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ABSTRACT
A vectorized belief propagation polar code decoder is desirable

because of the potentially high throughput and the ability of in-

tegration in processors that perform vectorized processing and

access wide memory words. However, current state-of-the-art be-

lief propagation polar code decoder algorithms do not perform

vector processing and store intermediate results in non consecutive

memory locations. Also the current state-of-the-art belief propa-

gation polar code decoders require separate memories to store left

and right bound intermediate results.

In this paper we propose a vectorized in-order in-place belief propa-

gation polar code decoder algorithm where all stages access vector-

ized data from memory. This results in a high throughput because

vectors of elements can be fetched from and stored in memory in

each clock cycle. Our algorithm also accommodates for per stage

in-place computations which halves the required internal memory.

Furthermore, the algorithm has a regular memory addresses access

pattern. Conflict free vectorized memory access is achieved by mak-

ing use of transpose operations on small groups of intermediate

results. The use of the transpose operations also results in that

both input and output results are placed on subsequent locations

in memory.

CCS Concepts
• Theory of computation→ Vector / streaming algorithms;
Shared memory algorithms.
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1 INTRODUCTION
Since the introduction, polar codes [3] have attracted much atten-

tion for their provable capacity-achieving error correction capa-

bility for discrete memoryless channels with low decoding com-

plexity as the block length reaches infinity. Originally, successive

cancellation (SC) was proposed for decoding polar codes with a

computational complexity 𝑂 (𝑁 log𝑁 ), with 𝑁 being the length

of the code. As computational complexity and decoding latency

becomes a bottleneck when the block length increases, the use of

shorter block length is desired, especially for resource constrained

applications such as Internet of things (IoT) devices, or latency

critical applications, e.g. vehicle-to-X communication (V2X).

In most of these applications short messages are used, hence short

block lengths. However, the decoding performance of SC degrades

with decreasing block lengths since the polarization effect cannot be

fully utilized. To improve the decreasing performance, several other

decoding algorithms were proposed at the expense of an increase

in computational complexity and decoding latency. As proposed

in [19] successive cancellation list (SCL) decoding improves the

performance of the SC decoder at the cost of a higher computational

complexity. However, the performance offset is still worse compared

to the state-of-the-art low-density parity check (LDPC) and Turbo

codes. Instead of selecting the most probable codeword from the

list, the performance of the SCL decoder can outperform LDPC and

Turbo code decoders by using systematic encoding [4] and a cyclic

redundancy check (CRC) checksum [11] for selecting the correct

codeword from the list [19]. Despite that an enhanced SCL decoder

can outperform LDPC and Turbo decoders, a bottleneck arises for

high-speed real-time applications due to the serial nature of the

SCL algorithm.

The belief propagation (BP) decoding algorithm[5] can potentially

address the high decoding latency of the SCL algorithm. Since the

BP decoding algorithm is an iterative message passing algorithm, it

introduces scattering of the messages (log likelihood ratios (LLRs))

between stages in memory as shown in Fig. 1.

In this paper we overcome the data scattering in memory of the

scaled min-sum (SMS) BP decoder by introducing a generalized

conflict-free vectorized in-order in-place algorithm for a radix-𝑟

BP decoder. Compared to the state-of-the-art SC and BP decoders,

the proposed BP decoder algorithm accesses vectorized data from

memory. Our algorithm also accommodates for per stage in-place

computations which halves the internal memory required for the

intermediate results per stage. The algorithm achieves conflict free
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Figure 1: Example of scattered data in memory. In Stage 1
all vector elements are stored in the position they are read
from. In Stage 2 the data is then scattered across vectors in
a undesirable manner.
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Figure 2:𝑁 = 16memory locations of LLRmessages between
stages

vectorized memory access by making use of the transpose operation

on small groups of vectors of intermediate results. The use of the

transpose operations also results in that both input and output

results are placed on subsequent locations in memory.

