TAP CHI KHOA HQC TRUONG PAI HQC HONG DPUC - SO 51.2020

KHOI PHUC VA XAP XI HAM SO BANG PHUONG PHAP
TUYEN TINH TRONG KHONG GIAN BESOV

Nguyén Manh Cudng', Bui Khic Thién®
TOM TAT

Chiing téi nghién cibu khoi phuc va xdp xi 16p ham sé khéng tuan hoan thudc
khong gian Besov B{f'e c6 d@p tron diang hudng bang phirong tuyén tinh khong thich
nghi. Xdy dung dwoc phwong phap tuyén tinh L, (X, @,, f) dwa trén gia tri ldy mdu
ma cu thé trong bai bdo nay la cdc todn tie Ry, (f), ddnh gid sai s6 xdp xi ciia phwong
phap qua dai lvong dac trung oy,.

Tir khéa: Biéu dién bdn néi suy, khéng gian Besov, phirong phdp tuyén tinh.

1. DAT VAN BE

Nhu ching ta da biét cic phuong phap hién dai cua toan hoc duoc
mg dung rit nhiéu trong linh vuc xtr 1y tin hiéu, xt 1y anh va thi gidc may tinh.
Bai toan khoéi phyc tin hiéu va loai nhidu 13 mot bai toan hét sic quan trong trong
linh vuc xir ly tin hidu va xu ly anh, vi trong thuc té khong c¢6 mdt loai may nao
c6 thé cho ta thong tin chinh x4c cua tin hiéu, ciing nhu nhiéu ludn xuat hién
trong qua trinh truyén tai, sO hoa, nhiu xuét hién do diéu kién ty nhién. Su phu
thuoc cua chédt luong tin hiéu va anh vao cong nghé xir 1y thong tin doi hoi phai
phat trién rat manh va c6 hiéu qua cac thudt toan xir ly tin hiéu, xir 1y anh va
ung dung cua chung [1,2]. Khéi phuc ham 86 tir gia tri léy mau t6i vu 1a mot trong
nhimg bai todn co ban cua ly thuyét x4p xi, dugc nhiéu nha toan hoc quan tdm vi y
nghia 1y thuyét cling nhu tng dung ctia né. Khéi phuc ham sé tir gid tri 14y mau bang
phuong phép tuyén tinh 13 cach tiép cén truyén thong duge nhidu nha toan hoc nghién
ctru, tuy nhién cho dén nay né vin khéng mat tinh thoi sy vi c6 nhidu tng dung. Bai
béo nghién ctru khoi phuc va xap xi ham sb bing phuong phép tuyén tinh khong thich
nghi. Khéi phuc va xdp xi ham sé bang phuong phép tuyén tinh dd duoc nhiéu nha
toan hoc nghién ctru va c6 nhiéu cong trinh duge cong bd. Trong [3] cac tac gia da
nghién ctru khoi phuc va xap xi ham s6 bang phuong phép tuyén tinh cho 16p ham sb
tuan hoan thudc khong gian Besov B,(;U,e v6i modul tron ding hudng, cic tac gia da

xdy dung duoc phuong phap tuyén tinh va danh gid dugc téc d6 hoi tu cua phuong
phap d6. GS.TSKH Pinh Diing d3 nghién ctu khéi phuc va xap xi ham sé cho 16p
ham s6 khong tuan hoan bang phuong phap tuyén tinh trong cac khoéng gian Besov

B, B[‘fj va Bfﬂ v6i modul tron khong dang huéng, xay dung dugc cac phuong

! Khoa Khoa hoc T nhién, Trieong Dai hoc Héng Puic
? Khoa Ky thudt Cong nghé, Truwong Pai hoc Hong Pirc
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phép tuyén tinh va danh gia tiém ce}n t(f)c dd hoi tu cua Phuong phép [6,7]. Trf)ng bai
bao nay, chung toi s€ nghién ctru van dé khoi phuc va xap xi ham so khéng tuan hoan
bang phuong phap tuyén tinh trong khong gian Besov Bfﬂ v6i modul tron déng
hudng, ching tQi xay dyng dugce phuong phap tuyén tinh béi cac B-spline va danh gia
tiém can dugc toc do hdi tu cua phuong phap.

