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TOM TAT — Phuong phdp diw bao chudi thoi gian dera trén chudi thoi gian mo 1a mét védn dé nghién ciru nhén duwoc nhiéu sy quan
tam trong nhing ndm qua. Trong cdc nghién citu vé chudi théi gian me, cac hang tir dimg d@é dinh tinh gia tri quan sat cia chudi
thoi gian thuong duoc dinh luong bdng tdp mo. Cac nghién ciru ndy da ding tdp mo dé tlép cdn tdi gia tri quan st, 1a cac hgng tir,
ciia chudi thoi gian mo. O bai bao nay ching t6i trinh bay mgt phirong phdp dir béo chudi thei gian dira trén chudi thoi gian mo
theo tlep can dai sé gia tir (DSGT). Theo do, DSGT dong vai tro la mot cong cu tiép cdn gitip dinh hrong céc hang ter 1a gid tri cua
chudi thoi gian mo. Véi cach tiép cdn nay, khai niém vé khodng tinh mo ciia cac hang tir sé gidp ich cho viée xde dinh cac khodng
chia hop ly trén mién tr; tham chiéu cia chudi thoi gian. Tir két qua thuc nghiém, véi s6 khodng chia khac nhau, trén mét sé chugi
thoi gian cho thdy, phirong phdp cia bai bao mang téi két qua dir bdo chinh xdc hon nhitng phirong phdp dir bao dya trén chudi
thoi gian mo duroc cong bo thoi gian gan day.

Tir khéa — Chudi thoi gian me, dai s6 gia ti#, khoang chia, khodng chia hop 1y.
I. GIOI THIEU

C6 thé phan biét hai nhom phuong phap ding cho du béo chudi thoi gian, nhém thir nhit dia trén cac mé hinh
thdng ké ching han nhu ARMA, ARIMA, MA; nhém thtr hai dya trén chudi thoi gian mo. Theo [1], s6 lwong quan sat
trén mot chudi thoi gian dugc goi 12 nho, duoc hiu, 1a khi s6 gid tri lich sir quan sat duoc trén chudi d6 nhé hon 50,
trong truong hop nguoc lai dugc goi 1a chudi ¢6 s6 lwong quan sat Ion. Tir [2-3] va mot sé nhan xét trong [4-5] c6 thé
suy ra, mdi nhom phuong phép c6 mot thé manh riéng, nhom tha nhat thuong cho két qua du bao t6t hon trén nhiing
chudi thoi gian c6 50 lwong quan st 16n, nguoc lai, nhom thi hai thuong cho két qua du bao chinh xac hon trén nhirng
chudi thoi gian ¢6 s6 luong quan sét nho. Nhom phuong phap thir hai trong sudt nhitng nam qua d tro thanh mot dé tai
nghién ctru thu hit dugc nhidu sy quan tam.

Nghién ctru dau tién v& chudi thoi gian mo dugc cong bd bai hai tac gia Song va Chissom vao nim 1993 [6].
Tiép theo, ciing hai tac gia ndy trong [7-8] da dung chudi thoi gian mo dé du bao lugng thi sinh ding ky vao dai hoc
Alabama. Tir d6 chudi thoi gian mo tro thanh mét cong cu cho phép dy béo chudi thoi gian. Theo nhiing nghién ctu
nay, phuong phap st dung chudi thoi gian mo trong du bao chudi thai gian bao gém nhiéu budc, nhung c6 thé nhém
thanh ba pha, pha thir nhat dung d¢é mo héa chudi thoi gian can du bao; pha thir hai ding dé xay dung céc suy dién
logic m&; pha thi ba thyuc hién giai mo dé xac dinh gié tri du bdo. Do chinh xé4c cua du béo phu thudc nhidu vao pha
thir nhat va thir ba; trong do, pha thtr nhat c6 anh huong rat 16n toi két qua du bao. That vay, ¢ pha thir nhat c6 mot viec
can duoc thyc hién la chia mién trj cua chudi thoi gian thanh cac khoang, gié tri dy bao s& dwoc lay ra tir nhitng khoang
chia nay & pha thir ba. Noi chung d9 chinh xéac trong du béo cua nhitng nghién ciru nay con kha thap va d phuc tap
tinh toan lai cao, nén cac nghién cuu tiép sau chii yéu tap trung cai tién mot to hop cac pha trong phuong phap du béo ¢
trén nham muyc tiéu: cai thién do chinh xac cua dy bao, hoic giam thiéu d¢ phirc tap tinh toan khi 4p dung phuong phap
du bao.

