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ABSTRACT

Time series is a type data stored normally, and has huge demand in
forecasting for many real problems. This study proposes the predictive
model for interval time series based on the improvement in establishing
the fuzzy relationship. In this model, the universal set is the consecutive
changes of two time intervals, and the divided number for intervals is
determined by the fuzzy cluster analysis algorithm for interval data.
Based on the fuzzy relationship between the elements of the universal set
and the divided intervals, the principle for interpolating the historical
data and forecasting for the future are established. The proposed model
is detailed step-by-step, and illustrated by numerical examples. It is also
applied in forecasting the temperature in Ha Noi to illustrate the practical
application. The illustrative example and practical application show the
suitability of the proposed model as well as its advantages in comparison
with popular models.

TOM TAT

Chudi thoi gian la mot kzéu dit lieu duwoc hew trit phé bién va ¢é nhu cau
du bdo rat I6n cho nhiéu vin dé thuc té. Nghién ciru ndy dae nghi mo hinh
du bdo cho chudi thoi gian khodng dwa trén sy cai tién trong thlet lap moi
quan hé mo. Trong mé hinh ndy, tdp nén la sy bién doi lién tiép ciia hai
khodng thoi gian va sé lwong khodng chia cho né dwge xdc dinh tir thudt
todn phan tich chiim mo danh cho dit liéu khodng. Dua trén méi quan hé
mo giita nhitng phan tir ciia tdp nén va cdc khodng dwoc chia, mot nguyén
tde mo hod dir liéu qua khir va dw bao cho twong lai duoc thiét ldp. Mo
hinh dé nghj dwoc trinh bay chi tiét cac bude va dwoc minh hoa boi vi du
s6. N6 ciing duoc ap dung trong dy bdo nhiét do o Ha Noi dé minh hoa
cho dp dung thuc 6. Vi dy minh hog va ap dung thuc té cho thcfy sw phu
hop ciia mé hinh d@é nghi ciing nhw thudn loi ciia né trong so sanh véi cdc
mé hinh phé bién.

1. GIOI THIEU

Chudi thoi gian 1a kiéu dit liéu dugc luu trir theo
thoi gian nhu gio, ngay, thang, quy hay nam. Day 1a
kiéu dir liéu phd bién dwoc ghi nhan ¢ tat cac linh
vire va c6 nhu cau dy béo rat 16n trong thyc té, trong

su phat trién kinh té xa hoi ciia mdi qudc gia. Trong
thdng ké, du bao cho chudi thai gian c6 thé thyc hién
bang mé hinh hoi quy, hodc chudi thoi gian va gan
day 1a chudi thoi gian mo (Tai, 2019; Tai and Thuy,
2020). M6 hinh hbi quy da dugc nghién ctu tir lau
va duoc sir dung phd bién ngay nay. Mic du co
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nhiéu cai tién, nhiéu mo hinh cu thé trong hinh thirc
tham s6 va phi tham s, nhung hdi quy van c6 rat
nhiéu han ché trong tng dung. Khi xay dung mo
hinh héi quy, ching ta phai gia sir nhiéu diéu kién
vé sb liéu ma thyc té rat kho thoa man nén né chi
thich hop cho rét it truong hop cu thé (Abreu and
Ambe, 2013; Yanpeng, 2020). Khic phuc diéu nay,
mo hinh chudi thoi gian, mo hinh danh riéng cho dir
lieu chudi da duoc dé nghi. M6 hinh nay dugc danh
gi4 c6 nhiéu wu diém hon hoi quy qua nhiéu tap dir
liéu (Yanpeng et al., 2020). Tuy nhién véi diéu kién
dimg va sai s 1a mot on trang, mo hinh chudi thoi
gian ciing han ché cho nhiéu tap dit liéu (Aladag et
al., 2012). Khic phuc yéu diém cua chudi thoi gian,
chudi thoi gian mo di duoc dé xuat (Chen and Hsu,
2012; Ghosh et al., 2015).

