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TOM TAT— Dy bdo chudi thoi gian la bdi todn dd dirge rit nhiéu tdc gid trong va ngodi nwée quan tém nghién ciru trong nhimg
ndm gan ddy. Tuy nhién, viéc dir bdo trén nhiing dir liéu c6 su bién déi lom, nhiing dir liéu dwoc ghi nhdn bang cdc nhén ngon ngiv
da tao ra nhiing kho khan khi gidi quyét bang cdc phwong phdp todn hoc, théng ké truyén thong. Vi vy, Q. Song va B.S Chissom da
@é xudt mé hinh du bao chudi thoi gian mo. Ké tiv do t6i nay dd co nhiéu nghién ciru theo hwéng nay, nham dwa ra nhiing phuong
phdp méi va cdi tién nhung phwong phép dé c6 nham tang dg chinh xdc cua dy bao. Trong ngi dung bdi bdo ndy, ching t0i dé xudt
mét phwong phdp méi, sir dung phép ngit nghia héa va gidi ngit nghia cia dai s6 gia ti trong bai todn dir bdo s6 heong sinh vién
nhdp hoc ciia Truong Pai hoc Alabama. M6 hinh dir bdo, CaC két qud va so sanh ciing sé dwoc dua ra thao ludn.

Tir khéa— Dy bao, chudi thoi gian, chudi thoi gian me, dai sé gia ti, ngir nghia, ngon ngir.

1. MO PAU

Vian dé dy bao twong lai ludn 1a mong mudn, mo wéc cta con ngudi tir khi xuat hién t6i nay. Du bao trude duoc
nhitng sy viéc, hién tugng xay ra trong tuong lai gitip cho con ngudi hoach dinh tot hon céng viéc cua minh, gitp nang
cao hi¢u qua, tiét ki¢ém thoi gian va gidm bdt cong stic trong cong vigc.

Trong vai chuc nim gan déy, da co rat nhidu nghién ciru trong va ngoai nudc duoc dua ra nham giai quyét bai
toan du bao. Nhitng nghién ctru d6 du di theo hudng nao di chiang nira thi muc tiéu cling nham nang cao d6 chinh xac
cua két qua du bao va giam bot khoi lugng tinh toan cua bai toan nay.

Nhirng dit liéu con nguoi thu thdp dugc co rat nhiéu loai, va dit liéu ma con nguoi dung cho bai toan dy bao
cling vy. Dit liéu dang s6 liéu, rd rang va chinh xac thudng dugc du bao bang cac phuwong phép toan hoc, théng ké vai
c4c md hinh dién hinh nhu ARMA, ARIMA.,... Tuy nhién, v6i nhitng dit liéu c6 su bién dong 16n (nhu thi truong
chimg khoan) hay nhirng dit liéu trong thuc t& dugc ghi nhan bing cac nhdn ngon ngit thi khé c6 thé giai quyét duoc
bang cac phuong phap toan hoc, thong ké truyén thong. Chinh vi vay, trong nghién ctru ciia minh Q. Song va B.S
Chissom [1, 2, 3] da d¢ xuat mo hinh du béo chudi thoi gian mo nhim du bao cho nhiing dit liéu c6 dac diém noi &
trén. Sau d6, S.M Chen [4] da cai tién phuong phéap du bao chudi thoi gian md nham dwa ra cach tinh toan don gian va
hleu qua hon. Trong nhirng nghién ctru sau nay, nhiéu tic gia da sir dung cac k¥ thuat khac nhau nhu phan cum, tdi

.. 1am cho d¢ chinh xac ciia két qua du bao ngay cang dugc nang cao hon.

Trong bai toan du bao chu01 thoi gian mo, ¢ hai yéu t6 chinh anh huong téi két qua dy bao, d6 chinh 1a phép
m¢ hoa dir liéu va giai mo. Déi voi viec mo hoa dir liéu, nhidu nghién ctru da chi ra ring: s6 lugng khoang, do dai
khoang va béc cua chudi thoi gian md anh huéng nhiéu téi do chinh xac du bao. Nhiéu tac gia ciing da dua ra cac két
quéa nghién ctru viéc t6i wu cac tham sé ndy véi nhitng két qua du bao kha tdt. Van dé giai mo ciing anh hudng 16n t6i
két qua du bao néu Iya chon khoang giai md khac nhau. Viée t6i wu khoang giai m& nay ciing can duge nghién ctru dé
nang cao d¢ chinh xac dy béo.

Trong phép md hoéa dit liéu can Iya chon s6 lugng khoang chia phtt hgp. Néu chon sb khoang chia qué it, du bao
c6 thé cho do chinh x4c thap do thiéu thong tin; con néu chon so khoang chia qua nhiéu c6 thé lam mat hét y nghia vé
tinh mo cua gia tri ngdn ngi.

