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TOM TAT: Nhiing nam gan day, nhiéu mé hinh dir bdo dwa trén chudi thoi gian mo dge dé xudt nham phan tich chudi thoi gian.
Trang mé hinh dy bdo, cdc yéu t6 chinh cé thé anh hudng dén dg chinh xdc dir bdo ciia mé hinh la do dai ciia khoang chia tdp nén
va nhém quan hé mo. Trong bai bdo nay, ching t6i dé xudt mé hinh dw bdo chudi thoi gian mo méi dua trén dai s6 gia tir (PSGT)
va thudt todn t6i wu bdy dan (PSO). Trong d6, PSGT dugc sir dung nhir mét cong cu dé chia tdp nén thanh cdc khodng cé6 do dai
khac nhau tirong 1ng véi cac khodng ngit nghia tinh toan dwoc cua cdc hang tir ngén ngir. Sau qua trinh chia khodng, cdac gia tri
quan sdt dwoc biéu dién béi cdc tdp mo va sir dung chiing dé thiét ldp cdc nhom quan hé mo. Cudi cing, mé hinh dé xudt duwoc két
hop v6i ky thudt PSO dé tim ra khodng chia phit hop nhdam tang dé chinh dy bdo ciia mé hinh. Pdnh gid hiéu qud ciia mé hinh trén
tdp dir liéu kinh dién vé s6 lwong sinh vién nhdp hoc tai Pai hoc Alabama. Thuc nghiém cho thdy mé hinh dé xudt dua ra két qua duw
béo chinh xdc hon mét sé mé hinh du bdo da duoc cong bé g&n ddy dua vao chudi thoi gian mo bdc 1 va bdc cao.

Tir khéa: Chudi thoi gian mo, Nhém quan hé mo phy thude thoi gian, Téi wu by dan, PSO, Tuyén sinh.

I. GIOI THIEU

Trong vai thap ky qua, nhiéu mo hinh du bao da dugc dé xuat nham giai quyét cac bai toan dy bao khac nhau dé
gitip con nguoi dua ra cac quyét dinh, nhu: dy bao tuyén sinh dai hoc cho nam tiép theo, du bao nhiét do cho cac ngay
t6i, du bao dan sb hang nam, du bao tai chinh,... Dya trén 1y thuyét tip mo, Song va Chissom da dua ra hai mo hinh
chudi thoi gian mo khong phu thude thoi gian [1] va phu thude thoi gian [2] bang viée st dung cac phép toan max -
min trong quan hé md dé gidi quyét bai toan du bao tuyén sinh dai hoc clia Truong Pai hoc Alabama. So séanh véi cac
md hinh du bao truyén thdng trudc day nhu: Phan tich héi huy, trung binh truot, trung binh ham mi va m6 hinh
ARIMA thi cac mo hinh [1], [2] c6 thé giai quyet t6t hon ddi v6i cac bai toan du bao co chudi sé lidu duoc bidu d1en
boi gia tri ngir nghia hay chudi dir liéu 'khong chic chan. Hon ntra, cac m6 hinh chudi thoi gian mo nay, khong yéu cau
s0 luong quan sat 16n hay gia dinh tuyén tinh nhw mé hinh truyen thong. Tuy nhién, cac mo hinh [1], [2] mét nhiéu thoi
gian tinh toan khi xtr 1y v6i ma trdn mo 16n. Do d6, dé khic phuc han ché nay, Chen [3] dd dua ra phuong phap méi
kha hiu qua bang viéc sir dung cac phép tinh sb hoc don gian thay vi cac phép tinh két hop max-min phtc tap trong xir
1y mdi quan hé mo. Tir viéc mé rong cua cong trinh [3] thanh mo hinh chudi thoi gian mo bac cao [4] va mic anh
huong cua d6 dai khodng trong mo hinh [5] cung véi viée phat trién tir cac mo hinh mot nhan t6 thanh mé hinh chudi
thoi gian mo hai nhan to [6] 1a nén tang cho sy phat trién manh mé& ctia mo hinh chudi thoi gian mo trong nhiing
khoang thoi gian tiép sau. Gan day, nhiéu tac gia da str dung cac ky thuat khac nhau vao timg pha (giai doan) trong mo
hinh chudi thoi gian mo nham nang cao do chinh xac du bao. Chen va Tanuwijaya [7] da str dung phuong phép phan
cum ty dong dé chia tap nén thanh cac khoang c6 d¢ dai khac nhau trong pha m¢ hoa dir liéu cua mé hinh. Mot s6 tac
gia khac dua dua trén k¥ thuat toi vu két hop voi cac mé hinh chudi thoi gian mo khac nhau nhdm diéu chinh lai cac
khoang chia tir tap nén [8]-[19]. Dua trén tu twong tim do dai khoang t6i wu, mot sé mé hinh lai dung k§ thuat phan
cum dé phan tap dir liéu quan sat thanh cac cum, sau do diéu chinh cac cum nay thanh cac khoang c6 d¢ dai khac nhau
nhu: Phan cum K-mean [20], [21] phén cum C-mean [22], [23]. Mot cach tiép can hoan toan khac biét dua trén ly
thuyét dai sb gia tir [24] dé ngir nghia hoa va giai ngit phi tuyen [25] thay vi cac phép mo hoa dir liéu va giai mo du
béo trong m6 hinh chudi thoi gian mo. Cling dya trén dai s0 gia tir, trong cong trinh [26] st dung nd dé phan chia tap
nén thanh cac khoang khac nhau bang viéc anh xa ngir nghia ciia cic hang tir ngén ngit thanh cac khoang mo. Hai cong
trinh theo hudng tiép can DSGT néu trén chi tip trung vao xay dung mé hinh dy bao bac 1 dé du bao sé luong sinh
vién nhap hoc cua Truong Pai hoc Alabama.

Dua vao su phén tich ctia cac cong trinh trén cho thay, do dai khoang va bac ctia nhém quan hé mo 12 cac yéu to
anh huong rat 1on dén do chinh xac dy bao ciia mé hinh. Bai bao nay, ching t6i dé xuat mé hinh dy bao chudi thoi gian
mo bac mot va bac cao dua trén DSGT va PSO cho bai toan tuyén sinh dai hoc trong [3]. Trong nghién ciru nay, trudc
tién DSGT duoc sir dung dé phan chia tap nén thanh cac khoang c6 do dai khéc nhau bang cach dinh luong chinh cac
hang tir ngdn ngir dung dé biéu dién chudi dir liéu quan sét. Sau d9, tinh gia tri d4u ra du bao cho cdc nhém quan hé
mo béc 1 va béc cao da duge chung toi dé xuét trong cong trinh [14] bang quy tic giai mo mai. Cudi cung, mo hinh dé
xuét duoc két hop v6i thuat toan PSO dé hidu chinh lai d6 dai khoang chia ban diu nham cai thién do chinh xac dy bao
hon nira.

