Ky yéu Héi nghi KHCN Quéc gia lan thit X\I vé Nghién citu co bén va iing dung Céng nghé thong tin (FAIR); Hué, ngay 07-08/6/2019
DOI: 10.15625/vap.2019.00033

MO HINH CHUOI THO'Il GIAN MO’ BAC CAO HAI NHAN TO KET HOP
VGI TOI WU BAY DAN CHO DY BAO NHIET DO VA THI TRUONG
CHUNG KHOAN

Nghiém Vin Tinh'", Nguyén Céng Diéu’

! Truong Pai hoc K§ thuat Cong nghiép - Pai hoc Thai Nguyén
 Trudng Pai hoc Thang Long
nghiemvantinh@tnut.edu.vn, ncdieu@yahoo.com

TOM TAT Trong thuec té, mot day quan sat c6 thé phy thugc va bi anh huong vio nhiéu yéu 16 khdc nhau. Do do, dé dir bdo chinh
xdc hon can dwa thém nhitng yéu 16 khéc cé fwong quan tiém nang vao mo hinh. Nghién ciru ndy dé xudt mét mé hinh dir bdo méi
dya trén chudi thoi gian mo bdc cao hai nhan 16 két hop vdi 16i wu bdy dan (PSO) dé dw bdo nhiét d va thi truong chitng khodn.
Khdc véi mét s6 mé hinh trude day, trong mé hinh dé xudt, nhom quan hé mo phu thudc thoi gian bdc cao dwoc xdy dung dé sir
dung trong qud trinh dw bdo. Con PSO van dwoc dp dung dé tim dg dai khodng 10i wu trong tdp nén cia tirng nhén t6. Hai tp div
lidu kinh dién vé thoi tiét va thi truong chitng khodn & Pai Loan vé6i cde nhdn 16 twong vmg la ‘nhiét dg’, ‘do bao phii ciia mdy’ va
‘chi s6 TAIFEX, ‘chi s6 TAIEX’ duoc lva chon dé minh chirng cho hiéu qua cua mé hinh dé xudt va so sanh véi cac mé hinh hién
6. Tir két qud cho thd'y mé hinh @é xudt dwa ra dé chinh xdc dw bdo 16t hon so véi cdc mé hinh duw bdo trudce day dua trén chudi
thoi gian mo bdc cao hai nhan 6.

Tir khéa: Chudi thoi gian mo, Nhém quan hé mo phy thude thoi gian hai nhan to, Téi wu bay dan, Nhiét do, TAIFEX.

I. GIOI THIEU

Chudi thoi gian mo (FTS) do Song va Chissom dé xudt trong [1], [2] duoc xem nhu mdt coéng cu hitu hidu cho
phan tich chudi thoi gian. Ké tir d6, n6 1a chi dé ciia nhiéu nghién ctru trong linh vuc dy bao, dic biét 1a khi dit liéu thu
thap 1a khong chinh xac, mo hd va khong c6 xu hudng xac dinh. Hai md hinh FTS ban dau ciia Song va Chissom dua
ra kha phirc tap va mét nhiéu thoi gian tinh toan khi giai quyét véi ma tran quan hé mo 16n. Ching duoc phat trién boi
mot mo hinh hiéu qua hon trong Chen [3] bang cach xir dung cic phép toan sd hoc don gian thay vi cac phép toan max-
min phtrc tap dé du bao tuyén sinh dai hoc tai truong dai hoc Alabama. M6 hinh nay tr¢ thanh cau trac FTS phé bién
va dugc nhiéu nha nghién clru cai tién, ap dung trong nhiéu bai toan du bao bao gém: tuyén sinh dai hoc [3 -16], san
xudt ltia gao [17], chi s6 van chuyén [18], 6 nhidm [19], giao dich ching khoan [20-25], nhiét d6 hang ngay [21-23],
vv. Song song véi viée ap dung cac bai toan trén, nhiéu tac gia da dwa ra cac mo hinh dy bao hiéu qua hon mé hinh [3]
dwa trén cac cai tién vé& d6 dai khoang chia [ 26-28], m¢ hoa dir li¢u [29-31], quan h¢ logic mo [32-35] va k¥ thuat gidi
mo [10, 16, 36]. Cu thé v&i muc dich nang cao d6 chinh xac du bao, g?m day hon cac nha nghién ctru da dé xuit cac ky
thuat khac nhau dé giai quyét cac bai toan phirc tap trong md hinh chudi thoi gian mod. Vi du: Tdi wu by dan (Particle
swarm optimization-PSO) duoc sir dung cho viéc diéu chinh va tim d6 dai khoang chia thich hop trong céac bai béo [8,
10-12, 24]. Bang cach twong ty dé tim d dai khoang tdi wu, mot s6 cong trinh khac dung giai thuat di truyén GA [6, 7]
két hop v6i chudi thoi gian md cho du bao tuyén sinh va giai thuat tim kiém hoa 4m [37] dé hiéu chinh d6 dai khoang
chia trong giai doan mo hoa. Ky thuat tim kiém Tuba va hé thong suy dién mo [38] cting dugc ap dung dé tim do dai
khoang chia tir tip nén trong mo hinh chudi thoi gian mo N nhén t6 cho du bao san xuét cong nghiép 6 t6. Nhom tac
gia khac lai ap dung cac thuat toan phan cum két hop véi chudi thoi gian mo trong qué trinh xay dung mo hinh dy bao
nhu thudt toan phén cum k-mean [15, 16, 26], thudt toan phan cum tu dong [5, 28]. Mot $6 k¥ thuét khac dé xac dinh
khoang va d6 dai khoang chia ti wu ciing dugc trinh bay trong cac cong trinh [13, 14, 39, 40]. Mot hudéng phat trién
khac c6 thé thiy trén thuc té, chudi dit liéu chinh con phu thudc va bi anh hudng boi nhing s6 lidu khac. Do do, viée
két hop nhiéu chudi sé liéu (nhén t6) dé dy bao cho nhan 6 chinh trong mé hinh co thé cai thién do chinh xac dy béo
mot cach dang ké. Pidu nay dugc chirng minh trong cac nghién ciru [21, 24, 38, 41, 42, 43]. Mit khac, mot sb nghién
clru trong [4, 5, 21-24] da chirng minh hiéu qua cua mé hinh du bao dugc cai thién bé‘mg viéc thiét 1ap quan hé mo bac
cao,... Tir cac nghién ctru trén cho thay d6 dai ciia khoang chia, bac clia quan hé md va yéu té quan sat trong chudi thoi
gian md ¢6 anh hudng rat 16n dén do chinh xac du bio cia md hinh. Vi vy, nghién ctru nay dwa ra mé hinh chudi thoi
gian mo béc cao hai nhan t6 két hop vé6i tdi wu bay dan cho du bao nhiét d6 hang ngdy va thi truong ching khoan.
Trong md hinh dé xuat str dung khai niém nhom quan hé m¢ phu thudc thoi gian [11] dé thiét 13p nhom quan hé mo
béc cao hai nhéan t6 va ap dung k¥ thuat tdi wu by dan trong viéc tim khoang chia t6i wu tir tap nén ctia mdi nhan o
nhim ting d6 chinh dy bao ctia m6 hinh. Thir nghiém trén hai bo dit liéu vé nhiét do trung binh hang ngay va thi
tredng ching khoan tai Dai Bic, Pai Loan cho thiy mo hinh dé xuét dat d6 chinh x4c cao hon so v&i ciac mé hinh
trude day. Phén con lai ciia bai bao duoc t6 chirc nhu sau:

Sau phan giéi thidu 1a mot s6 khai niém lién quan dén chudi thoi gian mo trong phan 2. Phan 3 gi6i thiéu timg
budc ctia md hinh du bao két hgp vai PSO. Phan 4 danh gia hiéu qua du bao ctia m6 hinh dé xuat va so sanh vai cac
md hinh dy bao trude day. Cudi cung la mot s6 két luan duge dua ra trong phan 5.
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I1. MOT SO PINH NGHIA VA CAC THUAT TOAN
Trong phan nay tom tit mot s6 khai niém co ban vé chudi thoi gian mo [1-3] va thuat toan t6i uu biy dan [44].
2.1. Dinh nghia vé chudi thoi gian mé (FTS-fuzzy time series)

_ Chudi thoi gian md khac v6i chudi thoi gian truyén thdng 1a céc quan sat khong phai 1a gia tri s6 ma dugc biéu
dicn boi gid tri ngdn ngtr. Vi kha nang lam viée v6i mot tap dir liéu quan sat nho khién cho viéc dy bao chuoi thoi
gian mo ngay cang dwoc quan tdm hon. M4t sO dinh nghia co ban vé chuoi thoi gian mo mot nhan to va hai nhan to
duogc dua ra nhu sau:

Pinh nghia 1: Chudi thoi gian mo [1]

Cho Y(t)(t =...0,1,2,...) la mot tip con cua tap sO thuc va ciing 14 tap nén trén d6 xac dinh cac tap mo fi(t). F(t)
la tap chura cac tap f;(t) (i = 1,2,...). Khi do ta goi F(t) |a chudi thoi gian mo xac dinh trén tap nén Y(t).

Pinh nghia 2: Chudi thoi gian md bac m (M > 2) mot nhan t6 [4]

F(t) la mot chudi thoi gian mo. Néu F(t) dugce suy ra boi F(t — 1), F(t — 2),..., F(t — m), thi quan hé giita ching
duoc biéu dién bsi F(t — 1), F(t — 2), ..., F(t — m) - F(t) va nd dugc goi la chudi thoi gian mo bac m mot nhén to.
Pinh nghia 3: Chudi thoi gian md bac m hai nhéan nhan t6 [21]

Gia str F,(t) va Fg(t) 12 hai chudi thoi gian mo. Néu F,(t) dugc suy ra dong thoi boi (Fu(t — 1), Fg(t — 1)),
(F, (t — 2),Fg(t — 2)),..., (F4(t —m), Fg(t —m)) thi quan hé gitta chiing dugc biéu dién theo cich sau (F,(t —
m), Fg(t —m)),..., (Fa(t — 2), Fg(t — 2)), (F4(t — 1), Fg(t — 1)) — F4(t) va n6 duoc goi la chudi thoi gian mo bac
m hai nhan nhan t6. Trong d6, F,(t) duoc goi 1a nhan t6 chinh va Fp(t) goi 1a nhan t6 thw hai cia chudi thoi gian mo
va (F4(t — m), Fg(t — m)),..., (F4(t — 2),Fg(t — 2)), (F4(t — 1), Fg(t — 1)) goi 1a trang thai hién tai cia quan hé,
F,(t) goi la trang thai tuong lai.

Pinh nghia 4: Nhom quan hé mo bac 1 mot nhan t6 (FLRGs) [3]

Mot nhom quan hé mo ¢6 thé duge xem nhu mét tip cac quan hé mo c6 cung ve trai voi nhau. Gia sir cd cac quan
hé logic mo bac mét c6 cung cac tdp mo bén veé trai nhu sau:

Al' _>Ak1;Al' —)Akz; 'Al _>Akm .

Theo Chen [3], cac quan h¢ nay dugc gom thanh mét nhom nhu sau : A; = Agy, Agy, .., Axm- Céc quan hé gidng nhau
(1ap lai) chi dugc tinh duy nhat mét lan khi tham gia vao nhém quan hé mo.

Pinh nghia 5: Nhom quan hé m& phuy thude thoi gian bac cao hai nhan t6

Dua trén khai niém nhém quan hé mo phu thudc thoi gian dé xuét trong tai liéu [11] va khai niém vé chudi mo bac
€ao hai nhan t6. Chung t6i dua ra khai niém v€ quan hé mo phu thudc thoi gian bac m hai nhén t6 nhu sau:

Quan h¢ mo giita m quan sét lién tiép clia chudi thoi gian hai nhan t6 (F, (¢t — 1), Fp(t — 1)), (F,(t — 2), Fp(t —
2)),..., (F ,(t = m), Fp(t —m)) va F,(t) dugc biéu dién boi (F,(t —m), Fp(t —m)),..., (F,(t — 2), Fy(t — 2)),
(F,(t = 1), Fp(t — 1)) = Fu(£). Néu, dat F4(t) = Aj() va Fa(t —q) = Aig(t—q); Fp(t —q) = Big(t—q), véi
1< q<m. Thi quan h¢ tai thoi diém t nay duoc biéu dién thanh (A, (t —m), By, (t — m))...., (4,(t -
2), Bip(t = 2)), (A, (t = 1), By (t — 1)) = A;(1).

Néu cling tai thoi diém t, ton tai cac quan h¢ mo bac m hai nhan td c6 cung vé trai sau:

(Alm(t - m)' Bkm(t - m))!--'a (Alz(t - 2)! BkZ(t - 2))7 (Ail (t - 1)' Bkl(t - 1)) - A]l(tl)

(A, (t =m), By (t —=m)),..., (A, (t = 2), Bip(t = 2)), (A, (t = 1), By (t — 1) — A, (tp).

voi tl, t2,..,tp <t. Nghia la cac quan h¢ tai thoi diém tl, 2, ..., tp xéy ra trudc quan hé mo ¢ tai thoi diém t, nhung co6
cung cac tap mo bén ve trai. Khi d6 cac quan hé tai thoi diém t nay dugc gom thanh mdt nhém quan hé mo theo dang
sau:

A, (t=m), By, (t —m))...., (A,(t = 2), B, (t = 2)), (4,,(t = 1), By (t = 1)) = A (t1),..., Ajp(tp) , A;(t) VA
duoc goi la nhom quan hé mo phuy thudc vao thoi gian bac cao m (m= 2) hai nhan td.
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2.2. Thudt todn PSO [44]

PSO Ia thuat toén tién héa dua trén viéc md phong hanh vi tuong tac cua biy chim hay dan ca tim ngudn thirc an.
M3i con chim (ca thé) trong dan (quan thé) duoc dic trung bai hai thanh phan 1a vector vi tri x; va vector van téc (dich
chuyén) v; trong khéng gian (d-1) chiéu. Ban dau PSO duoc khai tao bai vi tri va van téc mot cach ngiu nhién. Sau
mdi budc dich chuyén (Iap) mdi c4 thé danh gia kha niang tim kiém bang ham do do thich nghi (fitness function). Bdng
thoi mdi ca thé cap nhat van toc v; va vi tri x; caa né theo cong thirc (1) va (2). Ciing trong qué trinh lap, mdi ca thé
chiu anh hudng béi hai thdng tin: Thong tin thir nhét 12 vi tri tot nhat ma mai c4 thé ghi duoc cho téi thoi diém hién tai
(théng tin cuc bg) , goi 1a P, ; VA bi tac dong bai thanh phan ty nhan thirc C;. Thong tin tha hai la vi tri tot nhat trong
tat ca qué trinh tim kiém cua toan bo ca thé trong quan thé cho téi thoi diém hién tai (thdng tin toan cuc), goi 1a Gpes
va bi tac dong boi thanh phan x4 hoi C,.