Dai s6 gia tir [12] (PSGT) dugc N. Cat Ho va W. Wechler gi¢i thiéu nam 1990 nhim dwa ra mot mé hinh toan
hoc phtt hop véi dit lidu khong chic chin, theo d6 cac gia tri ngit nghia ciia ngon ngit nim trong mot trat tu nhat dinh
va chinh thir tw d6 tao nén gia tri ngit nghia cta tir ngdn ngir. Pai s6 gia tir di dugc Gmg dung trong cac bai toan diéu
khién, hdi quy, trich r(t tri thirc, tinh toan trén ti[15, 16, 17, 18, 19, 20],... va cho nhiéu két qua tdt dep.

Viéc tng dung dai $6 gia tu trong bai toan du bao cling da dugc cac tac gid trong [21] gidi thi€u véi mo hinh du
béo cho két qua kha tét. Trong nghién ctru nay, ching ti s& sir dung phép ngir nghia hoa va giai ngir nghia cua dai s6
gia tir trén co so viée chia tap nén thanh 13 khoang cua S.M Chen trong. [6]. Két qua du bao cling s€ dugc so sanh truc
tiép véi nghién cuu nay nhim chi ra tinh vu viét ciia phuong phap dé xuét.

) Noi c‘iungAbéi bao duoc tyinh bay thanh ba muyc: sau muc 11a phén MO DAU, trong muc 2 chung toi trinh bay
tong quan vé MO HINH DU BAO CHUOI THOI GIAN MO theo cac cach tiép can ciia Q. Song, B.S Chissom va S.M
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Chen; myc 3 s& gi6i thi¢u tom tit vé LY THUYET DAI SO GIA TU va muc 4 dé xuét phuong phip DU'BAO CHUOI
THOI GIAN MO SU DUNG BSGT VOI 13 KHOANG CHIA. Céc phuong phap tinh toan va két qua trong bai toan
du‘béo s0 lugng sinh vién nhap hoc tai Truong Dai hoc Alabama s¢ dugc dua ra so sanh va thdo luan. Cudi cung la
phan KET LUAN.

I1. MO HINH DU BAO CHUOI THOI GIAN MO
2.1. Mt s6 khai niém co ban ciia md hinh dw bao chudi thoi gian mo

M0 hinh chudi thdi gian mo lan déu tién duoc Q. Song va B.S Chissom dua ra [1, 2, 3] va dugc S.M Chen cii
tien [4, 5, 6, 7] dé co the xur ly bang cac phép tinh s6 hoc don gian hon nhung chinh xac, phu hop véi cac tng dung du
bao chudi thoi gian mo. Ch thé tom luge qua mot s6 khai niém co ban sau day:

Dinh nghia 2.1: Chuéi théi gian me

 Giasr Y(t), (t=...,0,1,2,. ..), la tap cac s6 thuc va ciing 1a t3p nén trén d6 xac dinh cc tap mor f; (), (i=1,2, ....).
Bién t 1a thoi gian. Néu F(t) 1a mot chudi cac tap mo cua f; (t), (i=1,2,...), thi F(t) duoc goi 1a chudi thoi gian mo trén
Y(t), (t=...,0,1,2,. ...

Dinh nghia 2.2: Quan hé m¢
Néu ton tai quan hé mo R(t-1, t), sao cho F(O=F(t-1)*R(t-L, 1), trong do dau * ky hiéu toan tir nao do, thi F(t)
duoc suy ra tir F(t-1). Quan hé gitra F(t) va F(t-1) dugc xac dinh bang ky hiéu:
F(t-1) — F(t) (2.1)
Vi du vé toan tir * c6 thé la phép két hop MaxMin[2] hoic MinMax[3] hay phép tinh s6 hoc [4] .

Néu F(t-1)=A; and F(t)=A;, quan hé logic gira F(t) and F(t-1) duoc ky higu bang Aj—Aj , trong d6 A; 1a Vvé tréi
va Aj la vé phai cua quan hé mo mo ta tap mo du bao.

Dinh nghia 2.3: Quan hé mo bdc n
_ Giasir F(t) 12 chudi thoi gian mo. Néu F(t) duoc suy ra tir F(t-1), F(t-2),..., F(t-n), thi quan h¢ mo nay dugc bicu
dién bang biéu thuc:
F(tn),....F(t-2), F(t-1) — F(t) (2.2)
va dugc goi la chudi thoi gian mo bac n.
Dinh nghia 2.4: Chudi thoi gian me dirng

Gia st F(t) duoc suy ra tir F(¢t—1) va dugc ky hi¢u bang F(t—1) — F(t), khi d6 quan hé mo gitra F(t) va F(t—1)
dugc md ta bang phuong trinh:

F()=F(—1)*R(t-1, 1) (2.3)

Quan hé ma R thé hién mé hinh bac nhét caa F(t). Néu R(z—1, t) khdng phu thudc t, sao cho véi moi t; va t, khac
nhau, R(t; , t;—1)=R(t; ,t;—1), thi F(t) duoc goi la chudi thoi gian mo ding, con lai duoc goi la chudi thoi gian mo
khong dung.