Dinh nghia 1. Cho f e L (I Y, todn tir sai phén cap | diege dinh nghia béi

l (1
NS (x) = Z(—l)"’ [jjf (x+ jh).
Dinh nghia 2. Néu f e L (I') thi: ,(f,1), =sup

lif<t

modul tron cdp | cia f, 6 day 1¢(Ih) = {x:x,x+lh eld}.

A,

iy duoc goi la

Chohamsé Q: R, — R, théa man céc diéu kién
(i) Q(t)>0,Vt>0,
(i) Q) <cQ(t'), Vt,t' e Rt <Y,
(fiiy Vy 21,3C" =C'(y) sao cho Q(yt) < C'L¢t),teR .
Chi y rang diéu kién (iii) chi can thda man v6i mot s6 ¥ > 1 ¢6 dinh (chang hany =2).
Pinh nghia 3. Cho 0 < p,0 <o khong gian Besov Bfﬂ dwoc dinh nghia la tap
hop cdc ham f €L, (I Y sao cho chudn Besov sau I hitu han
”f“B;{B = ”f”p +[f |B;>9 ,oday | f |B§ﬂ
la nira chudn Besov, xac dinh boi
1
0 0
[J-{a)](f,t)p /) ﬂ] 0<
|/ |Bffo =\ 4
su}){a), .0,/ Q(t)} 6=
Ki hiéu U?, la hinh cdu don vi ciia khéng gian B, .
2. BIEU DIEN HAM SO QUA CAC B-SPLINE

Pinh nghia 4. Ky hi¢u N_ 1o B-spline chudn tic bdc r véi cdc it tai cac diém
0,L,...,r duoc xdc dinh nhu sau: N, la ham ddc trung trén nira khodang [0, 1); voi

r=22,N_duoc dinh nghia boi tich chdp

N (x):= [ N, (x= )N, (»)dy.
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Dat Mr(X):=Nr(X+£) dwoc goi la B-spline trung tam bdc r.
Cho mdt s6 nguyén duong r, goi M 13 mot B-spline trung tim bac 2r véi gia
[—r,7] va cac ndt 13 cac diém nguyén —7,..., 0,...r. Pinh nghia d-bién B-spline nhu sau

M(x):zli[M(x,.),x=(xl,x2,...,xd), 2.1)

va dinh nghia B spline song nho: M,  (x):=M(2"x-ys),
Cho mot s6 khong am k va s eZ¢. Ky hidu M 14 tap hop tit ca M, , khong tridt

tiéu trén I, Cho A={A(j)} la ddy chan hiru han, tic 13 A(j)=A(-j), & day

JeP(p)
P'(p)={jeZ:|jlsu} v& p>r—1. Ching ta dinh nghia toan tir tuyén tinh Q cho
ham f trén R? boi

O(f.x) = Y. A(f,5)M (x~s), (2.2)
O day: A(f29)= D MNS(s=)). (2.3)
jeP! (u)

Khi d6, tir dinh nghia cua B-spline suy ra todn tir O bi chan trén C(R?) va
locn)| Al - trong 6 A= >, RO

JeP!(w)

C(RY) S‘

Ky hiéu B, la tp hop cac da thirc dai s6 ¢6 bac khong vuot qua 2r — 1. Mot
todn tir Q duoc xdc dinh tir (2.2 - 2.3) tdi tao lai B,_,, tuc la O(p)=p, peB,_,, dugc
goi 12 mot toan tir gia ndi suy trong C(R).

Gia st Q 1a mot toan tu gia ndi suy tur (2.2 - 2.3), cho 2 > 0 va mot ham f* xac
dinh trén R, chung ta xac dinh toan t& Q(,%) boi O(f;h)=0,°0%,,(f), 6 ddy
,(f>x)=f(x/h). Tl dinh nghia cia O(f,h), ta c6O(f,x;h)= > A(f ks M (™' x~k),

k

VoA k) = S AG)f (hk= ).

JeP ()

Toan t& O(.,h) cb cac tinh chét teong tu nhu todn tir O, ciing dugc goi la mot
toan tir gia noi suy trong C(R“). Nhung O(.,h)khéng dugc dinh nghia cho £ trén I,
va do d6 khong khdi phuc dugc ham sé £ vé6i cac diém 1dy mau trong 7. Mot cach
tiép can duoc GS.TSKH Pinh Diing dé xuat trong [4,5] dé x4y dung toan tir gia noi
suy cho mot ham s trén 7?13 mé rong né bang cac da thirc ndi suy Lagrange.

