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MO HINH DU BAO CHUOI

The fuzzy time series forecasting model is one of the tools which is
used to deal with the complexity and uncertainty process. In the
establishing of fuzzy time series model, the predictive accuracy
depends on two main issues: (1) Partitioning and determining the
effective lengths of intervals (2) Establishing the fuzzy relationships
for prediction reasonably. In this study, a new fuzzy time series
forecasting model that uses graph-based clustering to determine the
different interval lengths is proposed. The proposed model is applied
to two time series data sets, the historical data on the number of
enrolments of university at the University of Alabama and the data set
of salt peak for a coastal province in Vietnam. Computational results
show that the proposed model has higher forecasting accuracy than
the existing models when applied to two specifically datasets.
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TU KHOA

Du bao

Chudi thoi gian mo
Phan cum

Nhom quan hé mo
Tuyén sinh

Pinh man

Mb hinh chudi thoi gian mo 1a mét trong nhitng céng cu duoc St
dung dé giai quyét qua trinh phic tap va khdng chic chan. Trong qué
trinh thiét 1ap md hinh chudi thoi gian mo, do chinh xac dy bao phu
thuoc vao hai van dé chinh: (1) Phan khoang va xac dinh do dai
khoang dir liéu hiéu qua, (2) Thiét lap cac mdi quan hé mo hop Iy
cho dy bao. Trong nghién cau nay, mot mo hinh dy bao chudi thoi
gian m& mai sir dung k¥ thuat phan cum dya trén dd thi dé xac dinh
d6 dai khoang khac nhau dugc dé xuit. M6 hinh dé xuit duoc ap
dung trén hai tap di liéu chudi thoi gian, dit liéu lich sir vé sé luong
tuyén sinh dai hoc tai Dai hoc Alabama va dir liéu vé& dinh mudi cua
mot tinh ven bién Viét Nam. Két qua tinh toan cho thiy, mé hinh dé
XUt c6 do chinh xac du bao cao hon cac md hinh hién cé khi ap dung
cho hai tap dit liéu cy thé.
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1. Gi6i thiéu

