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Abstract—A large portion of silicon area and the energy con-
sumed by the Viterbi decoder (VD) is dedicated to the survivor
memory and the access operations associated with it. In this
work, an efficient pre-traceback architecture for the survivor-path
memory unit (SMU) of high constraint length VD targeting wire-
less communication applications is proposed. Compared to the
conventional traceback approach which is based on three kinds
of memory access operations: decision bits write, traceback read,
and decode read, the proposed architecture exploits the inherent
parallelism between the decision bit write and decode traceback op-
eration by introducing pre-traceback operation. Consequently, the
proposed pre-traceback approach reduces the survivor memory
read operations by 50%. As a result of the reduction of the memory
access operations, compared to the conventional 2-pointer trace-
back algorithm, the size of the survivor memory as well as the
decoding latency is reduced by as much as 25%. Implementation
results show that the pre-traceback architecture achieves up to
11.9% energy efficiency and 21.3% area saving compared to the
conventional traceback architecture for typical wireless applica-
tions.

Index Terms—Survivor-path memory unit (SMU), traceback,
Viterbi decoder (VD).

I. INTRODUCTION

THE most widely used technique for correcting errors in
digital systems is the convolutional coding combined

with a maximum likelihood (ML) decoding algorithm such as
Viterbi algorithm (VA) [1]. This involves encoding the data
with additional redundant information among the adjacent bits
before transmission in which the width of correlated bits is
referred to as constraint length , then Viterbi decoder (VD)
is used to find the most possible transmission bits to clean up
the noise in received data. VA with high constraint length
is a widely used error correction scheme for communication
systems such as global system for mobile communications
(GSM), the voice channels of the third generation wireless
communication technology (3G) and IEEE 802.11a wireless
local area network (LAN).

The well-known VA has been described in literature exten-
sively [2]–[5]. The data path of the VD is composed of three
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Fig. 1. Top level block diagram of a VD.

major components: branch metric unit (BMU), add compare se-
lect (ACS), and survivor-path memory unit (SMU) as shown
in Fig. 1. The branch metrics are calculated from the received
channel symbols in BMU and then fed into ACS which performs
ACS for all the states. The decision bits generated in ACS are
stored into and retrieved from the SMU in order to finally decode
the source bits along the final survivor path. The path metrics of
the current iteration are stored into the path metric unit (PMU)
and read out for the use of next iteration.

ACS attracts most of the research efforts in the field of VD
since the existence of the feedback loop makes it the bottleneck
for the speed of the whole VD system [4]–[7]. However, the
trend in the contemporary digital systems is that the memory
unit is the primary concern of the designer in terms of the power
consumption and area usage. The situation is even more critical
for the VD design. In [8] and [9], it has been shown that SMU
contributes over half of the power consumption due to the large
number of memory access operations. This observation is also
confirmed by various VD implementations [2]–[5].

In this paper, we focus on the SMU of the VD. In the liter-
ature, several schemes to reduce the memory access operations
are available. A number of adaptive algorithms have been pro-
posed in order to discard some survivor paths during the trellis
recursion which lead to considerable energy and area savings in
that only part of the trellis paths need to be stored and updated
[9]–[12]. Systolic SMU hardware can be dynamically reconfig-
ured to shorten the decoding depth when signal-to-noise ratio
(SNR) increases [13], [14]. As a result of the shorter decoding
depth, the survivor memory access operations are reduced too.
However, the techniques mentioned above come at the expense
of decoding performance degradation to some extent. In addi-
tion, when the channel SNR is low, the energy saving with these
techniques is insignificant as there is a tradeoff between the de-
coding performance and power consumption.

One of the main contributions of this paper is to propose
a novel pre-traceback architecture which reduces the memory
read operations of the survivor memory by 50%. The pre-trace-
back architecture exploits the inherent parallelism between the
write and traceback memory access operations. Furthermore,
the size of the survivor memory as well as the decoding latency
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is reduced by 25% with the proposed pre-traceback architec-
ture. A brief synopsis of this work has been presented in [15].

The remainder of the paper is organized as follows. Section II
briefly describes two classical architectures to decode the infor-
mation out of the survivor paths: register exchange and con-
ventional traceback [16]. Section III deals with the proposed
pre-traceback in which the algorithm as well as the implemen-
tation architecture is presented. Moreover, an example is also il-
lustrated. Section IV presents high-level estimation models for
energy and area. Finally, in Section V the synthesis implemen-
tation results are provided in order to verify the efficiency of the
proposed pre-traceback architecture and the high-level models.