Mo hinh chudi thoi gian mo (fuzzy time series,
(FTS)) dugc phat trién theo hai huéng: (a) Mo hoa
dir liéu gdc deé tao ra sy lién két cta no, sau dé ap
dung mot md hinh da biét dé du bao cho twong lai
va (b) xay dung mé hinh du bao tryc tiép cho twong
lai. So véi (b), huéng nghién ciru (a) dugc quan tdm
nhiéu hon boi cac nha théng ké. Co rét nhiéu cong
trinh nghién ctru duge cong bd theo hudng nay trong
cac nam qua (Huarng, 2001; Ming, 2002; Own and
Yu, 2005; Tai et al., 2021). Theo hudng nay, mot
mo hinh dé nghi gdm 3 bude chinh (i) X4c dinh tap
nén va khoang chia cho tap nen (ii) Tim mdi quan
hé giita cac phan ti trong tap nén va (iii) Xay dung
luat mo hoa dir lidu. Mot yéu diém chung cua cac
mo hinh trén 1a chung chi mo hoa dugc dit ligu qua
khit ma khong dy bao dugc cho tuong lai. Béi vi
muc dich cubi cung la du bdo, do dé sau khi thuc
hién cdc md hinh nay, ching phai nho ¢én mot mé
hinh khac dé thyc hién. Khi chung ta xdy dung cac
mé hinh md hoa dit liéu, chic chén s& co nhiing sai
s6 nhit dinh, do d6 nghién ctru (a) con rat nhiéu
thach thirc khi ap dung vao thuc té, c6 thé mét thong
tin trong giai doan Mo hoa, nén khi du bao cho twong
lai, huéng nghién ciru thir nhat thuong chi cho két
qua tot vé mot khuynh hudng phat trién coa dir ligu
(tang hodc giam). Khi tuwong lai c6 khuynh hudng
bién d6i vira c6 tang, vira c6 giam phuc tap thi két
qué du bao rat han ché (Tai, 2019).

Trong qua trinh nghién ctru, két qua cho thiy so
v6i (a), FTS phat trién theo hudéng (b) chua dugc
quan tim nhiéu. Theo huéng ndy, cic mé hinh tiéu
biéu duoc nhic dén la Abbasov-Mamedova (2003),
Tai (2019) va Tinh (2020). M6 hinh FTS theo
huéng (b) gdm 4 budce chinh, trong d6 3 budc dau
twong tu nhu hudng (a). Budc thu tu 1a xay dung
mot luat du bao cho tuong lai tir cac mdi quan hé
chudi cac phan tir qua khir duoc thiét 1ap boi ba budc
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trén. Pay 1a budc kho nhat, ciing 1a budc quan trong
nhét cho viéc thiét 1ap mot mo hinh dy bao tét. M6
hinh cua Abbasov va Mamedova (2003) va Tai
(2019) thiét 1ap luat du bao dwa trén mirc d6 quan hé
clia cac phan tir theo cdp d6 ngon ngir (thuong 1a
thang do Likert 5 cap do, 7 cap d6 hodc 9 cp do).
Trong mo hinh ctia Tinh (2020) luat dy bao duoc
thiét 1ap dua vao s mo tam giac, hinh thang hoic
cac sb mo cai tién tir cac s6 mo nay. Cac mo hinh
nay c6 han ché 1a viéc chon cac tham sé theo kinh
nghiém ma khong c6 mot nguyén tic chung. Tham
s6 duoc chon cho chudi nay c6 thé khong t6t cho
chudi kia. Do d6, trong thyc té, ching chi hiéu qua
cho nhiing chudi cu thé ma khong phai 1a tat ca. Tai
etal. (2021) da chia chudi thanh cdc nhom theo mirc
d6 bién d6i cua cac phan tir chudi va xay dung
nguyén tic du bao theo mdi quan hé md ciia bai toan
phan tich chum. Han ché ciia mé hinh nay 1a chi du
bao cho chudi diém ma khong thyc hién du bao
chudi khoang.

Mot van dé khac dwoc dat ra trong thyc té 1a nhu
cau du bao khoang cho chudi thoi gian nhur gié tri
cao nhét va thip nhat. Trong truong hop nay, ching
ta c6 thé xem mdi chudi khoang gdbm 2 chudi doc
lap: chudi can trén va chudi can dudi dé thyc hién.
Hai chudi nay duoc sir dung trong thuc té khi du bao
vi gitra hai chudi khong doc lap va do do danh gia
sy twong ty cla cac khoang hoan toan khac do do
danh gia sy twong tu cia diém nén cach lam trén 1a
rat han ché (Sato-llic, 2011). Mot s6 nghién ciu
quan trong gan déy vé van d& du bao nay 1a Andre
etal. (2008), Tao (2015), Tai and Dinh (2021). Tuy
nhién, nghién ctru cia Andre et al. (2008) va Tao
(2015) chi 1a sy mo hoa chudi khoang. Bé du bao
khoang cho twong lai, ching can sir dung nhitng mo
hinh du béo diém khac. Tai and Dinh (2021) da phat
trién mo hinh du bao khoang tr mdé hinh dy bao
diém cua Tai et al. (2021). Mic du m hinh nay da
¢6 sir dung khoang cach chdng lap nhung nguyén
tic du bao cta nd dua vao bai toan phan tich chum
mo ma khong dua vao cap do ngdén ngir nén noé
thuong khong tét khi chudi khoang co su bién doi
phuc tap, khong theo quy luat cua qué kha.