Du bao la qua trinh dua ra dy doan dya trén cac dir kién qua kha va cac sy kién li€n quan,
nham trg gitip con ngudi dua ra quyét dinh tét hon trong nhiing tinh hudéng khong chic chan. Tuy
nhién, du bao gia tri tuong lai cia cac su kién nay voi d6 chinh xac 100% la rat kho, nhung hiéu
qua du bao va tde d6 ctia qua trinh du bao ¢ thé duoc nang cao. Trude ddy, cac mo hinh hoi quy
da anh huong dang ké dén vai trd trong du béo bang viée sir dung phuong phap théng ké, nhung
chung phai d6i mat trong thuc té voi diéu kién dir liéu khong thé dap tmg duge. Cac mo hinh
chudi thoi gian khong mo nhu: mo hinh trung binh truot, trung binh ham mii va mé hinh trung
binh truot tich hop t hdi quy (ARIMA) dé phan nao khic phuc dugc yéu diém ctiia mo hinh hdi
quy, tuy nhién lai hoat dong kém khi cé nhiing thay d6i bat thuong vé dit liéu hodc chudi thoi
gian khong on dinh. Bé khéc phuc nhirg nhugc diém cta cac mo hinh tuyén tinh nay, cac mo
hinh tién tién di duoc dé xuat, ching han nhu h01 quy dap ung da bién [1], mang noron nhan tao
[2]... Tuy nhién, cac md hinh dgc lap néu trén van con nhiéu han ché trong viéc thyc hién cac bai
toan dy bao véi tinh hudng thuc té. Ching han, cic phuong phap truyén thong khong thé xur ly
cac van dé dy béo trong d6 dit liéu lich sir duoc biéu dién dudi dang ngdn ngit hay cic mé hinh
sir dung mang noron can sb lugng 16n cac quan sat dé co dugce do chinh xac cao. Dé khic phuc
céc han ché nay, Song va Chissom [3] dya trén ly thuyet tap mo [4] da dé xuét mdt mo hinh dy
béo chudi thoi gian mo (FTS) dé giai quyét bai toan tuyén sinh dai hoc. N6i tlep nghién ctru nay,
Chen [5] d3 phat trién mé hinh FTS bac 1va thu duoc cac két qua du bao bing cac phép toan sd
hoc don gian thay vi cac phép toan két nhap max-min phue tap [3]. Két qua du béo cua Chen [5]
t6t hon nhiéu s0 vo1 cac m6 hinh do Song va Chissom dé xuat [3]. Gan day, nhiéu nghién ciru da
cung cAp mot sb cai tién & cac giai doan khac nhau trong md hinh [5] nhu viéc xac dinh do dai
khoang hiéu quéa bang cac ky thuat khac nhau [6], md hoa dir lidu chudi thoi gian [7], thiét 1ap
quan hé mo [8], nhém quan hé md [9] va giai mo [10]. Dé tiép tuc nang cao d6 chinh xac duy béo,
nhiéu nha nghién ciru di dé xuit cac md hinh FTS khac nhau dé 4p dung du bo vao céc bai toan
thuc té. Vi dy, Chen et al. [11] d4 giéi thiéu mot mé hinh FTS méi dé du bao gia c¢d phiéu bang
cach st dung 1y thuyét trong day Fibonacci. M6 hinh nay dua trén nén tang ciia cac mé hinh FTS
thong thudng, co d6 chinh xac du bao t6t hon mé hinh [5]. Thém nita, cac cong trinh nghién ctru
trong [12] dd d& xuét cac cac md hinh FTS béc cao nham khic phuc cac han ché ctia cac mé hinh
FTS béc nhat [3], [5]. Dé gidam thiéu thoi gian tinh toan phirc tap trong ma trin quan hé mo,
Singh [13] d4 dé xuat mot phuong phap méi trong cach tiép can mé hinh FTS. Li va Cheng [14]
dd dua ra mo hinh FTS m&i dya trén s6 md hinh thang dé giai quyét ba van dé chinh nhu han ché
su mo hd trong du bao, phan khoang mot cach hop 1y va dam bao do chinh xac du bao tt vi cac
d6 dai khoang khac nhau. Panigrahi va Bahera [15] dé xu4t mo hinh FTS két hop véi ky thuat
hoc may (SVM) dé giai quyét van dé lién quan dén viéc xac dinh quan hé mo. Cac phan tich so
sanh cho thay md hinh cua ho dua ra dg chinh xdc cao hon so véi cac md hinh trong [3], [5], [16].

Nhu da dé cap o trén, viéc xac dinh do dai khoang phu hop va thiét 1ap cac moi quan hé mo
duoc coi 1a nhiém vu thach thirc va anh huong dang ké dén d6 chinh xac dy bao cia mo hinh
FTS. Trong nghién ctru nay, chung t6i trinh bay mot mé hinh du bao mai str dung k¥ thuat phan
cum dua trén do thi dang cay dé xac dinh d6 dai khoang khac nhau khi ap dung trén tap dir li¢u
tuyén sinh Dai hoc Alabama va do min do dugc tai cac Tram quan tric tinh Ca Mau.

2. Mt s6 khai ni¢m co ban va thuit toan lién quan

Phan nay tom tdt mot sd khai niém co ban vé chudi thoi gian mo [3] va thuat toan phan cum
dé lam co sé cho viéc thiét 1ap mo hinh dy bao.
2.1. Céc khdi nigm vé chudi thoi gian mo [3]

Cho Y(t)(t =...0,1,2,...) la mt tap con ciia tap sb thuc va ciing 14 tip nén, trén d6 xac dinh
cac tap mo fj(t). F(t) la tap chua cac tap fj(t) (i = 1,2,...). Khi d6 ta goi F(t) la chuoi thoi gian
mo xac dinh trén tap nén Y(t).
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Gia su dat F(t—1) = AjvaF(t) = Aj, trong d6 F(t) duoc suy ra boi F(t — 1). Quan hé
m¢ gitta chung duge thay boi quan hé 1a: Aj— A; va dugce goi 1a mbi quan hé mo bac 1.

