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TOM TAT— Trong thoi gian gan ddy, mé hinh chudi thoi gian mo dang thu hit s chit y ciia cac nha nghién ciru va phan tich 56
ligu. Tir mé hinh ban dau cia Song va_ Chlssom dén nay ngdy cang nhiéu mé hinh chuoz thoi gian mo: dugc dé xudt dé ndng cao do
chinh xac trong dy bdo. Tuy nhién, van ton tai mét s6 vin dé chira dwoce gidi quyét mot cach t6i wu trong mé hinh chudi thoi gian
mo. B la, lam thé ndo dé phan chia tdp nén thanh cdc khodng cé dé dai thich hop va xdy ding cdc quan hé mo, nhém quan hé mo
mét cach ¢é hiéu qua. Sw két hop ciia cdc phwong phdp t6i wu nhu gidi thudt di truyén, ky thudt mé phong téi luyén, i wu dan kién
hay 16i wu bay dan, ... nham xdc dinh mét cdch tot nhat cac khoang chia dé dwoc dé cdp dén. Trong bdi bdo nay, mé hinh chudi thoi
gian mo dwa trén mét khai niém méi dwoce dé xudt la nhom quan hé mo phu thuéc thoi gian va ky thudt téi wu bay dan duwoc phat
trién dé diéu chinh ¢ dai khodng chia tdp nén nham tang dé chinh xdc di bdo ciia mé hinh. Két qud thwc nghiém cho thdy mé hinh
méi ndy cho dg chinh xdc dir béo 16t hon so véi mot s6 phirong phap di dé xudt trucc day.

Tir khéa— Dy bdo, chudi thoi gian mo, nhém quan hé mo phu thudc thoi gian, t6i wu bay dan.
I. MO DAU

Nhiéu mé hinh da dwgc dé& xuat nham giai quyét cac bai toan dy bao khac nhau dé gilp con nguoi dua ra cac
quyet dinh chang han nhu: du béo tuyén sinh dai hoc, thi trudng ching khoén, du bao dan sé, du bao nhiét do. Trong
mot sb truong hop, cac phuong phap du béo truyen théng khong giai quyét tot dugce ddi véi chudi sé liéu biéu din boi
gid tri ngir nghia hay v&i chudi s6 lidu c6 sy bién thién manh. Vi vdy, Song va Chissom [22-24] dwa ra hai m6 hinh du
bao chudi thoi gian mo phu thudc thoi gian va mé hinh chudi thoi gian md khdng phu thudc thoi gian nham khic phuc
nhitng khé khan trén va 4p dung dé dy bdo s6 luong sinh vién nhap hoc cua trudng Pai hoc Alabama. Sau cong trinh
nay, mot loat cac bai b4o cua nhiéu tac gia khac nhau tiép tuc dua trén y tuong nay dé xay dung mé hinh dy béo va tng
dung trong nhiéu linh vuc khac nhau. Chen [3] d4 dua ra phuwong phap méi don gian va hitu hiéu hon so véi phuong
phép caa Song va Chissom bang céch st dung cac phép tinh sé hoc thay vi cac phép tinh két hgp max-min phtc tap
trong xir Iy mdi quan hé mo. Cong trinh ndy ciing véi md hinh chudi thoi gian mo bac cao [4] va md hinh chudi thoi
gian nhiéu nhan t6 [2], [17] la nén tang cho su phat trién manh mé& cia md hinh chudi thoi gian mo trong nhitng khoang
thoi gian tiép sau. Tuy nhién cé thé thay, nhitng mé hinh chudi thoi gian mo trén con c6 do chinh xéc du bao chua cao.

Trong nhitng ndm gan day, nhiéu tac gia da sir dung cac ky thuat khac nhau dé tim mé hinh hiéu qua cho chudi
thoi gian mo, cha yéu 1a ning cao d6 chinh xac cua du béo. Huarng [12] da phat hién ra do chinh xac ciia mé hinh duy
bao phu thuoc nhiéu vao d¢ dai khoang phan chia tap nén va da dé xuat ra 3 thuat toan xac dinh do dai khoang la
phuong phap dua trén trung binh, do dai duya trén phan b va do dai dya trén ti 1¢. Tiép sau, mot s6 bai béo lién quan
dén van dé lya chon khoang tbi wu ciing dwoc thyuc hién nhu trong [9].

Ky thuat phan cum nhu phén cum tu dong hay phan cum mo ciing dugc mot sé tac gia st dung dé phan chia
khoang cua tap nén nhu trong cac cong trinh [1], [7]. Mot s6 tac gia khac lai c¢b dinh sb lugng khoang nhung tim cach
chinh lai céc diém chia dua trén mot tiéu chuan tdi wu. Cac phuong phap ti wu thuong dwoc s dung nhu giai thuat di
truyén [5], [18], [19], t6i wu bay dan [10], [15-16] hay tim kiém Tabu [9]. Trong nhitng cong trinh méi nhat c6 thé két
hop nhiéu ky thuat khac nhau nhu t6i wu bay dan, phan cum K — mean va d6 do tuong tu dé xay dung md hinh [8].

