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In this paper, a novel parallel Viterbi decoding scheme is 
proposed to decrease the decoding latency and power 
consumption for the software-defined radio (SDR) system. 
It implements a divide-and-conquer approach by first 
dividing a block into a series of subblocks, then 
performing independent Viterbi decoding for each 
subsequence, and finally merging the surviving subpaths 
into the final path. Moreover, a network-on-chip-based 
SDR platform is used to evaluate the performance of the 
proposed parallel Viterbi decoding scheme. The 
experiment results show that our scheme can speed up the 
Viterbi decoding process without increasing the BER, and 
it performs better than the current state-of-the-art 
methods. 
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I. Introduction 

To support a high data rate and a long transmission distance, 
many wireless communication standards, such as Wideband 
Code Division Multiple Access, Wi-Fi, and long-term 
evolution (LTE), have been proposed and implemented in 
application-specific integrated circuits (ASICs). However, this 
kind of platform cannot adapt to multiple standards with 
reconfigurability for different kinds of demands in the future. 
Therefore, the term software-defined radio (SDR) [1], which 
can meet the current and future standards by reconfigurating, is 
introduced into the wireless communication system.  

On the other hand, the Viterbi decoder, which plays an 
important role in many wireless communication standards 
and whose computational complexity is quite significant, 
becomes one of the major factors determining the overall 
throughput of the system (for example, based on our 
complexity analysis, the Viterbi decoder block consumes the 
largest computation resource on the software modem out of 
all the blocks of mobile WiMAX [2]). Therefore, the parallel 
Viterbi decoding methods, which decrease the decoding 
latency, have been widely studied by many researchers [3]-
[5]. In this paper, we propose a novel parallel Viterbi 
decoding scheme for the SDR system, which speeds up the 
Viterbi decoding process without increasing the BER and 
performs better than the state-of-the-art methods.  

The rest of this paper is organized as follows. In section II, 
we briefly comment on the related works. The network on chip 
(NoC)-based SDR platform is presented in section III, and our 
proposed parallel Viterbi decoding scheme is introduced in 
section IV. In section V, experiment results are given to show 
the effectiveness and benefit of our method. Finally, we 
summarize our contribution in this paper in section VI.  
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II. Related Work  

To meet the throughput requirement in high data rate 
systems, a parallel decoding algorithm that can reduce 
decoding latency is desirable. There are several parallel 
approaches for the traditional Viterbi Algorithm (VA), which 
can be categorized into three levels [6]: the bit level [7], the 
word level [8], and the algorithm level [9]. In the bit-level and 
the word-level parallel Viterbi decoders, researchers 
concentrate on the specific component, which makes the two 
kinds of parallel decoder more suitable for ASICs (for example, 
bit-level techniques optimize the add-compare-select [ACS] 
operations in path metrics computation and decision process, 
while word-level optimizations work on unfolding the ACS 
recursion loop, such that two or more trellis stages are 
processed in a single recursion). In the algorithm-level parallel 
Viterbi decoder, the Viterbi decoding is converted to a purely 
feedforward computation by algorithmic transformations, and 
this allows independent processing of input blocks or states (for 
example, one method is to divide a coded word into a series of 
blocks and these blocks are simultaneously decoded. Another 
method is to schedule the trellis states onto different processors, 
such that in a trellis stage, a processor processes only one or 
several states but not all states). Obviously, the algorithm-level 
parallel Viterbi decoder is more suitable for software 
implementations on multiprocessors and thus more suitable for 
SDR systems. 

Lai and others realized a Viterbi decoder on the CELL SDR 
platform [10]. Since the CELL processor is single-instruction 
multiple-data (SIMD) architecture with two pipelines, the 
authors packed the scalar data into a vector, decreased the 
dependency among the nearby instructions, and put 
instructions to two pipelines together to speed up the Viterbi 
decoding process. The authors also pointed out the possibility 
that distributing the decoding task of one data frame into 
different processors could further decrease the decoding latency. 
However, the actual implementation of this thought was not 
given in their paper. 

