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TOM TAT

Chui thoi gian my do Song & Chissondua ra tréndp chi “Fuzzy Sets and Systemsinm
199344 duoc nghién é¢u rong rai trén th gioi cho muc dich dr bao. Tuy nhiéndo chinh xac
cua dr bao trén quadiém xem xet chﬁu thoi gian theo #p cin my cia Song & Chissom con
chra cao do pinthusc vao nhéu yéu t6. S.M Chen (199634 dé xuit mé hinh @ bao chii thoi
gian mb rat hiéu qua chi str dung cac tinh toandshoc don gian. Saudé mé hinh naytuge nghién
clru Gii tién trong nhéu tng ding dr bao vada codugc nhiéu két qua chinh xac bn.

Dai s gia tr 1& mot tiép cin moi duoc cac tac gi N.C.Ho va W. Wechler xayuthg vao
nhiing rim 1990, 1992 hoan toan khaéthso wi tiép cin mo. O day, dai s6 gia ir duoc sr
dung dé mé ptong bén ngdn ng va céduoc ciu tric ngt nghia. Phép rx hoa va phép gi mo
duoc thay ti¢ bing phép ni nghia hoa va phép gi nghia trong trng don gian hon. bai so gia
tr dya trén B mo la mot husng di méi, duoc ang ding Ian dau tién trongdleu khién my nam
2008. Ntiing tng ding aia tiép can dai sb gia ir cho ot sb bai toan @ thé trong inh wrc céng
nghé théng tin vadiéu khién d& mangdi mot sb két qua quan tong khing dinh tinhuu viét caa
tiép can nay so i tiép cin mo truyén thong. Tép tuc nhiing ing ding aia dai sb gia tr, bai bao
nay #p trung nghiéneu van dé du bao chdi thoi gian my theo tép can dai s gia .

Trong bai bao nay, ching téira ra ndt tiép cin msi st dung dai sb gia i véi kha ning
cung é@p mit mo hinh tinh toan hoan toan khaéttso Wi tiép cin my cho md hinh d béo
chubi thoi gian mb. Cac Kt qua thir nghiém dr béo $ sinh vién nAp hoc tai Dai hoc Alabama
ching minh &ng mé hinh chéi thoi gian my dya tréndai sd gia i tét hon so Wi nhiéu md hinh
hién co.

Tir khéa:tap my, nhém quan &logic my, dai sb gia tr, md hinh d@ bao chii thoi gian mb.
1. MO PAU
Dy béo chdi thoi gian la \in @& ludn duoc nhiéu nha khoa éc trén tit gici quan tam
nghién &u. Q. Song va B. S. Chissom [&hldau tiénda dva ra quan gBim moi xem cac gia ir

thyc dinh hrong trong chdi thoi gian tr gocdo dinh tinh. Tir d6 chibi thoi gian c6 tht xem nhr
mot bien ngbn n@ va bai toan d bao té thanh vn dé du bao cac gia irngdn ng cia bin
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ngdn ngr. C6 thé coi day la quan ®im msi vé chudi thoi gian co tinhdot pha. Tuy nhién mé
hinh tinh toan nhém quarg Imo [2, 3] qua plec tap va dodd @6 chinh xac ga dr bado khéng
cao. Chen [4}i4 thayddi cAch tinh toan nhém quai o trong mé hinh d béo [2, 3] vi cac
phép tinh & hoc don gian hon dé thu dugc két qua dy bao chinh xacdn. Nhigu nghién éu tiép
theo \in sr dung phrong phap lan nay vada thuduoc nhidu két qua quan tong [4 - 6].0 Viét
Nam, bai bao [7] lad qui nghién ¢u dau tién \& du bao chdi thoi gian mo.

Cac nghién¢u trén ti¢ gisi chu yéu tap trung gai quyét van dé nang caato chinh xac ¢
b&o. C6 th thiy mot sb vin dé sauday anh hrang dén do chinh xac d bao chdi thoi gian mb:

a/ Mo hoa céac d li¢u: Pay la vin dé doi hoi phai c6 tnre giac 6t dé mo & dinh tinh chai
thoi gian mbt cach fp i voi cac tham & dic thu, quald cung ép théng tin cé gia trcho qua
trinh dr bdo sau naybic tinh quan ting aia phép ny héa la 6 lugng khaing chia,do dai
khaang chia va Bc aia chii thoi gian mb. Néu $ luong khaing chia qua it, @ bao c6 th co
d6 sai kch lon do chradu théng tin. Nu s luong khaing chia quadn, dr bao c6 th mat hét y
nghia \é tinh md caa gia ti ngdn nd khi khéng con nhém quaréme vi nhr vay c6 tHé tao ra
nhiéu khaing khéng clra dr liéu haic chi chia 1 dr liéu. Dodo van dé tim ra khang chia éi
uu la ot bai toan khéng &

b/ Giai mo: Pay 1a qué trinh @ bao trén o s phép nd hda trénday va én heéng dén du
bao ti uu.

VAn dé& thir nhit c6 tré thay ré qua not sb nghién &u [8, 9]. Trong cac nghiénra nay rd
rang &ng: $ luong khainh, d6 dai khaing va lic caa mé hinh chéi thoi gian my céanh hrong
dén d¢ chinh x&c 8a md hinh ¢ bao. \An d¢ nghién @u sau bn lién quanién van dé ti wu 1a
xay drng $ luong khaing, do dai khaing va ic cia md hinh chéi thoi gian my nhur thé naodé
c6 dr bao 6t nhit cho cac @ liéu trong nhém quanéhmo. Nhiéu tac gi ciing ¢A nghién 6u
thanh céng &n dé néu trén [10, 11]. h & tha nhit ciing lién quandén khi ning &o ra cac
tham $ hd tro cho \in d& dy bao trén ¢ sd tham $ hda nirc d6 ting hay gim gia ti caa di
liéu theo thvi gian [12].

Van dé thir hai céanh hrong dén d6 chinh xac aa dr bao 1a cach gi mo tim ra gia i du
b&o cho cacidliéu tr nhom quan & mo trén @ sd mo hda chii thoi gian & trén.Tuy nhién
cach gii mo pho bién dya trén 3 1t co ban [4]. Bac biét trong [6, 7] tim ra it sb tham $ dinh
huéng cho qua trinh gi mo vada thuduge mot b két qua kha bt.

Tiép can dai s gia tr (DSGT) [13,14] la tip can khac bit s0 \6i tiép cin my vada co nit
6 trng ding thé hién ré héu qua trng ding trong not sd linh wrc céng ngh cia tiép cin nay so
Voi t|ep cin my truyén thdng. Co th ké d¢én mot s Iinh wrc ttng ding ¢6 trén vong nhr diéu
khién [15 - 19], cdng nghthéng tin [20] vadic biét gin day la inh wec tinh toan trénit
(Computing with words) [21]. Nimg két qua ting ding mang tinhru viét hon trong nét s5 linh
vuc cong ngh khac nhau ea tlep cin DSGT so i tiép cin md 1a minh cliing quan tng cho
tinh dang din cia tiép cin c6 XLﬁt phatdiém khoa fc dra trén 8§ tién dé chit ché lam @ o
cho viec xay drng DSGT- nt ciu tric toan he duoc nhing vaodp cac gia trngdn ng
dé biéu dién cac khai im mo mot cach éng quét da trén ng nghia[22].

