
fx) () 1
Ping thirc (3.3) khéng phy thude véq céc phin tir x, y va do d6 ta c6 thé ki hidu 1a p(h) va
day 12 46 do tinh m& cua gia tir A. Tinh chat cta fin(x) va u(h) nhu sau:
Sinhx) = pih)fm(x), ¥xe X (34)

Vavéi Vxye X, VheH,

(3.3)
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z,,: fm(hc) = fin(c), véi ce {c-, c+} (3.5)
S fnlhx) = ) 36)
=g a0
Zﬂ(h) a’vaz,u(h) B.voia f>0vaatrf=1 3.7

=1

Pinh nghia 3.2: Him diu
Ham Sign: X—{-1, 0, 1} 1d mot 4nh xa dugc goi la ham dduvéih, heHvace {c-, ct+}
trong do:

Sign(c-) = -1, Sign(c+) =+1; (3.8)
Sign(he) = - Sign(c), néu h 13 4m dbi vai c; (3.9)
Sign(he) = + Sign(c), néu h 14 duong déi véi c; (3.10)
Sign(h'hx) = -Sign(hx), néu h’hx # hx va b' 14 4m déi véi b; (3.11)
Sign(h'hx) = + Sign(hx), néuh’hx# hx vah'la duong dbi voi h; (3.12)
Sign(h’hx) = 0 néu h’hx = hx, (3.13)

Got fin 1 mét 4§ do tinh m¢ trén X, 4nh xa ngir nghia dinh hrong v: X — [0, 1], dugc sinh ra
bai fin trén X, duge x4c dinh nhu sau:

v(W)=8= fin(c"), (3.14)
W)y =6-afin(c’)=Bfin(c7), (3.15)
we)=0+afm(ct)=1- B fin(c*) (3.16)
v(h,x)=v(x)+sign(h ) (D ety JTHBX) = X x) frm (B, )} 3.17)

voi
o) = [1+ Sign(h sysignth b Bl (o B}, < [arobi=0. GI9)

P4 thusn tién cho viée bidu dién ngif nghia clla céc gid trj ngbn ngft [15], gid sir ring mién
tham chiéu théng thudmg cita céc bién ngdn ngit X 14 doan [a, b] con mién tham chiéu ngit nghla
Xs la doan [a5,b) (0 <. a, < b,<1). Viée chuyén ddi tuyén tinh tir [a, b] sang [a,,b] duoc goi 12
phép ngi¥ nghia héa tuyén tinh (linear semantization) con viée chuyen ngrgc lai tir doan [agb]
sang [a, b] dugc go1 12 phép gidi nghia tuyen tinh(linear desemantization). Trong nthidu tmg dung
cua DSGT da sir dung mién ngit nghta 1a doan [a,= 0, b,= 1], khi d6 phép ngu nghia héa tuyén
tinh duoc goi la phep chudin héa (linear Semantization = Normalization) vi phép gidi nghia
tuyén tinh dwoc goi la phép giai chudn (Linear Desemantization = Denormalization). N]neu img
dung ciia DSGT trong nhidy linh vuc khoa hoc d6i héi mé ' réng khong gian tham sb trong cédc
phép nglt nghia héa vi phép gidi nghia dé c6 nhidu tham s6 lya chon mém déo
hon nita, Didu ndy chi ¢6 thé ¢ duge khi md rong phép ngir nghia hoa va phép giai nghia fir
tuyén tinh dén phi tuyén. Nhu viy c6 thé bidu difn cac dang cia phep ngir nghia héa nhr sau:

Linear Semantization (x} = x, = a, + (b, ~ a;) (x —a)/(b- (3.192)

Normalization (x) = X, = (x—a)/ (b—a) (3.19b)

166



= [

Pl
paeis

=y ey e o g iy uy waw o0l T gian mor

Nonlinear Semantization (x) = f(x,,p) (3.19¢)
Véi didu kién: 0 < f(x,,5p) < 1 va f(x,=0,5p) =0 va f(x=1,5p) = 1
C6 thé thiy rang, céc ham f{.) duge chon tily theo timg Umg dung va 1a cic ham lién tuc,
ddng bién. Vi du c6 thé chon f(.) phi tuyén theo x, th hién qua f(x,,5p) nhu sau:

Nolinear Normalization (x) = f(x;,5p) = sp.xs(1-X;}+X, (3.19d)
Tuong tur phép ngi¥ nghia hoa, cic dang cua phép giai nghia duoe xac dinh nhir sau:

Linear Desemantization (X)) =x =a + (b ~a) (x, —a;) / (b, — a5} (3.20a)

Denormalization (x) =x =2+ (b — a)x, (3.20b)

Nonlinear Desemantization (x;) = g(x, dp) (3.20c)

Vi didu kién: a< glx,dp)<bvag(x=a,dp)= avag(x=b,dp)=b

Céc ham g(.) ciing duoc chon tiy theo timg img dung va 1 cac ham lién tuc, ddng bin. Vi
du c6 thé chon g(.) phi tuyén theo x thé hién qua Denormalization (f(x,,sp)) nhr sau:

Nonlinear Denormalization (x,) = dp((Denormalization (f(xs,sp))-a).