II. BACKGROUND

There are two basic approaches used to record survivor paths
in VD. These are the register exchange and the traceback [1],
[5], [17]. It has been traditionally argued that register exchange
approach is proper for small constraint length VD and traceback
is suitable for large constraint length VD. Due to the large con-
straint length of wireless communication applications, we focus
on traceback approach in this paper.

A. Register Exchange

Register exchange is the most direct method to extract the
transmitted information from the encoded bits stream. Basically,
the architecture consists of a two dimension register array be-
tween which is a column of multiplexers. The interconnection
between the register arrays and the successive stages mimics
the trellis graph. Register exchange is a good choice in terms
of throughput because of its simple circuit structure and short
critical path. However, for high constraint length applications in
wireless communications, the wiring overhead in routing makes
register exchange impractical[18]. Up to now, the work in the lit-
erature reveals that the register exchange is only implemented
for VDs with .

B. Conventional Traceback

Another method to extract the transmitted information from
the encoded bits stream is based on the manipulation of the
decision bits stored in the SMU. Generally, VDs with the
conventional traceback approach employ some variations of
the -pointer traceback architecture [19]. Here refers to the
number of the read pointers to access the survivor memory. In
[20], a generic traceback technique for survivor-path memory
management is presented. By increasing the number of the read
pointers [2] or the speed of the read pointer [5], the size of the
survivor-path memory could be reduced. The main point is that
there is a tradeoff between the total memory size, the latency
and the design complexity. Hence, in the following, we start
with the classical 2-pointer traceback algorithm and a more
generalized discussion is presented in later sections.

The classical implementation of the traceback algorithm is
based on the unification property [20]. That is, if we follow all
survivor paths back steps, they all merge to the same state.
Similarly, if we choose an arbitrary state at time step and
traceback to steps, we will reach the same ML
state. As shown in Fig. 2, an arbitrary initial start state

Fig. 2. Unification property of the traceback in Viterbi decoding.

Fig. 3. Architecture of conventional traceback approach.

will converge to the ML state after a series of step
traceback iterations.

The survivor-path memory can be regarded as a circular four
blocks of memory with columns each as shown in Fig. 3.
Three operations [decision bit-write (WR), traceback read (TB),
and decode read (DC)] work in parallel to manipulate the deci-
sion bit vectors in different memory banks.

• WR writes the decision bit vectors provided by the ACS
unit into the survivor memory in an increased memory ad-
dress order.

• TB recursively estimates the previous state along the
path being traced back using the current state and the
associated decision bit read from the survivor memory.
The decision bit is usually associated with the current
state by the index of the bit line of the memory. That is,

is located at the th field of the bit line. The previous
state can be obtained as follows:

(1)

The function is dependent on the structure of the
trellis. For radix-2-based implementations, the above equa-
tion can be simplified into

(2)
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Here, represents the operation of right shift by
1 bit and the comma represents a concatenation operation
between the two parts. In other words, the previous state
is obtained by concatenating the decision bit and the right
shifted current state by 1 bit. The initial state is selected
arbitrarily based on the unification property and the recur-
sion is repeated for consecutive steps.

• DC performs read operations similar to the traceback oper-
ation defined by (2) except that the initial state is the output
state estimated by TB in the last steps. Furthermore, the
decoded bits on the ML surviving path are retrieved in a re-
versing order by DC.

Every time interval, TB begins the TB from an arbitrary
state, and DC starts with the state determined by TB in the last

steps. Since the decoded bits generated by DC is in reverse
order, a simple two-stack last-in-first-out (LIFO) scheme is used
to perform bits order reversal. The overall latency of the trace-
back, which is the delay between the time when a decision bit
is written into the memory by WR process and the time when
the corresponding bit is popped out of the LIFO, is . A key
observation is that every decision bit in the survivor memory
written by WR is read by TB and DC, respectively. In other
words, every decision bit in the survivor memory is read twice.
This redundancy in memory read operations is the main issue
our proposed architecture addresses.

