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PHUONG PHAP LAP GIAI BAI TOAN TiM NGHIEM
CO CHUAN NHO NHAT CUA BAI TOAN CHAP NHAN TACH

Nguyén Tit Thing®", Vii Thi Thu Loan?
'Pai hoc Thai Nguyén, *Truong Dai hoc Néng Lam — PH Thai Nguyén

TOM TAT

Bai toan chap nhan tach 13 bai toan tim phan tir x * € C sao cho Ax * € Q, ¢ day C va
Q lan luot 1a cac tap con 16i dong khac rdng ciia cac khong gian Hilbert thye H1 va H2 va A 1a mot
toan tir tuyén tinh bi chin tir H1 vao H2. Trong bai bao nay, chung t6i nghién ctru mot phwong
phap lap giai bai toan tim nghiém c6 chuan nho nhét ctia bai toan chap nhén tach trong khéng gian
Hilbert thyc. Chung t6i d& xuat mot phuwong phap lap méi, dya trén phuong phap CQ, tim cyc tri
cua ham khoang cach trén tdp nghiém cua bai toan chép nhén tach; dua ra sy hoi tu cia phuong
phap va tinh toan vi du s6 minh hoa trong khong gian hitu han chiéu.

Tur khéa: Bai todn chdp nhdn tach; khéng gian Hilbert; nghiém c¢6 chudn nhé nhdt; phiong phdp ldp; todn
tir tuyén tinh
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ITERATIVE METHOD FOR SOLVING A MINIMUM NORM SOLUTION
OF SPLIT FEASIBILITY PROBLEM

Nguyen Tat Thang®", Vu Thi Thu Loan?
Thai Nguyen University, STNU - University of Agriculture and Foresty

ABSTRACT

The split feasibility problem is to find a point x * with the property that x * € C and
Ax * € Q, where C and Q are the nonempty closed convex subsets of the real Hilbert spaces H1
and H2, respectively, and A is a bounded linear operator from H1 to H2. In this paper, we propose
an iterative method to solve the problem of finding the minimum norm solution of the split
feasibility problem in real Hilbert space. We propose a new iterative method, based on the CQ
method, to find the extreme value of the distance function on the set of solutions of the split
feasibility problem; consider the convergence of the method and give examples of illustrative
numbers infinite-dimensional space.

Keywords: split feasibility problem; Hilbert space; minimum norm solution; iterative method; linear
operator.

Received: 21/02/2020; Revised: 26/5/2020; Published: 29/5/2020

* Corresponding author. Email: thangnt@tnu.edu.vn

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn 445


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Tét Thing va Prg Tap chi KHOA HOC & CONG NGHE PHTN 225(06): 445 - 450

1 Gidi thidu

Cho C va @ lan luot 13 hai tap con 16i déng khéac rong trong cac khong gian Hilbert
thue Hy, va Hy, A : Hy — H, 13 mot toan ti tuyén tinh bi chin. Bai toan chap nhan
tach (Split Feasibility Problem) la bai toan tim

relC: Az"eq@. (1)

Bai toan chap nhan tach dudge mo hinh hoéa tit 16p cac bai toan ngudce, trong dé cac
rang budc duge dit lén mién xac dinh ciia toan ti tuyén tinh va mién gia tri cla
n6 trong khong gian anh. Bai toan chap nhan tach trong khong gian hitu han chiéu
dugc gidi thieu lan dau tien bdi Censor va Elfving [1]. Vao ndm 2002, Byrne [2] da
dé xuat thuat toan CQ gidi bai toan chap nhan tach trong khong gian Hilbert hitu
han chiéu: véi 2° € C tuy ¥, day lap {z*} dugc xac dinh bdi

" = Po(af +yAT(Pp — 1)AZ%), k>0, (2)

trong d6 C' va @Q lan lugt 1a hai tap con 1di déng khac rong trong RY va RM A la
ma tran thuc ¢d M x N, AT la ma tran chuyen vi clia ma tran A, L la gia tri riéng
16n nhat clia ma tran ATA va v € (0, 2). Dén nam 2010, Xu [3] da phat trién thuat
toan CQ dé giai bai toan chap nhan tach trong khong gian Hilbert vo han chiéu véi
day lap {«*} x4c dinh bdi

%€ C, 2" = Po(a" + yA*(Po(Ax") — A2%)), k>0, (3)

trong d6 0 < v < ﬁ va A* 1a toan tit lien hop ctia A, Po va Py lan lugt 1a phép

chiéu métric len C va Q. Gia stt tap nghiem  ctia bai toan chap nhan tach (1) khac
rong, khi d6 day lap {#*} xac dinh béi (3) hoi tu yéu dén nghiem clia bai toan chap
nhan tach.