Dbi vai cac mo hinh dy bao hién tai, c6 hai yéu t6 chinh 1am anh huong dén do chinh xac du bao, do6 1a do dai
cua khoang chia tap nén va mdi quan hé¢ mo. Nhu trén da néi, viéc phan khoang da c6 mot s6 tac gia dé xuat voi nhiéu
k§ thuat khac nhau. Lién quan dén xay dung cac mdi quan hé mo chi ¢d so it cong trinh dugc thyuc hign. Song va
Chissom [22-24] d& x4y dyng cac ma tran quan hé mo trén co sé cac toan tir phic hop va tinh toan dua trén cac phép
max - min kha phuc tap. Chen da cai tién mo hinh khi dwa ra cac mbi quan hé mo va nhoém quan hé mo va tinh toan cac
gi tri du béo chi bang cac phép tinh don gian. Huarng [13] va N.C. Dieu [20] d4 xem xét xu huéng cua chudi thoi gian
dé rt gon nhém quan hé mo trong mé hinh chudi thai gian mo heuristic. Yu [25] dd dua vao nhom quan hé md céc gia
tri ngdn ngit c6 tinh ca do6 lap cua ching. Huang va cac tac gia khac [11] da xay dung cac méi quan hé mo théng qua
cac ma tran quan hé ma c6 trong va thuc hién tinh toan bang ca phép tinh don gian va phép ldy max. Trong béo céo
nay, ching t6i dé xuit khai niém méi 13 nhém quan hé mo phu thugc thoi gian va md hinh chudi thoi gian mo méi dé
du béo dua trén sy két hop gitra khai niém nhoém quan hé md phu thudc thai gian va thuat toan téi wu bay dan. Cac két
qua thuc nghiém cho sé liéu sinh vién nhap hoc cua dai hoc Alabama trén md hinh mai nay cho két qua kha tét so véi
nhimg phuong phap khac khi sir dung mé hinh chudi thoi gian mo két hop vai t6i uu bay dan hay giai thuat di truyén.

Bai bao nay c6 4 muc va phan két luan. Sau phan M& dau, myc 2 s& trinh bay cac khéi ni¢m lién quan dén chudi
thoi gian mo, khai niém maéi dé xuat 1a nhdm quan hé mo phu thude thoi gian cung thuét toan xay dung, toi vu bay dan
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vz}l thuét toan co ban. Trong muc 3, mb hinh méi dua trén khéi’niém nhém quan hé mo phu thudc thoi gian va ti vu
bay dan dupc dé xuat. Muc 4 thuc hién‘ céc’tinh toan du bao so h{(yng sinh vién nhap hgc tai Dai hoc Alabama va so
sénh cac két qua du bao gitta md hinh dé xuat vai cac md hinh chuoi thoi gian mo khac két hop vai giai thuét giai thuét
di truyén va toi uu bay dan.

I1. CHUOI THOI GIAN MO VA KY THUAT TOI UU BAY PAN
2.1. Mt s6 khai niém

Trong phén nay sg trinh bay mot s6 khai niém va phuong phap dw bao cua chudi thoi gian mo dugc Song va
Chissom [22]-[24] phat trién va dugc Chen [3] cai tién.

Mot s6 dinh nghia sau lién quan dén chudi thoi gian mo [3].

Dinh nghia 1:Y(1)(t=...0,12,...) la mét tap con cua R Y(t) la tap nén trén d6 xac dinh cac tap mo fi(t). F(t) la
tap chira cac tap fi(t) (i=1,2,...). Khi d6 ta goi F(t) la chuoi thoi gian mo xac dinh trén tap nén Y(t).

Dinh nghia 2: Tai cac thoi diém t va t-1 c6 ton tai mot moi quan hé mo R(t-1, t) giira cac tap mo F(t) va F(t-1)
sao cho F(t) = F(t-1) * R(t-1, t) trong d6 * 1a ky hiéu ctia mot todn tir xac dinh trén tdp mo thi ¢6 thé noi F(t) duoc suy
ra tir F(t-1). Ta ciing c6 thé ky hiéu mbi quan hé mo giira F(t) va F(t-1) bang F(t-1) — F(t).

Néu F(t-1) = A va F(t) = Aj thi co thé ky hiéu mai quan hé logic mo gitra chung nhu sau: Aj— A; va co thé hiéu
la tap mo A; duoc suy ra tir A; va A 1a vé tréi con A;j dugc goi la vé phai ciaa méi quan hé logic mo.

Dinh nghia 3: Gia sir F(t) va F(t-1) 1a hai tip mo. Néu ton tai mot mdi quan hé mo R(t-1, t) sao cho F(t) = F(t-
1) * R(t-1, t) thi ta c6 thé n6i F(t) duoc suy ra tir F(t-1) va méi quan hé logic mo duoc biéu didn F(t-1) — F(t) trong d6
F(t-1) duoc goi la trang thai hién hanh con F(t) dugc goi 1a trang théi tiép. Néu R(t-1, t) khéng phu thudc vao t thi F(t)
duoc goi 1a chudi thoi gian mo dimg, con nguoc lai ta c6 chudi thoi gian mo khéng dung.

Dinh nghia 4: Gia s F(t) suy dong thoi tir F(t-1), F(t-2), ..., F(t-m) m>0. Khi d6 méi quan hé mo c6 thé viét
duoc F(t-m), ..., F(t-2), F(t-1) — F(t) va goi d6 la mé hinh quan hé logic mo bac m.