VEH = @k s V¥ + €y« Rand( ) * (Pyests — x1) + C, * Rand( ) * ( Gpest — xI°) D)

XfH = K 4yt )
k _ _ k*( Wmax—®Wmin)

W" = Wmax iter_max (3)

Vi tri tot nhat caa mdi ca thé i 1a mot vector Pyt ; = [ Pi1, Dizs - » Pin—1] VA Gid tri Pyegy ; duoc tinh nhu sau:

Pk+1 — f(x) — Pl};est_i , if fitness(x{‘”) > Plfest_i (4)
besti™ fitness(xf*Y), if fitness(xf*') < PEg,;
Gid tri Gpes tai lan 13p thir k 12: Gpese = min(Pys;,) (5)

Trong do;
Ll Vik , X%( la van toc va vi tri cua cé thé thr i ¢ 1an 1ap thu k.

» " 1a trong sé quéan tinh & thoi diém thr k, duoc giam tuyén tinh tr gia tri wpgy = 0.9 dén W, = 0.4 VA gidi
han bai s6 1an lap t6i da (iter_max) theo cong thirc (3).

I11. MO HINH DU BAO DUA TREN FTS BAC CAO HAI NHAN TO VA PSO

Trong phan nay, ching t6i trinh bay md hinh dy bao dua trén chudi thoi gian mo bic cao hai nhén t6 két hop véi
t6i ru bay dan. Mo hinh dy bao dé xuat st dung hai chudi thoi gian mo Fy(t) va Fg(t), trong do F,(t) dugc goi 1a
nhan t6 chinh va Fg(t) la nhan t6 thtr hai. Trudc tién mo hinh can phai xay dung cach phan khoang tap nén. Trong mét
s6 mo hinh trude day, tap nén dugc chia thanh nhitng khoang déu nhau. Nhitng nim gan day, viéc phan khoang c6 do
dai khac nhau dugc sir dung thuong xuyén nhim ning cao do chinh xéc dy bao ciia md hinh. Mot s6 phuong phap
thudng duge sir dung nhu cac phuong phap phan cum, giai thuét di truyen va phuong phap t6i uu bay dan. Bai bao nay,
ching t6i sir dung PSO dé tim d¢ dai khoang t6i uru cho ting nhan t6 trong tap nén nhim ting d9 chinh x4c du béo cia
md hinh. CAu tric ciia md hinh du bao va thuat toan tim khoang t6i wu bang PSO (thuat toan nay duoc dat tén 1la PSO-
optimal interval) duoc trinh biy theo cic budc sau:

Bude 1: Xac dinh tap nén cho hai chudi dit liéu quan sat F,(t) va Fy(t).

Gia stt Uy(t) = [Dimin — D1, Dmax + D2]1Va Vg(t) = [Emin — E1, Emax + E»] 12 hai tip nén tuong mg ctia nhan
to chinh F4(t) va nhan to thir hai Fp(t).

Trong d6; Dyin, Dmax la gia tri nho nhét va 16n nhit caa chudi dit liéu quan sat FA (t) va Dy, D, 12 hai sb duong
duoc chon sao cho tip nén U,(t) bao chon ven chudi dit lidu lich sir va dam bao nhiéu cua dit liéu kiém thir cua nhan

t6 chinh. Tuong ty Ernlm Emax 12 gia tri nho nhit va 16n nhit cua chu01 dit liéu quan sat Fg(t) va Ey, E; 12 hai s6 dwong
duoc chon sao cho tap nén Ug(t) chira tit ca cac quan sat ciia nhan té thi hai.
Budc 2: Chia tip nén U, (t) va Vi (t) thanh n va m khoang t6i uu

Trudce tién mdi tap nén chira mSi chudi thoi gian o thé dugc chia thanh cic khoang c6 d dai bang nhau véi s6
luong khoang bat ky. Mot cach tong quat co thé chia tip nén U, (t) cua nhén to chinh Fy(t) thanh n khoang, tap nén

(Dmax—Dmin)+(D2+D1) va LZ _
n

_Emln)+(E2+E1) . Sau d6 goi thuat toan PSO-optimal interval dé hiéu chinh do dai cia cac khoang nay thanh cac
khoang c6 do dai khac nhau phu hop hon.

Vg(t) ctia nhan t& th hai Fg(t) thanh m khoang véi do dai twong tng 1a L, =

(Emax

Budre 3: Xac dinh cac tip mo cho hai nhan t dua trén cac khoang téi wu dat duoc trong bude 2
Buéc 4: Mo hoa dir liéu cho tirng nhan t§ thanh cac tap mo

Budéc 5: Thiét lap quan hé mo bac cao m (m = 2) hai nhan t6 dya trén cac tap mo xac dinh & budc 3.
Buwérc 6: Tao nhom quan hé mo phy thudc thoi gian bac cao hai nhan td

Budre 7: Tinh toan va giai md dy bao tir cac nhém quan hé mo bac cao duge thiét lap trong budc 6
Budéc 8: Tinh sai sé du bao
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) Dé x4c minh tinh hiéu qua cia mé hinh du béo, sai sé trung binh (Mean Square Error- MSE) va sai s6 trung binh tuyét
d6i (Mean Absolute Percentage Error — MAPE) dugc sir dung 1am tiéu chi danh gia d chinh xac dy bao ctia md hinh.

MSE = 12’; (F; — R;)? (6)

MAPE = X rm|ﬁ *100% @)

Thuit toan PSO-optimal interval:
Thuét toan duoc chia lam hai budc chinh dé tim khoang t8i uu cho md hinh du bao nhu sau:
Budre 1: Khéi tao va céu triic khoang cho céc ca thé trong PSO

Gia sir s6 luong khoéng chia ban dau trén tap nén Ux(t) = [Dpmin — D1, Dmax + D,] ctia nhan t6 chinh 14 n va
trén tp nén Vg (t) = [Emin — E1, Emax + E»] ctia nhan t6 thir hai 14 m.

