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Modification of the MAP Algorithm
for Memory Savings
Inkyu Lee, Senior Member, IEEE

Abstract—It is usually assumed that all state metric values are
necessary in the maximum a posteriori (MAP) algorithm in order
to compute the a posteriori probability (APP) values. This paper extends the mathematical derivation of the original MAP algorithm
and shows that the log likelihood values can be computed using
stages in a trellis
only partial state metric values. By processing
concurrently, the proposed algorithm results in savings in the required memory size and leads to a power efficient implementation
of the MAP algorithm in channel decoding. The computational
complexity analysis for the proposed algorithm is presented. Especially for the
= 2 case, we show that the proposed algorithm
halves the memory requirement without increasing the compuational complexity.
Index Terms—MAP algorithm, memory savings.

MAP algorithm. We show that the log likelihood values can be
computed using only partial state metric values. The proposed
algorithm works for nonrecursive as well as recursive codes. As
a result, we can reduce both the memory size and the associated
power consumption by applying the modified MAP algorithm
in computing the reliability values. It will be shown later that,
especially when we process two stages in a trellis at the same
time, we can reduce the power consumption and the memory
size by half without increasing the computational complexity.
The following section describes the MAP algorithm and extends the derivation of computing the log likelihood values. In
Section III, we analyze the computational complexity of the proposed scheme. The final section concludes this paper.

I. INTRODUCTION

II. COMPUTATION OF THE LOG LIKELIHOOD VALUES

HE maximum a posteriori (MAP) computing algorithm
proposed by Bahl et al. [1] is a core element in computing the log likelihood values for many concatenated coding
structures that employ an iterative decoding method [2]. It is
usually assumed that in order to compute the log likelihood
values, all state metric values are necessary in the MAP algorithm [1]. Thus, the state metric values are normally stored in
memory. This memory requirement often becomes prohibitive
in many practical applications, as excessive memory results in
high power consumption for memory access and large memory
size.
To alleviate the memory problem in the MAP decoder, several architectural approaches were proposed employing “sliding
block” techniques that exploit the self-recovery nature of the
Viterbi algorithm [3]–[5]. Another possible approach is recalculation of the unstored state metrics to achieve memory savings at
the expense of multiple computations of the state metric values.
In contrast to these architectural approaches, the memory redundancy of the MAP algorithm was used to reduce its state
memory requirements for nonrecursive convolutional codes [6].
However, this approach is not applicable to recursive shift register processes and, hence, to some advanced coding schemes
such as turbo codes [2].
In this paper, we present a modification to the MAP algorithm that extends the mathematical derivation of the original

and
as the state of the Markov
Let us define
and the noisy channel output at time ,
process at time
as
respectively. For simplicity, we denote a sequence
.
Assuming a data block of length , we define the probability
functions

T
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The Bahl, Cocke, Jelinek, and Raviv (BCJR) algorithm [1]
computes the a posteriori probability (APP)
using the above probabilities. The state metrics
and
are computed by the forward and backward recursions as

where
to the state

is the set of states
, and

that have transitions

(1)
is the set of states
that have transitions
where
.
from the state
With the APP value, we can compute the log likelihood ratio
(LLR) value for input , which is defined as
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where
and
are the set of state pairs
corresponding
to
caused by the
to state transitions from
and 1, respectively.
input
We now extend the original BCJR algorithm one step further
by computing
. Using the chain rule, it can be shown that

Fig. 1.

Eight-state trellis from time k

0 2 to time k.

where the total branch metric

Using the Markov property that if
is known, events after
time do not depend on , the above equation is equal to

is defined as
.
As an example, Fig. 1 shows an eight-state trellis from time
to time for
. The number next to the state specifies
the state number. For example, the total branch metric
from
to state 0 at time is equal to
.
state 2 at time
Note that for a
-state trellis, the path between time
to time is uniquely defined for
as
determines the
,
number of memory elements in the shift register. For
there exist multiple paths between two states.
Thus, it follows that the log likelihood values for any value
are obtained as

We also have
for

where
is the set of state sequences that conto
caused
tain transition segments from
by the input
.
is similarly defined for
.
The log likelihood values for the input
and
can be
computed as

Note that in the original MAP algorithm, both
and
are required to compute
and
. However,
and
with
the modified algorithm can compute
.
no knowledge of
By extending the above equations times, we can generalize
the results as