Trong s6 nhiing cong trinh ndi tiép cac nghién ctru cua Song va Chissom déng chii ¥ ¢6 cong trinh dugc cong bd
vao nim 1996 cua Chen [9]. O nghién ciru nay Chen d& nghi mét phuong phép chi can st dung céc phép toén s hoc
don gian trén cac khoang chia dé tinh gia tri du bao, thay vi phai dung cac phép toan trén cac quan hé véi chi phi tinh
toan 16n ¢ pha thir hai nhu cac nghién ctu trudc. Cong trinh nay da hinh thanh nén mot hudng nghién cau méi trén
chudi thoi gian mo, & d6 cac khoang chia dugc nhin nhan rd hon trong vai trd 1am co s dé tinh toan gia tri du béo,
ngoai vai tro cil 1a co s¢ dé xay dung cac tap md ding wée lugng gid tri cua cac hang tir dang dinh tinh chudi thoi gian.
Céc nghién ctru nhu [10-13] dwoc dya trén ngudn cam hing tir nghién ciu cia Chen, trong d6 [10] 1a nghién ciru dau
tién nhan manh anh huong cua cac khoang chia téi két qua du bao.

Qua cac nghién ctu trong huéng nay co thé nhan thay hai kiéu chia khoang, kiéu thir nhat van sir dung lai cach
chia mién tri ciia chudi thoi gian thanh cac khoang bémg nhau nhu cich ma Song va Chissom da thyc hi¢n; kiéu thar hai
dugc thyc hién dé tim ra nhitng khoang chia khong bang nhau. Thuong thi kiéu chia khoang thir hai la cac nghién ctiu
méi hon va két qua du béo ciing chinh x4c hon. O nghién ctu cia Chen (1996) con dit van dé& dinh luong bang tap mo
cac hang tir dung dinh tinh cac gia tri caa chudi thoi gian nhung thuc chit thao tac nay khong hd trg cho viéc tinh toan
gia tri du bao, vi vdy ma & nhiéu nhitng nghién ctru sau d6 thao tic nay di dwoc bo qua va chi tap trung vao tim ra
phuong phap chia khoang va xac dinh gié tri du béo trén cic khoang chia sao cho hgp 1y hon.
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Chudi thoi gian mo, vé ban chét, 1a mot tap cac hang tir, cia mot bién ngon ngit, duoc quan sat theo thoi gian.
Céc hang tir ny, trong cac nghién cau trude day, thuong duogce dinh lugng bang tap mo; thoi gian gan day, trong cong
trinh [14] da ung dung DSGT nhu mét phuong an dinh luong khac, hinh thanh nén mot tiép can mai t6i ngit nghia cua
céc hang tir va d dem dén mot cach nhin mai vé chudi thoi gian mo: chudi thoi gian mo theo tiép can DSGT. Trong
[15] da trinh bay mot phuong phap chia khoang méi dua trén chinh nhitng hang tir dung dé quan sat chudi thoi gian,
nhiing hang tir nay duoc dinh lwong bang DSGT. Theo cach dinh lugng cia DSGT, mdi hang tir 1a dai dién cho mot
tap gia tri thuoc vao khoang mo cta n6. Cac hang tir, ¢6 thir ty ngir nghia, dung dé dinh tinh céc gié tri quan sat dugc
cua chudi thoi gian bao tron toan bo mién tham chiéu gia tri cua chudi thoi gian, U; cac khoang mo cua ching sé 1a céc
khoang nam lién tiép nhau tir can dudi t6i can trén cua U. Nhu vay, cac khoang mo cua cac hang tir ndy, mot cach tu
nhién, hinh thanh nén cac khoang chia trén U. Cach tiép can nay khac hoan toan voi cac phuong phap chia khoang cua
cac tai lidu da dé cap o trén, nd cho thdy mdi lién hé gitra cac hang tur va khoang chia. Tuy vay ¢ nghién ctru nay dé
xuit cach chia kh0ang dua trén bat ky DSGT nao c6 thé dung cho viéc chuan hda céac hang tir caa mot chudi thoi gian
mo, cach 1am nay mang tinh tong quat nhung c6 thé gay béi réi cho ngudi 4p dung phuong phép, khi thuc hign véi s6
khoang chia Ién, vi phai thir sai cac DSGT. Bai bao nay ciing dya trén cach chia khoang nhw [15] nhung dé nghi ding
thdng nhat mot DSGT chi bao gdom hai gia tir, mot gia tir am va mot gia tir duong, dé chia khoang va dé nghi mot cach
méi, don gian nhung kha hiéu qua, dé tinh gia tri dy bao cho chudi thoi gian.

Phan con lai cua bai bao dugc t6 chie nhu sau: phan hai, trinh bay mot sé khéi niém co ban cua BSGT duoc
tham khao cho nghién ctru nay; phan ba, trinh bay ndi dung chinh cua bai bdo, phuong phép du bao chudi thoi gian dya
trén chudi thoi gian mo theo tiép can DSGT, phan thir tu trinh bay nhitng két qua thyc nghiém cua phuong phap dé
nghi trén mot sé chudi thoi gian, phan nam 1a phan trinh bay két luan cua bai béo.

I1. PSGT VA CHUOI THOI GIAN MO THEO TIEP CAN PSGT

Trong phan nay ching toi tham khao tai li¢u [14, 16] d¢ trinh bay van tat mot s6 van dé co ban trong DSGT,
nhitng van dé nay dugc dung lam co s& cho nghién ciru cua bai bao.

