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Memoryless Viterbi Decoder

Dalia A. EI-Dib, Member, IEEEM.I. EImasry, Fellow, IEEE,

Abstract— The problem of survival memory management of a [11] were designed for CDMA applications for which the
Viterbi Decoder (VD) was solved by introducing a novel pointer constraint length must b&=9. Although Kang and Willson
|mplemgntat|qn for the register exchange (R.E) method, where a have introduced a very low power TB VD [10], its speed is
Egmfr:t'f)fatss'egg%?n:grezﬂ?dr]ovgo?gt? f? gg’e'r;g\?veo?'\fn%rgql(])'r; Tse limited dye to the use of sequential arghitectures for the ACS
altered to point to another row of memory, instead of copying Processing. The decoder that was devised by Chang et al. has
the contents of the first row to the second. an even lower power consumption and achieves speeds in the

In this paper, the one-pointer VD is proposed; if the initial range of Mbps [11].
state of the cc()nvolu)tional gncoger is k:’uown, the entire surviv?]r The modified RE method proposed in [1] suggests a varia-
memory unit (SMU) is reduced to only one row. Because the . . . . ;
decoded data are generated in the required order, even this row tion to 'the Viterbi Algorithm (VA), and has <":1n estimated power
of memory is dispensable. Thus, the one-pointer architecture, réduction of 20 percent over the conventional low power VD
referred to as memoryless Viterbi Decoder (MLVD), reduces proposed by Chang et al, but has considerable performance
the power consumption of a traditional trace back (TB) VD by degradation, which was accidently overlooked in [1]. Other
approximately 50 percent. A prototype of the MLVD with @ one 3 jations to the VD have also been proposed in the literature.

third convolutional code rate and a constraint length of nine is . -
mapped into a Xilinx 2V6000 chip, operating at 25 MHz with a BOth the T-algorithm [12] and the M-algorithm [13] apply

decoding throughput of more than 3Mbps and a latency of two SOmMe techniques to reduce the number of paths being traced

data bits. back. Some adaptive reduced-complexity techniques have been
Index Terms—wireless, low power, Viterbi Decoder, register applied to these suboptimal VAs. The adaptive approaches
exchange, memoryless. perform as decent as conventional VDs with a significant

reduction in the computational complexity if the proper system
parameters have been selected [14]. None of these algorithms
. INTRODUCTION ensure the amount of reduction in the computational effort.

HE, Viterbi Algorithm is an efficient method for the The modified RE method [1], which is further improved

realization of maximum likelihood decoding of convodin this work, utilizes the pointer concept, that is widely used
lutional codes [2] [3]. The digital VD is widely used in manyin software engineering. Instead of moving the contents of
digital wireline and wireless applications. Existing VDs ar@ne row of memory to a second row of memory, the pointer
categorized by the way how the decoded data bits are stofedthe first row is altered to point to the second row. The
in and retrieved from the SMU. Two methods are mainlpointer to one row of memory simply carries the current state
used, the RE and the TB method [4]. In the literature, the RE the trellis of the VD. The pointer implementation avoids the
method is acceptable for trellises with only a small numb&ower hungry register exchange operations of the traditional
of states, whereas the TB approach is acceptable for trelli§¥s method, and is referred to as pointer Viterbi Decoder
with a large number of states. Therefore, the TB method h&2VD). In the next section the PVD is briefly reviewed, then
been widely investigated and implemented. For example, & memoryless version is introduced.
M-layered approach that combines the M-stages of the trellis
into one stage has been proposed [5]. Bit-serial approaches|| Tue MEMORYLESSVITERBI DECODER(MLVD)
and operation reformulations have also been initiated [6] [7].
Although several attempts to reduce the power consumptionThe€ PVD keeps track of the current row position of the
of the TB VD have been proposed, only a few attempts ggecoder in the memory. It makes use of the fact that the
combine the advantages of the TB and RE methods hdUk appended to each row of memory is exactly the bit that
been reported. The RE method has been modified by Hisnshifted into the pointer to form the new pointer to that
et al [8] to reduce its memory access rate. Their modifié@W of memory. To show the functionality a 4-state rate=1/3
RE (MRE) method eliminates the trace-back operation ag@nvolutional encoder (G0=101, G1=111, and G2=111) is
reduces the amount of memory. The MRE can be design@giPloyed to encode the input sequence of (10110100100). The
with emphasis on either efficient memory or low latency, b@ode stream, (111, 011, 000, 100, 100, 000, 011, 111, 111, 011,
no estimated power reduction figures were given. All of th&l1) is generated and transmitted over a noisy channel. The
previous design approaches were developed for low constrdiqiSy code stream, (111, 011, QQuOO, 100, 000, 011, 111,