(3)
and
are the set of state sequences that contain
where
and
transition segments caused by the input
, respectively.
This clearly shows that the intermediate state metric values
are not necessary for computing
for
.1 Thus, the LLR values
can be computed using only
and . This leads
to savings of the required state metric memory size by times.
Note that the branch metric memory size is not reduced. To
the best of the author’s knowledge, the derivation of (3) has
yet to be addressed in the literature. Hoeher [7] proposed a
subblock-based scheme, applying a similar block processing
technique. However, the individual LLR values were not computed.
Moreover, the proposed algorithm allows us to reduce the
power consumption times with respect to accessing the state
metric memory since data access is carried out at frequency
times lower than the conventional MAP algorithm. It was analyzed [8], [9] that data storage and transfer operations normally
consume much more power than a data computation operation.
Note that in the sliding window architectures [3]–[5], it is not
possible to achieve such a power reduction since the memory access rate is unchanged. In the following section, the complexity
issues associated with the proposed algorithm will be discussed.
1Depending on the implementation architecture,
’s.
stored instead of

’s can be chosen to be
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TABLE I
MULTIPLICATIONS AND ADDITIONS
PROPOSED ALGORITHM
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TABLE II
COMPARISON OF MEMORY SAVINGS AND COMPUTATIONAL COMPLEXITY

III. COMPUTATIONAL COMPLEXITY
We now consider the complexity issue in this section. Worm
et al. recognized a high power consumption problem in a turbo
decoder design associated with the memory accessing scheme
[8]. In a straightforward fashion, the APP computation in (2)
multiplications. Note that the computations
requires
for the forward and backward recursions are not included here.
term in (1) is also
However, it was noted [10] that the
’s
used in the APP computation in (2). Thus, while the
are being calculated, the APP values should be computed at the
terms to minimize the number
same time, reusing the
of computations. Therefore, the total number of multiplications
.
reduces to
By extending this idea to the proposed algorithm, we can further reduce the computational complexity in the modified MAP
algorithm. We note that the
term in (3) is already avail’s are computed. Thus, the
able when the state metric
number of multiplications in (3) becomes
when
is
not greater than . In comparison, the conventional MAP algofor an -stage trellis. Note that regardrithm requires
less of , the total number of multiplications required for comremains the same. Thus, the exact formulas for the
puting
number of multiplications including divisions is
.
As for additions, the additions are first grouped into
sets,
paths corresponding to the
bit data seeach set adding
quence through the trellis, for a total of
adsets are added together
times, correditions. Then,
bits being determined. This requires
sponding to one of the
additions. Thus, the total number of additions is
. This is summarized in Table I,
given by
which also includes the number of multiplications
and additions
required for the standard MAP algorithm for comparison.
As an example, in the eight-state trellis case
shown
mulin Fig. 1, the original MAP algorithm requires
additions in computing
tiplications and
and
. In comparison, the new derivation for the
case also requires 34 multiplications and 32 additions, which
is almost the same as the original MAP algorithm. When we
, the original alextend the trellis one stage further
gorithm needs
multiplications and
additions, whereas the proposed algorithm requires 67 multiplications and 74 additions, which is a 31% increase in multiplications and a 76% increase in additions compared with the original algorithm. Even in this case, considering that computing
takes about half of the total computation of the whole
MAP algorithm, including the forward and backward recursions
[9], the overall increased computations for multiplications and

additions are roughly 16% and 38%, respectively, and in return,
we reduce the memory space and associated power consumption
to one third of their original values. Please note that the multiplication operation can be easily transformed into the addition
operation by applying the log MAP algorithm.
It should be mentioned that even though the memory savings become greater with larger , cannot be increased arbitrarily. As an extreme case, when is set to the maximum possible value —the length of the entire data block—no intermediate state metric values need to be stored. However, the associated computational complexity would be prohibitive. Therefore, a designer should choose , which optimizes both the
and the computational complexity inmemory savings
crease
. The tradeoff between these two aspects was
studied in [11].
Table II summarizes rough estimates for the memory savings
values.
and the computational complexity, assuming large
The
case refers to the original MAP algorithm. This table
clearly demonstrates that the proposed algorithm becomes an
attractive approach for small in terms of power and memory
efficient implementation. Please note that the actual tradeoff between the memory savings and the computational complexity
would depend on the technology used for the chip implementation.
IV. CONCLUSION
In this paper, we extend the original MAP algorithm and
show that the APP values can be computed by a part of all state
metric values. The proposed algorithm reduces the required
state metric memory size by a factor of . Especially for the
case, we can halve the power consumption related to
memory access and the memory size without incurring an increase in computational complexity. As the power consumption
associated with memory access is reduced significantly, the
proposed algorithm can be employed by applications such as
handset terminals, where minimizing the total power consumption is crucial. In addition, it should be mentioned that we can
combine the proposed algorithm with other memory-saving
techniques in turbo coding applications to further reduce the
memory size.
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