Tiép tuc nHing nghién ¢u ung ding trénday, tép cin BSGT ding cén duoc nghién Gu
thir nghiém cho ndt linh wrc ang ding nmoi, do 1a bai toarkay dung mo hinh dy bao chii thoi
gian my d&dugc nhidu tac gi khac trén th gisi quan tam Hin nay.

Bai baoduoc trinh bay theo thtr sauday: Sau mc MO DAU 1a Muc 2 givi thiéu v& md
hinh dr b&o chdi thoi gian my vaung ding cho @ bao $ sinh vién nip hoc tai truong dai hoc
Alabama @a Song & Chissom [2, 3] va Chen [4].ubllll trén @ s> bai toan ¢ b&o $ sinh
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vién nHip hoc cia trong dai hoc Alabama, néu 6t sb néi dung quan ting aiaDSGT dn thiét

cho bai toan d bao chdi thoi gian my véi bo tham 8 hop Ii va so sanhéi cac phrong phap
cia Chen va céc plong phap ai tién khac & dung chidi thoi gian md bac nhit véi 7 khaing
chia. Muc IV tiép tyc trinh bay phong phap d¢ bao $ sinh vién nAp hoc adia trrong dai hoc

Alabama trén ¢ so tiép cin bSGT trongdiéu kién phép ng ngha héa phi tugn, phép gii

ngha phi tugn véi cac tham & ti uu va so sanhdr mot o pheong phap @ bao ai tién moi

sir dung bic cao, 6 khaang chia én hon 7 va ndt sO mé hinh a b&o chii thoi gian my t6i uu

hi¢n nay.bo chinh xac @ bao @a cac plrong phap trériugc danh gia qua saiéstrung binh
binh phrong MSE (Mean Square Errorj; 86 c6 tté thdy rd tinhuu viét caa tiép cin BSGT so
VGi tiép cin mo.

2. MO HINH D U'BAO CHUOI THOI GIAN M O
2.1 Mgt sb khai niém co ban ciia mé hinh dr bao chibi thoi gian me
Mo hinh chii thoi gian m 1an diu tién duoc Song va Chissoniua ra [1 - 3] vaduoc
Chen di tien [4, 23, 24]de co tre xur Ii bang cac phép tinhoshoc don gian hon nhrng chinh xac
hon phl hyp v6i cacting ding dr bao chidi thoi gian my. Co the tom kroc qua ndt so khai
niém oo ban sauday:
Pinh nghia 2.1: Chubi thoi gian my
GiasrY(t), (t=...,0, 1,2, ..), 1&@p cac § thyc va ding la fip nén tréndd xacdinh cac ip
mo fi (1), (1=1,2,...). Bintla thoi gian. Neu F(t) la ndt chubi cac tip moy caa f; (1), (1 =1,
2,..), thi F(t}duoc goi la chubi thoi gian my trén Y(1), (t=...,0, 1, 2,. ..).
Pinh nghiia 2.2: Quan & mo
Néu tn tai quan i mo R(t-1, t), sao cho F(t) = F(t-1)*R(t-1, t), trodg diu * ki hi¢u
toan tr ndodo, thi F(t)duoc suy rair F(t-1). Quan & gitra F(t) va F(t-1)ugc xacdinh kang ki
hiéu:
F(t=1)- F(t) (2.1)
Vi du Vé toan fr * co thé 1a phép Kt hop MaxMin [2] haic MinMax [3] hay phép tinhds
hoc [ 4] . Néu F (t-1) = Aiva F (t) = Aj quanélogic gita F (t) va F(t-1)ugc ki hiéu bing
Ai - Aj, trongd6 Ai la \é trai va Aj 1a & phai cia quan B mo mé & tap mo dyu béo.
Pinh nghia 2.3: Quan & mo bac n
Gia sir F(t) la chii thoi gian mb. Néu F(t) duoc suy raw F(t-1), F(t-2),..., F(t-n), thi quan
hé md nayduoc biéu dién bing biéu thac:
F(t-n),..., F(t=2), F(t-1)» F(t) (2.2)
vaduoc goi 1a chubi thoi gian my bac n. .
Pinh nghia 2.4: Chui thoi gian mb ding
Gia sir F(t) duoc suy raw F(t-1) vadugc ki hieu king F(t-1) —» F(t), khidé quan & mo
gitra F(t) va F(t-1)ugc mé & bang phrong trinh:
F(t) = F(t-1)*R(t-1, t). (2.3)
Quan It mo R the hiégn md hinh Bc nhit cia F(t). Neu R(t-1, t) khong pthuoc t, sao cho
véi moi tl va t2 khac nhau, R(t1, t1-1) = R(t2,t2-1), Bft) duoc goi la chwi thoi gian my
dirng, con 4i dugc goi la chubi thoi gian my khéng drng.
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bPinh nghia 2.5:Nhom quan & mo (NQM)

Céac quan & mo véi cung ot tip mo bén \é trai co tit dua vao nét nhém @i 1a nhém
quan & mo hay nhém quanélogic mo.

Gia s ¢6 cac quandmo sau:
Ai - Ajl; Ai > Aj2;....; Ai- Ajn.
Céac quan &imo trén c6 th dua vao not nhdmduoc ki hiéu nhr sau:
Ai - Ajl, Aj2, ..., Ajn (2.4)

tap mo Ajk (k = 1, 2, ..., n) chdwoc xuit hién 1 An bén ¢ phai.
2.2 M6 hinh dr bdo Song va Chissom

Mb hinh dr bao chdi thoi gian m lan dau tiéndugc Song va Chissordua ra vao am
1993 [1 - 3] vaiuogc tng duing dé dy bao $ sinh vién nfp hoc tai truong Pai hoc Alabama i
dir liéu lich sr qua 22 8m ké tir nam 1971dén 1992 nlx trong Bang 2.1 sautay:

Bang 2.1.S6 sinh vién nAp hoc tai trudong dai hoc Alabamair 1971dén 1992.

Nam S sinh vién nhp hoc Nam S sinh vién 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

Chubi thoi gian bin dau tiénduoc xem xét déi gocdd bién ngdn ng va bai toan d baoda
c6 dugc mdt cach nh‘|~n hoan toandmntrén quandiém li thuyet tip mo. M6 hinh dr baodau tién
la m6 hinh d bao chai thoi gian drng [2, 3] vaduoc trién khai qua caciic sauday:

Bugc 1. Xacdinh tip rén

Budc 2. Chia mén xacdinh aia tip nén thanh nking khaing king nhau.

Bugc 3. Xay drng cac 4p mo trén fip nén

Budc 4. My hda chii dit liéu

Budéc 5. Xacdinh cac quandimo

Bu6c 6. D béo king phrong trinh Ai = Ai-1* R, ¢ day ki hBu * |a toAn & max-min
Budc 7. Gii mo cac Kt qua du béo.
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Trong hréc 5, quan B mo R duoc xacdinh bing biéu thirc Ri = As™xAq, véi moi quan & mo
k, As - Ag, R = Uy Ri (2.5)
O day x la toanit min, T 14 phép chun vi va U la phép bp.

2.3 MO0 hinh dr bao Chen

Do mo hinh ¢ bao chai thoi gian mb cua Song & Chissom kha phb tap trong e 5 va
budc 6, vi iy Chen [4]da cii ticn cach tinh toan sao cho chinh xaa leho cac mo hinhydbao
chwi thoi gian ch sir dung cac phép tinhoshoc don gian trén @ si théng tin & cac quan imo
va nhom quanmo theo cac boc sauday:

Budc 1. Chia min xacdinh aia tip nén thanh nking khaing bing nhau.