length VDs (=3 to K=7). The decoders in [9], [10], and110 011, 111), for example, is received at the decoder. The
underlined bits are incorrect because of the noise encountered
Manuscript received July, 2004; This work was supported by the Egyptigturing transmission. Applying the modified RE method results
Governement. , _ _ in the diagram illustrated in Figure 1. This figure displays the
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(email: dafeldib@eri.sci.eg) and M.l. Elmasry is with the University opuccessive values for the pointers and rows ot memory over
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Fig. 1. New RE approach with pointer implementation (the upper register carries the pointer and the lower register carries the decoded bits)
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A closer look reveals that each row of memory is used to I1l. ARCHITECTURE OF THEMLVD
trace the decoded bits, if an initial state is assumed. The firstrhe MLVD is an extra low power design for a VD with

row of memory decodes the data, if an initial state, is the only restriction of resetting the encoder register at each
assumed. The last row records the decoded data, if an initialof the encoded data bits and providing the necessary
state,Sa55, is assumed, and so on. If the initial state is knowrynchronization with the decoder. The block diagram of the
are all these rows of memory necessary? Absolutely not. Ra{vp, designed in VHDL, is shown in Figure 3.

example, if the initial state is zero, then only the first row of | order to have a built-in self-test design, a Linear Feedback
memory is needed. In other words, the storage of the decodsift Register (LFSR) and a comparator are added. The LFSR
bits is necessary in order to choose only one row of memQsyoduces the random input for the encoder, whereas the
at the end to represent the actual decoded bits. If the requitfnparator compares the delayed version of the LESR’s output
row of memory is predetermined, then there is no need for thgh the decoded output of the MLVD. An output signal,
storage of the other rows. Furthermore, there is no need f94tus, indicates the correct functionality of the design. The

the storage of the row that is assigned to the predetermingflowing is a discussion of the different parts of the MLVD
initial state, because the RE approach generates the decogiéglgn and their functionality.

bits in the correct order. The decoded bits are produced, and
then read out from the decoder. Thus, a memory-free VD can convolutional Encoder

EzcerLp If)?se?rt]ittj :?:a Sgrl]ig d;edse\t,f,ﬁg,[::: g]lcosiir/i\fgrme;f for‘l’he convolutional encoder that is implemented is that of the
' b reverse link for WCDMA applications. It is &=9 andr=1/3

" . :
length (5*K). There is no need to interrupt the data sequen Snovolutional encoder. To implement a 3-bit soft-decision VD,

Gata are coningous, It he contents of the encoder bis (sl C11PUt f the encoder s tanslated flom (0.1 o (111, 011,
' ( is the two’'s complement representation of the decimal

bits for K = 9 convolutional encoder) are reset to zero forrmmber -3, and 011 is the representation of the decimal

eachL bits transmitted. Whereas th_e.[:_)omter of the VD in th umber 3. The output of the encoder is fed directly (without
receiver needs to be reset to the initial state for each L bj 8ise) into the first block of the VD. the BMU
y ’ '

decoded. Besides, the memory-free VD has a latency of on
two data bits, whereas the latency of a conventional VD is gt Branch Metric Unit (BMU)
least L bits long. The new memory-free VD implementation” . . o i

is called, the Memoryless Viterbi Decoder (MLVD). Since the For binary convolutional codes, it is proven that linear
MLVD needs to track only one row, the MLVD requires onlydistances (Hamming distances) can be used as the optimum
one pointer to track the current position of the decoder panch metrics (BMs) [15]. For three 3-bit soft decision input
the trellis in Figure 2. The MLVD is designed in VHDL for PitS, (o, 71, i2), each ranging from -3 to 3, eight 5-bit BMs