Phan con lai ctia bai bdo duoc bd cuc nhu sau: Phan 11 trinh bay mot sé khai niém lién quan dén chudi thoi mo
va DSGT. Phan Il gidi thiéu tirng budce cua mo hinh du bao ket hop gitra DSGT va PSO. Phan 1V déanh gia hiéu qua
du bao ctia m6 hinh dé xuat so v6i cdc mo hinh du béao trude day. Cudi cung, cac két ludn duge dua ra trong phan V.
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I1. MOT SO KHAI NIEM CO BAN VA THUAT TOAN LIEN QUAN

Trong phan nay tom tit mot s6 khai niém co ban vé chudi thoi gian mo [1]- [3] va dai s6 gia tir [24] dé lam co
s¢ cho nghién ctru nay.

2. 1. Khai niém co ban vé chudi thoi gian mo' (FTS)

Diém khac chu yéu giita chudi thoi gian mo va khai niém chudi thoi gian truyén thong 1a gi tri cia chudi thoi
gian dugc bi€u dién bdi cac tdp mo (hay cac nhan ngdn ngir), trong khi chuoi thoi gian truyén thong dugc bi€u dién boi
cac gia tri s0. Mot so dinh nghia co ban vé chuoi thoi gian mo dugce dua ra nhu sau:

Pinh nghia 1: Chudi thoi gian mo [1]

Cho Y(t)(t =,...0,1,2,,...) 1a mot tdp con cia tap sb thuc va ciing 1a tdp nén trén d6 xac dinh cac tap mo
f;(t). F(t) 1a tap chua cac tap f;(t) (i = 1,2,,...). Khi d6 ta goi F(t) la chuo6i thoi gian mo xac dinh trén tp nén Y(t).

Pinh nghia 2: Quan hé mo (FLR) [1]

Tai cac thoi diém t va t-1 c¢6 ton tai mot mdi quan hé mo giita F(t) va F(t—1)sao cho F(t) = F(t—1) =
R(t—1,t); trong d6 * la toan tir max-min xac dinh trén tap mo. R(t — 1,t) 1a mdi quan hé mo. Ta ciing co the ky hiéu
mdi quan hé mo giita F(t) va F(t — 1) boi F(t — 1) — F(t). Néu dat F(t—1) = A, vaF(t) = Aj thi mdi quan hé
logic m¢ gitra chiing duoc thay boi quan he 1a: Aj— A;. Viét nhu thé nay c6 thé hiéu 1a tap mo A dugc suy ra tu tap
mo Ai.

Pinh nghia 3: Nhom quan hé m¢o (FLRGS) [3]

Céc quan hé mo trong tap luyén c6 thé gom thanh mot nhom néu cac tip md bén vé phai ctia quan hé ¢ cling
cac tap mo bén vé trai thi gop ching thanh mot nhom theo vé trai cia quan hé. Gia sir ¢6 cc quan hé logic mo bac mot
¢b cliing cac tap mo bén vé trai nhu sau:

Ai d Akl !Al. d AkZ; ,Al d Akm .

Theo Chen [3], cac quan h¢ nay dugc gom thanh mdt nhom nhu sau: A; > Ay Ay, ..., Agm- Céc quan hé gidng
nhau (18p lai) chi dugc tinh duy nhat mdt lan khi tham gia vao nhém quan hé mo.

Pinh nghia 4: Nhém quan hé mo phu thudce thoi gian [14]

Quan hé mo gitra hai quan sat lién tiép F(t-1) va F(t) dugc biéu dién boi F(t-1) — F(t). Néu, dat F(t) = A;(t)
va F(t—1) = Aj(t— 1), thi quan h¢ tai thoi diém t nay duoc biéu dién thanh A; jt—1) - Aj(D.

Néu ciing tai thoi diém t, ton tai cac quan hé sau: Ai(t1 — 1) » Ay (tl);...; Aj(tp — 1) = Ajp(tp) va Aj(t—
1) - Ai(t) voit],t2,..,tp < t. Nghia 14 cac quan hé tai thoi diém t1, 2, ..., tp xay ra truéc quan hé mo tai thoi diém
t, nhung c6 cung tap mo bén ve trai la A;(t — 1). Khi d6 cac quan hé nay dugc nhém thanh mot nhém quan h¢ mo la
Aj(t—1) » Ay (t1), A (t2), Ajp (tp), A; (t) va duge goi la nhom quan hé mo phu thude vao thoi gian.

Vi du sau ddy c6 thé hiéu rd hon vé nhém quan hé md phuy thudc thoi gian va cac nhom quan hé thong thuong
[3]. Gia st ton tai cac quan hé mo tai cac thoi diém khac nhau nhu sau:
t =1 c6 quan hé logic m& A; - Aj;
t = 2 c6 quan hé logic mo A; = Ay;
t = 3 ¢6 quan hé logic m& A; — A;.

Trong cac quan hé trén c6 hai quan hé mo giéng nhau xuat hién tai cac thoi diém F(t = 1) va F(t = 3). Theo
Chen [3], thi cic quan hé md gidng nhau chi dugc tinh mot 1an khi tham gia vao nhom quan hé mo. Khi d6 cac quan hé
noi trén duge gop thanh mot nhom quan h¢ c6 dang: 4; — A;, Ay. Diéu d6 c6 nghia ring cac quan hé tring nhau khong
duge xem xét va dan dén thiéu thong tin trong qua trinh du bao. Do vy, trong nhom quan hé d& xuit, chung t6i xem
xét dén thoi diém xuat hién cua cic quan hé mo bén phai & tai thoi diém du bao t nao d6. Cung vi du trén, gia st thoi
diém t =2, chiing t6i chi xét dén cac quan hé c6 cung trang thai bén trai ma ¢ tp md bén phai xudt hién tir thoi diém
dy bao tré vé trude thi duoc g0p thanh mot nhém quan hé c6 dang: A; — Aj, A Tuong ty tai thoi diém dy bao t=3 thi
nhém quan hé khac dugc thiét 1ap 1a A; - Aj, Ay, A

Tu tuong nay ciling dugc ap dung tuwong tu cho quan hé bac cao va dugc goi la quan hé m¢ phy thude thoi gian
bac cao.

2.2. Co bén vé dai s6 gia tir (PSGT) [24]

Gia sir ta cO mot tap cac gia tri ngdn ngir cia bién ngdn ngir X = {Very Very small < Very small <
small < Little small < Very Little small < medium < Very Little high < Little big < high < Very high <
--}. Céc gia tri ngdn ngir nay dugc sir dung trong cdc bai toan 1ap luan xap xi dya trén tri thire bang ludt. Mot van dé
dat ra 1a can c6 mot cAu tric du manh dua trén tinh th ty von co cta gia tri ngdn ngit trong mién cua bién ngon ngir.
Tir d6, c6 thé tinh toan dugc ngit nghia trén gia tri ngdn ngit cia bién ngdn ngir trong cac bai toan suy ludn xap xi.
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M3i bién ngdn ngir X duoc biéu thi nhu mot cu trac dai 6 AX = (X, G, C, H, <), goi 1a dai sb gia tir, trong d6
X la tap céc hang tir trong X; < biéu thi mi quan hé thir tu ngir nghia tuy nhién cua cic hang tir trén X; G = {c~,c*},
¢~ < c*, dugc goi & cac phan tir sinh (vi du: G = {small < big}); C = {0,W,1} latap cac hing, véi0 < c” < W <
c* <1, d chi c4c phan tir c ngit nghia nho nhat, 16n nhit va phan tir trung hoa (vi du: W = medium); H=H"U
H*,v6iH™ ={h_g=--2h_,>h_;}1a tép céc gia tir am, Vh € H thi he* < c*vaH* ={h; < h, << h,}la
cac gia tr duwong, Vh € H* thi hc¢t = c*. Vi du H™ = {thtle > Rather}, H* = {More < Very}. V6i x € X,
x = hyhy_q .. hlc h; € H, ¢ € G. V&i quan h¢ tht tu gitra cac phan tir sinh, cac gia tir va chiéu tac dong cua cac gia
t& nhu trén, c¢6 thé duc_yc biéu thi bang diu cua ching nhu sau:

Ham dau: sgn: X — {—1,0, 1} duoc dinh nghia mot cach dé quy nhu sau: V6ik,h € H,c € G, x € X

sgn(ct) =+1vasgn(c™) = —1 (2.1)
{h € H*|sgn(h) = +1}va{h € H |sgn(h) = —1} (2.2)
sgn(hct) = +sgn(c*) néu het > ¢t hogc sgn(hc™) = +sgn(c™) néu he™ < c~vasgn(hct) = —sgn(c*)
néu he* < c* hogc sgn(hc™) = —sgn(c™) néu hc™ = c~. Hay sgn(hc) = sgn(h)sgn(c). (2.3)
sgn(khx) = +sgn(hx) néu k 1a dwong ddi véi h (sgn(k, h) = +1) va sgn(khx) = —sgn(hx) néu k 1a am d6i véi h
(sgn(k,h) = —1). (2.4)
sgn(khx) = 0 néu khx = hx. (2.5)
Téng quat: Vx € H(G), ¢6 thé dugc viét 1a: x = hyhy,_; ... hyc, hj € H, c € G.
Khi d6: sgn(x) = sgn(hy, hy,_q) ... sgn(hy, hy)sgn(hy)sgn(c) (2.6)

sgn(hx) = +1 = (hx = x) vasgn(hx) = -1 = (hx < x)

P do tinh mo: Khai niém “md” ciia thong tin ngdn ngir md 1a rit quan trong trong viéc tinh toan gié tri ngi
nghia cua tr ngd. Ngr nghia cua gid tri ngbn ngtr trong AX duoc x&y dyng tur cac tap
H(x) = {x = hyhy_y ... hyc,hj €H,c € G} U {x},x € X, c6 thé coi nhu mot md hinh mo cua x. Tap H(x), x € X, x&c
dinh d6 do tinh mo fm cua X, chinh bang “ban kinh” ciia H (x) va c6 thé dugc tinh todn mot cach dé quy tir do do tinh
md cia cac phan ti sinh, fm(c™), fm(ct) va d6 do tinh mo cua gia tir #(h), h € H. Ching dugc goi 1a cac tham sé
mo cua X.

fm: X - [0,1] goi 1a d6 do tinh mo néu théa man cac diéu kién sau:

fm(c)+ fm(ct) =1va

Ynen fm(hx) = fm(x),véivx € X 2.7)
V6i c4c phan tir 0, W va 1,

fm(0) = fm(W) = fm(1) =0 (2.8)
VA Véi Vx,y € X,Vh € H, [0 — [my) (2. 9)

fm(x) fm)

Ping thic (2. 9) |§h6ng phu thudc vao céc phan tir x, y, né dic trung cho gia tir h, goi 1a d6 do tinh mo cua h,
ky hiéu 1a x(h). Tinh chat ctia fm(x) va u(h) nhu sau:

Tacox € X,x = hyh,_q ... hyc,

fm(hx) = u(h)fm(x),vx € X (2. 10)
fm(hyhpy ... hyc) = p(hy) p(hyy) ... uChy) fm(c),c € G (2.11)
Yo uth)=avayt uth) =g, véia,B>0vaa+ =1 (2.12)

2.3. Thuit toan PSO [27]

PSO la thuat toan tim kiém ngau nhién dya trén viéc md phong hanh vi twong tic ctia bay chim hay dan ca tim
nguon thirc an. M&i con chim (hay ca thé, phan tir) trong dan (quan thé) dwoc dic trung bai hai tham s 1a vécto vi tri
X;q VA vécto van toe (dich chuyén) v;,4. Ban dau PSO dugc khai tao bai vi tri va van tbc mot cach ngau nhién. Sau mdi
budc dich chuyén (1ap) mdi ca thé danh gia kha niang tim kiém bang ham do do thich nghi (fitness function). Bdng thoi
mdi cé thé cap nhat van téc v, va vi tri x;4 ciia minh theo cdng thirc (2.13) va (2.14). Ciing tai mdi budc lap, mdi ca
thé phan &nh bai hai thong tin: Thong tin tha nhét 14 vi tri tt nhat ma no dat duoc cho t6i thoi diém hién tai, goi 1a
Pyest ia- ThONG tin thir hai 12 vi tri t5t nhat trong qua trinh tim kiém cua quan thé tir truéc cho t6i thoi diém hién tai, goi
1& Gpese. MO hinh héa viéc cap nhat vi tri ciia mdi ca thé theo vi tri tot nhét cia nd va cua tit ca cac ca thé trong quan
thé tinh t6i thoi diém hién tai dwgc minh hoa trong Hinh 2.1.

VEH = @k Vi + €+ Rand( ) * (Pyest ia — X)) + C2 * Rand() * ( Gpest — Xi9) (2.13)
XK = xK + vl (2.14)
wk = Omax — k+( Wmax=®min) (2.15)

iter_max
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Hinh 2.1. Minh hoa mét vj tri tim kiém caa PSO
Vi tri tét nhét cua cac ca thé dugc dic trung béi Mot vécto Poest ia = [ Pia1 Piazs -+ Pidn—1] VA i tri Poegt ia
ciia mdi ca thé id, x;q = [Xid,1) Xig 2 - » Xig n—1] dugc tinh nhu sau:

Pk+1 = f(x) — Plicest_id ’ if fitness(x{‘d“) > Plicest_id (2 16)
best.id fitness(x/5), if fitness(x/5) < PEoia '
Gid tri Gpes tai 1an 13p thir K 12 Gpese = min(Ppeg, ) (2.17)