Dinh nghia 5: Nhém céc méi quan hé mo theo Chen.

Khi cac mbi quan hé mo trén co cung Vvé trai ‘nhung vé phai lai khac nhau thi c6 thé gop vé phai lai dé hinh
thanh nhém quan hé logic mo. Thi du néu ta c6 cac mbi quan hé:

Ai— A¢
A= An
Thi ching c6 thé gop chiing thanh nhém cac méi quan hé logic mo sau:
Ai— A An
Dinh nghia 6: Nhém cac mdi quan hé logic md bac nhét theo Yu [25] ¢6 tinh d6 lap va thir ty vé phai
Néu ta c6 cac mdi quan hé:
A= Ag; A= An A= A Ai— A
Thi nhém quan hé mo theo Yu s€ dugc dinh nghia nhu sau:
Ai—= A Ann A Ak
Dé y thiy rang trong nhém quan hé mo nay cé tinh ca cac lan lap caa A, trong thanh phan vé phai.
2.2. Nhoém quan hé mo phu thudc thoi gian

Tai thoi diém t c6 the xac dinh dwoc moi quan hé mo F(t- 1)>F(0). bat F(t) = A va F(t-1)=A; thi méi quan hé
trén dugc viét thanh A=A Dé ghi nhé thoi diém xuét hién t ctia méi quan h¢ thi co thé viét Aj (t) — Ai(t) trong do
tham sé t trong Aj(t) va Ai(t) chi sy Xuét hién cua c4c tap mo nay tai thoi diém t.

Khi cac mdi quan hé logic mo ¢6 ciing vé trai (khdng tinh thoi diém xuat hién): A (t) = Ai(t); Ai(tl) — Ap(tl);
A(t2) — Ai(t2),..., Ai(tp) — Aix(tp) thi theo Dinh nghia 6 c6 thé gop vé phai lai thanh nhém quan hé mo tai thoi diém
hién hanh t:

Aj (1= A1), Ain(t1),Aix(t2),... Aip(tp)

Céc ky hiéu t, t1, ...tp trong ngoac 1a chi thoi diém xuat hién cua cac phan tir A, trong cac mdi quan hé mo. Theo
Dinh nghia nhém quan hé logic mo cia Chen va Yu c6 thé tham gia cua thanh phan Ay (t) nao d6 ma thoi diém xuat
hién t, cua Ay lai sau thoi diém c6 nhém quan hé mo ndy, tic 1a t < t, thi sy tham gia cua thanh phan nay dé du béo cho
thoi diém t 14 vo 1y. Do d6 can xay dung nhém quan hé mo ma cac thanh phan trong vé phai chi xuat hién truéc hay
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ddng thoi tai thoi diém t khi xac dinh nhém quan hé md ma thdi. Nhém quan hé logic md nay duoc goi 14 nhém quan
hé logic mo phu thugce thoi gian.
Dinh nghia 7: Nhdm quan hé logic m¢ phu thugc thoi gian
Tai thoi diém t, néu ton tai cc méi quan hé mo ¢6 cing Vé trédi: Aj (t) — Ai(); Aj(tl) — Au(tl); A(t2) —»
Ais(t2),..., Aj(ts) — Ass(ts) thi c6 thé gop vé phai lai thanh mot nhom:
Aj(t) g Ai(t)vAil(tl)vAiZ(tz)l---aAiS(tS)
V6i Céc gid tri t1, t2, ...ts<'t (ttc 1a chi nhém cac tap mo xuat hién trudc thoi diém t trong vé trai). Nhém quan hé
mo& nay co tinh dén thoi diém xuat hién cua cac tip mo duoc goi la nhém quan hé logic mo phu thugc thoi gian.
Chu y ring céc ky higu Aj(t) va A(ty) van cung la tap mo A nhung chiing xuét hién trong mdi quan hé mo tai
thoi diém t va t; twong Gng.
Tuong tu ta ¢ thé dinh nghia duoc Nhém quan hé me béc cao m phu thudc thoi gian duge dinh nghia nhu sau:
Néu c6 F(t) dugc suy ra tir F(t-1), F(t-2), ..., F(-m) thi ta ¢6 nhém quan hé mo bac cao F(t-1), F(t-2),...,F(t-m)
—F(t) hay Au(t), Ai(®), ... Ajm(t) Ak (t). Ky hidu Ap(t) dé chi tap A;, xuét hién tai thoi diém t.
Ajr(t1-m), App(tl-m+1), ..., Ajm(t1-1) -A(t1);
Ajr(tp-m), Aip(tp-m+1), ..., Ajm(tp-1) —Aw(tp)
C6 thé loai bo céc tham so thoi gian tai vé trai caa mdi quan hé logic mo dé c6 thé duoc viét nhu sau:
Ajl: Air, ...,Ajmﬁ‘Akl(tl) )

Ajl: Air, ...,Ajmﬁ‘Akp(tp)
Véi t1< t2<...<tp thi nhém quan hé mo bac cao phu thudc thoi gian tai thoi diém tp s& duoc viét nhur sau:
Ajly Ai2; ...,Ajmﬁ‘ Akl(tl), ,Akp(tp)
Cha y rang tuy viét nhu vay nhung Aj(t;) va A(t;) déu cing mot gia tri ngit nghia A; nhung thoi diém xuét hién
cua tap mo nay la t; va t, twong tng.
Xay dwng nhom quan hé me phu thugdc thei gian
Gia st c6 chudi thoi gian mo F(t), t=1,2,..,q hay thé hién qua cac gia tri ngdn ngit (tap md) nhu sau {Aq,
Aj2; ...,qu}.

