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ABSTRACT

The paper proposes a forecasting model for time series based on
improvements in determining the universe set and establishment the fuzzy
relation. The proposed model is specifically illustrated the steps by the
enumerical example and performed effectively by an established R
procedure. It has shown more advantages than the popular models such
as ARIMA and Abbasov-Manedova (2003) with a lot of the considered
bench mark data. The proposed model is also applied in forecasting salty
peak for a coastal province in Viet Nam. The examples and applications
have shown potential in reality of the researched problem.

TOM TAT

Nghién cuu dé xudt mét mé hinh du bao cho chubi thoi gian dua trén
nhitng cdi tién trong viéc xdc dinh tdp nén va viéc thiét lgp cdc méi quan
hé mo. Mé hinh dé nghi dwoc minh hoa cu thé cdc bubc thuc hién béi vi
du sé va dwoc thuce hién mét cach hiéu qua b&ng Mot chuwong trinh duoc
thiét ldp trén phan mém thong ké R. N6 c6 wu diém hon cdc mé hinh dy
bdo phé bién hién tai nhw ARIMA va Abbasov-Manedova (2003) qua
nhiéu b s6 liéu doi chitng quan trong. Mé hinh dé nghi ciing duwoc ap
dung trong du bdo dinh man cho mot tinh ven bién Pong bang song Ciru
Long. Cdc vi dy va dp dung da cho thdy tiém nang trong thiec té ciia van
dé dwoe nghién ciu.

Trich dan: V& Vin Tai, Trang Thi My Kim, Nguyén Thi H§ng Dan, Nguyén Vién Quang, Lé Dai Nghiép va
Huynh Van Hi€u, 2020. Mot m6 hinh du bao chuoi thoi gian md cdi tién. Tap chi Khoa hoc Truong
Pai hoc Can Tho. 56(1A): 86-94.

1 GIOI THIEU

Du bao la viéc tién doan nhitng két qua s& xay ra

nhiéu cong trinh dll:(_yc cong bé, nhitng dau tu, nhirng
cal tién sau rong ve ly thuy€t va ky thuat thyuc hién,

trong tuong lai dua vao nhiing nguyén tac suy luan
nao d6. Két qua du bao ludn 1a co s& khoa hoc quan
trong dé lap nhiing ké hoach, nhiing dinh huéng,
nhitng chién luge phu hop mang lai hiéu qua cao
nhét. Du bao luén c6 mot vai tro rt quan trong trong
cac linh vyc, vi vay n6 luén nhan dugc sy quan tam
cta cac nha khoa hoc va quan 1y. Mic du da co rat
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nhung cho dén nay né van la bai toan chua c6 10i
giai cudi cung. Dé tlen hanh du bao, cac nghién ctu
phai dwa vao nhiéu yéu t6 trong d6 dit liéu qua khir
1a van d& quan trong. Trong céc loai dit liéu, chudi
thoi gian dugc luu trir phd bién va co nhu cau rat I6n
trong thuc té cho viéc du bao. Véi dit liéu chudi, hdi
qui va chudi thoi gian 1a hai mé hinh chinh duoc
duoc sir dung phd bién trong théng ké.
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Khi st dung mé hinh hoi qui dé dy bao, nhirng
ap dung phai gia st cac diéu kién ma trong thyc té
dir ligu rat khé dép umg, chinh vi vady mo hinh nay
thuong chi ap dung tét cho nhiing truong hop dac
thu (Aladag et al., 2012; Abreu et al., 2013). Cac mé
hinh chudi thoi gian khéng mo nhur tw hoi quy, trung
binh di dong, trung binh di dong tuw héi qui
(ARIMA) da mang lai nhiéu két qua t6t hon trong
du bao so voi cac mo hinh hoi quy trong nhiéu
truong hop. Trong cdc mé hinh nay, mé hinh
ARIMA véi phuong phap BoxJenkins (Box and
Jenkins, 1973) dwoc st dung rat rong rii trong nhiéu
ap dung thyc té ngay nay. Tuy nhién cac mé hinh
chudi thoi gian khong mo chi thuc sy tdt khi dit liéu
phai c¢6 tinh dimg va sai s6 nhidu cua né phai la mot
on trang. Vi su bién ddi phuc tap trong cac dir liéu
thuc té, nén chudi thoi gian khong mo ciing chua
dap tng dugc cac yéu cau khi du bao. Nhiéu truong
hop du bao rat kém do chinh xac (Chen 1996).