Kim and others realized a parallel Viterbi decoder on a 
graphics processing unit (GPU)-based SDR platform [11]. In 
[11], many threads are generated by the GPU and the path 
candidates for each stage are calculated at the same time in 
parallel. More precisely, the states in a stage are divided into 2m 
groups, and each group is processed by a thread in the GPU. 
Note that m denotes the number of registers in the convolution 
coder. The theoretical speed up of Kim’s method is 2m times 
compared to the classic method; however, the Viterbi decoder 
on GPU-based SDR cannot achieve its theoretical performance. 
The reason is that the parallel decoding latency in a 
multiprocessor platform is affected by two parts: the processing 

time consumed by processors and the communication time 
used to exchange the data among processors. When the method 
in [11] is applied, a lot of time is spent on the data 
communication, such that the Viterbi decoder on GPU-based 
SDR cannot speed up 2m times.  

Lin and others proposed a tiling-scheme Viterbi decoder for 
the GPU-based SDR platform [12]. In [12], the best path was 
selected by calculating Hamming distances trellis by trellis in 
parallel. More precisely, the decoding data are divided into a 
series of chunks, and each chunk is separately decoded. Then, 
the survival paths in each chunk are merged into the best path. 
Since the required communication time in this paper is much 
less than the communication time in [11], this method 
outperforms Kim’s method up to 2.5 times. However, since 
there are no protecting stages for each chunk, the first and last 
few stages in a chunk cannot be protected and thus may cause a 
decoding error. Although it may not be a serious problem for 
the long convolution code under the high signal-to-noise ratio 
(SNR) channel environment, it decreases the decoding 
performance when the short convolution code travels on the 
low SNR channel. 

III. NoC-Based SDR Platform 

Besides the GPU-based SDR platform [13], [14], the NoC-
based SDR platform is widely used for data-intensive 
computing [15], [16]. In this paper, the NoC-based SDR 
platform is selected for our parallel decoding. In the platform, 
OR1200 cores are used as the process element (PE) and a 
mesh NoC is used to connect them together [17], as shown in 
Fig. 1. 

In Fig. 1, DC is the data cache and IC is the instruction cache. 
RAM is used to store the processing data, such that the system 
is applicable to data-intensive computing. NI is the internal 
network interface, which is used to connect a PE to an NoC 
router (in Fig. 1, the capitalized letter R is used to represent an 
NoC router). When there is data exchanged among PEs, 
dimension-order routing without deadlock (for example, the 
XY routing algorithm [18]) is used to deliver the data across 
the NoC. Moreover, when different data flows contending for 
the same output channel in the input ports of a router, a lottery 
schedule mechanism, which authorizes the permission for each 
to flow with the same probability, is used in the arbiter module. 
Additionally, a wormhole mechanism, in which data is divided 
into a sequence of flits and each input port of all routers has a 
buffer with just one flit size, and a hop-to-hop credit 
mechanism are used to ensure that a flit is transmitted only 
when the receiving buffer has free space.  

As shown in Fig. 1, a CPU is used to run the main function, 
and the function data is transferred to the NoC-based SDR  
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Fig. 1. NoC-based SDR platform. 
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platform through the external interface (EI) and bus when the 
program comes across massive computational functions (for 
example, Viterbi decoding in this paper). Then, the NoC-based 
SDR platform processes the function data by using the 
predetermined parallel algorithm. Once the NoC-based SDR 
platform runs to the end of the parallel algorithm, the function 
result is returned to the CPU. 

IV. Parallel Viterbi Decoding Scheme  

In this section, we propose a novel parallel Viterbi decoding 
scheme. Two aspects are taken into consideration in developing 
this decoding method. First, the BER of our parallel decoding 
method should be on par with the BERs of some of the well-
known decoding algorithms (such as WAVA [19]), and it 
should not decrease with the increase of the number of 
processors (otherwise, the scalability of our method is not 
suitable). Second, regarding the decoding latency and power 
consumption, our method should perform better than the state-
of-the-art parallel decoding method.  

For convenience, some notations used throughout this paper 
are defined in Table 1. With these notations, the problem of the 
parallel Viterbi decoding scheme for the SDR platform can be 
formulated as follows: given a convolution code C and the 
SDR architecture A, find a parallel decoding scheme S, such 
that the decoding latency in the SDR platform is minimal 
without increasing the BER from that of the traditional 
decoding method. 

The problem of minimizing the decoding latency can be 
formulated as follows: 

Table 1. Parameter notation. 

