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Tém tit: Dy béo theo chudi thoi gian 1a vin dé da thu hut sy quan tdm cua nhiéu nha khoa
hoc. K& tir sau cac nghién ctru cua Song va Chissom, nhiéu mé hinh va phuong phap di duoc
dé xuat. Cac mo hinh va phuong phép dé xuat nay chu yéu dya trén chudi thoi gian mo va
dinh nghia hinh thirc dé xr Iy tinh md cia dit liéu. Nam 1996, Chen di dé xuit mot phuong
phap mai, hiéu qua dé giam d6 phuc tap thuat toan dinh nghia hinh thtrc da d& cap [1]. Nam
1998, Hwang va cong su di dé xuit mé hinh dy bao chudi thoi gian mo méi, theo d6 mé hinh
s& xir 1y dua trén dit liéu da dugc bién doi tir dir liéu gbe. Nghién ctiru nay dé xuét chudi thoi
gian ngdn ngir dua trén 1y thuyét Pai sb gia tir, trong d6 cac tir c6 ngit nghia riéng dugc st
dung thay céac tap mo. Bang cach nay, mdi quan hé logic giita cac tir ngit du bao c6 thé duoc
thiét lap dua trén sy bién d6i cia chudi thoi gian. Hiéu qua cua mo hinh dé xuét duoc chung
minh béng cach ap dung mo hinh dé xuét dé du bao dit liéu tuyén sinh dai hoc.

Tir khoa: M6 hinh du béo, chudi thoi gian mo, dai sb gia tr, chudi thoi gian ngdn ngi.

APPLYING THE HEDGE ALGEBRA TO TIME SERIES FORECASTING

Abstract: So far, the time series forecasting is a topic that has attracted the attention of many
scientists. Since 1993, after the study by Song and Chissom [15], many models and methods
have been proposed. All of the studies are based on fuzzy time series and formal definitions
to handle the fuzziness of data. In 1996, Chen proposed a new and more effective method to
reduce the complexity of the previously mentioned formal algorithms. In 1998, Hwang and
colleagues introduced a new fuzzy time series forecasting model, which processes data that
has transformed from the original data. This research proposes a linguistic time series based
on the theory of Hedge Algebra theory, in which words with their own semantics are used
instead of fuzzy sets. In this way, the logical relationship between the forecasting terms can
be established based on the transformation of the time series. The effectiveness of the
proposed model is demonstrated by applying it to forecast university admission data.

Keywords: Forecasting model, fuzzy time series, hedge algebras, linguistic time series.

1. PAT VAN PE xuét chi yéu dya trén chudi thoi gian mo va
' dinh nghia hinh thirc dé x Iy tinh mo cua dit
liéu. Viéc tinh toan voi chudi thoi gian mo
chu yéu dya trén cac tap md duoc xay dung

Bai toan du bao theo chudi thoi gian 1a
van dé van dang thu hit dugc nhiéu su quan
tam cac nha khoa hoc. Cac phuong phap dé
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nhét quan cho dir li¢u lich su dau vao. Cac
tap mo dugc xay dung cho chudi thoi gian 1a
cac yéu t6 co ban dé tao ra cac quan hé logic
mo (fuzzy logical relationship - FLR) dé xir
ly dir liéu chudi thoi gian. Tuy nhién, viéc
xdy dung cac tdp md van phuy thudc rat nhidu
vao kién thirc va kinh nghiém cta nguoi phat
trién. Trong 1y thuyét tdp mo, khong c6 dinh
nghia hinh thirc nao dé lién két cac tap mo va
cac tir ngit lién quan. Piéu tu nhién va yéu
cau can thiét 1a c6 thé xir Iy ngay cac nhin
ngdn ngir voi ngir nghia von c6 dwoc gan cho
cic tip mo trong chudi thoi gian mo va trong
cac FLR cua no.