III. PROPOSED PRE-TRACEBACK

A. Pre-Traceback Algorithm Description

The main task of TB in the conventional traceback approach
is to get the initial start state for DC through a recursive sur-
vivor memory read operations. For simplicity, we let the trace-
back length . As shown in Fig. 2, at time instant ,
for , where is the set of trellis
states and will converge to the ML state

. Furthermore, during the time interval ,
for , we refer the pre-state of at time instant as the
target traceback state. Naturally, the goal of TB which starts at
time is to locate the target traceback state at time ,
which is the initial start state of DC operation.

We propose an approach involving a pre-traceback operation
through which the start state of DC can be obtained directly
through a pointer register pointing to the target traceback state
instead of estimating the DC start state through a recursive TB
operation. In our proposed approach, for , a pointer
register which is denoted as points to the target traceback
state of at time instant . At time instant , while WR writes
the decision bits into the survivor memory, the pointer register

is updated concurrently as follows:

(3)

Here, represents the decision bits of state at time instant
, and represents the index for the pre-state. The

operation defined in (3) implies a multiplex select operation as
shown in Fig. 4. The th pointer register is updated according
to the index . It is apparent that the pre-traceback
operation defined in (3) is performed in the forward direction as

Fig. 4. Update operation of the proposed pre-traceback approach.

opposed to the conventional traceback operation which is per-
formed in the backward direction. According to the unification
property of the trellis graph, if is set large enough, the pointer
register should point to the same state because of the mer-
gence of the survivor paths. Hence, at time instant , for
trellis state should point to the ML state

(4)

which is the target trackback state and the start state of DC.
As soon as WR completes columns of decision bit up-
date, the target traceback state of the last column is available
at the same time. Hence, the corresponding DC can be per-
formed from the target traceback state which is estimated by
the pre-traceback operation directly. In our proposed pre-trace-
back approach, pre-traceback and DC are performed in forward
and backward directions respectively. Whereas in the conven-
tional approach TB and DC are both performed in the backward
direction. In summary, compared to the conventional traceback
approach which is based on three types of memory access op-
erations (WR, TB, and DC), only two types of operations (WR
and DC) are necessary with our pre-traceback approach.

• WR: In addition to updating the decision bit vectors in the
survivor memory, the pointer register is also updated as
described by (3). The update of the survivor memory and
the pre-traceback pointer register are performed in parallel.

• DC: This process performs two operational steps.
— First, selects an arbitrary state and looks for its cor-

responding target traceback state in the pre-traceback
pointer register.

— Second, starting with the state identified with the first
step above, performs iterative read operations for de-
coding for the bits read from the memory.

The pre-traceback approach discussed in this paper can also
be applied to similar ML decoding algorithms such as Turbo
decoding which is implemented via a soft output VA (SOVA)
decoder [18].

B. Example

Further insight into the operations of the pre-traceback can be
obtained through an example as shown in Fig. 5, where a com-
parison between the conventional traceback and pre-traceback
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Fig. 5. Comparison of conventional traceback and the proposed pre-traceback
approaches. (a) Trellis graph updated by WR process. (b) Conventional trace-
back through looking up adjacent pre-state table. (c) Pre-traceback through up-
dating pointer register.

is provided using a four state trellis, corresponding to a con-
straint length . In Fig. 5(a), the trellis states are denoted
as . Each node corresponds to a state
at a given time instant and each branch corresponds to a survivor
path transition decided by the ACS unit. The corresponding de-
cision bit associated with the survivor path transition is labelled
under the node. For simplicity, a small time interval from to

, where is considered without losing
any generality. The WR process writes five columns of decision
bit vectors into the survivor memory in an increasing address
order.

Fig. 5(b) shows the conventional traceback scheme. For ex-
ample, at time if state 10 is selected as the start state,
its corresponding pre-state at time can be obtained through
a series of operations specified by (2). At time , the deci-
sion bit of state 10 is 0, hence the corresponding pre-state at time

can be obtained as 01. Similarly, the pre-state of 01 is
00. After 5 such operations, state 11

is obtained as the target pre-state at time of the
state 10 at time . Therefore, the process of the traceback
is in fact the process of building an adjacent pre-state table.