(b — Denormalization (f(x;,sp))) / (b-a) + Denormalization (f(x,,sp))
(3.20d)
trong d6
Denormalization (f{x;,sp)) = (sp.x.(1-x)+x).{b-a) +a (3.20d1)

Ham f(xs,sp) 1a ham bleu difn phép ngit nghia héa phi tuyén va him g(x.dp) 12 him bidu
difn phép giai uglna phi tuyén chua dugc sit dung trong cdc img dung cua DSGT, trong do
spe[-1 1] 1a tham sb ngi¥ nghia héa, dp €[-1 1] 13 tham s gidi nghia. Khi sp = dp = 0; tinh phi
tuyén bi loai bo va bidu thirc (3.19d) tr& thanh (3.19b) va (3.20d) trd thanh (3.20b).

Cho truée d6 do tinh mé ciia cac gia tir p(k) va cac gia tri do do tinh m& cva cac ph?m w
sinh fin(c), fm(c*) vagla phén tir trung hoa  (neutral). Kin 46 mb hinh tinh toan ciia BSGT duge
xdy dyng trén ca s¢ cdc biéu thitc tir (3.1) dén (3.20) dugc kich hoat va thye té da dwgc sir dung
hiéu qua trong rét nhiéu img dung. Phép m& hoa va phép gidi mo trong tiép can m& duogc thay
thé twong img bang phép ngit nghia hoa va phép giai nghia trong tiép can DSGT. Hé luat duge
thé hién bang siéu mit 1am co s& cho qui trinh suy ludn xép xi. Mét hru y quan trong cila qud
trinh tinh ton trong tiép cén DSGT 13 cin xéc dinh cic tham sé ban dAu nhw d6 do tinh m& cia
céc phan 1t sinh v& d4 do tinh mé cua céc gia tir trong bién ngdn ngik mt céch thich L hop dua
trén co s& phén tich ngi¥ nghla cia mién ngon ngit trong timg bai toén émg dung cu thé. Khi d6
md hinh tinh toan cia tiép can DSGT s& cho cic két qua hop li trong céc img dung.

Bbi véi mé hinh dw béo chudi thori gian md cia Song & Chissom va Chen, c6 thé thiy 6
hai giai doan quan trong duoc céc tic gid sir dung dua trén hep cin mo. Dhu tién 12 giai doan co
ndi dung cla phép m¢ hoa va nhimg van dé lién quan bao gom bude 1 dén bude 5. Néu giai
doan m¢ héa cung cap nhitng théng tin dinh tinh hop 1i thi cdc quan hé m& hodc nhém quan hé
mé 56 tao ra kha nang dy béo voi d6 chinh xéc cao cho cic dif lidu. Giai doan tiép theo 14 giai
doan ¢6 ndi dung cia phép gidi mé (budc 6 va bude 7 ciia mé hinh Song & Chissom hodc bude
6 ciia md hinh Chen). Day 14 giai doan tim ra két qua du bao dya trén co s¢ cic budc cia giai
doan m¢ hoa.

Dya trén c4c phén tich trén day, 6 rang ring: hodn todn cb thé thay thé tiép cAn md voi hai
giai doan ¢ ndi dung cia phép md hoa va phép giai md trong cdc md hinh cta Song & Chissom
hodc Chen bing tiép can PSGT ciing vdi hai giai doan c6 ndi dung cia phép ngir nghia hoa va
phép gidi nghia twong img. Nhu viy c6 thé xdy dung duge md hinh du béo chudi thori gian mé
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twong ty nhu mé hinh Chen nhung khong sit dung t3p md mad dua trén tiép can DSGT v&i md
hinh tinh todn qua cac bidu thirc (3.1), (3.2), ...(3.20) nhu sau:

Budce 1. Xac dinh tap nén va chia mién xdc dinh cia tip nén thinh nhitng khoang bing
nhau.

Buéc 2. Xy dung cic nhan ngit nghia (gi tri ngon ngir theo tiép cin DSGT).

Budc 3. Ngit nghia héa phi tuyén chudi dit liéu.

Budc 4. Xac dinh cac quan hé ngit nghia theo nhin ngft nghia .

Bude 5. Tao 1ap nhém quan hé ngit nghia theo nhin ngir nghia.

Bude 6. Giar nghia phi tuyén déu ra du bio.

Céc buéc trén day tuong tu véi cac bude dir bio trong md hinh Chen nhu‘ng trong tiép can
DSGT khéng sir dung tip mé ma ding ngi nghia dinh lugng mé ta dinh lwong gia tri ngdn ngit.
& day, phép mo hoa duge thay bing phép ngit nghia héa, quan hé m¥ dwoc thay ba.ng quan hé
nglr nghia va nhom quan hé md duge thay béng nhom quan hé ngit nghia. Cubi cung phép gidi
mo duge thay bing phép giai nghia.