Cho mdt s6 nguyén khong &m £, dat x; = j2 e, Néu f 1a mot ham sb trén I,
Ky hiéu U, (f). V,(f)1an luot 13 cic da thiic ndi suy Lagrange tai 2r diém bén tréi

Xg>Xp5e X, VA 2r di€ém bén phai x

X
2F_2p41°

St _aazse - o Xy tré€n doan I duge xac dinh boi:
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U (f2x) = f(x,) + 2 Z’kf S °)H< x)).

=1
k
{27A z*f(xv‘ 27+1) =
s!

V(fsx)= f(sz 2r+l) Z H(x_xz‘—2r+1+j)‘

=0
Ham sé f dugc dinh nghia 12 ham s md& rong cia f trén R nhu sau:
Uk (f9 X), x < 07

fe()=1 1), 0<x<l,
V(S5 %), x>1.

Néu / lién tyc trén I thi / lién tuc trén R . Gia st O 1a mot ton tir gid noi suy
(2.2 -2.3) trong C(R). Ching ta xay dung todn tt Q, xac dinh bdi
0.(f0)=0(J,x27 ), xel,
voi ham f trén 1. Khi do,
Q.(f0)= D a (fIM, (x),Vxel,

seJ (k)

Trong do: J(k)::{seZ,—r<s<2" +r}

va: a,, () =AF,520) =S AN A (2 (s - ).

|7lsu
Chung ta nhan thdy Q, ciing l1a toan tir gid ndi suy trén C(). Cho f 1a ham s6
trén /¢ Gid st Q 12 mot todn tir gid nodi suy c6 dang (2.2)-(2.3) trong C(R?). Chung ta
xay dung toan tir nhiéu bién O, dwoc xac dinh boi

O(fsx)= D a (M, (x),Vxel,

seT (k)
¢ day J(k)= {s en!,—r<s, <2 4pi= 1,2,...,d} 14 tAp hop cdc gia tri cua s sao

cho M, khong déng nhat béng 0 trén 7. Chu y rﬁng
a. ()=, (., .a., () (2.4)
O day cac ham hé sb a,, dugc ap dung twong ty cho ham s6 mot bién khi xem

f 1a ham s6 mot bién xi vdi cac bién con lai ¢d dinh.
Twong tu nhu todn tor O va QO(.; h), thi todn tir O, 1a tuyén tinh bi chin trén
C(17) vatai tao P,_, . Ddc biét, ching ta co:

10 (e, < Il e, » 2.5)

Vé6imdi feC(I*), véi hang sb C khong phu thude k va 0,09 =9, VpeP, , & diy p*

1a han ché cta ¢ trén 1. Toan ti nhidu bién O, duoc goi 13 toan tir gia ndi suy trén C(I%).
Cho keZ,, dat q,:=Q, -Q,, v6i quy udc Q,(H=0.Ta dinh nghia 9, bdi 0, => ¢,..

k'<k
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Bo dé 1. Giasir feC("). Khidd, ta co
|/ =0 (/). <Ce,,(f27).. (2.6)

Do dé: |f =0 ()], > 0.k >0 2.7)

Chung minh.
Bit dang thirc (2.6) dugc suy ra tir (2.29)-(2.31) trong [4] va bit dang thirc (2.5).
Cho batky feC(?), tir (2.7) fcb thé biéu dién thanh chudi

VEDNA! (2.8)

ke?...

voi ¢, ()= D ¢, (/IM,,,

seJ (k)
Chudi nay hoi tu theo chuén trong L_(I*), & ddy ¢, lacac phiém ham hé s6 cia f;
duogc xac dinh nhu dudi day. Dau tién xdc dinh c,, cho ham s mot bién (d = 1). Cu thé
C/f,s (f) = ak,s (f) - al:',s (f)’ k 2 05
+ 21" '
alrc,s (f) = 2_2I 1 z ( . jdk—l,m (f)’ k > 0’ aO,S (f) = 0’