Mudn tao cac nhém quan hé mo phu thudc thoi gian, can thiét phai lan luot tao cac nhém quan hé mo tai timg
thoi diém. Thuat toan duoc md ta nhu sau:

Thuit toan tao nhom quan hé mo phu thugc thai gian bac m

1. Khai tao nhdm quan hé mo bac m vai thoi diém t=m: F(1),F(2),..,F(m-1)— F(m) hay Ap, o Ajm—
A (m)
2. Vong lap for cho t=m+1,..,q do
2.1. Lapfork=m,.,1do
Xay dung quan hé bac m Ap(t-m), ..., 4jm(t-1) >Ak(t)
end for
2.2.Vong lap for I=1,.., t-1 do
Kiém tra xem di c6 quan hé dang A, ..., Ajm—Aio(1) €6 clng vé trai chua. Néu c6 cung vé
trai thém Ay, vao nhom thanh quan hé A, ..., 4jm—Au, Ak
endfor
3. Két thiic vong lap for

2.3. Mt s6 Thuat toan trong md hinh chudi thai gian mé
Thujt toan dau tién do Song va Chissom [1-3] dé xuat kha phuc tap vi phai thyc hién cac phép max-min trong
cac toan tir phirc hop cua moi quan h¢ mo. Chen da xac dinh moi quan h¢ mo thdng qua nhom quan hé mo nén nén dé
tinh méi quan hé ma chi can su dung cac phép tinh s6 hoc don gian.
Thuat toan caa Chen [3] cai tién thuat toan cua Song-Chissom bao gém mot s6 budéc sau:
1. Xac dinh tdp U bao gé)rr} khoang gid tri cua chudi thoi gian. Khoang nay xac dinh tir gi4 tri nhé nhat
dén gia tri 16n nhat co6 thé ctia chuoi thoi gian.
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2. Chia khodng gia tri va xac dinh céc tip mo trén tap U. Van dé d dai cuia khoang chua dat ra va s
lugng khoéang lay bat ky.

3. Mo hoa cac dit liéu chudi thoi gian.

4. Thiét 1ap cic mdi quan hé logic md, nhom quan hé logic md nhu Bjnh nghia 5.

5. Dubéova giéi md. Trong budc du bao chudi thoi gian md dugc thuc hién nhur sau:

- Ludgt 1: Néu A; — A; va gia tri ham thudc cta Aj dat gia tri maximum tai doan U; va diém gitra ctia u;
1a m; thi du bao ctia chudi thoi gian tai thoi diém i la m; .

- Lugt 2: Néu ta c6 cac mdi quan hé logic mo hinh thanh nhém quan hé logic mo sau:
AiﬁAjlnAjZ:---Ajp thi glé trl du bdo sé la Ail:AiZ vAjl,---Ajp
Khi d6 giai mo gia tri dy béo s¢ la:

My + M, +....4+m

p
Trong d6 mjy, My, ... My, diém gitra ctia cac doan u;.

- Lugt 3: Néu vé phai cua méi quan hé mo 1 tréng nhu truong hop sau:
A—-> O
thi gia tri du bao s& 1a A; va giai mo gid tri nay s& 1a trung diém m; ciia doan u;:

Thuat toan cai tién c6 trong cua Yu vé co ban 1a gidng nhu ctia Chen nhung khac tai buéc 4 khi thiét 1ap nhom
quan hé logic mo theo Dink nghia 6 con tai budc giai mo dugc thyc hién nhu sau:

2.4. T6i wu bay dan

Tbi wu by dan (PSO- Particle Swarm Optimization) duoc Kennedy va Eberhart [14] d& xut nam 1995 1a thuat
toan tim kiém ngau nhién dya trén mé phong hanh vi va sy cong tac cia dan chim tim kiém ngudn thirc an. Mdi phan
tir ciia dan chim c6 nhing con dwdng tim kiém riéng cia minh va trén mdi budc lap con dudng téi vu duge xac dinh va
cac ca thé déu duogc hiéu chinh theo con duong tbi wu do. M6i phén tir duoC tao ngau nhién va sau d6 bay theo mot
duong bay trong khong gian tim kiém. Tai mdi budc téi wu, mdi phan tir danh gia vi tri cua minh va cac vi tri cua phan
tur 1an can. Moi phan t can nho vi tri tot nhat cia minh cling nhu céc vi tri t6t nhat cua cac phan tir khac trong dan. Dé
nhan duoc 10i giai toi wu, mdi c& thé déu cap nhat vi tri va tdc do theo cac phwong trinh sau:

Vig = @xVig +C,x Rand ()% (Ry — Xig)+C; RANA () x (P — Xi0) @

gbest

xld = de +V (2

Trong nhirg phuong trinh trén, o 1a trong sb quan tinh, Viq 1a toc d6 cua mdi phan twr id nam trong [- Viax, Vivia]

trong d6 Vya 12 hang s6 duoc chon trudéec. Thong thuong chon vMax—loo Cl va C, 1a hé s6 ty tin cay va hé s6 xa hoi va

trong giai thuat chuén thi d6 1a nhitng hang sb. Rand( ) la ham tao s6 ngau nhién thyc trong khoang (0,1) véi phan bd

chuan. Xig va Pyq 1a vi tri hién thoi va vi tri tot nhat cia mdi phan tir id. Ky higu Pgpest a vi tri t5t nhat cua toan quan thé

theo ham muc tiéu. Trong bai bao nay, ching tdi sir dung thuat todn téi wu by dan chuin trong d6 o giam tuyén tinh
khi céc thé hé ké tiép nhau dwoc thyc hién. Thuat todn PSO chuin dwoc mé ta nhu sau:

Thuat toan PSO chuan

1. Khéi tao vi tri ban dau va toc do cua toan bo phé‘m to
2. Vong lap while cho dén khi diéu kién lap dugc thoa man
2.1. \Vong lap for cho mdi phan ti id thyc hién
a. DPanh gia ham muc tiéu
b. Cap nhat vj tri dia phuong va toan cyc tt nhat
¢. Tinh toan van tc theo cong thic (1)
d. Cap nhat vi tri theo cdng thac (2)
2.2. Két thaic vong lap for

3. Két thac vong while

111. MO HINH DE XUAT
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3.1. Thuit toan co ban dua trén nhdm quan hé mo phu thugc thai gian

Truéc hét, nhic lai thuat toén co ban tuong ty nhu mé hinh cua Chen tai muc 2.3 nhung dua trén mé hinh chudi
thoi gian mo cé trong cua Yu [25].

1. Xéc dinh tap nén. Téap nén U duogc xac dinh nhu sau: léy gia tri lon nhat fyay va nho nhét fr, cia chudi thoi
gian va U =[fin-f1, fraxtf2] trong d6 f;, f, 12 nhitng gid tri dwong nao d6. Chia doan U thanh m khoang con uy,
Ug,...Un.

Xay dung cac tip mo A; twong (ing véi cac khoang da chia.
Mo hoa cac gia tri lich sir caa chudi thoi gian.

Xay dung mdi quan hé mo va nhém cac quan hé logic mo theo Pinh nghia 6.

o ~ W

Du béo chudi thoi gian mo theo cac luat sau:
Lugt 1: Néu nhém quan hé md  A—&'thi gid tri du bao mo tai thoi diém t s& 12 A,.
Lugt 2: Néu nhém quan hé logic mo c6 dang Aj— A, gia tri du bdo mo tai thoi diém t s 1a A,

Lugt 3: Néu nhém méi quan hé¢ md phy thudc thoi gian c6 dang A;— Ai,Ap... Ay, thi gid tri du béo s&
la: AinAio... Aip
6. Giai mo dua vao cac luat du bao:
Lugt 1: Néu nhém quan hé mo cua la réng khi d6 gia tri du bao cua F(t) la gia tri A; va giai mo sé 1a
diém gitra cua khoang u;
forecast =
Lugt 2: Néu nhém quan hé logic md ¢6 dang Ai— A, va néu diém gitra ciia khoang uy 1a my thi
forecast =

Lugt 3: Néu méi quan hé mo bac cao c6 dang A — A, Aiz ... Ay, thi gid tri du béo sg la:

forecast = Ixmy; +2xm, +....+k><mip

1+2+...+p
VoI My Mjp,...Mjp 1a diém gitra cua cac khoang Uiy | Ujp,...Uj, trong (ng.
3.2. Thuit toan cai tién véi téi wu bay dan

Nhu da biét, do dai cac khoang chia c6 anh huong I6n dén d¢ chinh xac cuia du bao. Do dai ciia mbi khoang chia
phu thuéc’ vao cach xac dinh béi cac diém dau va cudi moi khoang. Do do, can phai tim cac diém chia sao cho t6i uu
ham sai s6 du béo. T6i uu bay dan dugc sur dung vao muc dich nay va ham muc ti€u duoc chon la gia tri ham MSE.

Gia str s6 khoang chia duoc x4c dinh 1a n. Tap nén U 14 doan [do,d,]. Tap nén nay duoc chia lam n khoang véi
céc nit chia 1a dy d, _ dpo,0ng . Nhu vay mdi tap nén U dugc phén thanh n khoang sau: u;=[ do di], u,=[ d; da/....,
U,=[ do.1 d,]. M3i phan tir trong téi wu bay dan dugc xac dinh qua mot vécto n-1 thanh phan id = [ dy dy, _ dpo Gyl
Can phai tim phan tur id nao ddy (tc 1a tim cac diém chia khoang d; ) sao cho trong qué trinh tinh toan du bao c6 dai
lwong MSE 12 nho nhit.

