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PHUONG PHAP BINH PHUONG TOI THIEU TRONG DU BAO
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Bai viét trinh bay phwong phdp binh phirong t6i thiéu cho mét chudi thoi gian ciing nhw trong viéc
két hop cdac mé hinh du bédo khdc nhau. Tinh hiéu qua cia phiwong phdp dwoc minh hoa théng qua vi du
thue té. Két qua cho thdy, viéc két hop nhiéu mé hinh dir béo bang phwong phdp binh phwong toi thiéu cho
sai $6 trung binh bé hon so véi cde mé hinh dir bao thong thurong.

Tir khéa: M6 hinh dir bao, M6 hinh ARIMA, chudi thoi gian, binh phwong t6i thiéu.

1. PAT VAN PE

Du bao la su tién doan c6 can ctr khoa hoc,
mang tinh chat x4c sut vé mirc do, ndi dung, cac
mdi quan hé, trang thai, xu huéng phat trién ciia d6i
tugng nghién cuu hoac vé cach thuc va thoi han dat
duoc cac muc tiéu nhat dinh da dé ra trong tuong
lai. Trong thoi dai cong nghé thong tin va toan cau
hoa, du bao lai dong vai trd quan trong hon khi
nhu cau vé thong tin thi truong, tinh hinh phat trién
trong twong lai cang cao. O nuoc ngoai, da c6 nhidu
cong trinh nghlen clru vé van dé nay, da c6 mot hé
thong 1y thuyet gdém nhiéu phuong phép, qui trinh
cling nhu nhiéu mé hinh dé du bao twong lai [15]
Tai liéu [12] dd phan tich va tham do cac yéu t6 cta
chudi thoi gian, cac mo hinh cua chudi thoi gian,
quy trinh Box-J enklns danh dé du bao. Tai liu [13]
néu téng quan vé cac phuong phap du bao trong
kinh doanh, phan tich k¥ cac phuong phap du bao
ngén han, du bao dai han. Cac cong trinh [7-11],
[14] da dua ra y tudng, gidi thuat va nhitng ung
dung dé két hop mang no ron véi cac mé hinh khac
dé tang cuong hiéu qua du bao. Trong thoi gian gan
day, & trong nudc, ching ta di quan tim nhiéu hon
t6i linh vuc du bao, dd c6 nhiéu dé tai cac cap, voi
nhirng muc dich va cach tiép can khac nhau vé du
béo, dién hinh Ia cac cong trinh [1-6].

Téng hop céc cong trinh nghién ctru cho
thdy, ngay cang xuat hién nhitng mé hinh c6 hiéu
qué cao, tuy nhién, khi du bao, c6 nhiéu mé hinh
dugc thiét 1ap va ngudi ta thuong chon mé hinh ¢
hiéu qua cao nhét va bo qua cac mé hinh khéc, diéu
nay gay ra mét sy lang phi, chinh vi Vay, tac gia bai
viét nay s& dua ra giai phap phdi hop nhiéu mé hinh
du bao dé tong hop thanh mot mé hinh c6 hiéu qua
cao hon bang phuong phéap binh phuong t6i thiéu.
Bai viét con trinh bay mot vi du thuc té. Két qua cta
vi du thyc té cho théy, giai phap phdi hop cac mod
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hinh du bao ma tac gia dua ra c6 hi€u qua cao hon
cac md hinh dy bao pho bién khac.

2. KET HQP CAC MO HINH DU BAO VA
PHUONG PHAP BINH PHUONG TOI THIEU
2.1. Mt s6 mé hinh pho bién

Trong du bao, s6 lidu trong qua khir va hién
tai quyét dinh xu hudéng van dong cia cac hién
tugng trong tuong lai.

Theo céc tai lidu da cong bd (xem [15]), co
hai hudng du bdo 1a du bao dinh tinh va du bao
dinh lugng.