F(t) 1a mot chudi thoi gian mo. Néu F(t) duoc suy ra ddng thoi boi F(t— 1), F(t — 2),...,
F(t —m), thi quan h¢ gitta ching dugc biéu dién boi F(t — 1),F(t—2),...,F(t—m) - F(t) va
n6 duoc goi 1a mé hinh chudi thoi gian md bac m mdt nhan td.

2.2. Thudt todn phéan cum dwa trén do thi

Trong phan nay, mot phuong phap phén cum dir liéu thudc 16p phan cum dya trén dd thi dé
biéu dién tap dir liéu chudi thoi gian thanh cac cum duoc dé xuat. Phuong phép phén cum dé xuét
hién thi tap dir liéu dudi dang cdy nhi phan va ty dong tao cic cum thay vi s6 cum cho trude. Cu
thé, trong bai bao nay, phuong phap phan cum dua trén d6 thi duoc gidi thiéu bang mot thuat
toan bao gdm bdn thu tuc nhu sau:

(1) Thu tyc tim nit gbe (Procedure of Finding Root Node - PFRN). Dya trén chudi dir ligu
dau vao, thi tuc nay chi ra nat goc.

(2) Thi tyc tao cdy (Tree Creation Procedure - TCP). Tir tap dit liéu dau vao va nat gbc, thi
tuc nay hién thi cay.

(3) Thu tuc chén nat vao cay (Node Insertion Procedure - NIP). Thu tuc nay dua cac gia tri
dir liéu cua chudi thoi gian va nat gde vao vi tri thich hop trong cay.

(4) Thu tuc tao cac cum (Node Clustering Procedure - NCP). Thu tuc nay nhap vao cay duoc
tao boi TCP va tao ra cac cum dya vao gia tri trén cac nut.

Thuit toin phan cum dir liéu dua trén do thi

Input: S (x4, X5, ...Xp,)
Output: Clusters C (cq, €5, ...Cx )
BEGIN
(1) PROCEDURE_PFRN (S)
BEGIN ) )
// Tinh (Rg) dua vao gia tri 1on nhat va nho nhat cua S
Rg = MAXya1ue~ MINyajue
Foreachi=1to N
{ Mean = average(X;)
SD = Sqrt(% sum(X; — Mean)?)
— _Rg
Pows= SD*N . )
// Xac dinh tdp nén U va gia tri goc trén cay
U .= [MINvalue — W, MAXyajye * W];
Mldu = (MINvalue+ MAXvalue) 12;
Root = Mid,,
END;

(2) PROCEDURE_TCP (Root, S)
BEGIN

Foreachi=1toN

NIP(Root, X;)

END;

(3) PROCEDURE_NIP (Root, S)

BEGIN

if (X; < Root) then

if (Root.LEFT <> NULL) then
Call: NIP(Root. LEFT, X;) else

Root.LEFT = NULL

end if

makeCluster(Root, minDiffhode)

}

if (minDiffnode == Root.RIGHT) then

if (Root.RIGHT).LEFT <> NULL) then
add (Root.RIGHT).LEFT ; // chén nit con
nay vao cum

end if

if (Root.RIGHT). RIGHT <>NULL)
then

Call: NCP((Root.RIGHT).RIGHT)

end if Call: NCP(Root.LEFT)

else

if ((Root.LEFT). LEFT < >NULL) then
Call: NCP((Root.LEFT).LEFT)

end if

if (ROOt.LEFT).RIGHT <> NULL) then
add ((Root.LEFT). RIGHT)

end if Call: NCP(Root. RIGHT)

end if

end if
else if (Root. RIGHT <> NULL && Root.
LEFT == NULL) then

if Root is not presented in Cluster then
makeCluster(Root, Root.RIGHT)
if ((Root. RIGHT). LEFT <> NULL) then
add (Root. RIGHT). LEFT
end if
if (Root.RIGHT). RIGHT <> NULL)
then