Dinh nghia 2.5: Nhdm quan hé mo (NQHM)

Céc quan hé md véi ciing mot tap mo bén vé trai ¢ thé dua vao mot nhém goi 1a nhém quan hé mo hay nhdm
quan hé logic mo.

Gia str ¢6 cac quan he mo: Ai— Ajr; Ai— Apg;....; Ai— Aj, thi cac quan hé me trén c6 thé dua vao mot nhom dugc
ky hiéu nhu sau:

Ai—= AL A A (2.4)
Tap m& Ay (k=1,2,.., n) chi duoc xuat hién 1 1an bén vé phai.
2.2. Mb hinh du béo caa Q. Song va B.S Chissom

MG hinh dy béo chudi thoi gian mo lan déu tién duoc Q. Song va B.S Chissom dua ra vao nim 1993 [, 2, 3] va
duoc tmg dung dé du bao s6 sinh vién nhap hoc tai Truong Dai hoc Alabama véi dit liéu lich st qua 22 ndm ké tir ndm
1971 dén 1992.

Chudi thoi gian lan dau tién dugc xem xét dudi goc do bién ngdn ngit va bai toan du bao da c6 duoc mot céch
nhin hoan toan méi trén quan diém ly thuyét tip me. M6 hinh du bao dau tién 1a mé hinh dy béo chudi thoi gian mo
dung [2, 3] va duoc trién khai qua cac budc sau day:

Bude 1. Xac dinh tap nén
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Budc 2. Chia mién xéac dinh cua tap nén thanh nhiing khoang bang nhau

Budc 3. Xy dung cAc tap mo trén tap nén

Bud6c 4. Mo héa chudi dir ligu

Budce 5. Xac dinh cac quan hé mo

Budc 6. Du b4o bang phuong trinh A=A, ;* R, ¢ day ky hiéu * 13 toan tr MaxMin

Budc 7. Giai mo céc két qua dy bao.

Trong buéc 5, quan hé md R dugce x4c dinh bang biéu thic R; = AT x 4, , véi moi quan he mo A; A,

R=UL, R, (2.5)
O day x 1a toan tir min, T 1a phép chuyén vi va U Ia phép hop.
2.3. Mb hinh du b&o S.M Chen

Do md hinh du bao chudi thai gian mo ciia Q. Song va B.S Chissom kha phuc tap trong buée 5 va budc 6, vi
vay S.M Chen [4] di cai tién cach tinh toan chinh xac hon cho cdc mé hinh du bdo chudi thai gian chi sir dung céc
phép tinh sé hoc don gian trén co so théng tin tir cac quan hé mo va nhém quan hé mo theo cac budc sau day:

Budc 1. Chia mién xac dinh cua tap nén thanh nhirng khoang bang nhau.
Budc 2. Xay dung c4c tip mo trén tap nén.

Budc 3. Mo héa chudi dit liéu.

Budc 4. Xac dinh cac quan hé mo.

Budc 5. Tao 1ap nhom quan hé mo.

Budc 6. Giai mo dau ra du bao.

2.4. Luat dy bao chudi thai gian me [4]
Luat du bao ciing chinh 1 phép giai mo cac két qua dau ra du bao nhu ¢ budc 6 ciia md hinh du béo [4].

Gia st dir liéu cua chudi thoi gian F(t-1) duoc mo héa bing A, khi do. Dau ra du béo cua F (t) duoc xac dinh
theo nhirng luat (nguyén tic) sau day:

1. Néu ton tai quan hé¢ mot - mot trong nhdm quan hé cua A;, ky higu la Aj— Ay, va mirc d6 thudc cao nhat cua
A tai khoang u, thi dau ra dy bao cua F (t) 1a diém gitra coa uy.

2. Néu A, la tréng, c6 nghia la Aj — @ va Aj c6 mirc do thugc cao nhit tai khoang u;, thi dau ra dy béo 1a diém
gitra cua u;.

3. Néu ton tai quan hé mot - nhidu trong nhém quan hé mo caa A, ky higu la A—> Aq, Az ..., Ay, va mic do
thuoc cao nhat cua A, , A, ,..., A, tai cac kh0ang Uy, Uz ,..., U, trong ng, thi dau ra du bao duoc tmh bang trung binh
cac diém gitram, , mz,...,mn Cua Uy, Uy,..., Uyp. Pau ra du bao khi nay cé dang: (my+my+...+m,)/n.

I11. LY THUYET PAI SO GIA TU

Dai s gia tir dugc gidi thiéu boi N.C. Ho va W. Wechler [12, 13] nhiam giai quyét van dé phuong phép ludn va
cung cip mot md hinh toan hoc mém déo, linh hoat va hiéu qua cho viéc xur ly dir liu mo. Dai s6 gia tir da duoc ing
dung thanh cong trong nhiéu bai toan khac nhau nhu: diéu khién mo, tinh toan trén tir, phan 16p, hoi quy [15, 16, 17,
18, 19]... v&i nhiéu két qua tbt hon nhitng cach tiép can trude do.