With the proposed pre-traceback approach, shown in
Fig. 5(c), pre-traceback and DC are executed in forward and
backward directions respectively. During WR, a pointer register
which always points to the target pre-states at time of all
possible trellis states is employed. At time , the pointer

Fig. 6. Proposed pre-traceback architecture.

register is initialized to . At time , the
pointer register is updated as , all of which
point to the pre-state at time . It should be noted that, for
time , the pointer register has the same states as with
the pre-state table of the conventional approach, as shown in
Fig. 5(b), since the time instants and are adjacent.
Whereas at time , the pointer register of state 11 (denoted
as ) points to state 10 (which is the target pre-state at
time ) compared to the adjacent pre-state 01 at time .
Similarly, the whole column of pointer register is updated as

, as specified by (3). Consequently, at time
, the target pre-state of state 10 (which is state 11) is

directly available from the pointer register . Thus, with
the pre-traceback approach the target traceback state of any
given state can be directly obtained at the end of WR process,
removing the need for recursive memory accesses required by
TB process of the conventional traceback approach.

C. Pre-Traceback Architecture

The survivor memory is divided into three banks, each with
columns, as shown in Fig. 6. Only two types of operations (WR
and DC) are performed which work in parallel to access the sur-
vivor memory concurrently. In addition to the pointer register
mentioned in the above section, another register is used to store
the intermediate DC start state, which is simply referred to as
DC start register. WR updates the decision bit vector columns
in an increasing address order. Correspondingly, the pointer reg-
ister is updated based on the general description in (3). It should
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TABLE I
SURVIVOR MEMORY SIZE AND DECODING LATENCY FOR TRACEBACK AND

PRE-TRACEBACK ARCHITECTURES

be noted that at time , pre-traceback for the time interval
and is overlapped. A simple trick

is employed with the aim of sharing the pointer register as well
as overcoming the problem of overlap. It can be observed that
at time instant , for the pre-traceback operation at time in-
terval , the th pointer register should always be
initialized to . So by just plugging the initial state number into
(3) at time instant , the pointer register between the two
blocks can be shared. The target traceback state in the pointer
register is shifted into DC start register at every time instant.
The overhead introduced by the start register is negligible since
all the pointer registers will converge to the same state. Hence,
only one state is stored into the start register. Specifically, the
updating process of the pointer register can be given as follows:

if

if

otherwise

(5)

where . At each time instant, with an
initial start state determined by the pointer register, DC begins a
set of consecutive memory read operations with a decreasing
address order. A LIFO is also required to perform the bit reverse
order. Therefore, the overall latency including the LIFO is only

as opposed to with the conventional approach.
A simple architectural comparison is summarized in Table I.

Compared to the conventional traceback approach, the proposed
pre-traceback approach has 25% improvement in both memory
size and latency reduction.

D. Generalized Architectural Comparisons Between
Traceback and Pre-Traceback

The analysis above shows that the pre-traceback architecture
is better than the traceback in terms of memory efficiency and
decoding latency given that WR, DC and TB operate at the
same clock frequency. It should be noted that for the traceback
approach, the memory size and decoding latency can also be
reduced by making the read bandwidth for TB and DC larger
than the write bandwidth for WR according to [20]. In [19] and
[20], a comprehensive theoretical analysis is presented for the
architectures with different number of read and write pointers.
Practical applications for these architectures are presented in
[2], [4] and [5]. The main disadvantage of these architectures
is increased design effort and complexity in synchronzing dif-
ferent pointers. Furthermore, some dedicated technologies such
as multi port SRAMs are needed which reduce the flexibility

of the system. For example, in [5], the read pointer must op-
erate three times faster than the write pointer and there is a
stringent constraint on the phase relationship between the write
pointer and the read pointer. These approaches increase the de-
sign complexity and design efforts compared to the proposed
pre-traceback approach which adopts a simple clocking strategy
[21]. In this subsection, we generalize the discussion to include
the scenarios for the pre-traceback approach where WR and
DC processes operate at different clock frequencies. We will
show that the pre-traceback approach is still better than the con-
ventional traceback approach when the read pointer bandwidth
is increased as in [2] and [5]. Two detailed pre-traceback ap-
proaches are descried in Figs. 7 and 8.