DSGT, duoc cac tac gia N.C.Ho va cong sy ¢ong bd trong cac cdng trinh nghién ciru nam 1990 va 1992, 1a mot
tiép can mai dé dinh luong hang tir khac biét vai cach tiép can bang tap mo. Mot DSGT duoc ky hiéu 1a AX = (X, G, C,
H, <) trong d6 G= {c*, c’}a tap cac phan tu sinh, C bao gom céc phan tir hiang 0, 1, W theo thir tu 12 phan tir bé nhat,
I6n nhat va trung hoa trong X, H Ia tap cac gia tir, “<” 1a quan hé cam sinh tir ngit nghia cua cac hang tir trén X. Véi
mdi hang tir x X trong DSGT, H(x) 12 tap cac hang tir ueX dugc sinh ra tir x bang cach ap dung céc gia tir trong H va
viétu=h,...h;x, véi h,,..., hyeH.

Tap H gom céc gia tir dwong H va gia tr am H'. Cac gia tir duong lam tdng ngit nghia ctia mot hang tir ma n6
tac dong, con gia tor 4m c6 xu hudng nguoc lai. Khéng mat tinh tong quat, cd thé gia thiet rang H'= {h.;<h.,< ... <h.}
va H+: {h1<h2< <hp}.

Néu tap X va H 1a cac tap sap thu tu tuyén tinh, khi d6 AX = (X, G, C, H, <) 1a BPSGT tuyén tinh. Hon nira,
chung sé& duoc goi 1a PSGT tuyén tinh day du néu dugc trang bi thém hai gia tir toi han >'va @ lan luot 12 can trén va
can dudi ding cua tap H(x), khi d6 DSGT tuyén tinh ddy du duoc ky hiéu la AX = (X, G, C, H, X, @, <).

DSGT da thé hién & sy hop ly trong viéc xay dung cac khai niém kho xac dinh trong ly thuyét tip mo nhu tinh
mo, khoang tinh mo. Cu thé, tinh mo ciia hang tir ngdn ngir x duoc hiéu 1a tinh chit ma ngir nghia cua n6 van cé thé
thay d6i dwoc khi tac dong 1&n n6 bang cac gia tir, con khoang tinh mo thi dwoc dinh nghia mét céch hinh thirc nhu sau:

Pinh nghia 2.1. V6i AX = (X, G, C, H, 3, @, <) la mot DSGT tuyén tinh day du. Mot anh xa fm: X— [0, 1]
duoc goi la mot khoang tinh mo caa cac hang tir trong X néu:

1. fm(c) + fm(c*) = 1 va Z hen TM(hu) = fm(u), véi moi ueX; trong trudng hop nay fm duoc goi la day
du.
2. V6i cac hang s6 0, W va 1 thi fm(0) = fm(W) = fm(1) = 0;
- fmthx) _ fmchy) = -
3. V&i moi X,y € X va moi heH, = , ty s6 nay khdng phu thudc vao x, y va né chinh la do
fm(x) fm(y)
do tinh mo cua gia tir h, ky hiéu la x(h). Trong do, diéu kién (1) thé hién tinh day du cua cac phan tir sinh va céc gia tir
cho viéc biéu dién ngir nghia cua mién thuc doi véi cac bién, (2) thé hién tinh rd cua cac hang tir va (3) dwoc chap nhan

V6i gia thiét cac gia tu 1a doc 1ap véi ngit canh, c6 nghia la khi 4p dung mét gia tur h [én cac hang tir khac nhau thi hiéu
qua tac dong tuong do6i lam thay doi nglt nghia cua céc hang tir @6 1a nhu nhau.

Tinh chét cua khoang tinh mé dugc 1am 16 hon théng qua ménh d& 2.1 dudi day.
Ménh dé 2.1. Véi méi khoang tinh mo fm trén X nhitng khdang dinh sau day la ding:
1. fm(hx) = g(h)fm(x), vai moi x € X;
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2. fm(c) + fm(c™) = 1;
3. Z —q<i<p,i=0 fm(h| C) = fm(C) ' C E{C_, C+};
4. z _gsizpizo IM(N;X) = fm(x)

5. Z_qgig_ly(hi) =ava ngp,u(hi) =f,ap>0vaa+pf=1

Trong [15] da diéu chinh dinh nghia vé chudi thoi gian mo, theo do, chudi thoi gian mo dugc nhin theo cach
méai, nhin tir phia DSGT véi mot cach dinh lugng méi. Cach nhin nay khong lam thay d6i ban chat cua chudi thoi gian
mo. Pinh nghia nay dugc phat biéu nhu sau:

Pinh nghia 2.2. Pinh nghia chudi thoi gian mo theo tiép can DSGT

Tap nén X(t), mot tap con ciia R*, la mién tham chiéu gi trj cua cac gia tri ngdn ngit Xi(t), F(t) la mot tap cac Xi(t)
thi F(t) duoc goi la mot chuoi thoi gian mo trén X(t).