Budc 2. Xay drng cac 4p mo trén fip rén.

Budc 3. Mo hda chii dir liéu.

Budc 4. Xacdinh cac quanémo.

Budc 5. Tao lap nhdm quan imo.

Budc 6. Gii mo dau ra dr bdo.

3. MO HINH DU BAO THEO TIEP CANPAISOGIATU

Dai s gia tr cung ép mst md hinh Xt |i cacdai luong khong chc chin kha héu qua
cho nhéu bai toaning ding. Co6 tté thiy ro rang cac gia frngon ng véi ngit nghia von c6 thr
tw chit ché trong bén ngdn ng dadugc mo & bang mdt cau tricdai sb gia tir [13, 14], tr d6 tao
ra moi trong tinh toan, suy An tt cho nhéu ang ding.

Goi AX = (X, G, C, H,<) la mdt ciu tricdai sb, véi X |1a tap rén caa AX; G = {c-, ct}
la tip céac phn tr sinh; C = P, W, 1}, trong d6 0, W va 1 twong ttng 1a nhitng pHin tir dic treng
can trai (tuyt dbi nho), trung hoa vaan phai (tuyét déi I6n); H 14 fip cac toantt mot ngdiduoc
goi la cAc giaw; < 1a béu thi quan 1§ thr tu trén cAc gia tmgén ndk. Goi H™ la tip hop cac gia
tae &m va H la tip hop cac giat duong aia AX.

Ki hiéu H = {h4, hy, ...hg}, trongdd hy < h, < ... <hgva H ={hy, h, ..., h}, trong
dohm<h<..<h.

binh nghia 3.1 B¢ do tinh Ny
fm: X - [0, 1] i 14 d6 do tinh my néu théa man cadiéu kién sau::

fm(c-)+fm(c+) = 1va thH fm(hx) = fm(x), voi Ox O X. (3.1)
Véi cac pfan tr 0, Wval,
fm(0) = fm(W) =fm(1) =0 (3.2)
Va wi Ox,y O X, OhOH,
fm(hx _ fn{ hy (3.3)
fm(x  f(y

bing thirc (3.3) khéng ph thudc vao cac pin tir x, y va dodé ta cé th ki hiéu lap(h) va
day 1ado do tinh my caa gia fr h. Tinh chit cuafm(x) vap(h) nhe sau:
fm(hx) = (h)fm(x),0x0OX (3.4)
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. Zp: fm(hg = fn{ ¢, vsi cOfc-, c+} (3.5)
DIREER T .
i,u(h)=a vézp:,u(h)aé’,véri a,B>0vaag+f=1 (3.7)

binh nghia 3.2: Ham diu

HamSign X - {-1, 0, 1} 1a mdt &nh x dwoc goi 1a ham du wi h, hTOH va cO{c-, c+}
trongdo:

Sign(c-)=-1,Sign(c+)= +1; (3.8)
Sign(hg = - Sign(c),néu h 1a amidi vai c; (3.9)
Sign(hc) = + Sign(c)néu h 1a drong ddi véi c; (3.10)
Sign(h'hx) = -Sign(hx)péu h’hx # hx va h' [a anddi vai h; (3.11)
Sign(h'hx) = + Sign(hx néu 'hx# hx va h' 1a dong déi véi h: (3.12)
Sign(h'hx)= 0 réu h’hx = hx. (3.13)

Goi fm la mot do do tinh no trén X, anh x ngir nghia dinh lrgng v: X - [0, 1], dugc sinh ra
boi fmtrén X,duoc xacdinh nhr sau:

V(W) =8 = fm(c), (3.14)
v(C)=0-a fm(c)=p fnf ¢), (3.15)
V(€)= 0+a fn(¢) =1- 8 fn( &) (3.16)

WY =N+ sigh h XYL, Tt Bxead Hx m hb (3.17)

=sign( })
Véi

ah;X) =%[1+ Sigr{ h X sigh h h8-a)]{a A ,i0[-a"pl. j# 0. (3.18)

bé thuan tién cho véc biéu dién ngr ngha aia cac gia irngén ngr [15], gia Sir ring min

tham chéu thong trong aia cac bin ngdn ng X la doan [a, b] con mén tham chiu ngr nghia
Xs ladoan [a,b] (0<. & < h<1). Viec chuyén ddi tuyén tinh tr [a, b] sang [ghy] duoc goi la

phép nd@ nghia héa tugn tinh (linear semantization) corgwichuyn ngroc lai tir doan [as, by

sang [a, bliuoc goi la phép gii nghia tuyén tinh(linear desemantization). Trong &hirng ding
cuaDSGT d4 sr dung mén ngr nghia ladoan [a,= 0, b= 1], khiddé phép n§ ngha hoa tugn

tinh duoc goi 1a phép chén hoa (linear Semantization = Normalization) va plggi ngtia
tuyén tinhduoc goi 1a phép gii chuan (Linear Desemantization = Denormalization). &hing

dung aia DSGT trong nhiu linh wric khoa lc doi hoi mo rong khéng gian thamostrong cac
phép ng nghia hoéa va phép gi nghia dé c6 nhéu tham é Ilpa clon mém déo

hon nira. Biéu nay ch co th cé duoc khi my rong phép ng nghia hoéa va phép gji nghia tir

tuyén tinhdén phi tuyén. Nhr vay c6 tre biéu dién cac dng aia phép ng nghia hoa nir sau:

Linear Semantization (x) sx a+ (bs—a) x—a)/(b — a) (3.19a)
Normalization (x) = x=(x—a) /(b —a) 1@b)
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Nonlinear Semantization (x) = f(%p) (3.19¢)
Vi didu kien:  0< f(xs,sp)< 1 va f(x=0,sp) = 0 va f(x1,sp) = 1

_ CO the thdy rang, cac ham f(.)dwgc chon tly theoing ting ding va la cac ham lién,
dong bén. Vi du c6 tre chon f(.) phi tuyén theo x thé hién qua f(x,sp) nhr sau:

Nolinear Normalization (x) = f{sp) = sp.¥1-X)+Xs (3.19d)
Tuong tr phép ng nghia hda, cacahg aia phép gii nghiadugc xacdinh nhr sau:

Linear Desemantization{x=x=a+ (b—a) e~ a)/ (bs—a) (3.20a)

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

Nonlinear Desemantizationgx g(x, dp) (3.20c)

Vi diéu kien: a<g(x, dp)<bvag(x=a,dp)= avagx=b,dp)=b

Céc ham g(.) @ng duoc chyn tlly theo iing tng ding va l1a cac ham liémd, dong bién. Vi
du c6 tre chon g(.) phi tugn theo x ti hién qua Denormalization (fGsp)) nhr sau:

Nonlinear Denormalization (k= dp((Denormalization (fgsp))-a).

(b — Denormalization (fGsp))) / (b-a) + Denormalization (f(sp))
(3.20d)
trongdo

Denormalization (f(xsp)) = (sp-x.(1-x)+x).(b-a) + a (3.20d1)

Ham f(x,sp) la ham Biu dién phép ng ngha hoéa phi tu§n va ham g(x.dp) 1a haméui
dién phép gii nghia phi tugn chra duoc sr dung trong caarng ding aia BSGT, trongdé
spd[-1 1] 1a tham 8 ngit nghia hoa, dgJ[-1 1] & tham 8 giai nghia.Khi sp = dp = 0; tinh phi
tuyén bi loai bo va béu thic (3.19d) t& thanh (3.19b) va (3.20d)tthanh (3.20b).