Notations Description 

A architecture of SDR platform 

C convolution codes 

S parallel decoding scheme used on SDR platform 

l memory depth of convolution encoder 

r 
number of output bits in an encode stage; note that if one bit 
can generate r bits output, 1/r is the code rate 

DS Viterbi decoding latency of scheme S on SDR platform 

Ii input data of i-th processor 

LC length of C 

Li length of Ii. 

Ns number of stages in a trellis 

Nb number of processors used in parallel decoding 

ER system requirements for BER 

PR system requirements for power consumption 

Tp, q 
Tp, q = 1 represents existence of state transition from State p in 
previous stages to State q in current stages, and Tp, q = 0, 
otherwise 

dp, q, I 
Hamming distance between State p in previous stages to State 
q in current stages with a corresponding input I 

,
j

q hH  Processor j’s accumulated Hamming distance of State q in 
stages h 

, ,
j
p q hH  Processor j’s accumulated Hamming distance of State q in 

stages h when the previous State in stage (h−1) is p 

,
j

q iQ  first state of the survival path corresponding to ,
j

q hH  

 

 
Algorithm 1. Divide data block. 

1. Fetch received convolution code C 

2. Li = floor(LC/Nb) 

3. while (Li<5rl) do 

4. Nb = Nb−1; 

5. Li = floor(LC/Nb); 

6. end while 

7. for i = 1 to Nb−1 do 

8.     Ii = [C(Li×(i−1)+1) to C(Li×i+r)] 

9. end for 

10. INb
 = [C(Li×(Nb−1)+1) to C(LB), C(1) to C(r)] 

 
min(DS),  s.t. ER and PR.             (1) 

To decode the data in parallel, a data block is divided into a 
series of subsets, as shown in Fig. 2. Then, these subsets are 
scheduled to different processors.  

To protect the first and last stages of every subset, each 
subset has more than 5rl stages (line 2 through line 6 in  
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Fig. 2. Subsets with at least 5l stages. 
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Fig. 3. Protecting first stage for each subset. 
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Algorithm 1) and there are overlapped r bits between two 
tandem subsets (line 7 through line 10 in Algorithm 1). Note 
that in most of the convolution encoders, r is much smaller 
than 5l.  

Algorithm 2 describes the decoding progress in a processor; 
it contains two steps. In the first step (line 1 through line 11), 
the last 5l stages in subset i are preprocessed to get the minimal 
accumulated Hamming distance for each state of the last stage. 
Then, these minimal accumulated Hamming distances are 
transmitted to subset i+1 and used as the initial value of the 
corresponding state in the first stage of subset i+1. Therefore, 
the first stage of subset i+1 is protected, as shown in Fig. 3 
(line 1 through line 13 in Algorithm 2). 

In the second step of Algorithm 2 (line 13 through line 25), 
we decode the subset i by using the Viterbi algorithm. At the  

Algorithm 2. Parallel decoding on SDR platform on processor j. 

1. Initial all ,
j

q hH to be zero, where h is the 5l stage from the end. 

2. for i = (h+1) to Ns do 

3.     Fetch input I 

4.     for q = 1 to 2l do 

5.         for p = 1 to 2l do 

6.             , ,
j
p q iH = ,( 1)

j
p iH −  + Tp, q dp, q, I ; 

7.         end for 

8.         ,
j

q iH  = min( , ,
j
p q iH ); 

9.     end for 

10. end for 

11. Sent , S

j
q NH  to processor (j+1) 

12. receive ( 1)
, S

j
q NH −  from the processor (j−1) 

13. Initial ,1
j

qH  by using the value of ( 1)
, S

j
q NH −  

14. for i = 2 to Ns do 

15.     Fetch input I 

16.     for q = 1 to 2l do 

17.         for p = 1 to 2l do 

18.  , ,
j
p q iH = ,( 1)

j
p iH −  + Tp, q dp, q, I ; 

19.         end for 

20. ,
j

q iH  = min( , ,
j
p q iH ); 

21. ,
j

q iQ  = State( ,
j

q iH ); 

22.     end for 

23.     if i = 5l then 

24.       Send ,5
j

q lQ to processor (j−1) and receive ( 1)
,5
j

q lQ +  

25.     end if 

26. end for 
 

same time, when the first 5l stages are processed, a state in the 
first stage of subset i, which corresponds to the minimal 
accumulated Hamming distance, is found out and transmitted 
to subset i−1 to protect the last stage of subset i−1, as shown in 
Fig. 4. 