Trong nghién ciru ndy, vi tri cua mdi ca thé trong PSO biéu dlen cac khoang trén tap nén cua nhan t6 chinh F,(t)
va nhan t6 thir hai Fg(t). Cu thé né duogc cdu tric thanh mot mang gom n+ m - 2 phan tir. Trong d6 gom:

% n-1 phan tr dic trung cho nhan t6 chinh xac dinh trén tap nén U, (t) 12 { i1, Az » ..., ik, - ->Aj(n—1) > VOI |
<k=<nl ajxq<axval<i<pn(pnla s6 luong cé thé trong quan thé);

< m-1 phan tir d4c trung cho nhan t4 thr hai xac dinh trén tap nén Vg (t) 18 { biy, aj , ..., ajjs.. . @igm1y}, V6i 1
Sjsm-1a55-0 <ay .

Duya vao n + m — 2 phan tir ndy, xac dinh dugc n+m khoéng 1a uy = (Dpin- D1y ainls Uz = (@41, Qiz]s oo Up =

(ai(n 1)r Dmax+ DZ] va Uy = (Eminv il] Uy = (bill biz] = (bi(m 1) max]

Khi mbi cé thé di chuyen dén vi tri khac thi cac phan tur trong mang tuong Ung voi vi tri méi can duoc sap xép

theo thur ty tang dan twong tmg véi timg nhan td. Cau tric ma hoa ciia hai nhan t6 theo vi tri clia cac c4 thé trong

PSO dugc biéu dién nhu Hinh 1.

Trong do, - vi tri ctia c4 thé thir nhat dugc khoi tao dung bang cac gia tri ciia cac khoang trén tap nén twong tng

vdi ting nhan to cua chuoi thoi gian.

% Vi tri ctia cac ca thé con lai khoi tao ngau nhién trong tap nén tuong ng véi ting nhan t6.

% Khoi tao vi tri t6t nhat ban dau Poesti = [ Pi1)Pi2s s Pin-1] CUa Cl thé thr i ding bang vi tri clia cac ca thé ban
dau.

% Van téc cua cic cd thé duoc khoi tao ngau nhién trong khoang [V, Vmax], VOi Vi = 0.5*%

D —Dmin+t Do,—D n z , E —Emint E2—E A J4 ,
(—me—=2———) dugc chon cho nhan t chinh, Vi = 0.5%( =#*—=2—"—%) dugc chon cho nhan t6 thir

hai.

1

(551 Qa2 Ai(n-1) | b4 by, bl(m—l)
1

azi Azz .- Az(n-1) E ba1 by, bym-1y
1
1
L
i

ap Ay - An-1) | b bz bignon
]

L Nhan té chinh F 4(t) AI Nhén t6 thir hai Fg(t) ]

| |

Hinh 1: C4u tric mé héa cia i c4 thé trong PSO

Buwéc 2: Tinh gia tri ham muc tiéu cho mdi c4 thé i dua vao cong thirc (6) hodc (7) béng cac budce con sau:

- Thiét lap s6 lan lap ban dau k =1 (1 < k < iter_max).
Bude 2.1: Xac dinh cac tdp md cho cac quan sat cua chudi thoi gian md hai nhan t6

Moi khoang dat dugc trong budc 1 chira mot nhan ngdn ngit ddc trung boi tdp mo chira mot hay nhiéu gia tri quan
sat ctia chudi thoi gian. PE xac dinh cac tip md cho moi quan sat ciia tirng nhan t6 trong chudi thoi gian, bang cach gan
moi khoang tuong tng dat dugc trong bude 1 bdi mot tdp mo. Doi voi n khoang cuia nhén to chinh Fy(t) , xac dinh
duoge n tip mo A; dugce biéu dién theo cong thirc (8).

Ai=e£+e£+...+ﬂ+...+ell (8)
Uq Uz Uuj Un
1 j==i
05 if j==i—-lorj==i+1 9)

0 otherwise
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Trong d6 e;; €[0,1] (1 <i< n, 1 <j < n) dugc biéu thi 1a cép d6 thudc cua khoang u; vao tap md A;. DE thuan
tién cho viéc giai mo du ra du bao, trong bai bao nay ching t6i st dung ham thudc tam giac véi cép d0 thudc nhan ba
giatri 0, 0.5, 1 theo cong thire (9).

Mot cach tuong tu déi v6i m khoang cua nhén 6 thtr hai Fg(t) , xac dinh m tip md By (1< k < m) duoc biéu
dién boi cong thire (10) nhu sau.

1 0.5 0 0 0
B =—+=+—+-+ +—
V1 v2 V3 Vm-1 Um
0.5 1 0.5 0 0
B, ==+4+—+=+ -+ +—
V1 V2 v3 Vm-1 Um
0 0 0 0.5 1
By =—+—+—+ bt — (10)
V1 V2 V3 Um-1 Um

Budc 2.2. Mo hoa dir lidu lich st ciia chudi thoi gian m hai nhén t6 trén co sé cac tap mo da xac dinh ¢ bude 2.1

Viée md héa 6 thé coi 1a mot qua trinh xac dinh mdi lién hé gitra céc gia tri lich sir ctia chudi thoi gian véi cac tap
mo duogc xac dinh trong budc 2.1. Pé mo hoa tat ca cac gia tri lich st trén tiing nhan t6 cua chudi thoi gian, trudc ti€n
can gan cac gia tri ngon ngit cho mdi khoang theo cip do thudc cao nhit ma mdi di liéu lich sir cia mdi nhan t6 thude
vao khoang nay. Cac gia tri ngdn ngir dugc gan ¢ day la cac tdp mo da xac dinh trén budc 3.
Budc 2.3. Xac dinh cac quan h¢ mo bac m hai nhan td

Dua trén dinh nghia 3 vé chudi thoi gian md hai nhén t6, thi mot quan hé logic md ¢6 thé duge xay dung boi hai
hay nhiéu tdp mo lién tiép trong mdi chudi thoi gian. Sau khi cac gia tri quan sat ciia hai chudi thoi gian Fa(t) va
Fp(t) dugec mo héa, chung ta c6 thé xac dinh dugc tat ca cac quan hé logic mo hai nhéan té bac m theo cach thuc sau:
(Fa(t—m),Fg(t—m)),..., (Fa(t—2),Fg(t—2)), (Fa(t—1),Fg(t—1)) = Fa(D); trong d6 (Fa(t—m), Fp(t—
m)),..., (Fa(t—2),Fg(t—2)), (Fa(t— 1), Fg(t— 1)) dugc goi 1a trang thai hién tai ctia quan hé va F,(t) goi la trang
thai twong lai ciia quan hé. Sau d6 cac quan hé nay co6 thé dugc thay béi cac tip mo twong tmg trén timg nhén t6.
Buéc 2.4 Thiét 1ap nhém quan hé mo phy thugc thoi gian bac m hai nhan td

Dua trén dinh nghia 5 vé nhom quan hé mo phuy thude thoi bac cao hai nhan td. Gia st ton tai cac quan hé mo bac
hai v6i hai nhan t6 dugc biéu didn béi cac tap md A; va B tai cac thoi diém khac nhau nhu sau:

Tai t =t; c6 mbi quan hé mo 13 (AL, B2), (A2, B2) » A5
Tai t =t, c6 mdi quan hé mo 1a (A2, B3), (A2, B2) » A4
Tai t =t; c6 mdi quan hé mo 1a (A1, B2), (A2, B2) » A4

. Khi d6, tai thoi diém t = t,, t,, t; (V61 t; < t, < t3) ching ta lan luot nhan duoc cac nhém quan hé mo béc hai hai
nhan t& véi ciing trang thai bén tréi 13 Gy: (AL, B2), (A2, B2) » A5; G, (A2, B3), (A2, B2) » A4 va Gg: (Al, B2), (A2,
B2) > A5, Ad.
Budc 2.5: Giai mo va tinh gia tri dy bao dau ra

bé giai mo dir liéu dd mo hda va tinh toan gia tri cho nhém quan hé mo bac cao hai nhan t6. Trude tién, mot
phuong phap giai trong cong trinh [16] dugc sir dung dé tinh toan gia tri du bdo cho cac nhom quan hé mo hai nhén t6
Vv6i cac bac khac nhau trong giai doan huan luyén. Sau do6, ching t6i sir dung quy tic giai mo trong [23] dé tinh toan
gia tri du bao cho nhém quan hé mo trong giai doan thir nghiém. Cac k¥ thuat giai md dua ra béi cac quy tic sau:
Quy tiic I: Tinh toan gia tri dy bao cho cdc nhom quan hé mo trong pha huin luyén

Dé tinh gia trj dau ra cho nhom quan hé m& phu thude thoi gian bac m va gia tri du bao tuong tng véi timg thoi
diém thudc nhom quan hé mo. Ching t6i sir dung phuong phap giai mo [16] bang viéc xem xét thém thong tin cua cac
tap mo xudt hién bén vé phai cta cac quan hé mo trong ciing nhém. Y tuéng chinh cua quy tic du bao nhu sau:
Gia nhom quan hé mo phu thude thoi gian bac m hai nhén t ¢6 dang (4; m, Bim), (4; (m-1y Bigm-1))» ---» (Ai 1, Bi1)—
Aj1, Ajz, ..., Ajp. Trong 46, A, A (m-1)s -+ Ai1 biéu dién gia tri md hoa cia nhan t6 chinh va B;,, B; (m=1)s +++>
B; ; biéu thi gia tri md héa ciia nhén t6 thir hai. Khi d6, di véi mdi nhém quan hé ndy ching tdi chia cac khoang tuong
{mg véi cac tap md bén vé phai cia nhoém quan hé thanh q khoang con c6 do dai bang nhau. Sau d6 tinh toan gia tri cho
cac nhom nay bang téng trung binh gia tri diém giita ciia cac khoang con thir q twong tmg v&i p tdp md bén vé phai cta
nhom quan hé theo cong thuc (11).

Forecasted =% XP_, sub_mid (11)

Trong do, (1<j <p, 1<k <q)
v platdng s6 tap md bén vé phai ciia nhom;
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v’ sub_midj 1a diém giita ciia mot trong q khoang con (diém giita ctia khoang con thir k) twong mg véi tip mo
thir j bén vé phai cia nhom quan hé.
Quy fdc 2: Tinh gia tri du bao cho nhém quan hé md rdng (Nhom quan hé ¢6 vé phai chua xac dinh tip mo).

Dé tinh toan gia tri dy bdo cho nhom quan hé mo trong giai doan thir nghiém, tirc 1a nhém quan hé duge hinh
thanh tir cac quan hé ma vé bén phai ciia nd chua c6 dir liéu ¢ mo héa. Chung t6i 4p dung phuong phéap giai md trong
[23] bang viéc xem xét bién dong clia quan hé gan nhét vé tuong lai véi sy chénh léch cua cac bién dong lién ké theo
béc trong nhan té chinh.

Gia sir xuat hién nhém quan hé m& bac m hai nhan t6 nhu sau: (Agm, Bim), (4i m-1y Bigm=1))s ---» (Ai 1, Bix)— #. Khi
d6 du bao cho mau chua biét (dau #) vao ngay tht i dugc tinh theo cong thire (12) sau:

M. _ _M
Forecasted(#) = M;; + Y7, % (12)
Trong do, M; 1, M;3, ..., Mj, (2 < k < m) la diém giira cua cac khoang u;q, U;s, . . ., Uy, twong ing véi cac tip mo cua

nhan t6 chinh.
Bué6c 2.6. Cap nhat vi tri t6t nhat ciia méi ca thé i, Pyest; = [ Pi1, Pizs - Pin—1] theo cong thitc (4) va vi tri t6t nhat
trong s6 céc vi tri tot ctia toan bo ca thé trong quan thé (Gpes) tai 1an lap thir k theo (5) 13: Gpest = min(Pfesti)

Trong PSO mdi ca thé trong quan thé duoc dic trung bai hai thanh phén t6t nhat do 1a: Vector vi tri tot nhat cua
timg ca the 114 Pyeg ; va vi tri tot nhat trong cd quan thé & Gpes. Moi cd the i dugc cép nhit theo gia tri cia ham muc
tiéu MAPE (7). Néu gia tri cia MAPE & thoi diém hién tai k nho hon gia tri MAPE ¢ thoi diém trude do k-1 thi

- k Y _ .
1:)best_i_MAPE (Xi ) va Gbest =min (Pbest_i)-

Bude 2.7. Cap nhat cac thanh phan trong PSO theo cac cong thirc sau:

- Cap nhat van toc cta mdi cé thé theo cong thirc (1)

- Cap nhat vi tri cia mdi ca thé theo cong thirc (2)

- Cap nhat trong s6 ® ctia mdi cé thé theo cong thirc (3)
Budc 2.8: Kiém tra diéu kién dimg

Néu s6 lwong 1an 1ap hién tai con nho hon sb lan lap téi da (k < iter_max) hay (chua tim thdy gidi phap toz uu),
quay lai budc Budc 2. Trai lai dua ra gia trl Gpest V@ cac khoang t61 wu u; cua nhén té chinh va cac khoang tdi wu Vj
ctia nhén t6 thir hai x4c dinh trén timg tap nén tuong tng.

IV. KET QUA THU'C NGHIEM

Muc nay dua ra mot s6 két qua dy bao cia mo hinh dé xuét trén hai tap dir liéu. Trong Kkét qua thyc nghiém thr
nhét, ching t6i 4p dung mé hinh dé xut cho du bao nhiét do trung binh hang ngay tai Dai Bic Pai Loan véi toan bo dir
liéu [22] tir 1/6/1996 dén 30/9/1996. Trong d6, “nhiét 6 trung binh” 1a nhan t6 chinh va “mat do cua may” dugc dit 1a
nhan t6 tht hai dé tham gia vao dy bao cho nhan t6 nhiét do. Doi véi két qua thyc nghiém thur hai, ching t61 ap dung
md hinh dé xuat dé dy bao thi trudng chimg khoan TAIFEX [22] chtra toan bd dit lidu lich sir tir ngay 03/8/1998 dén
ngay 30/9/1998. Trong d6, TAIFEX (Taiwan futures exchange) dugc dit 1am nhan t6 chinh va TAIEX (Taiwan stock
exchange capitalization weighted stock index) dit 1am nhan t6 thir hai. Dé so sanh hiéu qua du bao ctia mé hinh dé xuét
v6i mot s6 mod hinh du bao gin day trén ting bo dit liéu trong Gmg, ching t6i thyc hién mé phong chuwong trinh 20 1an
chay trén timg béc va ghi lai két qua t6t nhat trong tit ca cac chay lam két qua du bao cudi ciing. Cac tham s can thiét
dé thuc hién mé hinh dy bao trén tung bo dir liéu duoc dua ra trong Bang 1.

