Advances in Applied Mathematics M %223, 2023, 12(1), 203-212 Hans )0
Published Online January 2023 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.121023

LDPCHEIEIAE B (SR B LUHE L

IRk, HIELE
RJRER TR E 24P, v KJR

Wk H . 20224F12H28H; FHHEM: 20234F1H21H; KA HM: 20234F1H31H

G2

&% FE A7 B AR IS (Low Density Parity Check Codes, LDPC codes) BB E RS HERE, FIA T 5GNRER
#e, AELFFEEFHTZHEA. LDPCEHREMEMES Tanner B AR —— X MR R, ZHLDPCHEXTRIK
Tanner Bl @M, BEEHERRLEREN TERAMIRELLE R . (BELFIAHF, LDPCHE A Tanner
Ea&KEER, EHEGEBREENERNTFESREEEESHEERITHERZE, KPR KEMH
BAHE. A KREXEHAIRREEFLERNSGHSES:, & DT EEARM PSR RER
WS BAEEHIRE . N T RREH R, £ TREFRBIEFHNA, 23CEBGEBREZ LM T B0k,
BH T ESGEIN R BB, FEARRFEERNELMER, FRIEREA R Tanner B{E BAEH
BFERFERE, HEETEGSEFRFLEENTEIRE.

K §EiA

BEEREY, LDPCHY, Tannerl®, 4¥f

Belief Propagation Improvement
Algorithm for LDPC Codes with
Short Cycles

Xiaobing Wang, Weihua Yang"

College of Mathematics, Taiyuan University of Technology, Taiyuan Shanxi

Received: Dec. 28", 2022; accepted: Jan. 21%, 2023; published: Jan. 31%, 2023

Abstract
Low Density Parity Check Codes have high decoding performance and are included in the 5GNR
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standard, which is widely used in practical communication. The check matrix of LDPC codes has a
one-to-one correspondence with the Tanner graph, and when the Tanner graph of LDPC codes is a
tree, the decoding result of the belief propagation algorithm is equivalent to the maximum like-
lihood decoding result. However, in practice, the Tanner graph of LDPC codes contains a large
number of short cycles, and the existence of short cycles in the belief propagation algorithm will
lead to computational errors caused by double computation of information, among which the im-
pact of four-cycle is most obvious. For this reason, a large number of scholars have researched to
find improved algorithms to improve the decoding performance and reduce or solve the error of
information transmission in short cycles at the expense of computation. In order to solve the
short-cycle problem and get better application in engineering, this paper makes improvements on
the belief propagation algorithm and proposes an improved log-domain belief propagation algo-
rithm so that it does not lose the decoding performance of the original algorithm, ensures good
performance of the Tanner graph information transfer with four-cycle, and reduces the computa-
tional complexity of the belief propagation decoding algorithm.
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1. 51§

LDPC 3,20 F(F 1l gu i SIS M s i, B RTfER 285 . Jeerd@fE . TEBFEISR S5 %
MM VAR T2 IR . E 2016 4F 10 H, 3GPP i 5E K LDPC H9{E A 5G % S5 b o 55 117
W53 SRR (S B A A gt 5 Z (1]

LDPC %2 Hi Robert G. Gallager T 1962 4F4& H (1) — 28 B A i i B 00 50 PR 26 PE 70 A5, B AMNAE
KRG ] DUE I B AR AR, B R IR M Re, 1 EL RS A BER MG 4544 RIS [2]. (HEAIIE H Z bR,
H Tk = AT AT VRS S 30 AR TEAR, IS 11 35 4E[A] LDPC R34 FJE A )i, (Uh /b B2 nh
BEAT THFFE, o Tanner 7E 1981 445 H T LDPC MR R, RIS RFTFRIY Tanner ¥, K LDPC i
T THEI[3]. 1996 4F MacKay Fl Neal 25 A%} LDPC 5 # st 4T 7THFFC, #2017 ol TSR, i
0P 7 LDPC MR B A RAF R, Id 5 5 2 s i AIAR K OGTE [4]