m.)eC, )\ J
O day C.(k,s):={(m, j):2m+ j—r=s,meJ(k-1),0< j<2r},véi k>0,C.(0,s):={0}.
Trong trudng hop ham nhiéu bién, chung ta xac dinh ¢, tuong tu nhu (2.4) cho
a.,,tacla ¢ (/) =¢,, (¢ (¢, (/) ¢daycac ham h¢ ) ¢, p dung cho ham )
mot bién £ khi xem £ 12 ham s6 vé6i bién x, véi cac bién con lai ¢d dinh.
Ky hiéu 4 (f)<B,(f) néu 4 (f)<C.B,(f)& ddy C 1a hing s6 doc 1ap véi n va
SEW; 4,(f)=B,(f) néu 4,(f)<B,(f) vd B,(f)<4,(f) .
Cho k eZ, ky hiéu (k) la khong gian cac B-splines Mk,s, s€J(k). Néu 0 < p <
thi g €Z(k) dugc bidu diénbdig= > a M, va dang thic sau (xem [5])

seJ (k)

Igll =277 ”{as}

pk’ (2.9)

O day ”{ax}“p,k : seJ (k)

1/p
= a |’ | , v&ivé phai thay bang supremum khi p = .
s p

T (2.9) cho ham sé lién tyc [ trén [ ¢ , ching ta c6 cic nua chuan sau day
teong duong véi nhau

B,(f)= [ > Alaol,/ 9(2"“}0]

NG
e (0], /0] ]

Dinh ly sau day da dugc chirng minh trong [7,8].

.k

=

kel
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Pinh 1y 1. Cho 0< p,0 <o va ham s Q sao cho ton tai cac héng sb w,p>0
va C,, C, théa man

Q) <CQUENL™ t <ttt e,
(2.10)

Q)7 > COt) 47, t <ttt el
Khi dd, chung ta co
. 4 d \ \ A \ A r A 1.0 R X \ X
1) Néu p>— va p<2r thi mét ham s6 f € szg c6 thé biéu dicn thanh chuoi (2.8)
p
va By(f) < HfHBQH .(2.11)

o\ a4 : 1 . A Ry
1) Néu p<min(2r,2r-1+—) va g 1a mot ham s6 dugc biéu dién boi g = Z g = Z Z ¢ M,

P kel, ke T seJ(k

< B,(2).

Q
Bpﬁ

1/6
théa man: B,(g) ::( Z {”gk”p /Q(z—k)}‘gJ <o, thi ge ije Va”g

ke Z..
e d | ! , | )
iii) Néu > ; va p <min(2r,2r —1+;) thi mot ham s6 f xac dinh trén I thudc

B, khi va chi khi f ¢6 thé biéu dién thanh chudi c6 dang (2.8) thoa man dicu kién

(2.11). Hon nira, chuan | 4o 1atuong duong véi chuan B,(f).

Hé qua 1. Cho 0<p,6<c va Q thoa min cic gia thuyét cua y (ii) trong
Dinh ly 1. Khi d6, vi bat ky k €Z , ching ta co: gl g, « lgll,/2(27%), g € Z(k).
b,

3. KHOI PHUC HAM SO BANG PHUONG PHAP TUYEN TINH
Pinh nghia 5. Cho X, ={x'}" 12 n diém cua [, ®, = {¢>j }” laho n ham
e
s6 thuoc khong gian L, ). Bé khéi phyuc ham sd / duge xac dinh trén 7¢ tir cac
gid tri 1ay mau f(x'),..., £(x"), chung ta dinh nghia phuong phap tuyén tinh dua trén
.) bdi cong thirc sau day

gid tri 1y mau L (X,

n’ /z’

na nvf Zf (31)

d A 5 r V4 r
Cho W< L (I"). Chung ta nghlen ctru tinh t61 wu cua phuong phap tuyén tinh
¢ dang (1.4) dé khoi phuc ham sb f e tir n gia tri 1dy mau trén bang dai luong
sau Qn (Wﬂ Lq (Id )) = [%ng Sup”f - Ln (Xn > (Dn > f)”q *
= feW
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Pinh nghia 6. Cho s6 nguyén khong am m, dat K(m)={(k,s):keZ,, k<m,scI’(k)},
& day 19(k)={seZ?:0<s,<2",i=1,....d} va ky hiéu M(m) la tap hop gdm cic
B-splines M, ,k<m,seJ(k). Chung ta dinh nghia toan tr R, cua cac ham sO
S€B,, 061 R (N=q,(N=3Y ¢, (/)M,,,Va udi G(m) cia cic diém trong ¢,

k<m k<m seJ (k)
G(m)=={2"s:(k,s) e K(m)}.