Bai toan chap nhan tach dugc ting dung rong rai trong cac linh vite nhu xtt ly
tin hiéu (signal processing), khoi phuc anh (image reconstuction) [4], y hoc bitc xa
tri lieu (intensity-modulated radiation therapy) [5,6] va trong nhiéu bai toan khac
[7]. Day ciing chinh 1a 1y do 1y giai viéc bai toan chap nhan tach duge quan tam va
nghién citu rong rai trong nhitng nam gan day.

Bai toan tim nghiém c6 chuan nhé nhat 14 bai toan tim phan tit 2* € C sao cho

o'l < el V€€ (@)

Trong bai bao nay, ching toi dé xuat mot phuong phap lap méi tim nghiém c6 chuan
nho nhat ciia bai toan chap nhan tach trong khong gian Hilbert thiyc, dong thoi dua
ra vi du s6 minh hoa cho sy hoi tu ctia phuong phap da dé xuat.

2 Két qua chinh

Muc nay dé xuat mot phuong phap lip tim cuyc tri ctia ham khodng cach trén tap
nghiém ctia bai todn chap nhan tach trong khong gian Hilbert thuec:

*

l2" = || = min ||z — u°] ()
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trong d6 u® € Hy va Q = {z* € C, Az* € Q}, véi C va Q 1a hai tap con 16i déng
trong cac khong gian Hilbert thuc H;, Hy, A : Hy — H, la toan ti tuyén tinh bi
chin.

Phuong phap 1 Cho C va @Q lan lugt 1a hai tap con 16i, déng, khac rong clia cic
khong gian Hilbert thuc H, va Hy, A : Hy — Hy 1a toan tit tuyén tinh bi chan véi
toan t1t lien hop A*. Véi 2° € C bat k¥, ta xét day lap {«*} dugce xac dinh béi

y* = Pola® + 6, A% (Po(Ax") — Az")), (6)
2" = apu® + (1 — ap)y®, k>0, (7)
trong d6 {dx}, {ax} 1a cac day tham s6 duong.

Phuong phap 1 duge xay dung dua trén co s6 phuong phap lap trong Dinh 1y 1
cia [8] khi cho F' = I, toan tit don vi trong H;.

Su hoi tu manh ctiia Phuong phép 1 duge dua ra trong dinh ly dudi day.

Dinh 1y 2 Cho C va @ lan lugt 1a hai tap con 16i, déng, khac rong ciia cac khong
gian Hilbert thuc Hy va Hy, A : Hy — Hy la toan t1t tuyén tinh bi chin véi toan ti
lien hgp A*. Gia st cac day tham s6 {0} va {ax} thda man cac diéu kién

(C1) {6} C [a,b] v6i a,b € (0, i),
(C2) {ar} C (0,1), limy_yoo ap = 0, 172, a = 00.

Khi d6 day {z*} xéc dinh bsi phuong phap 1ap (6)-(7) hoi tu manh dén nghiem duy
nhét clia bai toan

min{||x—u0|| rx e C, AmEQ}, u’ e C. (8)
Viéc ching minh dinh 1y nay dudc lam tuong tu nhu ching minh Dinh 1y 1
trong [8] khi cho F' = I, toan tit don vi trong khong gian Hilbert thuc H;.

Sau day ching t6i dua ra vi du s6 minh hoa cho sy hoi tu manh ctia phuong
phép lap (6)-(7). Chuong trinh thyc nghiem duge viét biang ngon ngit MATLAB 7.0
va da chay thit nghiém trén may tinh ASUZ 2.4 GHz, RAM 8 GB.