Call: NCP((Root.RIGHT). RIGHT)
end if
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else if (X;> Root) then
if (Root. RIGHT <> NULL) then
Call: NIP(Root. RIGHT, X;)
Else Root. RIGHT = NULL
end if
END;

(4) PROCEDURE_NCP (Root)
BEGIN
if (Root == NULL) then
{
“Nut goc khong ton tai”;
return
}
else if (Root.RIGHT <> NULL && Root.LEFT < >
NULL) then
if (Root is not presented in Cluster) then

{
minDiffnode=makeDiff(Root,Root. RIGHT,Root.

end if

else if (Root.RIGHT == NULL &&
Root.LEFT <> NULL) then

if Root is not presented in Cluster then
makeCluster(Root, Root.LEFT)

if ((Root.LEFT). LEFT <> NULL) then
Call: NCP((Root. LEFT). LEFT)

end if

if (Root.LEFT). RIGHT <> NULL) then
add ((Root. LEFT). RIGHT); // chén nut
con vao cum

end if

end if

else if Root is not presented in the Cluster
then makeCluster(Root) end if

return

end if

END;

END.

LEFT);

3. M hinh du bao chudi thoi gian mo sir dung ky thuat phan cum duya trén dd thi

Trong phan ndy, mé hinh du béo chudi thdi gian md két hop véi ki thuat phan cum dya trén
d6 thi dugc gidi thiéu. Mo hinh d& xuat dugc to chic thanh hai giai doan chinh: (1) Giai doan
phan vung dir liéu dya trén dd thi duoc deé cap 0 Budc 1; (2) Giai doan xay dung md hinh dy bao
FTS dugc dé cap tur Budc 2 dén Budc 7. Bé thuc hién cac budc trong mo hinh du bao dé xuét, tat
ca dir liéu tuyén sinh lich st [5] duoc sir dung dé minh hoa qua trinh phan cum va xay dung mo
hinh du béo.

% Giai doan phan vung dir liéu dya trén do thi

Buwée 1: Phan tap dir li€u lich st S thanh cac khoang st dung thuat toan phan cum dé xuit
trong Phan 2.2.

Budc nay, thuat toan phan cum duogc ap dung dé biéu dién tap dir liéu chudi thoi gian thanh
cac cum. Dua trén cac cum dat duoc, diéu chinh cac cum thanh cac khoang véi d6 dai khac nhau.

Buéc 1.1: Ap dung thuat toan phan cum dé phan dir liéu thanh cac cum .

bé phan vung di ligu chudi thoi gian thanh cac cum, bon thu thue caa thuét toan phan cym
dua trén do thi trong Phan 2.2 dugc str dung. Két qua ctia bon tha tuc nay trén tap dir liéu tuyén
sinh dwoc giai thich ngan gon nhu sau:

1) Tao nut gbc va tim gié tri ctia nit géc (PFRN)

Input: Chudi dit lidu tuyén sinh : S (13055, 13563, 13867, . . ., 19328, 19337, 18876).

