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Estimate and Application of Partial Dependent Functional
Linear Model Using Least Squares Support Vector Machine
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Abstract; We propose the reconstruction method based on non truncated Bartlett kernel function, in which
the selection of kernel function and window width faced by the long-term variance function estimation method
are avoided effectively, and apply it to the partial dependent function linear model. The least squares support
vector machine considering the dependence of function data is used to estimate the parameters of the model.
Numerical simulation results show that, compared with the least squares estimation method not considering the
dependent features of functional data, the least squares support vector machine estimation method considering
the dependence of functional data is more robustand effectively improve the out-of-sample prediction accuracy.
The partial dependent function linear model is applied to the prediction of the opening price of Shanghai stock
index and a better prediction effect is obtained.
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£1 ZFERT y M5 HR2E 5772 (n=50)

Tab.1 Deviation and variance of ¥ estimated in three situations (n=150)

i o /X107 7,/ %10~ v /X107 30/ X 10~ /X107

Bias Var Bias Var Bias Var Bias Var Bias Var
B LSSVM  —12.52 7.87  —11.15 4.46 1.66 5.73 15.85 6.01  —14.45 5.14
Q) OLS —12.98 8.42  —11.03 5.06 2.48 6. 39 18.04 6.53 —15.58 5.42
W LSSVM 3.34  6.91 2.09  5.01 8. 49 6.49 —4.68 5.48 20.13  5.35
QD) OLS 2.69 7.15 2.30  5.35 9.70 6.90 —2.44 5.43 23.35  5.50
B LSSVM 1.79  5.98 —1.59  6.05 3.01 6.35 —12.70 6.73 5.77  4.70
I OLS 2.63 6.38 —2.66 6.54 6.66 7.45 —14.73 7.13 4.72  5.36

£2 ZFERT y 9252 (=100)

Tab. 2 Deviation and variance of ¥ estimated in three situations (n=100)

i ik /X107 ¥,/ %10~ Y./ X107 30/ X 10~ /X107

Bias Var Bias Var Bias Var Bias Var Bias Var
B LSSVM 4.70  2.64 1.07  2.26 —3.91 2.34 —1.75  2.08 —5.07  2.35
Q) OLS 4.56  2.72 3.89  2.31 —4.31  2.37 —1.66 2.12 —5.02  2.39
W LSSVM  10.62  3.34 —1.60 2.79 —2.62 2.83 —0.38  3.29 3.18  3.03
(I OLS 10.68  3.36 —2.27  2.65 —3.42  2.81 0.44  3.37 2.16  3.05
B LSSVM 2.46  2.48 —4.58  2.38 5.30  2.71 1.78  3.30 —2.13  2.61
I OLS 2.30  2.48 —4.53  2.42 5.64 2,74 2.65 3.35 —2.49  2.61
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Tab. 3 Deviation and variance of ¥ estimated in three situations (n=200)