Dai sé gia tir (Hedge algebras - HA)
dugc gidi thiéu vao ndm 1990 dé hinh thirc
hoa mién tir ctia cac bién ngdn ngir dudi dang
cAu trac dai s6 va ngit nghia cia cac tir duoc
xéc dinh trong céu truc twong Gng [6]. Theo
cach tiép can nay, mién tir cia mot bién ngdén
ngtt dugc coi la mot cAu tric dai sd, trong do
cac tir duoc tao ra tir hai tir gdc co nghia trai
nguoc nhau bang cach bd sung cac gia tir
dugc coi 1a cac phép toan don nhat nhu “rat”,
“dang hon”, “it”... Ching tao thanh mét chu
nghia hinh thirc du dé xir Iy thong tin ngdn
ngir va xy dung cac ddi twong tinh toan hop
1y, bao gdm ca cac tap mo, dé biéu dién ngir
nghia vbn c6 cua cac tir. Trong nghién ciru
nay, chiing t6i gi6i thiéu chudi thoi gian ngon
ngit va mo hinh ngdén ngir dy bao du li¢u
chudi thoi gian dua trén dai ) giatt HA. Mo
hinh du bao ngén ngit d& xuit dam bao rang
kién trac ngoén ngit duge xdy dung tir cac
FLR thé hién duoc ngit nghia von c6 cia cic
tir, tuong ty nhu kién tric ngdn ngir thong
thuong ctia con nguoi.

2. TONG QUAN VAN PE NGHIEN CU'U
VA PHUONG PHAP NGHIEN CUU

2.1. Tong quan vin dé nghién ctru

Chudi thoi gian mo duge Song va
Chissom dé xuit 1an d4u tién vao nim 1993
[13], theo @6 m6 hinh dy bao chudi thoi gian
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mo duge dé xuat dé giai quyét su khong chéc
chin coa dir liéu chudi thoi gian. Sau do,
Song va Chissom ciing gidi thi¢u hai m6 hinh
du bao chudi thoi gian mo bat bién [14] va
xtr 1y chudi thoi gian bién thién [15] ap dung
dé du bao chudi thoi gian tuyén sinh cta
Truong Alabama. Nam 1994, trong [16],
Sullivan va Woodall d3 dé xuit st dung mo
hinh Markov dé du bao chudi thoi gian tuyén
sinh sinh vién. Dén nam 1998, Hwang va
cong su [9] da dé xuat mo hinh du bao chudi
thoi gian mo st dung dir lidu di duoc bién
dbi tir dix liéu gbc thay vi chinh chudi thoi
gian. M6 hinh nay tip trung vao sy thay doi
cua dit lidu gbc, 1a mot cach tiép can phi hop
voi su thay dbi hang ndm cua dit li€u tuyén
sinh. Sau cac nghién ctru nay, nhiéu mé hinh
va phuong phap méi da duoc dé xuat [1-4, 8,
10-12], trong d6 ndi bét 1a cac nghién ctru clia
Chen va cong su nhu phuong phéap s6 hoc [1,
2, 3] hay thuat toan phan cum ty dong va
quan h¢ logic mo [3]. Cac phuong phap do
Chen dé xuét dugc ching minh 13 tuong dbi
hi€u qua dya trén cac tiéu chi nhu thoi gian
tinh toan nhanh hon, két qua du bao chinh
xac hon. Tuy nhién, cac phuong phéap d& xuit
van chi yéu dua trén chudi thoi gian mo, viée
tinh toan v&i chudi thoi gian mo vin chu yéu
dwa trén cac tip mo duoc xay dyng nhat quan
cho dit liu lich sir dau vao.

Chudi thoi gian mo 1a mot cach hiéu
qua dé xu ly dir liéu chudi thoi gian c6
pham vi rong va khong chic chian. Viéc
tinh toan véi chudi thoi gian mo chu yéu
dua trén cac tdp mo duogc xay dung nhat
quan cho dit liéu lich sir dau vao. Cac tap
md duge xay dung cho chudi thoi gian 1a
cac yéu td co ban dé tao ra cac quan hé
logic md (FLR) lién quan dén viéc xu ly dit
liéu chudi thoi gian.

2.2. Phwong phap nghién ciru

Trong qua trinh nghién ctru, chiing t61
st dung cac phuong phap nghién ctru:



- Phuong phép than tich: phan tich céac
phuong phéap dé xuét trong cac cong trinh da
cong bd trude day.

- Phuong phép thyc nghiém: thyc
nghiém phuong phap dé xuét trén ciing co s&
dir liéu voi cac phuong phap di cong bd
trude day.

- Phuong phap so sanh: ding dé so
sanh, danh gia két qua thuc nghiém cua
phuong phap dé xuit v6i cac phuong phap da
cong bd.