I11. MO HINH DU BAO PE XUAT KET HQP GIUA PSGT VA PSO

Trong muyc nay, chiing t6i gidi thiéu mo hinh dy bao chudi thoi gian mo dua trén viée két hop giita dai s6 gia tir
va t6i wu bay dan cho du béo tuyén sinh dai hoc. Trudc tién DSGT duge ap dung dé chia tap nén thanh cic khoang c6
d6 dai khac nhau b?mg viéc anh xa dinh lugng cac hang tr ngdn ngt thanh cac khoang mo. Dua trén cac khoang mai
dat duoc nay, ching t6i xac dinh cac tip mo va mo hoa dir liéu trén mdi khoang da chia. Sau d6, thyc hién nhém quan
hé mo theo [14] va tinh gia tri dAu ra du bao bang quy tic du bao dé xuét. Cubi cliing, dé ting d chinh xac dw bao hon
nira, mé hinh d& xuit dugc két hop véi PSO trong viée hiéu chinh lai d6 dai khoang nham tim ra cac khoang chia t6i uwu
tir tap nén. D& xac minh tinh hidu cia mé hinh d& xudt, toan bo dir liéu liéu vé sé lwong sinh vién nhap hoc trong tai
liéu [3] dugc str dung lam minh chimg cho qua trinh du bao du trén chudi thdi gian mo bac 1 va bac cao. M6 hinh du
bao dé xudt bao gdm cac budc sau:

Budre 1: Xac dinh tip nén cta chudi dir lidu quan sat

Gia sir tap nén hay mién tri tham chiéu U = [Dpnin, Dmax] = [lmin = N1, Imax + N2, trong d6 Iin, Imax 12 gid tri nho
nhAt va 16n nhit cua chudi dix liéu quan sat va N;, N, 1a hai sb duong dugc chon sao cho tap nén U bao tron ven chudi
dir lidu lich sir va dam bao nhiéu cua dir lidu kiém thir. Khong mat tinh tong quat, chiing t6i xac dinh tip nén U giéng
nhu trong ¢ong trinh [3] la U = [13000, 20000]. Trong d6 I, =13055, Iy = 19337 va N;= 55, N, = 663.

Buée 2: Chia tip nén U thanh n khoang khac nhau dya vao DSGT

Nhu da biét, chudi thoi gian 1a mot tap cac dir lidu quan sat dugc dién bién theo thit tw thoi gian. Cac dir liu
quan sat nay, theo tiép can mo thi chung dugc biéu dién boi cac tip mo (hang tir ngon ngi) va goi d6 1a chudi thoi gian
mo. Néu nhin trén phuong dién DSGT thi mdi hang tir ngon ngir dai dién cho mot vai gia tri quan sat thudc vao khoang
md nao d6, ma cac hang tir nay ludn dam bao vé thir tw ngit nghia. Diu do6 c6 thé thiy rang, khi st dung DSGT dé anh
xa dinh lugng ngit nghia cic hang tir ngén ngit thanh cac gia tri trén mién mo luén thoa mén tinh chat chia khoang trén
mién thyc. Vi vdy, trong phan nay ching t6i 4p dung DSGT dé chia tap nén U hay mién tri tham chiéu thanh cac
khoang twong (g véi cac hang tir ngdn ngir dung dé dinh tinh gia tri quan sat trong chudi thoi gian mo. Trong phan
nay, bai béo s dung DSGT ¢6 cu tric nhu sau: DSGT AX = (X, G, C, H, <) v6i X 1a tip cac hang tir cua bién ngon
ngit “enrollment”; G = {c¢~,c*} = {Low, High}, Low < High la tdp cdc phan tir sinh; Tap cac hiang C = {0, 1, W}, hai
gia tir 1a H = {Very, Little}. Dé so sanh két qua dy bao ciia mé hinh dé xuit voi cic md hinh khéc. Trong bai béo nay
chiing t6i st dung s khoang chia bang vai sé lugng hang tir ngdn ngir dung dé dinh tinh cac gia tri quan sat. Cu thé,
xuét phat tir 6 lugng hang tir ngon ngir cho trude 1a 7 va 14 duge dua ra trong Bang 3.1, chling t6i xac dinh dugc cac
s6 khoang tuong tg 1a 7 va 14 khoang.
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Bing 3.1. S lwong hang tir ngdn ngir

S6 lwgng hang tir Cac hang tir O tha tw
7 A, = Very Very Low (VVL) < A,= Little Verry Low (LVL) < A;= Little Little Low (LLL) < A,=Very
Little Low (VLL) < Ag =Verry Little High (VLH) < Ag= Little Little High (LLH) < A,= Very High (VH).
14 A1 = VVS < A2 = LLVS < A3 = VLVS < A4 = VLLL< A5 = LLLS < A6 = LVLS < A7 = VVLL < A8 =

VVLH < Ag = LVLH < A10 = LLLH < All = VLLH < A12 = VLVH <A13 = LLVH < A14 = VVH

Budc nay, st dung 7 khoang chia dé minh hoa tirng budce cho viéc xac dinh khoang mo dua trén DSGT nhu sau:
Bude 2.1: Mién tri tham chiéu U = [13000, 20000] dwoc 4nh xa sang mién [0, 1]

Gia st trong tap dir liéu lich sir chon gia trj 16807 la gi4 tri trung binh khi d6 khoang tinh mo cua céc phan tir
sinh duoc thiét 1ap 12 fm(low) = =139 _ 544 fm(high) = 1 — 0,544 = 0,456.

20000-13000

Tir day, co thé tinh dugc khoang mo cia céc tir ngbn ngir trén mién [0,1] 1a: fm(VVL) = 0,1471, fm(LVL)
0,1358, fm(LLL) = 0,1253, fm(VLL) = 0,1358, fm(VLH) = 0,11138, fm(LLH) = 0,1051, fm(VH) = 0,2371.
Buée 2.2: Anh xa nguoc lai mién U

Gia sir goi cofm(G) l1a do rong cua hai phan tir sinh 1a cofm(Low) = fm(Low)xLU = 0,544x 7000
3808 va cofm(High) = fm(High)xLU = 0,456x7000 = 3192, trong d6 d6 dai cia mién U ky hiéu la LU
20000-13000 =7000.

Bude 2.3: Xac dinh khoang md ctia nhan ngdn ngit trén tap nén U

Trong bai bao nay, ching t6i chon dd do tinh md cua cac gia tir am va gia tr dwong twong tng la u(Little) =
0.48 va u(Very) = 1 — u(little) = 0,52,

Két hop Budc 2.2, ta ¢6 thé tinh dugc gia tri cho cac hang tir thudc vao cac khoang mo nhu sau:
cofm(A;) = p(Verry) x pu(Very) x cofm(Low) = 0,52x0,52x3808 = 1029,683;
cofm(A;) = u(Little) x p(Very) x cofm(Low) = 0,48x0,52x3808 = 950,477;

Mot cach twong tu cho cac hang khac chung t6i xac dinh dugc 7 khoang chia trén mién thue U nhu sau:
u,= [13000, 14029,68), u,= [14029.68, 14980), u;= [14980, 15858), u,= [15858, 16808), us= [16808, 17605), us=
[17605, 18340), u,= [18340, 20000].

Thuc hién twong tu cac budc trén dbi voi s6 hang tir 1a 14, ching t6i dua ra 14 khoang chia twong mg véi cac
hang tir trong tap nén U nhu sau:
u,= [13000, 13539,5), u,= [13539,5, 14079) , u;= [14079, 14438,5), u,= [14438,5, 14798), us= [14798, 15157,5),
ug= [15157,5, 15517), u,= [15517, 15756,5), ug= [15756,5, 15996), uy= [15996, 16316,5) , u,,= [16316,5, 16637),
uy1=[16637, 17117,5), uq,= [17117,5, 17598), u,5;= [17598, 18799), u,,= [18799, 20000].