Dua trén ly thuyet ma, chudi thoi gian mo (FTS)
duoc dé xuit dé giai quyét cac yéu diém cua chudi
thoi gian khong mo. Song and Chissom (1993) da di
tién phong trong nghién cru md hinh FTS vai di
liéu tuyén sinh tir Bai hoc Alabama. K& thira nghién
clru nay, hang loat cac cong trinh lién quan vé FTS
dugc cong bd (Huarng, 2001; Chen, 2004; Eren et
al., 2014; Chen and Hung, 2016). Nhiing m6 hinh
nay dugc thiét 1ap dya trén cac cap d6 mo hoa theo
ngdn ngir Vi 3, 5 hoic 7 cip do. Han ché cua cac
mo hinh nay 1a chi mo hoa dir liéu mo lich st ma
khong thuc hién duoc du bao cho tuong lai. Trong
s6 cac md hinh nay, mé hinh cua Singh (2007) dugc
danh gia rat cao. Mic du dugc dé xuat kha 1au nhung
khi dé xuit mot mo hinh mdi, md hinh cia Singh
(2007) thong thudng duoc st dung dé so sanh hiéu
qua. Tuy nhién mé hinh nay ciing chi && mo hoa dir
liéu ma khong truc tiép dé du bao. Sau khi c6 dit liéu
tir md héa, mudn du bao chiing ta phai sir dung mot
mé hinh khong m& nao dé dé thyuc hién. Viéc mo
héa truéc khi thuc hién du bao ¢6 thé lam mat di mot
s6 qui luat cua dir liéu, nén khi dy bao nhiéu truong
hop khong nhan duoc két qua tot. Mot hudng phat
trién khac cua FTS 14 truc tiép du bao cho tuong lai
tir nguyén tic mo hoa da thiét lap. Cac tai liéu cho
thdy, huéng nghién ctru nay chua c6 nhiéu két qua
dugc cong bd. Abbasov and Mamedova (2003) da
dé xuét huéng nghién ctru nay khi du bao dan s
nuée Ao. Mic di mé hinh da nhan dwoc két qua tét
trong nghién ctru nay, nhung n6 lai khong thich hop
cho nhiéu tap dir liéu khac. Nhitng tham s6 trong md
hinh nay ciing 1a mét thach thic trong ap dung thuc
té. Dua trén mo hinh cta Singh (2007) va y tuong
cuia Abasov and Mamedova (2003), bai viét nay dé
Xuat mot mé hinh chudi thoi gian mo dé du bao. Mo
hinh nay c6 thé mo hoa dir liéu va dy bao cho tuong
lai. M6 hinh d& nghi nhan duoc két qua tot hon cac
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mo hinh dy bao tryc tiép khong mo ARIMA va md
hinh chudi thoi gian mo cia Abasov and Mamedova
(2003) trong cac bo so liéu doi chirmg dugc so sanh.

2 MO HINH PE NGHI
2.1 Cac dinh nghia

Pinh nghia 1. Cho U

U= {ul,uz,...u
dinh nhu sau:

la khong gian nén,
n}- Mot tap mo A cuia U dugc xac

A={up(Uup) /g, up(Ug) Tz, 1 (Un) T U},

trong d6 doupla ham thuc cua A,
tp U —>[01] up(uj) chi mie do thuge cua u;
vao A, ,uA(ui) €[0,1], 1<i<n.