Bai todn dwge chon d8 so sanh va 1am 18 hiéu qua dy bdo cia md hinh trén 1a bai todn dy
bao sé sinh vién nhap hoc tai treong Alabama do Song & Chissom [2, 3] va Chen [4] dit ra diu
tién dé nghién ciru md hinh chudi thoi gian md trén quan diém bién ngon ngu Tir 46 ¢6 thé md
t4 dinh tinh s6 hrgng sinh vién nhdp hoc tai truo’ng Dai hoc Alabama tir cdc 56 lidu lich st ¢6 tir
nam 1971 dén nam 1992 va dua s6 liéu nay vao mb hinh dy bio chudi thei gian mé. iy cling 1a
bai todn cho dén nay vin dugc Chen [8, 9] va nhidu tac gia trén thé gi¢i quan tim nghién cira cai
tién [25 - 27].

Céc bude tinh ton dya trén DSGT cu thé nhw sau:

Budre 1: Xéc dinh tap nén, chia mién xédc dinh cia tip nén thanh nhimg khoang bing nhau.

Tap nén U duoe chon tuong tir md hinh Chen c6 khodng x4c dinh: [Dmin—-D1, Dmax +
D2] véi Dmin va Dmax 14 s8 sinh vién nhap hoc thip nhit va cao nhit theo dif liéu lich st nhép
hoc ciia trudng, Cy thé Dmin = 13055 va Dmax = 19337, Céc bién DI va D2 14 céc 6 durong
d\{qc ch,c_m sao cho !(hoéng [Dmin—D1, Dmax+D2] bao dugc hoan toan so sinh vién nhép hoc
thap nhat v cao nhat trong twong lai. St dung cich chon ciia Chen [4], D1 = 55 vi D2 = 663,
nhu vy U= [13000, 20000]. Khoang xéc dinh tép nén U duge Chen [4] va nhiéu tic gid khac
[15, 29, 32, 38] chia thanh 7 khoang bang nhau ul, u2, u3, u4, u5, u6 va u7. Trong d6 ul =
[13000, 140007, u2 = [14000, 15000], u3 = [15000, 16000], u4 = [16000, 17000], u5 = [17000,
18000], u6 = [18000, 19000] va u7 = [19000, 20000].

Bubc 2: Xéy dung cdc nhin ngit nghta (gla tri ngon ngit khéng bidu difn dudi dang tap
md) ciia tiép cin DSGT) trén tip nen. P& c6 thé d& theo rdi va so sanh v6i cic bude dw béo trong
md hioh Chen, & ddy sir dyng mét 6 ki hidu twong tir nhimg ki hiéu Chen d3 sir dung nhung véi
y nghia cha tlep cén DSGT. Gia st Al, A2,..., Ak 1a cdc nhdn ngit nghia duge gan cho cic
khoang ul, u2,...uk, k 13 s6 khoang trén tap nén. Khéc véi tip md trong ng]nen ctru cia Chen,
céc nhain ngit nghia & ddy duge xdy dyng tir cc phan it sinh ¢-, ¢+ voicic glatrh O H tao
thanh céc gid tri ngdbn ngit cia bién ngdn ngl “s sinh vién nhap hoc 7. Khi d6 cic nhan ngit
nghia Al, A2,..., Ak c6 dang sau day: Al=hAlc; A2 = hA2c;....; Ak=hAkc, trong d6 hAi, (i=
1,2,..k) 1a chudi gia tir thc dfmg 1én ¢ véi ¢ € {c-, ct}.

Trong bai toan dy béo sb sinh vién nhép hoc tai truomg Pai boc Alabama, Chen sir dung
c4c gi4 tri ngdn ngit A1 = (not many), A2 = (not too many), A3 = (many), A4 = (many many),
A5 = (very many), A6 = (too many) va A7 = (too many many). Trong bai toan du béo nay theo
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tlep cdn DSGT, sir dung 2 gia t¥ “very”va “liitle” tac dong lén 2 phan tir sinh “small”va
“large”dé tzo ra 7 nhdn ngi nghia tuong tmg véi 7 gid tri ngdn ngit ca Chen nhir sau: Al =
(very small), A2 = (small), A3 = (little small), A4 = (midle), AS = (little large), A6 = (large) va
A7 = (very large).

Budc 3: Ngit nghia hoa chubi dit ligu.

Dé x4c dinh ngit nghta dinh luong cho cic nhdn ngit nghia Al, A2,.,A7 & budc 2, cAn
chon truée d¢ do tinh mé cia cac gia tir p(very), p(little) va gla tri d¢ do tinh m& cia phin tr
sinh fin(c) = 6 v6i 6 1a phin ti trung hod duge cho trudc. Néu céc nhan ngit nghia duoc tao
thanh chi tir 1 gia tir dwong va 1 gia tr 4m vi dy gia tir dwong “very” va gia i« am “little ” thc
dong 1én cic ph::“m tir sinh “Jarge” hodc “small” nhu trén, thi p(little) = o va p(very) = 1- a =p.
Nhur vdy ngir nghia dinh luong clia cic nhan ngir nghia s& chi phu thude vao cac tham 56 cta
DSGT @, & va hoan todn dugc xac dink sau khi thay céc gia tri o, 6 vio cac phuong trinh tinh
toan ngit nghia dinh lugng tir (3.14) dén (3.18). Cu thé 13 7 gia tri ngir nghia dinh luong cia 7
nhén ngit nghia A1,A2, ...A7 dugc gan tuong img cho 7 khoang ul, u2,..., u7 ¢é dang tham s6
hoéa sau ddy:

v(very small) = 6(1-0)(1-c) (321
v(small) = 6(1-0) (3.22)
v(little small) = 6(1-a+a?) (3.23)
v(midle) = 6 (3.24)
w(little large) = 0+a(1-6)(1-o) (3.25)
v(large) = 8+(1-8)u (3.26)
v(very large) = 0+a(1-0)(2-0) (3.27)
Néu chon truéc o= 0.5 va 6 = 0.5, thi c4c phwrong trinh tir (3.21) dén (3.27) trd thanh:

v(very small) = 0.125 (3.28)
v(small) = 0.25 (3.29)
v(little small) = 0.375 (3.30)
v(midle) = 0.5 (331
v(little large) = 0.625 (3.32)
v(large) = 0.75 (3.33)
v(very large) = 0.875 (3.34)

Ki hiéu: SA = Semantization (A) 13 gia tri ngir nghia dinh lrong theo nhén ngit nghia A,
khi d6: SA1 = v(very small); SA2 = v(small); SA3 = v(little small); SA4 = v(midle); SA5 =
v(little large); SA6 = (large) v SAT = v(very large) 12 cic gis tri ngit nghia dinh lugng theo cic
tham sé dugc chon trwéc o, 6. Khi d6 d& dang théy rang:

SA1 <SA2 <SA3 < SA4 <SA5<SA6<SA7 (3.35)
Tuong tir nhur trén, ¢6 thé xay dung céc cong thirc tinh todn cic gia tri ngft nghia dinh
lugng theo cdc nhan ngit nghia khi ¢6 nhiéu gia i tic dong 1én phan tir sinh.
Bidu thirc (3.35) thé hién r6 nhiimg tinh chit quan trong sau day:
1. Thir tu ngit nghia luén dwoc dam bio.
2. Cac nhan ngir nghia Ai c6 gid tri ngir nghia dinh luong SAi va lubn c6 quan hé ngit
nghia voi nhau théng qua bd tham 50 ciia DSGT «, 6, pha,), =1, 2,...
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Nhu vy, trong cée img dung cu thé caa uep c4n DSGT, anh hudng cila bé tham s6 mang
tinh hé théng. C6 nghfa 12 tit ca céc gi4 tri ngdn ngit trong bién ngon ngit déu chiju anh huéng
bdi b tham s6 cha DSGT. Nhiing tinh chét trén day tao ra sy khac biét gitta tiép can PSGT va
tiép can mo. C6 thé thay ra.ng trong tlep cén mo, cac gid tri ngdn ngir sir dung t@p mé ctia bién
ngbn ngit hodn toin khong cé rang bube véi nhau. Sy khdc biét ndy da dua dén hiéu qua cao

trong nhiéu img dung ctia tiép cin PSGT.

Budc 4: Xac dinh céc quan hé ngit nghia theo nhén ngit nghia.

Céc quan hé ngit nghia duge xac dinh trén co s cac dit liéu lich sir. Néu dat chudi thai
gian md F(t-1) 1a Ak c6 ngl¥ ng}_ﬁa dmh lugng SAk va F(t) 1 Am c6 ngir nghia dinh luong SAm,
thi Ak c6 quan hé v6i Am va dan den SAk c6 quan hé véi SAm. Quan hé nay duoc goi 13 quan
hé ngit nghia theo nhan ngir nghia va duoc ki hidu la:

SAk — SAm hodc Semantization (Aj) — Semantization (Ak) (3.36)

Trong bai toin dy bao s6 sinh nhdp hoc tai trudmg Alabama, & ddy Ak 13 nhin ngir nghia
moé ta sb sinh,vién nhdp hoc cia ndm hién tgi v6i ngit nghia dinh lugng SAk, Am 14 nhan ngir
nghiia mé ta so sinh vién nhﬁp hoc cuia nam ti€p theo voi ngit nghia dinh hrong SAm.

Nhu vy, trén co so so liéu ciia Chen {4], c6 thé x4c dinh dugc cac quan hé ngit nghia theo
nhan ngi nghia (k& ca s8 1an triing nhau) sau day:

SA1 — SAI (tring nhau 2 1dn); SA1 — SA2;

SA2 — SA3; SA3 — SA3 (tring nhau 7 lin);

SA3 — SA4 (tring nhau 2 1in); SA4 — SA4 (tring nhau 2 14n);

SA4 — SA3; SA4 — SA6; SA6 — SA6; SA6 — SAT;

SA7 — SA7 va SAT — SA6. (3.37)

Bude 5: Tao 1p nhém quan hé ngit nghia theo nhén ngit nghia.

