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(57) ABSTRACT 

A method and apparatus for convolution encoding and 
Viterbi decoding utilizes a ?exible, digital signal processing 
architecture that comprises a core processor and a plurality 
of re-con?gurable processing elements arranged in a tWo 
dimensional array. The core processor is operable to con 
?gure the re-con?gurable processing elements to perform 
data encoding and data decoding functions. A received data 
input is encoded by con?guring one of the re-con?gurable 
processing elements to emulate a convolution encoding 
algorithm and applying the received data input to the con 
volution encoding algorithm. Areceived encoded data input 
is decoded by con?guring the plurality of re-con?gurable 
processing elements to emulate a Viterbi decoding algorithm 
Wherein the plurality of re-con?gurable processing elements 
is con?gured to accommodate every data state of the con 
volution encoding algorithm. The core processor initializes 
the re-con?gurable processing elements by assigning regis 
ter values to registers that de?ne parameters such as con 
straint length and code rate for the convolution encoding 
algorithm. 
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METHOD AND APPARATUS FOR CONVOLUTION 
ENCODING AND VITERBI DECODING OF DATA 
THAT UTILIZE A CONFIGURABLE PROCESSOR 

TO CONFIGURE A PLURALITY OF 
RE-CONFIGURABLE PROCESSING ELEMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to digital signal pro 
cessing, and more particularly to the mapping of a convo 
lution encoder and a Viterbi decoder onto a dynamically 
re-con?gurable tWo-dimensional single instruction multiple 
data (SIMD) processor array architecture. 

[0003] 2. Description of Related Art 

[0004] The ?eld of digital signal processing (DSP) has 
groWn dramatically in recent years and has quickly become 
a key component in many consumer, communications, 
medical, and industrial products. DSP technology involves 
the analyZing and processing of digital data in the form of 
sequences of ones and Zeros. In the ?eld of communications, 
analog signals are converted to such digital sequences for 
processing and transmission. During transmission, hoWever, 
these digital sequences may be easily distorted by noise. In 
order to address this problem, digital data is often encoded 
before transmission. One form of encoding, knoWn as con 
volution encoding, is Widely used in digital communication 
and signal processing to protect transmitted data against 
noise, and its ef?ciency is Well knoWn in terms of error 
correction quality. In general, convolution encoding is a 
coding scheme that associates at least one encoded data 
element With each source data element to be encoded, this 
encoded data element being obtained by the modulo-tWo 
summation of this source data element With at least one of 
the previous source data elements. Thus, each encoded 
symbol is a linear combination of the source data element to 
be encoded and the previous source data elements. 

[0005] In FIG. 1A, a schematic diagram of a standard 
convolution encoder With a code rate of one half is shoWn. 
For this type of encoder, tWo encoding outputs, a(t) and b(t), 
are transmitted for every input u(t). The encoder is shoWn to 
be comprised of tWo delay elements, 10 and 12, and three 
exclusive-OR Boolean operators 20, 22, and 24. As illus 
trated, an input u(t) is connected to a ?rst delay element 10, 
a ?rst exclusive-OR operator 20, and a second exclusive-OR 
operator 22. The output u(t-1) of the ?rst delay element 10 
is connected to the input of the second delay element 12 and 
to the second exclusive-OR operator 22. The output u(t-2) of 
the second delay element 20 is then connected to the ?rst 
exclusive-OR operator 20 and to the third exclusive-OR 
operator 24. The encoding outputs, a(t) and b(t), are then 
respectively taken from the outputs of the ?rst exclusive-OR 
operator 20 and the third exclusive-OR operator 24. It 
should be appreciated that there are four possible binary 
states of the encoder (u(t-1), u(t-2)), including state Zero 
(00), state one (01), state tWo (10), and state three (11). 

[0006] The encoding process of the described encoder 
may also be characteriZed by the ?nite state machine illus 
trated in FIG. 1B. In this diagram, each circle is labeled With 
a binary representation of one of the four binary states of the 
encoder. In particular, this diagram provides binary repre 
sentations for state Zero 40, state one 44, state tWo 42, and 
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state three 46. This diagram is further comprised of several 
arroWs representing the respective transition paths taken into 
each particular state. In this eXample, a total of eight 
transition paths 30, 31, 32, 33, 34, 35, 36, and 37 are 
illustrated. Each transition path also includes an input/output 
pair (u(t)/a(t), b(t)) uniquely identifying the conditions 
needed for that particular transition to occur. 