Bang 1. Cac tham s st dung trong mé hinh du béo trén hai tap dit liéu

Cic tham s6 ciia md hinh Gia tri cho du bao nhiét do Gia tri cho du bao TAIFEX
Nhiét do | Mat do ciia mdy | Nhdn to TAIFEX TAIEX

S6 lwong cd thé trong quan thé: pn = 30 30

S6 lan Iap t6i da( sé thé hé): iter_max = 150 150

Trong s6 quén tinh @ (Gidm tuyén tinh) Wmax=0.910 Wi, =04 Wmax=0.910 Wiy =0.4

Cdc hé s6 t tin cdy va hé s6 xd hgi Cy, = 2 2

C,

Mién gidi han vi tri ciia méi cd thé: X = [23,32] [0, 100] [6200, 7600] [6200, 7600]

Mién gidi han vdn toc ciia moi cd thé: V| = [-5, 5] [-50, 50] [-700, 700] [-700, 700]

4.1. Két qua du bao nhiét d9 trung binh tai Pai Bic Dai Loan

Phan nay, ching toi 4p dung mo hinh dé xuat dé du bao nhiét do trung binh hang ngay tai Dai Béic, Dai Loan véi
toan bo cac quan sat [22] tir ngdy 1/6/1996 dén 30/9/1996 vé nhiét do va do che phu ciia may dugc st dung dé duy bao
cho nhén t6 chinh “nhiét d6”. Tir cac tham sb trong Bang 1, chdng t6i thuc hién mé phong va dua ra két qua du béo
nhiét d¢ trung binh hang ngay trong thang 6/1996 dua trén mé hinh chudi thoi gian bac 3 hai nhan t6 véi 9 khoang chia
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cho nhan t& “nhiét @3 va 7 khoang chia cho nhan t& “mdt dé ciia may”. Két qua du bao dugc ghi ra trong Bang 2 nhu

sau.

Bing 2. Két qua du bao nhiét do trung binh hang ngay trong thang 6/1996 tai Dai Bic, Dai Loan.

Ngay thang Dir liéu nhiét do Mat do ciia may Gia tri du bao
June-1-96 26.1 36 Not forecasted
June-2-96 27.6 23 Not forecasted
June-3-96 29 23 Not forecasted
June-4-96 30.5 10 30.53
June-5-96 30 13 29.99
June-6-96 29.5 30 29.5

June-28-96 27.8 55 27.8

June-29-96 29 29 28.96

June-30-96 30.2 19 30.26

Dé xac minh tinh wu viét ciia md hinh d& xuét dwa trén chudi thoi gian mo béc cao hai nhan t6 vdi s6 luong
khodng chia bang 9 cho nhan t6 chinh “nhiét d6” va bang 7 cho nhan té thtr hai “mat d6 ciia may”, cac md hinh trong
cac bai béo [ 43, 21, 22, 23, 5] duoc lya chon cho viée so sanh. Két qua so sanh bang do chinh xac du bao MAPE (7)
clia md hinh dé xuit v6i cac md hinh trude day trén timg thang (#ir thang 6 dén thang 9 nam 1996) dua trén mo hinh
chudi thoi gian bac cao hai nhan t6 (s bdc 2 dén béc 8) duge dua ra tir Bang 3 ¢én Bang 6 nhu sau:

Bang 3. So sanh do chinh x4c du bao trong thang 6 giita mo hinh dé xut va cac md hinh khac dua trén cac bac khac nhau

Mb hinh Béc ciia md hinh
Bac 2 Bac 3 Bac 4 Bac 5 Bac 6 Bac 7 Bac 8
M© hinh [43] 0.28% 0.29% 0.30% 0.29% 0.29% 0.28% 0.29%
M® hinh [21] 0.8% 0.76% 0.79% 0.76% 0.79% 0.79% 0.81%
a=0.25  0.44% 0.42% 0.42% 0.42% 0.44% 0.40% 0.40%
M® hinh [22] a =05 0.50% 0.45% 0.42% 0.38% 0.43% 0.39% 0.46%
a=0.9 0.46% 0.42% 0.44% 0.42% 0.41% 0.46% 0.39%
M®b hinh [23] 0.36% 0.34% 0.32% 0.31% 0.31% 0.28% 0.29%
M®b hinh [5] 0.25% 0.26% 0.27% 0.27% 0.27% 0.28% 0.29%
M0 hinh dé xuét 0.08% 0.069% 0.06% 0.071% 0.071% 0.055% 0.078%

Bing 4. So sanh d6 chinh xac du bao trong thang 7 giita mé hinh dé xuat va cic mo hinh khac dya trén cc bac khac nhau

M6 hinh Bac ciia md hinh
Bac 2 Bac 3 Bac 4 Bac 5 Bac 6 Bac 7 Bac 8
Mo hinh [43] 0.34% 0.35% 0.34% 0.34% 0.35% 0.33% 0.32%
M® hinh [21] 0.96% 0.96% 0.98% 0.97% 1.00% 0.98% 0.99%
=025  0.44% 0.42% 0.42% 0.44% 0.40% 0.40% 0.40%
M© hinh [22] a=05 0.50% 0.42% 0.38% 0.43% 0.39% 0.46% 0.46%
a=09  0.46% 0.44% 0.42% 0.41% 0.46% 0.39% 0.39%
M6 hinh [23] 0.34% 0.33% 0.33% 0.32% 0.32% 0.34% 0.33%
M® hinh [5] 0.28% 0.29% 0.28% 0.29% 0.30% 0.29% 0.30%
M hinh dé xuét 0.081% 0.068% 0.059% 0.06% 0.055% 0.051% 0.062%

Bing 5. So sanh d6 chinh x4c du bao trong thang 8 giita mé hinh d& xuét va cdc mé hinh khac dua trén cc bac khac nhau

Mb hinh Bic ciia mo hinh
Bac2 Bic 3 Bac 4 Bac 5 Bac 6 Bac 7 Bac 8
M® hinh [43] 0.23% 0.22% 0.22% 0.22% 0.23% 0.23% 0.22%
M&é hinh [21] 1.07% 1.06% 1.08% 1.08% 1.09% 1.07% 1.07%
0=0.25  0.44% 0.42% 0.42% 0.44% 0.40% 0.40% 0.40%
M6 hinh [22] « =05 0.50% 0.42% 0.38% 0.43% 0.39% 0.46% 0.46%
a=09  0.46% 0.44% 0.42% 0.41% 0.46% 0.39% 0.39%
M® hinh [23] 0.31% 0.34% 0.33% 0.33% 0.33% 0.34% 0.35%
M&é hinh [5] 0.35% 0.35% 0.35% 0.36% 0.37% 0.35% 0.36%
Mo hinh d& xuét 0.068% 0.067% 0.067% 0.058% 0.056% 0.056% 0.067%
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Bing 6. So sanh d6 chinh xac dy bao trong thang 9 gitta m hinh d& xut va cac mé hinh khéac duya trén cac bac khac nhau