Bude 3: Khoi tao ngiu nhién m céc ca thé trong quan thé

Theo thuét toan 2, mdi ca thé trong PSO dugc déc trung bdi hai thanh phén 1a vi tri va van toc; Gia st id 1a mot
c4 thé trong quan thé. Khi do:
- Vi tri X;4 va van toc V4 1a cac vécto gdm n-1 (n=7) phan tir dwoc biéu dién nhu hinh 3.1.

l Xid,1 } Xid,2 | | Xidk | eee ] Xid,6-1 | l Vid } Vig,2 | | Viak } | Vid,e |

Hinh 3.1. CAu tric vi trf va van téc cua ca thé id, (1< k < n-1)

Trong 6, cic phan tir X;; dugc khoi tao mot cich ngdu nhién trong tap nén va dugc sip xép theo thu tu
tang dan nhu sau: D, < Xig1 < < Xige—1 < Dmax VA Cic phan tir V; dugc khoi tao ngiu nhién trong mién
['Vmax' Vmax]-

- Vi tri t6t nhét cua cé thé id ghi nhan dugc 1a mot vécto Ppegs jg = [ Pia1) Piazs - Pias] Va ban diu duge khéi
tao giéng nhu khéi tao vi tri cia ca thé id.

Budre 4: Hidu chinh lai d6 dai cac khoang chia tai budc 2 va tinh gia tri ham muc tiéu cho mdi ca thé trong PSO.
3.1. X4c dinh cac tip mé va mo héa dir li€u quan sat

Dua trén vécto vi tri cia mdi cé thé id gdm n-1 phén tir nay, ching t6i xac dinh n khoang chia tir tip nén. Dé
thuan tién va khong mét tinh tong quét, chung t6i chon s6 lugng khoang giéng nhu s6 khoang di chia & bude 2. Gia sir
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s6 khoang chia 1a n =7, khi d6 cac khoang dat duoc 13: uy = (Dpin,s Xia1], %2 = (Kig 1, Xiazls - U7 = Kia6r Dmax]- T
cac khoang méi dat dugce, chung t6i xac dinh cac tdp mo dya theo [1] dua ra trong cong thirc (3.1) nhu sau:
A=Ay 432/ 4+ aij/uj +oe+t A7 (3.1)
1 j=i
a;j = 0,5]=l—1,]=1+1 (32)
0 otherwise

Trong do, a;; €[0,1], (1<i< 7,1<j<7)chi cip do cua khoang u; vao tdp mo A;, u; la khoang thir j cua tap
nén U. Dé don gian, mdi gia tri do thudc cua tap mo A; duge lya chon theo cong thirc (3.2), c6 dang ham thudc tam
giac véi cap do thude tuong tng 1a 1, 0,5 va 0.

3.2. Mo hoa dir li€u lich sir thanh cac tip mo

Mo héa céc dit lidu rd thanh dir litu mo duoc biéu dién bang tap mo, trude tién can gan gia tri ngdn ngit lién
quan dén mdi tap mo di xac dinh trong budc 4.2 vao mdi khoang tuong tmg. Cach don gian 1a tim ra mot khoang u;
ma gia tri lich sir ctia bién chudi thoi gian tai thoi diém nao d6 thudc vao khoang nay ma ¢ cip do thude cao nhat ctia
khodng u; tai tip mo A, khi d6 dir liéu lich cua bién chudi thoi gian duge mo héa 13 A,.

Vi du: Gia tri lich sir ciia nam 1972, Y(1972) 1a 13563 thudc vao khoang u;= (13000, 14029.68] ma cap do
thudc 16n nhit cua khoang nay xay ra tai A, 1a 1, vay gia tri mo hoa tai thoi diém t =1972, F(t)=F(1972) 1a A; ¢6 nhan
ngdn ngir 1a “not many”. Bang cach tuong tu cho cac gia tri quan sat khac trong chudi thoi gian.

3.3. Xac dinh cac quan hé mo

Dua trén dinh nghia 2 va 3 vé khai niém quan hé logic md bac 1 va bac cao, mot quan hé mo duoc xac dinh boi
mdt hay nhiéu tdp mo lién tiép trong chudi thoi gian. Dé xac dinh cac quan hé logic mo voi bac khac nhau, ching ta
tim ra cac quan hé ¢6 dang: F(t— A),F(t— A+ 1),,...,F(t— 1) - F(¢t); trong d6, F(t— A),F(t— 1+ 1),,...,F(t—
1) va F(t) duoc goi la trang thai hién tai va trang thai twong lai cia quan hé. Sau d6 quan hé nay dugc thay thé boi
quan h¢ gifta cac tap mo la: Ay, Aj—1), -, Aiz, Ajy = Ay. Hai vi du minh hoa cho quan h¢ mo bac 1 va bac 2 duoc
trinh bay nhu sau:
= Trong truong hop quan hé mo bac 1(A=1), hai tdp mo lién tiép duogc st dung dé x4c dinh quan hé mo bac 1. Gia st
6 budc 4.2, dir liéu tai nam F(1973) dugc mo hoa 1a A,va dir li€u tai ndm F(1974) dugc mo hoa 1a A;. Khi d6 quan
hé gitta thoi diém F(1993) véi F(1994) 1a F(1973) — F(1974) va dugc thay boi quan hé mo 1a A, — A;. Hoan
toan tuong tur co thé thiét 1ap duoc cac quan hé md bac 1 khac.

= Trong truong hop quan hé mo bac cao (gia A=2), ba tip md lién tiép theo thtr tw thoi gian duoc s dé tao thanh
quan hé md bac 2. Gia st ba nam lién tiép F(1973), F(1974), F(1975) dugc md hoa twong tmg véi cac tip mo 1a A,,
A, A,. Khi d6 quan hé mo bac hai tai thoi diém t =1975 dwoc biéu dién 1a: A,, A; — A,. Mot cach tuong tu dé xac
dinh cac quan hé mod bac hai khac tai thoi diém khac nhau.

3.4. Thiét 1ap nhoém quan hé mo phu thudc thoi gian

Trong budc nay, chung t6i tao nhom quan hé md dya trén dinh nghia 4 vé nhém quan hé mo phu thude thoi
gian bac 1 va bac cao. Gia st tdn tai cac quan hé mo tai cac thoi diém khac nhau nhu sau:
Tait = 1973 ta c6 mbi quan hé m& A; — A,
Tait = 1974 ta ¢c6 m&i quan hé m& A, - A,
Tait = 1975 ta c6 méi quan hé mo A; — A,
Khi d6, tai cac thoi diém t 1an luot 12 1973, 1974, 1975 chung ta nhan dugc ba nhom quan hé theo thir ty thoi
giantrén la Gy: A; - A,; G A, » A; vaGs: Ay - Ay, A, Mot cach tuong tu cho nhém quan hé mo bic cao.