As state-of-the-art polar decoders always have in-order inputs and

bit-reversed outputs (or vice versa), the proposed algorithm keeps

the data at both the input and the output of the decoder in-order

on subsequent locations in memory as shown in Fig. 2.

Compared to state-of-the-art SC and BP decoders, the proposed

vectorized in-place algorithm reduces the amount memory accesses

required for the decoding, hence the decoder can achieve a higher

throughput when implemented on a DSP with SIMD instruction

support.

The remainder of this paper is organized as follows. Section 2 gives

an overview of related work. Section 3 describes the preliminaries of

polar codes and gives a description of belief propagation decoding.

The proposed radix-𝑟 conflict-free vectorized memory algorithm is

addressed in Section 5. Section 6 provides the simulation results.

Finally, section 7 concludes this paper.

2 RELATEDWORK
Polar codes are introduced in [3]. In this paper it is proven that

polar codes achieve the capacity of any binary-input discrete mem-

oryless channel (B-DMC). Due to this and other properties, a lot of

research has been done in the last decade, for example in [4, 11, 19].

Although capacity-achieving was proved for infinite block length

SC decoding, the error performance for finite block length is not

guaranteed.

A inherently parallelizable algorithm for polar codes is the BP de-

coding algorithm first described in [2]. Recent work [20] proposed

an efficient BP decoder by reducing the critical path delay. The

authors in [8] proposed an improvement in performance by intro-

ducing a BP list decoder. In [1, 13, 16] the authors proposed different

early stopping criteria to reduce the number of iterations needed in

the BP decoding algorithm, therefore reducing the decoding latency.

In [18] the authors proposed architectural optimizations to increase

the throughput of the BP decoder. A hardware BP polar code de-

coder is introduced in [12] which reduces the required memory to

store the intermediate LLRs. In [15] the number of read and write

operations are reduced by proposing to combine stages of the BP

decoder. Our work differs from the aforementioned studies because

it addresses the memory bottleneck of the belief propagation algo-

rithm by allowing intermediate results to be read and written as

vectors in wide memory words.

As for implementing Fast Fourier Transforms (FFTs) on Single

Instrustion Multiple Data (SIMD) instruction digital signal process-

ing (DSP) processors [6, 14, 17, 21], to the best of our knowledge,

no such work is performed on BP polar code decoders. Therefore,

our work provides not only a novel hardware solution, but also a

novel approach for the implementation of BP polar code decoders

on DSPs, which allow the definition of application specific SIMD

instructions for Polar code decoding, like in the Cadence Tenscilica

ConnX family DSPs.

3 PRELIMINARY
3.1 BP Polar Decoding
Polar code is a method for constructing a capacity achieving linear

block code on a symmetric binary-input discrete memoryless chan-

nel such as the binary symmetric channel (BSC). Like the definition

in [3] we assume a polar code identified by a parameter vector

(𝑁,𝐾,A, 𝑢A𝑐 ), where 𝑁 = 2
𝑛
is the length of the codeword, 𝐾 the

number of information bits,A the set of information bits, and 𝑢A𝑐

represent the frozen bits. The polar encoding and decoding process

consists of the following three steps.

(1) The source vector 𝑢𝑁
1

= (𝑢1, 𝑢2, · · · , 𝑢𝑁 ) is encoded as fol-

lows:

𝑥𝑁
1

= 𝑢𝑁
1
𝐺𝑁 = 𝑢𝑁

1
𝐵𝑁 𝐹

⊗𝑛
(1)

where 𝐺𝑁 is the generator matrix, 𝐵𝑁 is a permutation ma-

trix known as a bit-reversal matrix, and 𝐹 ⊗𝑛 is the Kronecker
power of 𝐹 defined as follows:

𝐹 ⊗𝑛 = 𝐹 ⊗ 𝐹 ⊗(𝑛−1) (2)

where 𝑛 = log
2
𝑁 , and 𝐹 =

[
1 0

1 1

]
(2) 𝑥𝑁

1
is sent over the channels𝑊 𝑁

, where the channel output

𝑦𝑁
1

= (𝑦1, 𝑦2, · · · , 𝑦𝑁 ) is presented to the decoder.