Trong nghién ciru nay, viéc xay dung mo hinh
chudi thoi gian khoang dugce xem xét dua trén sy cai
tién tr mo hinh danh cho di liéu diém. Trong mé
hinh nay, sy bién ddi cua hai khoang lién tiép dugc
tim hiéu dau tién dé xay dung tap nén va chia tap
nén thanh cac khoang véi s6 lugng thich hop qua
thuat toan phéan tich chum. Thuét toan phéan tich
chum dugc xay dyng dya vao khoang cach chéng
lip. Dya trén mo hinh md hoa dit liu diém cua
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Singh (2007), luat mo hoa di liéu qué khir va du bao
tuong lai cho khodng dugc thiet lap. Mo hinh d¢
nghi dugc minh hoa chi tiét qua vi du SO va ¢6 thé
ap dung nhanh chéng cho chuoi thyc te. Cac chudi
dugc dp dyng cho thay su hop Iy ciia mé hinh dé
nghi cling nhu uu diém cua né trong so sanh voi cac
mo hinh pho bién.

2. CAC VAN DPE LIEN QUAN

2.1. Khoang cach

Cho 2 khoang c6 p - chiéu A va B:
A=(a',a’,...a")= ([3131 [a,4],.[a, 4 })
B:(bl,bz,...,bp)Z([bl,bl]a[bysz [bp’bPJ)

Khi d6 ta c6 cac khoang cach phd bién giita A va
B nhu sau:

Khoang cach Euclide:

de (A.B) {i[(ai -b)*+(a _Bi)z]}z ,

Khoang cach Hausdorff:
4 (48)=max{ip (¢ (2.0}

Khoang cach City-block:
P _
B):Z(l g; _bi |+|éi _bi |)
i1
Khoang cach chdng lp:

2r. +1 @)

a

do(A1B)==dH(A,B)[1—5¥fﬁﬁlj,

VGi

O(A B) 1a viing chong lap giira hai khoang A va
Bl
dy (A B) la khoang cach Hausdorff.
Trong truong hop A va B la hai khoang moét
chiéu: A=[a,a],B= [b, 6] , dat
a+a b+b a-a
c,=—,6 = =
2 2 2 2
Khi d6 sy chong lap giita A va B duoc xem xét
trong 5 truong hop sau:
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(i) Néu A nam hoan toan trong B:

e, —co|| <1, —r, thi O(A B)=2r, +1.

(ii) Néu B ndm hoan toan trong A:
e, —c,| <, —r, thi O(AB)=2r,.

(i) Néu B chong lap A va nam bén trai ciia A:
r,=r, =0 thi O(A B)=0.

(iv) Néu B chong lip A va nam bén phai ciia A:
I, —nl <e, —c,[ <r,+1, thi O(AB)=r, +r —|c, —c,].

(v) Néu B khong chdng l4p voi A va nam bén
trdi hodc ndm bén phai so voi A: [c, —C,|>T, +1,
thi O(A B)=|c, —c,|—(r,—1,).

Do d6 cong thuc (1) duoc cu thé bai (2):

(M

0
2 n
(cacb+rarb)(12rartil] (ii)
do (AB)=1{lca —cy| (i) @)

(‘Ca —cb‘ +rg - rb){l—wrzr;ji_qjj (iv)

=c,|—( Y| ™)

2.2. Cac tham sb danh gia mé hinh xay dung

Chiing ta ki higu {Xi} va {Xir},i=1,2,...,nlan
luot 1a can dudi va can trén cioa dir liéu goc {X}.

bit {Xn} va {Xir} lan Twot 1a gia tri du bao cua

{Xa} va {Xi}. Khi d6, nhitng tham s6 sau dé danh
gia m hinh du bao cho chudi thoi gian:

* Sai s6 binh phuong trung binh:

MSE =%E§n:(xi. - X, )2 +%Zn:(xi, —xir)z}.

|

* Sai 6 tuyét doi trung binh:

1 n ‘ n

— Xir — i
sk 3 xe-x)
* Sai s6 phan tram tuyét dbi trung binh:

1y ‘xn‘ Xl

2 n I—l Xi|

MAE = -
|

KR ‘XirHXir‘ .

ni=l| Xir

MAPE = .100
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Khi x4y dyng m6 hinh dy béo, cac tham s trén
cang nho thi mo hinh xay dyng s€ cang tot va ngugc
lai.

3. MO HINH DU BAO DE NGHI

Cho mét chudi X ={x=(a, b) t=1,2,

n}. Thuat toan dé xuat cho chudi thoi gian nay gom
cac budc nhu sau:

Buéc 1: Tinh toan sy bién doi cua hai khoang
thoi gian lién tiép dé co chudi Y:
Y ={Y, =x —x, =(c:d,),t=23,...,n}.
Buéc 2: Chia chudi {Y} thanh ¢ chim phi hop

W, W, ,..., W, , boi thuat toan phan tich chum ma cho
khoang (FCAI) nhu sau:

Budc 2.1. Goi trong tdm ban dau coa cac chum

la
{ VO VO (0)} {v,,

cho &£ =0,0001.

vO = reen Yy} VA

Buéc 2.2. Cap nhat trong tAm mai cia chum bai
cong thic (3).

v (VOO o
v =y A ( ) 5 =1 ()
j=1 f I(1)’\/(1)
21 ()
trong do
[dg(v.‘",V‘J")}
7] 2
()-fe ] )<
0 khi dy (v V) > ey (1),
Voi
t-1
3;(0)=1 a; = a”( ) 2L,

Buéc 2.3. Tinh V= max, {‘v (t+) v(t)‘} va lap lai
Buéc 2.2 cho dén khi v < &.

Tim phan tir caa V®. Néu c6 m phan tir trong
v® thi chudi {Y} s& dugc chia thanh m chum.

Buéc 3. Goi Y. va Yg lan luot 13 chudi can dudi
va can trén cua Y, dat

72

Tap 58, So chuyén d@é: Khoa hoc ty nhién (2022)(1): 69-78

U :[min{YL};maX{YL}]’
Ug =[ min{Y, };max{Y,}],

thanh
thanh m

lan luot 1 tap nén ciia Y. va Yr. Chia U,
m khoang bang nhau A A,,...,A va U,
khoang bang nhau B,,B,,...,B, .

Vio thoi gian t va t+1, néu y, €Y, €A va
Yi1 €Y, €A, khi d6 quan hé mo dugc chi ra la
A, — A;. Khido A dugc goi la trang thai hién tai,
Vé} A d,u'Q’C goi la trang thai ké tiép. Sau do, ching ta
dém s6 quan hé mo cho moi truong hop trong chuoi
Y, . Thuc hién twong tu cho chudi can trén Y.

Bwéc 4. Xay dung luat dy bao cho chudi can
dudi

Quy tic du bao cho quan h¢ mo A, — A, voi 3

cép do thoi gian t—2,t—1,t,t =4,5,...,n nhu sau:

Buwéc 4.1. Tinh todn cac gia tri:

c :“yt - yt—ll _lyt—l - ypz”'

C C
Z, =
1 yt+ =Y — >
Zy =Y, +C’ er =Y —-G
C
ZBIZyt+ =Y - 4
Z4| ZY:+ZCvZ4r—yt C,
C C
Zo =Y, +—,2., =V, ——,
s = Y 6o Yi 6

Zy=Y,+3C,Zs =Y, —3C

Buéc 4.2. Goi L[Aj] va U[A] lan luot 1a can dudi
va can trén cua khoang A;. Chiing ta c6 quy tic tinh
R va S cho 12 truong hop ma phu thudce vao can dudi
va cén trén cua khoang Aj nhu sau:

— Néu L[A]<Z, <U[A] thi R =Z,,S, =1,
nguoc lai R =0,S, =0.
R,=2,.S,=1,

1r?

— Néu L[A]<Z, <U[A] thi
nguoc lai R, =0,S, =0.

— Néu L[A]<Z, <U[A] thi R,=Z,,S,=1,
nguoc lai R, =0,S; =0.

