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Abstract In the linear programming decoding based on ADMM, the Euclidean projection calculation of the projection
vector to the check multi-cellular body is the most complex and time-consuming part. The ADMM-LDPC decoding algo-
rithm based on look-up tables replace the time complexity of algorithm with simple table look-up operations to simplify
the projection process and improve the efficiency of the algorithm,however it expends much memory consumption. La-
ter, the researchers proposed the nonuniform quantization method, which can decrease the memory consumption effec-
tively, but the computation complexity of the quantitative method is too high,so that the way is difficult to achieve when
the number of segments is too much. For this problem, this paper proposed a new nonuniform quantization method.
Firstly.for different code-words, the distribution characteristics of elements in the vector are calculated to be projected
under different SNRs conditions by experiment,its distribution rules are explored and the corresponding function is de-
signed as the quantitative mapping relation. Then, differential evolution algorithm is used to optimize the parameters of
the function, the optimal quantization schema under the function is obtained,and the quantization function is finally de-
termined. The simulation results show that,compared with the existing quantitative methods, the nonuniform method
proposed in this paper has the advantage of not being affected by the number of quantization segment, precision and other
factors. What’s more,it achieves about 0. 05dB performance improvement for different code words in high SNRs.
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8 4.800 3.700 0.589  0.211
0.898 1.109 1.370 1.692 2.089 2.580}
9 4.500  3.300 — — {—2.200:0.200:3.200} 28

& 3 FoR Cy FEA R 43 BOG 00 T A4 8 By iR i Rtk fg . a0
B 3 Irm , X T Cr s 5 3CHRC14 1 9 5 W6 A L AR SO il
77 VR ZEARAE 8 LT A PRI M B S A A TR] (R 7 i 5 e 1L R
MM & — & I TH, i Case3 Fl Cased F 7~ , Cased
15 3. 4dB BT RBIRATIXF] 6XX10°°, Case3 N BAE
3.45dBA A A RN B W FE AR BE W3 (b R R & i,
AT EMZMEE, T TEREEZME A, o
Case6 Fl Case8 i/~ ,

10!
—— Casel{14}Nnumiform-8|
—e— CaseZopt-Nnumiform-§]
102 —+— Case3{14}Nnumiform-9|
—e— Casedopt-Nnumiform-9|
=
oY
)
#
= 104
ES
10°
108
20 22 24 26 28 30 32 34 36 38
SNR/dB
(a)

Case5{14}-uniform-11

CaseBopt-nonuniform-11
—+— Case7{14}uniform-15
—©— Case8opt-nonuniform-15
—+— Case9{15}-uniform-28

R Wi %/FER

10

20 22 24 26 28 30 32 34 36 38
SNR/dB
(b)

P 3 B Cr i iREe

Fig.3 Frame error rate of C;

4 KR T Co TEA A 0 BEAT 00T B0 iR WURPERE . 72
AR MR L 2 R T AN S5 1 5 SCHR L5 T Y Oy vk B0 1 T 4 fE 5
AHA ] TR S E R LR A SO T G AH%3E 0. 05dB #Y
PERESRTE.

10!
—— Casel{4}uniform 8
—e&— CaseZopt-nonuniform-8

102 —+— Case3{15Jopt-nonuniform-9|
» —e— Casedopt-nonuniform-9
=
ol (U
N
¥
= 107
£

10°

106

20 22 24 26 28 30 32 34 36 38
SNR/dB
(a)
10!
Case5{15Funiform-11
) Caseboptuniform-11
102 —+— Case7{15}uniform-15

—e— Case8opt-nonuniform-15
—— Case{I5}uniform-28

EWiR/FER
g

10°

10

107

20 22 24 26 28 30 32 34 36 38
SNR/dB
(b

B4 35 Co RiRIiR
Fig.4 Frame error rate of Cy
545t TR C R Co TEARNIR 43 B L T 15 B T
HERWE., TLEDL N TS C MG R A S 25 %
B S 27 325 A0 YR B v T SC R 15 1R BT 6 B 5 k. &l 5 R
Case3 Fll Cased iz, fEfG ME L R 3. 0dB A9 55 1 T . Case3 1)



%5114 XIAEZE A LT A R A9 ADMM 365 8 vk i A Bk L 0P 5T 333

SR IEAR N 14. 5 ZE47 - Cased B335 R B Ky 15, 1
ik,

Casel{I5Fnonuniform-8
CaseZopt-nonuniform-8
Case3{15}nonuniform-9
Case4:opt-nonuniform-9
Case5{14}uniform-11
® CaseBopt-nonuniform-11
S Case7{14}-uniform-15
§ Case8opt-nonuniform-8
Case9{14}uniform-28
&
¥
by
B
6
26 28 30 32 34 36
SNR/dB
(a)
26 —— Casel{l5lnonuniform8
o —&— Case2opt-nonuniform-8
—— Case3{I5}nonuniform-9
22 —&— Casedopt-nonuniform-9
Case5{14}uniform-11
K 2 Casefopt-nonuniform-11
< —+— Case7{l4}uniform-15
® 18 —&— Case8opt-nonuniform-8
X ek —+— Case9{14}uniform-28
¥ 1
x
12
B
10
8
6
26 28 30 32 34 36
SNR/dB
(b)