. ik 7 /X10"° ./ X10"° s/ X10°° 7/ X10°° ¥/ X10"°
Bias Var Bias Var Bias Var Bias Var Bias Var
TEI LSSVM 3.30  1.34 4.10  1.29 —2.92 1.13 —0.59 1.15 3.15 1.21
Q) OLS 3.38  1.35 4.07 1.29 —2.96 1.14 —0.52 1. 16 3.09 1.22
1BIE LSSVM  —5.15 1. 00 —0.98 1.41 0.87 1.20 5.59  1.23 —0.94 1.08
1 OLS —4.84  0.98 —1.38 1.41 0.77 1.23 5.83 1.26 —0.90 1.09
15K LSSVM  —3.65 1.19 —2.44  1.35 —3.42  1.43 —1.98 1.17 1.70 1. 15
Q1P OLS —3.71 1.20 —2.51  1.36 —3.51  1.45 —1.91 1.18 1.65 1.16
4 T RBCRE BCO R B ¥ (04 % 55 )7 % (n=500)
Tab.4 The deviation and variance o ;'estimate regression coofficiont fuction of g(z) (n=500)
b he d d f d ff f {p
‘%]Tﬁ ji(£ ;’1/><107i ;’Z/X107% ;g/xloii ;/4/><10*3 ;,;/Xlofi
Bias Var Bias Var Bias Var Bias Var Bias Var
317 LSSVM  —2.82 0.63 4.52  0.45 1.49 0.42 2.93  0.54 2.96  0.45
I OLS —2.82  0.63 4.53  0.45 1.50 0. 42 2.94  0.54 2.94  0.45
%% LSSVM 0.98 0. 45 —3.07 0. 48 0.39 0. 45 2.96 0.53 —1.00 0. 44
1 OLS 1.01  0.45 —3.11  0.48 0. 44 0. 45 2.99  0.53 —0.91 0.43
15K LSSVM  —0.52 0.56 —1.64 0.42 0.12 0.53 —4.90  0.38 0.56  0.50
(I OLS —0.50  0.56 —1.67 0.42 0.13 0.53 —4.90 0.38 0.55  0.50
5 =100 B, HBC D ~ (D ESER BB g0 19 e
LG BRI 13 R, WA R R | o LSS
- - &}
OIS B B -2 BT Iy R B (5 0 % . 0
5 i g —
N
TR M R R SO RN A os]
BRI K5 0 S H AL e PR B R IR O R R T R Al
W fE ST E AR 2 N T G5 RS BB 710 ;
25 5 AT LSSVM [ B BI{E . . y . .
PGSR AT LSSVM ¥ B ¥ {575 % o OLS Z/h BT D BRI o WD i 2
AL 2RI 2 ) R R AR pCo B AR IE CHD R H A 2
IF, LSSV M (144l 31 fy 2 77 U6 1 Ak i 15 %5 /0 o B8 Ut 30 U0 0 Fig. 1 Observed and estimated curve of g(2)
Eﬁﬂéji %%%% 5 I‘ﬁﬁﬁ( 1 )EPEI’\Jé*%EI%D ﬁ%i’g{)ﬁﬁ%%@ﬁ in a simulation situation ( | )
6 51
— WLE — W
4L --- LSSVM{fiiHi & --- LSSVMAitH i
==+ OLSfhitH1H b == OLSfiiiHil
2
B
=9, 0L
-4 -1
t t
B2 fHIE CID MR R G p(o Y K3 B D B3RS p(o By
LI pih 28 K FL A Tl 2% XL p 2 B A Tl %
Fig. 2 Observed and estimated curves of Fig. 3 Observed and estimated curves of
B(t) in simulation situation C[[) B(t) in simulation situation C([[[)

A I A5 J7 22 BEAE A & 9 38 Jn i o ol - H LSSVM iR B 45 T OLS.
He &L 3 AT 22 [ U5 R BeR U pCO B i N AE T (D B LSSVM 4 Al 11 il 2 78 Sk 355 1 22 3488 57 00 3 308
00 T 2 G A T R A R T A AR G st L WL fh £k 255 3R 5 TR CHID R A9 &5 R AT 2 24 n=50,
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200 i, LSSVM b OLS {345 k.
F5 B TR BT A B S Oy %

Tab.5 Mean and variance of sum of mean deviation squares of 8

o . n=>50 n=_380 n=200 n=>500
=917 Jiik " " " " A A A N
Mean(p)  Var(® Mean(p)  Var(® Mean(p)  Var(®) Mean(p) Var(p)
BT LSSVM 1.725 1. 155 1. 188 0.594 0. 740 0.269 0.355 0.067
i OLS 3.763 6.367 1.753 1. 324 0. 900 0.399 0. 384 0.079
B I LSSVM 4.078 6.500 2.735 4.279 1. 427 1.774 1.124 1. 420
i OLS 5. 049 12.175 3.058 5.613 1. 534 2.105 1.134 1. 438
, LSSVM 2.099 1. 915 1. 329 0.774 0. 891 0.383 0.413 0.121
T (D
OLS 4.042 8.633 1. 857 1.624 1. 052 0.530 0. 444 0.137

th 2 5 AT 1 < 76 R [RURE A 4k AR (] o] U] 28 006 8% 52 T - LSSVML i g 394 45 J7 2239/ T OLS 1)
{6, G R B y A THA R 7 R BT D5 T LSSVM 55 OLS AH He 5 i o 5 4k