[0007] For eXample, beginning at state Zero 40, there are 
tWo possible transition paths, including path 30 and path 31. 
Path 30 depicts an input u(t) of Zero that produces respective 
outputs a(t), b(t) of Zero, Zero (0/00), thereby causing the 
?nite state machine to remain at state Zero 40 (or 00). Path 
31 depicts an input u(t) of one and respective outputs a(t), 
b(t) of one, one (1/11), thereby causing the ?nite state 
machine to transition to state tWo 42 (or 10). From state tWo 
42, there are tWo possible transition paths, including path 32 
and path 37. Path 32 depicts an input u(t) of one that 
produces respective outputs a(t), b(t) of one, Zero (1/10), 
thereby causing the ?nite state machine to transition to state 
three 46 (or 11). Path 37 depicts an input u(t) of Zero and 
respective outputs a(t), b(t) of Zero, one (0/01), thereby 
causing the ?nite state machine to transition to state one 44 
(or 01). The remaining transition paths folloW in like man 
ner. 

[0008] In order to depict hoW the described encoder 
evolves over time, a trellis diagram is shoWn in FIG. 1C. As 
illustrated, this diagram is comprised of several nodes 
(denoted by dots) and transition paths (denoted by solid 
lines). Each column of nodes represents all states at a 
particular instant. In this particular example, ?ve instants are 
described (corresponding to t=1 through t=5). Therefore, 
this trellis diagram can be regarded as illustrating the 
sequence of all possible state transition paths over ?ve 
instants (Where it is assumed that the initial state is state Zero 
40). As a result, any given stream of input bits u(t) can be 
uniquely determined directly from its corresponding 
sequence of outputs, a(t) and b(t), and information derived 
from the encoder’s trellis diagram. For eXample, if after four 
instants the observed noiseless outputs {a1(t)/b1(t), a2(t)/ 
b2(t), a3(t)/b3(t), a4(t)/b4(t)} at a receiver are {11, 10, 10, 
00}, then the corresponding input sequence {u1(t), u2(t), 
u3(t), u4(t)} is {1, 1, 0, 1} according to the trellis diagram 
shoWn in FIG. 1C. In this eXample, it should be clear that 
the number of decoded input bits is determined directly from 
the number of instants traced back in a given trellis diagram. 
In practice, tWo trace-back approaches are used. In the ?rst 
approach, the number of instants traced back in a trellis 
diagram is equal to the total number of bits in the entire bit 
stream (resulting in the decoding of the entire bit stream at 
once). In the second approach, a pre-determined number of 
instants is used resulting in the decoding of partial bit 
streams at a time. 

[0009] In general, noise Will occur during transmission. 
For eXample, if the observed output sequence is {10, 10, 10, 
00}, the corresponding input sequence is unclear. Thus in 
practical applications, statistical decoding methods that 
account for such noise must be implemented. It should be 
noted that although each transition path 30, 31, 32, 33, 34, 
35, 36, and 37 described in FIG. 1B is included in the trellis 
diagram of FIG. 1C, for simplicity, only transition paths 30 
and 31 are labeled. 

[0010] In the presence of noise, the most commonly used 
approach to decode convolution codes is via the Viterbi 
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algorithm. In particular, the Viterbi algorithm gives a binary 
estimation of each input u(t) coded at transmission. This 
estimation is determined by ?nding the most likely transition 
path of a given trellis With respect to the noisy output data 
(X(t), Y(t)) received by a decoder respectively correspond 
ing to the originally encoded output data (a(t), b(t)). Each 
node of the trellis used during decoding contains an infor 
mation element on the survivor path of the tWo possible 
paths ending at that particular node. The basic principle of 
the Viterbi algorithm consists in considering, at each node, 
only the most probable path as to enable easy trace-back 
operations on the trellis and hence to determine an a pos 
teriori estimation of the value received several reception 
instants earlier. 

[0011] The Viterbi algorithm involves the execution of a 
particular set of operations. First, a computation is made of 
the distances, also called branch metrics, betWeen the 
received noisy output data (X(t), Y(t)) and the symbols (a(t), 
b(t)) corresponding to the required noiseless outputs of a 
particular state transition path. In particular these branch 
metric units are de?ned as: 

[0012] Where (as, b5) represent the required noiseless out 
puts of a particular state transition path and (Xk, Yk) 
represent a received noisy output received at time k (it 
should be noted that, in the modulation scheme described 
herein, Zero logic values are replaced by negative ones in the 
right-side of the above formula). For example, suppose a set 
of incoming data is de?ned as (X0, Y0), Which corresponds 
to a particular output (a0, be) of an encoder for a certain input 
uO With a code rate of one half. If the trellis shoWn in FIG. 
1C is used (Where it is assumed that state Zero 40 is the 
initial state), then the procedure begins by calculating 
branch metric units for state transition paths 30 and 31 Which 
respectively correspond to the transition from state Zero 40 
to state Zero 40 and the transition from state Zero 40 to state 
tWo 42 at the ?rst instant (t=1). In particular, these tWo 
transition paths, 30 and 31, Would have the folloWing tWo 
branch metrics: 

[0013] Where Branch (0, 0) describes the branch 
metric needed to transition from state Zero 40 to state 