Cho turéc d6 do tinh mb cia cac giait p(h) va cac gia frdo do tinh my cia cac phn tir
sinhfm(c), fm(c") vae la phin tir trung hoa (neutral). Kkié md hinh tinh toana BSGT dugc
xay drng trén o sv cac béu thic tir (3.1)dén (3.20)dugc kich hat va thrc & ¢4 duoc sr dung
hiéu qua trong &t nhiéu tng ding. Phép m héa va phép gi mo trong tép cin mo dugc thay
thé trong trng king phép ng nghia hoa va phép gingtia trong tép cin DSGT. H luat duoc
thé hién bing siéu it 1am @ s cho qua trinh suy fm xap xi. M6t lvu y quan tong aia qua
trinh tinh toan trongé&p cin BSGT la én xacdinh cac tham&bandiu nhr d6 do tinh my caa
cac pln tr sinh vads do tinh mb cua cac giatt trong bén ngdn ng mot cach thich bp dra
trén @ s phan tich ng nghia aia mién ngdn ng trong tring bai toaning ding ap thé. Khi d6
md hinh tinh toani@ tiép cin DSGT € cho cac kt qua hop Ii trong caaing ding.

Déi véi mé hinh dr bao chdi thoi gian my caa Song & Chissom va Chen, cé thdy rd
hai giaidoan quan tong dugc cac tac di Sir dung dra trén tép cin mo. Pau tién la giaidoan c6
ndi dung @a phép nr héa va nitng van dé lién quan bao @m bedc 1 dén budc 5. Néu giai
doan mo hda cung #p nhiing théng tindinh tinh kp Ii thi cac quan&mo haic nhém quan &
mo S8 tao ra khi nang dr b&o i do chinh xac cao cho cadrdiéu. Giaidoan tiép theo la giai
doan c6 rdi dung a@ia phép gii mo (buéc 6 va lege 7 aia mé hinh Song & Chissom §mbudc
6 cia mo hinh Chenay la giaidoan tim ra Kt qua du bao dra trén o s cac lrdc cia giai
doan mo hoa.

Dua trén cac phan tich tr@y, rd ranging: hoan toan cé éthay tt tiép cin mo véi hai
giai doan co rdi dung @ia phép ny héa va phép @i mo trong cac mé hinhia Song & Chissom
haic Chen Bing tié¢p cin BSGT ding Wi hai giaidoan c6 i dung dia phép ng ngha héa va
phép gii nghia trong ung. Nhr vay cé tté xay drng dugc md hinh ¢ bao chdi thoi gian my
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twong tr nhu mo hinh Chen ning khong & dung tip my ma dra trén tp cin BSGT Wi mo
hinh tinh todn qua cacéhi thirc (3.1), (3.2), ...(3.20) nhsau:

Budc 1. Xacdinh tip rén va dia mén xacdinh aia ip rén thanh niing khaing king
nhau.

Budéc 2.Xay dyng cac nhan rigngha (gia ti ngdn ng theo tép cin DSGT).

Budc 3. Ngr nghia hda phi tugn chibi dit liéu.

Budc 4. Xacdinh cac quandngr nghia theo nhan ngnghia .

Budc 5. Tao 1ap nhom quan &ingit nghia theo nhén rigngha.

Budc 6. Gii nghia phi tugn dau ra dr bao.

Céc hrée trénday trong tr véi cac hréc dr bao trong mé hinh Chenwhg trong tép cin
DBSGT khoéng 8 dung ip my ma dung ng nghia dinh rong md & dinh lrong gia ti ngdn nd.
O day, phép nx hdadugc thay king phép ng nghia hoa, quanémo dugc thay ting quan B

ngit ngha va nhém quanéhmo duoc thay Bing nhém quan dingi nghia. Cwi cung phép g
mo dugc thay Bing phép gii ngtia.

Bai toandugc chon dé so sanh va lam rd &i qua du bao @a mé hinh trén 1a bai toé\nxd
bao  sinh vién np hoc tai truong Alabama do Song & Chissom [2, 3] va Chend@]radau
tién dé nghién ¢u mo hinh chéi thoi gian mb trén quandiém bién ngdn ng. Tur d6 c6 the mo
ta dinh tl'nh’@ luong sinh vién np hoc tai truong Dai hoc Alabamat cac 8 liéu lich gr c6 tr
nam 1971den nim 1992 vadua 9 li¢u nay vao md hinhulbao chai thoi gian my. bay ding la
bai toan chaien nay \an duoc Chen [8, 9] va nbi tac gi trén tie giéi quan tam nghiénue cii
tién [25 - 27].

Céc hrée tinh toan da trénbSGT ax thé nhu sau:

Budéc 1: Xacdinh tip rén, chia mén xacdinh aia ip én thanh niting khaing bing nhau.

Tap rén U dugc chon twong tr md hinh Chen c¢6 klag xacdinh: [Dmin—-D1, Dmax +
D2] véi Dmin va Dmax 1a & sinh vién nAp hoc thip nhit va cao nht theo dt liéu lich sr nhap
hoc aia tirong. Gu thé Dmin = 13055 va Dmax = 19337. CaémiD1 va D2 1a cacésduong
duoc chpn sao cho khing [Dmin—-D1, Dmax+D2] baduoc hoan toan&sinh vién nfp hoc
thip nhit va cao nt trong trong lai. Sr dung cach cbn cia Chen [4], D1 = 55 va D2 = 663,
nhe vay U= [13000, 20000]. Khimg xacdinh &ip nén U duoc Chen [4] va nitu tac gi khac
[15, 29, 32, 38] chia thanh 7 kimg king nhau ul, u2, u3, u4, u5, ué va u7. Trddgul =
[13000, 14000], u2 = [14000, 15000], u3 = [150080Q0], u4 = [16000, 17000], u5 = [17000,
18000], u6 = [18000, 19000] va u7 = [19000, 20000].

Budc 2: Xay dung cac nhan ngngha (g|a ti ngdén ng khong béu dién duéi dang tip
mo) cua tiép cin DSGT) trén 4p nen Dé 6 the dé theo rdi va so sanhsivcac hrge dr bao trong
mo hinh Chend day sr dung mot sb ki hiéu trong tr nhitng ki héu Chenda sr dung nhrng Wi
y ngha aia tép cin DSGT. Gi s Al, A2,..., Ak la cac nhan rigngha duoc gan cho céac
khaang ul, u2,...uk, k ladéskhaing trén §p nén. Khac Wi tap my trong nghién éu cia Chen,
cac nhan niy nghia & day duoc xay drng tr cac pln tir sinh c-, c+ ¥i cac giat h 0 H tao
thanh cac gia tmgén nd caa bén ngén ng “sé sinh vién nhp hoc ”. Khi d6 cac nhan ng
ngha Al, A2,..., Ak c6 dng sauday: Al= hAlc; A2= hAZ2c;....; Ak= hAkc, trong6 hAi,
(i=1,2,...k) la chii gia tr tacdong 1én ¢ wi ¢ O{c-, c+}.

Trong bai toan d bao $ sinh vién nhp hoc tai truong Pai hoc Alabama, Chenisdung
cac gia trngbn ng Al = (not many), A2 = (not too many), A3 = (manf$ = (many many),
A5 = (very many), A6 = (too many) va A7 = (too mamgny). Trong bai toanudb&o nay theo
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tiép can DSGT, sr dung 2 gia & “very’va “little” tac dong Ién 2 phn tr sinh “small’'va
“large”dé tao ra 7 nhan niy ngha trong tnhg Wi 7 gia ti ngdn ng cia Chen nh sau: Al =
(very small), A2 = (small), A3 = (little small), A4 (midle), A5 = (little large), A6 = (large) va
A7 = (very large).