Pinh nghia 2. Gia st F(t)duoc suy ra tu
F(t—1), khi d6 quan hé logic mo gita F(t) va
F (t —1) duoc biéu dién bsi phuong trinh md:

Ft)=F(t-D)*R(t,t -1,

trong d6 * 1a toan tr hop, R(t,t—1)1a quan hé
logic mo. Néu tadat F(t—1) = A4 va F(t) = A thi

quan h¢ logic mé dugc viét boi: A, — A.

Pinh nghia 3. Cho mot chudi dir liéu thuc té
{Xi} va gia tri du doan twong tng{X.},i=1, 2,

n, khi d6 ta co cac tiéu chuan sau dé danh gia cac mod
hinh FTS:

Binh  phwong sai s6 trung  binh:
2
MSE=—2>(X; = X;) . 1
i) @
Sai s6 tuyet ddi  trung  binh:
10 [ |Xi =X
MAE = = 3 M . )
ni=l Xj
Sai s6 phan trim tuyét déi trung binh:
MAPE = 3| T 1100 | A3)
ni=

i

Khi thyc hién dy bao, mo hinh c6 céc tiéu chuan
trén cang nho thi cang tot.

2.2 Thuat toan dé nghi

Cho X,, t=12,..., n1a mét chudi thoi gian.

M6 hinh dy béo chudi thoi gian mo (FTSF) dé nghi
gom 8 budc sau:
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Buéc 1: Chuan hoa dit liéu chudi vé thang do
100:

Ki =100X; /max{X; },i=1,2,....n.
Tinh céc bién doi cua dit liéu giira hai khoang
thoi gian lién tiép da duoc chuan hoa:

E =K., -K,t=12 ..,n-1,

Xéc dinh tap nén U =[D i, Dyax ], trong do

min’
Din =

Buéc 2: Chiatap U thanh m khoang bang nhau
va gan tp m& A, i =1m V6i céc ham thuoc tam

giac nhu sau:
Ay = {1/uy,05/uy ,0/ug,...0/up 4 ,0/upy
Ay ={0.5/u, Yuy ,05/ug,....0/uy, 4 ,0/ugy b,

Am ={0/u1,0/u, ,0/ug,...05/uy 4 Vup |

Trong Gng dung ciia bai viét ndy, néu mot
khoang khi chia chira nhi¢u hon 4 phan tu, tiep tuc
chia khoang nay thanh 2 khoang nho déu nhau.

Bueéc 3: Thiét 1ap cac mdi quan hé logic mo:

Néu A 1a gia tri mo hoa tai thoi diém i va Aj la
gi4 tri mo tai thoi diém j thi quan hé mo duoc biéu
thila A — Aj. O day A; duoc goi 1a trang thai hién

tai va A 1a trang thai tiép theo.

J
Bueéc 4: Thiét 1ap nguyén tic dy bao:
* Trong truong hop ham thugc AJ- dat gia tri lon
nhat, ta ki hiéu

[Aj :' la khoang twong Gng cta uj,
LI:AJ-] va U [Aj:| lan luot 13 can dudi va can
trén cua UJ-,
| [A j] la do dai caa khoang A,
M [Aj:| la gia tri trung binh cua khoang U;,
* Tinh cac gia tri:
Dj = ”Ei - Ei—1| *|Ei—1 - Ei—2” '
Dj Dj
Zi = Ei +—, ZZi = Ei -,
2 2
Yi =Ei +Di, YYi =Ei _Di’

min{Et}, Dmax = max{Et},t =12,..,n-1.
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PR = E;

D.
R=E+ ,PR=E-—, Q=E+Djx2
4 4

D'
I
QQI = EI —Di ><2, GI = Ei +—,

H; =E; +Dj x3, HH; =E; —D; x3.
*Véi cac gia tri ban ddu R =0, S =0, tacd cac
nguyén tic tinh R va S nhu sau:

Néu L[AJ—]SZiSU[AJ—] thi R=R+Zj va
S =S+1,nguoclai R=0, S=0.