Tinh Rg = MAxva]ue_ MINvalue =6282;

Tinh do 1éch chuin SD = 1774.72;  w === 0.16;

Tap nén duoc xac dinh: U = [MINy,4e — W, MAX,a14e + W] = [13054.84, 19337.16];

Gai tri cia niit goc bang diém giira ctia tap nén U: Mid,, = (MINyaue+ MAXya1ue) / 2 =16196;
root = Mid,, =16196

2)  Tao cay phan cum va chén nut vao cay

Tir tap dir liéu ddu vao S va Root. Chung t6i sir dung hai thii tuc TCP va NIP dé tao cay va chén
c4c nut vao cay. Két qua cua hai thi tuc nay dwoc thé hién trong Hinh 1 va Hinh 2 twong tmg.
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Root <-—— O

Root. LEFT <Z—— ——= Root. RIGHT

I 77 1

(Root. LEFT). LEFT (Root. LEFT). RIGHT (Root RIGHT). LEFT (Root RIGHT). RIGHT
Hinh 1. Bé thi biéu dién hinh dang cdy dwoc thie hién boi thi tuc TCP va NIP

3) Tao cac cum tir cay dya vao thi tuc NCP
Sau khi c6 dugc cay dir liéu trong Hinh 2, qua trinh tao cidc cum duogc gidi thich ngan gon theo

cac diéu kién nhu sau:
ROO(
ROGLLEFT @ .@ Rocl RIGHT

GO e .

Hinh 2. Cay biéu dién dit liéu dau vio ciia chudi thoi gian dia trén haz thit tuc TCP va NIP véi niit goc la 16196

1. Ban dau, kiém tra xem Root c6 ton tai hay khong va Root c6 chira cay con trai hay con phai
hay khong.

2. Néu c4 hai con ton tai cho moi Root thi tinh toan sy khac biét giita cac gia tri ctia Root va
(Root. RIGHT), Root va (Root. LEFT). Sau d6, tao cum véi cac nut con tuong ung (Root. LEFT
hodc Root. RIGHT) véi su khac biét so voi Root 1a nho hon.

3. Néu chi c6 mot con ton tai cho moi Root thi tao cum theo Root va (Root. LEFT) hoac Root
va (Root. RIGHT).

4. Lap lai cac diéu kién 2-3, cho dén khi tat ca gia tri cia cac nut trong cay dugc thém vao cac cum.

Dua trén cac thu tuc cua thuat toan phan cum trén, ching t6i dat dugc 10 cum va cac phan tir
tuong ung cua chung. Két qua phan cum dat dugc chi ra trong Bang 1 nhu sau:

Bang 1. Cic phan tir trong cum va tam cum tiwong vmg

S6 cum Cic phin tir trong cum
C1 (16196, 16807, 16388)
C2 (16919, 16859)

C3 (18150, 18970, 18876)
Cc9 (15311, 15433)
C10 (15145, 15163)

Buée 1.2: Diéu chinh cac cum thanh cac khoang véi d6 dai khac nhau.

Dé dat duoc cac khoang tir cac cum trong Bude 1.1, chiing t6i 14y gia tri nhd nhét va 1én nhat
cua cac cum C; 1a gia tri cén trén va can dudi cia khoang u;. Cac khoang thu dugc chi ra trong
trong Bang 2.
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Bang 2. Két qua cdc khodng thu dwoc tir thudt todn phin cum

S6 khoing Khodng Gia tri diém giira
1 u, = [16196, 16807] 16292
2 u,=[16859, 16919] 16889
9 ug= [15311, 15433] 15372
10 U= [15145, 15163] 15154

% Giai doan xAy dung mé hinh duw bo chudi théi gian mo

Trong giai doan nay, st dung cac bude du bao duge dé xuét boi cong trinh [17] lam co so dé
thiét 1ap mo hinh dy bao FTS. Céc budc tiép theo ctia md hinh d& xuit duoc tom tit nhu sau:

Buéc 2. Xac dinh cac tip mo cho cac quan sat trén moi khoang thu duoc ¢ Budc 1.

Buwée 3: Mo hoa dir liéu lich sir dya trén cac tdp mo da xac dinh.

Buée 4: Xac dinh cac quan hé mo.

Budre 5: Thiét 1ap nhém quan hé mo phu thudce thoi gian.