Zero 40 (Where as=0 and bs=0), and Branch (1, 1) 
describes the branch metric needed to transition from 
state Zero 40 to state tWo 42 (Where aS=1 and bS=1). 
A cumulative branch metric is then determined at 
each node after each instant. In particular, a cumu 
lative branch metric P(s, t) is de?ned for each node 
Where s represents the state of the node and t 
represents the instant as: 

[0014] Where P(j, t) represents the cumulative 
branch metric of state j at instant t, P(i, t-1) 
represents the cumulative branch metric of a state 
i preceding state j at instant (t-l), and Branchij 
represents the branch metric needed to transition 
from state i to state j. The most likely path M(j, t) 
coming into state j at time instant t is then de?ned 
as: 
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[0015] Where represents the set of states hav 
ing transitions into state j. It should be noted that 
the above formula is only needed When there are 
tWo possible state transition paths into a particular 
node (otherWise, the most likely path into state j 
M(j, t) is simply P(j, In the current example, it 
should thus be clear that this calculation is not 
needed until the fourth instant (t=4). It should also 
be noted that, in the current example, it is assumed 
that all cumulative branch metrics are initially 
Zero. Therefore, P(0, 1) and M(0, 1) are both 
initialiZed to Zero at the ?rst instant (t=1). 

[0016] In the next instant (t=2), four branch metric calcu 
lations are needed. Namely, the folloWing branches are 
needed: 

[0017] The cumulative branch metrics corresponding to 
the tWo possible paths for each state are then compared in 
order to determine the paths most likely taken at this 
particular instant. The selected paths and the cumulative 
branch metrics of each state are then both stored in memory 
until the next instant. 

[0018] After a pre-determined number of instants, a trace 
back operation is made in order to determine the optimal 
cumulative path taken. In particular, the path With the largest 
cumulative path metric is chosen as the optimal path 
(although some implementations use the smallest cumula 
tive path metric). This optimal path is then used to decode 
the original coded bit stream of information according the 
procedure described earlier for noiseless conditions. 

[0019] The Viterbi algorithm has been implemented in the 
prior art using either hardWare or softWare systems. Soft 
Ware implementations of the Viterbi algorithm adapted to 
run on general purpose digital signal processors have the 
advantage of better ?exibility than hardWare implementa 
tions, since the softWare can be readily reprogrammed. 
Conversely, hardWare implementations of the Viterbi algo 
rithm using application speci?c integrated circuits (ASICs) 
can achieve higher performance than the softWare imple 
mentations in terms of loWer poWer consumption, higher 
decoding rates, etc., but cannot be easily modi?ed. 

[0020] It Would therefore be advantageous to develop a 
method and apparatus for convolution encoding and Viterbi 
decoding that addresses these limitations of knoWn hardWare 
and softWare implementations. More speci?cally, it Would 
be advantageous to develop a method and apparatus for 
convolution encoding and Viterbi decoding that has the 
?exibility of the softWare implementations, With the superior 
performance of the hardWare implementations. 

SUMMARY OF THE INVENTION 

[0021] A method and apparatus for convolution encoding 
and Viterbi decoding utiliZes a ?exible, digital signal pro 
cessing architecture that comprises a core processor and a 
plurality of re-con?gurable processing elements arranged in 
a tWo-dimensional array. The present invention therefore 
enables the convolution encoding and Viterbi decoding 
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functions to be mapped onto this ?exible architecture, 
thereby overcoming the disadvantages of conventional hard 
Ware and softWare solutions. 

[0022] In an embodiment of the invention, the core pro 
cessor is operable to con?gure the re-con?gurable process 
ing elements to perform data encoding and data decoding 
functions. A received data input is encoded by con?guring 
one of the re-con?gurable processing elements to emulate a 
convolution encoding algorithm and applying the received 
data input to the convolution encoding algorithm. Areceived 
encoded data input is decoded by con?guring the plurality of 
re-con?gurable processing elements to emulate a Viterbi 
decoding algorithm Wherein the plurality of re-con?gurable 
processing elements is con?gured to accommodate every 
data state of the convolution encoding algorithm. The core 
processor initialiZes the re-con?gurable processing elements 
by assigning register values to registers that de?ne param 
eters such as constraint length and code rate for the convo 
lution encoding algorithm. 

[0023] More particularly, the encoding function further 
comprises generating a multiple output sequence corre 
sponding to the received data input. Essentially, the encod 
ing function comprises performing a modulo-tWo addition of 
selected taps of a serially timedelayed sequence of the 
received data input. The decoding function further com 
prises mapping a trellis diagram onto the plurality of re 
con?gurable processing elements. The re-con?gurable pro 
cessing elements calculate cumulative branch metric units 
for each node of the trellis diagram, and the core processor 
selects a most probable state transition path of the trellis 
diagram based on the branch metric units. 