Trong phan ndy chung toi s& trinh bay tom tat nhiing ly thuyet clia dai s6 gia tir, trong d6 quan trong nhat 14 cac
cong thirc dé xac dinh mo hinh tinh toan trong dai sO gia tir bao g0m ca phép ngir nghia hoa va giai ngir nghia hoa. Day
ciing 14 co s¢ dé tmg dung dai s6 gia tir trong bai toan du bao chudi thoi gian mo

Trudc hét, chung ta xem xét mot s6 khai niém co ban cua dai sb gia tir sau day:

Goi AX = (X, G, C, H, <) 1a mot cAu tric dai sb, v6i X 13 tip nén cia AX; G = {c-, c+} 1a tip cac phan tir sinh;
C ={0, W, 1}, trong d6 0, W va 1 twong tmng 1a nhitng phan tir dic trung can trai (tuyét d6i nho), trung hoa va can phai
(tuyét dbi 16m); H 1a tap cac todn tr mdt ngdi duoc goi 1a cac gia tu; < 1a biéu thi quan h¢ thur ty trén cac gia tri ngdn
ngit. Goi H™ 1a tap hop cic gia tir &am va H 1a tap hop cic gia tir duong cua AX.

Ky hi¢u H = {h.;, h, ...hq}, trong d6 h.y <h, < .. <hg4va H* ={h;, hy, ..., hp}, trong d6 hy < h, < ... < hy,
Dinh nghia 3.1: Dy do tinh mo
fm: X — [0, 1] goi 1a d6 do tinh m& néu théa mén cac diéu kién sau:
+) fm(c-)+fm(c+) = 1 va X ey fm(hx) = fm(x), voi X e X (3.1)
+) Véi cac phan tir 0, W va 1, fm(0) = fm(W) = fm(1) =0 (3.2)
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fmehx) _ fm(hy)
fmx)  fm@®)

Ding thirc (3.3) khong phu thudc vao cac phan tir X, y va do d6 ta c6 thé ky hidu 1a z(h) va day 1a 6 do tinh
mo cua gia tir h. Tinh chét cia fm(x) va w(h) nhu sau:

+) Vavéi Vxy e X, VheH, (3.3)

9 fm(hx) = u(h)fim(x), vxeX (3.4)
+) Zf}q,#o fm(h;c) = fm(c), v6i ce{c-, c+} (3.5)
+) Xhe_qizo fM(hix) = fm(x) (3.6)
WYL uth)=avayl uh) =p,véia f>0vaa+tp=1 (3.7)

Dinh nghia 3.2: Ham diu

Ham sign: X—{-1, 0, 1} 1a mot anh xa dugc goi 1a ham diu véi h, h’eH va ¢ e{c-, c+} trong d6:

+) sign(c-) = -1, sign(c+) = +1; (3.8)
+) sign(hc) = - sign(c), néu h 1a am dbi vai c; (3.9)
+) sign(hc) = + sign(c), néu h 1a duong dbi véi c; (3.10)
+) sign(h *hx) = - sign(hx), néu & ’hx # hx va h’ 1a am ddi véi h; (3.11)
+) sign(h’hx) = + sign(hx), néu & ’hx # hx va h’1a duong dbi véi h; (3.12)
+) sign(h’hx) = 0 néu & ’hx = hx. (3.13)

Goi fm 1a mot @6 do tinh mo trén X, anh xa ngir nghia dinh lwong v: X — [0, 1], duoc sinh ra béi fm trén X,
duoc xac dinh nhu sau:

+) V(W) =6 = fm(c), (3.14)
+)v(c)=0-afm(c’)=pgfm(c), (3.15)
+)v(c) =0+afm(c’)=1-Bfm(c") (3.16)
+) v(hix) = v(x) + sign(h;x) [z{;sign(j) fm(hx) — w(hx) fm(hjx)] (3.17)
véi w(hjx) = §[1 + sign(h;x).sign(h,h;x)(B — a)] € {a, B}, € [-q, p]. j =0. (3.18)

Ngir nghia héa (Semantization) va gidi ngir nghia hoa (Desemantization)