- Du bao dinh tinh 1a du bao dya trén phan
doan chu quan, tryc gidc ciia ngudi ra quyét dinh.
Phuong phap phd bién 1a 1y phiéu tham do va
thu thap y kién nhu 1ay y kién cc nha phan phdi,
ngudi tiéu dung, chuyén gia.... Nhuoc diém chung
cua phuong phdp nay la mang tinh chu quan, kinh
nghiém va cam tinh.

- Dy bao dinh lugng la phuong phap du bao
dua vao cac mo hinh du bao. Cac mo hinh du bao
duoc xay dung béng cac cong cu toan hoc va dua
vao cac qui luat ty nhién nén khéc phuc duoc phﬁn
nao tinh chu quan va cam tinh cua nguoi lam du
béo. Ta xét mot sé mo hinh phd bién sau.

Mo hinh chudi thoi gian tw hdi quy hoan

toan c6 dang sau:
Y=o Y o, ,+. +0!p1§ p+’4z’ (2.1)
trong do, Y la quan sat thu t d6i v6i bién phy thudc
vau la thanh phan sai s6, Y, la quan sat tht 7 trude
Y, 0(1 ,Qy,...,0, la cic h¢ 56 trong cac 1an quan sat
truoc thoi dlem t.

Mo hinh trung binh trugt (MA — Moving

Average) c6 dang

Y =v,=Bivi ﬁzvt 27 IB Vi—¢> (2. 2)
trong do, v, 1a nhidu tring tai th01 diém ¢, v, la nhleu
trang tai thoi diém 71— L BBy, B, 12 cic hé s6
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nhiéu trang Do do, Y, la t6 hop tuyén tinh cta cac
bién ngiu nhién nh1eu trang.

Mo hinh ARMA (Auto Regressive Moving
Average) 1a mo hinh két hop hai mé hinh ty hdi quy
va mo hinh trung binh trugt. Do d6, m6 hinh ARMA
(p, g) c6 dang tong quat 1a
Y=a,Y_,to,Y ,+. . +a Y.

R4 p—I— u,+
+v, _ﬁﬂ’t—l _ﬁﬂt—z

-B Vi—¢»

Xét mot chudi thoi gian khong cé tinh ding.
Khi d6, ta c6 thé 1ap duoc mot chudi thoi gian dimng
tir cic sai phan cép d (sau d lan lay sai phéan) roi
ap dung md hinh ARMA (p, ¢) ta s& dugc md hinh
ARIMA (p,¢,d). Pay 1a mo hinh dy bao phd bién,
duogc su dung nhiéu.

(2.3)

2.1. Phwong phap binh phwong téi thiéu

Trong ly thuyét xur 1y cac dir liéu thong ké
ngu0'1 ta dd dua ra phuong phap binh phuong tdi
thleu xay dung mot ham (thuong la da thac bac k)
dé xap xi qua trinh dang xét dugc cho boi mot bang
cac gia tri nhu sau (chudi thoi gian) nhu sau:

X X X, xn

y Y Vs Y
Vi bang cho trudce nay, ton tai duy nhat mot
da thirc bac m

@, ) =a,x"+a, x" '+ .. taxta (2.4
thoa man diéu kién
2 (@, (x) = y;) — min. 2.5)

ba thuc xap Xi@, (x) dugc xac dinh mot cach
duy nhét boi cac hé s6 a,a,..,a, duoc xac dinh duy
nhat tir hé phuong trinh dal s0 tuyen tinh sau

Z (@) = yi)xi F=0, k=0,1,.m (2.6)

Do d6, dé xac dinh da thirc @,,(x) ta phai
giai hé (2.6) voi m+1 phuong trinh v6i m+1 an a,,
a,..,a,. q

Nhu vay, da thiic @,,(x) cling c6 thé dugc
coi la mt mo hinh dy bao. Pa thic @, (x) dugc xac
dinh tr he (2.6) s& cho ta tong cac binh phlrorng cua
cac sai s tai cac diém quan sat 1a nho nhat trong vo
sO cac da thirc bac m.