[0024] A more complete understanding of the method and 
apparatus for convolution encoding and Viterbi decoding 
Will be afforded to those skilled in the art, as Well as a 
realiZation of additional advantages and objects thereof, by 
a consideration of the folloWing detailed description of the 
preferred embodiment. Reference Will be made to the 
appended sheets of draWings Which Will ?rst be described 
brie?y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1A is a schematic diagram of a convolution 
encoder having a code rate of one half; 

[0026] FIG. 1B is a schematic diagram of a ?nite state 
machine of an encoder having a code rate of one half; 

[0027] FIG. 1C is a trellis diagram illustrating the pos 
sible state transitions of encoded data having a code rate of 
one half; 

[0028] FIG. 2 is a block diagram of a preferred embodi 
ment of the invention; 

[0029] FIG. 3A is a schematic diagram illustrating the 
internal quadrants of the RC array; 

[0030] FIG. 3B is a schematic diagram illustrating the 
internal express lanes of the RC array; 

[0031] FIG. 3C is a schematic diagram illustrating the 
internal data-bus connections of the RC array; 

[0032] FIG. 4A is a schematic diagram of a convolution 
encoder having a code rate of one third and constraint length 
of nine; 
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[0033] FIG. 4B is a trellis diagram illustrating the possible 
state transitions of encoded data having a code rate of one 
third and constraint length of nine; 

[0034] FIG. 5 is a diagram illustrating the various regis 
ters allocated for encoding in an RC; 

[0035] FIG. 6 is a How chart illustrating the steps for 
encoding one bit of information according to a preferred 
embodiment of the invention; 

[0036] FIG. 7 is a How chart illustrating the steps for 
decoding a bit stream of information according to a pre 
ferred embodiment of the invention; 

[0037] FIG. 8 is diagram illustrating the state transition 
mapping of a Viterbi decoder for encoded data having a code 
rate of one third and a constraint length of nine; 

[0038] FIG. 9 is a diagram illustrating the branch metric 
mapping of a Viterbi decoder for encoded data having a code 
rate of one third and a constraint length of nine; and 

[0039] FIG. 10 is a schematic diagram demonstrating the 
data collapse procedure for Writing path information into the 
frame buffer. DE 

TAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0040] The present invention is directed toWards a method 
and apparatus for convolution encoding and Viterbi decod 
ing. In particular, this invention provides a unique re 
con?gurable architecture that addresses the performance 
limitations currently knoWn in the art by simultaneously 
achieving the ?exibility of softWare pertaining to general 
purpose processors and sustaining the high performance 
pertaining to hardWare implementations of application-spe 
ci?c circuits. In the detailed description that folloWs, it 
should be appreciated that like element numerals are used to 
describe like elements illustrated in one or more of the 
?gures. 
[0041] An embodiment of the invention shoWn in FIG. 2 
comprises an architecture including a dynamically re-con 
?gurable tWo-dimensional SIMD processor array 200. In 
particular, this architecture is comprised of a core processor 
210, a re-con?gurable cell (RC) array 260, a roW context 
memory 240, a column context memory 250, a frame buffer 
230, and a direct memory access (DMA) controller 220. As 
illustrated, the core processor 210 communicates With the 
core processor external memory unit 110 While the DMA 
controller 220 communicates With the DMA external 
memory unit 120. It should be appreciated that instructions 
and data for both the core processor 210 and the DMA 
controller 220 are respectively provided by external memory 
units 110 and 120. Recon?guration, for example, is achieved 
by caching several context Words from the DMA external 
memory unit 120 onto the roW and column context memo 
ries, 240 and 250, of the processor array 260. 

[0042] In a preferred embodiment of this invention, the 
core processor 210 and the DMA controller 220 respectively 
communicate With external memory units, 110 and 120, 
through parallel data-buses (e. g., 32-bit). Aparallel data-bus 
(e.g., 32-bit) also connects the core processor 210 With the 
frame buffer 230, and the DMA controller 220 With both the 
roW context memory 240 and the column context memory 
250. Another parallel data-bus (e.g., 128-bit) connects the 
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DMA controller 220 With the frame buffer 230, as Well as the 
frame buffer 230 and the RC array 260. The roW context 
memory 240 and the column context memory 250 are then 
both connected to the RC array 260 through a parallel 
context-bus (e.g., 256-bit) in both column and roW direction. 

[0043] In FIG. 3A, a diagram illustrating the internal 
connections of the RC array 260 is provided. In particular, 
RC’s 262 in the RC array 260 are connected in tWo levels of 
hierarchy. First, cells are grouped into four quadrants, quad 
one 270, quad tWo 272, quad three 274, and quad four 276, 
in Which RC’s 262 of a particular quadrant are directly 
connected to each RC 262 in the roW or column of that 
quadrant. Furthermore, cells in adjacent quadrants are con 
nected via express lanes 264, that enable a cell in a quadrant 
to broadcast its results to the cells in the adjacent quadrant 
as illustrated in FIG. 3B. Each RC 262 of a particular roW 
(i.e., eight RC’s 262 per roW in this particular embodiment) 
is also further comprised of tWo sixteen-bit connections 
alloWing it to communicate With the frame buffer 230 both 
via a one-hundred-tWenty-eight-bit operand bus 266 and a 
one-hundred-tWenty-eight-bit result bus 268 as illustrated in 
FIG. 3C. 