Cac ky hiéu trong bang két qua clia phan nay nhu sau:
err: Sai sO gitta nghiém ding va nghiém xap xi
k: S6 buée lap
Vidu 3 Cho H, = R*, H, = R?, toan ti tuyén tinh bi chin A : R* — R? cho béi
A(x) = (21 — 09 — 24, 20 + 25 — 24)", Vo = (11,19, 73,74)" € R
Chudn ciia toan tit A 1 v/3. Toan t lien hop A* : R?> — R* ctia A dugce cho béi

A*(y) = (3/17 —Y1 + Y2, Y2, —Y1 — yz)T, Y= (yl,yg)T e R%
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Cho hai tap
C = {(21, 79, 73, 74)" € RY: z1—19+223 = 1IvaQ = {(u,u0)” € R*: uy—uy = 3}.
Khi d6, tap nghiem € ctia bai todn chap nhan tach (1) 1a

Q={x=(r1,29,23,24)] €ER*: 2€C: Az) € Q}

= {1 = (21,19, 73,04)" €R*: 21 — 29+ 225 = 1,21 — 229 — 23 = 3}

={(-5a—1,-3a—2,0,8)" : &, €R}.

1. Trudng hgp u° = (0,0,0,0) € R*. Liy = = (=5a — 1, —3a — 2,a, ) € Q bat

ky, ta ¢
”l’” = \/<—50é — 1)2 —+ (—3@ _ 2)2 a2+ 62
1152 54 54
=14/35 — 2 > 22
\/ (ar35) +FP+5 245
Dau béng trong bat dang thic tren dat duge khi o = —4 va g = 0. Do d6

nghiém c6 chuan nhé nhat la

.fl?lf .17]5 l”g ZBZ err

5.0000 | 3.0000 | 6.0000 | -4.0000 9.5887
3.3333 | 3.0303 | 0.3030 | -3.6364 6.1595
3.5301 | 1.7505 | -0.4315 | -3.3333 5.2689
3.4667 | 1.1733 | -0.6852 | -3.0769 4.7661
3.3234 | 0.8742 | -0.7603 | -2.8571 4.4346

Wi o

8796 | 0.5759 | -1.0542 | -0.3151 | -0.0045 | 7.04 x1073
8797 | 0.5759 | -1.0542 | -0.3151 | -0.0045 | 7.04 x10~3

78796 | 0.5719 | -1.0568 | -0.3144 | -0.0005 | 7.76 x10~4
78797 | 0.5719 | -1.0568 | -0.3144 | -0.0005 | 7.76 x10~4

Bang 1: Két qua tinh toan véi oy = ﬁ, o = 0.2

Bang 1 duge tinh toan cho day lap (6)-(7) véi diém xuat phat ban dau
2% = (5,3,6,—4)7. Ta thay sau 78797 budc lap, nghiém xap xi

2™ = (0.5719, —1.0568, —0.3144, —0.0005)"

13 mot xap xi tot cho nghiém c6 chuan nhé nhat

.4 —37 11 .7
v = (735550
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2. Trudng hop v° = (1,1,1,1) € R Liy 2 = (—5a — 1, —3a — 2,a, B) € Q bat
ky, ta co

o =’ = /(=5 —2)2 + (=30 = 32 + (@ — 12 4 ( — 1)?

1812 166 166
= = S22 s 22
\/35(a+35) +(B-1)2+ = 2\ 3

_18

Dau bang xdy ra khi a = —32

va 8 = 1. Do d6 nghiém c6 u’-chuan nhd nhét la
= (E —16 —18 )T

N7 357 35
Chon diém xuat phét ban dau 2° = (5,3,6, —4)T € C, ta c6 bang tinh toan cho
day lap (6)-(7) nhu sau:

K k K k
xy x5 T Ty err

3.0000 | 5.0000 | 2.0000 | -4.0000 7.9462
3.5758 | 2.7879 | 0.1515 | -3.5455 5.9709
3.7407 | 1.7870 | -0.4352 | -3.1667 5.2067
3.7016 | 1.3335 | -0.6456 | -2.8462 4.7492
3.5988 | 1.0969 | -0.7153 | -2.5714 4.3955

el o

6786 | 1.5757 | -0.4541 | -0.5148 | 0.9926 | 9.08x 1073
6787 | 1.5757 | -0.4541 | -0.5148 | 0.9926 | 9.08x1073

76786 | 1.5718 | -0.4569 | -0.5143 | 0.9993 | 8.29x10~*
76787 | 1.5718 | -0.4569 | -0.5143 | 0.9993 | 8.29x10~*

Bang 2: Két qua tinh toan véi oy = 0, = 0.2

_1
k+10°
Ta thay xap xi nghiém sau sau 76787 buéc lap

27787 = (1.5718, —0.4569, —0.5143, —0.9993)"

13 mot xap xi tot cho nghiem c6 u-chuan nhé nhét
. (11 —16 —18 )T

==, =, =

77357 35
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