Néu mét ngir nghla dinh lugng (vé trai (3.37)) c6 quan hé véi nhidu ngit nghia dinh hrong
(vé phai (3. 37)), thi vé pha1 duge chip lai thinh mét nhém. Quan hé duge 1ap theo nhém nhy
véy dugc goi la nhém quan hé ngit nghia (NQHNN). Nhu vy tir (3.37) nhén dugc cic NQHNN
sau day:

Nhom 1: SA1 — (SAl, SAl, SA2)

Nhém 2: SA2 — (SA3)

Nhém 3: SA3 — (SA3, SA3, SA3, SA3, SA3, SA3, SA3, SA4, SA4)

Nhém 4: SA4 — (SA4, SA4, SA3, SAG)

Nhom 5: SA6 — (SA6, SAT)

Nhém 6: SA7 — (SA7, SA6)

Budéc 6: Gidi nghia diu ra dy bao.

Gi# sir 56 sinh vién nhap hoc tai ndm (t-1) ctia chuo1 thdi gian mo F(t-1) duoc ngit nghia
héa theo (3.19) 13 SAj, khi d6 dau ra dy béo ciia F(t) hay 6 sinh vién nhap hoc du bdo tai nim t
dugce x4c dinh theo cac nguyén the (lnat) sau day:

1. Néu ton tai quan hé 1-1 trong nhém quan hé ngir nghia theo nhfin ngén nglr Aj nhir sau:

SAj — BAk, theo (3.19d): Nonlmear Semantization (Aj) — Nonlinear Semantization (Ak)
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Thi dAu ra dy bo dugc tinh theo (3.20d): DSA] — Nonlinear Desemantization (SAk) trén
khoang giai nghia uk dugc chon sao cho bao duge uk va thufc khoang xac dinh cia tip nén
chudi thdi gian mé [Dmin-—D1, Dmax+D2].

2. Néu SAk 14 tréng, SAj — &,

Thi du ra dy béo duge tinh theo (3.20d): DSA] — Nonlinear Desemantization () trén
khuang glal nghia dwoc chon sao cho bao duoc uj va thuje khodng xdc dinh cia tip nén chudi
thoi gian m¢d [Dmin—D1, Dmax+D2].

3. Néu t0n tai quan hé 1-nhidu trong nhém quan hé ngit nghia (ké c4 quan hé trung) theo
nhin ngdn ngir Aj: SAj — (SAi,SAKk,..., SAr), theo (3.19d): NonlinearSemantization (Aj) —
(NonlinearSemantization (Ai), NonlinearSemantization (Ak), ..., NonlinearSemantization (Ar)),

Thi diu ra dy bdo duoc xé4c dinh theo (3.20d) cho timg dir lidu lich sir cia nhém quan hé
ngit nghia: DSAj — NonlinearDesemantization (WSAiAj * SAi+ WSAkAj * SAk+. . .+
WSATrA]j * SAr) trén mét kpoéng giai nghia duge chon sao cho bao duge ui, uk... ur va thude
khodng xé4c dinh cua tap nén chuéi théi gian mé [Dmin-D1, Dmax+D2] Trong d6 WSAIiAj,
WSAKAj..., WSArAj 1a trong so ngit nghla ciia timg thanh phan trong NQHNN theo nhén ngit
nghia Aj va dugc tinh bing ti s gitta s6 dit liéu thudc khodng ui va ting 56 di lidu thude cac
khoang ui, uk,..., ur cia NQHNN.

Lwuy rang céch chon khoang giai nghfa nhu trén luén dim bao khéng ph4 v& nhém quan
hé mé nhing dong thdi co thé cho phép tinh toin du bio cho timg diém dy bio trong cling
nhom quan hé mg.

Trong bai todn dy béo b sinh vién nhép hoc tai truong ‘dai hoc Alabpma, c6 thé chon cac
khoang giai nghia hop li theo phép thit — sai véi cac gid tn dau, gid tri cudi nhu trong Bang 3.1
sau day:

Bang 3 1 Gia trj dBu va gia tri cudi cia céc khoang giai nghia dugc chon,

Cic diém Gia tr Gid tri Céc diém Gié tr Gid trj

dy bao diu khodng cudi khoang dy bao dhukhoang | cudi khoing
1(1972) 13000 17000 12 (1983) 14000 18000
2(1973) 13000 18000 13 (1984) 14000 17000
3(1974) 13000 20000 14 (1985) 14000 17000
4(1975) 15000 16000 15 (1986) 15000 18000
5(1976) 14000 17000 16 (1987) 15000 19000
6 (1977) 14000 18000 17 (1988) 15000 20000
7(1978) 15000 18000 18 (1989) 16000 20000
8(1979) 15000 19000 19 (1990) 17000 20000
9 (1980) 15000 19000 20 (1991) 17000 20000
10 (1981) 14000 19000 21(19%2) 15000 20000
11 (1982) 13000 18000