3.5. Giai md va tinh gia tri du bio diu ra

bé gidi m¢ dir liéu da mo hoa va tinh toan gia tri cho nhom quan hé mo bac 1 va bac cao. Thir nhét, chung t6i
dé xuét cac ky thuat giai mo mai dé tinh toan gia tri du bao cho cdc nhom quan hé md véi cac bac khac nhau trong giai
doan huin luyén. Tht hai, st dung quy tic giai md dugce d& xudt trong [11] dé tinh toan gia tri du bao cho cac nhom
quan hé mo trong giai doan thir nghiém. Cac gié tri du bao cho cac nhém quan hé mo dua vao chudi thoi gian md bac 1
va béc cao dugc tinh theo cac quy tic sau:

Quy tiic 1: Trong trudng hop nhom quan hé md bac 1(bac A =1)

Pé tinh toan gia tri dy bao cho tAt ca cac nhom quan hé mo bac 1, chiing t6i xem xét thir tur xudt hién cta cac tap mo
bén vé phai trong cung nhém quan h¢ ke ca cac tdp mo lap lai, sau d6 gan cac trong s c6 tam quan trong khac nhau cho cac
tap mo nay theo thir tyr xuat hién. Turc 13 cac quan hé xuat hién gan day hon thi dugc gan véi trong so cao hon. Diéu nay da
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thé hién rd su khac biét so v6i cac quan hé mo duoc xay dung trong Cac cong trinh trudc day trong [3], [11]. Gia sir c6 nhém
quan hé mo bac 1 xuét hién cing vé tréi 1a A; nhu sau: Aj(t — 1) > Ay (t1), Aip(t2), ..., Ajc (tK)...; Khi d6, gidi mo dy bao
cho nam t ¢6 nhom nay dugce tinh theo cong thire (3.3) sau day:

1% mjp +2+Mmjp+--+Kemje+--+p* myjp

forecasted = (3.3)

142+-+k++p
Trong d6:
v’ mj;, my, va my, 1a diém giit ctia cac khoang ujy, Ui, VA Uy trong g, ma cap do thudc cao nhat ciia cac tap mo
Air, Ajz, . .. ,Aik Xy ra tai cac khoang nay.
v k(1 £ k < p) 1a cac trong s6 duge xac dinh theo thir ty thoi gian

Quy tic 2: Trudng hop nhom quan hé mo bac cao (1 = 2)

Dé thiét 1ap gia tri dg bao cho cac nhom quan hé mé phu thude thoi gian bac cao, chung téi xem xét thém thong
tin cia céc tap mo xuat hién bén ve phai cia cac quan h¢ mo trong cung nhom. Cu thé cta quy tac dugce tinh nhu sau:

Dbi véi mdi nhém quan hé md bic cao, chung t6i chia mdi khoang twong (mg véi cac tip md bén vé phai trong
cuing nhém thanh 4 khoang con c6 d¢ dai bang nhau va giai md dy bao cho mdi nhom nay trong giai doan huén luyén
dugc tinh theo cong thirc (3.4):

1
forecasted,yeput = ;Z]-nzl submy; (3.4)
Trong do, (1< j <n, 1< k <4)
v nlatdng s6 tip mo bén vé phai cia nhom;
v submy; la ’diém giita cia mot trong 4 khoang con (diém giita ciia khoang con thir k) twong g véi tap mo
thlr j bén ve phai cia nhém quan hé.

Quy tic 3: Truong hop nhém quan hé rdng (Nhém quan hé mo ¢ vé phai chua xac dinh tip mo).

Dé tinh toan gi4 tri du bao cho nhom quan hé trong giai doan thir nghiém, ching ti sir dung lugc d6 dé xuit
trong [11]. Y tuéng cta luoc dd nhu sau:

DPéi voi nhom quan hé chua c6 mau luyén, tic 1a nhém quan hé chua cé tip md hoéa bén vé phai cua quan hé.

Gia xir xuat hién nhom quan hé mo bac A nhu sau: A;;, Aig—1), -, Ajr = #. Khi do, luge dd gan trong sb cao nhat wy,

dbi voi tap md xuat hién gin nhit vé tuong lai A;; va trong sé bang 1 cho céc tip xuit hién truéc d6 niam bén vé trai
cta nhom quan hé mo va giai mo du bao dugc tinh theo céng thire (3.5) sau:
_ (Mig*wp)+Mip+--+Miy,

Forecatedyy,y = ot Oe) (3.5)

Trong d6, wy, 1a phiéu bau cir cao nhét (trong s6 16n nhét) duoc cho trudc boi ngudi ding. Trong bao céo nay,
dé so sanh v6i cac mo hinh du béo trude ddy, chung toi chon w,=15 gidng nhu cong trinh dwoc cong b trong [11].
M;y, My, ...,M;; 1a gia tri diém giira ctia cac khoang w1, Ujp, ..., Uz, VGi (1 < i < A).
3.6. Tinh gia tri ham muc tiéu cho mdi ca thé trong PSO

Mbi ca thé dat mot giai phap toi wu thong qua gia tri ham muc tiéu MSE (mean square error) or RMSE (root
mean square error) nhu sau:

MSE = ~¥%_; (Fia — Rig)? (3.6)
RMSE = \/%Z?dd (Fig — Ria)® 3.7)

Trong d6; F;4 gia tri du bao tai thoi diém id, R;4 12 gia tri thyc tai thoi diém id, n |4 tong s6 dit liéu tham gia du
bao, 114 bac ctia quan hé.

Bude 5: Cap nhat vi tri tot nhat Ppest iq cUa mdi ca thé VA G, clia quan thé

Trong PSO mdi ca thé trong quan thé dugc dic trung boi hai thanh phan tét nhét d6 1a: Vécto vi tri tot nhat ctua
ting cé thé id Poestid = [ Pia1+ Pia2s Pass .- Pan-1] va vi tri tot nhét trong ca quan thé. Mdi c4 thé id dwoc cap nhat
theo gié tri ciia ham muc tiéu MSE (3.6). Néu gia tri cia MSE ¢ thoi diém hién tai k nho hon gi4 tri MSE ¢ thoi diém
truge d6 k-1 thi Pyegt ig=MSE (x5) V& Gpese = MiN (Pyest ia)

Buwére 6: Cap nhat lai cac thanh phﬁn ctia mdi ca thé trong PSO
- Cép nhat trong'sé [0) theg cong ‘Ehl'rc (2.15);
- Cap nhat van toc cua moi ca thé theo cong thire (2.13);
- Cap nhat vi tri ctia mdi ca thé theo cong thirc (2.14).
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Buéc 7: Kiém tra diéu kién ding
Néu s6 lwong 1an 13p hién tai con nho hon sb 1an 1ap t6i da (k < iter_max) hay (chuea tim thdy gidi phdp toi wu),
quay lai budc Bude 4. Trai lai dua ra két qua du bao va do chinh xac dy bao ctia mé hinh bang gia tri MSE.
IV. KET QUA THU'C NGHIEM

Muc nay thao ludn vé mot sb két qua dy bao dat dugc tir tap dit liu huén luyén va dir liéu kiém thur. Ching toi
thuc hién mé hinh du bao bang viéc sir dung ngdn ngir 1ap trinh C# trén méy tinh Intel Core i7 PC, 8 GB RAM dé du
bao tuyén sinh dai hoc véi bo dir liéu vé sd luong sinh vién nhap hoc [3] tir giai doan 1971 dén 1992. Cac tham sb dé
thuc hién mo hinh dy bao dugc dua ra trong Bang 4.1.