Néu L[Aj]szzisu[Aj}thiRzRJrzzi va
S =S+1,nguoclai R=0, S=0.

Néu L[Aj:IsYisU[AJ—:I thi R=R+Y; va
S =S+1ngugclai R=0, S=0.

Néu L[Aj:'sYYi SU[AJ-:I thi R=R+YY; va
S =S+1ngugclai R=0, S=0.

NéuL[Aj]gP, SU[Aj] thi R=R+R va
S=S+1, nguoclai R=0 va S =0.

Néu L[AjJSPPl SU[Aj:|th‘1R=R+PP| va
S=S+1, nguoclai R=0 va S =0.

Néu L[ A ]<q <ulA] ti R=R+Q; va

S=S+1, nguoclai R=0 va S =0.

Néu L[Aj]sQQisU[Aj] thiR = R+QQ;
va S=S+1 ngugclai R=0 va S =0.

Néu L[ Aj |<G <u[Aj | hiR=R+Gj va
S=S+1, nguoclai R=0 va S =0.

Néu L] Aj |GG <u[A; ] thi R=R+GG;
va S=S+1 ngugclai R=0 va S =0.

Néu LI:Aj:Ig H; su[Aj] thi R=R+Hj va
S=S+1, nguoclai R=0 va S =0.

Néu L[Aj]sHHi SU[AJ-:' thi R=R+HH;
va S=S+1 ngugclai R=0 va S =0.

Buéc 5: Tinh sy bién doi tai thoi diém t bang
cong thuc:



Tap chi Khoa hoc Truong Pai hoc Cén Tho

. ZPJ ><Vj
Vit)=—31 +
TP

trong do

Pj laty sb gitra s 1an caa mdi quan hé logic mo

A — A} xay ra va tong so lan tat ca cac mdi guan

hé logic mo,

V.
) S+1

Buéc 6: Tinh gia tri du bao K(t) tai thoi diém t

R+MIA|]

(4)

Q)
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K(t) = K(t—1)+V(t), (6)
trong do )
K (t —1) 1a gia tri cia chudi tai thoi diem t-1
K(t) 1a bién ddi du bao tai thoi diém t.

3 ViDU MINH HQA VA KIEM CHUNG
3.1 Vidu minh hoa

Trong phan nay ching toi 1iy s6 ligu vé tuyén
sinh cua Truong Pai hoc Alabama (ACD) dé minh
hoa cho thuat toan dé nghi. Pay 1a s6 liéu ddi ching
duoc sir dung trong nhiéu nghién ciru vé& FTS khi so
sanh cac mo hinh vé&i nhau. S6 liéu duoc cho bai cot

boi cong thirc sau:

tha 2 ciia Bang 1.

Bang 1: Sb liéu gbc, chuin héa, bién ddi va tap mé twong &ng caa dir ligu ACD

Nam Xi Kij Ei A
1971 13055 67,513 - -

1972 13563 70,140 2,627 As
1973 13867 71,712 1,572 As
1974 14696 75,999 4,287 As
1975 15460 79,950 3,951 A7
1976 15311 79,180 —0,771 Az
1977 15603 80,690 1,510 As
1978 15861 82,024 1,334 As
1979 16807 86,916 4,892 As
1980 16919 87,496 0,579 Ay
1981 16388 84,749 — 2,746 A
1982 15433 79,811 —4,939 A1
1983 15497 80,142 0,331 Ay
1984 15145 78,321 —1,820 A
1985 15163 78,414 0,093 A4
1986 15984 82,660 4,246 As
1987 16859 87,185 4,525 As
1988 18150 93,862 6,676 Ag
1989 18970 98,102 4,241 As
1990 19328 99,954 1,851 As
1991 19337 100,00 0,047 Ay
1992 18876 97,616 — 2,384 Ao

Theo thuit toan dé nghi, ching ta c6 nhitng budc
thuc hién cu thé sau:

Buwéc 1: Chuan hoa dir liéu vé thang do 100, ta
co tap dfrvlieq dugc cho bai cot K cia Bang 1. Tinh
su bién do6i so lugng sinh vién gitra hai nam lién tiép
cuaKi, taco gia tri Ejcua Bang 1. Vi Dmin =—4.939,

D,..= 6.676, do d6 tap nén doan U = [—4.939;
6.676].