Nhu da trinh bay trong phan Gigi thiéu, chudi thoi gian md vé ban chat 12 mot tap cac hang tir cia mot bién ngon
ngit, duoc quan sat theo thoi gian. Theo tiép can bang tap mo céc hang tir Xi(t) s& duoc dinh lwgng bang tap mo. Con
theo tiép can DSGT cac gia tri ngdn ngit ny s& duoc dinh luwgng bang anh xa dinh lugng ngir nghia va khoang tinh ma.
RO rang dinh nghia chudi thoi gian mo theo tiép can DSGT khong khac vé ban chat so voi dinh nghia ciia Song va
Chissom ¢ [6].

I1l. PHUONG PHAP PE NGHI

Phuong phap du béo chudi thoi gian ma bai bdo nay dé nghi bao gdm bén budc. Khac véi nghién ciru [15] xuat
phét tir mot tap cac hang tir dung dé dinh tinh chudi thoi gian, sau d6 dung DSGT dé sinh ra cac hang tir twong dwong
thay thé, tir nhitng hang tir nay s& hinh thanh nén céc khoang chia. Phuong phép trong bai béo nay tiép can theo mot
huéng khéc. Muc dich cuia viéc 4p dung phuong phap du bao la tim ra céc gié tri du bao cang chinh xéc cang tét, nhu
da trinh bay & phan Gigi thiéu, sé khoang chia hop 1y s& ¢6 anh huong 16n téi d6 chinh xac cua du bao, do khi thuc
hién dy bao ngudi ta c6 xu huéng lya chon s khoang chia trudce, cac hang tir duge xac dinh sau. Phuong phap ma bai
bao dé nghi ciing theo xu hudng nay, cé nghia, cac budc cua phuong phap s& theo tién trinh: xac dinh mién trj tham
chiéu cua chudi thoi gian, 4n dinh s khoang chia; dung DSGT chi gém hai gia tir, gia tir &m va duong, dé tim sé hang
tir trong (ng vai s6 khoang chia; xac dinh gié tri du bao.

Bai bdo quy wdc thao tac tim sb hang tir bang DSGT hai gia tur trong Ung Voi sb khoang chia, dugc 4n dinh tur
trude, dugc goi la thao tac chia khoang. Duéi day trinh bay chi tiét cac budc cua phuong phap.

Phwong phap du béo chudi thoi gian dua trén chudi thoi gian mo theo tiép can DSGT.

Budc 1: Xac dinh mién tri tham chiéu cua chudi thoi gian, F(t), U = [Dmin — D1, Dmax + D2], trong d6 Dmin,
Dmax, D1, D2 lan luot la gia tri lich sir nho nhat, 16n nhat caa F(t); D1 va D2 la cac gié tri dwoc chon sao cho céc gia
tri cua F(t) sé thuoc vao U.

Buéc 2:
(1) An dinh sb khoang can chia, gia sir la k (k € N).

(2) Dung DSGT hai gia tir, mot gia tir duong, h, va mot gia tw am, 4", chia U thanh k khoang. Chia tr trai qua
phai, mdi luot chia ta thu dugc cac hang tir cing d6 dai, 1ap lai vai s6 lugt chia da Ion dé dat duoc k khoang.

(3) Tinh khoang tinh mo cua cac hang tur, theo dinh nghia 2.1 va ménh dé 2.1, mdi khoang tinh m¢ ciia mot
hang tir hinh thanh mét khoang chia trén U, cac khoang chia nay s& nam lién tiép nhau tir Dmin-D1 t&i Dmax + D2.

(4) Loai bo nhitng khoang khéng chira bat ky gia tri lich sir nao ciia chudi thoi gian. Gia st s6 khoang nay 1a m
(m=>1).

®)

(a) Tim khoang c6 sb luong 16n nhit cac gia tri lich sir ciia F(t) roi vao, ndm trai nhat va c6 s6 phan tir thudc
khoang d6 khac nhau d6i mot nhiéu nhat; gia sir khoang chia nay twong ing véi hang tir A;, dé chia thanh hai khoang.
S6 khoang dwoc xét dé chia tiép, cho du k khoang, bao gdm tat ca cac khoang da thu dugc & budc (4) bst di mot
khoang (khoang twong tng véi A;) va thém vao hai khoang (nhirng khoang tuong ung vaéi hai hang tir dugc sinh tur A; 14
hAi vah ’Ai).

(b) Loai bo nhiing khoang khéng chtra bat ky gié tri lich sir nao cua chudi thoi gian.

(c) Lap lai (a) va (b) cho téi khi ndo tim dwoc dii m khoang (dé c6 duge du k khoang) hoac chuyén sang (d) khi
khéng thé chia tiép dugc nira.
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(d) Thyc hién:

d.1. Lay lai khoang lién k& bén trai, theo hudng tir phai qua trai, da bi loai & budc 3 két nap vao sé khoang chia
da co.

d.2. Néu s6 khoang chia bang k thi dirng. Néu khong lay lai khoang lién ké bén phai, theo huéng tir tréi qua
phai. Quay lai d.1.