Buoc 3 Ngit nghia héa chai dir licu.

Dé xacdinh ngr ngha dinh lrong cho cac nhdn ifgnghia Al, A2,...,A76 buéc 2, én
chon treéc do do tinh my cia cac giatt p(very), p(little) va gia ti do do tinh my cia pHin tir
sinh fm(c) = 0 véi 8 la phan tir trung hoaduoc cho tirdc. Néu cac nhan rig ngha dugc tao
thanh chtr 1 gia tr dwong va 1 giat &m vi di gia tr deong “very’ va gia tr am "ittle ” tac
dong 1én cac pim tir sinh Yarge” hoac “small’ nhu trén, thi p(little) = o vap(very) = 1-a = p.
Nhu vay ngir ngHa dinh hrgng aia cac nhan ngngha € chi phy thuoc vao cac thamdéscia
bSGTa, 6 va hoan toandugc xacdinh sau khi thay cac giai , 6 vao cac phong trinh tinh
toan ngr ngha dinh lrong tir (3.14)dén (3.18). G thé 1a 7 gia ti ngir nghia dinh hrong aia 7
nhan ng ngha A1,A2, ...A7duoc gan trong ing cho 7 khéng ul, u2,..., u7 céadg tham &
hoa sautay:

v(very small) =0(1-0)(1-a) (3.21)
v(small) =6(1-a) (3.22)
v(little small) =0(1-0+0°) (3.23)

v(midle) =6 (3.24)

v(little large) =6+0(1-0)(1-a) (3.25)

v(large) =6+(1-0)a (3.26)

v(very large) =0+a(1-0)(2-a) (3.27)

Néu chpn truge o = 0.5 val = 0.5, thi cac plrong trinh tr (3.21)dén (3.27) td thanh:

v(very small) = 0.125 (3.28)
v(small) = 0.25 49)
v(little small) = 0.375 (3.30)
v(midle) = 0.5 (3.31)
v(little large) = 0.625 (3.32)
v(large) = 0.75 KR!
v(very large) = 0.875 (3.34)

Ki hi¢u: SA = Semantization (A) la gia tngir nghia dinh rong theo nhén rigngha A,
khi d6: SA1 =v(very small); SA2 =v(small); SA3 =v(little small); SA4 =v(midle); SA5 =
v(little large); SA6 =v(large) va SA7 x(very large) la cac giaitngr nghiadinh lugng theo cac
tham $ duoc chpn tredc a, 6. Khi d6 & dang thy ring:

SAl < SA2 < SA3 < SA4 < SA5 < SA6 < SA7 (3.35)

Tuong tr nhu trén, cé th xay drng cac cong tirc tinh toan cac giaitmgir nghia dinh
lwong theo cac nhan frqughia khi cé nhéu gia tr tAcdong I&n plan tir sinh.

Biéu thac (3.35) tié hién rd nhing tinh clit quan tong sauiay:

1. Tha ty ngir ngha lubnduoc dam bao.

2. Cac nhan ng ngha Ai c6 gia ti ngir nghia dinh lwrong SAi va ludn c6 quanéhngi

ngha wi nhau thong quadtham $ ciaDSGTa, 0, p(ha), 1 =1, 2,...
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Nhu vy, trong caaing ding a thé caa tiép cin BPSGT, anh hrong aia b tham $ mang
tinh ke théng. C6 ngia 1a it ca cAc gia tr ngdn nd trong bén ngdn ng déu chiu anh hrong
boi bo tham s6 6aDSGT. Nhing tinh clat trénday to ra s khac bét giira tiép cin DSGT va
tiép cin mo. Co the thdy rang: trong tép cin my, cac gia trngdn ng sir dung Bip Md cia bién
ngdn ngr hoan toan khéng cé rang dmuvoi nhau. % khac bét nay da dua dén higu qua cao
trong nhéu ttng ding aia tép cin DSGT.

Buoc 4: Xacdinh cac quandingr nghia theo nhan ngngha.

Céc quan & ngir nghia duoc xacdinh trén o s cac dr liéu lich sr. Néu dit chubi thoi
gian no F(t-1) la Ak c6 ng nghiadinh rong SAk va F(t) la Am c6 ngnghadinh eong SAm,
thi Ak co quan B véi Am va din d&én SAk cé quan &ivoi SAm. Quan B nayduoc goi la quan
hé ngit nghia theo nhén rigngha vaduoc ki hiu la:

SAk - SAm haic Semantization (Aj)» Semantization (Ak) (3.36)

Trong bai toan d bao $ sinh nlp hoc tai truong Alabamag day Ak 1a nhan ng nghia
mo & 0 sinh vién nlp hoc cia rim hién tai véi ngt nghia dinh luong SAk, Am la nhan ngy
nghia mo & o sinh vién nfp hoc caa ram tiep theo i ngir nghiadinh krong SAm.

Nhu vy, trén @ s <0 ligu cia Chen [4], ¢6 thixacdinh dugc cac quan &ing nghia theo
nhén n@ ngha (k€ ca so lan trung nhau) saday:

SA1— SAL1 (trang nhau 2ih); SA1— SA2;

SA2 — SA3; SA3— SA3 (triing nhau 7h):

SA3 — SA4 (tring nhau 2ih); SA4— SA4 (trung nhau 2Zih);

SA4— SA3; SA4— SAB; SA6— SA6; SA6— SA7;

SA7 — SA7 va SA7— SA6. (3.37)
Buoc 5: Tao lap nhom quan éingir nghia theo nhén ngngha.

~ Néu mot ngir nghiadinh hrong (\€ tréi (3.37)) c6 quanéwoi nhiéu ngi nghia dinh hrong
(vé phai (3.37)), thi ¥ phai dugc chap lai thanh ndét nhdm. Quan & dugc lap theo nhdm nin
vay duoc goi la nhém quan &ingt nghia (NQHNN). Nhr vay tir (3.37) nlan dugc cac NQHNN
sauday:

Nhom 1: SAl— (SAL, SAl, SA2)

Nhém 2: SA2— (SA3)

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

Nhom 4: SA4— (SA4, SA4, SA3, SA6)

Nhom 5: SA6— (SA6, SA7)

Nhom 6: SA7— (SA7, SA6)

Buéc 6: Giai nghiadau ra dr béo.

Gia sir b sinh vién np hoc tai nam (t-1) dia chdi thoi gian my F(t-1) dwoc ngi ngha

hoa theo (3.19) la SAj, khi6 déu ra dr bao @a F(t) hay & sinh vién nAip hoc dr bao &i nam t
dugc xacdinh theo cac nguyénd (luat) sauday:

1. Néu ton i quan & 1-1 trong nhém quarégir nghia theo nhan ngén ftgj nhu sau:
SAj - SAK, theo (3.19d): Nonlinear Semantization (Aj)Nonlinear Semantization (Ak)
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Thi dau ra dr bdoduoc tinh theo (3.20d): DSAj- Nonlinear Desemantization (SAK) trén
khoang gii nghia uk dugc chon sao cho badugc uk va thédc khaing xacdinh aia #ip rén
chui thoi gian my [Dmin—-D1, Dmax+D2].