Buéc 2: Chiatapnén U thanh 7 doan déu nhau:

ui=[ —4,939; —3,279], u, =[ —3,279; — 1,620],
us = [ —1,620;0,309], us = [0,309;1,699],

us = [1,699;3,358]; us = [3,358;5,017]; ur =
[5,017;6,676].
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Vi U, va Ug chira lan luot 7 va 6 gid tri cta E;

nén ta chia mdi khoang nay thanh 2 khoang nhé, cac
khoang khac giit nguyén. Nhu vay ta c6 9 khoang u;

va céc diém giira ciia n6 UL duoc cho bai Bang 2.

Bang 2: Cac doan chia cia tap nén U

Ui um
[—4,939; —3,279] — 4,109
[—3,279; — 1,620] — 2,450
[—1,620; 0,039] —0,791
[0,039; 0,869 ] 0,454
[0,869; 1,699] 1,284
[1,699; 3,358] 2,528
[3,358; 4,187] 3,773
[4,187; 5,017] 4,602
[5,017; 6,676] 5,847
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Buroc 3: Cac tdp mo Aj cua Bang 1 tuong tng voi
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timg doan u; dugc cho boi Bang 2 va dugc cu thé
nhu sau:

:{1/u1,0,5/u2,O/u3,0/u4,0/u5,0/u6,O/u7,0/u8,0/u9},

A4

Ay ={0,5/u,1/uy ,0,5/u5,0/u, ,0/ug , 0/ug ,0/u7,0/ug, 0/ ug}
{O/ul,O,S/uz ,1/u3,0,5/u4,0/u5,0/u6,0/u7 ,O/u8,0/u9},
{0/u1,0/u2 ,0,5/u3,1/u4,0,5/u5,0/u6,O/u7 ,0/u8,0/u9},

As = {0/u,0/uy ,0/u3,0,5/u, 1/ug ,0.5/ug ,0/u7 ,0/ug,0/ug },
Ag = {0/u1,0/uy ,0/u3,0/uy ,0,5/ug 1/ug ,0,5/u; ,0/ug, 0/ ug

A7 ={0/uy,0/u, ,0/u3,0/uy ,0/ug ,05/ug 1/u; 0.5/ ug, 0/ ug}
|
|

'J.: =:‘UJ;|!|'1 DJ/IIH I:IIJIH I:IIJIH_‘ OJ/IIH UJ;H

3‘}:'.'-:1 Ef5:0:3 Uy,

:{0/u1,0/u2 ,0/u3,0/u4,0/u5,0/u6 ,0/u7 ,0,5/u8,l/u9}.

Buéc 4: Mbi quan hé mo giira cac A duoc cho
bai Bang 3:

Bang 3: Méi quan hé mé ciia cac Ai
A—>Ad
AN AL
Ay — Ag i1
Ay > Ay 1By > Al
A5—>A5:P5—>A8:2
Ag > Ay By o A5l
Ay — Ayl

Ag—>A4:1A8—>A6:Bg—>A7:AS—>A8:A8—>A9:1

A9—>A8:1

Buéc 5: Tinh su bién d6i

Gia sir chiing ta can phai dy bo gié tri chudi nam
1976. Dua vao Bang 1, Bang 2 va Bang 3, ¢6 thé
thay rang su khac biét nam 1975 roi vao tap mo Ay,

va mdi quan hé logic m duoc thiét lap A, = A
Vv6i tAn suat 1a 1.