3. KET QUA NGHIEN CUU

3.1. Dai s gia tir va ngir nghia ciia tir

Muc dich cia cach tiép can dai s gia
tir (HA) 1a dién giai timg tap hop tir clia mot
bién ngon nglt nhu mdt dai s6 ¢6 cAu tric dua
trén thtr tu dugc tao ra boi y nghia dinh tinh
vbn ¢ cua cac tir ngdn ngit. Bang cach nay,
quan h¢ trat ty cua n6 dugc goi la quan hé trat
tu nglt nghia.

Nhu da dé cap o trén, mbi quan h¢ thtr ty
cua cac gia tri ngdn ngit tao nén ngilr nghia ctia
ching. Trong phan nay, ching ta nhic lai mot
s6 khai niém co ban vé Pai s6 gia tir nhu: do do
mo (fm), ham dinh lugng nglr nghia
(semantically quantifying mapping - SQM) [5,
7]. Pay 1a nhimg kién thic can thiét dugc st
dung dé trinh bay mé hinh du bao cta chiing toi.

bat AX = (X,G,C,H,<) la mot Pai
s6 gia tur, trong d6 G = {c~,c*} 1a mot tap
hop cac phan tir sinh 4m va dwong cia X;
C ={0,W,1} 1a tap hop cac hang s6 nho
nhat, trung tinh va Ion nhat; H = {h~,h*} 1a
mat tap hop cac gia tur cua X, dugc coi 1a cac
phép toan don nhét, trong d6 A~ va h* lan
luot 1a cac gia tir am va gia tir duong; va < la
quan h¢ trat ty nglr nghia cua cac tir trong X.

Pinh nghia 3.1 [6] Cho AX =
(X,G,C,H,<) 1a Pai s6 gia td. Ham
fm:X — [0,1] dugc goi 1a d0 do do mo cua
cac tir trong X néu:

fm(c™) + fm(ct) = 1 va Yy fm(hu) = fm(u), véi Vu € X; (1)

Véi cac hang s6 0, W va 1: fm(0) = fm(W) = fm(1) = 0 2)

fmhx) _ fm(hy)
fm@ ~ fme)”

Vé6ivVx,y € X,Vh € H,

3)

nghia 13 ty 1& nay khong phu thudc vao cac phan tir cu thé x va y do d6, n6 dugc goi la d6 do

mo cua gia tor h va ky hiéu 1a u(h).

Moi 6 do mo fm trén X théa man cac di€u kién sau:

D) fm(hx) = u(h)fm(x), for Vx € X; “4)
f2) fm(c™) + fm(c™) = 1; ()
) Egsizpizo fm(hic) = fm(c),c € {c7,c*}; (6)
) L gsispizo fm(hix) = fm(x); (7)
) Diat Y _geic—1 u(hy) = a, Yi<ispu(hy) = B, trongdd a + f = 1. (®)

Véi cac gia tri fm(c™), u(h), h € H, fm xéc dinh, ching ta goi chung 14 cac tham s6 mo
ctia bién dang xét. Tir cc tham sb nay, ta c6 thé dinh nghia va tinh ngit nghia cia mdi tir x, v (x),

c6 thé mod td ngan gon nhu sau:

Pinh nghia 3.2 [3] Ham dau X - {—1,1} 13 mét anh xa dugc dinh nghia dé quy nhu

sau. Voi h,h' e Hvac € {c”,c*}:
1) sign(c™) = —1,sign(c*) = +1;

©)
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2) sign(hc) = —sign(c) néu h am dbi véi c; sign(hc) = +sign(c) néu

h duong d6i voi c;

3) sign(h’hx) = —sign(hx) néu h’hx # hx va h’ am d6i voi h;
4) sign(h'hx) = +sign(hx) néu h'hx # hx va h’ duong dbi véi h.