B6 dé 2. Toan tir R, xac dinh m§t phuong phap tuyén tinh ¢6 dang (3.1) trén
luGi G(m). Cu thé,

R, ()=L(X,,®,.N= 2 [fQ 9w,
(k,s)eK (m)

O day X, :=G(m), @, = {y/kr\,}(k’s)ek,(m), n= G(m)|= ;(z" +1)*, v, , duge xac
dinh 14 t6 hop tuyén tinh cua khong qué N cac B-splines M_,w e M(m) véi N doc lap
véi k,j,m va f.

Dinh ly 2. Cho 0< p, g, <00, Q théoa man céc di€u kién cua Dinh 1y 1 va
w>d/ p, p<min(2r,2r—-1+1/ p). Gia st v6éi mdi n€Z,, m 1a sd 16n nhat thoa
man | G(m) |S . (3.2)

Khi d6 R, xac dinh phuong phidp tuyén tinh ldy mau téi uwu cho
0, =0,(U},,L,) nhu sau: Rm(f)=Ln(XZ,®Z,f)=(k )Z( )f(2“'s)m,s,

k,s)eK(m

O day X, =G(m)={2"s:(k,5) € K(m)},®, ={y |, ., Vi ching ta ¢ dénh
gid tiém cén sau day: sup /=R, (f )|| =<0 =< Qn " )n"re-, (3.4)

m
er[ 9

Chitng minh
Dénh gia can trén. Chung ta dé thay rang

27 < |Gm)| =D 2+ <D 2% < 2™
k<m k<m
Do d6, tir (3.2) thi:  2*" < n. (3.5)
Truong hop p > ¢ . Xut phat tir bat dang thirc || ya ||q < || ya ||p din dén chimg minh

cho trudng hop ndy véi g=p. Do B, = B, , ching ta chi cin ching minh (3.4)

p,o?

cho Uff’w. Ching talay tuy y me Z_, fsgg ||f -0, (f)||q <Q2™). (3.6)

Lay batky f e U,.. “ . Dit £ =min(p,1), sit dung Dinh ly 1 chiing ta nhan duoc
lr-@, (f)H" , < 20 g (O

k>m

< Sup[”qk(f)H /@M S @ty (3.7)

k>m

29(2 )< D Q).

k>m

<
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Tir (2.10) chung ta suy ra ring Q(27) < Q2™)2“*™ cho batky k >m .
Do d6, chung ta tiép tuc danh gia (3.7) nhu sau

lF-Q, H < Y H{OE ™2 <@ ™) > {27 < Q2

k>m k>m

Diéu ndy dong nghia véi viéc chimng minh bat dang thirc (3.6). Chl y rang s gia tri
lay mdu trong Q (f) 1a |G(m)|. Ching ta x4c dinh R (f)=0, (f). Béi (3.5),

ching ta nhan duoc: sup|| f-0.( f)”q < Q")
feu
Truong hop p<gq. Pau tién chung ta xem xét truong hgp p<g<oo. Cho

[ €By,,Boi[6,Bode 5.3] ching ta co: || /=R, (/)] < DRk g, N, -
br-rol, <[ Z e

k>m
1/6
“Jaol )
k>m

< supQ(d/p k(2 (Z{"qk " / Q2° )1/6 (3.8)

k>m

Néu 0<q, thi

< _sup 2 /P27
0 k>m
Tir (2.10) chung ta nhan duoc: Q272 < Q272" k > m.
DO dor Q(Z_k )2(d/p—d/q)k < Q(z—m)2(d/[)—d/q)m2(/4—(d/p—d/q))(m—k) k > m, (39)

Suy ra Q27217 « Q221 k> m. Cho feUS,, tir bat dang

thirc cudi ciing va (3.8) chiing ta thiy rang: | f - R, ( O, <@,

Boi bat dang thirc cudi cting va (3.5) chung ta suy ra dugc
—-R < Q" yn" e, 3.10
m q

Déanh gia cén trén cia p, cho truong hop 6 < g dugc chung minh.
Néu 6> q thi

|- &, ()

Z {2<d/p d/q)k "qk " | b
- Z{Q 2t ylle (), /@

Hon nita, c6 mot s6 ¢ théa man 1/g=1/8+1/q . Ap dung bét dang thirc

Holder, ching ta co
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1/q
|- 0, < ( 2 toe VO ) a0
* 1/‘]* 1/6
- (kgm (2 R/ P/ j (kgm (o f)Hp /Q(z—k)}e)
N
“Wlpe, [ty - 1)
D, m

