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Abstract:

been widely used in image reconstruction,

The sparse solution to linear equations has
signal
processing, and machine learning. By introducing 1, norm
regularization, it can be transformed into solving a
constrained optimization problem. Based on a novel
probability criterion for selecting the working rows from
the coefficient matrix, a sparse greedy randomized
Kaczmarz method was proposed, and the convergence
analysis of the novel method with and without noise
interference were conducted, which showed that the
convergence factor of the novel method was smaller than
that of the randomized sparse Kaczmarz method. The
numerical experiments verified the effectiveness of the

proposed method.
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Fig. 1 Convergence curves of SGRK, RaSK and SRK methods for Example 1 at a matrix A of 1 000 x 150
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Fig. 2 Convergence curves of SGRK, RaSK and SRK methods for Example 1 at a matrix A of 4 000 x 300
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Fig. 3 Convergence curves of SGRK, RaSK and SRK methods convergence curve for Examples 2 at a sparsity

k=02n
0 _
-1y — SGRK N — SGRK
Sl —-RasK N ——RaSK
\\ '\. -—— N\,

N --- SRK

1gVrsE
1gVrse

iy
e

. . . . . 4 | . . e
0 2 000 4000 6 000 8 000 10 000 0 2 000 4000 6 000 8 000 10 000
IT

IT
b m=4 000, n=300
B4 SGRK.RaSK #l SRK E;XERELE k = 0.2 n FHRZE FEMELFRIRE L

a m=1 000, n=150

Fig. 4 Comparison of error threshold and actual error of SGRK, RaSK and SRK methods at a sparsity k=0.2 n
— SGRK — SGRK
3 ——RaSK ——RaSK
N\ --- SRK --- SRK
Y
N
< Y <
L0 N\ -
N
N
Y
\
S {\‘T Gl & ki 1 -10 1 h |\;'" 1 |
2 000 4000 6 000 8 000 10 000 0 2 000 4000 6 000 8000 10000
IT IT
a m=1 000, =150 b m=4 000, »=300
E5 SGRK.RaSK #1 SRK EAERBE k = 0.6 nFHRZEBEMLFRRE LR
Fig. 5

Comparison of error threshold and actual error of SGRK, RaSK and SRK methods at a sparsity k = 0.6 n



5114

T OB OREIE T R BUR ORR B ST AR R L Kaczmarz %

1513

SGRK PR F: A 19 B AT SRR A B
4 £

7E B ML B Kaczmarz 5. ¥5 F1 i B Bl HL
Kaczmarz B3k 0 5EA L, 32 DT8R AL 0 0 & 32 1
TS AR REL Kaczmarz 845, 2 1 9 Ak i e S
AT, ELAEAE W A JCME S A Ol F it
RIS UE B TR Sk 09 U 48 R /N T Bl AL B
Kaczmarz 532 (I R T B 5256 2 B 4 i 1
A AR A C A RO A ) P AR S BEL
ik Kaczmarz 3%

1EE Tk A :

T OFBRBOEE MEAPT R T A R i
5 2 RO EIE I € OB SS90 A 70 A 8 SRR 4
E/ﬂzo

ligt4= R EMIBL )P SN B R az a4 €/
B IS B

SE k-

[1]  TSAIG Y, DONOHO D L. Extensions of compressed sensing
[J]. Signal Processing, 2005, 86(3):549.

[2] CANDES E, ROMBERG J, TAO T. Stable signal recovery
from incomplete and inaccurate measurements [J].
Communications on Pure and Applied Mathematics, 2006, 59
(8):1207.

[3]  ELAD M. Sparse and redundant representations: From theory
to applications in signal and image processing [M]. Berlin:
Springer, 2010.

[4] BYRDRH, CHINGM, WU Y, e/ al. Sample size selection
in optimization models for machine learning [J]. Mathmatical
Programming, 2012, 134(1):127.

[5] CHEN S S, DONOHO D L, SAUNDERS M A. Atomic
decomposition by basis pursuit [J]. SIAM Review, 2001, 43
(1): 129.