(10)

(an
(12)

Pinh 1y 3.1 [3] Véi cac gia tri cho trude cia tham s6 mo cia mot bién, SQM v : X —

[0, 1] twong ung ctuia n6 dugc dinh nghia nhu sau:

W) =6=fm(c);
2)v(c7) =60 —afm(c™) = Bfm(c7);

Hv(ct) =0 +afm(c™) =1-Bfm(c*);
4) v(hjx) =v(x) + sign(hjx){f,{:ﬂ.gn(j) fm(h;x) — w(hjx)fm(hjx)}

(13)
(14)
(15)
(16)

trong do w(h]-x) = %[1 + sign(h]-x)sign(hph]-x) (B—a) €{a B}

3.2. Chudi thoi gian ngén ngit va mé
hinh dv b4o chudi thoi gian ngoén ngir

Gia st X; va X; lan luot 1a cdc tir
biéu thi dit liéu tai thoi diém ¢ va ¢ + 1.
Khi d6, ton tai mot mdi quan h¢ gitra X;
va X; goi la méi quan hé logic ngdn ngir
(linguistic logical relationship - LLR) va

GOp céc quan h¢ chung gia tri X; bén
tréi ta s& c6 bicu dién: X; - X1, Xjp, ., Xjn

M0 hinh dy bao dugc dé xuit bao gém
cac budc sau:

Budc 1. Xéc dinh tap vii tru dién ngon.
Thiét lap cAu trac dai sb gia tu, chon «, 8 va
chon cac tir theo dit liéu ngudn.

Budc 2. Lugng hoa ngit nghia cua tur
st dung cac cong thire (13) dén (16)

Budc 3. Anh xa ngit nghia cia tir vao
khong gian vii try dién ngdn, chung ta cé tap
hop cac diém ngir nghia.

Budc 4. Ngit nghia hoa dit liu lich str.
Dbi v6i mdi diém duge chi dinh, ngit nghia
ctia diém nay phu thudc vao diém ngir nghia
gan nhat.
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Budc 5. Thiét 1ap cac mbi quan hé ngir
nghia cta cac tr va nhém chiing thanh cac
nhom quan h¢ ngir nghia.

Budc 6. Tinh két qua du bao dua trén
cac nhom quan h¢ ngir nghia va nguyén tac.

3.3. Thuwe nghiém

Thuét toan dé xut trong bai bao duoc
lap trinh va thuc nghiép trén phan mém
Python 3.12 (64-bit), viét code trén PyCham-
community 3.1, chay trén nén widows 10.

Tap dir lidu 1a s6 liéu tuyén sinh coa
Truong Pai hoc Alabama tir nam 1971 dén
nam 1992 [3, 4], cu thé nhu sau:

Buéc 1. Xac dinh tap vil tru dién ngon
v6i DL = 13.000, DR = 20.000. Chon céc tur
ngtt X1 ="Very Small", X2 ="Small", X3 =
"Rather Small", X4 = "Middle", X5 =
"Rather Large", X6 = "Large", X7 = "Very
Large" dé mo ta sé luong tuyén sinh.

Budc 2. Ap dung cong thic dinh luong
ngli nghia cua dai sb gia tur, ta xac dinh duoc
gié tri ngit nghia cta tir ngir X1...X7, cu thé:

Chon 8 = 0.57,a = 0.49.

Gia tri nglr nghia cua cac tr X;... X7:
v(X;) = 0.1483,v(X,) =
0.2907,v(X5) = 0.4331,v(X,) =



0.57,v(Xs) = 0.6732, v (Xy) =
0.7807,v(X,) = 0.8882.

Chuong trinh dugc thuc hién trén ngén
ngtr 1ap trinh Python nhu sau: import numpy
as np

Dmin = 13055

Dmax = 19337

DL = 13000

DR =20000

# Chon cac gia tri ngon ngir

X1 ="Very Small"

X2 ="Small"

X3 = "Rather Small"
X4 ="Middle"

X5 = "Rather Large"
X6 ="Large"

X7="Very Large"

# Chon cdc tham s6 mo

theta = 0.57

alpha = 0.49

import numpy as np

# Dinh nghia cdc hang so

C NEG="c¢-"

C POS ="c¢c+"

ZERO =0

ONE=1

# Dinh nghia cac ham tinh toan
def fuzzy measure(x, theta, alpha, beta):

if x==C _NEG:

return theta

elifx == C_POS:

return 1 - beta

else:

return semantic_quantification(x,

theta, alpha, beta)

def semantic_quantification(x, theta,
alpha, beta):

x_level =len(x) - 1

sign = -1 if x[0] =="h-"else 1

# Tinh cdc hé s6 téng

if sign == -1:

alpha_sum = alpha**x_level

else:

alpha_sum =0

if sign == 1:

beta _sum = beta**x_level

else:

beta_sum =0

# Xac dinh hé 56 omega

if sign ==-1:

omega = alpha

else:

omega = beta

return (theta + sign * (alpha sum -
omega**x_level))