Y tuéng cia phuorng phap binh phwong t6i
thiéu trén day cing ¢o thé ap dung dé xay dyng mot mo
hinh dy béo két hop nhiéu mé hinh du bao v6i nhau.

Gia su ta ¢c6 m mo hinh du bao khac nhau.
Pai lugng du bao tinh theo cac mo hinh ki hi¢u 1a
X, (),X,(0),....X,, (7). Khi d6, ta co thé xét mot md
hinh du bao mdi nhu sau
F() = Bo+ BiXi () + ... + B,X,(0), 2.7)
trong d6 fB,, B, ,.... 3., 1a cac trong s6 can xac dinh.
F(t) duogc coi 1a mo hinh két hgp cac md hinh du
bao dd c6 X, (1), X, (9),....X,, (7). Do cac trong so 1a
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tuy ¥ nén ta c6 vo s6 md hinh két hop. Vi véy, ta s&
tim mot md hinh dy bao F(z) sao cho

;1 (Y= F(t,)) — min, 2.8)

Dé xac dinh F(#) thoa man diéu kién (2.8)
ta coi biéu thuc Z (Y—F(r))2 12 ham m + 1 bién

va ki hiéu la E(ﬁo,ﬁl, -B,). Ham nay xéc dinh
dwong va chic chin c¢6 cyc tiéu. Diém cuc tiéu

(ﬁo,ﬁl, B ) thoa man diéu kién sau day:

JE n
a_ﬁo:_zigl(ﬁ()+‘31){1(li)+“'+ﬁme(fi)_Yi)ZO,
%:‘ZZ(ﬁwﬁlmw B X (1)~ %)X, = 0,
%zjzigl(ﬂ0+ﬂl)(l(ti)+...+,Bm (;) )X =90.
2.9)

Day 1a hé m + 1 phuong trinh dai s6 tuyén
tinh v6i m + 1 an By, B,,.... 3., co thé giai dugc
bing nhiéu phuong phap ding khic nhau, tuy
nhién, khi m 16n th1 hé nay chi co thé giai dugc béng
cac phuong phap gin dung. Hé (2.9) co thé viét gon
lai du01 dang tong quat ciia hé phuong trinh dai s6
tuyén tinh.

3. Vi DU AP DUNG

Xét vi du gdm 18 quan sat nhu trong bai bao
[4]. Trong bai bdo nay tac gia xay dung 2 mo6 hinh
du bao 1& SARIMA va SCARIMA. Déi véi mdi
mo hinh tac gia di tinh gia tri dy bao tai cic mde
thoi gian va ME ciia cdc mo hinh. O déy, chung toi
sir dung chudi thoi gian nay va xét truc tiép chu01
thoi gian da cho bang phuong phap binh phwong tdi
thiéu, mé hinh két hop ARMA va mé hinh két hop
SARIMA v6i SCARIMA theo phuong phép binh
phuong t6i thiéu.

Trong Bang 1 chudi thoi gian 14 cac gié tri &
cot thir 2. Céc gia tri nay ta ki hiculay, y,..., y, (n
= 18). Cot thoi gian 14 cac ngay thang trong nam.
Ta dat

t= 1, L= 2,.. 0= 18

Trong truong hop nay ta xap xi ham dy bao
bang mot ham tuyén tinh y = ax + b, trong dé, cac
hé s0 a, b dugc xac dinh tur hé phuong trinh sau day:

Kél z‘f)a - (él Zf)b = é:l Li¥is
l(ié ti>a +nb= ;le Vi

{2109a+ 171h = 0,487;
171a+18b = 0,0628.

