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Abstract - The turbo-decoding algorithm can be 
viewed as a message passing procedure on a graph. 
We contrast the standard 6‘forward-backward’’ turbo- 
decoding algorithm with a new “concurrent” algo- 
rithm that is suited to parallel implementation. 

I .  INTRODUCTION 

Many iterative decoding algorithms can be viewed as a mes- 
sage passing procedure on a graph, where each vertex is associ- 
ated with an information symbol, a state variable, a codeword 
symbol, or a received signal [l, 21. When a vertex is observed 
(e.g., a channel output demodulated), a message is sent out 
on each of its edges. When a vertex receives a message on 
an edge, it modifies its own status and then sends out a new 
message on each other edge. Messages need not be sent out 
immediately; they can be buffered and sent out at  any time. 
These concepts lead naturally to the idea of a message passing 
schedule, which specifies when and where to pass messages. 

In cycle-free graphs, this message passing procedure com- 
putes the marginal probability for each variable given the ob- 
servations exactly, regardless of the schedule used [3]. For 
example, the forward-backward (BCJR) decoding algorithm 
is a special case of this procedure applied to a convolutional 
code chain to compute P(symbo1 klchannel output). 

11. STANDARD AND CONCURRENT TURBO-DECODING 
The graphs for several interesting codes (such as turbo- 

codes) contain cycles and in these cases, the decoder message 
passing schedule does affect the final BER. Standard turbo- 
decoding makes use of a forward-backward schedule [4], where 
cup-messages are passed along the chain for one convolutional 
code, first in the forward direction and then in the backward 
direction. Extrinsic information messages are then passed 
through an interleaver to the other chain, which is also pro- 
cessed in the forward-backward manner. For reasonably large 
encoder memories (say, v 2 3), the time spent computing the 
ab-messages dominates the time spent computing the extrin- 
sic information messages. 

One time step of concurrent turbo-decoding consists of si- 
multaneously passing messages in both directions on all graph 
edges. Notice that concurrent turbo-decoding is not just a 
parallel implementation of standard turbo-decoding. It is a 
different algorithm which may have different properties. A 
detailed description of this algorithm can be found in [ 2 ] .  For 
reasonably long block lengths, a prohibitively large number of 
simple processors would be needed for a fully parallel VLSI im- 
plementation of concurrent turbo-decoding. In this paper, we 
empirically compare the time complexity of standard decoding 
with concurrent decoding, while ignoring practical implemen- 
tation issues such as space complexity. These results suggest 
that efficient implementations (e.g., time-shared processors) 
may lead to faster decoding 
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Figure I: Performance of standard (S) and concurrent (C) 
turbo-decoding when implemented on a serial computer 
(a) and on a parallel computer (b), for 3 values of &/NO.  
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111. RESULTS 
For each of three AWGN channels, we simulated the 

transmission of lo7 information bits for a rate 1/2, 5000- 
information bit, 2 x (21~/378) ,  punctured turbo-code with 
a randomly selected permuter. Figure la shows BER ver- 
sus number of cup-messages processed, for standard and con- 
current turbo-decoding. The number of cup-messages gives a 
good indication of decoding complexity on a serial computer. 
The standard algorithm is better suited to serial implementa- 
tion. Figure l b  shows BER versus number of time steps for 
the case where 10,000 processors are available for concurrent 
turbo-decoding. We assume that pipelining is no t  used for 
standard turbo-decoding. For E*/No = 1.5 dB, concurrent 
turbo-decoding is 850 times faster at a BER of If one 
processor is used for each half iteration of 5 iterations of stan- 
dard turbo-decoding in a pipeline fashion, standard decoding 
can be sped up by a factor of only 10 (extra pipeline stages 
do not improve the BER). Concurrent turbo-decoding is still 
85 times faster. 
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