Algorithm 3 is used to obtain the decoding results. It finds 
the surviving subpath for each processor and merges them into 
a surviving path for the whole code word. Finally, it outputs the 
decoding results based on the surviving path. 

V. Experiment Results  

To evaluate the performance of our parallel Viterbi decoding 
scheme, the convolution codes in the LTE specification, whose  
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Fig. 4. Protected state in last stage of subset i–1. 
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Algorithm 3: Getting decoding results. 

1. for i = 1 to Nb do 

2.   Find the minimal ,
j

q iH , where q = ( 1)
,5
j

q lQ +  

3. Trace back from state ( 1)
,5
j

q lQ +   

4. Output the surviving subpath pathi from stage 1 to stage Ns 

5. end for 

6. Merge the surviving subpath and output the decoding results 
 
original code words have lengths ranging from 40 bits to  
6,144 bits [20], are parallel decoded in the NoC-based SDR 
platform mentioned in section III. The coder has a memory 
depth of l = 6, the code rate is 1/3, and the generator 
polynomial is G = [133,171,165]. 

1. Bit Error Rate 

In this subsection, we show the performance of the proposed 
decoding scheme for LTE convolution codes with binary 
phase-shift keying modulation and additive white Gaussian 
noise channels. A soft decision is used in the decoding process. 
At each SNR point, 200,000 code words are simulated to 
calculate the average BER. Figures 5 and 6 show a BER 
comparison for the short code (which contains 64 bits) and the 
long code (which contains 6,144 bits), respectively. Note that 
the short code being 64 bits and the long code being 6,144 bits 
means that the original uncoded data is 64 bits and 6,144 bits. 
After this data comes through the convolution coder with 
generator polynomial G = [133,171,165], the coder outputs 
192 bits and 18,432 bits for the code rate of 1/3. 

In the two figures, the red solid line, the green solid line, and 
the blue solid line respectively represent the decoding BER 
when using Lin’s method on a 1-core, 16-core, and 64-core  

 

Fig. 5. Comparison of BER for short code. 
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Fig. 6. Comparison of BER for long code. 
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SDR platform. The red solid line with a circle, the green solid 
line with a circle, and the blue solid line with a circle represent 
the BER when using our method on a 1-core, 16-core, and  
64-core SDR platform, respectively. The red dashed line with a 
right-pointing triangle, the green dashed line with a right-
pointing triangle, and the blue dashed line with a right-pointing 
triangle represent the BER when using Kim’s method on a   
1-core, 16-core, and 64-core SDR platform, respectively. 
Notice that in Kim’s method, the WAVA algorithm is used and 
the states in a stage are processed in parallel on multicore 
platforms. When there is only one core in the platform, this 
method equals the standard WAVA algorithm. 

Figures 5 and 6 show that the decoding BER of our method 
is almost the same as that of the WAVA method for both the 
short code and the long code, and it does not decrease as the 
number of processors increases. However, the decoding BER 
of Lin’s method is larger than that of the WAVA method. 
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Table 2. Decoding latency comparison for short code (64 bits). 

Method 
Decoding latency (clks) 

2 cores 4 cores 16 cores 64 cores 

Kim’s 1.68748×107 1.04974×107 8.76141×106 6.71025×106

Lin’s 3.97432×106 3.14784×106 2.80282×106 2.67921×106

Ours 8.08580×106 8.08580×106 8.08580×106 8.08580×106

 

Table 3. Decoding latency comparison for long code (6,144 bits).

Method 
Decoding latency (clks) 

2 cores 4 cores 16 cores 64 cores 

Kim’s 3.49294×108 2.21458×108 1.78460×108 1.38720×108

Lin’s 2.07192×108 1.08751×108 3.25150×107 1.43242×107

Ours 3.18625×108 1.64774×108 4.94149×107 2.13476×107

 

 
Moreover, the more processors we use to accelerate the 
decoding, the higher the BER of Lin’s method is. 

2. Decoding Latency Comparison 

In this subsection, we compare the decoding latency of 
Kim’s method and Lin’s method to that of our method since 
the decoding latency is an important guideline for parallel 
decoding algorithms. Tables 2 and 3 show the number of 
clocks used in decoding for the long code word and the short 
code word, respectively. 