Budc 3: Thiét lap cac nhém suy dién logic mo

Xay dung cac suy dién logic ma giira cac hang tir dung dinh tinh gid tri ciia chudi thoi gian, tai cac thoi diém ké
tiép nhau theo thoi gian. Cac suy dién logic mo nay s& ¢ dang A—A,. Tiép theo, gom céc suy dién logic mo ¢6 cling
vé tréi thanh nhom. Két qua thu dugc sé 1a cac suy dién logic mo ¢6 dang A—A, (p) ... A, (q), & day p, q la sb lan xuat
hién cua A; va A, trong cac quan hé logic mo tir A

Budc 4: Tinh toan gia tri du bao

Gia sir gia trj cua chudi thoi gian tai thoi diém t dugc dinh tinh bai hang tir A; va hang tir nay 1a vé trai cua quan
hé logic mo A; — A(m) ... Ai(n), vay thi gid tri du bao tai thoi diém t+1 s& bang:

M*TB(A,)+...+N*TB(A,)
m+...+n

Trong d6 TB(A;), TB(Ay) lan Iuot 14 trung binh cong cua nhiing gid tri lich st cua chudi thoi gian trong khoang
mo, lan luot, twong tng véi cac hang tir Ajva Ay

V6i phuong phéap dugc trinh bay & trén ching ta c6 thé thuc hién dy bao véi s6 khoang chia bat ky trén mién tri
tham chiéu cua chudi thoi gian. Tuy nhién, néu sé khoang chia 16n téi mac mdi khoang chia chi chira mot gié tri lich
sir ciia chudi thoi gian s& 1am mat di y nghia cua viéc dung chudi thoi gian md cho du bao chudi thoi gian. Bai vi ding
cac hang tir dé dinh tinh céc gia tri cua chudi thoi gian 1a nham gom nhém nhiing gi4 tri c6 cung chung mot tinh chat
nao d6, néu m&i nhom nhu thé chi c6 mot gid trj thi tinh mo khong con “rd” nita. Thém nira, viéc chia qué nhiéu
khoang dudng nhu khong thuc té, vi mdi khoang 1am co s¢ dé dinh lugng mot hang tir; s6 khoang s& twong g bang
Vv6i 6 hang tir dwoc dung, théng thuong ngudi ta thuong chi ding sé hang tir han ché dé dinh tinh cac gia tri cua mot
bién ngon ngit.

O tai liéu [15] trinh bay cach tinh gia tri du b4o dwa vao anh xa dinh lwong ngir nghia ctia cac hang tir, A;, va c6
xét toi khoang céch gitta A; clng vai anh xa ngit nghia cua hang tir hA; va /4, t6i trung binh cua cac gié tri lich st cua
chudi thoi gian roi vao khoang mo cua A;. Céch tinh gia tri du bao nay khac véi cach tinh gid tri du bdo ma chiing toi
da d& nghi ¢ Bud6c 4 trong phwong phap trinh bay & trén. C6 thé n6i cach tinh gia tri du bao cua bai bao nay don gian
hon kha nhiéu.

IV. KET QUA THUC NGHIEM VA THAO LUAN

Trong phan nay bai béo trinh bay két qua thuc nghiém khi 4p dung phuwong phap da dé nghi vao viéc du bao:
chudi thai gian ghi nhan luong thi sinh déng kY vao dai hoc Alabama trong cac nam tir nam 1971 t&i nam 1992, chudi
thoi gian TAIEX ghi nhan chi s6 chimg khoan Pai Loan véi mbc thoi gian tir 1/12/1992 téi 29/12/1992, chudi thoi
gian ghi nhan ty 1¢ that nghiép, UNE, ciing ¢ Dai Loan giai doan tir 01/01/2013 téi 12/01/2013. Tir day bai bao s& goi
nhitng chudi thoi gian nay lan lugt 1a Alabama, TAIEX, UNE; trong d6 chudi Alabama Ia chudi thoi gian dugc cAc tac
gia Song va Chissom sir dung ¢ nhitng nghién ciru dau tién vé chudi thoi gian mo va da dugc nhiéu tai ligu sau do s
dung lai, chudi TAIEX va UNE la cac chudi thoi gian dugc tham khao tir tai liéu [13].

0 phan trinh bay duéi day bai bao dung mot s6 ky hiéu: covfm(x) 1a anh xa khoang mo cua hang tur X trong doan
[0, 1] 1én mién tri tham chiéu, U, caa chudi thoi gian dang xét; LU 1a do rong caa mién U. Bai béo ciing ding thdng
nhat DSGT AX = (X, G, C, H, <) vai G = {Low, Hight}, C = {0, 1, W}, H = {Very, Little} cho du b&o cac chudi thoi
gian néu trén.

Dé kiém nghiém tinh chinh xac cua du bao, cong thirc danh gia sai sb 16i binh phwong trung binh (RMSE)
thuong dugc su dung.

RMSE = [=¥7 ,(x'; — x;)%, & day x;” 1a gid tri du bao, x; 12 gia tri lich st va n 12 s6 lugng gié tri da dy béo. Bai
bdo nay ciing s& dt‘mg chi s6 RMSE d¢é so sanh tinh chinh xé4c trong dy bao giita phurong phap dé nghi cua bai béo véi
céc phuong phap cia Wang va cong su (2013), Chen (2013), Wang va cong su (2014), Lu va cong su (2015).