Fig. 7 illustrates the 2-pointer pre-traceback approach where
the read pointer for DC operates twice as fast as the write pointer
for WR. The horizontal axis represents the time and the vertical
axis represents the memory address. WR writes to the memory
using a circular addressing scheme. The dots in the WR process
represent the time when the target pre-state is made available
for DC by the pre-traceback pointer register. Since the write
throughput should be equal to the read throughput, the read
pointer is not continuously active, as could be observed from
Fig. 7. Compared to the architecture in Fig. 6, the memory size
and the decoding latency is further reduced to . Similarly,
if the read pointer works times faster than the write pointer,
the memory size and the decoding latency will be reduced to

.
Furthermore, if two sets of pointer registers are allocated

for each state, namely the even set and the odd set of pointer
registers, the pre-traceback approach can be performed in
parallel. With this arrangement, two sets of pointer registers
operate concurrently at a time interval of . The even set
pointer register operates in the same way as the pointer register
discussed before. It should be noted that at time instant ,
the even set pointer register is updated as usual whereas the
odd set pointer register is flushed to restart. Specifically, for
the even set pointer register, the restart operation happens
at time instants whereas for the odd set
pointer register, the restart operation occurs at time instants

. Therefore, a new DC
can start at each time interval. Fig. 8 illustrates the detailed
memory operation of this approach. Intuitively, we refer to this
approach as the sliding-window approach. It should be noted
that in this approach, the read pointer for DC is as fast as the
write pointer for WR. Nevertheless, there are two pre-trace-
back processes operating in parallel, which corresponds to the
“increased TB speed” in the conventional traceback approach.
Therefore, for this architecture, the memory size and the
decoding latency is further reduced to at the expense of
doubling the overhead associated with the pointer register.

A comparison between the generalized traceback and pre-
traceback approaches is presented in Table II. -P-Even refers
to the traceback approach where there are read pointers for
DC and TB. Whereas, One- -P refers to the traceback approach
where there is a read pointer which works times faster than
the write pointer. The detailed descriptions of -P-Even and
One- -P approaches are presented in [19] and [20]. When is
small (e.g., or ), the pre-traceback approach is
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Fig. 7. Memory address partition for 2-pointer pre-traceback approach.

Fig. 8. Memory address partition for sliding window pre-traceback approach.

optimal compared to both -P-Even and One- -P approaches.
When is large, One- -P begins to outperform the pre-trace-
back in terms of memory size. For example, for the
memory requirement for -P pre-traceback and One- -P trace-
back is and , respectively. More vigorously, when

, the corresponding memory depth for -P pre-traceback and
One- -P traceback is approaching and respectively. How-
ever, as it has been shown in [2], the additional complexity
and overhead associated with simply increasing the read pointer
bandwidth continuously will more than offset the gain achieved
by reducing the memory size. Therefore, a practical range for
reported in the literature is up to 3.

Generally, the basic idea behind the traceback implementa-
tions is to reduce the memory size and decoding latency by
squeezing the time consumed in the memory read process. How-
ever, from the power consumption point of view, each bit in
the memory is still needs to be read twice, which leads to high
memory access energy consumption. In summary, we can con-
clude that the pre-traceback is still optimal in terms of the overall
design complexity, performance, and power consumption.

Finally, although the discussion presented above is conceptu-
ally interesting, the pre-traceback offers the most practical ar-
chitecture for most applications where the read pointer operates
at a modest speed. In the following sections, the analysis and ex-
perimental implementations are based on the architectural con-
figurations shown in Figs. 3 and 6 where the read pointer oper-
ates at the same speed with the write pointer.

IV. SMU MODELING AND ANALYSIS

In this section, we present the first order approximation
models for comparing the three approaches (register exchange,
traceback, and pre-traceback). Although more accurate com-
parisons can be obtained only after implementation, it is always
desirable to obtain an intuitive and quick understanding of the
architectural factors affecting the overall system performance
in terms of area, power, and speed [22]. The principal objective
of modelling is to obtain some general comparisons between
the conventional traceback and the proposed pre traceback
architectures at the initial phase of the system design. Register
exchange is also considered here for the sake of complete
design space exploration. In addition, the models with generic
architectural parameters are presented and certain approxi-
mations are made. In later sections, specific implementation
results will be given to validate our models.

A. Energy Consumption

One of the main concerns in wireless communication ap-
plications is the energy consumption. In this subsection, the
energy consumption models for the proposed pre-traceback
and the conventional traceback approaches are presented re-
spectively. The energy consumption of the traceback approach
is contributed by the following operations:

• WR write operation into the survivor memory;
• TB read operation out of the survivor memory;
• DC read operation out of the survivor memory;
• write operation into LIFO;
• read operation out of LIFO;
• associated control logic.
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TABLE II
GENERALIZED MEMORY COMPARISONS BETWEEN PRE-TRACEBACK AND TRACEBACK

In particular, for the conventional traceback approach, in
order to decode one bit, the overall energy consumed can be
modeled as