According to Tables 2 and 3, Lin’s method is the best one if 
the decoding latency is the only metric. The reason for this 
phenomenon is that the decoding latency is composed of the 
processing time and the communication time, and both 
elements of Lin’s method are smaller or equal to that of Kim’s 
method and our method. More precisely, in Kim’s method, a 
processor must exchange data with all other processors at every 
stage of the trellis, but, in Lin’s method, a processor only needs 
to exchange data with another processor at the last stage of a 
subset. Therefore, the communication time of Kim’s method is 
much longer than that of Lin’s method, such that the total 
decoding latency of Kim’s method is longer than the decoding 
latency of Lin’s method. In our method, to decrease the BER in 
the decoding results, the last 5l stages of subset i are 
preprocessed to protect the first stage of subset i+1, and the 
accumulated Hamming distance of the first 5l stages in subset i 
is transmitted to subset i−1 such that the last stage of subset i−1 
is protected. Therefore, the time required for both processing 
and communication in our method is more than that needed in 
Lin’s method. However, although Lin’s method is superior 
regarding decoding latency, Kim’s method and our method  

Table 4. Power consumption comparison for short code (64 bits).

Number of cores
Total power consumption (J) 

SAV(%) 
Kim’s Ours 

2 cores 0.410858878 0.196867454 52.08% 

4 cores 0.509487127 0.196867454 61.36% 

16 cores 1.696699864 0.196867454 88.40% 

64 cores 5.197915733 0.196867454 96.21% 
 

Table 5. Power consumption comparison for long code (6,144 bits).

Number of cores
Total power consumption (J) 

SAV (%) 
Kim’s Ours 

2 cores 8.504429178 7.757660882 8.78% 

4 cores 10.748374329 7.9971606950 25.60% 

16 cores 34.559857968 9.5694433970 72.31% 

64 cores 107.455739469 16.5362849760 84.61% 

 

 
have better decoding performances because Lin’s method has 
the highest BER, as shown in Fig. 5. 

Another interesting result shown in Table 2 is that the 
decoding latency of our method does not change as the number 
of processors increases. The reason for this phenomenon is that 
for the 64-bit short code, the maximal number of processors used 
for parallel decoding is two since the length of Li should be equal 
to or larger than 5rl, as mentioned in section III. However, 
although the decoding latency of our method does not decrease 
as the number of processors increases, it is still less than that of 
Kim’s method under the configuration of a 2-, 4-, or 16-core 
platform. Moreover, from Table 3, we see that our method 
always performs better than Kim’s method for the long code. 

3. Power Consumption Comparison 

Since power consumption plays an important role in parallel 
decoding algorithms, in this subsection, we compare the power 
consumption of Kim’s decoding method with that of our 
decoding method in the case that each method is separately 
realized on the same NoC-based SDR platform. (As mentioned 
in subsection V.1, Lin’s method is not at the same BER level as 
our method and Kim’s method, and we thus do not take the 
power consumption of Lin’s method into consideration in this 
comparison.) Notice that the power consumption is composed 
of two parts: the core’s power consumption measured by the 
McPAT tool [21] and the NoC power consumption measured 
by ORION 2.0 [22]. Both cores and the NoC are working on 
100 MHz with 90-nm technology. SAV in the last column of 
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Table 4 and that of Table 5 is the percentage of power saved in 
relation to Kim’s method (SAV=|Powerour−Powerkim|/Powerkim). 

From Tables 4 and 5, we see that our method always 
performs better than Kim’s method in terms of power 
consumption. For example, for the 64-bit short code word, our 
method can save about 52% to 96% power. For the 6,144-bit 
long code word, our method can save about 8% to 84% power. 
The reason for this phenomenon is that the power consumed in 
the NoC is proportional to the mount of data transmitted over 
the NoC, and Kim’s method exchanges more data among the 
processors, as presented in subsection V.2. Therefore, our 
method consumes less power than Kim’s method.  

VI. Conclusion 

In this paper, a novel parallel Viterbi decoding scheme was 
proposed to decrease decoding latency and power consumption, 
and an NoC-based SDR platform was used to evaluate the 
performance of our method. From the experiment results, we 
can conclude that our method and Kim’s method are at the 
same BER level, superior to the BER level of Lin’s method. 
Moreover, compared to Kim’s method, with the exception of 
the short code decoding on the 64-core platform, our method 
performs with less latency and consumes less power. Therefore, 
our method is a useful parallel Viterbi decoding method for the 
SDR platform. 
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