2. Néu SAk la tbng, SAj - O,

Thi ddu ra dr baoduoc tinh theo (3.20d): DSAj- Nonlinear Desemantizatiori]] trén
khaang ghi nghia dugc chon sao cho baduoc uj va théc khaing xacdinh aia &ip rén chubi
thoi gian my [Dmin—-D1, Dmax+D2].

3. Néu n tai quan k& 1-nhiu trong nhém quanéhngir ngha (k& ca quan & trang) theo
nhan ngbn n@ Aj: SAj - (SAIi,SAK,..., SAr), theo (3.19d): NonlinearSemantiaa (Aj) —
(NonlinearSemantization (Ai), NonlinearSemantizat{gk), ..., NonlinearSemantization (Ar)),

Thi dau ra dr bdodugc xacdinh theo (3.20d) charhg dt liéu lich sr caia nhém quan &
ngt nghia: DSAj —» NonlinearDesemantization (WSAIAj * SAi+ WSAKA] * Ak+...+
WSATrAj * SAr) trén ndt khaang gii nghia dugc chon sao cho baduoc ui, uk... ur va théc
khaing xacdinh aia tip rén chibi thoi gian my [Dmin-D1, Dmax+D2]. Trongié WSAIA],
WSAKA)..., WSArAj la trong $ ngir nghia aia tirng thanh pan trong NQHNN theo nhan iig
ngha Aj vaduoc tinh king ti s5 gitta $ dit liéu thusc khaing ui va 6ng £ dir liéu thwe cac
khoang ui, uk,..., ur éa NQHNN.

Luu y rang cach chon khoang giai nghia nhu trén luén dam bao khong pha v& nhom quan
hé md nhung ddng thoi co thé cho phép tinh toan du bao cho timg diém du bao trong cing
nhom quan hé mo.

Trong bai toan d b4o $ sinh vién nAp hoc tai truong dai hoc Alabamacé thé chon cac
khaang ghi nghia hop li theo phép thir — saivai cac gia tr dau, gia ti cudi nhu trong Bing 3.1
sauday:

Bang 3.1Gia tri diu va gia tf cudi cua cac khang gii nghiadugc chon.

Cacdiém Gia tri Gia tii Cacdiém Gia tr Gia tr
du bao dau khaing cudi khoang du bao diu khaing | cudi khoang

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 200009
9 (1980) 15000 19000 20 (1991) 17000 200009
10 (1981) 14000 19000 21 (1992) 15000 20000
11 (1982) 13000 18000

Vi du tinh toan ¢ bdo cho am 1972 i 6 = 0.5, = 0.5, sp=0.3vadp =- 0.2:

Thuc hién cac legc 1, 2, 3 va 46¢c nhr ¢ trén, sauto tinh toan ng nghia cho nhém lat budc
5 vé6i NQHNN SA1 - (SA1, SA1, SA2) nh sau:
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Theo Bing 3.2: Nhom 1 c6 NQHNN tide cac khéng ul va u2. S’dﬁ ligu thupc
khoing ul @m 3 gia ti: 13055, 13563 va 13867 whg trung nhau Zih. Dodo  dir liéu thue
khaing ul la (3*2 = 6). & dir li¢u thupc khaing u2 @m 1 gia ti: 14696. Nlr vay tong  dix
lieu thuye cac khang ul, u2 éa nhom 1 la (3*2+1) = 7 vadng $ ngi ngha aia SA1 theo
nhén ng ngha Al |a WSA1A1 = 3/ (3*2+1) = 3/7.dbong tr tinh dugc trong $ ngir nghia aia
SA2 theo nhan ngngha Al Ia WSA2AL1 = 1/7. \4i SA1 = 0,125; SA2 = 0,25, fghghia aia
nhém 1 la:

(SA1, SA1, SA2) = WSA1A1*SALl + WSA1A1*SALl + WSA2A3A2
= (3/7)*0.125 + (3/0)125 + (1/7)*0.25 = 0.143.
Khoang gii nghia dr baodugc chpn cho ram 1972 theo Bng 3.1 la [13000 — 17000].

Truge hét tinh toan gia frgiai nghia tuyén tinh cho phép rignghia hoa phi tugn theo
(3.20d1) wi sp =0.3:

Denormalization (f(xsp)) =f(0.143,0.3) = (0.3*0.143*(1-0.143)+0.143)*(17006aD0) +
13000 = 13719.

Tiép tuc tinh gia tr giai nghia phi tugn cho phép nigngha hoa phi tugn theo (3.20d) &i
dp =-0.2:

Nonlinear Denormalization (fGsp) = g(13719,-0.2) = (-0.2)*(13719-13000)*(17000-
13719) / (17000-13000) + 13719 = 13600.

Nhu vay, gia ti du bdo cho am 1972 theo (3.20d) la:
DSAL1 - NonlinearDeNormalization (fgsp)) = 9(13719,-0.2) = 13600
Luu y ring: trong cac cong tie trén,da sr dung diu ‘.’ thay cho du *,’ ctia cac 8 thap phan.

Bing cachiong tr c6 the tinh todn ¢ bao cho cacam 1973, 1974..d¢ nhan dugc cac gid
tri du bao @ thé cho raim 1973, 1974, ..., 1992. Mhvay véi s6 sinh vién nBp hoc tir 1971dén
1992, trén ¢ sv 6 hréc theo tép cin DSGT, xay ang dwoc md hinh ¢ b&o cho am 1971 -
1972, 1972~ 1973, 1973- 1974,..... , 1991, 1992.

Chuong trinh tinh toan trénocsy sr dung MATLAB R2013a. Kt qua cia mod hinh @ bao
sir dung BSGT dugc mo6 & trong Bing 3.2.dé so sanh &i cac ket qua caa ndt s md hinh @
bao khac Hin c6 Wi cung 7 khéng chia.

Bdng 3.2.S0 sanh cac plvng phap ¢ bao \bi 7 khaing chia.

5 si Phron Phron Phron .
| Sosinn b g phag pngo tae | aiond | YRS | P9 | phrong phap
Nam | vién ntip phap Lee |phap Hwang Phap Qiu | hpan Huarn
Chen [4] phap PSGT

hoC [10] [23] [25] [22]
1971 13055
1972 13563 14000 13833 14195 1400(¢ 13600
1973 13867 14000 13833 14424 1400(¢ 13750
1974 14696 14000 13833 14593 1400(¢ 14050
1975 15460 15500 15500 15589 1550( 15396
1976 15311 16000 15722 16260 1564% 15500 1523p
1977 15603 16000 15722 15511 15634 16000 1564p
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1978 15861 16000 15722 16003 1610( 16000 16232
1979 16807 16000 15722 16261 16188 16000 16643
1980 16919 16833 16750 17407 17077 17500 1702y
1981 16388 16833 16750 17119 1710% 16000 16533
1982 15433 16833 16750 16188 16369 16000 15533
1983 15497 16000 15722 14833 15643 16000 15642
1984 15145 16000 15722 15497 15648 15500 1523p
1985 15163 16000 15722 14745 15622 16000 1523p
1986 15984 16000 15722 15163 15623 16000 16232
1987 16859 16000 15722 16384 16231 16000 16643
1988 18150 16833 16750 17659 1709( 17500 17534
1989 18970 19000 19000 19150 1832% 19000D 19288
1990 19328 19000 19000 19770 1900( 19000D 19466
1991 19337 19000 19000 19928 1900( 19500 19466
1992 18876 19000 19000 19537 1900( 19000D 19111

MSE 407507 397537 321418 261473 226611 65020

Trong twong hop phép ng nghia hoa tugn tinh va phép gi ngtiia tuyén tinh i sp = 0 va
dp = 0, Kt qua tinh todn nan dugc MSE = 69304.