[0044] Returning to the architecture illustrated in FIG. 2, 
the function of each component is noW described. The 
processing element of this invention is called the re-con?g 
urable cell (RC) 262. In this particular embodiment, a total 
of sixty-four RC’s 262 are grouped into an eight by eight 
matrix, called the RC array 260. It should be noted that 
alternative embodiments of this RC array 260 can be created 
by grouping a total of m RC’s 262 into an n><n matrix (Where 
m is an arbitrary number of RC’s de?ned by the product of 
n times n). The function of the frame buffer 230 is analogous 
to an internal data cache for the RC array 260. The roW 
context memory 240 and the column context memory 250 
are then both used to locally store the con?guration contexts 
of the RC array 260, thus making their function analogous 
to an instruction cache for the RC array 260. The core 
processor 210 ultimately controls operation of the RC array 
260. It initiates all data transfers to and from the frame buffer 
230 and con?gures the loading of the roW and column 
context memories, 240 and 250, through the DMA controller 
220. It should be noted, hoWever, that the core processor 210 
instead of the RC array 260 calculates some computations. 
For example, the core processor 210 computes the trace 
back procedure of the Viterbi decoder, as Will be described 
later. 

[0045] The programmability of this architecture is derived 
from context Words that are broadcast to the roWs or 
columns of the RC array 260 by either the roW context 
memory 240 or the column context memory 250. Depending 
on the context Word, each RC 262 can access the output of 
any other RC 262 in its column or roW, select an input from 
its oWn register ?le, or access data from the frame buffer 
230. The context Word thus provides functional program 
mability by con?guring each RC 262 to perform speci?c 
operations. 

[0046] A method in accordance With an embodiment of 
this invention is described for the case of a standard con 
volutional code, With a constraint length of nine and a code 
rate of one third, obtained by means of an exemplary coder 
shoWn in FIG. 4A. It should be understood that the decoding 
method and apparatus presented by this invention may be 
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applied to all convolutional codes having code rates of 
n=1/K (Where K is an integer >1) and varying constraint 
lengths, by a simple generaliZation of the described method. 
As illustrated, convolution encoding involves the modulo 
tWo addition of selected taps of a serially time-delayed data 
sequence. As illustrated in FIG. 4A, an input u(t) is passed 
through a series of eight delay elements 50, 51, 52, 53, 54, 
55, 56, and 57 each of Which is appropriately summed by 
several exclusive-OR operators 60, 61, 62, 63, 64, 65, 70, 
71, 72, 73, 74, 80, 81, 82, and 83. Consequently, this 
operation generates a three-output sequence, X(t), Y(t), and 
Z(t), corresponding to a particular input u(t). 

[0047] The dynamics of this coder are described by the 
diagram of the trellis shoWn in FIG. 4B and are Well knoWn 
in the art. For this particular example, it is shoWn that for 
each of the tWo hundred ?fty six possible current states, 
there are tWo potential state transition paths that can be taken 
into the next state. For example, if a Zero input u(t) is passed 
through the coder When the current state is Zero (S0), the 
resultant output (X0, Y0, Z0) is (0, 0, 0) and the resultant next 
state is state Zero (S0). In this same example, if an input u(t) 
of one is passed through the coder, the resultant output is (1, 
1, 1) and the resultant next state is state one hundred 
tWenty-eight (S128). It should be noted that, for simplicity, 
the trellis shoWn in FIG. 4B corresponds to only one of 
several trellis stages (namely, only one set of state transi 
tions). 
[0048] In a preferred embodiment of the present invention, 
only one RC 262 is needed for convolution encoding. 
During this time, all other RC’s 262 are shut off in order to 
conserve poWer. FIG. 5 provides a schematic diagram 
illustrating hoW internal memory space is allocated for one 
third code rate encoding in the single functional RC 262. In 
particular, various registers 300, 305, 310, 315, 320, 325, 
330, 335, 340, and 345 are used to perform this encoding 
operation. Registers 300, 305, and 310 are reserved for 
polynomial values X, Y, and Z corresponding to the respec 
tive outputs X(t), Y(t), and Z(t) of the encoder shoWn in 
FIG. 4A. It should be noted that these polynomial values are 
usually programmed into these registers according to indus 
try standards for convolution encoders. For example, con 
ventional 3G Wireless standards de?ne these values as being 
557 (octal), 663 (octal), and 711 (octal), for X, Y, and Z, 
respectively. Register 315 is reserved for the current eight 
bit state of the encoder (corresponding to the eight delay 
elements 50, 51, 52, 53, 54, 55, 56, and 57 of FIG. 4A) While 
register 320 is reserved for the actual data to be encoded 
(entered sixteen-bits at a time). Registers 325 and 330 are 
used as masks to respectively extract the most and least 
signi?cant bits from other registers. Registers 335 and 340 
are then used to temporarily store intermediate values ascer 
tained during the encoding procedure. Finally, register 345 
is used to store the three-output sequence (X(t), Y(t), Z(t)) of 
encoded values. 