Md hinh Béc ctia m6 hinh
Bac 2 Bac 3 Bac 4 Bac 5 Bac 6 Bac 7 Bac 8
M© hinh [43] 0.51% 0.49% 0.51% 0.51% 0.53% 0.50% 0.51%
M© hinh [21] 1.01% 0.90% 0.94% 0.96% 0.95% 0.95% 0.95%
0=0.25 0.44% 0.42% 0.42% 0.44% 0.40% 0.40% 0.40%
M© hinh [22] a =05 0.50% 0.42% 0.38% 0.43% 0.39% 0.46% 0.46%
a=0.9 0.46% 0.44% 0.42% 0.41% 0.46% 0.39% 0.39%
M© hinh [23] 0.54% 0.56% 0.54% 0.50% 0.51% 0.52% 0.41%
Mb hinh [5] 0.36% 0.35% 0.35% 0.37% 0.38% 0.37% 0.38%
Mo hinh dé xuét 0.144% 0.121% 0.119% 0.114% 0.106% 0.095% 0.113%

Quan sat sai s du bao MAPE trén timg bac ciia md hinh tir Bang 3 dén Bang 6, cho thdy mé hinh du béo dé
xuét hidu qua hon so véi cac mo hinh trudc day, khi ap dung dé du bao nhiét d trung binh hang ngay tai Dai Bac, Dai
Loan tir thang 6 dén thang 9 nam 1996. Cy thé mo hinh dé xuat da dua ra dwoc gia tri MAPE nhé hon nhiéu so véi cac
md hinh du bao di cong b trong cac bai bao [43,21,22,23,5] trén tat ca cac bac cia md hinh. Dic biét, mo hinh dé xuat
dua ra sai s6 du bao nho nhat dya trén quan hé mo bac 7 véi sai sb phan tram trén timg thang, tir thang 6 dén thang 9
tuong tmg 14 0.055%, 0.051%, 0.056%, 0.095%. Tir két qua dang tin ciy nay cho thdy mé hinh dé xuét uu viét hon cac
mo hinh trudc day vé do chinh xac du béo.

4.2. Két qua du bao chi sé chirng khoan TAIFEX

O muc nay, mé hinh dy béo dé xuét dugc ap dung dé du bao TAIFEX [22] tir ngay 8/3/1998 dén 9/30/1998 véi
sy tham gia ctia chudi nhan t6 thir hai TAIEX. Toan bo dit liéu vé chi s6 TAIFEX va TAIEX duoc chia 1am hai giai
doan dé thyuc hién so sanh gitta m6 hinh dé xuét v&i cac md hinh trude day theo cac bac va khoang khac nhau. Trong
giai doan thir nhat, dir liéu TAIFEX va TAIEX tir ngay 8/3/1998 dén 9/23/1998 dung lam giai doan huan luyén. Di
liéu con lai dugce sir dung lam giai doan thir nghiém.

4.2.1. Két qua trong giai doan hudn luyén

Dé xac minh hiéu qua dy bao ciia mo hinh dé xuat dya trén chudi thoi gian bac cao hai nhan t6, cac md hinh dua
ra trong céc cong trinh nhu: M0 hinh L06 [21], M6 hinh [5], M hinh [43], md hinh L08 [22], m6 hinh MPTSO [23],
mo6 hinh [38], va md hinh THPSO [24] duoc lya chon dé so sanh va danh gia vé d6 chinh xac du bao MSE (6). Turcac
tham so trong Bang 2, mé hinh dugc thuc hién 20 lan chay va ghi lai lan chay c6 gia tri MSE nho nhét lam két qua du
béo cudi cung. Két qua va sal s0 du bao giltta m6 hinh dé xudt va cac md hinh so sanh dugc dua ra trong Bang 7. Phén
khoang t6i wu trén tap nén cua mdi nhan t6 duoc ghi trong Bang 8, trong d6 tap nén cua nhén té chinh TAIFEX va
nhan t6 thir hai TAIEX duoc chia thanh 16 khoang giéng nhu s6 khodng chia cua cac mo hinh dugce biéu dién trong cac
bai bao [5, 22, 23, 24]. T ket qué trong Bang 7 cho thiy, mé hinh dé xuat dua ra gid tri du bdo sat nhét va co the xem
1a hiéu qua hon ca trong s6 cac md hinh so sanh trén cing bang. Cu thé véi s6 khoang chia 1a 16 khoang cho md nhan
t5, m6 hinh d& xuit nhan duoc gia tri MSE = 9.29 nhé hon nhiéu so véi c&c md hinh so sanh dya trén nhom quan hé
mo béac 7. Chi tiét danh gia dya trén hai diém khac chinh 1a cach nhém quan hé mo va phuong phap tim khoang t6i wu
tir tap nén. Trong cach thir nhat, mé hinh dé xuét sir dung nhém quan hé mo phy thudc thoi gian dé phuc vu trong viée
tinh toan gia tri du bao déu ra, trong khi 7 m6 hinh con lai déu str dung nhém quan hé m¢ cia Chen [3]. Khac vé viée
phan khoang va tim khoang t6i wu tir tap nén, thi hai mo hinh biéu dién trong [5, 43] sir dung phan cum ty dong dé tim
khoang t6i wu, mo hinh [38] sir dung tim kiém Tuba v&i hé thong suy didn mo dé didu chinh d¢ dai khoang chia tap
nén. Con lai cac md hinh L06 [21], LO8 [22], MTPSO [23], THPSO [24] va m6 hinh dé xuit deu ap dung thudt toan toi
vu dé diu chinh khoang ban dau va tim khoang chia tbi wu trén mdi tip nén cta ting nhén t6, trong d6 hai mé hinh
trude 1a st dung giai thuat di truyén con 3 mé hinh con lai st dung PSO.