] I 2% K50 R 8 (O REA S5 B ¥ RMSPE, 1% 6 fi7R. i 3% 6 7] 80 fE B MEAZ /R . LSSVM
FORE A SN 52 22 He OLLS /AN 5 2 17— 0] 7 2% 50008 K015 5 o 0 7 i 1) 00 452 2 S 25 R A 5k 1 39 o g
BETt . H LSSVM H OLS 347, 3B LSSVM 18 R KAl 3T EFAT (55 A7 R4 8 T REAR S BIKY
e .

%6 FEARSNH ) RMSPE
Tab. 6 RMSPE of out-of-sample predicted values

- ‘ RMSPE
52 ik
n=>50 n=100 n=200 n=>500
T LSSVM 0.434 0.468 0. 480 0.493
i OLS 0. 450 0. 469 0.493 0.493
] LSSVM 0.437 0. 476 0.492 0. 494
TEIECID
OLS 0. 447 0.488 0.501 0. 499
T LSSVM 0.431 0. 466 0. 484 0.502
i OLS 0.435 0.467 0. 493 0. 509

3 ZfISH

3.1 HiEwmAE

PAEIEFR B H A S A H L min @ 5052 5 #i A B0 A8 D0 ik BB 48 BOT B i 2 i K.
T H S S B g K IR R L BO B AR D B O A AR Z, 2 H 1 min = 8052 By 208 AR D A
MR PR RO B AR X (o) U H B T LA R D b i 2 R AR B Yy A S R R AR R RO 2 M R L D

1
Y =72, —Q—J B X, ()de +e i=1,2,",n.
0

SEACHE R VR T B VRS P L B 2018 4F 1 H & 2018 4F 12 A WY LRSS B3 & Bl L 4 &R B
M CEHAR SR XS H 1 min EAC S B, 2018 AE LA 243 3 b HEU M £ 05 1 d IS S
HBEA3 5] 242 D25 HBE B H HA 242 4 1 min @058 5 i #s Bt
3.2 LiEfsEFEM TN

BERT 200 D225 HAEAE NI GRFEAS 0 A% 42 A58 5y HOBAR AR o 0N RE A 73 531 fai FH ST 4 i 9
7 I8 R ORI AR Y B/ IR ST I AL VR S R B SR AR B de /N AR Al T I UM Yk H T A
. IO 25 2R 15 2 X R 22 1 FU B A 4 TR

i 4 AL BRAS B0 5E 55 H AR LSSVM A T 19 I B4 19 246 48 152 25 1 OLS A 71 19 I 8 4 59 46 4 i
22 - IR - SCH 5 i 2 AR fE ) B 5.

N T ERAT HUBCHIIN RO, » SO B U KR 22 e /R 22 P B 46 X0 B 22 L 8907 B 4% 22 °F- 5 ARV 5
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2750 1470
2700 60
2650 7 1% s
ﬁ 2600 [-- 40 ;jug
P 2550 20 s
= 2500 =
2450 120
2400 10
230 ILLa Al S SLE - al
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T %
B4 T g5 5 o iR 25 0
Fig. 4 Comparison of prediction results and absolute error
Ao Nt 1R 22 AJ T L { i I 45 SR 0 25 AT
MAE R34 %125, f1 3% 7 7] 0 : LSSVM 5 i #b 1l T OPFR T BN A5 R0 LR A VRN
MR HTFAN, s KRR /MR 2 4305 Tab.7 Comprehensive evaluation of
% IR 2 Hr A F OLS, iy i iF B LSS~ prediction results of two methods
VM 13 5 i) B AR T OLS iy B R PR 5 B LSSVM OLS
Era 58. 270 61.796
* E. 0. 209 0. 341
4R 1E MAE 8. 438 12. 175
RMSE 13.719 17. 536
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