Dé thuan tién cho viée biéu dién ngir nghia cua cac gia tri ngdn ngit, gia st rang mién tham chiéu thong thudong
clia cdc bién ngdn ngir X 1 doan [a, b] con mién tham chiéu ngit nghia X, 1 doan [ag,bs] (0 < as< by < 1). Viéc chuyén
di tuyén tinh tir [a, b] sang [as,bs] duoc goi 1a phép ngir nghia hoa tuyén tinh (Linear Semantization) con viéc chuyén
nguoc lai tir doan [ag,bs] sang [a, b] duoc goi 1a phép giai nghia tuyén tinh (Linear Desemantlzatlon) Trong nhiéu tmg
dung cia DPSGT di st dung mién ngit nghia 1a doan [a;=0, b=1], khi d6 phép ngir nghia hoa tuyén tinh dugc goi la
phép chuan hoa (Linear Semantization = Normalization) va phép gidi nghia tuyén tinh duoc goi 1a phép giai chuan
(Linear Desemantization = Denormalization ). Nhu vay c6 thé biéu dién phép ngit nghia hoa tuyén tinh va phép giai
nghia tuyén tinh don gian nhu sau:

e Linear Semantization (x) = x;=as+ (bs—as)(x—a)/(b-a) (3.193)
e Linear Desemantization (x;) = x =a+(b—-a)(xs—as)/(bs—as) (3.20a)
e Normalization (x) = x,=(x—a)/(b—-a) (3.19b)
e Denormalization (x;) = x=a+ (b-a)x; (3.20b)

trong do a, b 1a cac sb thyec.

Nhiéu tng dung ciia PSGT trong nhing linh vue khoa hoc doi hoi m¢ rong khong gian tham s trong cac phép
ngit nghia hoa va phép giai nghia dé c6 nhiéu tham so lya chon mém déo hon nira. Diéu nay chi c6 thé c6 duoc khi mo
rong phép ngir nghia hoa va phép giai nghia tir tuyen tinh dén phi tuyén. Tuong tu trén, phép ngit nghia hoa phi tuyén
va phép giai nghia phi tuyén co thé duoc biéu dién nhu sau:

e Nonlinear Semantization (x) = f(x;,sp) (3.19¢)
Véi didu kién: 0 <f{xssp) < 1 va f(x=0,p) = 0 va f(x,=1,5p) = 1
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e Nonlinear Desemantization (xs) = g(x,dp) (3.20c)
Véi diéu kién: a <g(x.dp) <b, g(x=a,dp) = avag(x =b,dp) =

Cac ham f(.) va g(.) dugc chon ty theo ting tng dung va la cac ham lién tuc, ddng bién, trong do spe[-1 1] la
tham s ngir nghia hoa, dp €[-1 1] 1a tham sO giai nghia. Vi du c6 thé chon f(.) phi tuyén theo s thé hién qua f(xs,sp) va
g(.) phi tuyén theo x thé hién qua Denormalization (f(xs,sp)) nhu sau:

f(Xs,5p) = Sp*Xs*(L-Xs)+Xs (3.19d)
g(x,dp) = dp*(( Denormalization (f(xs,sp))—a )*(b — Denormalization (f(xs,sp))) / (b-a) +
+ Denormalization (f(xs,Sp)) (3.20d)

trong d6 Denormalization (f(xs,sp)) = (sp*x*(1-x)+x )*(b-a) + a (3.20d1)
Ham f(xs,sp) 1a ham biéu dién ngit nghia phi tuyén trong phép giai nghia phi tuyén g(x.dp) chua duogc st dung
trong cac ung dung cia DPSGT. Luu y rang: co6 theé chon cac ham f(x,Sp) va g(x,dp) doc 1ap véi nhau.

Khi sp=dp=0 tinh phi tuyén bi loai bo va biéu thirc (3.19d) trd thanh (3.19b) va (3.20d) tr thanh (3.20b).

Cho trudc do do tinh mo ciia cac gia tir z(h) va cac gia tri 6 do tinh md ctia cac phan tir sinh fm(c’), fm(c™) va @
1a phén tir trung hoa (neutral). Khi d6 mé hinh tinh toan ciia DPSGT dwgc xdy dung trén co s¢ cac biéu thuc tir (3.1) dén
(3.20) duoc kich hoat va thyc té da duoc st dung hi¢u qua trong rat nhiéu tmg dung. Phép mo hoa va phép giai mo
trong t1ep can md dugce thay thé twong ng bang phép ngit nghia hoa va phép giai nghia trong tiép can DSGT. Hé luat
duogc the hién bang siéu mét lam co s¢ cho qua trinh suy ludn xap xi. Mot luu ¥ quan trong cua qua trinh tinh toan
trong tiép can DSGT 1a cin x4c dinh cac tham sé ban dau nhu d6 do tinh m& cia cac phan tir sinh va d6 do tinh mo cua
cac gia tir trong bién ngdn ngit mot cach thich hop duya trén co s¢ phén tich ngir nghia ciia mién ngdn ngit trong timg
bai toan tmg dung cu thé. Khi d6 mé hinh tinh toan cua tiép can DSGT s& cho cac két qua hop 1y trong cac g dung.

IV. DU BAO CHUOI THOI GIAN MO SU DUNG PSGT VOI 13 KHOANG CHIA

Trong phan nay, ching toi s& dé xuit viéc str dung Iy thuyét cua dai sb gia tir, cu thé 12 sir dung phép ngir nghia
h6a va giai ngir nghia hoa trong bai toan du bao chudi thoi gian mo theo cach chia khoang ciia S.M Chen [6].