(3) Using the knowledge of the polar code A and 𝑢A𝑐 and the

given channel output 𝑦𝑁
1

the decoder estimates 𝑢𝑁
1

of 𝑢𝑁
1
.

Based on the factor graph representation, a BP decoder for polar

codes [10] is constructed. Fig. 3 shows an example of the factor

graph for the case of an 𝑁 = 8 BP polar decoder. Each stage consists

of 𝑁 /2 computational units (CUs). The CU has four terminals as

shown in Fig. 4. The terminals maps to:

𝐿
(𝑚+1)
𝑖, 𝑗

= 𝑓 (𝐿 (𝑚)
𝑖+1,2𝑗−1, 𝐿

(𝑚)
𝑖+1,2𝑗 + 𝑅

(𝑚)
𝑖, 𝑗+𝑁 /2)

𝐿
(𝑚+1)
𝑖, 𝑗+𝑁 /2 = 𝑓 (𝑅 (𝑚)

𝑖, 𝑗
, 𝐿
(𝑚)
𝑖+1,2𝑗−1) + 𝐿

(𝑚)
𝑖+1,2𝑗

𝑅
(𝑚+1)
𝑖+1,2𝑗−1 = 𝑓 (𝑅 (𝑚)

𝑖, 𝑗
, 𝐿
(𝑚)
𝑖+1,2𝑗 + 𝑅

(𝑚)
𝑖, 𝑗+𝑁 /2)

𝑅
(𝑚+1)
𝑖+1,2𝑗 = 𝑓 (𝑅 (𝑚)

𝑖, 𝑗
, 𝐿
(𝑚)
𝑖+1,2𝑗−1) + 𝑅

(𝑚)
𝑖, 𝑗+𝑁 /2 (3)
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Figure 3: Polar code factor graph with 𝑁 = 8.

=

Figure 4: BP computational unit (CU) factor graph.

where𝑚 is the iteration and the 𝑓 function is calculated according

to:

𝑓 (𝑎, 𝑏) = 2 tanh
−1 (tanh(𝑎/2) tanh(𝑏/2))

≈ 0.9 · sign(𝑎) · sign(𝑏) ·min( |𝑎 |, |𝑏 |) (4)

where the approximation is the min-sum approximation similar

to [9]. The four terminals are labeled with integers (𝑖, 𝑗), 1 ≤ 𝑖 ≤
𝑛 − 1, 1 ≤ 𝑗 ≤ 𝑁 /2, where 𝑖 and 𝑗 indicates the stage number

and node number respectively. The BP decoding is an iterative,

message passing process through the factor graph. There are two

types of messages involved: left bound messages 𝐿 and right bound

messages 𝑅. Each message of which the data, represented by LLRs,

is initially assigned an LLR depending on the side at which the node

is located. The left most 𝑅 messages are assigned a value using (5)

and the right most 𝐿messages are assigned a value with the channel

LLR using (6). All other nodes are initially set to zero.

𝑅1, 𝑗 =

{
0 if 𝑗 ∈ A
∞ if 𝑗 ∈ A𝑐

(5)

𝐿𝑛+1, 𝑗 = ln

Pr(𝑦 𝑗 | 𝑥 𝑗 = 0)
Pr(𝑦 𝑗 | 𝑥 𝑗 = 1) (6)

After 𝑚 iterations, 𝑢𝑁
1

can be decided at the left most terminals

using (7).

𝑢 𝑗 =

{
0 if 𝐿1, 𝑗 + 𝑅1, 𝑗 ≥ 0

1 otherwise

(7)

4 BASIC IDEA
To reduce the number of memory accesses, instead of reading or

writing every single data element from or to memory, all the re-

quired data elements could be vectorized.