# Tinh toan dinh lwong ngit nghia cdac
tir bang ham fuzzy measure

vl =0.1483

v2 =0.2907

v3 =0.4331

v4 = theta

v5=0.6732

v6 =0.7807

v7=0.8882

# Anh xa cdc tir vao khéng gian vii tru
dién ngon

semantic_points = [DL + (DR-DL)*v
for vin [vl, v2, v3, v4, v5, v6, v7]]

# Ham ngir nghia hoa dir liéu

def linguisticize(data):

return min(semantic_points,
key=lambda x:abs(x-data))

# Dir lieu cac nam

enrollments = [13055, 13563, 13867,
14696, 15460, 15311, 15603, 15861, 16807,
16919, 16388, 15433, 15497, 15145, 15163,
15984, 16859, 18150, 18970, 19328, 19337,
18876]

# Ngir nghia hoa dir liéu

linguistic_data = [linguisticize(d) for d
in enrollments]

# Xay dung cdc quan hé logic ngon ngir

LLRs = {}

for i in range(len(linguistic_data)-1):

if linguistic data[i] not in LLRs:

LLRs[linguistic_data[i]] =[]

LLRs[linguistic_data[i]].append(lingu
istic_data[i+1])

# Ham du bao
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def forecast(data, year): for i in range(1, len(enrollments)):

if data in LLRs and LLRs[data]: predictions.append(forecast(predictio
return sum(LLRs[data]) /" ns[-1], 1))
len(LLRs[data]) # Tinh MSE
else: MSE =
return data np.square(np.subtract(predictions,
# Dy bdo cho cac nam enrollments)).mean()
predictions = print("MSE:", MSE)

[forecast(linguistic data[0], 0)]
Két qua nhu sau:

Bang 1: So sanh két qua du bao tuyén sinh ciia Truwdmg Pai hoc Alabama

Nim S6 lwgng  Phwong phip ciia Phwong phip ciia Phuong phép dé

thue té Song et al.’s [13] Chen’s [1] xuat

1971 13.055
1972 13.563 14.000 14.000 14.537
1973 13.867 14.000 14.000 14.537
1974 14.696 14.000 14.000 14.537
1975 15.460 15.500 15.500 15.534
1976 15.311 16.000 16.000 15.534
1977 15.603 16.000 16.000 15.534
1978 15.861 16.000 16.000 16.019
1979 16.807 16.000 16.000 16.019
1980 16.919 16.813 16.833 17.162
1981 16.388 16.813 16.833 17.162
1982 15.433 16.709 16.833 16.019
1983 15.497 16.000 16.000 15.534
1984 15.145 16.000 16.000 15.534
1985 15.163 16.000 16.000 15.534
1986 15.984 16.000 16.000 15.514
1987 16.859 16.000 16.000 16.019
1988 18.150 16.813 16.833 17.162
1989 18.970 19.000 19.000 19.217
1990 19.328 19.000 19.000 19.217
1991 19.337 19.000 19.000 19.217
1992 18.876 - 19.000 19.217

MSE 412.499 407.507 262.326

P06 do MSE (sai s binh phwong trung binh) duoc xac dinh nhu sau

1
L
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Trong do F; va A; lan luot 1a gia tri du
bao va gia tri thyc t€ ciia ndm th i tuong
tmg, N 1a téng s6 nam du béo.

Nhu chung ta c¢6 thé thay trong Béng
4, md hinh du bao duge dé xuit cua chung
t6i c6 sai s6 binh phuong trung binh (MSE)
14 262.326 t6t hon so v6i mo hinh ciia Song
va cong sy va cua Chen lan luot 1a 412.499
va 407.507.