Vé viéc g dung dai sb gia tir trong md hinh chudi thoi gian mo cho bai toan dy béo s6 sinh vién nhap hoc trén
da duoc Nguyén Duy Hiéu dé xuat trong [21]. Trong nghién ctru d6 da chi rd viéc sir dung cac cong thic tinh toan cua
dai s6 gia tir & dua ra mo hinh dy béo theo 6 budc co ban. Trong nghién ciru ndy, ching téi mudn thir nghiém tinh
hiéu qua ciia md hinh trén vai cach chia khoang méi cua S.M Chen [6] ddi vai bai toan dy béo s lugng sinh vién nhap
hoc tai Truong Pai hoc Alabama theo sé liéu ghi nhan dwoc nhu bang sau:

Bang 4.1 S6 sinh vién nhap hoc tai Truong Pai hoc Alabama tir 1971 dén 1992 [2]

Nim S6 sinh vién nhap hoc Nim S6 sinh vién nhap hoc
1971 13055 1982 15433
1972 13563 1983 15497
1973 13867 1984 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

Theo S.M Chen [6], c6 thé chia lai tap nén thanh 13 khoang (khéng déu nhau) tir 7 khoang nhu cach chia trudc
do6 [2, 3, 4] trén co so thdng ké sb lugng cac diém dir lidu thuge vé cac khoang do. Theo d6, nhitng khoang nao cé
nhiéu dit liéu lich sir thuoc vao hon thi chia thanh nhiéu khoang hon va nguoc lai. Cé biét c6 khoang khéng cé dir liéu
lich sr thudc vao thi cé thé bo di.

Bang 4.2 Théng ké lich st dit liéu cua cach chia 7 khoang

Khoang | [13000,14000] | [14000,15000] | [15000,16000] | [16000,17000] |[17000,18000] | [18000,19000] | [19000,20000]

S6 di lieu 3 1 9 4 0 3 2
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Theo S.M Chen [6], ta chia khoang cé 9 dir liéu lich st thanh 4 khoang con, khoang c6 4 dix liéu lich sir thanh 3
khoang con, khoang c6 3 dit liéu lich sir thanh 2 khoang con, khoang khéng co dit liéu lich st thudc vao thi bo di, con
lai gir nguyén. Céc nhén gié tri ngdn ngir dwoc Chen ding & day gom: A;=very very very very few, A,=very very very
few, Ag=very very few, A, =very few, As =few, As = moderate, A;=many, Ag=many many, Ag= very many, A;,=too
many, A;;=too many many, A;,=too many many many va A;3= too many many many many.

Khéc vai céach tiép can cua S.M Chen, chiing t6i d& xuit mo hinh dai sé gia tir dugc xay dung bai cac phan tu
sinh ¢ (small) va c* (large) voi tac dong cua hai gia tir (Little, Very) thugc H. Viéc lua chon cac gia tri ngir nghia twong
ung véi cach chia khoang cua Chen cu thé nhu bang 4.3.

Bang 4.3 Nhan ngir nghia ctia cic khoang

Stt Phén doan Ki higu | Gia tri ngir nghia
1 uz; = [13000, 13500] A Very Very Small
2 Uz, = [13500, 14000] A, Little Very Small
3 u, =[14000, 15000] A; Small
4 Uz = [15000, 15250] A, Very Very Little Small
5 Uz, = [15250, 15500] As Little Very Little Small
6 Uz3 = [15500, 15750] Ag Very Little Little Small
7 Uz4 = [15750, 16000] A, Little Little Little Small
8 Ugy = [16000, 16333] Asg Little Little Little Large
9 Uy = [16333, 16667] Ag Little Little Large
10 Uyz = [16667, 17000] A Very Little Little Large
11 Us,1 = [18000, 18500] Ay Very Little Large
12 Us = [18500, 19000] As Little Very Large
13 u; =[19000, 20000] Az Very Large

Trong d6, cac A, i=1..13 I cac ki hiéu (nh&n ngir nghia) twong tng céc gié tri ngir nghia dwoc chon cua dai s6
gia ta. Viéc lya chon céc gia tri nglr nghia nay dam bao ti I, mat d6 chia khoang.