4.1. Két qua thuc nghiém trén chudi Alabama

Bai béo ciing ding lai mién trj tham chiéu cua chudi Alabama, U, giong nhu céc nghién ctru trude day, tic U =
[13000, 20000], ¢ day Dmin = 13055, Dmax = 19337, D1 = 55, D2 = 663, LU = 7000. D€ so sanh két qua du bao cua
phuong phap dé nghi vai mot s6 phuong phuong phap ctua nhitng nghién ciru néu trén, bai bdo sé lan lugt st dung so6
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khoang chia giéng nhu céc nghién ctru nay. Cu thé, cdc khoang chia 7, 17 va 22 s& duoc sir dung, trong d6 s6 khoang
chia la 7 duoc sir dung rong réi nhat.

V6i 7 khoang chia trén U, &p dung cac budc cua phuong phap dé nghi ta c6 céc két qua sau:

Néu coi lugng thi sinh ding ky hoc nho hon 16000 1a thip thi ta c6 thé thiét lap céc tham sé: fm(low) =
16000-13000

20000-13000
cofm(hight) lan Tuot I3: fm(low) x LU = 0.428 x 7000 = 2996, fm(hight) x LU = 0.572 x 7000 = 4004.

C6 thé chon: z(Little) = 0.4, z(Very) = 0.6. Tir z(Little) va u(Very) tacé a = 0.4, = 0.6. Ta co:

Cac hang tur twong tng véi 7 khoang chia: very very low (A1), little very low (A2), very little low (A3), little little
low (A4), little little hight (A5), very little hight (A6) va very hight (A7). Cac khoang m¢, ciing 1a cac khoang chia trén
mién tri U cua Alabama lan luot twong wng voi cac hang tir trén, va trung binh cac gia tri lich sir ciia chudi Alabama
trén cac khoang d6 duoc trinh bay trong bang duéi day:

= 0.428, suy ra fm(hight) = 0.572. Anh xa ngugc lai mién U ta c6 bé rong cua cofm(low) va

Bang 1. Céc khoang chia va trung binh gid tri lich st trén cac khoang chia

S6 thu ty Khoang chia Trung binh ctia cac gia tri lich sir trén khoang
1 [13000, 14079) 13478
2 [14079, 14798) 14696
3 [14798, 15517) 15335
4 [15517, 15996) 15816
5 [15996, 16637) 16388
6 [16637, 17598) 16862
7 [17598, 20000] 18932

T c&c khoang chia ta c6 duoc bang sau:
Bang 2. Luong thi sinh dang ky vao dai hoc Alabama dugc mo hoa

Nam Luong thi sinh dang ky Luong thi sinh ddang ky dugc mo hoa
1971 13055 Al
1972 13563 Al
1973 13867 Al
1974 14696 A2
1975 15460 A3
1976 15311 A3
1977 15603 Ad
1978 15861 Ad
1979 16807 A6
1980 16919 A6
1981 16388 A5
1982 15433 A3
1983 15497 A3
1984 15145 A3
1985 15163 A3
1986 15984 A4
1987 16859 A6
1988 18150 A7
1989 18970 A7
1990 19328 A7
1991 19337 A7

Tu Bang 1 ta c6 dugc c&c nhém quan hé:

Bang 3. Cac nhém quan hé gitra cac hang tir ngdn ngit

Nhom 1 Al—>A1 (2), Al>A2
Nhém 2 A2—>A3

Nhém 3 A3—>A3 (4), A3—>A4 (2)
Nhom 4 Ad—>A4, AA—A6 (2)
Nhém 5 A5—>A3

Nhém 6 AB—>ABAGAT

Nhom 7 AT—>AT(4)
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Ap dung cach tinh gia trj du béo ctia phuong phap dé nghi ta c6 duoc két qua du bao, thé hién ciing vai két qua
du bao ctia mot so phuong phap dugce cdng bo trong thoi gian gan day [13, 15], trong Bang 4 nhu dudi day.

Bang 4. So sanh két qua du bao trén chudi Alabama véi 7 khoang chia

Nim Dir Iiég Wang el al Wang el al Chen Luelal ﬂ;offa E E:;g%
thuc té 2013 2014 2013 2015 [15] nghi
1972 13563 13486 13944 14347 14279 13820 13884
1973 13867 14156 13944 14347 14279 13820 13884
1974 14696 15215 13944 14347 14279 13820 13884
1975 15460 15906 15328 15550 15392 15402 15335
1976 15311 15906 15753 15550 15392 15536 15495
1977 15603 15906 15753 15550 15392 15536 15495
1978 15861 15906 15753 15550 16467 16461 16513
1979 16807 16559 16279 16290 16467 16461 16513
1980 16919 16559 17270 17169 17161 17444 17394
1981 16388 16559 17270 17169 17161 17444 17394
1982 15433 16559 16279 16209 14916 15402 15335
1983 15497 15906 15753 15550 15392 15536 15495
1984 15145 15906 15753 15550 15392 15536 15495
1985 15163 15906 15753 15550 15392 15536 15495
1986 15984 15906 15753 15550 15470 15536 15495
1987 16859 16559 16279 16290 16467 16461 16513
1988 18150 16559 17270 17169 17161 17444 17394
1989 18970 19451 19466 18907 19257 19135 18932
1990 19328 18808 18933 18907 19257 19135 18932
1991 19337 18808 18933 18907 19257 19135 18932
1992 18876 18808 18933 18907 19257 19135 18932
RMSE 578.3 506.0 486.3 445.2 441.3 440.3