Bang 4.1. Cac tham sb sir dung trong mé hinh dy béo trén hai tap dit liéu

Cic tham sb Gia tri cho di¥ liéu tuyén sinh Dai hoc
8o luwong ca thé trong quan thé: N = 50

S6 lan lap t6i da (s thé hé): iter_max = 150

Trong sé qudn tinh o (Gidm tuyén tinh) 0,9t0 0,4

Cdc hé s6 tu tin cdy va hé s6 xi hgi C, = Cy 2

Mién gidi han vén toc ciia méi cd thé: N = [-100,100]

Mién gi6i han vi tri ciia méi cd thé: X = [13000, 20000]

Dé danh gia hidu qua ciia mé hinh dé xuit dya trén chudi thdi gian mo bac 1 v6i sé lugng khoang chia bang 7,
cac md hinh trong céc cong trinh sau dugc lya chon cho viéc so sanh: m6 hinh [28], md hinh [29], m6 hinh cua Wei Lu
[30], md hinh [26] va md hinh [25]. T cac tham sb thiét 1ap cho dir liéu tuyén sinh trong Bang 4.1, mo hinh d& xuét
thuc hién 20 1an chay, két qua cua lan chay co gia tri MSE (3.6) hoic RMSE (3.7) nhé nhét dwoc chon la gia tri du bao
cudi cung. Hiéu qua ctia mo hinh dy bao d& xuat dwoc so sanh v6i cac mé hinh trude day chi ra trong Bang 4.2. Trong
d6, cot tha 1, cot thir 2 va cot thir 3 thé hién dix liéu nam du béo, dir liéu tuyén sinh, cac tdp mo biéu dién dir liéu tuyén
sinh. Cac cot con lai 1a két qua dyu bao tuong ung véi cac mo hinh dugce chon dé so sanh trong giai doan huén luyén.

Bang 4.2. So sanh md hinh d& xuét v&i cac mé hinh khac dua trén chudi thoi gian bac 1 véi 7 khoang chia

Dir liéu Tip mb M6 hinh Méhinh  Mohinh  Mahinh  Mahinh  Mb hinh dé

Niim thue ! [28] [29] [30] [26] [25] xut
1971 AL - - - - - -
1972 13563 Al 13486 13944 14279 13820 13865 13848
1973 13867 Al 14156 13944 14279 13820 14082 13848
1974 14696 A2 15215 13944 14279 13820 14514 14426
1975 15460 A3 15906 15328 15392 15402 15301 15420
1976 15311 A3 15906 15753 15392 15536 15219 15420
1977 15603 A4 15906 15753 15392 15536 15219 15644
1978 15861 A4 15906 15753 16467 16461 16219 15757
1979 16807 A6 16559 16279 16467 16461 16625 16765
1980 16919 A6 16559 17270 17161 17444 16951 17270
1981 16388 A5 16559 17270 17161 17444 16439 16548
1982 15433 A3 16559 16279 14916 15402 15219 15420
1983 15497 A3 15906 15753 15392 15536 15219 15532
1984 15145 A2 15906 15753 15392 15536 15219 15321
1985 15163 A2 15906 15753 15392 15536 16219 15142
1986 15984 A5 15906 15753 15470 15536 15812 15664
1987 16859 A6 16559 16279 16467 16461 17439 16653
1988 18150 A7 16559 17270 17161 17444 19165 17811
1989 18970 A7 19451 19466 19257 19135 19165 19075
1990 19328 A7 18808 18933 19257 19135 19165 19075
1991 19337 A7 18808 18933 19257 19135 19165 19075
1992 18876 A7 18808 18933 19257 19135 15219 19075
1993 N/A N/A 19170
RMSE 578.3 506 4452 4413 210.9 196.1
MSE 334430.9 256036 198203 1947457 44507 38422.7

Thém nita, md hinh dé xuit duoc so sanh véi cac mé hinh trude ddy dua trén chudi thoi gian mo bac 1 vai sb
lugng khoang chia la 14 khoang. Cdc md hinh sau dugc lya chon cho viéc so sanh la: C96 [3], HO1[5], CCO6a [8],
HPSO [11], AFPSO [12], VGPSO [14], Wei Lu [30]. Tir cic két qua thuc nghiém cho thay mé hinh dy bao dé xuat
hiéu qua hon so v6i cac md hinh trude ddy dua trén chudi thoi gian md bac 1. Cu thé vai sé khoang chia bang 7 md
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hinh dé xuét dua ra sai s§ du bao (MSE =38422.7) nho nhét trong sé md hinh dua ra so sanh trong Bang 4.2, trong
Bang 4.3 v6i sb khoang chia bang 14 dua ra sai s6 du bao (MSE = 5249.9) ciing t6t hon cic mé hinh hién c6 trong

bang.
Béng 4.3. So sanh md hinh d& xuét v&i cdc mé hinh khac dya trén chudi thoi gian bac 1 v6i 14 khoang chia

Nim  Dir liéu thuc C96 Ho1 CCo6a HPSO Wei Lu AFPSO  VGPSO MH dé xuat
1971 13055 --- ---
1972 13563 14000 14000 13714 13555 13512 13579 13434 13433
1973 13867 14000 14000 13714 13994 13998 13812 13841 13851
1990 19328 19000 19000 19300 19340 19241 19418 19340 19486
1991 19337 19000 19500 19149 19340 19666 19260 19340 19486
1992 18876 19000 19149 19014 19014 18718 19031 18820 18869
MSE 407507 226611 35324 22965 14534 8224 7475 5249.9

Hon thé, trong bai bao nay chiing ti thuc hién mé hinh dy bao dya trén quan hé md bac cao tir bac 2 dén bac 9
voi sb khoang chia dugc cddinh 1a 7 khoang. Két qua du bao dua trén mo hinh chudi thdi gian md bac cao dugc thé
hién trong Bang 4.4 sau ddy. Quan sat Bang 4.4 cho thdy mé hinh du bao dé xuit cang hiéu qua khi bac cta quan hé
mo ting 1én theo su ting s6 lwong quan sat cta chudi thoi gian.