[0049] In FIG. 6, a How chart describing the encoding 
procedure for one bit of data is provided. Encoding begins 
at step 400 and continues With the core processor 210 getting 
encoding instructions from external memory unit 110 at step 
405. The core processor 210 then proceeds by initialiZing the 
RC array 260 for the encoding procedure at step 410. This 
initialiZation step includes allocating the internal memory 
space described previously (here, it is assumed that a code 
rate of one third is desired). At step 415, register values are 
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appropriately loaded into each of the registers illustrated in 
FIG. 5. Next, the most signi?cant bit (MSB) is taken from 
the data register 320 at step 420 and temporarily stored in 
temporary register 335 (Where it is understood that the MSB 
is extracted from the data register 320 through a simple logic 
operation With the MSB mask stored in register 325) at step 
425. The stored MSB value is then concatenated With the 
value stored in the state register 315 at step 430. The value 
derived at step 430 is then temporarily stored back into 
temporary register 335 at step 435. At step 440, a bit-Wise 
AND operation is performed betWeen the value stored in 
temporary register 335 and the appropriate value represent 
ing polynomial i stored in either register 300, 305, or 310 
(Where it is understood that this step Will alternate these 
three values at each respective iteration). The result of the 
operation performed at step 440 is then stored in temporary 
register 340 at step 445. The RC 262 then performs a “ones” 
counter operation on the value stored in temporary register 
340 at step 450 and stores this value back into temporary 
register 340 at step 455. The least signi?cant bit (LSB) is 
then extracted from the value stored in temporary register 
340 at step 460 using the LSB mask stored in register 330. 
The LSB found at step 460 represents the encoded output 
corresponding to the polynomial used at step 440. This value 
is then stored in the output register 345 at step 465. At step 
468, it is then determined Whether encoding for this par 
ticular bit is complete (i.e., if there are three encoded 
values). If, at step 468, it is determined that encoding for this 
particular bit is complete, then the data register is left-shifted 
by one at step 470 in preparation for encoding the next bit; 
otherWise, encoding of the current bit continues by returning 
the procedure to step 440 Where calculations are made 
according to the next polynomial value. At step 475, the core 
processor 210 then determines if the encoding is complete. 
After left-shifting the data register at step 470, the procedure 
determines Whether the entire encoding process is complete 
(i.e., there is no further data to be encoded) at step 475. If at 
step 475, it is determined that encoding is complete, then the 
encoded stream of values is provided to the frame buffer 230 
at step 480; otherWise, the procedure returns to step 420 
Where it proceeds in determining the next encoded set of 
values. 

[0050] In FIG. 7, a How chart illustrating the steps for 
decoding a bit-stream of encoded data is shoWn. For sim 
plicity, the mapping of the Viterbi decoder onto the afore 
mentioned RC array 260 is herein described for encoded 
data With constraint lengths of nine (corresponding to 28 
states) and code rates of one-third, Which correspond to 
typical standards used in the art. HoWever, it should be noted 
that the folloWing mapping methods can be easily adapted 
for Viterbi decoders With different constraint lengths and 
different code rates through minor softWare modi?cations. 
This ?exibility, therefore, enables the present invention to 
recon?gure itself Without having to make any hardWare 
modi?cations. Decoding begins at step 500 and continues 
With the reception of an encoded stream of data that is 
temporarily stored in the DMA external memory unit 120 at 
step 505. The DMA controller 220 then transfers this 
encoded data from the external memory unit 120 to the 
frame buffer 230 at step 510. The core processor 210 then 
determines the format of the incoming data (e.g., code rate, 
constraint length, etc.), and initialiZes the RC array 260 
according to this format at step 515. For this particular 
example, the RC array 260 must be initialiZed according to 
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data having a constraint length of nine and having a code 
rate of one-third. Since these speci?cations result in a total 
of tWo hundred ?fty six states, each RC 262 is assigned 
trellis information for four states as shoWn in FIG. 8. At step 
520, a particular instruction is selected from the roW context 
memory 240 enabling the ?rst encoded packet of data (X0, 
Y0, Z0) to be loaded into each RC 262 of the RC array 260. 