WCDMA applications with the specifications listed in Table |&r€ generated. The BMU performs simple add and subtract
operations on the decision bits to generate the output as

represented in Figure 4, and the output of the BMU is still in

TABLE | a two's complement format. The bit serial format of the BMs
VD SPECIFICATIONS is generated by the parallel to serial module at the output of
Constraint Length =9 the BMU, as §hown.|n Figure 3, then the bit serial format
Coding Rate r=1/3 BM < 0:7>is fed into the ACSU.
Generator Polynomial§ GO0= 557, G1=663 G2=711
Decision Level 3-bit Soft Decision ;
Target Speed N Thps C. Add Compare Select Unit (ACSU)

The ACSU is composed of 126 units; each is composed
of an ACS butterfly module, which adds the BMs to the
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Fig. 2. MLVD approach with pointer implementation (the upper box carries the pointer and the lower box carries the decoded bits stored in memory)
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Fig. 3. MLVD block diagram
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Fig. 4. Branch Metric Unit (BMU) operations PM@ = ppit 4+ BMG9)
io ; If BM®W + pMGa) > BMU) 4 pApGD)
B Then Dec@ =1
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PM@D = ppG) + BAG-a)

And according to the symmetric characteristics of the VD
(Table 1),

BMG9 = BpG:P)
and BMGP) = BMUD .

corresponding path metrics (PMs), compares the new PMs,

and then feeds the selected PMs back into the ACSU. Thelherefore, only two branch metricBM s are connected

typical operation of one ACS butterfly module is as followsio each butterfly unit as shown in Figure 5. The bit serial
approach proposed by Chang et al. [11] is adopted for the

If BMGP) 4 PMGP) < BMUGP)  PMUP) MLVD implementation to reduce the routing overhead among
Then Dec®) =0 the different ACSU modules.
PM® = pM® 4 BMP)
If BMG@P) 4 pAGp) s BAGP) 4 pArG») D. Add Compare Select TO Survivor Memory (ACSTOSM)
Then Dec® =1 , _ The ACSTOSM is employed to route the decision of the
PM® = pMG) 4+ BMGP) appropriate ACS module to the output. The ACSTOSM is a
_ _ _ } 256 to one decoder. The select signal for this large decoder is
If BM:9) 4 pM9) < BMG9) 4 pAfGa) the output of the pointer module. The output of the ACSTOSM

Then Decl® =0 module is already the decoded output sequence of the MLVD,
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Fig. 5. One ACS butterfly module rg, then the total in Table Il is produced. The total shows
that there is almost no power consumption that is associated
BM,,(P with the SMU of the MLVD. This occurs because all the SMU
BM..09 operations are related to the memory, and for the MLVD, no
+1 memory is required. Typically, the SMU consumes about 50
PM,,) R percent of the total VD power [16]. Thus the MLVD reduces
ACS —— Pw® the power consumption of the VD by half.
Dec® A Java program is written to simulate the MLVD perfor-
&G mance. The data signal of the convolutional encodeér=£
9,r = 1/3, L = 48) is converted into antipodal representation,
Y ACS — PM,@ then additive white gaussian noise (AWGN) is added, then the
resulting signal is quantized into 3-bit soft representation and
is input to the MLVD. The coding gain of the MLVD is plotted
in Figure 6. The MLVD achieves a coding gain of 2.6 dB at

a SNR(E,/Ny) = 10~3; the coding gain is increased to 3.3
but is also fed back into the pointer module to update th#8 at aSN R of 10~5.

current state in the decoding trellis.

®
A 4

PM," o p

q L 5 DeC[(q)
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Fig. 6. Coding gain simulations of the MLVDK = 9,r = 1/3, L = 48).
E. Pointer L e e

The pointer block contains the current state of the decoder :
(eight bits). It is reset to zero (the initial state of the encoder) ) —e—Wwo
for each L of bits decoded. Then, for each bit decoded, the| . \\\ e e
pointer content is updated, by the output of the ACSTOSM -
module. The exact position of the bit that will be updated is

determined by the MSB block, which acts as a circular pointer
to the pointer block.