Lets assume a part of the factor graph of an 𝑁 = 8 BP polar de-

coder (Fig. 3 (blue box)) using a radix-2 BP CUs, as shown in Fig. 1.

For the sake of clarity, we only show the right bound messages

computations. After vectorizing the initial message 𝑅1 to 𝑅4 into 2
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Figure 5: Example of non-scattered data in memory

vectors 𝑟1 = [𝑅1, 𝑅2] and 𝑟2 = [𝑅3, 𝑅4], the upper CU, in the first

stage, reads and processes vector 𝑟1 . The computed results can

then be vectorized and stored in memory. The lower CU reads and

processes vector 𝑟2 and stores the vectorized results in memory.

After all vectors in stage 1 are processed, the next stage is activated.

In stage 2 the upper CU has to process the message 𝑅1 and 𝑅3, but

these massages are positioned in two different vectors, therefore

this CU needs to read 2 vectors (4 elements) and will discard half

of the read elements, because 𝑅2 and 𝑅4 are not required for the

computation. The same holds for the lower CU in stage 2.

In order to overcome this scattering of the elements in memory, a

transpose operation of two consecutive vectors between the two

stages, as shown in Fig. 5 is performed. Therefore, vectors read

in the next stage contain only the needed elements and hence no

unnecessary vectors have to be read and no data is discarded.

5 PROPOSED CONFLICT-FREE, IN-PLACE,
RADIX-𝑟 , VECTORIZED MEMORY
ALGORITHM

5.1 Conflict-free, Radix-𝑟 , Vectorized
Algorithm

Lets first assume a polar code as proposed by Arikan [3]. This radix-

2 algorithm assumes 𝑁 = 2
𝑛
for any 𝑛 ≥ 0 in the following. Let 𝐼𝑚

be the𝑚-dimensional identity matrix for any𝑚 ≥ 1. The recursive

definition of 𝐺𝑁 in (1) in algebraic form is given by:

𝐺𝑁 = (𝐼𝑁 /2 ⊗ 𝐹 )𝑅𝑁 (𝐼2 ⊗ 𝐺𝑁 /2), for 𝑁 ≥ 2 (8)

with𝐺1 = 𝐼1 and 𝑅𝑁 is the “reverse shuffle” or bit-reversal operator.

By algebraic manipulation, a second recursive formula is obtained:

𝐺𝑁 = 𝑅𝑁 (𝐹 ⊗ 𝐼𝑁 /2) (𝐼2 ⊗ 𝐺𝑁 /2) (9)

= 𝑅𝑁 (𝐹 ⊗ 𝐺𝑁 /2)
for 𝑁 ≥ 2. By substituting𝐺𝑁 /2 = 𝑅𝑁 /2 (𝐹 ⊗𝐺𝑁 /4) into (9) we get:

𝐺𝑁 = 𝑅𝑁 (𝐹 ⊗ (𝑅𝑁 /2 (𝐹 ⊗ 𝐺𝑁 /4))) (10)

= 𝑅𝑁 (𝐼2 ⊗ 𝑅𝑁 /2) (𝐹 ⊗2 ⊗ 𝐺𝑁 /4)
Repeating the recursive substitution, we obtain:

𝐺𝑁 = 𝐵𝑁 𝐹
⊗𝑛

(11)

where 𝐵𝑁 ≜ 𝑅𝑁 (𝐼2 ⊗ 𝑅𝑁 /2) (𝐼4 ⊗ 𝑅𝑁 /4) · · · (𝐼𝑁 /2 ⊗ 𝑅2). From the

definition of 𝐵𝑁 it can be seen that:

𝐵𝑁 = 𝑅𝑁 (𝐼2 ⊗ 𝐵𝑁 /2) (12)

According to (11) and (12) and the recursive nature of 𝑅𝑁 (bit-

reversal operator), at every next stage in the factor graph the 𝑁 /2
inputs are in bit reverse order with respect to the previous stage.