[0051] Once this ?rst packet of data is loaded into the RC 
array 260, branch metric calculations may begin at step 525. 
According to the branch metric assignments shoWn in FIG. 
9, each RC 262 Will calculate its respective branch metrics 
(tWo branch metrics per RC 262) and store them in its local 
memory. It should be noted that, in general: 

Branch(as, b5, cs)=—Branch(—as, —bs, —cs), 

[0052] Where —as, —bs, and —c5 are the respective binary 
inverses of as, b5, and cs. This simpli?cation is Well-knoWn 
in the art and is implemented as shoWn in FIG. 9. The 
procedure continues at step 530 by selecting the most 
probable path for each state at this particular trellis stage. 
Namely, at step 530, each RC 262 sums the calculated 
branch metric from step 525 With the cumulative branch 
metric of the corresponding state from the previous trellis 
stage and compares its tWo possible paths (as shoWn in FIG. 
4B). Since each state has only tWo possible paths, one bit can 
be used to describe Which path Was chosen. The calculated 
sum corresponding to the most probable path of each state 
is then assigned to the next state respectively described by 
each of these paths. These cumulative branch metrics are 
then stored locally in each RC 262 until the next trellis stage. 
Thus, for each node of the trellis, both a cumulative branch 
metric value and a path-de?ning value is stored. 

[0053] Next, the selected path is recorded and Written back 
to the frame buffer 230 at step 535. Since each RC 262 has 
four bits of data that need to be stored in the frame buffer 
230, each column of the RC array 260 Will have a total of 
thirty-tWo bits requiring storage in the frame buffer 230. In 
order to pass this data through the sixteen-bit resultbus 268, 
a data collapse mechanism is implemented at each column 
by broadcasting particular instructions from either the roW 
context memory 240 or the column context memory 250. 
This mechanism merges the ?rst tWo bits of each RC 262 
into a single sixteen-bit Word and then takes the remaining 
tWo bits of each RC 262 and merges them into another 
sixteen-bit Word. In FIG. 10, this mechanism is described 
for one of the eight columns of the RC array 260. 

[0054] As illustrated, this process begins by taking the ?rst 
tWo bits of each RC 262 and merging them With the ?rst tWo 
bits of a neighboring RC 262 to form a set of four four-bit 
Words. In particular, the ?rst tWo bits of roWs Zero and one, 
tWo and three, four and ?ve, and six and seven are respec 
tively merged in order to create this set of four-bit Words. 
Each four-bit Word is then respectively stored in one par 
ticular RC 262 of the aforementioned RC 262 pairs. In the 
example shoWn, these four-bit Words are respectively stored 
in roWs Zero, tWo, four, and six. A similar mechanism then 
folloWs in order to merge this set of four four-bit Words into 
a set of tWo eight-bit Words. In particular, the tWo four-bit 
Words in roWs Zero and tWo merge to form the eight-bit Word 
shoWn in roW Zero While the tWo four-bit Words in roWs four 
and six merge to form the eight-bit Word shoWn in roW four. 
The tWo eight-bit Words are then merged to form the 
sixteen-bit Word shoWn in roW Zero. The sixteen-bit Word is 
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then sent to the frame buffer 230 via the result-bus 268. Once 
this ?rst sixteen-bit Word is stored in the frame buffer 230, 
operations may begin to create the second sixteen-bit Word 
through the same procedure. 

[0055] Returning to the How chart illustrated in FIG. 7, a 
re-ordering of the state metrics is then made at step 540. The 
purpose of this step is to prepare the RC array 260 for the 
neXt trellis stage. In order for this to occur, the branch metric 
values calculated and assigned to each “next state” at step 
530 must be updated so that they are labeled “current state” 
branch metric values in the folloWing trellis stage. It should 
be noted that the core processor 210 catalyZes this state 
re-ordering procedure by broadcasting particular instruc 
tions from either the roW conteXt memory 240 or the column 
conteXt memory 250. By Way of these instructions, cumu 
lative branch metric values are easily communicated from 
one RC 262 to another. 

[0056] After updating these branch metric values at step 
540, an internal criterion algorithm determines Whether an 
additional trellis stage is needed at step 545 (Where it is 
understood that either of the tWo aforementioned trace-back 
approaches may be used). If at step 545, it is indeed 
determined that an additional trellis stage is needed, the 
procedure returns to step 520 and thus repeats the above 
iteration for the folloWing trellis stage; otherWise, the pro 
cedure initiates its trace-back operation at step 550. Once 
this trace-back operation is initiated, the core processor 210 
selects the optimal path from the plethora of paths stored in 
the frame buffer 230. In a knoWn Way, the core processor 210 
then takes this optimal path and determines Which bit stream 
Was most likely transmitted by the encoder. This decoded bit 
stream is then output to the frame buffer 230 at step 555. 

[0057] Having thus described a preferred embodiment of 
the method and apparatus for convolution encoding and 
Viterbi decoding, it should be apparent to those skilled in the 
art that certain advantages of the Within system have been 
achieved. It should also be appreciated that various modi 
?cations, adaptations, and alternative embodiments thereof 
may be made Within the scope and spirit of the present 
invention. The invention is further de?ned by the folloWing 
claims. 