Vi du tinh todn dw bdo cho nim 1972 véi 6 =0.5, a=0.5,sp=0.3 vadp=-0.2:
Thyc hién cac bude 1, 2, 3 va 4 bude nhu & trén, sau d6 tinh todn ngir nghia cho nhom 1 tai bude
5 v&i NQHNN SA1l — (SAl, SAl, SA2) nhu sau:
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Theo Bang 3.2: Nhém 1 ¢6 NQHNN thugc céc khoang ul va u2. Sé dir lidu thude khoz:mg
ul gém 3 gid tri: 13055, 13563 va 13867 nhung tring nhau 2 lan. Do d6 s6 dit liéu thuégAkhoalzg
ul 12 (3*2 = 6). $4 dit liéu thuc khoang u2 gdm 1 gié tri: 14696. Nhu vy tong s0 dit ll@li thugf:
céc khoang ul, u2 ciia nhom 1 1a (3*2+1) = 7 vé trong s ngl¥ nghia cua SA1 theo nhin ngit
nghia Al 1a WSA1AL =3/ (3*2+1) = 3/7. Tuong tir tinh duoc trong so ngi nghia ciia SA2 theo
nhéin ngir nghia A1 1a WSA2AI1 = 1/7. Véi SA1 = 0,125; 8A2 = 0,25, ngir nghfa clia nhom 1 1a:
(SAL, SAI, SA2) = WSAIAI*SAl + WSA1AI*SAl + WSA2A1*SA2

= (3/7)%0.125 + (3/7)*0.125 + (1/7)*0.25 = 0.143.
Khoéng giai nghia du bio duoc chon cho ndm 1972 theo Bang 3.1 14 [13000 — 17000].

Tru6c hét tinh todn gid tri gidi nghia tuyén tinh cho phép ngir nghia héa phi tuyén theo
(3.20d1) véisp=10.3:

Denormalization (f(x,sp)) = £(0.143,0.3) = (0.3*0.143%(1-0.143)+0.143)*(17000-13000) +
13000 = 13719.

Tidp tuc tinh g1 tri giai nghia phi tuyén cho phép ngi¥ nghia hoa phi tuyén theo (3.20d) véi
dp=-02:

Nonlinear Denormalization (f(x,,sp;)  g(13719,-0.2) = (-0.2)*(13719-13000)*(17000-
13719) / (17000-13000) + 13719 = 13600

Nhur vy, gié tri du bao cho ndm 1972 theo (3.20d) 1a:

DSA1 — NonlinearDeNormalization (f{(x,,sp)) = g(13719,-0.2) = 13600
Luu ¥ ring: trong cc cong thirc trén, d sir dung diu *.’ thay cho ddu *,” cita cac sb thap phén.

Biéing cach twong t c6 thé tinh toan dy béo cho cdc ndm 1973, 1974... dé nhin dugc céc gid
tri dur béo cu thé cho nim 1973, 1974, ..., 1992. Nhur vy v6i s6 sinh vién nhap hoc tir 1971 dén
1992, trén co s& 6 budc theo tiép can DSGT, xdy dung duge mé hinh dy béo cho nam 1971 —
1972, 1972 — 1973, 1973 — 1974,....., 1991 — 1992.

Chuong trinh tinh toén trén co s st dung MATLAB RZOISa’. Két qua clia md hinh dy béo
stt dung DSGT dwoc md ta trong Bang 3.2 dé so sanh véi cic ket qud cia mdt s6 md hioh du
bao khéc hién c6 voi cing 7 khodng chia.

Bdng 3 2. So sanh cac phuong phap du béo véi 7 khoang chia.

Ném viSé(;Slnlligp Plgho;lg ][J:]ép pilz]'\‘:ll,lege phl;;‘;[o‘:l,ing p];}a%;agigu ph:: ‘;::ixg Phuong phép
hoo [10] 23] [25] 221 BSGT
1971 13055
1972 13563 14000 13833 14195 14000 13600
1973 13867 14000 13833 14424 14000 13750
1974 14696 14000 13833 14593 14000 14050
1975 15460 15500 15500 15589 15500 15396
1976 15311 16000 15722 16260 15645 15500 15232
1977 15603 16000 15722 15511 15634 16000 15642
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:?a; N 1978 | 15861 16000 15722 16003 16100 16000 16232

ingy, 1979 | 16807 16000 15722 16261 16188 16000 16643

mﬂ: 1980 | 16919 16833 16750 17407 17077 17500 17027

iy | 1981 | 16388 16833 16750 17119 17105 16000 16533
1982 | 15433 16833 16750 16188 16369 16000 15533
1983 | 15497 16000 15722 14833 15643 16000 15642

0, 1984 | 15145 16000 15722 15497 15648 15500 15232

i b 1985 | 15163 16000 15722 14745 15622 16000 15232

Wi 1986 | 15984 16000 15722 15163 15623 16000 16232
1987 | 16859 16000 15722 16384 16231 16000 16643

beo (3 1988 | 18150 16833 16750 17659 17090 17500 17534
1989 | 18970 19000 19000 19150 18325 19000 19288

T 1990 | 19328 19000 19000 19770 19000 19000 19466
1991 | 19337 19000 19000 19928 19000 19500 19466
1992 | 18876 19000 19000 19537 19000 19000 19111

. MSE 407507 | 397537 | 321418 | 261473 | 226611 65020

S

b dox: Trong trudmg hop phép ngit nghia héa tuyén tinh va phép gisi nghia tuyén tinh véi sp = 0

rhoe iz 974 va dp= 0, két qua tinh to4n nhén duoc MSE = 69304,

cho i - Trong treomg hop phép ngir nghia hoa phi tuyén va phép giai nghia phi tuyén véisp=0,3

va dp =- 0,2, két qua tinh to4n nhin dugc MSE = 65020.