- Néu L[A]=Z, <U[A] thi R,=Z,,S, =1,
nguoc lai R, =0,S, =0.
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- Néu L[A]<Z, <U[A] thi Rj=2Z,,S; =1,
nguoc lai R, =0,S; =0.

— Néu L[A]<Z, <U[A] thi R =Z,,S, =1,
nguoc lai R; =0,S, =0.

- Néu L[A]<Z, <U[A] thi R, =Z,,S, =1,
nguoc lai R, =0,S, =0.

- Néu L[A]<Zz, <U[A] thi Ry=Z,,S, =1,
nguoc lai R; =0,S; =0.

— Néu L[A]<Z, <U[A] thi Ry=Z,, S, =1,
nguoc lai R, =0,S, =0.

- Néu L[A]<Z, <U[A] thi Ry =27, S, =1,
nguoc lai R, =0,5,, =0.

- Néu L[A]<Z, <U[A] thi R, =Z, S, =1,
nguoc lai R, =0,S,;, =0.

— Néu L[A]<Z, <U[A] thi R,=Z,S,=1,
nguoc lai R, =0,S, =0.

Tinh toan hai gia tri R va S nhu sau:

R=R +R,+:--+R,,S=5+S5, +---+8S,,.

Riva S, i=12,..,12 duoc coi nhu cac thanh

phan dé xac dinh trong luong anh hudng dén muac
do cua A, — A;. N6 phy thudc vao 12 gia tri cua
z, va Z,,i=12,.,6, va gitip mo hinh dé xuat
xac dinh gia tri cho sy bién ddi tir quan hé mo
A — A, cuathoi gianttéit+1.

Buéc 4.3. Xac dinh gi4 tri cua sy bién doi tir
A, — A, cua thoi gian t t6i t+1 boi (4).
trong d6 M[A] 1a diém giira caa khoang A;.
Bu6c 4.4. Dy doan gié tri bién di tir t t6i t+1.
Néu quan h¢ mo A — A, xuat hien Klan
(k =1) cho hai thoi gian lién tiép khéc nhau, khi d6
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chung ta thyc hién Buéce 5.1, Buge 5.2, Buge 5.3 va
Budc 5.4 cho moi quan hé mo dé thu duoc
Vi, Vs,V Khido, gid tricho bien doi tr A, — A,
dugc xac dinh bai (5).

V +V, +--4V,
V 1 2 Kk . (5)
K
Buéc 4.5. Tinh toan gia tri dy bdo cho V. :
Xit41 = Xt +Vt, (6)

& day X 1a gia tri ciia chudi X(t) & thoi gian t.

Buéc 5. Thyc hién hoan toan twong tu cho chudi
can trén dé co X,,. Khi d6, gia tri du bao tai thoi
dlém t+ 1 lél Xt+1 = [XII+1; XrHl]'

D¢ du béo cho khoang tiép theo, ta nhap gia trj
vira dy bdo trude do vao chuoi goc ban dau va 13p
lai cAc budce phia trén dé thyc hién.

4. ViDU MINH HQA VA AP DUNG

4.1. Vidu minh hea

Trong phan nay dir lidu tuyén sinh (Enrollment)
cua truong Pai hoc Alabama (1971-1992) duoc st
dung dé minh hoa cho thuat toan dé nghi. Dit liéu
nay duoc sir dung trong nhiéu nghién ctru (Huarng,
2001; Singh, 20007; Ghosh, 2013). S lidu duoc
cho boi Bang 1:

Bang 1. So ligu tuyén sinh cia truwomg Pai hoc
Alabama giai doan 1971-1992

Nam Xt Nam Xt
1971 13055 1982 15433
1972 13563 1983 15497
1973 13867 1984 15145
1974 14696 1985 15163
1975 15460 1986 15984
1976 15311 1987 16859
1977 15603 1988 18150
1978 15861 1989 18970
1979 16807 1990 19328
1980 16919 1991 19337
1981 16388 1992 18876

U6c lugng khoang tin cay 95% cho chudi dir liu
Bang 1, ta c6 Cot “Khoang X” cua Bang 2.
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Bing 2. Dir ligu khodng va cdc gia tri cho mgt sb
bwéc ciia md hinh de nghi
Nam Khoing X Y Yr