Trong turong hop phép ngilt nghia hoa phi tuyén va phép giai nghia phi tuyén véi sp = 0,3 va
dp =- 0,2, két qua tinh toan nhan dugc MSE = 65020.

4. MO HINH DU BAO TOI UU THEO TI EP CAN PSGT

Van dé dy bao i uu chubi thoi gian my theo nglta arc tiéu sai $ trung binh binh plong
MSE c6 ti¢ dugc thyc hién trén @ sv phép ng nghia hoa éi uu (3.19d) va phép ginghia 6i
uu (3.20d) i cac khang giai nghia duoc chopn dra trén ldt 1, luit 3 va [ tham $ can ti uu
0, 0, sp, dp éa tiép cin BSGT.

Chuong trinh tinh toan trénocss sir dung phin mém ti vu hda GA @a MATLAB
R2013a. Kt qua cia mo hinh ¢ bao dra trénbSGT Wi cac tham & toi wu 6%, o, sp*, dp*
theo nglia arc tiecu ham MSEiugc mo & trong Bing 4.1, trongié MSE c6 dng:

21
(O (SSVNHTT+ SSVNHDBJ) /21
i=1

& day. MSE (Mean Square Error) la saitsung binh binh plong;
SSVNHTTI 1a $ sinh vién nhp hoc thyc & nam i;
SSVNHDBI la 6 sinh vién nAp hoc dy bao Am i, i = 1 (1972) 2 (1973), .., 21 (1992).

Bdng 4.1.Két qui tinh toan ¢ bao i wu $ sinh vién np hoc tai truong dai hoc Alabama i
1971dén 1992 theo &p cin BSGT.
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Nam S6 sinh vién| S5 sinh vién| Nam S6 sinh vén [ S5 sinh vién
nhap hoc thuc &€ | nhap hoc dur nhap hoc thuc t¢ | nhap hoc dy
béao béo
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 $§ t6i wu nhin duoc: 6* = 0.815; o* =0.286; sp* = - 0.552 va dp* = - 0.5290 MSE= 44507.

Trong tuong hop phép ng ngha hoa tuyn tinh va phép gi nghia tu>én tinhWwisp=0
va dp = 0, Et qua tinh toan nhn duoc céc gia trtdi vu 6* = 0,531;a* = 0,411 \6i MSE =
45222 kém bn so \6i truong hop phi tuyén voi MSE = 44507 Mo hinh dy b&o chdi thoi gian
mo t6i wu theo tép cin PSGTing ding cho bai toAnwb&o $ sinh vién nAp hoc tai truong dai
hoc Alabamaduoc so sanh & cacmd hinh du bao khac theo tiép cin md sir dung bic cao, 8
khaang kn hon 7,duoc tng hyp trong Bing 4.2.

Bdng 4.2.S0 sanh cacé qua mo hinh @ béo 6i vu theo tp cin DSGT va cac & qui md hinh ¢
bao @i tién khac

Phrong Phap MSE Riong Phap MSE
Qiu [30] 199809 Chen [5] 86694
Bai [29] 140676 Ozdemir [31] 78073
Singh [27] 133700 Egrioglu [32] 60714
Uslu [24] 106276 Tiép aan DSGT 45222

véisp=0vadp=0
Singh [26] 87025 Tiép aan DSGT 44507

véi sp* = - 0.552 va

dp* = - 0.529

5. KET LUAN

Van dé du b&o chdi thoi gian my trong nlirng nim gan day dugc rat nhiéu chuyén gia trén
thé gisi quan tam nghiéntw. Nhiéu nghién é¢u sr dung md hinh chdi thoi gian my bac cao
v6i do dai khaing va $ lugng khaing hop Ii d& cho Kt qua di bdo $ sinh vién nhp hoc tai
truong Bai hoc Alabana kha chinh xac [8, 10, 11, 27]. M6 hinhr dbao dra trénbSGT la ndt
m6 hinh néi, hoan toan khac &, cé khi ning dr bao chadi thoi gian my véi do chinh xac cao

174



Ung dung dai sé gia tr trong dw bao chudi thoi gian mor

hon so \6i mot sb md hinh a@ bao hén co. Sr khac bét thé hién & pheong phép lan khi lan dau
tién gr dung phép ng nghia héa phi tugn thay cho phép mhéa, nhém quanémgir nghia thay
cho nhém quanémo va phép dii nghia phi tuygn thay cho phép gi mo. Mic du ch s dung
md hinh chdi thoi gian my bac nhit v6i 7 khaing chia d liéu lich st nhe md hinh @& baodau
tién aia Chen [4], nhing Két qua tng ding mé hinh @ bao dra trénDSGT Wi sy tham $ hoa
cac nhan niy nghia tr (3.21)dén (3.27) @a bién ngdn ng thé hién dinh tinh chdi sb liéu néu
trén c6 trong Bng 3.3d4 cho thy rd hiéu qua di bao 6t hon so Wi mot sd pheong phép ¢ bao
cung s dung 7 kha@ang hén co [4, 5, 6, 28, 29] tronguisng hyp phép ng nghia hoa va phép
giai nghia tuyén tinh \6i MSE = 69304, haic phi tuyén voi MSE = 65020 Hon nita, mé hinh
du bao 6i bo tham $ t6i vu cnaDSGT (theo Bng 4.2 trong wong hop phép ng nghia hoa va
phép gii nghia tuyén tinh \bi MSE = 45222, haic phi tuyén véi MSE = 44507)ciing 1t hon
S0 Wi mot sb mé hinh di tién hien nay, khi cac mo hinh na phii st dung chwi thoi gian my
bac cao, & khaing chia bn hon 7 [5, 24], hac mit s md hinh @ bao 6i vu khac trong [10, 11,
25]. C6 tté thay rang: cac plrong phap ¢ bao chdi thoi gian my hién naydéu co khi nang xay
dung phép nx héa bi wu dé tan dung ©t nhit ngwn thdng tin & nhdém quan &mo cho bai toan
du bdo. Nhrng cac phrong phap nay ara chd ydén phép gii mo ti vu. Tir két qua thé hién
trong Bing 4.2 rd rangang: tinh chinh xacdn cia mé hinh @ b&o 6i vu sr dung DSGT S0 i
mot sO md hinh @ bao bi vu khacduoc dam bio ¢ kha niang tinh toandi wu cac tham & cia
DSGT 6%, o* trong sr két hop véi cac tham & mo rong aia phép ng nghia hda phi tugn ti
uu sp* va phép @i nghia phi tuyén t6i wu dp* trén © so s& khai thac co tinh dithéng nhing
théng tinan chra trong nhém quanéhngir ngha. Nhing kit qua cia bai bao nayld my ra
huéng nghién ¢u moi cho inh wre dr bao chai thoi gian mb.

Loi cim on. Bai bao nghiénieu dugc Quy phét trén Khoa foc va Cong ngh Quoc gia (NAFOSTED)
tai tro theo Hyp dong $ 102.05-2013.34.