The radix-2 bit-reversal between stages is shown in the factor graph

(blue box) in Fig. 3. In the first stage the upper and lower CUs will
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compute the LLRs (𝑙2,1, 𝑙2,2) and (𝑙2,3, 𝑙2,4) respectively. In the next

stage the upper and lower CUs need to consume LLRs (𝑙2,1, 𝑙2,3)
and (𝑙2,2, 𝑙2,4) respectively. Lets assume that every pair of LLRs is a

row in a matrix, we get:

𝑆1𝑜𝑢𝑡 =

[
𝑙2,1 𝑙2,2
𝑙2,3 𝑙2,4

]
, 𝑆2𝑖𝑛 =

[
𝑙2,1 𝑙2,3
𝑙2,2 𝑙2,4

]
(13)

where 𝑆1𝑜𝑢𝑡 is the output matrix for stage 1 and 𝑆2𝑖𝑛 the input

matrix for stage 2. From (13) it is trivial that:

𝑆2𝑖𝑛 = 𝑆1𝑇𝑜𝑢𝑡 (14)

This connection between bit-reversal and the matrix transpose is

shown in [7].

Now lets assume a radix-𝑟 polar code like above for 𝑁 = 𝑟𝑛 for any

𝑛 ≥ 0 and 𝑟 ≥ 2. The recursive definition of𝐺𝑁 in (8) is now given

by:

𝐺𝑁 = (𝐼𝑁 /𝑟 ⊗ 𝐹 )𝑅𝑁 (𝐼𝑟 ⊗ 𝐺𝑁 /𝑟 ), for 𝑁 ≥ 𝑟 (15)

After applying all the steps as above the general radix-𝑟 formulation

is as follows:

𝐺𝑁 = 𝐵𝑁 𝐹
⊗𝑛

(16)

where 𝐵𝑁 ≜ 𝑅𝑁 (𝐼𝑟 ⊗ 𝑅𝑁 /𝑟 ) (𝐼2𝑟 ⊗ 𝑅𝑁 /𝑟 2 ) · · · (𝐼𝑁 /𝑟 ⊗ 𝑅𝑟 ). From the

definition of 𝐵𝑁 it can be seen that:

𝐵𝑁 = 𝑅𝑁 (𝐼𝑟 ⊗ 𝐵𝑁 /𝑟 ). (17)

The radix-𝑟 bit-reversal between stages is maintained, hence:

𝑆1𝑜𝑢𝑡 =


𝑙2,1 · · · 𝑙2,𝑟
.
.
.

. . .
.
.
.

𝑙
2,𝑟 2−𝑟+1 · · · 𝑙

2,𝑟 2

 (18)

𝑆2𝑖𝑛 =


𝑙2,1 · · · 𝑙

2,𝑟 2−𝑟+1
.
.
.

. . .
.
.
.

𝑙2,𝑟 · · · 𝑙
2,𝑟 2

 (19)

From Eqs. 18 and 19 it can be concluded, that:

𝑆2𝑖𝑛 = 𝑆1𝑇𝑜𝑢𝑡 (20)

Based on the observation in (20) and the example given in Fig. 6, a

vectorized, conflict free, memory efficient BP decoding algorithm

for polar codes is proposed in Alg. 1. The final stage (stage 3 in the

example) will not perform a transpose afterwards, because there

is no next stage requiring the transposition of the data. It should

also be noted that in every stage in the example, the vectors are not

necessarily on subsequent addresses. In every stage, starting from

stage 1 and except the final stage, the vector addresses are 2
𝑠𝑡𝑎𝑔𝑒−1

apart.