1971 (12249,61; 13860,39) - -
1972 (12757,61;14368,39) 503 508

1973 (13061,61;14672,39) 304 304
1974  (13890,61; 15501,39)  gog 829
1975 (14654,61; 16265,39) 764 764
1976  (14505,61;16116,39)  _149 -149
1977 (14797,61;16408,39) 202 292
1978  (15055,61; 16666,39)  o5g 958
1979 (16001,61;17612,39) 946 946
1980  (16113,61;17724,39) 112 112
1981  (15582,61;17193,39) 531 -531
1982  (14627,61;16238,39)  _g55 -955
1983  (14691,61;16302,39) 64 64

1984  (14339,61;15950,39) 350 _352
1985 (14357,61;15968,39) 18 18

1986  (15178,61;16789,39) 821 821
1987  (16053,61;17664,39) 875 875
1988  (17344,61;18955,39) 1291 1291
1989 (18164,61;19775,39) 820 820
1990  (18522,61;20133,39) 358 358
1991  (18531,61;20142,39) 9 9

1992  (18070,61;19681,39) 461 -461

>

e i g 2 B S e S SN S B SN v S S S v e S S

Budéc 1. Tinh sy bién doi cua hai khoang thoi
gian lién ti€p, ta c6 Cot Y, va Y, cua Bang 2.

Buéc 2. Sau 5 vong 1dp, 22 khoang ban dau hoi
tu vé 4 khoang

v1 = (-1435,1; 1786,5), v2 = (-754,7; 2466,9),

vz = (-2011,7; 1209,8),v4 =(-2539,6; 1681,9),
nén ta chia chudi Y thanh 4 khoang.

Budc 3. Ta c6 tap nén 1a U = [-955; 1291]. Ta
chia tap neén thanh 4 khoang bang nhau va tinh diém
gitra moi khoang, ta dugc Bang 3.

Bing 3. Cac khoing chia va diém giira cia mdi

khoang
CécClF]lil;)ﬁng Gis tri };:21: Gia tri
U [-955,0;-393,5] ul  -674,25
U, [-393,5;168,0] uy  -112,75
Us [168,0;729,5] us 448,75
U, [729,5;1291,0] uy  1010,25

Tdp 58, S6 chuyén dé: Khoa hoc ty nhién (2022)(1): 69-78

_Tur Béng 2, ta xdc dinh dugc mdi quan hé giira
moi diem thoi gian va cac khoang chia, véi ket qua
duoc tong két boi Bang 4

Bang 4. Méi quan hé md ciia cac nhom

Moi quan hé So6 luwgng Moi quan hé S lwgng

A—>A 1 A A 1
A—A 1 A—A 1
A A 2 A—A 2
A=A 2 A—A 2
A A 1 A=A 2
AA 1 A A 4

Buwéc 4. Xay dung luat dyu bao cho chudi can dudi:

Buéc 4.1. Gia sir ching ta can du bao gié tri cua
chuoi céan du’ﬁi vao nam 1976. Dya vao Bang 1 va
Bang 3, ta thay c6 su khac biét cia nam 1975 roi vao
tap mO A4 c6 ba quan hé mo logic dugc thiet 1ap bao
gom: A, — A, voitan suat la 2; A, - A co tan
suatla I va A, — A, c6 tan suat 1a 4. Tinh toan cac
gia tri sau:

c= ||YL - yt—ll _lyt—l - ypz”

=||764 —829| (829 — 304 = 460,

Z, =, +%:764+4—20:994,

c 460
Z, =Y, ——=7164———=0534,
1r yt 2 2

Z, =Y, +C=764+460=1224,
Z, =Y,—C=764-460 =304,

c 460
Z3| = yt +Z:764+T:879,

Z, =y, —%:764—%:649,

Z, =Y, +2c=T764+2.460 = 1684,
Z,, =Y, —2c = 764—2.460 = 156,

Z, =y, +%=764+4%)=840,67,

Z. =y, —%:764—%:687,33,

Z, =Yy, +3c=764+3,460 = 2144,
Z, =Y, —3c=764-3,460=-616.

Buéc 4.2.
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Xétquan hé mo A, -> A, taco

L[A,]=168,0;U[A]=729,5 M[A]=448,75.

Ap dung nguyén tic trong Budc 4.3, ta tinh dwoc:
R =0,5 =0 R,=534,5,=1 R, =0,5,=0,
R,=304,5,=1.R, =0,5,=0. R, =649, S, =1,
R,=0,S,=0. R, =0,5=0, R, =0,5, =0,
R,=68733,S,=1R,=5,=0R,=S,=0.