Budére 6: Giai md va tinh gié tri du bao dau ra.

Buwéc 7: Tinh d6 chinh xac du bao ctia md hinh.

Hai tiéu chi nhu: sai s6 trung binh binh phuong MSE (mean square error) va MAPE (mean
absolute percentage error) dugc sir dung dé so sanh d6 chinh xac du bao giita mé hinh dé xuit va
cac mo hinh khac. Gia tri cia ham MSE va MAPE duoc tinh theo cong thue (1) va (2) sau:

1
MSE = = (Fi - R)? (1)

i=1
1 n
MAPE = —Z
n i=A

Trong d6: F; gia tri du béo tai thoi diém i, R; 1a gia tri thyc tai thoi diém i, n 13 téng s6 dit lidu
tham gia du bao, A 1a bac cua quan hé.

F; — R;

| * 100% (2

i

4. Té chirc thye nghiém va danh gia két qua

Trong bai bdo nay, md hinh dy bao dé xuat dugc ap dung trén hai chudi dir liéu, d6 1a dir liéu
tuyén sinh cua Dai hoc Alabama [5] va dit liéu vé do man do duoc tai cac tram quan tric tinh Ca
Mau. Trude khi trién khai md hinh du bdo dé xuét, cac tap dir liéu chudi thoi gian duoc mo ta
ngin gon. Sau do6, cac két qua mé phong va phan tich lién quan dén cac tap dir liéu nay dugc dua
ra. Cac ddc diém thong ké ctia hai chudi thoi gian nay duoc thé hién nhu sau.

4.1. Mé td chudi dir liéu thoi gian

(1) Chudi dir lidu tuyén sinh ciia truong DPai hoc Alabama: Tap dit liéu tuyén sinh chira 22
quan sat trong khoang thoi gian tir 1971 dén 1992. Tap dit liéu kinh dién nay da dugc sb lugng
16n céc cong trinh nghién ctru [3], [5], [6], [9], [10] su dung lam m6 phong va dua ra két qua dy
béo tin cdy. Mot trong s6 két qua thu duoc trong cac cong trinh ndy ciing duoc sir dung dé so
sanh v6i md hinh dé xuit.

(2) Dit liéu dinh man trén dia ban tinh Ca Mau, Viét Nam bao gdm ba tram do chinh Ia:
Séng Cira L6én (CL), song Ganh Hao (GH) va Ong Déc (OD). Dt liu nay dugc cung cap boi Dai
Khi twong Thuy van khu vyc Nam B9, dat tai Thanh phd HO Chi Minh, giai doan 2000 — 2017
bao gom 17 quan st trén mdi tram.

4.2. Thir nghi¢m va dp dung dw bdo trén cdc tdp dii ligu khdac nhau
4.2.1. Ap dung du bao tuyén sinh dai hoc

Dé xac minh qua du béo cia md hinh dua trén quan hé md bac nhét voi sé khoang chia khac
nhau, két qua du bao thu dugc tir mo6 hinh dé xuat dugc so sanh véi két qua du bdo ciaa cac md
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hinh trong, cac nghién cuu [5], [6], [8], [18]-[20]. Két qua du bao va do chinh xac MSE (1) giira
mo hinh d& xuit va cdac mé hinh khac duoc dua ra trong Bang 3. Trong do, cot thir 1 va cot thir 2
thé hién dir liéu nam dy bao va dit lidu tuyén sinh thuc té. Cac cot con lai 1a két qua du bao twong
g vé6i cac mo hinh dugc chon dé so sanh.