TAI LI EU THAM KH AO

1. Song Q., Chissom B.S. - Fuzzy time series and adats, Fuzzy Sets and Sys# (1993)
269-277.

2. Song Q., Chissom B.S. - Forecasting enrollmenth fuizzy time series — part 1, Fuzzy
Sets and Sys&4 (1993) 1-9.

3. Song Q., Chissom B. S. - Forecasting enrollments fuzzy time series — part 2, Fuzzy
Sets and Sys62 (1994) 1-8.

4. Chen S. M. - Forecasting Enrollments Based on ylitne Series, Fuzzy Sets and Syst.
81(1996) 311-319.

5. Lee M. H., Efendi R., Ismad Z. - Modified Weightéat Enrollments Forecasting Based
on Fuzzy Time Series, MATEMATIKA5 (1) (2009) 67-78.

6. Huarng K. - Heuristic Models of Fuzzy Time Series Forecasting, Fuzzy Sets and Syst.
123(2001) 369-386.

7. Nguyén CongDbiéu - Mot thuat toan néi cho md hinh chéi thoi gian my, Tap chi Khoa
hoc va Cong ngh49 (4) (2011) 11-25.

8. Chen S. M. - Forecasting Enrollments based on H®yder Fuzzy Time Series,
Cybernetics and Systems: An International Jou3B4R002) 1-16.

9. Chen S. M and Chung N. Y. - Forecasting enrollmestag high-order fuzzy time series
and genetic algorithms, Int. Journal of Intellig&ystem£1 (2006) 485-501.

175



Nguyén Cat H4, Nguyén Cong Diéu, Vi Nhw Lan

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

176

Ozdemir O., Memmedli M. - Optimization of Interviaéngth for Neural Network Based
Fuzzy Time Series. IV International Conference ftHems of Cybernetics and
Informatics”, Septembek2-14(2012) 104-105.

Egrioglu E., Aladag C.H., Yolcu U., Uslu V. R., Baan M. A. - Finding an optimal
interval length in high order fuzzy time series.pEr Systems with Application37
(2010) 5052-5055.

Bai E., Wong W. K., Chu W. C., Xia M. and Pan A heuristic time invariant model for
fuzzy time series forecasting, Expert Systems Wijtplications38 (2011) 2701-2707.

Ho N. C. and Wechler W. - Hedge algebras: An atgebapproach to structures of sets
of linguistic domains of linguistic truth variabléuzzy Sets and Syster8§(3) (1990)
281-293.

Ho N. C. and Wechler W. - Extended hedge algetmnastheir application to Fuzzy logic,
Fuzzy Sets and Systerb2 (1992) 259-281.

Nguyen Cat Ho, Vu Nhu Lan, and Le Xuan Viet - Ominhedge-algebras-based
controller: Design and Application, Fuzzy Sets &ydtemsl59(2008) 968— 989.

Dinko Vukadinoveé, Mateo Basi, Cat Ho Nguyen, Nhu Lan Vu, and Tien Duy Nguyen -
Hedge-Algebra-Based Voltage Controller for a SedtiEed Induction Generator, Control
Engineering Practic80 ( 2014) 78-90.

Nguyen Dong Anh, Bui Hai Le, Vu Nhu Lan, and TramdDTrung - Application of
hedgealgebras-based fuzzy controller to activerobof a structure against earthquake
Struct. Control Health Mon20 (2013) 483—-495.

Hai Le Bui, Duc Trung Tran, and Lan Nhu Vu - Optlnfazzy control of inverted
pendulum, Journal of Vibration and Conttd (14) (2012) 2097-2110.

Nguyen Dinh Duc, Vu Nhu Lan, Tran Duc Trung and Bilai Le - A study on the
application of hedge algebras to active fuzzy adraf a seism-excited structure, Journal
of Vibration and Control 8 (14) (2012) 2186-2200.

Duong T. L., Nguyen C. H., Pedrycz W., Tran T. A Genetic Design of Linguistic
Terms for Fuzzy Rule Based Classifiers, Int. J. hgpReasorb4 (2013) 01-21.

Nguyen C. H., Huynh V. N., Pedrycz W. - A Constioigtof Sound Semantic Linguistic
Scales Using 4-Tuple Representation of Term Senwgntit. J. Approx. Reason 55 763—
786, 2014

Ho N. C and Nam H. V. - An algebraic approach tguiistic hedges in Zadeh's fuzzy
logic, Fuzzy Set and Systel?29 (2002) 229-254.

Chen S. M. and Wang N. Y. - Fuzzy Forecasting BasedFuzzy-Trend Logical
Relationship Groups, |IEEE Transactions on Systdvies), and Cybernetics—Part B:
Cybernetics10 (5) (2010) 1343-1358.

Chen M., Chen C. D. - Handling forecasting probldrased on high-order fuzzy logical
relationships, Expert Systems with Applicati@8(2011) 3857-3864.

Uslu V. R., Bas E., Yolcu U., Egrioglu E. - A New#zy Time Series Analysis Approach
by using Differential Evolution Algorithm and Chrologically-Determined Weights,
Journal of Social and Economic Statist2($) (2013) 18-30.

Qiu W, Liu X., and Li H. - High-Order Fuzzy TimeeBesModel Based on Generalized
Fuzzy Logical Relationship. Hindawi Publishing Caorgtion. The Scientific World
Journal, Mathematical Problems in Enginee20d.3(2013) Article ID 927394, 11 pages.
Singh S. R. - A robust method of forecasting basedfuzzy time series.Applied
Mathematics and Computatid®8(2007) 427-484.



Ung dung dai sé gia tr trong dw bao chudi thoi gian mor

28. Hwang J. R., Chen S. M., and Lee C. H. - HandliogeEasting problems using fuzzy
time series, Fuzzy Sets and Systdid8(1998) 217-228.

29. Qiu W., Liu X., and Li H. - Generalized Method fBorecasting Based on Fuzzy Time
Series. Expert Systems with Applicatid®(2011) 10446-10453.

ABSTRACT
THE APPLICATION OF HEDGE ALGEBRAS IN FUZZY TIME SEIRS FORECASTING
Nguyen Cat H§ Nguyen Con@ieu™? Vu Nhu Lart' >~

Ynstitute of Information TechnologyAST, 18 Hoang Quoc Viet str., Cau Giay, Hanoi
*Thang Long University, Nghiem Xuan Yem Road, Dai, kloang Mai, Hanoi

"Email: vnlan@ioit.ac.vn

Fuzzy time series given by Song & Chissom (1993)miagazine "Fuzzy Sets and
Systems" has been widely studied for forecastinggses. However, the accuracy of forecasts
based on the concept of fuzzy approach of Song &30 is not high because such depends on
many factors. Chen (1996) proposed an efficiengyuime series model which consists of
simple arithmetic calculations only. After that,jstthas been widely studied for improving
accuracy of forecasting in many applications tolgter results.

The hedge algebras developed by Nguyen and We(t880) was completely different
from the fuzzy approach. Here the hedge algebrasusad to model linguistic domains and
variables and their semantic structure is obtaifadtead of performing fuzzification and
defuzzification, more simple methods are adoptmhéd as semantization and desemantization,
respectively. The hedge algebras based fuzzy syistermew topic, which was first applied to
fuzzy control 2008 [15]. Hedge algebras applicatiéor some specific problems in the field of
information technology and control has a numbdanyfortant results and confirm advantages of
this approach in comparing with fuzzy approachcdntinuilty of hedge algebras applications,
this paper is mainly focused on the field of fuzirge series forecasting under hedge algebras
approach.

In this paper, we present a new approach usingehaligebras to provide a computational
model, which is completely different from the fuzagproach for fuzzy time series forecasting.
The experimental results of forecasting enrolimesftstudents of the University of Alabama
show that the model of fuzzy time series basedeaigé algebras is better than many existing
models.

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