[6] YIN W, OSHER S, GOLDFARB D, et al. Bregman iterative
algorithms for /;-minimization with applications to compressed
sensing [J]. SIAM Journal on Imaging Sciences, 2008, 1
(1): 143.

[7]  SCHOPFER F. Linear convergence of descent methods for the
unconstrained minimization of restricted strongly convex
functions [J]. SIAM Journal on Optimization, 2016, 26 (3) :
1883.

[8] STROHMER T, VERSHYNIN R. A randomized Kaczmarz
algorithm with exponential convergence [J]. Journal of Fourier
Analysis and Applications, 2009, 15(2): 262.

[9] NEEDELL D, TROPP J A. Paved with good intensions:

Analysis of a randomized block Kaczmarz method [J]. Linear

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Algebra and its Applications, 2014, 441(1): 199.

AGASKAR A, WANG C, LU Y M. Randomized Kaczmarz
algorithms: Exact MSE  analysis
probabilities [C]// 2014 TEEE Global Conference on Signal
IEEE,

and optimal sampling
and Information Processing (Global SIP). [s. 1.] :
2015: 389-393.

LIU J, WRIGHT S. An accelerated randomized Kaczmarz
algorithm [J]. Mathematics of Computation, 2016, 85
(297): 153.

LORENZ D A, SCHOPFER F, WENGER S. A sparse
Kaczmarz solver and a linearized Bregman method for online
compressed sensing [C]//2014 IEEE International Conference
on Image Processing (ICIP). [s.l.]:IEEE,2015:1347-1351.
LORENZ D A, SCHOPFER F, WENGER S. The linearized
Bregman method via split feasibility problems: Analysis and
generalizations [J]. SIAM Journal on Imaging Sciences, 2014,
7(2):1237.

ZOUZIAS A, FRERIS N M. Randomized extended Kaczmarz
for solving least squares[J]. SIAM Journal on Matrix Analysis
and Applications, 2013, 34(2): 773.

NEEDELL D. Randomized Kaczmarz solver for noisy linear
system [J]. BIT Numerical Mathematics, 2010, 50(2): 395.
SCHOPFER F, LORENZ D A. Linear convergence of the
randomized sparse Kaczmarz method [J]. Mathematical
Programming, 2019, 173(1/2): 509.

BAIZ 7, WU W T. On greedy randomized Kaczmarz method
for solving large sparse linear systems [J]. SIAM Journal on
Scientific Computing, 2018, 40: A592.

BAIZ 7, WU W T. On relaxed greedy randomized Kaczmarz
methods for solving large sparse linear systems [J]. Applied
Mathematics Letters, 2018, 83: 21.

FEARGE , BB, SKRL . SRAR R TIRR G L 77 TR 20 1 S AR IR 5
B Kaczmarz 3535 [T ]. AT # 4R (A ARFLAR) L 2020, 48
(8): 1224. DOI: 10.11908/j. issn. 0253-374x. 20041.

DU Yishu, YIN Junfeng, ZHANG Ke. Greedy randomized-
distance Kaczmarz method for solving large sparse linear
systems [J]. Journal of Tongji University (Natural Science) ,
2020,48(8) : 1224. DOI: 10.11908/j. issn. 0253-374x. 20041.
FIMETR, AR, D8 SRR 2 M R ST ST T
25 [l AL Kaczmarz 773 [J]. W5 R 240 (AR IR
2021, 49 (10) : 1473. DOIL: 10.11908/j. issn. 0253-374x.
21054.

JING Yanfei, LI Caixia, HU Shaoliang. A greedy two-
subspace randomized Kaczmarz method for solving large sparse
linear systems [J]. Journal of Tongji University (Natural
Science) , 2021, 49(10) : 1473. DOI: 10.11908/j. issn. 0253-
374x. 21054.

MANSOUR H, YILMAZ O. A fast randomized Kaczmarz
algorithm for sparse solutions of consistent linear system [J].
arXiv, 2013, 1305.3803v1.

ROCKAFELLAR R T, WETS R, et a/. Variational analysis
[M]. Berlin: Springer, 2009.