Déi voi cac gia tri ngir nghia duoc chon, gia tri nglr ngit nghia dinh luong cua 13 nhan ngit nghia Ay, A,,... As
duoc tinh toan cu thé theo cac cbng thuc sau:

SA, = v(Very Very Small) = 0-30a-+300% 00’;

SA, = v(Little Very Small) = 0-200-+200% 00°;

SA; =v(Small) = 6-6q;

SA, = v(Very Very Little Small) = 0-00-+0a?- 200> +0a*;

SAs = v(Little Very Little Small) = 6-00+00- 00> +0a;

SAs = v(Very Little Little Small) = 6-00+260°- 200°+00*;

SA; = v(Little Little Little Small) = 0-00-+300- 300>+00*;

SAg = v(Little Little Little Large) = 6+a- 30*+30*- o*-0a+300° 300>+00’;
SA, = v(Little Little Large) = 0+a- 2a’+0-00+200- 0a’;

SAy = v(Very Little Little Large) = 0+a- 2a°+20°- o- 00+200°- 200°+00*;
SA;; = v(Very Little Large) = 0+a- o’+a’-0a+00’- 00;

SA., = v(Little Very Large) = 6+2a- 20°+0>-200+200°- 00;

SAs; = v(Very Large) = 0+2a- o’-20a-+0a;

Trong d6 ki hiéu SA; = Semantization(A;) Ia gia tri ngir nghia dinh lwgng cua nhan ngir nghia A;.

Néu chon truéc a=0.5 va 6=0.5 thi gia tri ngir nghia dinh luong tinh dwoc nhu sau:

SA; = v(Very Very Small) = 0.0625;

SA; = v(Little Very Small) =0.1875;

SA; =v(Small) =0.25;

SA, =v(Very Very Little Small) =0.28125;
SA; = v(Little Very Little Small) =0.34375;
SAs = v(Very Little Little Small) = 0.40625;
SA; = v(Little Little Little Small) = 0.46875;
SAg = v(Little Little Little Large) = 0.53125;
SAg = v(Little Little Large) = 0.5625;

SAjo = v(Very Little Little Large) = 0.59375;
SA;; = v(Very Little Large) = 0.6875;

SA;; = v(Little Very Large) =0.8125;

SA;3 = v(Very Large) =0.875;
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Chuing ta d& thay ring cac gia tri ngit nghia dinh lugng luén duoc theo thir ty:
SA;<SA,<...<SAj;

_ hay noi cach khac thir tu ngir nghia luon duge dam bao. Déy ciing chinh 1a diém khac biét quan trong cua Iy
thuyet dai so gia tir so véi ly thuyet mo khi dt cac gia tri ngdn ngir trong thir tu clia no, va ciing chinh thir ty d6 tao
nén cau trac caa ngdn ngi.

Két hop dir liéu cua bang 4.1 véi cach gan nhan ngdn ngir theo bang 4.3 ta dugc bang dit liéu sinh vién nhap
hoc véi nhan nglt nghia theo bang 4.4 bén dudi.

Bang 4.4 Dt liéu sinh vién nhap hoc véi nhan ngit nghia trong tng

Nim | S6SVNH | Kihigu | Nam | S6SVNH | Kihigu
1971 13055 A, 1982 15433 As
1972 13563 A, 1983 15497 As
1973 13867 A, 1984 15145 A
1974 14696 A 1985 15163 A
1975 15460 As 1986 15984 A;
1976 15311 As 1987 16859 A
1977 15603 A 1988 18150 Ay
1978 15861 A, 1989 18970 Ap,
1979 16807 A 1990 19328 A
1980 16919 A 1991 19337 A
1981 16388 Aq 1992 18876

T bang 4.4 ta tim dugc cdc nhdm quan hé ngir nghia nhu sau:

Bang 4.5 Cac nhdm quan hé ngir nghia

Nhan Nhém quan hé
Ay As2 Ay A
As As > A4, As (2 1an), Ag
A, A; > Ay (2 1an)
Ag khong cb quan hé
AlO AlO 9 AQ: AlO: All
All All 9 A12
A12 A12 9 A13
A13 A13 9 A13

V& viéc lra chon khoang giai nghia, chiing toi lua chon sao cho céc khoang giai nghia v6i timg diém dy bao bén
trdi cua quan hé ngir nghia s& dugc chon sao cho hai dau khoang bao dugc cac gia tri nam & bén phai caa nhém quan
hé ngi nghia.

Bang 4.6 Khoang giai nghia cho cac diém duy bao

Khoang giai nghia Gia tri Gia tri Khoang giai nghia Gia tri Gia tri
cho cac diém dw b4do | diu khoang | cudi khoing | cho cac diém dwbdo | diu khoang | cudi khoang

1(1972) 13100 15500 12 (1983) 13400 20000
2(1973) 13300 16000 13(1984) 13200 19300
3(1974) 13400 19900 14 (1985) 14300 16700
4 (1975) 14000 18600 15(1986) 14100 19500
5(1976) 14000 18200 16 (1987) 15300 18000
6 (1977) 14600 17700 17 (1988) 15500 20000
7(1978) 13900 18300 18 (11989) 16800 19500
8 (1979) 14200 18800 19(1990) 15600 20000
9(1980) 13500 19300 20 (1991) 15000 20000
10 (1981) 13000 18700 21 (1992) 13000 20000
11(1982) 14600 17200

