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Multi-output Intuitionistic Fuzzy Least Squares Support Vector Regression Algorithm
WANG Ding-cheng' LU Yi-yi' ZOU Yong-jie*
(School of Computer and Software, Nanjing University of Information Science and Technology.Nanjing 210044 ,China)®
(Division of Information & Engineering,Peking University,Beijing 100871 ,China)?

Abstract Support vector machine regression is an important machine learning algorithm, and it has been applied to
some areas successfully. However.single-output support vector regression (SVR) has long training time and lacks prac-
ticality in some complex systems. The multi-output intuitionistic fuzzy least squares support vector regression (IFLS-
SVR) introduces intuitionistic fuzzy on the basis of multi-output SVR to solve the problem of uncertain multi-output
complex system and reduce the training time. Most applications in life are complex. Based on traditional support vector
regression, this paper proposed a multi-output intuitionistic fuzzy least squares support vector regression model (IFLS-
SVR). The multi-output IFLS-SVR transforms the actual data into fuzzy data by intuitionistic fuzzy algorithm, and
transforms the quadratic programming optimization problem into the process of solving a series of linear equations.
Compared with the existing fuzzy support vector regression, the multi-output IFLS-SVR uses the intuitionistic fuzzy
method to calculate the membership function,and exploits least square method to improve the training efficiency, thus
reducing the training time,obtaining more accurate solution. Compared with other methods, the multi-output IFLS-SVR
achieves good results by simulation model. Finally, the multi-output IFLS-SVR model also performs excellently when it

is applied to predict the wind speed and wind direction.

Keywords Least squares support vector regression, Intuitionistic fuzzy, Multi-output, Wind speed and wind direction
prediction
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Table 1 Experimental results of different methods

HHNE &% WHER  WREAR RMSE
IFMLS SVR 200 100 0.185

5:8 . MLS-SVR 200 100 0.193
Single SVR 200 100 1. 486
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75::0.10 MLS SVR 200 100 1.226
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75::0.11 MLS SVR 200 100 0. 647
Single SVR 200 100 1. 924

IFMLS SVR 200 100 3.225
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Single SVR 200 100 7.287
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Fig. 1 Comparison of iteration time of three methods
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Table 2 Comparison of iteration time and iteration speed

of three methods

Iteration time/s  Iteration spccd/’571

IFMLS-SVR 78.57 2.55
MLS-SVR 99.07 2.02
Single SVR 197. 31 1.01

M 2 ] LUF H, 2% IFLS-SVR 89k 59 1218 i )
9 78.57 s, 35 AN H] B B T M SVR A 3 A e R] 42 0
200s, AR B e de . UL A SCHR A £ i IFLS-SVR &
EEREGH,

5 L IFLS-SVR KU X [5) T ) 48 B

DR X 1] 2 A A A TR R BT U R v it
Al 55 U A T B Y52 0, A 3 b T0I XA R T XURE 1
o AH T RASN Iy % 1 S A, 1 5 T 1 TR A K B A2 %
PR o 52 e X 5 KT 9 DR 32 AR 22 L 40 TR 30 KUY 52
FEBEAR AR . A 26 P S £ B 52 0 R 3 3 2 B i P R
F18 A2 Al X XL LB IR ] 8 T 2 7 A B R Y e e, PR L 7R
U PR 2L B R re] B o8 A G 2 PR T 5 XA R ] Y O
IRRE . TR B A O ) A1 44 0 D 55 X o ) 0 00 A2 3] 4 5 1P
A F S TSR TG B2 52 /0 19 PH) 5~ AT RE e 2% 1 I8 B H At S TR 178 5% )
R, AT OOE 5 20 7 A S e, TR AV o 2 0 5 AR Al A 56
Y R R AT AT L T A BB R 5 KU L R T R G BB R B L



5505

R B A < 22 RN dre /N TR S [ A R Rk 167

SR BR BE v 0 B I A B R AR TG DG IR BE /N Y PR T L
W AT DL T A v A

A4 IFLS-SVR M H T KU XU pa) 64 T mf DA A 2 3R 455 69 AN
e MR S By, SRR 2 T 2001 4 4 H ML NCEP/
NCAR 7 5% WU HL 37 52 B KU 3 510 o 42 00, 398 8 25040 A 19 T
P& 1h, BEAT 300 A {E AR 88 9 Il ke A B TR 50 ME
YER B AEAS 18] 2 45 5236 B A 1 XU XU 430

16

14 1

W3 /(m/s)
©

B 1] (2001484 F{ 1 H —20014F-4 F{ 30 H )
Ca) KU 53 A

400

350 -
300 —
250 ‘ 1
200 .

R /(%)

150 -

100 N

Bt 5] (2001474 F 1 H —200147-4 /1 30 H)
(b) X i) 43 #i

[ 2 SEHRRE AR A B RE F T )
Fig. 2 Wind speed distribution and wind direction distribution

of samples

TEIE 2 P MGETEL 4, 14 TERE BTN 22 1k, H R XU TELS
TIEATFEA KRG E B0 X (A e S A A . 0 T SR B Y s 7R
28 PEEL R S (H — ot 150 XU B 5 S LR T 3 IR KU . LLIE b
J5 1643 0% R 15 1] S 1k . R U] A9 I S AR O (H 2 S A
EJELL 2007 S vE TR,

T Z il TFLS-SVR 9 X388 b A ) fé) 7500 25 28 4 8] 3
B T DU PSS S PRI AR 22 8D

16

14

12

10

R /(m/s)

0 20 40 60 80 100
F 1] (20014F-4 A 8 H ~20014F4 A 12 H )
Ca) JRU T T 4% 2

R /(%)

0 20 40 60 80 100
B 1] (200144 A 8 H —20014F4 A 12 H )
Ch) JRU ) T i 25

# 3 Zfil IFLS-SVR 1 75 2%
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of three methods
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Table 3 MAPE and RMSE of three methods

MAPE RMSE/
#E/(m/s)  FE/C) #EE/(m/s)  FE/C)
IFMLS-SVR 15.09 17.51 0.3393 9.712
MLS-SVR 21.93 25.67 0.7375 17.2493
Single SVR 35.39 31.13 1.6799 39.7379
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