Khi do

Tap 58, So chuyén d@é: Khoa hoc ty nhién (2022)(1): 69-78

Xitss = X g7 +V =14654, 61+ 602,004
=15256,614.

Bwéc 5. Tinh toan twong tu Budc 5 cho chudi
can trén ta thu dugc gia tri dy bao vao ndm 1976 la

Xriors = X 155 +V =16265,39 + 602,004
=16867,394.

Khi d6 gia tri du bao tai thoi didm 1976 1a
Xigrs = (Xio76: Xonore ) = (15256, 64;16867, 42).

R=R +R,+:--+R,, =534+304+649+687,33 = 2174,33.pé dy bao cho gia tri tiép theo ta nhap gia tri vira

S=5+S,+:--+S, =1+1+1+1=4
v - REM[A]_217433+44875
5

1 =524,616.
S+1

Tuong tu, xét quan hé mo A, — A,, tatinh duogc
R=-156 va S =1, do d6 gia tri cho sy bién d6i cua
quan hé mo A, — A, 1a
V__R+M[&] -156-112.75

) = =-134,75.
S+1 2

Ciing tuong tu khi xét quan hé mo A, - A, ta
nhan duoc:

R=R, +R,+--+R, = 994+1224+879+840,67 = 3937,67,

S=4
Do d6 gia tri cia sy bién d6i quan hé mo
A - A la:
v - RTM[A] _3937,67+1010,25

s =989,584,
S+1

Buéc 4.3. Dy doan gia trj bién doi tir t t6i
t+1.
Vi A, —> A, véi tan sudt 1a 2, A, — A, c6 tan
suatla1va A, — A, co tan suatla 4, nén gia trj cia
su bién ddi tir 1975 dén 1976 1a:

Vi + 2V, +4V,
=
_ 524,616 +2.(~134,375) + 4.989,54
B 7

Buéc 4.4. Tinh toan gia tri dyu béo cho V. bang
cong thc (7), ta co

\

=602,004.

75

du bao trude d6 vao chudi gbc ban dau va 1ap lai cac
budc phia trén. Tinh todn tuong tu, ta cd ket qua
Bang 5.

Béang 5. Két qua dw bso tir mé hinh dé nghj cho
dir liéu Enrollment

Thue té Duw bao
(12249,61;13860,39) -
(12757,61;14368,39) -
(13061,61;14672,39) -
(13890,61;15501,39) -
(14654,61;16265,39) (14447,90;16058,68)
(14505,61;16116,39) (15256,64;16867,42)
(14797,61;16408,39) (14497,90;16108,68)
(15055,61;16666,39) (15326,18;16936,96)
(16001,61;17612,39) (15632,91;17243,69)
(16113,61;17724,39) (16576,37;18187,15)
(15582,61;17193,39) (16112,62;17723,4)
(14627,61;16238,39) (15207,35;16818,13)
(14691,61;16302,39) (14142,30;15753,08)
(14339,61;15950,39) (14729,31;16340,09)
(14357,61;15968,39) (14286,08;15896,86)
(15178,61;16789,39) (14378,67;15989,45)
(16053,61;17664,39) (15792,34;17403,12)
(17344,61;18955,39) (16713,11;18323,89)
(18164,61;19775,39) (17996,86;19607,64)
(18522,61;20133,39) (18711,51;20322,29)
(18531,61;20142,39) (19050,15;20660,93)
(18070,61;19681,39) (19033,29;20644,07)

Nam
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
| 1992

Két qua thyc té va du bao dugc cho boi Hinh 1.
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Hinh 1. Db thi cho gia tri thuc té va dy bao ciia chudi Enrollment

So sanh mé hinh d& nghi v6i mé hinh ARIMA,
Abbasov-Manedova (AM) va mé hinh cua Tai
(2019), ta co Bang 6.

Bing 6. So sanh md hinh dé nghi véi cAc mé hinh
pho bien cho tap dir liéu Enrollment

M hinh MAE MSE  MAPE
Dé nghi 445019 253446,123 2,806
AM 523,172  307230,00 3,302
Tai (2019) 459,379  301510,00 2,925
ARIMA 512,844 385067,244 3,342

Bang 6 cho thiy rang tat ca cac tham sé ciia mo
hinh dé& nghi déu nho hon cac mé hinh phé bién
khac.