4. KET LUAN

Trong nghién ctru nay, ching t6i di d&
xuét mo hinh dy theo chudi thoi gian méi ing
dung Pai sb gia tir. Trong mo hinh nay cac tir
ngit dugce coi 1a mot thanh phan cua dai s6 gia
tir, m ta mién tir trong tmg ciia cac bién ngdn
ngir nhu cac gia tri s6. Dic diém ndi bat trong
phuong phap nay 14 viéc thao tac truc tiép trén
cac tu ngit thay vi cac tap mo, con céac tir ngilr
tuong ung cua ching chi 1a nhan ngdn ngir.
Bai vi dai sd gia tir 1a mo6 hinh toan hoc mién
tir ctia cac bién ngdn ngit, twong ty md hinh
mién gia tri s thyc trong tng, nén vé mat ly
luan xir ly chudi thoi gian ngdn ngit c6 thé
dugc phat trién dua trén chu nghia hinh thirc
ctia dai s6 gia tir thay vi tp mo mo dé xur Iy
dir liéu khong chéc chan.

Hiéu qua ctia md hinh nay c6 thé duoc
cai thién bang cach xdy dung cic phuong
phap tinh toan lai. Ching ta ciing c¢6 thé ap
dung mé hinh d& xut cho cac bo dir liéu khac
dé minh hoa cho vu diém cua phuong phap
dé xuét.

TAI LIEU THAM KHAO

1. Chen, S. M. (1996). Forecasting

enrollments based on fuzzy time series. Fuzzy
Sets and systems, 81 (3), 311-319.

2. Chen, S. M. (2002). Forecasting
enrollments based on high-order fuzzy time
series. Cybernetics and Systems, 33 (1), 1-16.

3. Chen, S. M., & Chung, N. Y. (2006).
Forecasting enrollments using high-order fuzzy
time series and genetic algorithms. International
Journal of intelligent systems, 21(5), 485-501.

4. Chen, S. M., Wang, N. Y., & Pan, J. S.
(2009). Forecasting enrollments using automatic

clustering techniques and fuzzy logical
relationships. Expert Systems with Applications,
36(8), 11070-11076.

5. Ho, N. C., & Long, N. V. (2007).
Fuzziness measure on complete hedge algebras
and quantifying semantics of terms in linear
hedge algebras. Fuzzy Sets and Systems., 158 (4),
452-471.

6. Ho, N. C. & Wechler, W. (1990). Hedge
Algebras: An algebraic approach to structure of
sets of linguistic truth values. Fuzzy Sets and
Systems, 35, 281-293.

7. Ho, N. C., Son, T. T. & and Phong, P.
D. (2014). Modeling of a semantics core of
linguistic terms based on an extension of hedge

algebra semantics and its application.
Knowledge-Based Systems., 67, 244-262.

8. Huang, H., Tian, Y., & Tao, Z. (2024).
Multi-rule combination prediction of
compositional data time series based on
multivariate fuzzy time series model and its
application. Expert Systems with Applications,
238, 121966.

9. Hwang, J. R., Chen, S. M. & Lee, C. H.
(1998). Handling forecasting problems using fuzzy
time series. Fuzzy Sets Systems, 100, 217-228.

10. Orang, O., de Lima e Silva, P. C., &
Guimaraes, F. G. (2023). Time series forecasting
using fuzzy cognitive maps: a survey. Artificial
Intelligence Review, 56(8), 7733-7794.

11. Yang, X., Yu, F., Pedrycz, W., & Li,
Z. (2023). Clustering time series under trend-
oriented fuzzy information granulation. Applied
Soft Computing, 141, 110284.

12. Singh, P. (2017). A brief review of
modeling approaches based on fuzzy time series.

InternationallJournal of Machine Learning and
Cybernetics, 8, 397-420.

13. Song, Q. & Chissom, B. S. (1993).
Fuzzy time series and its models. Fuzzy Sets
Systems, 54, 269-277.

14. Song, Q. & Chissom, B. S. (1993).
Forecasting enrollments with fuzzy time series -
part 1. Fuzzy Sets Systems, 54, 1-9.

15. Song, Q. & Chissom, B. S. (1994).
Forecasting enrollments with fuzzy time series -
part 2. Fuzzy Sets Systems, 62, 1-8.

16. Sullivan, J. & Woodall, H. W. (1994).
A comparison of fuzzy forecasting and Markov
modeling. Fuzzy Sets Systems, 64,279-293.

TAP CHf KHOA HOQC SO 66 Thang 9/2024 | 47