Bang 3. So sdnh mé hinh d@é xudt véi cac mé hinh khdc dwa trén chudi thoi gian bdc 1 véi 10 khodng chia

Year  Actual [5] [8] [18] [6] [19] [20] MH dé xuit
1971 13055 - - - - - -

1972 13563 14000 13486 13944 14279 14242 13820 13309
1973 13867 14000 14156 13944 14279 14242 13820 13957.33
1991 19337 19000 18808 18933 19257 19144 19135 19332.5
1992 18876 19000 18808 18933 19257 19144 19135 18817.5
MSE 407707 334431 255959 198203 228920 194746 57473

3.50% 3419

3.00% 2.81% 2. 68%
2.40%

2.50% 2250 S ——— 2. .1.3%
2.00%
1.50% 1.19%
1.00%
0.50%
0.00%

[5]

[18] [6] [19] [20] MH'de
Cac mo hinh dir bao xuat

MAPE

Hinh 3. D6 thi biéu dién d chinh xdc MAPE giita mé hinh dé xudt véi cdc mé hinh khdc

Két qua trong Bang 3 cho thay, mé hinh dé& xuét c6 sai s6 du bao (MSE = 57473) nho nhét
trong s6 tat ca cac md hinh so séanh dwa trén quan hé md bac nhat véi s6 khoang chia bang 10.
Diém khéc biét cha yéu gitra mé hinh dé xuat va cac md hinh so sanh la cach thic nhém quan hé
md va ki thuat chia khoang duoc sir dung. Diém khéc biét nay ching té rang, mé hinh du bao dé
xuat hiéu qua hon so v6i mé hinh dugc so sanh khi thir nghiém trén tap dir liéu tuyén sinh Dai
hoc Alabama. Truc quan hon c6 thé thiy, d6 chinh xac phan trim MAPE cua cac md hinh so
sanh trong Bang 3 dugc minh hoa trén Hinh 3.

350000 mHCL98 [21] =S09[13] = C02 [15] = MH dé xuit

300000
250000
200000
150000
100000
50000
1]

Bac 2 Bac 4 Bac 5 Bac 6 Bac 7 Bac 8 Bac 9
mHCIO98 [21] 333171 315489 278919 296950 316720 301228 306485
mS09[13] 119189 126676 113421 163137 148618 169149 123964
mCO02[15] 89093 89376 94539 98215 104056 102179 102789
= MH d& xuit 49227 31705 33269 35116 37116 39497 35356

Gi4 tri MSE

Hinh 4. So sdnh dé chinh xdc dy bdo MSE giita md hinh dé xudt va cdc mé hinh khdc dya trén quan hé mo
bdc cao voi so khodng chia khdc nhau

Thém nita, m6 hinh d& xuit ciing dwgc mo phong dua trén quan hé mo bac cao khac nhau tur

bac 2 dén bac 9 véi s6 khoang chia dugc ¢6 dinh la 10 khoang. D¢ xac minh tinh higu qua cia md

hinh dy bao dya trén chudi thoi gian mo bac cao, ba mé hinh ¢6 tén la HCL [21], S09 [13] va

C02 [15] dugc lya chon cho viéc so sanh véi mo hinh dé xuat. Tir két qua so séanh vé do chinh

http://jst.tnu.edu.vn 182 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(11): 176 - 184

xéac du bao MSE (1) liét ké trong Hinh 4 cho thdy, m hinh dé xuét dua ra sai s6 du bédo nho hon
s0 voi cac mo hinh dugc chon dé so sanh trong tat ca cac bac voi so khoang chia bang 10, dac
biét nhan duogc gia tri (MSE = 31705) nho nhat trong treong hop quan hé mo bac 4.
4.2.2. Ap dung du bdo dinh man tgi tinh Ca Mau

Trong phan nay, mo hinh dy béo dé xuét dugc p dung dé dy bao dinh man tai ba tram do trén
dia ban tinh Ca Mau. Tur s6 li¢u trich dan bei cong trinh [22], ching t0i lan luot du béao d6 man
tai tram Ctra Lon, Ganh Hao va Ong Doc. Két qua du b&o tai cic tram thu duoc tr mo hinh dé
xuat dugc ghi trong Bang 4.