XfF LDPC RS PEAG [Al#, Gallager 12 17 35 A J) o DL A BRI TRy P R PR RS 7 58, A ) R B
77 BN Gallager T H RN E VR, BUn bR #04% (Bit-Flipping, BF)IFS &L, MEANREL XA TG
WHERGER, JHREERIZHE, (43 LDPC M E RS LAE IR & AR FR[2]. AR SC LA T A P (1 BEAg Bk
—— B {F &k (Belief Propagation, BP) I HiE IR AT L. BASEFRFIEL I T Tanner B 1IELIE
W EE, kg, “IHE” @it Tanner B HHA8 & 47 SO IS 15 md 2 [ AT 208, TE2IR0E
FRGHEAT RS R e . (HLE(E ] BP VRS EVEMEFE R, Tanner FIASAT@E G2 HELEIR, fliyy S04
PR E RV, KK T BP RRASIITERE . K2 T o] i B sl 55 B 15 A% 1 S0 Hh 3 J )
SR R IT T W FL o KT & BRI 2%, BP 532 XA AR A G IR BLAS £ 4 5% (Loopy Belief Propagation, LBP),
N2 A A5 1) f5 KRR AN e /NI o Pearl (1988)45 HZEM B 4544 -, A ] BP S3%8E47 (5 B A% 38 7] LA
3 EVREFMR, JEIEBA 178 2 IR P i KRR SR (AN B a5 2 S B M R (1 A0 s KA, A R At i [ 5]
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Weiss (2000)#3 2% T 530, BP HiE 1T DUA RS2 H[6]. Weiss (2001)73 87 7% T EALEH
AL BRI, SRR EEEE T A S S A2 5 S0 ME R (AT I8 e KR, I BT AN Fr A
IR, foK)E 52 (Maximum a posteriori probability, MAP)IAE A2 58 5 ¥t (L IAE [ 7]. Kschischang
(2001 )45 BRI -1~ P& 1) 4 JR) R 90 il 9 = 3 ek B ) e AR, IR B S AR B 5 e ok, 49 B T D17 )
(1) BP 57%[8]. Heskes (2004)iEB] T LBP 1A 3) s 5 Bethe H B RERIARAE ——X FZ[9]. Mooij 1 Kappen
(2007)5: T IR AR WS, 2t 7 72 R R 2% )b ik T 1 R RT F AN AR SR S SR B e — AN Bl s 1 78 4 2% At
[10]. Tatikonda Al Jordan (2012)% LBP HUSM: 5 150 b 75 A5 3 51 1) 55 B R A7 7R R Rk (111,
B ZE4AH, HIFELEE BP 3G @ it — KMk s Rk, 76 LDPC #55H BP Bkl fE, fZER
I, el LDPC M) ER R EAZA VIt . Raveendran (2014)%& H 1A%
BT BP BUEX IS0 &, e TS A LDPC M RS IR 2 12] .

BP PEADSEAE H AR PRI BERSTERE, Y2 LDPC i) A SO BE A2 S 7E BP RS 51 (1 S il
b RTEERCOR, BRI F R OA LR B SIS BP RS EES, (EUCEEA FAS R T EORE
54L& 5% (Log Likelihood Radio Belief Propagation, LLR BP), LLR BP H3:/& 75X #isk b i+ 515 i %
G, K BP FET KRR RMIE RO INEE R, 5T LRESEBI[13].

— R L N AR AE B AT AR TP S A A B A I R A S Y, BB R BB S BB Rk
PE, SRR HEAGE FR M T B0, ARRR A I SRR AR, TPEILECA MR, IR T
T I A AE s B E R ALE, IR 76 BiRZE . AR T, AN TR
FASRRE, BT PR VU R ZE R (1B ARV T LLR BP 5k, fEXTEUh 3T i 5, 5 R
FHEG, SOk G B SR AE CRAIE RRRD M BB VA T R FI, /b T KER RS, AFE R, KA
A L S bR S HANME -

ARYHAR AR R 5 =455 T Tanner EXF LDPC RS S EAT 1 RSN, JEMR T3 TR
B BP SR EERARE, 88 =% LLRBP SykdiT oo, 4 75T X 808¥) LDPC fith &5 PR 1R A5 1) st
Yk IS RPST W
2. MR
2.1. LDPC %2#A Tanner &

LDPC it — R A0 B H 52 ULt diny, R —MD & 7E H RN m o, %FAE
BT e={c, ¢}, WL H" =0 KRR R . KR H 7 LA Tanner B3R, Tanner [&]
RS G T S AR SR AR R AR R SR T SRR G T, 43 B S LDPC RS 565 1)
Bl ——XFRL; BRI TT AR I SRR IS T R, 23 B S ARG B IAT —— X B, Tanner /& —¥BKE,
REE 1T s BT R s R TE I M, AR ST R A IR E, AR SR S R 1A
B, NRSIAEREROS RIS E DN 1, B0 0. BRI RE R A M, Ko aEzN 0, A HES I
N1, BFUEARCAM B IR . RIS — R AE T R AN E, TP ERCR
AN EPR AT . AZIRAE P (A 5 B AT 5 Tanner P A AR &35 s RVRS IO T R IR BE AR RE — B, B RSB0 J0 I
B H y , ITHEREE B, WFKLDPC #44 (y, B) -1EM LDPC i, 5 MIFRyARIEL LDPC 4.

Tanner &9 3R HIAZEE ST A1 5248 BT SO HEEEA RN A& B2, Ko XON'E ATt & IR i 4K
w, A d /ISR AR N K (girth). Tanner FI/E N 3, HoAr (3R AR & s 5 REI6 1 s s i 4
&, BTCAANAT R AR A UK R, (Rl Tanner B AR B EOR, HIAKKTZET 4.

Xt LDPC A5 (A5 6 6 B 5 A% 36 7 R85 0 F
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Figure 1. Tanner graph of the checkmatrix
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Figure 3. Processing flow of improved algorithm
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