Trong qua trinh tinh toan va xdc dinh vi tri méi cua ting phan tur trong moi budc lap, céac vécto vi tri nay sé
duoc cap nhat va dé thoa man tinh chat chia khoang, ddy sé d; i=1,2, ...,n-1 can phai sap xép theo thr tu tang dan. Biéu
di&n mdi phan tir dwoc trinh bay trong dang dudi day.

d |do .. |d |.. |du

Hinh 1. C4u triic mot phan tur

Thuat toan dy bao chudi thoi gian mo ¢6 sir dung c6 sir dung téi wu bay dan duoc thyc hién nhu sau. Gi sir bay
dan gom m phan tur, mol phan tir ¢6 cau tric vécto nhu hinh trén. DS v6i moi phan tir thé hién mot cach chia khoang
cua tap nén. Déi voi m01 phuong an chia khoang nhu véy, c6 thé thuc hién duoc thuat todn dyu bao nhu thudt toan co
ban & trén. DI v6i mdi phan tir ¢ thé tinh dugc ham MSE nhu cong thuc (3). Vi 1an l3p dau tién, cac gia tri van toc
Vig va Vi tri Pig cling nhu Pig Va Pgpest cling dugc cho truéce. Sau mdi budc lap véi m phan tir cac gia tri Pyg VA Pgpest duoc
moi phan tir ghi nhé lai va thyc hién thay d6i van toc va vi tri theo cac cong thic (1) va (2). Sau khi da c6 dugc cac gia
tri phan khoang thuc hién giai thuat trong muc 3.1 dé tinh dy bao va ham MSE. Phan tir nao c6 gia tri MSE nho nhét
trong mdi lan lap duoc coi la 161 giai tot nhat cua bai toan tai budc ldp d6. Sau khi thuc hién duge du s 1an lap thi ciing
c6 thé dua ra 1oi giai véi MSE nho nhat.
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Thuat toan PSO cho cac dir liéu du bado dugc mo ta nhu sau:

Thuit toan PSO cho dw bao chudi théi gian mo

1. Xac dinh tap nén U

2. Khoi tao vj tri ban dau dy dy, . dnp,0n.1 qua d6 xéc dinh céc khoang Uy, Us,...Un VA
toc do cua toan b phan tir

3. Vong lap while trong PSO cho mdi thé hé dén khi diéu kién lap duoc thoa mén

3.1. Vong lap for cho mdi phan ti id do

a.
liéu trén
b.
c.
d.
e.
f. '
thong
3. 2. End for

3. 3. Vong lap for moi phan tir id do

Tao cAc tap mo trén co sé phan khoang theo tirng phan tir va mo hoa di

Tao cac quan hé mo va nhém quan hé mo phu thudc thoi gian

Tao céc luat dy bao mo nhu trong budce 5 thuat toén cai tién cua muc 3.1
Giai mo theo cac luat du bdo mo tai budc 6 thuét toan cai tién cua muc 3.1
Tinh MSE theo cong thirc (3) cho mdi phan tu

Cap nhat vi tri t6t nhat cua ting phan tir va vi tri tot nhat cua toan bo hé

a. Tinh toan van tdc theo cong thic (1)

b. Cap nhat vi tri d; dy, __ dn,dny theo cdng thic (2) cho céc phan tir

3.4. End for
3.5. Luu lai dy béo két qua tét nhit véi MSE nho nhat trong tit ca céc phan tir

4. End while

~ Nhu vay, mo hinh chudi thoi gian dé xuét duoc thyc hién thong qua su két hop giita toi wu bay dan dé xac dinh
diém chia tap nén cho moi thé hé va thuat toan du bao chuoi thoi gian mo dya trén nhém quan hé mo phu thudc thoi

gian bac cao.

Du6i ddy, chudi dit ligu vé sd lugng hoc sinh nhap hoc cia Truong dai hoc Alabama [3] dugc sir dung dé xay
dung cac nhém quan hé mo néu trén. Céc tinh toan quan hé mo va nhém quan hé m¢o bac nhat caa Chen cua Yu va
nhom quan hé mo phu thudc thoi gian dugc thuc hién @é thay dugc su sai khac gitra cac khai niém nay.

IV. KET QUA THUC NGHIEM

Dé kiem tra hiéu qua cia thuat toan cai tién, chudi so ligu s6 sinh vién nhap hoc cia truong Alabama tir nam
1971 dén ndm 1992 duoc lay dé kiem tra (Bang 1). Xac dinh tap nen U bang cach lay gia tri I6n nhat va nhé nhat cong
trir thém mot lugng nao do ,dé thanh doan dé phan hoach. Nhu phan trén da trinh bay, tap nén dugc xac dinh trong
khoang [13000,20000] va so6 luong khoang dugc chon la tly y. Sur dung toi uu bay dan dé tim kiém cac méc chia

khoang t6i wu theo ham MSE.

Bing 1. S6 lwong sinh vién nhép hoc

Nim S6 sinh vién Nim S6 sinh vién
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

Dé so sanh cac két qua du bao theo cac phuong phap khac nhau, ta sir dung sai s6 trung binh binh phuong MSE

theo cbng thuc:
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Z ( fi - gi)2
__ _i=1
R — (3)
trong d6 f; la gid tri thyc con g; 1a gié tri du béo.