IV. POWER CONSUMPTION AND PERFORMANCE OF THE
MLVD

To calculate the power reduction estimation, cost values for
the operations required by the SMU of the TB VD [11], the
PVD, and the MLVD are provided in Table Il. It is noted
that many SMU'’s operations are no longer executed with the
MLVD.

8 10

TABLE I

ESTIMATED COST FUNCTION TO DECODE48 CODEWORDS
V. XILINX IMPLEMENTATION AND TESTRESULTS

Operation TB ‘ PVD ‘ MLVD ‘ To prepare the MLVD’s V_HDL design that is implemented
Writing decision bits into 256 x 48 (256 x 48)/2 — on the FPGA, the d_ES|g_n I.S syntheelzed by using Synopsys
the memory 122880 61440 tooIs._Then, the deS|gn is imported mFo X|!|nx _toels fpr the
Reading from the memory | 48 x 3 8 - mapping and .routmg; then a \./H.DL f|Ie. ywth_ timing infor-
14 18 mation is re-S|m_uIated for the timing verification. A_fterwa.rd,
Wiiting info the MSB of - e xas | a8 the_ ML_VD's design is downleaded to a_2V6000 X|I|r_1x ch|p,
the pointers 12288+ 48rg which is mounted on a r_apld prototyplng system including
Wiiting termination bits into| — 56 - the LT-XC2V6000 logic tile. The logic tile _prowde_s some
the termination registers 2560 leds to be connected to the output of the Xilinx Chip. These
8.bit register shifing (Shift | 48 x 3 x 8 | - — leds are .used to flash serially in the case of the correct
to the right and append a bit 1152 fu.nct|onal|ty. The MLVD consumes only 8 percent of the total
to the LSB) slices of the 2V6000, comprising a total of 68,736 gates. The
Total 125040 77360 6w design consumes 16 I/O bits, and can be implemented on a

much smaller FPGA, but was not available. Even the power

consumption of the design on the FPGA is not very significant,
W, r, andrg represent the power dissipation cost functiobecause the main objective is to test the design feasibility and

for writing one bit into the memory block, reading one bibperability. The implemented design on the Xilinx FAPGA

from the memory block, and writing one bit into a registemperates at 25/ Hz with a decoding throughput of more

respectively. As estimated in [1{y:rg ~ 8:1 andw:r ~ 2:1. than 3Mbps. Thus the target speed of ”bps (see Table I)

If the equivalent estimated value of w is substituted for r and achieved.
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VI. CONCLUSION Dalia EI-Dib received her B.Sc. and M.Sc. degrees in Electrical Engineering
from Cairo University, Cairo, Egypt, in 1995 and 1998, respectively. From

: : 96 to 1999, she worked for the Electronic Research Institute, and was a
The PVD proposed by the authors in a previous pap irt-time Software Engineer for the Information and Decision Support Center,

[1] was further improved to reduce its power consumptiofGairo, Egypt. Her M.Sc. research focused on reconfigurable microprocessor
The MLVD is a memoryless implementation of the VAarchitectures. Then, she attained her doctoral degree from University of
and successfully decodes the continuous data encoded Bf47ee Ontae, Canada n 2006 Now she = i e Sectonics Rescarch
WCDMA convolutional encoder. The power reduction is Afower design techniques at the algorithm/architecture level, especially for
high as 50 percent and the latency is only 2 data bits. The nesding/decoding circuits in wireless communications.

implementation is realized by applying the pointer concept to

the RE implementation, and by reinforcing the initial state of

the convolutional encoder every L bits encoded. The BER rate

for the MLVD is estimated to ba0—3 for an SNR of 4.2B

with a coding gain of 2.86B. The MLVD along with an on-

chip convolutional encoder (rate=1/R,=9) was implemented

on a Xilinx 2V6000 chip to demonstrate both the design’s

functionality and feasible implementation. The hardware and

computational overhead of the new implementation is only

a 256 to 1 decoder, which is switching at the data rate

frequency.
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