5.2 In-place Algorithm
A single iteration of the BP polar decoder is defined by first a right

bound message propagation for 𝑛 − 1 stages and then a left bound

message propagation for𝑛 stages totaling 2𝑛−1 stages. In each stage
a vector is read from both 𝑅 and 𝐿 memory and a single vector is

written into either the 𝑅 or 𝐿 memory. Due to this unidirectionality

(only 𝑅 or 𝐿 messages are computed and stored, Tab. 1) both 𝑅 and 𝐿

messages are allowed to share the same memory space to store the

intermediate messages (Tab. 2), reducing the memory for storing

the intermediate message by 50%.
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Figure 6: Radix-4 in-order vectorized right messagememory
contents (𝑁 = 64)

Table 1: Read andwrite operations for separate intermediate
memory

Right Bound Left Bound
Stage 1 2 · · · n-1 n n-1 · · · 1

Read R 𝑅0 𝑅1 · · · 𝑅𝑛−1 𝑅𝑛−1 𝑅𝑛−2 · · · 𝑅0
Read L 𝐿1 𝐿2 · · · 𝐿𝑛 𝐿𝑛 𝐿𝑛−1 · · · 𝐿1

Write R 𝑅1 𝑅2 · · · 𝑅𝑛 - - · · · -

Write L - - · · · - 𝐿𝑛−1 𝐿𝑛−2 · · · 𝐿0

Table 2: Read and write operations for shared intermediate
memory

Right Bound Left Bound
Stage 1 2 · · · n-1 n n-1 · · · 1

Read 𝐿1 𝐿2 · · · 𝐿𝑛 𝑅𝑛−1 𝑅𝑛−2 · · · 𝑅0
Write 𝑅1 𝑅2 · · · 𝑅𝑛 𝐿𝑛−1 𝐿𝑛−2 · · · 𝐿0

5.3 In-order Algorithm
Both Fig. 3 and Fig. 6 clearly show that the elements are in-order

row vectors at the leftmost matrix and in-order column vectors

at the rightmost matrix. The in-order property for the input and

output of the algorithm holds for any code block length and for any

decoder radix.

5.4 Address Calculation Algorithm
In [17] a method for generating the addressing sequence required by

FFT algorithms is proposed. Because Polar Codes exhibit a similar

butterfly structure, we use the same approach in our algorithm.

Lets assume consecutive memory addresses for all vectors in the

intermediate memory block as shown in Fig. 7. In the first stage of

this radix-2 𝑁 = 8 decoder, the distance between two consecutive

vectors required is 1. For every next stage the difference between

the two required vectors is 2 times the difference of the previous

stage, i.e. 1, 2 and 4 respectively.

For encoding 32 address a total of 5 bits are required. For each stage

8 vectors have to be read as shown in Tab. 3. By looking at the

sequences the following patterns can be noted. In each stage the

first two bits of the addresses are “00”, “01” and “10” respectively,

hence encoding the stages as 𝑠 = [0, 1, · · · , 𝑛 − 1]. The remaining
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Figure 7: Polar code 𝑁 = 8 radix-2 address sequence

a0a1...as-1asas+1...an-2an-1

a0 a1...as-1asas+1...an-2an-1

Figure 8: Partial bit rotation

Table 3: Address sequence, 𝑁 = 16 radix-2

Stage Address Stage
Offset 1 2 3

0 0 8 16

00000(2) 01000(2) 10000(2)

1 1 10 20

00001(2) 01010(2) 10100(2)

2 2 9 17

00010(2) 01001(2) 10001(2)

3 3 11 21

00011(2) 01011(2) 10101(2)

4 4 12 18

00100(2) 01100(2) 10010(2)

5 5 14 22

00101(2) 01110(2) 10110(2)

6 6 13 19

00110(2) 01101(2) 10011(2)

7 7 15 23

00111(2) 01111(2) 10111(2)

bits are a permutation of the bits of the stage address offsets 𝑎 =

[0, 1, · · · , 𝑁 − 1].
The stage address offset permutation is shown in Fig. 8. Depending

on which stage 𝑠 is processed, up to bit 𝑠 of the offset address 𝑎, the

bits are rotated 1-bit to the right. The remaining bits are unchanged.