Bang 4.4. Két qua du bao cua ciia md hinh dé xuit dya trén chudi thoi gian md bac cao v6i s6 khoang chia bang 7

Nim Gia tri thuc Bac 2 Bac 3 Bac 4 Bac 5 Bac 6 Bac 7 Bac 8 Bac 9
1973 13867 13874

1974 14696 14678 14694

1975 15460 15488 15457 15468

1976 15311 15310 15333 15311 15310

1977 15603 15595 15580 15591 15606 15612

1978 15861 15906 15852 15852 15856 15851 15873

1979 16807 16724 16814 16829 16862 16798 16863 16830

1980 16919 17066 16951 16926 16862 16927 16863 16919 16886
1981 16388 16390 16381 16387 16394 16396 16386 16394 16388
1991 19337 19298 19356 19354 19331 19358 19329 19356 19326
1992 18876 18958 18927 18924 18878 18930 18879 18873 18847
MSE 8802.55  774.05 550.17 526.29 554.94 603.37 396.29 491

Dé x4c minh tinh hiéu qua cia mo6 hinh dy bao dé xuét dua trén chudi thoi gian mo bac cao, bén mé hinh liét ké
trong Bang 4.5 dugc lwa chon cho viée so sanh: Trong Bang 4.5 md hinh CC06b [9] sir dung giai thuat di truyén dé tdi
wu khoang, cac mé hinh HPSO [11], AFPSO [12], VGPSO [14] va mé hinh dé xuit déu sir dung PSO dé chia khoang.
Nhung diém khac biét chinh giita cac mé hinh cung str dung PSO 14 k¥ thuat giai md dau ra va cach nhom quan hé mo.
Ngoai viée sir dung PSO dé tim khoang chia phu hgp, mé hinh d& xuét dugc két hop thém DSGT dé chia cac khoang
ban dau c6 do dai khac nhau thay vi cac khoang c6 d6 dai bing nhau. Tir két qua so sanh vé do chinh xac du bao MSE
(3.6) liét ké trong Bang 4.5 cho thiy mo hinh d& xuét dua ra do chinh xac dy bao véi gia tri MSE nho hon so véi cac
mo hinh dugc chon dé so sanh dya trén quan hé mo béc cao (tir bac 2 dén bac 9) véi cung sb khoang chia bang 7. Pic
biét md hinh dé xuét dua sai sb du bao tdt nhat thong qua gia tri (MSE = 396.29) trong truong hop quan hé md béc 8.
Diéu d6, ching t6 rang mo hinh dy bao dé xuét hidu qua hon so véi md hinh du béo trude day khi thir nghiém trén tap
dir liéu tuyén sinh Dai hoc Alabama. Dé truc quan hon, thién huéng du bao ctia mo hinh dé xuét v6i cac mé hinh trude
day cling dugc minh hoa trén Hinh 4.1.

Béng 4.5. So sanh do chinh xac du bao MSE giira m6 hinh dérxuét va cac mo hinh C02, CC06b, HPSO, AFPSO dya trén cac bac
khac nhau va s6 khoang chia bang 7

Mb hinh S6 bac ciia quan hé
2 3 4 5 6 7 8 9 Average
C02 [4] 89093 86694 89376 94539 98215 104056 102179 102789  95867.63
CCO06b [9] 67834 31123 32009 24984 26980 26969 22387 18734 31377.5
HPSO [11] 67123 31644 23271 23534 23671 20651 17106 17971 28121.38
AFPSO [12] 19594 31189 20155 20366 22276 18482 14778 15251 20261.38
VGPSO [14] 19868 31307 23288 23552 23684 20669 17116 17987 22183
MH d? xuat 8802.55  774.05 550.17 526.29 554.94 603.37 396.36 491 1587.34
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= M6 hinh C02
= M6 hinh CC06b
== : M6 hinh HPSO
=== M0 hinh AFPSO
=== Mo hinh VGPSO
= Mb hinh dé xuat

D6 chinh xac dw bao MSE

2nd 3rd 4th 5th 6th Tth 8th 9th
Bic ciia quan hé

Hinh 4.1. Xu thé dyu bdo cta md hinh dé xuét so véi cdc md hinh trude day dua trén cac quan hé mo bac cao véi 7 khoang chia

V. KET LUAN

Nghién ciru nay, ching tdi dwa ra md hinh du bao chudi thoi gian md két hop gitra dai s6 gia tir va ki thuat tdi uu
bay dan. M6 hinh dé xuat da dé cap dén ba van dé duoc xem 1a quan trong va anh hudng 16n dén d6 chinh xac du béo, 1a
van dé xac dinh khoang chia tir tdp nén, cach thiét 1ap nhom quan hé md va cac quy tic giai mo du bao dau ra. Dé khic
phuc nhing han ché cta cac mo hinh chudi thoi gian mo ciing str dung nhém quan hé mo, mé hinh dé xuat st dung khai
niém nhom quan hé mo phu thudc thoi gian va duge chirng minh 1a hiéu qua va phu hgp véi diéu kién thyc té hon. Thém
nita, k¥ thuat tdi vu PSO duoc 4p dung trong viée tim khoang chia t6i wu tir tip nén nhdm ning cao do chinh xéac dy béo
cia mo hinh. Trong s6 cac k¥ thuat khai pha va tu tim giai phap t61 uu, PSO duoc xem 1a thyc hién tdt hon véi cac ky
thuat heuristic khac vé ty 1¢ thanh cong ciing nhur chat lugng giai phap. Bang viéc két hop gitta DSGT va ky thuat toi uu
PSO, hiéu qua du bao ciia md hinh dé xuét duge cai thién mot cach dang ké. Tix viée tha nghiém trén tap dir liéu vé tuyén
sinh dai hoc cta Truong Dai hoc Alabama, két qua du béo cho thiy mé hinh dé xuét vot troi hon so v6i cac mo hinh trude
day dua trén chudi thoi gian mo bac mot va bac cao. Chi tiét cho su so sanh duoc thé hién trén cac Bang 4.2 - 4.5. Tuy
nhién md hinh du bao hién tai chi dwoc ap dung ddi v6i chudi thdi gian md mot nhén 6. Ky vong trong thoi gian toi, mo
hinh d& xuit s& dwoc mo rong va phat trién trén cac tap dit liéu c6 nhidu nhén t& hon.
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A FUZZY TIME SERIES FORECASTING MODEL BASED ON THE HEDGE ALGEBRAS
AND PARTICLE SWARM OPTIMIZATION

Nghiem Van Tinh, Nguyen Cong Dieu, Nguyen Tien Duy

ABSTRACT: In recent years, many forecasting models based on fuzzy time series that have been proposed for the analysis of time
series. In the forecasting model, the main factors that may affect the forecasted accuracy of model are partitioning the universe of
discourse and determining fuzzy logical relationship groups. In this paper, we propose a new fuzzy time series forecasting model
based on hedge algebra (HA) and particle swarm optimization (PSO). In that, HA is used as a tool to partition the universe of
discourse into intervals with unequal length corresponding to the semantic intervals that calculated from the linguistic terms. After
processing of generating the interval, the observation data of time are represented by fuzzy sets and use them to establish fuzzy logic
relationship groups. Finally, the proposed model is combined with the PSO technique to find the appropriate divisor to increase the
forecasting probability. Finally, the proposed model combined with the PSO technique to find the proper length of each interval for
increasing forecast accuracy. Evaluating the performance of the proposed model based on historical data of enrolments at the
University of Alabama. The experimental results show that the proposed model the achieves good forecasting results compared to
other existing forecasting models based on the first - order and high-order fuzzy time series.