What is claimed is: 
1. In a digital signal processing architecture comprising a 

core processor and a plurality of re-con?gurable processing 
elements arranged in a tWo-dimensional array, a method for 
processing digital data comprises the steps of: 

encoding a received data input by con?guring one of said 
re-con?gurable processing elements to emulate a con 
volution encoding algorithm and applying said 
received data input to said convolution encoding algo 
rithm to produce an encoded data output; and 

decoding a received encoded data input by con?guring 
said plurality of re-con?gurable processing elements to 
emulate a Viterbi decoding algorithm, Wherein said 
plurality of re-con?gurable processing elements is con 
?gured to accommodate every data state of said con 
volution encoding algorithm, and applying said 
received encoded data input to said Viterbi decoding 
algorithm to produce a decoded data output. 

2. The method of claim 1, Wherein said encoding step 
further comprises initialiZing said one of said re-con?g 
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urable processing elements by assigning register values to 
registers that de?ne at least one of constraint length and code 
rate for said convolution encoding algorithm. 

3. The method of claim 1, Wherein said encoding step 
further comprises generating a multiple output sequence 
corresponding to said received data input. 

4. The method of claim 1, Wherein said encoding step 
further comprises performing a modulo-tWo addition of 
selected taps of a serially time-delayed sequence of said 
received data input. 

5. The method of claim 1, Wherein said decoding step 
further comprises mapping a trellis diagram onto said plu 
rality of re-con?gurable processing elements. 

6. The method of claim 5, Wherein said decoding step 
further comprises calculating branch metric units from 
Within said plurality of re-con?gurable processing elements. 

7. The method of claim 6, Wherein said decoding step 
further comprises selecting a most probable state transition 
path of said trellis diagram. 

8. The method of claim 6, Wherein said decoding step 
further comprises summing said branch metric units for each 
node of said trellis diagram. 

9. The method of claim 1, Wherein said decoding step 
further comprises initialiZing said plurality of re-con?g 
urable processing elements by assigning values to registers 
that de?ne at least one of constraint length and code rate for 
said Viterbi decoding algorithm. 

10. The method of claim 1, Wherein each one of said 
plurality of re-con?gurable processing elements is con?g 
ured to accommodate plural data states of said convolution 
encoding algorithm. 

11. A digital signal processing architecture comprising: 

a plurality of re-con?gurable processing elements 
arranged in a tWo-dimensional array, said plurality of 
re-con?gurable processing elements are programmable 
in response to predetermined conteXt Words; and 

a processor operatively coupled to said plurality of re 
con?gurable processing elements to control loading of 
said predetermined conteXt Words thereto, said proces 
sor being selectively operable to con?gure one of said 
re-con?gurable processing elements to emulate a con 
volution encoding algorithm, and to con?gure said 
plurality of re-con?gurable processing elements to 
emulate a Viterbi decoding algorithm Wherein said 
plurality of re-con?gurable processing elements 
accommodates every data state of said convolution 
encoding algorithm; 

Wherein, a received data input applied to said convolution 
encoding algorithm produces an encoded data output, 
and a received encoded data input applied to said 
Viterbi decoding algorithm produces a decoded data 
output. 

12. The digital signal processing architecture of claim 11, 
Wherein said processor is further operable to initialiZe said 
one of said re-con?gurable processing elements by assigning 
register values to registers that de?ne at least one of con 
straint length and code rate for said convolution encoding 
algorithm. 

13. The digital signal processing architecture of claim 11, 
Wherein said encoded data output further comprises a mul 
tiple output sequence corresponding to said received data 
input. 
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14. The digital signal processing architecture of claim 11, 
Wherein said one of said re-con?gurable processing ele 
ments further emulates a serially time-delayed sequence 
having plural taps having said received data input applied 
thereto, and said encoded data output further comprises a 
modulo-tWo addition of said selected taps. 

15. The digital signal processing architecture of claim 11, 
Wherein said processor is further operable to map a trellis 
diagram onto said plurality of re-con?gurable processing 
elements. 

16. The digital signal processing architecture of claim 15, 
Wherein said processor is further operable to con?gure said 
plurality of re-con?gurable processing elements to calculate 
branch metric units. 

17. The digital signal processing architecture of claim 16, 
Wherein said processor is further operable to select a most 
probable state transition path of said trellis diagram. 

Sep. 26, 2002 

18. The digital signal processing architecture of claim 17, 
Wherein said processor is further operable to con?gure said 
plurality of re-con?gurable processing elements to sum said 
branch metric units for each node of said trellis diagram. 

19. The digital signal processing architecture of claim 11, 
Wherein said processor is operable to initialiZe said plurality 
of re-con?gurable processing elements by assigning values 
to registers that de?ne at least one of constraint length and 
code rate for said Viterbi decoding algorithm. 

20. The digital signal processing architecture of claim 11, 
Wherein said processor is operable to con?gure each one of 
said plurality of re-con?gurable processing elements to 
accommodate plural data states of said convolution encod 
ing algorithm. 