Finally, the required vector address is composed by concatenating

the bits of 𝑠 and 𝑎 (see Alg. 2).

6 PERFORMANCE ANALYSIS AND
COMPARISON

To store the messages needed for a radix-𝑟 BP decoder a total num-

ber of 𝑁 log𝑟 𝑁 memory elements for the right bound messages

and 𝑁 (log𝑟 𝑁 + 1) memory elements for the left bound messages

are needed, hence the cumulative total of memory elements is

𝑁 (2 log𝑟 𝑁 + 1).
In a non-vectorized radix-2 BP decoder each CU will read 4 LLRs (2

right bound and 2 left bound LLRs) to compute 2 new LLRs needed

Table 4: A comparison of the number of memory operations
and elements between a non-vectorized algorithm and our
proposed algorithm for a 1024-bit Polar code

BP[10] Proposed
𝑟 = 2 𝑟 = 4

Operations 58368 29184 6912

Elements 21504 10752 2816

by the next stage as shown in Fig. 4. Every stage in the factor graph

is composed out of
𝑁
2
CUs as shown in Fig. 3, where the right bound

message and the left bound messages are computed over log
2
(𝑁 ) −

1 and log
2
(𝑁 ) stages respectively, resulting in 6𝑁 log

2
(𝑁 ) − 3𝑁

memory operations (read/writes) per iteration.

In the case of a vectorized radix-2 BP decoder, a vector of 2 LLRs

can be read or written in a single memory operation. While the

factor graph is not changed, the number of memory operations

and elements are divided by 2, hence for the radix-2 vectorized

decoder, the total number of memory operations per iteration is

3𝑁 log
2
(𝑁 ) − 3

2
𝑁 resulting in a decrease of 50% in operations.

Although the number of elements is halved, the elements are twice

the size of the non-vectorized memory elements. In general the

number of required memory operations for a radix-𝑟 vectorized

implementation is
3𝑁
𝑟 (2 log𝑟 𝑁 − 1) and the number of memory

elements required is
𝑁
𝑟 (2 log𝑟 𝑁 + 1). In Tab. 4 a comparison per

iteration is made for a 1024-bit polar code using a non-vectorized

BP decoder, and the proposed vectorized BP decoder.

The throughput of a BP decoder on a DSP is limited by the speed,

data can be fetched from or stored in memory, in other words the

memory bandwidth bound. By vectorizing with a factor of 2 the

throughput will be doubled.

7 CONCLUSION
In this paper we have introduced a vectorized version of a be-

lief propagation Polar code decoder. Vectorization improves the

throughput in DSPs with SIMD instructions because wide mem-

ory words can be fetched. The proposed algorithm requires only

𝑁 /𝑟 (log𝑟 𝑁 + 1) memory elements compared to the 2𝑁 (log𝑟 𝑁 )
elements in the non-vectorized BP implementation [10]. The mem-

ory access pattern is regular and can be computed with a rotate

right of a linearly increasing index. This also holds for input and

output samples which are stored in subsequent memory locations.

This regular access pattern is achieved by making use of transpose

operations on 𝑟2 intermediate results of the computation units of a

radix-𝑟 BP decoder.

Algorithm 1: Proposed radix-𝑟 , memory efficient BP decoder
1: Initialize Memshared ⊲ Shared message memory

2: while not 𝐼𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑚𝑎𝑥 do
3: for 𝑆𝑡𝑎𝑔𝑒 ∈ 0, · · · , 𝑛 − 2 do ⊲ Compute right bound

4: for 𝑉𝑒𝑐𝑡𝑜𝑟 ∈ 0, 2, · · · , 𝑁 /𝑟 − 1 do
5: 𝐴𝑑𝑑𝑟1← ComputeAddr(Stage, Vector)

6: 𝐴𝑑𝑑𝑟2← ComputeAddr(Stage, Vector+1)