MSE

Céc thdng s6 duoc chon nhu sau: sb lugng phan tir 1a 30, s6 budc dich chuyén (sé lan I3p) cua céc phan tir 1a
100, gia tri trong @ giam tir 1,4 xuong con 0,4 trong qua trinh dich chuyén cac the hé 1ap. Toc do Vig gisi han trong
khoang [-100,100]. Vi tri Xiq giéi han trong khoang [13000, 20000]. C4c hang s6 C4, C, duoc gan gia tri 2.

~ Keét qua gia trj dy bao s sinh vién nhap hoc duoc dua ra trong Bang 2 véi s6 lugng khoing 1a 14 va sir dung
moi quan hé mo bac nhat dugc tinh véi mo hinh dé xuat VGPSO va mét s6 md hinh khac. Céc gia tri tai cic cot tuong
ung vai cac gia tri du bao cuda tirng phuong phap.

Bang 2. Két qua dy bdo ciia cac phuong phap khac nhau

Nim S6 lrgng SV CCO6 HPSO AFPSO VGPSO
1971 13055

1972 13563 13714 13555 13579 13434
1973 13867 13714 13994 13812 13841
1974 14696 14880 14711 14565 14684
1975 15460 15467 15344 15422 15444
1976 15311 15172 15411 15307 15444
1977 15603 15467 15411 15618 15444
1978 15861 15861 15411 15660 15696
1979 16807 15831 16816 16794 16820
1980 16919 17106 17140 17032 16996
1981 16388 16380 16464 16390 16451
1982 15433 15464 15505 15504 15444
1983 15497 15172 15411 15431 15595
1984 15145 15172 15411 15077 15292
1985 15163 15467 15344 15297 15254
1986 15984 15467 16018 15848 15948
1987 16859 16831 16816 16835 16820
1988 18150 18055 18060 18145 18038
1989 18970 18998 19014 18880 18997
1990 19328 19300 19340 19418 19340
1991 19337 19149 19340 19260 19340
1992 18876 19149 19014 19031 18820
MSE 35324 22965 8224 7475

Bang 3 dua ra cac két qua cia 4 phuong phap khac nhau dé so sanh: Phuong phap Chen [3], phuong phap
CCO6 cua Chen va Chung [5] sir dung giai thuat di truyén, phuong phap HPSO [15] st dung téi wu bay dan, phuong
phép AFPSO [11] sir dung téi wu by dan két hop vai hiéu chinh di bao va phuong phap dé xuat VGPSO. Sb luong
khoang chia 1a 14 va str dung quan hé mo bac 1. C6 thé thiy thuat toan dé xudt c6 gia tri MSE nho nhat mac du vé
phuong phap luan déu sir dung nhém quan hé mo va téi wu bay dan. Pang chi y 1a két qua tham chi con tt hon ca
phuong phap AFPSO khi phuong phap nay ngoai str dung nhém quan hé mo theo Chen va phuwong phap ti wu bay dan
gidng nhu phuong phap HPSO con hiéu chinh ca két qua du béo.

Béng 3. So sanh d§ chinh xac cac md hinh khac nhau theo bac

Bac CCO6[5] HPSO[15]  AFPSO[11] VGPSO
2 67834 67123 19594 19868
3 31123 31644 31189 31307
4 32009 23271 20155 23288
5 24948 23534 20366 23552

6 26980 23671 22276 23684

7

8

9

26969 20651 18482 20669
22387 17106 14778 17116
18734 17971 15251 17987
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Bang 4 trinh bay cac két qua tinh toan trong giai doan huan luyén bang cac phuong phap khac nhau nhu CCO6,
HPSO va AFPSO va phuong phap dé xuit VGPSO vai sé lwong khoang ¢é dinh 1a 7 nhung sir dung cac mdi quan hé
mo bac cao, tir bac 2 dén bac 9. Céc gia tri cua tirng cot 1a chi sé MSE duoc tinh cho tirng phuong phap theo cac bac
khac nhau caa mo hinh chudi thoi gian me bac cao.

Tir bang nay cho thdy trong trudng hop sir dung quan hé mo bac cao, 3 phuwong phap HPSO, AFPSO va
VGPSO c6 sir dung t6i wu by dan déu nhinh hon phwong phap CCO6 st dung giai thuat di truyén. Phuong phap moi
dé xuit véi md hinh bac 2 va 3 tét hon phuong phap HPSO nhung véi cac bac cao hon thi tuong duong. Con voi
phuong phap AFPSO thi mo hinh dé& xuat kém hiéu qua hon dbi chat. Didu nay ciing dé hiéu vi phuong phap AFPSO
ngoai sir dung ti wu by dan dé higu chinh gia tri du bao khi Iy thém thong tin dé xac dinh gia tri du bao. Ciing c6 thé
quan sét thay sy bién thién dong diéu cua cac mod hinh c6 sir dung tdi uu bay dan dé phan khoang. M hinh bac 2 lai tét
hon bac 3 rdi gia tri MSE déu giam dan nhung mé hinh bac 6 lai toi hon mé hinh bac 5. Twong tu md hinh bac 9 lai toi
hon chut it véi mé hinh bac 8. Diéu nay ching to trong md hinh chudi thoi gian mo d6i vai timg truong hop khdng
phai ¢t md hinh bac cao nao ciing t5t hon mé hinh bac thap.