Ta cod

[ Ay ] =[-1.620,0,039], U[ Ay | = 0,039,
L[ Ay ]= 1620,

M [A3:| - 0,791, E,=4,287, E5=1572,
E, = 2,627.

Khi d6 chiing ta nhan dugc
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D5 =| Es —E4 || E4 - E5 | = 1,660,

Dg
Zc = Ex +—2 = 5,140,
5=+

D5
Z7¢ = Eg —— = 2,762,
2
Y5 = E5 + D5 = 6,330,
YY5 = E5 - D5 =1,572,

_ D5 _
Ry = Eg +—> = 4,546,
4

D
5
PRy = Eg —— > =3,35%,

Qs = Eg + Dg x 2 = 8,709,
QQs = Es — Dg x 2 = 0,807,

Dsg
Ge = Ex + —2 — 4,348,
5=F5+

Dsg
GGz = Ex ——2 — 3,555,
5=F5

H5 =E5+D5X3:11,088,
HHg = Eg — Dg x 3 = 3,186, Zg > L[Ag] va
Zg >U[A3];khid(') R=0vasS=0.

225 > L[ Ag] v 225 >U[Aq]; khi do R =0
va s =0.
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Y5 > L[Ag] va Yg > U [Ag]s knido R=0 va
S =0.

YY5 > L[AS] va YYg >U[A3];khidé R=0 va

S=0.

R > L[A] va my>U[Ag]: knido R=0 va

S=0.

PRy > L[Ag] va PRy >U[Ag]: khido R=0

va S =0.

Qs > L[Ag] va Qg >U[Ag]: khido R=0 va
S=0.

Qs > L[Ay] va Qg <U[Ag]: Kni do
R=R+QQg = 08067 va S =S+1=1,

Hg > L[A3] va  Hg >U[A3]; khi do
R =-0.8067 va S =1.

Tdp 56, S6 1A (2020): 86-94

HHg > L[Ag] va HHg >U[Ag]s khi do
R =-0.8067 va S =1.

Dua vao cong thic (5), ta tinh dugc sy bién ddi
twong tng véi quan he mo A, — A, cho nam 1976
nhu sau:

R R+M[A] -0,807-0,791
V3= A3 = =-0,797.
S+1 1+1

Buéc 7: Tinh su bién ddi du bao cho nam 1976
theo cong thuc (4), ta nhan duoc

Vflnal =V3 = —07986

Buéc 8: Tinh gia tri dy bao K(t) cho nim 1976
theo cong thirc (6), ta cd

K(t) =K (t-1)+Vq = 79.9504 +(-0.7986 )
=79.1518.

~ Thuc hién twong tu cho cdc ndm tiép theo cho
dén nam 1992 ta duoc Bang 4.

Bang 4: So lwgng tuyén sinh dwgc dy bao theo mé hinh dé nghi

Nim Thucté Chuidnhéa  Ngisuy Nim Thucté Chuinhéa  N@isuy
1971 13055 67,5131 - 1982 15433 79,8107 83,0800
1972 13563 70,1401 - 1983 15497 80,1417 80,2647
1973 13867 71,7123 - 1984 15145 78,3214 79,3438
1974 14696 75,9994 - 1985 15163 78,4144 76,4770
1975 15460 79,9504 79,4133 1986 15984 82,6602 77,7277
1976 15311 79,1798 79,1518 1987 16859 87,1852 86,1320
1977 15603 80,6899 80,5327 1988 18150 93,8615 90,6237
1978 15861 82,0241 84,1233 1989 18970 98,1021 98,5648
1979 16807 86,9163 85,6697 1990 19328 99,9535 101,478
1980 16919 87,4955 90,4361 1991 19337 100,0000 100,822
1981 16388 84,7494 87,0952 1992 18876 97,6160 99,5919

=@=Thuc t¢ =E=N0oi suy

150

100 - .H—.—H

50

0

SO O N DO N D D OAN DS N
NANNNNNA NN SIS OLLISD D
X222 29929999290

Hinh 1: P thi s6 liéu thuc té va du bao cia dir liéu Enrollment

Tir 6 liéu Bang 4, 4p dung cong thuc (2) ta tinh
duoc cac gia tri cia MAE =1.6508.