Tinh toén twong ty ta ¢6 két qua dw béo trén chudi Alabama véi s6 khoang chia 17 va 22. Két qua dw bao nay
dugc tong hop cung véi két qua dyu bao cua [13] va két qua dy bo &p dung phuong phap cua [15] thanh cac Bang 5,
Bang 6 nhu sau.

Bang 5. So sanh két qua du béo trén chudi Alabama vé6i 17 khoang chia

Nam
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

Giéa tri lich st

RMSE

13563
13867
14696
15460
15311
15603
15861
16807
16919
16388
15433
15497
15145
15163
15984
16859
18150
18970
19328
19337
18876

13678
13678
14602
15498
15192
15641
15827
16744
17618
16392
15410
15498
15192
15567
15567
16744
17618
19036
19574
19146
19146
256.3

Gia tri du bao cta Lu et al

Gia tri du bao cta [15]

13544
13906
14683
15443
15395
15620
15919
16827
17559
16406
15433
15395
15160
15540
15540
16827
17559
19060
19167
19167
18878
237.7

Phwong phap dé nghi

13563
13867
14696
15447
15404
15603
15923
16833
17535
16388
15447
15404
15154
15539
15539
16833
17535
18970
19152
19152
18876
237.6
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Bing 6. So sanh két qua du bao trén chudi Alabama véi 22 khoang chia

Nam Gia tri lich str Du bao cta Lu et al Du béo cta [15] Phuong phép dé nghi
1972 13563 13512 13544 13563
1973 13867 13998 13865 13867
1974 14696 14601 14724 14696
1975 15460 15462 15460 15460
1976 15311 15305 15291 15311
1977 15603 15641 15620 15603
1978 15861 15827 15873 15861
1979 16807 16715 16805 16807
1980 16919 17212 16905 16919
1981 16388 16392 16406 16388
1982 15433 15409 15436 15433
1983 15497 15514 15498 15497
1984 15145 15037 15143 15145
1985 15163 15195 15185 15163
1986 15984 16054 15984 15984
1987 16859 16861 16863 16859
1988 18150 18024 18213 18150
1989 18970 19036 18961 18970
1990 19328 19241 19329 19328
1991 19337 19666 19336 19337
1992 18876 18718 18878 18876
RMSE 120.6 18.4 0.0

4.2. Két qua thuc nghiém trén chudi TAIEX va UNE

 Ap dung phuong phap dé nghi dé du bao trén hai chudi TAIEX véi 07 khoang chia va UNE véi 09 khoéng chia,
50 khoang chia duoc thuc hiéng giong nhu phuong phap ¢ [13], ta ¢ céc bang két qua nhu dudi day.

Bang 7. So sénh két qua dy béo trén chudi thoi gian TAIEX véi 7 khoang chia

. o B Wang el Chenelal Wangelal Luelal Phuong ph4, },)hu(;mg .
Ngay Dir liéu thyc té , 813 2013 2014 2015 cia Egl%] P phap d& nghi
02/12/1992 3635.7 3629.3 3740.9 3564.5 3693.1 3709.8 3630.7
03/12/1992 3614.1 3629.3 3740.9 3564.5 3693.1 3709.8 3630.7
04/12/1992 3651.4 3629.3 3740.9 3564.5 3693.1 3709.8 3655.5
05/12/1992 3727.9 3629.3 3740.9 3564.5 3693.1 3709.8 3630.7
07/12/1992 3755.8 3629.3 3740.9 3859.9 3693.1 3709.8 3736.0
08/12/1992 3761 3629.3 3740.9 3859.9 3693.1 3709.8 3736.0
09/12/1992 3776.6 3629.3 3740.9 3859.9 3693.1 3709.8 3755.1
10/12/1992 3746.8 3629.3 3740.9 3859.9 3693.1 3709.8 3755.1
11/12/1992 3734.3 3629.3 3740.9 3859.9 3693.1 3709.8 3736.0
12/12/1992 3742.6 3629.3 3740.9 3859.9 3693.1 3709.8 3736.0
14/12/1992 3696.8 3629.3 3740.9 3859.9 3693.1 3709.8 3736.0
15/12/1992 3688.3 3629.3 3740.9 3564.5 3693.1 3709.8 3676.3
16/12/1992 3674.9 3629.3 3740.9 3564.5 3693.1 3709.8 3676.3
17/12/1992 3668.7 3629.3 3740.9 3564.5 3693.1 3709.8 3676.3
18/12/1992 3658 3629.3 3740.9 3564.5 3693.1 3709.8 3630.7
21/12/1992 3576.1 3629.3 3740.9 3564.5 3693.1 3709.8 3630.7
22/12/1992 3578 3629.3 3477.1 3564.5 35194 3442.3 3447.2
23/12/1992 3448.2 3629.3 3477.1 3564.5 35194 3442.3 3447.2
24/12/1992 3456 3629.3 3477.1 3413.3 35194 3442.3 3447.2
28/12/1992 3327.7 3629.3 3477.1 3413.3 35194 3442.3 3447.2
29/12/1992 3377.1 3629.3 3368.1 3413.3 35194 3491.4 3487.1

