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Abstract

In the fuzzy time series prediction model, the determination of the universe domain and its divi-
sion method are the key factors affecting the prediction accuracy. In order to be able to fully take
into account the information provided by the data and the characteristics such as the inhomo-
geneity of the data, this paper adopts the Minimum Entropy Principle Approach (MEPA) to divide
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the universe of discourse and establish the membership functions. Then, on the basis of the tradi-
tional FTS prediction model, the PWFTS model is established by combining the probability weighting
method. Finally, the model is trained using the new population data of China. The experimental re-
sults show that the probability-weighted fuzzy time series model combined with information entro-
py proposed in this paper can effectively predict the changes of time series.
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Figure 1. Partition process of minimize entropy principle approach
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Table 1. Number of new population per year (in 10,000 people)
1. BEMBEAORERNM: AA)

A ER NEE Fhr E IR UNEE-(q Fr ER NEE
1979 1283 1994 1333 2009 648
1980 1163 1995 1271 2010 641
1981 1367 1996 1268 2011 825
1982 1582 1997 1237 2012 1006
1983 1354 1998 1135 2013 804
1984 1349 1999 1025 2014 920
1985 1494 2000 957 2015 680
1986 1656 2001 884 2016 906
1987 1793 2002 826 2017 779
1988 1726 2003 774 2018 530
1989 1678 2004 761 2019 467
1990 1629 2005 768 2020 204
1991 1490 2006 692 2021 48
1992 1348 2007 681

1993 1346 2008 673

SPIR 2. X 1979 4EZ 2021 FH EFE N AR RS TR ARy, Ko o=, i N A
WA FE A AN 2 Fios.

Table 2. Distribution categories of the number of new population per year (in 10,000 people)

® 2. BEMEAORIEERERL: AA)

CHUE [ UNEE - G CRUN [ VNEE - G S iy BHEADE
1979 1283 2 1994 1333 3 2009 648 1
1980 1163 2 1995 1271 2 2010 641 1
1981 1367 3 1996 1268 2 2011 825 2
1982 1582 3 1997 1237 2 2012 1006 2
1983 1354 3 1998 1135 2 2013 804 2
1984 1349 3 1999 1025 2 2014 920 2
1985 1494 3 2000 957 2 2015 680 1
1986 1656 3 2001 884 2 2016 906 2
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Continued
1987 1793 3 2002 826 2 2017 779 1
1988 1726 3 2003 774 1 2018 530 1
1989 1678 3 2004 761 1 2019 467 1
1990 1629 3 2005 768 1 2020 204 1
1991 1490 3 2006 692 1 2021 48 1
1992 1348 3 2007 681 1
1993 1346 3 2008 673 1

A% 3. HHE B (PRI, SEC1. SEC2. TERI. TER2. TER3. TER4). /MR EE TR )
THE . SRS R (B B AT HE P o TH SR AR R IS ME, DR /iR . Wk 3
FiR, 24 x=1006 I, J§{H S (x) /N, Bk PRI A 1006 (A SCALF 28345 = A5 e/ )M ) 0 2
oo i EE OSBRI EIE, Wk 4 PR

Table 3. Example of entropy value calculation

7= 3. WETERA

x 761 1006 1349

n (x) 11.00 14.00 14.00
n, (x) 0.00 8.00 15.00
ny (x) 0.00 0.00 4.00
n(x) 11.00 22.00 33.00

N, (x) 3.00 0.00 0.00
N, (x) 15.00 7.00 0.00
N, (x) 14.00 14.00 10.00
N(x) 32.00 21.00 10.00
p(x) 1.00 0.65 0.44
P, (x) 0.08 0.39 0.47
pi(x) 0.08 0.04 0.15
a,(x) 0.12 0.05 0.09
a4, (x) 0.48 0.36 0.09
4;(x) 0.45 0.68 1.00
p(x) 0.26 0.51 0.77

q(x) 0.74 0.49 0.23

S, (x) 0.41 0.78 1.00
S, (x) 0.97 0.77 0.44
S(x) 0.82 0.78 0.87
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Table 4. Threshold information
4. BIERR

A TER1 SEC1 TER2 PRI TER3 SEC2 TER4
HH 648 761 826 1006 1271 1349 1582

BB 4 WHE XA B R E LSRR LB . K5 SR R BB o0 = A O B T s, TR AT
BN VR (¥ X TR) R 235 2 B SR e . A DX B0 ) 2015 2 e 5 oz, MEPA SR s dn 4] 2 Fios

Table 5. Fuzzy interval division

5. REXESESR

RO i R EF DX A
A, 467 648 761 294
A 648 761 826 178
As 761 826 1006 245
Ay 826 1006 1271 445
As 1006 1271 1349 343
As 1271 1349 1582 311
A7 1349 1582 1678 329
14
0 f y Y

761 1006 1349
Al A2 A3
14
0 f — T —r T
648 761 826 1006 12711349 1582
Al A2 A3 A4 A5 A6 A7

Figure 2. MEPA membership function
B 2. MEPA RB R

DR 5 BT s . WRYE MEPA SRR AL, THEERE T ISR SR, R
R SFe e P S Ml LRI A R, BEIAE S5 SRk 6 P

Table 6. Fuzzification results (in 10,000 people)
% 6. BHNERER: FA)

T FEALE B S FEADE B S FEADE B

1979 1283 As 1994 1333 Ag 2009 648 A,
1980 1163 As 1995 1271 As 2010 641 A4,
1981 1367 Ag 1996 1268 As 2011 825 As
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1982 1582 A7 1997 1237 As 2012 1006 Ay
1983 1354 Ag 1998 1135 As 2013 804 As
1984 1349 Ag 1999 1025 Ay 2014 920 Ay
1985 1494 A 2000 957 Ay 2015 680 A,
1986 1656 A7 2001 884 As 2016 906 Ay
1987 1793 A, 2002 826 As 2017 779 A;
1988 1726 A, 2003 774 As 2018 530 A,
1989 1678 A7 2004 761 A; 2019 467 A,
1990 1629 A7 2005 768 A; 2020 204 A,
1991 1490 A7 2006 692 A, 2021 48 A
1992 1348 Ag 2007 681 A4,

1993 1346 Ag 2008 673 A
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WHOFTS HEI/EHH N O B EWHTIEH, SEAREZCRILE MR 7 iR,

> (forecast(t) - actual(t))2

RMSE ={[-=.
n
Zn:|f0recast(t) - actual(t)|/actual(t)
MAPE ==
n
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Figure 3. Projected results of the number of incremental population
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Table 7. Comparison of model effects

3= 7. REURELE

Method RMSE MAPE

HOFTS 142.78 17.81
WHOFTS 130.54 17.38
Presented 124.65 12.87

TR 25 R 0T LAE H, AR SRR TN &5 R Ee B 5L bl , 5 HOFTS 1 WHOFTS #5284 A 58 - (1) 7l
DU, o0 h 28 5 SERRE A A A . 8 EE AR FSE L) RMSE AT MAPE b5, 7] LUR LA X
PEH I AR MR bR L #RE: HOFTS A1 WHOFTS A B 47 IR, /£ RMSE $845 L, A SCHEH 775
5% HOFTS Ml WHOFTS $2&51 4.51%F1 12.70%; 7E MAPE fabs b, ASCIRHMT7725 3% HOFTS Al
WHOFTS #2155 25.95%H1 27.74% . X Ui B A SCHE (10 777 5e A R FiilHg N\ g
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