4. MO HINH DU BAO TOI UU THEO TIEP CAN BSGT

Vin d?e dy bao t8i wu chudi thoi gian mé theo nghia cuc tiéu sai s6 trung binh binh phwong
MSE c¢6 thé dugc thuc hién trén co sé phép ngit nghia hoa t6i wu (3.19d) va phép gidi nghia t6i
wu (3.20d) véi cac khoang gidi nghia dugc chon dya trén ludt 1, ludt 3 va bé tham s0 cén toi wu

’—’; 6, o, sp, dp cia tiép cin DSGT.
. ot Chuong trinh tinh toén trén co so sir dung phin mém t6i wu ‘héa GA cia MATLAB
i R2013a. Két qué cla md hinh du bio dya trén DSGT véi céc tham 56 61 wru 0%, a*, sp*, dp*
— theo nghia cyc tiéu bam MSE duge md ta trong Bang 4.1, trong d6 MSE ¢4 dang:
— 21
] (Z(SSVNHTTi-—SSVNHDBi))/Zl
/ﬂ =1
i <
/Jﬂ & day: MSE (Mean Square Error) 14 sai s6 trung binh binh phrong;
i SSVNHTTi 14 s6 sinh vién nhap hoc thryc té nfim s
5 SSVNHDB 14 s6 sinh vién nhap hoc dur bao nam i, i = 1 (1972), 2 (1973), ..., 21 (1992).
/
T
i
T
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Béng 4.1. Két qua tinh toan dy bdo 16 wwu 56 sinh Vlen nhip hoc tai truomg dai hoc Alabama fir
1971 dén 1992 theo tiép cin DSGT.

Nim 86 sinh vién | Sb sinh vién | Nam 85 swmh vién | S6 sinh @

nhéip hoc thuc té | nhap hoc dw nhap hoc thuc té | nhdp hoc dy
béo bao

1971 13055 1982 15433 16439

1972 13563 13865 1983 15497 15219

1973 13867 14082 1084 15145 15219

1974 14696 14514 1985 15163 15219

1975 15460 15391 1986 15984 16219

1976 15311 15219 1987 16859 15812

1977 15603 15219 1988 18150 17439

1978 15861 16219 1989 18970 19165

1979 16807 16625 1990 19328 19165

1980 16919 16951 1991 19337 19165

1981 16388 16439 1992 18876 19165

B tham s8 161 wu nhin dugc: 6% = 0.815; a* =0.286; sp* = - 0.552 vd dp* = - 0.529 vér MSE=44507.

Trong trudng hop phép ngit nghia hoa tuyén tinh va phép giai nghia tuyén tinh véi sp=0
vadp =0, két qua tinh ton nhin duoc cée gla tri thi wu 0% = 0,531; * = 0,411 véi MSE =
45222 kém hon so véi tnrdng hop phi tuyén v6i MSE = 44507. M6 hinh dir bio chudi théi gian
m t5i ru theo tiép cin DSGT tmg dung cho bai toan dy bio sb sinh vién nhap hoc tai trudng dal
hoc Alabama dugc so sinh vé1 cdc md hinh du béo khac theo tiép cin mo st dung bac cao, sb
khoang 16n hon 7, dugc tong hop trong Bang 4.2.

Badng 4.2. So sanh céc két qua moé hinh dy bo t6i wu theo tiép cin DSGT va cic két qua mo hinh du
bao cai tién khic.