_ Hinh 1 cho thay két qua dy béo va thyc té kha
gan nhau.

3.2 Mdt sb so sanh

Bén canh dir liéu ACD, nghién ctru nay str dung
thém 3 tdo dir liéu Taifex, Outpatient and Grain (Tai
and Nghiep 2019) dé so sanh mé hinh du bao dé
nghi véi m6 hinh ARIMA va mé hinh cua Abbassov
and Manedova. Pay 14 nhiing tap dit liéu pho bién
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dugc sir dung dé danh gia hidu qua ciia cic mo hinh
trong nhiéu bai bao. Mdi tap dit liéu dugc chia thanh
2 phan: Tap huin luyén va tap kiém tra vai ti I¢ 1an
luot 1a 80% va 20%. Tap huan luyén dugc sir dung
dé xay dung cac moé hinh ARIMA, Abasov-
Manedova (2003) va mé hinh dé nghi. Sir dung mé
hinh tir tap huan luyén, du bao cho thoi gian cua tap
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kiém tra dé so sanh véi s liéu thuc té. Cac than] sb
danh gia MSE, MAE va MAPE duoc stir dung dé so
sanh hi¢u qua cua cac mo hinh.

Két qua thyc hién cua tap huén luyén dugc cho
bai Bang 5 va tap kiém tra duoc cho bai Bang 6.

Bang 5: So sainh md hinh dé nghi va cac mé hinh khac cho tap huin luyén

Dir liéu Phuwong phap MAE MAPE MSE
ARIMA 2,569 2,781 8,582
Enrollment AM 2,655 2,790 11,226
Mo hinh dé nghi 2,042 2,161 6,026
ARIMA 4,938 5,582 36,266
Outpatient AM 6,480 7,276 58,956
Mo hinh dé nghi 4,700 5,388 35,288
ARIMA 4,269 6,480 27,242
Foodgrain AM 4,628 6,898 31,628
M5 hinh dé nghi 3,369 5,203 17,692
Béang 6: So sainh md hinh dé nghi va cic mé hinh khac cho tap kiém tra
Dir liéu Phwong phap MAE MAPE MSE
ARIMA 8,074 7,181 68,725
Enrollment AM 12,333 10,974 158,777
Mo hinh dé nghi 6,164 5,502 44,688
ARIMA 12,193 16,842 189,118
Outpatient AM 14,888 20,798 322,431
Mo hinh dé nghi 5,059 6,955 38,406
ARIMA 7,481 7,399 84,086
Foodgrain AM 7,409 7,909 89,368
Mo hinh dé nghi 5,688 5,942 52,915

Bang 5 va Bang 6 cho thay rang mé hinh dé nghi
da nhan dwoc két qua tot nhat véi cac tap dir liu
duoc xem xét.

4 AP DUNG

Trong phan nay chung t6i 4p dung phuong phép
dé nghi dé dy bao dinh man cho ba tram do chinh
cua tinh Ca Mau. S liéu thuc hién duoc cho bai
Bang 7.