Str dung md hinh du béo chudi thoi gian mo bang dai sé gia tir v6i 6 budc duoc gisi thiéu trong [21] véi cach
chia khoang theo Chen [6], cach tinh toan ngit nghia dinh lugng, cac nhdm quan hé¢ mo, khoang giai nghia nhu trén
chiing t6i thu duoc két qua du bao nhu sau:
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Bang 4.7 So sanh két qua du béo

< Sé sinhvién | Phwong phap | Phwong phap

Sl Nim nhép hec Chen [21] dé xuit
1 1971 13055

2 1972 13563 13750 13500
3 1973 13867 13875 13830
4 1974 14696 14750 14676
5 1975 15460 15375 15461
6 1976 15311 15313 15334
I 1977 15603 15625 15584
8 1978 15861 15813 15852
9 1979 16807 16834 16836
10 1980 16919 16834 16950
11 1981 16388 16416 16391
12 1982 15433 15375 15426
13 1983 15497 15375 15496
14 1984 15145 15125 15137
15 1985 15163 15125 15137
16 1986 15984 15938 15983
17 1987 16859 16834 16847
18 1988 18150 18250 18177
19 1989 18970 18875 18969
20 1990 19328 19250 19424
21 1991 19337 19250 19346
22 1992 18876 18875 19084

MSE 5344 2988

Chu y rang bang tong hop s6 liu trén str dung két qua cua S.M Chen [6] tuy nhién da 1am tron dén phan nguyén

theo quy tép 1am tron cho hop 1y hon vé sb luong sinh vién (cia Chen van dé sb 18). Két qua tinh toan theo phuong
phép d¢ xuat cling dugc lam tron tuong tu.

Tham s6 ngit nghia hoa (sp) va tham s giai nghia (dp) ding dé tinh toan trong mé hinh du béo theo dai sé gia

tur da gidi thiéu ¢ cong thire (3.19¢) va (3.20c) dugce chon twong ung 1a 0.2 va -0.3.

Cong thirc xac dinh sai sé binh phuong trung binh (MSE) la:

MSE = 22 (Dir_liéu_thuc; — Dit_liéu_dw_bao;)
- 21

(chi du béo 21 nam tir 1972 t6i 1992).
V. KET LUAN

Trong nghién ciru ndy, ching t6i da st dung dai sd gia tir trong bai toan du bao chudi thai gian md theo céch

clgia tap nép cua bai toan du bao sjnh yién nhgip hoc Alabarr}a thanh 1 3 khoang theo S.M Chen. Qua két qua dy bao, ta
dé dang thay dugc phuong phap dé xuat ¢ két qua du bao tot hon nhiéu so vdi két qua cua Chen.

Trong [21] da so sanh két qua du béo theo cach chia truyén théng 7 doan giita phuong phap st dung dai s6 gia

tr va cac phuong phap khac sir dung ly thuyét mo, thém két qua cua nghién ciru nay cho thdy kha ning Gmg dung cua
dai s6 gia tir trong bai toan dy bao chudi thoi gian mo 1a mot hudng di tot, co thé tiép tuc mé rong nghién ctru.

Chung ta c6 the nghién ciru viée str dung dai s6 gia tir trong bai toan du bao chudi thoi gian mo véi viée tdi vu

cac tham s cua dai s6 gia tir, toi wu khoang chia va ap dung phuong phap nay cho céc tap dir liéu khac dé co duoc cai
nhin khach quan, toan dién hon d6 chinh xac va hiéu qua du béo.
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A NEW METHOD TO FORECAST USING FUZZY TIME SERIES BASE ON
LINGISTIC SEMANTICS

Nguyen Duy Hieu, Nghiem Van Tinh, Vu Nhu Lan

ABSTRACT— The time series forcasting problem has reseached by many authors in recent years. But forcasting on data with large
changes by time or data recorded by the linguistic labels caused many difficulties when solving it with traditional mathematical and
statistical methods. So Q. Song and B.S Chissom proposed the fuzzy time series forcasting model. Since then, there are many studies
in this direction, in order to provide new methods or improve existing methods to increase the forcasting accuracy. In this paper, we
proposed a new method using hegde algebra semantization and desemantization to Alabama enrollments forcasting problem. The
forcasting model, the results and the comparisons will also be discussed.

Keywords— Forecasting, prediction, times series, fuzzy time series, hedge algebra, semantic, linguistic.


https://www.researchgate.net/researcher/2048665962_Dinko_Vukadinovic
https://www.researchgate.net/researcher/2048620491_Nhu_Lan_Vu
https://www.researchgate.net/publication/262566253_Hedge-Algebra-Based_Voltage_Controller_for_a_Self-Excited_Induction_Generator_%28Accepted_for_publication%29?ev=prf_pub
https://www.researchgate.net/publication/262566253_Hedge-Algebra-Based_Voltage_Controller_for_a_Self-Excited_Induction_Generator_%28Accepted_for_publication%29?ev=prf_pub