Bang 4. Két qua va dg chinh xac duw b&o ciia mé hinh d@é xudt duya trén quan hé mo bac 1

Niim Cira Lén Ganh Hao Ong Pic

DL thuc DL dw bdo DL thuc DL dw bdo DL thuc DL dw bdo
2000 29,6 315 30,8
2001 29,4 29,67 30,8 30,75 31,8 32,2
2002 34,4 32,31 30,5 30,75 34,7 34,55
2016 35,9 33,56 32,9 32,21 37,9 35,93
2017 36,5 34,62 33,7 33,08 38,8 35,58
MSE 2,217 0,260 2,279

Quan sat Bang 4 thay rang, di liéu du bao duoc tir md hinh dé xuat kha bam sét voi dir liéu
thuc té tuong ¢ng voi ting tram do trén dia ban tinh Ca Mau. Dya vao d6 chinh xac MSE trén
Bang 4 cho thay su tac dong rat Ion caa do dai khoang chia tir thuat toan phan cum trong mé hinh
dé xuat trén mdi tap dit liéu khac nhau.

Dé ching minh tinh wu viét cia mé hinh du bao dé xuit trén tap dir liéu vé d6 man, d6 chinh
xé&c cua mod hinh tham chiéu trong cong trinh [22] dwoc lwa chon dé so sanh. Két qua so sanh giita
md hinh d& xuat va mé hinh nay dua trén hai tiéu chi danh gia MSE (1) va MAPE (2) dua ra
trong Bang 5. Quan sét céc gi4 tri MSE va MAPE cho thiy hiéu qua du bao ciia md hinh dé xuét
vuot troi hon mé hinh [22].

Bang 5. Két qua so sanh dé chinh xac dir bao giita mé hinh dé xudt véi MH [22]

Dir ligu M6 hinh MSE MAPE
Cia Lon MH [ 22] 38,928 5,167
MH dé xuét 2217 3,700
o MH [22] 8,376 2,509
Ganh Hao MH dé xuét 0,260 1,114
Ong Déc MH [22] 47,09 5,854
MH d& xuét 2,279 3,075

5. Két luan

Nghién ctru ndy dé xudt mot mé hinh du bao chudi thoi gian mé méi str dung ki thuét phan
cum dua trén d6 thi nhim cai thién hiéu sudt du bao trong cac ing dung khac nhau. Trong mo
hinh du bao dé cap dén hai van dé chinh dugc xem 1a dnh hudng 16n dén do chinh xac du bao, do
1a van dé xac dinh khoang chia tir tdp nén va cach thiét 1ap nhom quan hé mo. Dé khic phuc
nhing han ché ciia cac md hinh chudi thoi gian mo cung st dung nhém quan hé md, mé hinh dé
Xuat sir dung khai niém nhom quan hé mo phu thugc thoi gian dugc chung minh 1a hi¢u qua va
phu hop voi diéu kién thuc té hon. Thém nita, thuat toan phan cum méi dya trén dd thi dugc dé
xuit dé xac dinh do dai khoang chia khac nhau trong md hinh chudi thdi gian md nhim khic
phuc nhitng nhuoc diém cta cac mo hinh sir dung d6 dai khoang bang nhau. Tir két qua thu duoc
trong cac Bang 3, 4 va 5 cho théy, viéc sir dung phuong phap phan khoang c6 kich thudc khac
nhau c6 thé tao ra do chinh xac du béo t6t hon so véi cac khoang cé kich thudc br:ing nhau, dan
dén hiéu qua du bao vuot troi hon so voi mot sé md hinh du béo trude day. Tuy nhién, mé hinh
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du bao hién tai chi dugc ap dung d6i voi chudi thoi gian mo' mot nhan t6. Ky vong trong thoi
gian t6i, mo hinh dé xuét s& dugc mé rong va phat trién trén céc tap dit liéu c6 nhidu nhan t6 hon.
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