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Design of a Polar Code Decoder Based on
Sparse Graphs and Dynamic Scheduling
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Algorithm 1: Prune H-matrix

Input:
Hyrig- = original H-matrix
Output:
Hprunea = pruned H-matrix
1. Hpruned < Horig
2. Remove Frozen VN from Hy,ypneq
3. Apply all pruning operations on Hyyneq-
4. if size(Hpyyneq) not change then
5. return Hyyyneq
6. else then
7. go to 3.
8. endif
33RBP £ 2
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JeaciE B XN FTER o 2k s 2 }gL [4)#% 2178 £ % 5 B @ 3% (Residual Belief
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Algorithm 2: RBP decoding for LDPC code

Input:
L(»y;) = LLR ofreceived message Y
Output:
Qjoi = LLR of decoded message U
1. Initialize all r;,; =0
2. Initialize all q;; = L(¥;)
3. Compute all Ry (r;-;) and generate queue Q
4. while Stopping criteria is not satisfied then
5. Find the first message 7;,; in Q
6. Generate and propagate 7;_, j
7. Set Rk(ri_)j) = 0 and re-order Q
8. for every ¢, € V' (v))\¢;
9. Generate and propagate q ji—a

10. for every v, € N (cq)\vj

11. Compute Ry (r,-p) and re-order Q
12. end for

13. end for

14. end while
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Algorithm 2-a: Batch-RBP decoding for LDPC code

Input:
L(y;) = LLR of received message Y
Output:
Qjoi = LLR of decoded message U
1. Initialize all 7;,; =0
2. Initialize all q;; = L(¥;)
3. Compute all Ry (r;-;) and generate queue Q
4. while Stopping criteria is not satisfied then
5. Find the first message 7;,; in Q
6. Generate and propagate 7;_,;
7. Set Rk(ri_)j) = 0 and re-order Q
8. for every ¢, € V' (v))\¢;
9. Generate and propagate q;_q
10. for every v, € N (cq)\vj
11. Compute Ry (74-p) and re-order Q
12. if Ry(r4-p) > Ri(ri-;) then
13. propagate 1,_,, directly
14. end if
15. end for
16. end for
17. end while
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Algorithm 2-b: Batch-RBP with Top-K strategy

Input:
L(»y;) = LLR of received message Y
K = # of edge picked per loop
Output:
Qjoi = LLR of decoded message U

Initialize all 7;_, i=0
Initialize all q;; = L(y;)
Compute all Ry (7;-;) and generate queue Q
while Stopping criteria is not satisfied then
Find the first K messages {ril_,jl, riK_,jK} in Q
Generate and propagate {7; T;

12J17 lK—’jK}

Set all R, (ri_, j) = 0 and re-order Q
**say N (v) = N (v,) NNV ()

A o R

8. for every ¢4 € NV (vj)\{c;,, ... Ciy,
9. Generate and propagate g,
10. for every v, € N (c )\{v),, .- Vj, }
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11. Compute Ry (r,-p) and re-order Q

12. if Ry(r4-p) > Ri(ris;) then
13. propagate 71,_,, directly
14. end if

15. end for

16. end for

17.  end while ‘
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104 E —>— B-RBP, K=3, iter=15
—&— B-RBP, K=5, iter=15
—+— B-RBP, K=20, iter=15
—+— NW-RBP[5], iter=15
10»5 1 L 1 L | L L L | |
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1. &% % = ¥ (iterative over-pruning) : T @ B & | HEEA K FF T T
FRESATHRUETAEABRFL L > FAFAINBFRS P O o Bi2doT

Algorithm 1-a: Prune H-matrix by iterative over-pruning

Input:

Horig = original H-matrix

S = max # of successive pruning
Output:

Hprunea = pruned H-matrix

Hpruned < Horig

Remove Frozen VN from Hpruned

Apply all pruning operations on Hy,,yn.q

if size(Hp;yneq) not change in S row then
return Hypyneq

else go to 3.

end if

AR o

2. AT ¥ 4 (Greedy Priority-Queue pruning) : #9773 3§ i¥(action)*z » B4 i
FIY o g A IR B GRARR LATE L BAE PR 2T R T F T

14
FEEF EE B PR T e B doT

Algorithm 1-b: Prune H-matrix by priority queue

Input:
Horig- = original H-matrix
Output:
Hpruned = pruned H-matrix
L. Hpruned < Horig
2. Remove Frozen VN from Hy,yneq
3. Initialize priority queue Q of actions
4. Pick an action A; with highest score (highest ranking)
5. Hpruned < Ai(Hpruned)
6. if size(Hp;,yneq) does not change then
7. A; suffers penalty, and its ranking drops.
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8. end if

9. if all actions does not change size(Hp,yneq) then
10. return Hy, 00
11. else go to 4.
12. end if

[Frl]: b0 B2 %?%[7] ﬂfﬂfﬁ e MATLAB code # £ 5 C++IR%E » ¥ 7 K24 h2 B

ST IR BP 2 i 2 B 0 A7 % systematic Polar code (2048, 1024)
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iE @‘zf; T A EFH/ D BER (it o
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BER Performance under Polar(2048,1024)

107"

1072

10-3 L

BER

—+—— FBP, original
1074 | |—+— B-RBP, K=1, original
B-RBP, K=5, original
—*%— FBP, iterative-over
—*— B-RBP, K=1, iterative-over
105 & B-RBP, K=5, iterative-over
—— FBP, greedy-PQ
—*— B-RBP, K=1, greedy-PQ
B-RBP, K=5, greedy-PQ

10»6 I L I L I L I 1
1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
Eb/No [dB]

Bl 42 7 TPz it i)
43 FEVR
525 RR A RBP 2 ¥ 47 32 2 MRS o 4§ MRS % 2 2 J1[2]¢ 2 Flooding
BP(FBP) - Arikan's BP % Successive Cancellation List(SCL) % #§ B i& {7 v* fi » & ¥

systematic Polar code (2048, 1024) » 11 iz < 45 25 (BER) W 4 1T 5 3‘;1 T TR ER Y & IE
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20 BER &30 g b fp 200k 2. FBP v & it > HE M L L A7E FlEB iR
¥ LDPC-like & 1 7§ f2 78 & 2_ = 3% o
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—+—FBP, iter=20

—+—B-RBP, K=1, iter=20

104 F B-RBP, K=5, iter=20

——+—B-RBP, K=5, iter=50

——+— Arikans BP[3], iter=200 \
FBP[2], iter=200

—+— SCL[6], L=32 S
10-5 1 |
1 15 2 25
Eb/No [dB]
g] 4 3 ﬂ‘ \-" » FE- El 2‘ P Iv} “b L ﬁi
I~ 8%
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B E B S ALE AR BHRBP)EL > 1A F73% N2 4+ 1 RBP(Batch-RBP, B-
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