Phuong Phép MSE Phuong Phip MSE

Qiu [30] 199809 Chen [5] 86694

Bai [29] 140676 Ozdemir [31] 78073

Singh [27] 133700 Egrioglu [32] 60714

Uslu [24] 106276 Tiép c4n BDSGT 45222
voisp=0vadp=0

Singh [26] 87025 Tiép can DSGT 44507
Vi sp* = - 0552 va J
dp* = -0.529

5.KET LUAN

Vién dé du bdo chubi thoi gian mé trong nhiing ndm gin déy duogc rht ohiéu chuyén gia trén
thé gi6i quan t4m nghién ctm. Nhidu nghién ctu sir dung m6 hinh chubi thoi gian mo bic cao
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véi 89 dai khodng va s hugng khoang hop 1i da cho két qua dy béo s6 sinh vién nhap hoc tai
trudng Dai hoc Alabama kha chinh xéc [8, 10, 11, 27). M6 hinh dy béo dwa trén DSGT 13 mét
md hinh méi, hodn toan khéc biét, c6 kha ning dir bio chudi thoi gian mér véi 49 chinh xdc cao
hon so v6i mét sé m hinh dy béo hién 6. Sy khéc biét thé hién & phwrong phép luan khi in ddu
tién st dung phép ngu nghia héa phi tuyén thay cho phép mé héa, nhém quan hé ngit nghia thay
cho nhom quan hé m& va phép giai ‘nghia phi tuyén thay cho phép gidi md. Mic du chi sit dyng
md hinh chudi thoi gian md bac nhit véi 7 khoang chia dit liéu lich sir nhw mé hinh dy bao dhu
tién ciia Chen [4], nhumg két qua img dung md hinh dy bio dya trén DSGT véi sy tham 56 hoa
cac nhin ngir nghia tir (3.21) dén (3.27) caa bién ngén ngir thé hién dinh tinh chudi s6 lidu néu
trén c6 trong Bang 3.3 da cho thiy rd hiéu qué dyr bao 16t hon so v&i mét s phuong phap du béo
cu.ng sir dung 7 khodng hién cb [4, 5, 6, 28, 29] trong truorng hop phép ngit nghia héa va phép
gidi nghiia tuyén tinh v6i MSE = 69304, hoic phi tuyén véi MSE = 65020. Hon nita, md hinh
du béo véi bd tham so t5i wru ciia DSGT (theo Béng 4.2 trong | tnnmg hop phép ngit nghia héa va
phép giai ng}ua tuyen tinh v01 MSE = 45222, hoic phi tuyen véi MSE = 44507) ciing t6t hon
50 v6i mft s6 mb hinh cai tién hign nay, khi c4c md hinh nay di phéi st dung chudi théi gian mé
béc cao, 56 khodang chia 16n hon 7 5, 24), hoic mét 56 md hinh dy béo 16i uu khac trong [10, 11,
25]. C6 thé t.hay rang: cac phuong phép dy bao chum thdi gian md hién nay déu c6 kha ning xiy
dung phép mé hoa ti wu dé tin dung tét nhdt nguon thong tin tir nhém quan hé mo cho bai toén
dir bdo. Nhung cac phuong phép ndy chura chi y dén phép gidi mo tox wu. Tir két qua thé hién
trong Bang 4.2 15 ring rang: tinh chinh xic hon cia mé hinh du bao t6i str dung DSGT so v6i
mdt s6 md hinh dy béo t6i uu khac duge dam bao & kha néng tinh ton t5i wru cic tham so cua
DSGT 0%, o* trong sy két hop véi cac tham s6 mé réng cta phép ngit nghia hoa phi tuyén ti
wu sp* va phep giai nghia phi tuyén 6 wu dp* trén co so s& khai thac ¢d tinh hé théng nhimng
thong tin an chira trong nhém quan hé ngit nghfa. Nhimg k&t qua ctia bai bio ndy di mo ra
huéng nghién cfru méi cho linh vue di béo chudi thoi gian mé.

Loi cdm on. Bai péo n’gh.ién cira duge Quy phit trién Khoa hoc vi Cong nghé Quéc gia (NAFOSTED)
tai tro theo Hop dong s6 102.05-2013.34.
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ABSTRACT
THE APPLICATION OF HEDGE ALGEBRAS IN FUZZY TIME SERIES FORECASTING
Nguyen Cat Ho', Nguyen Cong Dieu™?, Vu Nhu Lan">"

"Institute of Information Technology, VAST, 18 Hoang Quoc Viet str., Cau Giay, Hanoi
*Thang Long University, Nghiem Xuan Yem Road, Dai Kim, Hoang Mai, Hanoi

*Email: yalan@ioit.ac.vn

Fuzzy time series given by Song & Chissom (1993) in magazine "Fuzzy Sets and
Systems" has been widely studied for forecasting purposes. However, the accuracy of forecasts
based on the concept of fuzzy approach of Song & Chissom is not high because such depends on
many factors. Chen (1996) proposed an efficient fuzzy time series model which consists of
simple arithmetic calculations only. After that, this has been widely studied for improving

y of fi ing in many applications to get better results.

The hedge algebras developed by Nguyen and Wechler (1990) was completely different
from the fuzzy approach. Here the hedge algebras was used to model linguistic domains and
variables and their semantic structure is obtained. Instead of performmg fuzmﬂcatlon and
defuzzification, more simple methods are ad d, termed as ization and d
respectively. The hedge algebras based fuzzy system is a new topic, which was first applied to
fuzzy control 2008 [15]. Hedge algebras applications for some specific problems in the field of
information technology and control has a number of important results and confirm advantages of
this approach in comparing with fuzzy approach. In continuilty of hedge algebras applications,
this paper is mainly focused on the field of fuzzy time series forecasting under hedge algebras
approach.

In this paper, we present a new approach using hedge algebras to provide a computational
model, which is completely different from the fuzzy approach for fuzzy time series forecasting.
The experimental results of forecasting enrollments of students of the University of Alabama
show that the model of fuzzy time series based on hedge algebras is better than many existing
models.

Keywords: fuzzy sets, fuzzy logical relationship groups, Hedge algebras, fuzzy time series
forecasting.
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