4.2. Ap dung

S4 liéu dwoc sir dung 1a nhiét d6 thap nhat va cao
nhét theo ngay ctia thanh ph6 Ha Noi tir 26/4/2020
dén 22/05/2020. Sé liéu cu thé duoc trinh bay trong
Bang 7.

Khi thyc hién twong tu vi du minh hoa theo cac
budc cua thuat toan dé nghi, ta co két qua du bao
duoc cho bai Bang 8.

Bang 7. Dir ligu khoang vé nhigt dd ctia Ha Noi tir 26/4/2020 dén 22/05/2020

Ngay Nhiét do Ngay Nhiét do Ngay Nhiét d¢
26/04 (18; 23) 05/05 (27; 36) 14/05 (26; 33)
2714 (19; 30) 06/05 (28; 35) 15/05 (27; 35)
28/04 (20;29) 07/05 (28; 35) 16/05 (26; 35)
29/04 (21; 29) 08/05 (27; 35) 17/05 26; 31)
30/4 (22; 29) 09/05 (26; 35) 18/05 (25; 34)
01/05 (23; 28) 10/05 (26; 34) 19/05 (26; 33)
02/05 (24; 32) 11/05 (26; 34) 20/05 (27; 36)
03/05 (26; 32) 12/05 (25; 29) 21/05 (28; 38)
04/05 (26; 35) 13/05 (26; 33) 22/05 (27; 34)
Bing 8. Két qua dur bao tir mé hinh dé nghi cho dir liéu nhiét do & Ha Ngi
Ngay Thue té Du bio Ngay Thue té Du bio
26/4 (18; 23) - 12/5 (26; 34) (25,969; 33,015)
27/4 (19; 30) - 13/5 (25; 29) (25,261; 32,200)
28/4 (20;29) - 14/5 (26; 33) (26,664; 33,520)
29/4 (21; 29) - 15/5 (27; 36) (25,969; 32,200)
30/4 (22; 29) (21,628; 28,559) 16/5 (26; 33) (27,628; 34,284)
01/5 (23; 28) (22,628; 28,442) 17/5 (27; 35) (26,261; 34,015)
02/5 (24; 32) (23,628; 29,960) 18/5 (26; 35) (25,969; 34,400)
03/5 (26; 32) (24,629; 32,520) 19/5 26; 31) (25,205; 34,387)
04/5 (26; 35) (25,950; 31,441) 20/5 (25; 34) (26,664; 35,060)
05/5 (18; 23) (25,969; 35,520) 21/5 (26; 33) (27,744; 36,520)
06/5 (27; 36) (27,664; 35,389) 22/5 (27; 36) (28,371; 35,941)
07/5 (28; 35) (28,664; 36,960) 23/5 - (28,647; 39,341)
08/5 (28; 35) (27,969; 34,442) 24/5 - (28,944; 36,284)
09/5 (27; 35) (27,205; 34,442) 25/5 - (27,670; 37,866)
10/5 (26; 35) (26,261; 34,015) 26/5 - (27,995; 37,793)
11/5 (26; 34) (25,969; 35,960) 27/5 - (27,824; 38,716)

Gi4 tri thuc té va du bao tir mé hinh d& nghi duoc cho béi Hinh 2.
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27105

Hinh 2. Do thi cho gia tri thuc té va du bio ciia chudi nhiét do & Ha Ngi

“So sanh mé hinh dé nghi véi cac md hinh pho
bién khac, ta nhan dugc Bang 9:
Biang 9. So sanh sai s6 cAc mé hinh du bo nhigt
d¢ 6 Ha Noi

M hinh MAE MSE  MAPE
Pé nghi 1,29 2,79 4,14
AM 3,17 18,51 10,95
Tai (2019) 1,58 3,82 5,07
ARIMA 2,33 8,43 7,12

Tir Bang 8, mé hinh dé nghi cho két qua rat noi
bat vai ca 3 tham s danh gia va c6 su khac biét co
¥ nghia so voi cac phuong phap khac. Két qua tir
Hinh 2 ciing cho thay gié tri du bao twong ddi gan
Vi gia tri thue, nén chung co thé dugc ap dung trong
thuc té. Trong twong lai nhiét d§ cua Ha Noi c6 sy
tang 1én, dac biét 1a can trén.
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5. KET LUAN
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