Bing 4. So sanh hiéu qua cac mo hinh vdi sé luong khoang khac nhau

Phwong phap Khoang
8 9 10 11 12 13 14
CCO6 132963 96244 85486 55742 54248 42497 35324
HPSO 119962 90527 60722 49257 34709 24687 22965
AFPSO 27435 24860 19698 19040 16995 11589 8224
VGPSO 34457 25855 20533 15625 14630 10004 7475

Déi véi truong hop chi sir dung mé hinh quan hé mo bac nhat nhung véi céc khoang khac nhau thi c6 su khéc
biét rd rét vé do chinh xac. Bang 5 dua ra cac gia tri MSE dé so sanh cac md hinh da ké trén cho s lugng khoang ting
tir 8 dén 12. R& rang mo6 hinh mai d& xuat c6 do chinh xéc tét hon rat nhidu so véi hai mé hinh CCO6 va HPSO. Con
dbi voi mo hinh c6 thém diéu chinh gia tri du bao AFPSO thi mé hinh méi dé xuét véi sé khoang 1a 8, 9 ¢6 do chinh
xé&c t6i hon. Nhung khi s6 lugng khoang tang Ién thi mé hinh VGPSO t6 16 uu thé so véi md hinh AFPSO. Vé miat
t6ng thé ca bén phuong phap déu cho thay khi tang s luong khoang thi gié tri MSE déu giam dan.

V. KET LUAN

Trong b&o cdo nay chung t6i dura ra mot md hinh chudi thoi gian mo méi dya trén khai niém nhoém quan hé mo
phu thugc thoi gian bac cao va tdi uu bay dan dé nang cao do chinh xé&c cua du béo. Khéi niém nhém quan hé mo phu
thuoc thoi gian dua ra 1a mot khéi niém méi, bd sung cho khai niém nhém quan hé mo cua Chen va cua Yu. Day 1a mot
cdng cu co ban ma hau hét cac moé hinh chudi thoi gian mo sau nay déu dua vao dé xay dung mé hinh du béo. Qua
nhitng thyc nghiém tinh toan, nhin chung mé hinh chudi thoi gian mo méi nay thuc su ¢6 hiéu qua. So sanh véi cac mo
hinh ¢c6 cung céu trc khi chi st dung cac khai niém nhém guan hé mo bac nhét dé du bao va phan khoang theo
phuong phap t6i uu bay dan nhu HPSO thi mé hinh méi dé xuat hon hén khi tang sé luong khoang. Con véi md hinh
bac cao vai cing sb lugng khoang chia thi hai phuong phap nay tuong dwong va con kém mo hinh AFPSO. Biéu nay
c6 thé giai thich dugc khi md hinh AFPSO ngoai c4c ki thuat nhém quan hé md va téi wu bay dan, khi tinh dy bao con
c6 phan hiéu chinh thém. Hon nira, c6 thé thiy rang vai sb lugng khoang cang ting thi sy khac biét trong cac nhém
guan hé mo theo Chen va nhém quan hé mo phu thudc thoi gian cang ting 1én va nhu vay ciing c¢6 su khac biét vé do
chinh xéc dy bao. Nhung dbi véi cac nhom quan hé mo bac cao thi vé mat ciu trdc, vé phai caa hai nhom quan hé mo
nay hau nhu khong c6 su thay doi nén do chinh xac du bao twong duong nhau. Vi thé d6i véi cac mé hinh sir dung
nhém quan hé mo bac cao thi d¢ chinh xac s& khéng c6 nhiéu khéac biét. Hy vong trong mé hinh chudi thoi gian mo
méi dé xuat c6 dua thém ki thuat hiéu chinh gia tri du béao bang phan thém khoang phu nhu mé hinh trong [16] hay
diéu chinh bang t6 hop giita thong tin toan cuc va thong tin dia phuong nhu mo hinh AFPSO trong [10] thi md hinh
chudi thoi gian mo véi nhém quan hé mo phu thugc thoi gian s& hiéu qua hon.
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FUZZY TIME SERIES FORECASTING BASED ON TIME-DEPENDING
FUZZY RELATIONSHIP GROUPS AND PARTICLE SWARM

OPTIMIZATION
Nguyen Cong Dieu, Nghiem Van Tinh

ABSTRACT— In recent times, fuzzy time series model is attracting the attention of researchers and data analysts. From the
original model proposed by Song and Chilssom, more fuzzy time series models had been proposed to improve the accuracy of
forecasts. However, there still exist some unsolved problems to better product forecasting in the fuzzy time series model. That is,
how to split the universe of discouse into the appropriate lengths and how to build fuzzy logical relationships and fuzzy relationship
groups effectively. Some approachs have been proposed to solve the problems. One of which is the combination of fuzzy time series
with optimization methods such as genetic algorithms, simulated annealing techniques, particle swarm optimization and ant colony
optimization. In this paper, fuzzy time series model based on a new concept of time-dependent fuzzy logical relationship groups and
the particle swarm optimization techniques is developed. Experimental results show that the proposed model has better forecasting
accuracy than previous methods.

Keywords— Fuzzy time series, forecasting, time-depending fuzzy logical relationship groups, particle swarm optimization.