B 5 5 C Al Co R s
Fig.5 Average number of iterations of Cy and C;

HRIE ACELWAGFEE B P ITRNSGEL,
FEALHT R BOP 2k R o5 TO R 1940 i LA, Bt th —Fh A8 5y
ALk, HICERLIS I A 7 AR L AR SO IR 7 iR AR 2 1
A BB RS FESE R RS IR . bl SEER 5 S W] A AR T Sk 14
B 5 ¥ AR ST 4 J7 125 6 AS ) B4 0% 7 7 R A TR LT 2 RE S R
0.05dB ZE A7 My MERE G 25 . (R 5 LRI I, A SCRT 42 it b 07 Tk
PiE IS E 4 i ) S POR A I PN e AR A N E s e
LA EATT

£ % X M

[1] FELDMAN J. Decoding error-correcting codes via linear pro-
gramming[ D]. Cambridge ; Massachusetts Institute of Technology ,
2003.

[2] FELDMAN J,WAINWRIGHT M J,KARGER D R. Using linear
programming to decode binary linear codes[J]. IEEE Transa-
ctions on Information Theory,2005,51(3):954-972.

[3] BURSHTEIN D,GOLDENBERG I. Improved linear program-
ming decoding of LDPC codes and bounds on the minimum and
fractional distance[ J]. IEEE Transactions on Information Theo-
ry,2011,57(11) :7386-7402.

[4] FELDMAN J,MALKIN T,SERVEDIO R A,et al. LP decoding

corrects a constant fraction of errors[ J]. IEEE Transactions on

[5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Information Theory,2007,53(1) :82-89.

BARMAN S,LIU X S,DRAPER S C.,et al. Decomposition
methods for large scale LP decoding[J]. IEEE Transactions on
Information Theory,2013,59(12):7870-7886.

JIAO X P, WEI H Y, MU ] J. Improved ADMM penalized de-
coder for irregular low-density parity-check codes[]]. IEEE
Communication Letters,2015,19(6):913-916.

LIU X S,DRAPER S C. The ADMM Penalized Decoder for LD-
PC Codes[J]. IEEE Transactions on Information Theory,2016,
62(6):2966-2984.

WANG B,MU ] J,JIAO X P,et al. Improved Penalty Functions
of ADMM Decoder for LDPC Codes[ ]J]. IEEE Communication
Letters,2016,21(99):234-237.

ZHANG X,SIEGEL P H. Efficient iterative LP decoding of LD-
PC codes with alternating direction method of multipliers[ C]//
IEEE International Symposium on Information Theory. IEEE,
2013:1501-1505.

WEI H.BANIHASHEMI A H. An Iterative Check Polytope
Projection Algorithm for ADMM-Based LP Decoding of LDPC
Codes[ J]. IEEE Communications Letters,2017,PP(99) :1-1.
ZHANG G, HEUSDENS R, KLEIJN W. Large scale LP deco-
ding with low complexity[]]. IEEE Communications Letters,
2013,17(11):2152-2155.

WASSON M,DRAPER S C. Hardware based projection onto
the parity polytope and probability simplex[ C]// Asilomar Con-
ference on Signals, Systems and Computers. IEEE, 2015: 1015-
1020.

WEI H Y,JIAO X P,MU ] J. Reduced-complexity linear pro-
gramming decoding based on ADMM for LDPC codes[ ] ]. IEEE
Communication Letters,2015,19(6):909-912.

JIAO X P,MU J J,HE Y C,et al. Efficient ADMM Decoding of
LDPC Codes Using Look-Up Tables[J]. IEEE Transactions on
Communications,2017,19(4) :271-285.

JIAO X,HE Y C,MU J,et al. Memory-Reduced Lookup Tables
for Efficient ADMM Decoding of LDPC Codes[ J]. IEEE Signal
Processing Letters,2018,25(99) :1-1.

DEBBABI I,GAL B L.KHOUJA N,et al. Fast Converging
ADMM Penalized Algorithm for LDPC Decoding [ ] ]. IEEE
Communication Letters,2016,20(4) :648-651.

DEBBABI I,GAL B L,KHOUJA N,et al. Comparison of diffe-
rent schedulings for the ADMM based LDPC decoding[C]// In-
ternational Symposium on Turbo Codes &- Iterative Information
Processing. IEEE, 2016:51-55.

STORN R,PRICE K. Differential Evolution-A Simple and Effi-
cient Heuristic for global Optimization over Continuous Spaces

[J]. Journal of Global Optimization,1997,11(4) :341-359.





