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Abstract: Twin parametric insensitive support vector regression (TPISVR) is a novel machine learning method proposed. Compared to
other regression methods, TPISVR has unique advantages in dealing with heteroscedastic noise. Standard TPISVR can be attributed to
solve a pair of quadratic programming problem (QPP) with inequality constraints in the dual space. However, this method is subject to the
constraints of time and memory when number of samples are large. This paper introduces the least squares ideas, and proposes the least
squares twin parametric insensitive support vector regression (LSTPISVR) which transforms the two QPPs of TPISVR into linear
equations and solves them directly on the original space. Further, a chaotic cuckoo optimization algorithm is introduced for parameter
selection of LSTPISVR. Experiments on artificial datasets and UCI datasets show that LSTPISVR not only has fast learning speed, but

also shows good generalization performance.
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Table 1 The parameters of four algorithms with linear kernel
RN IR 4 MR A SIS
LSTPISVR TPISVR TSVR par-v-SVR
(c1,e2,v1,v2) (c1,62,v1,v2) (c1,62) (R3]
30 AIHEE LR
sinc BRI B2 Bl DRI A% AL 85 2% >3 7 i i Il A e LR R 0N
y=sinc(x,) = SO e, x; ~U[-3m,3n] (28)

h TR A A U BT ) R A U GRS o I N B AT R R AN [R] S g 2 R R AT 4 T R
(1) Type A: ¢, = (—% + 0.5]51.,51. ~U[-0.5,0.5] ;(2) Type B: ¢, = [—%’;—' + 0.5)5,.,5,. ~ N(0,0.25%).
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2 e EL L& R IR AT 514, T Matlab T FL AR X A5 Aft g 75 23 7307 21 10 ZH W 75 A AR A 20 g P AR A B 465 500 ST
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I3 & par-v-SVR, TSVR, TPISVR #1 LSTPISVR % it A [] W 75 (1) sinc BRHEE AT — IR K145 3L

T 2 FBATE 0 T A1 Type A 75 1) sinc BRI AL, 5 304 3 Fh 80240 L, LSTPISVR A LLAE 58 Ji [ B 1]
P RAT T4 A RS R 1 6 147 Type B 275 1) sine 26 %001 &, 248 TPISVR [ RMSE {2 T LSTPISVR
{1,485 LSTPISVR HJiB 4T3 % i F TPISVR,Jf H LSTPISVR [ RMSE 1 B4 %G T TPISVR [HI14,iE4E 7T LA
P Va2 LSTPISVR KL RS IE A8 T HoAth 3 FhaT ik,

Table 2 Results of four algorithms on sinc function with two types of noises

T2 APERARANAT IR SEREME A sine pRECH (1 BB R

Il 7 PO IR bR LSTPISVR TPISVR TSVR par-v-SVR
Type A RMSE 0.0954+0.0023 | 0.0957+0.0015 | 0.1028£0.0030 | 0.0957+0.0017
I (s) 0.078 5 0.082 5 0.091 8 0.361 2
Type B RMSE 0.0858+0.0038 | 0.0856+0.0054 | 0.0879+£0.0024 | 0.0872+0.0027
IS (s) 0.068 7 0.078 1 0.081 5 0.371 2
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T J RIS R) P 3R 15 S8 4 (1) RMSE A% T — S £ 4, SR T v B0 A% R 1) 4% LSTPIS VR 1) RMSE (I T % H
MR R B0 A LI ) FEEE & — 4 8] 3 4041 T LSTPISVR HRMIAG 28 5 80 B ss M. AR OE 538 B
FEM RIS 2R N 3(a) Bl 3(b) T LA H:7E 5 53 N L E 100 FE OL T Ze PRI AR Z PR A8k B T 38 e IR,
DA AR A SO, S B AN B I ARG 4 100; B 3(c)s & 3(d)th Al LLE H AR IEARIR B 100 2 J5 501k f3E B 3
B LT AS A R4, I8 3 T A RS, BRI A AR SO AR IR B e 2 100. [F) B P40 v LU HH <SR T VR doliAf 23 S 4
LR ALAL LSTPISVR, VAR PLaiil 31 T A8 e IR A IX 2 5250 45 R W], LSTPISVR [ M REE L F L Ath 3 Fpav2.

Table 3 Results of four algorithms on UCI dataset with linear kernel

F3 TN 4 FhEEAE UCT Hi 45 1 Il 4 21

IEE VM TR bR LSTPISVR TPISVR TSVR par-v-SVR
Motorcycle | RMSE | 0.2185+0.0023 | 0.2205+0.0025 | 0.2296+0.0031 | 0.2249+0.0028
(133x2) I 11l (s) 0.042 5 0.0519 0.045 7 0.154 2
Boston RMSE | 0.1523%0.0422 | 0.1569+0.0463 | 0.1641+0.0378 | 0.1633+0.0402
(506x14) I 11l (s) 0.106 8 0.1552 0.159 6 0.523 6
Auto-Mpg RMSE | 0.1341£0.0452 | 0.1352+0.0403 | 0.1365+0.0395 | 0.1369+0.0463
(398x8) I 1 (s) 0.073 6 0.087 5 0.093 6 03728
Mach. CPU | RMSE | 0.0928+0.0065 | 0.0942+0.0068 | 0.0933+0.0073 | 0.0949+0.0091
(209x7) I ¥ (s) 0.018 5 0.0197 0.0192 0.080 5
Servo RMSE | 0.1819+0.0925 | 0.1836+0.0957 | 0.1912+0.1043 | 0.1854+0.0938
(167x5) I 1 (s) 0.023 5 0.025 4 0.0259 0.114 5
Auto price RMSE | 0.1609+0.0439 | 0.1627+0.0451 | 0.1653%0.0452 | 0.1641+0.0496
(159x16) I [ (s) 0.024 3 0.026 8 0.027 5 0.1152

Table 4 Results of four algorithms on UCI dataset with Gaussian kernel

T4 T EWN 4 PEELE UCT HE 4 10k 45 1

¥Rk | WPHdERR | LSTPISVR TPISVR TSVR par-v-SVR
Motorcycle | RMSE | 0.2178+0.0017 | 0.2202+0.0015 | 0.2292+0.0026 | 0.2245+0.0022
(133x2) i 17l (s) 0.042 8 0.0523 0.045 9 0.154'5
Boston RMSE | 0.1518+0.0426 | 0.1565+0.0451 | 0.163420.0365 | 0.1619+0.0407
(506x14) | INTi(s) 0.107 5 0.1556 0.160 8 0.524 1
Auto-Mpg | RMSE | 0.1334x0.0446 | 0.1345£0.0405 | 0.1358+0.0387 | 0.1362%0.0459
(398x8) I 7l (s) 0.074 2 0.087 9 0.094'5 0.374 1
Mach. CPU | RMSE | 0.0913+0.0067 | 0.0928+0.0065 | 0.0931+0.0076 | 0.0943:0.0093
(209x7) I il (s) 0.019 3 0.021 4 0.019 8 0.0828
Servo RMSE | 0.1812£0.0922 | 0.182130.0955 | 0.1902+0.1045 | 0.1842:0.0943
(167x5) i} 1) (s) 0.023 8 0.026 3 0.026 7 0.1176
Auto price | RMSE | 0.1564+0.0433 | 0.1602:+0.0455 | 0.1624+0.0458 | 0.1637+0.0454
(159x16) | Wi(s) 0.024 8 0.0275 0.027 9 0.1157
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Fig.3 The influence of the number of nest to the fitness and the influence of
the total iteration to the fitness of Chaos cuckoo algorithm in LSTPISVR
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