Giai hé nay ta dugc a = -0,0002778; b =
0,00612799.
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_Keét qua tinh cac gid tri du bao twong g tai 17 " 00020| 289 0034 0001405 0,000595
Ac méc thoi gian da cho ciing nhu sai 1éch tuyét déi —
cdc moc thoi gian da cho cling nhu sai lech tuyétdoi o 50007 0 0054 0001128 0.001872

trung binh dugc cho trong Bang 1.
Bane 1 171  0,0628 2109 0,487 -0,04138 0,104176
gl.
Ty 2ty vdb E ME 0,009737
0,0125 10,0125 0,00585  0,00665

0,0132 40,0264 0,005572 0,007628

Két qua tinh theo md hinh két hop ARMA

duge cho trong cot Y, A & Bang 2. B6i voi mo

-0,0019 9 -0,0057 0,005295 0,007195  hinh két hop SARIMA v&i ARIMA bang phuong
0,0002 16 0,0008 0,005017 0,004817  phap binh phuwong t5i thiéu ta c6 m = 2, n =18 va

1
2

3

4

5 00006] 25 -0,003 0004739 0005339  héphuong trinh xac dinh céc trong s6 B,.f,. 8, la
6 0,0005| 36 0,003 0004461 0,003961 nPo+ A, By + A58, = By,

70,0003 | 49 0,0021 0,004183 0,003883 1Ay Bo+ Asy By + Ay By = By,

8 0,0008| 64 00064 0,003906 0,003106 Ay Bo+ A B+ A58, = By

9 00106 | 81 00954 0003628 0006972  trong do,

10 0,0049| 100 0,049 0,00335  0,00155
11 0,0034| 121 0,0374 0,003072 0,000328

3.1)

A _AQI Z ‘lezaAlZS A31 Z )(275

1200051 | 144 00612 0002794 0,002306 z X2, Ay = z X2
1300069 | 169 00897 0002517 0,004383
14 0,0055| 196 0,077 0,002239 0,003261 Ay = A5 = ZXqu“
15 -0,0044 | 225 -0,066 0,001961 0,006361 " "
—— Bi=XY.B= X XY,B= ZXQ,

16 0,0008 | 256 0,0128 0,001683 0,000883 i

Pé tinh cac hé sé cia hé phuong trinh (3.1) ta 1ap bang sau

i Xli )(Zi Xi Xi )(]iXZi )]1 Xll Yl )(21' )]1
T, X, X, Xfl X; X, X, Y, X, Y, XY,
Tn ‘len XZn XIQ" Xg,, ‘lel‘XvZn Yn XlnYn X2nYn
i A12 Al3 AZZ A33 A23 Bl BZ B3
1
dl?égl‘g nay guqc ﬁ?‘h (}é dé{lg trong. Excell, 5= B, Ay, — By As, 5, B, Ay;— By Ay,
1 25 [F2 2 *
‘Erong 0 on’g cgf)l gut:g ? tongA cua céc cot tuong Ay Ass _(A23) Ay As, _(A%)
ung cho ta cac gia tri can tinh trén. . )
Tur hé (3.1) ta duoc Thay cdc gia tri sO cta cdc bién tir Bang 2 ta dugc
5 B, — A B, — 4,3, B, =—0.00033, B, = 0.42813, B, = 0.40231.
0 =

. Céc gia tri du bao twong tng theo moé hinh
Thay bi€u thirc nay vao 2 phuong trinh sau  (2.7) cho truong hop nay dugce cho trong cot Y,
ta dwoc h¢ 2 phuong trinh cua B, B,. Giai h¢ hai  Cac sai s6 tai cac diém du béo va sai s6 trung bmh