Muc dich cua nghién ctru nay 1a st dung sé liéu
quéa khir dé dy bao dinh man tai ba tram do chinh
cta tinh Ca Mau dén nam 2025. Toan b dit liéu qua
khtr dwoc sir dung dé kiém tra hiéu qua cia cac mod
hinh du bdo ARIMA, Abbasov-Manedova (2003)
va mé hinh dé nghi bai cac tham sé MAE, MAPE
va MSE. M5 hinh nao t6t nhét s& dwoc s dung dé
du bao cho tuong lai. Két qua so sanh cac mo hinh
dugc cho boi Bang 8.
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Bang 7: S6 li¢u dinh min Ca Mau tai ba tram do
giai doan 2000-2017

Nim Ganh Hao CialLén  Ong Péc
2000 31,5 29,6 30,8
2001 30,8 29,4 31,8
2002 30,5 34,4 34,7
2003 33,8 351 34,8
2004 32,6 343 34,1
2005 335 36,1 35,2
2006 32,6 31,6 31,6
2007 32,2 32,9 32,9
2008 31,4 315 315
2009 32,4 28,3 30.2
2010 33,2 371 39,7
2011 31,0 28,4 30,9
2012 31,9 27,3 31,7
2013 31,7 331 31,9
2014 30,6 313 31,8
2015 315 33.1 35,9
2016 32,9 35,9 37,9
2017 33,7 36,5 38,8
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Bang 8: So sanh hi¢u qua cia cac mé hinh dy bao dinh man tai ba tram do

Dir liéu Phwong phap MAE MAPE MSE
ARIMA 6,597 7,530 64,131
Ca Mau AM 9,658 11,164 145,033
Mb hinh d& nghi 4,482 5,167 38,928
ARIMA 2,409 2,511 9,230
Ganh Hao AM 2,674 2,849 11,508
Mb hinh d& nghi 2,366 2,509 8,376
ARIMA 5,888 6,681 55,354
Ong Béc AM 6,655 7,747 101,425
Mb hinh d& nghi 5,058 5,854 47,096
Bing 8 cho thiy mo hinh d& nghi luén nhan duoc 2019 36,781 33984 37224
két qua t6t nhat, do d6 nd duoc sir dung dé du bao 2020 35,764 33,785 36,244
cho tuwong lai. Két qua du bao dugc cho boi Bang 9. 2021 36,908 34,184 39,374
' : 2022 35,864 34,001 41,080
Bang 9: Du bao dinh man tai 3 tram do chinh cia 2023 37,008 34,448 42,774
tinh Ca Mau giai doan 2018 — 2025 2024 35,964 34,263 44,460
Nim Cikalén  Ganh Hio Ong Péc 2025 37,108 34,721 45,528
2018 35,577 33,576 38,031
—@—Thuc t& ====Duy bao
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Hinh 2: Sé liéu thyc té va dw bao dinh man tram do Ganh Hao

Bang 8 cho thay dinh man tai 3 tram do chinh
cua tinh Ca Mau trong tuong lai déu c6 khuynh
hudng ting. Mic du khong c¢é sy bién dbi phuc tap
nhu qué khtr nhung chung luén & mirc cao. Hinh 2
biéu thi s liéu thyc té va s6 liéu qua khir dinh man
tai tram do Ganh Hao. Hinh 2 cho thay s liéu dinh
man du bao va thyuc té giai doan 2004 — 2017 kha
trung nhau nén két qua du bao tuong lai duoc danh
gid dang tin cay. Vi hai tram do con lai ta cling co6
muc d6 tin cay tuong tu.

5 KET LUAN

Bai viét da trinh bay mot mo hinh méi dé du bao
cho dir liéu dang chudi, mot kiéu dir liéu dugc luu
trir phd bién, co nhu cau du bao rat 16n ngay nay.
Dua trén nhiéu budc cai tién quan trong cta cac mo
hinh chudi thoi gian mo trude do, md hinh dé nghi
nhan dugc két qua tét hon cac md hinh dugc st dung
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phé bién hién tai qua mot s6 dir liéu ddi chung pho
bién duoc so sanh. No ciing dugc ap dung thir
nghiém trong du bao dinh man cho mot tinh ven
bién cua Pong bing song Cuu Long. Vi mo hinh
Mdindy, trong thoi gian $ap tdi, chung toi s& tlep tuc
cai tién budce chia tap nén va ap dung cho nhiéu du
b4o quan trong cua thuc té.
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