RMSE 114.2 85.7 107.2 75.7 68.9 53.6
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Bing 8. So sanh két qua dy béo trén chudi thoi gian UNE vai 9 khoang chia

. Dit liu Wang el al Chenelal Wang el al Luelal Phuong  Phuong

Ngay . phép ctia  phap dé
the té 2013 2013 2014 2015 [15] nghi
02/01/2013 1.7 7.39 7.60 7.62 7.58 7.51 1.7
03/01/2013 7.5 7.39 7.60 7.62 7.58 7.51 7.5
04/01/2013 7.5 7.39 7.60 7.62 7.58 7.51 7.5
05/01/2013 7.5 7.39 7.60 7.62 7.58 7.51 7.5
06/01/2013 7.5 7.39 7.60 7.62 7.58 7.51 7.5
07/01/2013 7.3 7.39 7.60 7.62 7.58 7.51 7.5
08/01/2013 7.2 7.39 7.12 7.13 7.07 6.99 7.2
09/01/2013 7.2 6.89 7.12 7.13 7.07 6.99 7.1
10/01/2013 7.2 6.89 7.12 7.13 7.07 6.99 7.1
11/01/2013 7.0 6.89 7.12 7.13 7.07 6.99 7.1
12/01/2013 6.7 6.89 7.12 7.13 7.07 6.99 6.7
RMSE 0.20 0.18 0.19 0.17 0.16 0.07

Tur két qua dy béo trén ba chudi Alabama, TAIEX, UNE, ldy chi s6 RMSE dé danh gid ta co thé thy ring
phuong phap dé nghi cua bai béo nay c0 du bao chinh xéc hon nhiing phuong phap du bao khac duoc cong bé thoi
gian gan day. Ngoai ra, chung toi cho rang phuong phap du bao d& nghi kha d& hiéu va ciing dé dang khi ap dung, dong
thoi chi phi tinh toan thap vi chi can duing cac phép toan sé hoc vai cac thao tac tinh toan don gian trén cac budc.

V. KET LUAN

Trong bai bdo ny chung t0i da d& nghi mot phuong phap dw béo chudi thoi gian dya trén chudi thoi gian mo
theo ti€p can DSGT. Phuong phap dugc de nghi gom bon budc, budc mot: xae dinh mien tri tham chiéu, U, cua chuoi
thoi gian can du bao, budc hai: xéc dinh so khoang chia trén U va dung DSGT hai gia tir d€ tim ra s6 hang tir va cac
khoang chia, la cac khoang tinh m, tuong tmg; budc ba: xay dung cac nhom suy dien logic mo, budce bon: tinh gia tri
du b&o. V6i BDSGT hai gia tir ta ¢ thé dat dugc véi s6 khoang chia tuy y, bén canh d6, cach xac dinh gié tri dl_l: bao dua
trén trung binh cac gia tri lich sir cua chuoi thoi gian roi vao cac khoang khé don gian nhung lai mang lai két qua dyu
bao kha tot.

Két qua thuc nghiém trén ba chudi thoi gian, Alabama, TAIEX va UNE cho thiy phuong phap dé nghi cua bai
bao nay cho ket qua du bdo chinh xdc hon mot s6 phuong phép khac dugc cong bo thoi gian gan day. Thém nixa, tinh
don gian khi &p dung va chi phi tinh toan thap ciing dugc thé hién trong phwong phap dé nghi.
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METHOD OF FORECASTING TIME SERIES BASED ON
HEDGE ALGEBRAS BASED FUZZY TIME SERIES

Hoang Tung, Nguyen Dinh Thuan, Vu Minh Loc

ABSTRACT — Method of using fuzzy time series for forecasting time series is the interesting research topic. Normally, in this
research field, linguistic terms (linguistic values) usually are quantified by fuzzy sets. So the fuzzy set is the way to quantify
linguistic terms of fuzzy time series. In this paper, we present a method of forecasting based on hedge algebra (HA) for fuzzy time
series. HA is used as a tool for quantifying linguistic terms that are values of fuzzy time series. By the this way of quantifying,
concept of fuzziness interval of linguistic terms used to determine reasonable intervals on universes of discourse. The experimental
results show that the proposed method greatly improves forecasting quality.

Keywords — Fuzzy time series, hedge algebras, divided intervals, reasonable intervals.