St dung (3.9) chung ta tiép tuc uée luong (3.11) nhu sau

1/q
Hf B Rm<f)H < Q(Q-m)g(d/z?-d/q)m [Z{Q(u—(d/p—d/q))(m—k)}q j < Q<2—m>2(d/p—d/q)m_ (3.12)
! E>m

T (3.12), (3.5) ching ta nhan dugc (3.10). Danh gid can trén cua p, dugc
chimg minh cho p<g <.

Trong truong hop p < g =oo, chimg minh tuwong tu nhu truong hop p<g <o
bang céch st dung bat dang thirc sau

|f =R, (NN, < 222" g, (), -

k>m

Danh gia can dudi. Néu W c L 4y, thi tir dinh nghia cua p,W,L, (I 1)) chung
taco:p (W, L (I ) >  inf sup " f

jn d .
X =Y el few:f(2’)=0, j=1,...n

(3.13)

q

C6 dinh mot s6 r=2" véi s6 nguyén khéng &m m sao cho p <min(r,r—1+1/ p).

Cho mét s6 nguyén 7 > m. Xem xét hinh hop J(s) = 1

J(s)={xel?:27""s <x,<27""(s,+1), j=1,....d},s € Z(1),

O day: Z(n)={seR!:0<s, <2"" 1, j=1,....d}.

Véimoi n cho trude, chung ta tim duge n théa man

n =< 2" = Z(n) |2 2n. (3.14)

bit X, ={x/ Yio la mot tdp con tuy y gobm n diém trong I¢ . Do
J($)NJ(s) =D véi s#s', va | Z(n)|[>2n, ¢ Z (1) Z(n) théa man | Z () |>n
vaX n{u_. (U)J (s)} =@ (3.15)

Trudng hop p <q.Xem xét ham sé g € X(77) xéc dinh bai

*

g = Q272" M seZ (n),

nrs+r/2?

O day M, ..., laB-splines c6 bac r. Boi (2.9) chung ta c6
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* *

g

Do d6, tir Hé qua 1 ton tai >0 ddc 1ap voi i va n sao cho g" €U, . Chuy

< 2027316 va |

g = 10027").
p

q

rang M}],rs+r/

g (x)=0,j=1....n. T (3.13), (3.16) va (3.14) chiing ta nhan duoc

- —1/d~ . (1/p-1/q)
’qAQ(n N .

,(x),xgJ(s), cho bit ky, seZ(p va do d6, tr (3.15)

0,>|¢’

Chung ta chimg minh xong danh gia can dudi cua ¢, cho truomg hop p<gq.

Trudng hop p>¢.xétham sé g € X(7) x4c dinh boi

g =007 Y My,

seZ" ()

Tir (2.9) thdy réng: | g*||q =< AQ(27"), va | g*”p = 20027").

Do d6 tir Hé qua 1 ¢6 >0 déc 1p v&i 7 va n sao cho g" e U%,. Chu y ring
g (x)=0,j=1,....n. T (3.13), (3.14), (3.17) chling ta suy ra

0,> Hqu =Q(n"").

Danh gia can dudi cua o, cho truong hop p > ¢ dugc chimg minh.
4. KET LUAN

Trong bai bao nay, chung t6i nghién ctru van dé khoi phuc va xap xi ham sb bang
phuong phéap khong thich nghi cho 16p ham sé khong tudn hoan thudc khong gian
Besov ¢ do tron dang hudng. ching t6i dat dugc két qua méi d6 1a xay dung phuong
phap tuyén tinh va danh gia toc do hoi tu ciia phuong phép qua dai leong dic trung.
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RECOVERY OF FUNCTIONS IN BESOV-TYPE SPACES BY
LINEAR SAMPLING METHODS

Nguyen Manh Cuong, Bui Khac Thien

ABSTRACT

We study the recovery and approximation of the class of non-periodic
functions in Besov space with isotropic smoothness by non-adaptive linear method.
Constructing a linear method based on the sampling value, specifically in this

paper is the operator, evaluating the approximate error of the method by the
characteristic quantity

Keywords: Quasi-interpolation representation, Besov-type spaces, linear
sampling method.
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