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BN, BREL F A IR0 SR R (0 TIO BR K. A U TR PR AR, A R S R A f AR D o T
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WERR ARFEGIEE 1. Qu(f, =) M XL Ky (t) = Kgr(—t), 7% = = cosu, I
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5138 304 & ¢ hy Z = [-1,1)° x [-M, M| FRIBERNLIAS E H I T ZES R o2 BE
1= 0,)¢ — p| < B JLPAAE T, FH E(€2) < ceB(E), BAXTHRA e > 0, orin N AR
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WERR M (4) 50, Qu(f, ) € Hy. MRFEdE 2, W50
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11 f(z) Mk MR FEEHE L Lipa1, B4

Horp O KT ke I3
Wk > G m A
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K, Qa(f, ) € Fu, UM [m(z)| < M. TR 13

1
2

AV Ty
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(€(Qa(m)) — E(m)).

Ve € [-1,1]°.

€l = [(Qa(m, z) — m(2))(Qa(2) + m(z) — 2y)| < 15M>.

JUES)
|€ — u| < B =30M2.

ifi
o? <E(€%) < ¢E(€) = 25M?E(¢)
8 (Qa(m, x) — y)? — (m(x) —y)* NS H 3, WAL

(E(Qa(m)) — E(m)) — (£2(Qa(m)) — E2(m)) < V/e(E(Qu

(m)) = E(m) +¢)

<&t 3 (E@alm) - E(m))

BBLL T — exp{—=&=} B AL
2 RN
L exp{—=fz} =2, WHT e = T2 Jog 2. T sEAT

(E(Qa(m)) — £(m)) — (E=(Qu(m)) — E=(m)) < % log 2

EV R Yo,

0

S+

S (EQulm) — £(m))

X (6) S35, T RN &R € = (f.(x) —y)? — (m(x) —y)? DA [-1,1]° x [-M, M] L
R B, TR TAEAR 2. B8 ¢ TERBIES 7y BEEFEA I AR T o As ) PR AN R 4 AR
FEAE—ANE e i R, A A BRI se 2T (6) My

ENX 2[17]
1AL e HPERMIBRERES F, N 1= N(F,e).

A FON— BN M TR e > 0, F M SE0T SOy S/ IE 85 1A

5 S BRI R 48 F DA a5 BUVE ) B (WLSCRR [15,16,18,22-25]). WIER Br A& r 42542

AR FHER, WA B8] A
log N (Bgr,¢) < rlog ?R
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H AL (6) Y {E(f2) — EM)} — {E2(f2) — E2(m)}, FRAVEFF LW R 52 4.

T [=1,1)° x [-M, M] _ERRE g, AT E(g) = [, 9(2)dp FRonpREL g HIHIE.

I3 4l W > 0,6 N Z = [-1,1)° x [-M,M] Ef—mEES, 5S84 g € g,
lg — E(9)| < B, E(¢9%) < coE(g) JLPAAL AT, AR EEN e >0, LA 0<a <1, f1

E(g) — 1 Z?-l—1 9(2) } a’ne
Prob,cz»{ sup n L= > dav/ep <N(G,ae)expd — ———— ».
=<4 { geg E(g) +¢ ( ) 2¢o + %B

X EGN G 4
G={g:9(2) = (f(x) —y)* — (m(z) —y)*, f € Fa},

o 7y ansh 2 WP X, BAAE] R R e B 3.
EE 3 XNTHAEM >0, NE

E(f) —E(m) — (E-(f) — E=(m))
Probsez- { y 2 VE) —E(m) + ¢ s \/g}

4M?
>1 —exp{(2d)slog< 5 ) - 3;;42}

AR FIEREUES G N TR ge g, Bl g(2) = (f(z) — y)? — (m(z) —y)? H £ e Fa, FFU
A2 E(g) = E(f) — E(m) > 0. M

9(2) = (f(=) —9)* = (m(z) —9)* = (f(x) — m(2))(f(2) + m(z) - 2y),

WAL REN € [—1,1]°, W2 [f(x)| < M/4 LUK [m(x)] < M/4, BAEE] |g(2)| < M/2x M = M?/2.
TR, |g(2) — E(g)] < M? J]OL.
W oco=M?/2, B=M2 %t a=1 thg|H 4 WH1, T4 ¢ > 0, BAOMKMR

sup
feg E(f)—&(m)+e

HIPBREL g(2) RGEG,

191(2) = 92(2)| < [f1(@) = fo(@)||2y — fr(2) - fo(2)]
<AM|fi(z) — fa(2)].

BRI (|1 — g2lloe < M1 f1 — folloo- B (7) 2 AT EALT 2

2
logJ\/<Q, Z) < log./\/'(fd,]\g/[) < (2d)° log (“j )

EFE 3 FRAIF.
NHEAHER 3, gy e 1 AuE.