phuong trinh nay ta duoc dugc cho trong céc cot E.
Bang 2
STT T Y Sarima scarima Esarima Escarima YARMA YKH EARMA EKH
1 2013M1 | 0.01250 | 0.01000 | 0.01020 | 0.00250 | 0.00230 | 0.00810 | 0.00436 | 0.00440 | 0.00814
2 2013M2 | 0.01320 | 0.02120 | 0.01790 [ 0.00800 | 0.00470 | 0.01588 | 0.00805 | 0.00268 | 0.00515
3 2013M3 | -0.00190 [ 0.00100 [ 0.00170 | 0.00290 | 0.00360 | 0.00078 | 0.00040 | 0.00268 | 0.00230
4 2013M4 | 0.00020 | 0.00000 [ 0.00280 [ 0.00020 | 0.00260 | 0.00091 | 0.00091 | 0.00071 | 0.00071
5 2013M5 | -0.00060 [ 0.00350 [ 0.00530 [ 0.00410 | 0.00590 | 0.00339 | 0.00207 | 0.00399 | 0.00267
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6 2013M6 | 0.00050 | 0.00130 | 0.00150 | 0.00080 | 0.00100 [ 0.00080 | 0.00031 | 0.00030 | 0.00019
7 2013M7 | 0.00030 | -0.00130 | 0.00110 | 0.00160 | 0.00080 | -0.00036 | 0.00013 | 0.00066 | 0.00017
8 2013M8 | 0.00080 | 0.00240 | 0.00300 | 0.00160 | 0.00220 | 0.00191 | 0.00101 | 0.00111 | 0.00021
9 2013M9 | 0.01060 | 0.00570 | 0.00540 | 0.00490 | 0.00520 | 0.00426 | 0.00212 | 0.00634 [ 0.00848
10 | 2013M10 | 0.00490 [ 0.00460 | 0.00470 | 0.00030 | 0.00020 | 0.00352 | 0.00180 | 0.00138 | 0.00310
11 2013M11 | 0.00340 | 0.00640 | 0.00500 | 0.00300 | 0.00160 | 0.00434 | 0.00194 | 0.00094 | 0.00146
12 [ 2013M12 | 0.00510 | 0.00830 [ 0.00590 | 0.00320 | 0.00080 [ 0.00547 | 0.00237 | 0.00037 | 0.00273
13 2014M1 | 0.00690 | 0.01020 | 0.01120 | 0.00330 | 0.00430 | 0.00864 | 0.00483 | 0.00174 | 0.00207
14 2014M2 | 0.00550 | 0.01590 | 0.01620 | 0.01040 | 0.01070 | 0.01310 | 0.00719 | 0.00760 | 0.00169
15 2014M3 [ -0.00440 | -0.00350 | -0.00200 | 0.00090 [ 0.00240 | -0.00263 | -0.00130 | 0.00177 | 0.00310
16 2014M4 | 0.00080 | -0.00150 | 0.00110 | 0.00230 | 0.00030 | -0.00044 | 0.00013 | 0.00124 | 0.00067
17 2014M5 | 0.00200 | 0.00460 | 0.00560 | 0.00260 | 0.00360 | 0.00394 | 0.00221 | 0.00194 | 0.00021
18 2014M6 | 0.00300 | 0.00190 | 0.00270 | 0.00110 | 0.00030 | 0.00158 | 0.00087 | 0.00142 | 0.00213

ME (Sai 56 trung binh) 0.00298 | 0.00292 0.00229 | 0.00201

3. KET LUAN mo hinh du béo 13 t6t nhat hay hon han cac mé hinh

Tir cac két qua vi du ta chua thé két luan  du bao khac. Tuy nhién, chung téi hy vong, dé xuét

duoc phu0'ng phap binh phwong tbi thiéu a4p dung  cua chung ti s& cho cac nha phén tich, nghién ctru
tryc tiép cho chudi thoi gian va dp dung két hgp cac  mot phuong phéap don gian va c6 thé rat hiéu qua.
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A LEAST SQUARES METHOD IN FORECASTING MODELS

Abstract:

This paper presents a least squares method as well as combines different models of forecasting on
time series. The result is illustrated on practical examples. The part of application is combined with the
data of actual process. As a result, the combined method is better than single forecast model.

Keywords: Model of forecasting, ARIMA method, time series, least squares method.
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