(6)

Similarly, for the proposed pre-traceback approach, the energy
consumption can be modeled as

(7)

Certain assumptions are made in order to get a quick overview
of the power comparison between the two architectures. The en-
ergy consumed during the LIFO access between the two archi-
tectures is exactly the same. Moreover, as the size of the survivor
memory is much larger than the LIFO, compared to the energy
consumed during the survivor memory access, the energy con-
sumed in the LIFO operation could be ignored. The introduc-
tion of the pointer register results in .
However, according to the results presented in [9], compared
to the power consumption contributed by large SRAM access,
the energy consumed in the control circuit could be ignored too.
This assumption is further verified by our experimental imple-
mentation results in Section V. Hence, in the following anal-
ysis, the main contribution of the power comes from the survivor
memory access operations. Therefore, the energy efficiency im-
provement of the proposed pre-traceback approach can be esti-
mated as

(8)

where . Usually, since for read
operations, a scheme to reduce voltage swing on the bit line is
commonly employed in the contemporary SRAM Design [21].
The advanced techniques to derive are introduced in [23], [24].
For example, with a VD, where the normalized
and are 25 and 12 respectively which is extrapolated
from [9], the proposed pre-traceback approach can achieve an
energy efficiency improvement of %. In this paper,

is simply considered as an empirical value derived from the
simulation.

The energy efficiency will vary with the variation of
which is a function of the memory size, row/column partition
and technology. The generic relationship between and energy

Fig. 9. Energy efficiency of the pre-traceback architecture.

efficiency is presented in Fig. 9. It should be noted that in
our model the energy consumption associated with the survivor
memory access operations, for both conventional traceback
and proposed pre-traceback approaches, are ideally modeled
as equal. However, as the total memory size is reduced with
the pre-traceback approach, the overall energy saving would
be higher due to the reduced load capacitance. This will be
confirmed later in the results section.

B. Area

Similar to the power analysis, an approximation model is first
presented and the synthesis implementation results are then pro-
vided in later sections in order to confirm the results. In [18], the
area of a typical 6T memory cell in 0.18- m technology is given
as 10 m . Address decoders and word/bit line drivers may in-
crease this area by an overhead factor of 50%. Here the overhead
factor, which is the area increase contributed by the peripheral
circuits of SRAM such as address decoders and sense amplifiers,
will vary according to the architecture and size of the SRAM. A
typical D type register occupies about 50 m . The model pa-
rameters are listed as follows.

• : Decoding depth of the decoder.
• : Number of states in the trellis graph.
• : Constraint length, which determines the width of the

pointer register array.
• : Unit area of the SRAM cell.
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Fig. 10. Area estimation of traceback, pre-traceback and register exchange.

• : Unit area of the register.
• : Area overhead factor associated with the peripheral cir-

cuits such as decoder/sense amplifier of the SRAM.
For the conventional traceback approach, the area contribu-

tion comes mainly from the survivor memory, which can be
modeled as

(9)

For proposed pre-traceback approach, in addition to the survivor
memory, the pointer register array should also be considered

(10)

For the register exchange approach, it becomes more compli-
cated to estimate the area in the sense that the wiring plays a
major role in this architecture. Hence, the model shown in (11)
just considers the ideal case where only the area of the register
is taken into account. This provides a quick estimation for the
area aspect of the register exchange approach

(11)

A generic relationship between the constraint length and
the area is shown in Fig. 10. It is obvious that the proposed
pre-traceback approach is significantly more area efficient than
the conventional traceback approach especially when the con-
straint length becomes larger. For example, for wireless LAN
and 3G applications where and respectively, the
proposed pre-traceback approach saves 22.6% and 23.1% area
compared to the conventional traceback approach. Another in-
teresting conclusion is that even when compared with the over

Fig. 11. Area contribution of traceback and pre-traceback.

ideal register exchange model, the area increase of the pre-trace-
back is not significant in that for and , the area
increase of pre-traceback is only 4.3% and 4.8%, respectively.

V. IMPLEMENTATION RESULTS AND DISCUSSION

In order to confirm the analysis shown above, several VDs
with different SMU architectures are implemented in UMC
0.18- m standard cell-based environment. In these different
VD implementations, BMU and ACS modules remain the
same, the only difference being in their respective SMU mod-
ules. VDs are described in Verilog HDL and then synthesized
into gate level circuits with Synopsys Design Compiler. The
architectural parameters are as follows:

• 3 bits, 8 level soft decision inputs;
• code rate ;
• constraint length from to , which corre-

sponds to 4 to 256 states in the trellis graph.
For the convenience of implementation, the decoding depth

, is empirically set to the number which is the power of 2 and
no smaller than .