7: 𝑅𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟1)
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8: 𝐿𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟1 + 𝑁 /𝑟 )
9: 𝑀 (1) ← ComputeLLR(𝑅𝑖𝑛, 𝐿𝑖𝑛)

10: 𝑅𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟2)
11: 𝐿𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟2 + 𝑁 /𝑟 )
12: 𝑀 (2) ← ComputeLLR(𝑅𝑖𝑛, 𝐿𝑖𝑛)

13: 𝑀 ← 𝑀𝑇

14: 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟1 + 𝑁 /𝑟 ) ← 𝑀 (1)
15: 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟2 + 𝑁 /𝑟 ) ← 𝑀 (2)
16: end for
17: end for
18: for 𝑆𝑡𝑎𝑔𝑒 ∈ 𝑛 − 1, · · · , 0 do ⊲ Compute left bound

19: for 𝑉𝑒𝑐𝑡𝑜𝑟 ∈ 0, 2, · · · , 𝑁 /𝑟 − 1 do
20: 𝐴𝑑𝑑𝑟1← ComputeAddr(Stage, Vector)

21: 𝐴𝑑𝑑𝑟2← ComputeAddr(Stage, Vector+1)

22: 𝑅𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟1)
23: 𝐿𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟1 + 𝑁 /𝑟 )
24: 𝑀 (1) ← ComputeLLR(𝑅𝑖𝑛, 𝐿𝑖𝑛)

25: 𝑅𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟2)
26: 𝐿𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟2 + 𝑁 /𝑟 )
27: 𝑀 (2) ← ComputeLLR(𝑅𝑖𝑛, 𝐿𝑖𝑛)

28: 𝑀 ← 𝑀𝑇

29: 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟1) ← 𝑀 (1)
30: 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟2) ← 𝑀 (2)
31: end for
32: end for
33: for 𝑉𝑒𝑐𝑡𝑜𝑟 ∈ 0, 1, · · · , 𝑁 /𝑟 − 1 do ⊲ Compute final

34: 𝐴𝑑𝑑𝑟 ← ComputeAddr(0, Vector)

35: 𝑅𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟 )
36: 𝐿𝑖𝑛 ← 𝑀𝑒𝑚𝑆ℎ𝑎𝑟𝑒𝑑 (𝐴𝑑𝑑𝑟 + 𝑁 /𝑟 )
37: 𝑀 ← ComputeLLR(𝑅𝑖𝑛, 𝐿𝑖𝑛)

38: 𝑀𝑒𝑚𝑂𝑢𝑡𝑝𝑢𝑡 (𝑉𝑒𝑐𝑡𝑜𝑟 ) ← 𝑀

39: end for
40: end while

Algorithm 2: Compute Memory Address
1: function ComputeAddr(Stage, Vector)

2: 𝑆𝑏𝑖𝑡𝑠 ← 𝑆𝑡𝑎𝑔𝑒 ⊲ Convert to (𝑛 − 2) bits

3: for 𝑗 ∈ 0, 1, · · · , 𝑛 − 1 do
4: if 𝑗 > 𝑆𝑡𝑎𝑔𝑒 then
5: 𝐴𝑑𝑑𝑟𝑏𝑖𝑡𝑠 ( 𝑗) = 𝑉𝑒𝑐𝑡𝑜𝑟 ( 𝑗)
6: else if 𝑗 = 𝑆𝑡𝑎𝑔𝑒 then
7: 𝐴𝑑𝑑𝑟𝑏𝑖𝑡𝑠 ( 𝑗) = 𝑉𝑒𝑐𝑡𝑜𝑟 (0)
8: else
9: 𝐴𝑑𝑑𝑟𝑏𝑖𝑡𝑠 ( 𝑗) = 𝑉𝑒𝑐𝑡𝑜𝑟 ( 𝑗 + 1)
10: end if
11: end for
12: return [𝑆𝑏𝑖𝑡𝑠𝐴𝑑𝑑𝑟𝑏𝑖𝑡𝑠 ]
13: end function
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