Béng 7. So sanh két qua du bao ciia md hinh dé xuit v6i cac mo hinh khac dya trén chudi thoi gian mé bac cao khac nhau hai nhan
t6 v6i 16 khoang chia cho mdi nhén t&
Ngay Dirlitu  LO6[21] Moéhinh Mohinh  L08[22] MTPSO M&hinh  THPSO M0 hinh
thang thue [5] [43] [23] [38] [24] dé xuét
8/3/1998 7552 - - - - - - - -

8/4/1998 7560 - -- -- - - - - -
8/5/1998 7487 - -- -- - - - - -

8/6/1998 7462 7450 7456.63 74745 -- - - -- --
8/7/1998 7515 7550 7515.13 7515.8 -- - - -- --
8/10/1998 7365 7350 7381.13 7413.5 -- - - -- --
8/11/1998 7360 7350 7381.13 7362.5 -- -- -- -- --
8/12/1998 7330 7350 7325 7345 7329 7325.28 7325.5 7325 7331.62
8/13/1998 7291 7250 7280.33 7295.5 7289.5 7287.48 7292.5 7287.5 7292.22
8/14/1998 7320 7350 7325 7315 7329 7325.28 73255 7325 7319.27
8/15/1998 7300 7350 7280.33 7315 7289.5 7287.48 7292.5 7287.5 7299.54

8/17/1998 7219 7250 7192.29 7222 7215 7221.26 7221.5 7221.3 7217.05
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8/18/1998 7220 7250 7192.29 7222 7215 7221.26 7221.5 7221.3 7217.05
8/19/1998 7285 7250 7280.33 7282.5 7289.5 7287.48 72925 7287.5 7284.79
8/20/1998 7274 7250 7280.33 7282.5 7289.5 7287.48 7272 7287.5 7272.36
9/22/1998 6926 6950 6957.09 6940.5 6904.5 6906.7 6923 6916 6928.9

9/23/1998 6852 6850 6845.62 6833.5 6848 6842.05 6850.5 6848.2 6854.41
9/24/1998 6890 6850 6898.29 6888.5 6904.5 6906.7 6899.5 6880.5 6890.19
9/25/1998 6871 6850 6845.62 6888.5 6848 6864.96 6850.5 6880.5 6872.3

9/28/1998 6840 6850 6845.62 6833.5 6848 6842.05 6850.5 6848.2 6841.58
9/29/1998 6806 6850 6781.93 6833.5 6796 6781.01 6796.6 6794.3 6806.26
9/30/1998 6787 6750 6781.93 6788.5 6796 6781.01 6796.6 6794.3 6790.24

MSE 1364.56 287.32 252.47 105.02 92.17 69.98 55.96 9.29

Bing 8. Két qua phan khoang t6i uru cho nhén té chinh TAIFEX va nhén t6 thir hai TAIEX cua ca thé thir 10 trong 30 ca thé.

TAIFEX a a, as ay as a3 Ay a5

index 6200 6260.61 6397.58 643579 6650.78 6688.12 .. 7291 7300.74 7350.13 7600
TAIEX by b, b3 by bs by3 byg bys

index 6200 5993.28 6348.81 6480.15 6618.64 6725.32 .... 7450.63 7672.09 7853.22 7600

4.2.2. Két qua trong giai doan thir nghiém

Trong tiéu myc nay, ching toi str dung dit liéu tt nhat dugc dao tao trong pha luyén dé dy bao chi sé TAIFEX
moi trong pha kiém thir. Trong nghién ctru nay, dir liéu tir ngay 8/3/1998 dén 9/30/1998 dugc st dung trong pha luyén,
dir lidu con lai tir ngay 9/24/1998 dén ngay 9/30/1998 dugc dung lam pha kiém thir. Dé minh chimg higu qua ctua mo
hinh d& xuét trong pha kiém thir, cac mé hinh trong cac tai liéu [22, 8, 23, 20] duogc Iya chon cho viée so sanh. Gidng
nhu céac bai bao [8, 20, 23], mé hinh dé xuit ciing sir dung PSO dé tim khoang t6i wu va str dung cling sé khoang chia
1a 16. Piém khac gitra mo hinh d& xuit va cac mo hinh so sanh nay 1a cach nhém quan hé mo hai nhan té va phuong
phap giai mo. Két qua dat duoc giita mo hinh dé xuat va cac mo hinh so sanh dugc dua ra trong Bang 9. Duya vao két
quéa nay c6 thé két luan ring mé hinh dy bao dé xuét dua ra do chinh xac tot hon cac mé hinh so sanh dya vao chudi
thoi gian md bac 7 véi cung sd khoang chia tap nén 1a 16.

Bing 9. So sanh két qua va do chinh xé4c du bao giita mé hinh dé xuét va cac mé hinh khac dua chudi thoi gian mo hai nhan t6 bac 7

Date Actual data Model [22] Model [8] Model [23] Model [20] Proposed model
9/24/1998 6890 6959.07 6861.0 6916.62 6878.3 6887.0
9/25/1998 6871 6833.52 6897.8 6886.0 6906.1 6854.16
9/28/1998 6840 6896.95 6912.8 6892.4 6866.8 6852.14
9/29/1998 6806 6863.76 6858.4 6871.54 6844.3 6808.58
9/30/1998 6787 6823.38 6800.5 6859.12 6820.8 6779.73

MSE 2815.69 1955.9 2635.23 938.9 99.89

V. KET LUAN VA HUONG PHAT TRIEN

Thi trudng chimg khoan va nhiét d6 hang ngay 14 cac s liéu bién dong phc tap trong tw nhién va rat kho dé tao
ra mdi quan hé tiém ning nhu moét mé hinh toan hoc. Do vy, chudi thdi gian md da chi ra kha ning hiéu qua dé gai
quyét cac bai toan thuc té nay. Bai bio dd dua ra mot mé hinh du bio méi dua trén chudi thdi gian md bac cao hai
nhan t6 két hop véi t6i wu bdy dan dé dy bao nhiét do trung binh hang ngay va thi truong ching khoan TAIFEX. Két
qua md phong trén mdi tap dit liéu nay cho thdy mé hinh dé xuit c6 d6 chinh xéac dy bao tét hon so véi cac md hinh du
bao trudc day. Trong nghién ctru ndy, ching t6i du bao gia twong lai cta ching khoan ciing nhu nhiét d6 cho ngay tiép
theo chi dwa trén xu hudng cta hai nhan t6. Viéc thém nhidu nhén t6 ¢ chinh sach 13 rang c6 thé khién d6 chinh xac
du bao ciia mé hinh thuan lgi hon néu ching c6 twong quan tiém ning véi nhau. Do d6, du bao da nhén t dia trén md
hinh chudi thoi gian mo s& dwoc xem xét cho cc nghién ciru tiép theo.
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A TWO FACTOR HIGH-ORDER FUZZY TIME SERIES MODEL COMBINED PARTICLE
SWARM OPTIMIZATION FOR FORECASTING TEMPERATURE AND STOCK INDEX

Nghiem Van Tinh, Nguyen Cong Dieu

ABSTRACT: In fact, an observation series can be depended on and affected by many different factors. Therefore, to forecast more
accurately, it is necessary to consider adding multi factors that have potential correlations in the model. This study proposes a new
forecasting model based on two factor high-order fuzzy time series combined with particle swarm optimization(PSO) for
forecasting the daily average temperature and stock index. Different from some previous models, In the proposed model, time -
variant high- order fuzzy logical relationship groups are built for using in the forecasting process. While, PSO is still used to find
the optimal interval in the universe of discourse of each factor. Two the weather temperature and stock market data sets with
corresponding factors are "the temperature”, "the cloud density" and "TAIFEX index", and "TAIEX index" which are selected to
demonstrate the effectiveness of the proposed model and compare it with existing models. From the experimental results shown that
the proposed model has better forecasting accuracy than previous forecasted models based on two factor high-order fuzzy time
series.