151



IROFEARAE: 22 Tlnl A2 ) S Ao B il o

EIE 1 RIERR  ADRRRZE RN

/ \f (@) — m()[Po(dz)
X

<HE(fz) = E(m)) — (E=(f2) — Ex(m))} + (E(Qa(m)) — E(m))
+ {(€2(Qa(m)) — E2(m)) — (E(Qa(m)) — E(m))}
=T +T5+Ts.

L, it (8) AP Ty MR RE 3, TAVENIE, X THER f € Fg, PHIRIASERX 2%

4M? mt

AT
E(f) = E(m) — (&(f) — Ex(m)) K VEVE(S) — E(m) + .
HIFHREA AL S
ab < %(aQ +b%), Va,beR,
il :
5(f2) - E(m) - (EZ(fZ) - Sz(m)) St+ i(g(fZ) - 5(m))
4M? n
1 —exp {(2d)310g ( ; > - 32]\22}
J§AL

N TBAT LRI R TR RIAERE <o

4M? ne 5
h(@) = (Qd)s log ( - ) — W = log 5

D Ry — R ONTEREIRIG. 4 h(e*) <log 3, M 2 < £*.
Mo LA

h(e) < (2d)° log(4M?n) — 3;\22.
R BATHGH AL e* > £ IFwi a2~ ASERA e
s ne 0

WA h(e*) <log .
XA KI d > 0, AT
32M2 2 32M2(2d)* log(4M2n)

e > log - + >
n 0 n

Sim

MM AT ) , )
2M*(2d)® log(4M
32M logg n 3 (2d)° log( n)

g0 <
0 x 5 n
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SR 3 T, K
2 2 d)*® 1 2

£(12) — Elm) — (E(2) — Ealm)) < P2 10g 2 4 BACCDIBEM)  Lgp) — piomy),
FU 1 8 B

WSR3 LI (8) R, AR

2 2 s 2
£(f2) — £m) < 2 10y 2 SITCOTOBEANTN) |y (y(m)) — £(m))

LA — 5 EF KO

1

UEMIHERS 1, BATHEM T infrer, [ (f(x) — m(z))?v(de). N (4) XAL,Qu(f, ) € Ha. R4 AY

5 f(@) 10 k BHRSEGRE Lipgd, B4 wi(f.3) < Cude, JEh € AHBT b 10763

H Al 2 A% A

204M? 2 64M?(2d)*® log(4M? 1
E(f,) — E(m) < - log = + (2d)* log( n)+3ckdﬁ'

1) n
Wb _E R AN E AT 1043

1

d— 3C,;n 2k+s
[\ 2564 M2 log(4M2n) ’

Horp [] FoRHCE.
> 4M?, ROLARAER

2k
204M? 2 1 2k+s
E(f2) ~ m) < 2 10 % + i (257

s

FLL 1 — 6§ MBSO, o O = 2(108M225) 7045 4 2(3C) )< 7.
4t = UM 100 2 4 O (RS U

2k

t— CK, (logn)2k+s
6Qexp{ 224M’; }’

n

W) R 2 AN S AT BLS
logn 213{15
Probsezn {€(f2) — £(m) > 1} < QeXp{ el ) }

F > L

n

B [ e(e) - m@)?u(de) = [ Probuezn () - £lm) > har

oo t— OK, (m)2k+s
<7+ / 2 exp { — 2Z4MZ de.
o n

Wb E IR AN S A S T 15

2k
204M? log 2 1 2k+s
o DA g (Em)
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JFITLA
< 408M? log 2
n

P [ (f-(@) — m(@)Pv(az) +ch,s(1"fL”)2§L.

HEe 1 CIFEE.

3 FIEZWYEERT R

AR 2 S BRISIGE BE )R SR, FRUt IR 1 IR LT i n. o T g sk
R R A, Pt e A RIS,

EX 3112 {2 F 4 Banach %[0 E I0— MR T, ¢ MTRIES, i WIEREEL, Bp WM B
RIERALER. W RAEAE 21, 20, ... 2901 € F AIIF} F C U?Zf (z; + eBg), WAL, WA 34 O HR BT ) B
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Abstract In many applications, the pre-information on regression function is always unknown. Therefore, it is

necessary to learn regression function by means of some valid tools. In this paper we investigate the regression

problem in learning theory, i.e., convergence rate of regression learning algorithm with least square schemes in

multi-dimensional polynomial space. Our main aim is to analyze the generalization error for multi-regression

problems in learning theory. By using the famous Jackson operators in approximation theory, covering number,

entropy number and relative probability inequalities, we obtain the estimates of upper and lower bounds for

the

convergence rate of learning algorithm. In particular, it is shown that for multi-variable smooth regression

function, the estimates are able to achieve almost optimal rate of convergence except for a logarithmic factor. Our

results are significant for the research of convergence, stability and complexity of regression learning algorithm.

Keywords learning theory, covering number, rate of convergence, entropy number
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