The proposed area models of the pre-traceback architecture
in the previous section assumes that the overhead introduced
by the pointer registers is negligible compared to the savings
achieved with reduced survivor memory size. A careful exam-
ination of the logic circuit and survivor memory contribution
to the SMU is presented here. The high level architecture of the
SMU is composed of three major components: survivor memory
array (SMA), recursion logic (RL) and LIFO. in pre-trace-
back architecture [defined by (5)] is much more complex than
the of traceback [defined by (2)]. However, when compared
to SMA, contributes little to the overall area in both conven-
tional traceback and pre-traceback architectures. The increase is
insignificant compared to the decrease in SMA for the pre-trace-
back architecture. Fig. 11 illustrates the area distribution of the
SMU for both conventional traceback and proposed pre-trace-
back architectures. It should be noted that for each group of
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TABLE III
SYNTHESIZED AREA RESULT: CONVENTIONAL TRACEBACK AND PROPOSED PRE-TRACEBACK ARCHITECTURE IN MICROMETER SQUARE

Fig. 12. Energy comparison of traceback, pretraceback and register exchange.

data with the same constraint length, the left one represents the
conventional traceback approach and the right one reppresents
the pre-traceback approach. Moreover, the results presented in
Table III summarize the area synthesis results of the architecture
for from 3 to 9. For instance, for typical wireless communi-
cation applications, i.e., wireless LAN where , the area
savings in SMU block and the whole VD are 37.9% and 21.9%
respectively.

A total of random patterns were simulated at a clock fre-
quency of 10 MHz for each VD, and the switching activities
of each node were captured and then back annotated into the
circuit. Power consumption was then estimated for the synthe-
sized gate-level circuits using Synopsys DesignPower. The en-
ergy comparison is shown in Fig. 12 and Table IV, where
represents the energy efficiency of the SMU and represents
the energy efficiency of the whole VD. For typical applications

TABLE IV
ENERGY EFFICIENCY OF PROPOSED PRE-TRACEBACK APPROACH

in wireless LAN and 3G where and , respectively,
the energy efficiency of the SMU is 22.8% and 21.6% respec-
tively and the energy efficiency of the whole VD is 11.9% and
10.8%, respectively. For the purpose of completeness, the reg-
ister exchange architecture with is also implemented.
It can be seen that for small constraint length VD, the register
exchange architecture is a good choice for the designer as the
wiring overhead is low.

The implementation results also confirm the efficiency of the
estimation models presented in Section IV. For example, when

, the energy efficiency is 21.6%, which is quite close
to the theoretical bound 24.5%, according to (8). In our ideal
analysis model, the overhead associated with the pre-traceback
logic has not been included, which may deterioate the results
for the pre-traceback architecture. Therefore, we contribute this
optimal implementation result to the enhanced memory access
efficiency for the pre-traceback architecture since for the model
we assumed that the energy associated with the memory in trace-
back and pre-traceback was equal, which was impractical.

It is interesting to note that when is increased from 3 to 4,
the power consumed with the conventional architecture sharply
increases whereas this happens with the pre-traceback architec-
ture when is increased from 4 to 5. Consequently, for ,
a significant 95.6% power saving in SMU is achieved. Also note
that in the case of the register exchange this sharp increase in
power consumption occurs when is increased from 5 to 6.
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VI. CONCLUSION

An efficient pre-traceback architecture for the SMU for VD
targeting wireless applications is presented. The memory read
operations are reduced by 50% by introducing the pre-trace-
back operation to exploit the inherent parallelism between WR
and TB operations. Furthermore, the survivor memory size as
well as the decoding latency is reduced by 25% compared to the
conventional 2-pointer traceback algorithm. The combined re-
duction of survivor memory access operations as well as the sur-
vivor memory size leads to significant energy efficiency and area
reduction. Results are presented for both the estimation models
and experiment implementations. For typical wireless applica-
tion fields such as IEEE 802.11 wireless LAN and 3G

, the energy saving is 11.9% and 10.8% with a 21.9%
and 21.3% area saving respectively.
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