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(57) Abstract: A system and method for Viterbi decoding utilizes a general purpose processor with application specific extensions
to perform Viterbi decoding operations specified in a Viterbi decoding algorithm stored in memory.



WO 2010/064205

10

15

20

25

30

PCT/IB2009/055472

SYSTEM AND METHOD FOR VITERBI DECODING USING APPLICATION
SPECIFIC EXTENSIONS

[0001] Embodiments of the invention relate generally to electronic systems
and, more particularly, to a system and method for Viterbi decoding using
application specific extensions.

[0002] Viterbi decoding is used for decoding convolutional codes and
solving estimation problems for a variety of applications such as software digital
radios and pattern recognitions. Because Viterbi decoding puts computing
burdens on general purpose processors, external hardware may be implemented to
perform Viterbi decoding. However, the external hardware puts restrictions on
Viterbi decoding software optimization, reduces Viterbi decoding software
portability, and increases development costs for interfacing with the general
purpose processors and risks associated with system integration.

[0003] Thus, there is a need for a system and method for Viterbi decoding
that assists Viterbi decoding software optimization, improves Viterbi decoding
software portability, and lowers development costs for interfacing with the general
purpose processors and system integration risks.

[0004] A system and method for Viterbi decoding utilizes a general purpose
processor with application specific extensions to perform Viterbi decoding
operations specified in a Viterbi decoding algorithm stored in memory.

[0005] In an embodiment, a Viterbi decoding system comprises memory and
a general purpose processor. The memory is configured to store a Viterbi
decoding algorithm, wherein the Viterbi decoding algorithm specifies a plurality
of Viterbi decoding operations. The general purpose processor comprises a
plurality of application specific extensions, wherein each application specific
extension is configured to perform at least one of the Viterbi decoding operations
specified in the Viterbi decoding algorithm stored in the memory. The Viterbi
decoding system is configured such that all the Viterbi decoding operations
specified in the Viterbi decoding algorithm are performed exclusively within the

general purpose processor using at least one of the application specific extensions.
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[0006] In an embodiment, a method for Viterbi decoding using application
specific extensions comprises (a) obtaining a Viterbi decoding algorithm, wherein
the Viterbi decoding algorithm specifies a plurality of Viterbi decoding operations
and (b) exclusively performing the plurality of Viterbi decoding operations within
a general purpose processor using a plurality of application specific extensions in
the general purpose processor.

[0007] In an embodiment, a Viterbi decoding system comprises memory and
a general purpose processor. The memory is configured to store a Viterbi
decoding algorithm, wherein the Viterbi decoding algorithm specifies a plurality
of Viterbi decoding operations. The general purpose processor comprises a
processor core and a plurality of application specific extensions, wherein the
processor core includes a plurality of functional units and each application
specific extension is configured to perform one of the Viterbi decoding operations
specified in the Viterbi decoding algorithm stored in the memory. The Viterbi
decoding system is configured such that all the Viterbi decoding operations
specified in the Viterbi decoding algorithm are performed exclusively within the
general purpose processor using at least one of the application specific extensions.
[0008] Other aspects and advantages of embodiments of the present
invention will become apparent from the following detailed description, taken in
conjunction with the accompanying drawings, illustrated by way of example of
the principles of the invention.

[0009] Fig. 1 illustrates a Viterbi decoding system using a general purpose
processor with application specific extensions in accordance with an embodiment
of the invention.

[0010] Fig. 2 illustrates the Viterbi decoding process of the Viterbi decoding
algorithm stored in the memory of Fig. 1 in accordance with an embodiment of
the invention.

[0011] Fig. 3 illustrates a part of the Viterbi decoding process using a
“BIT_INTERLEAVE DUALI16” application specific extension in the general
purpose processor in accordance with an embodiment of the invention.

[0012] Fig. 4 illustrates a part of the Viterbi decoding process using a
“BIT_SHIFT INTERLEAVE DUALI16” application specific extension in the

general purpose processor in accordance with an embodiment of the invention.
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[0013] Fig. 5 illustrates a part of the Viterbi decoding process using a
“VNEXTSTATE LE” application specific extension in the general purpose
processor on a little endian add-compare-select pattern in accordance with an
embodiment of the invention.

[0014] Fig. 6 illustrates a part of the Viterbi decoding process using the
“VNEXTSTATE LE” application specific extension in the general purpose
processor on a little endian traceback pattern in accordance with an embodiment
of the invention.

[0015] Fig. 7 illustrates a part of Viterbi decoding using a
“VNEXTSTATE BE” application specific extension in the general purpose
processor on a big endian add-compare-select pattern in accordance with an
embodiment of the invention.

[0016] Fig. 8 illustrates a part of Viterbi decoding using the
“VNEXTSTATE BE” application specific extension in the general purpose
processor on a big endian traceback in accordance with an embodiment of the
invention.

[0017] Fig. 9 is a schematic flow chart diagram of a method for Viterbi
decoding using application specific extensions in accordance with an embodiment
of the invention.

[0018] Throughout the description, similar reference numbers may be used
to identify similar elements.

[0019] With reference to Fig. 1, a Viterbi decoding system 100 using a
general purpose processor 102 with application specific extensions 104 in
accordance with an embodiment of the invention is described. Embodiments of
the Viterbi decoding system can be applied to various electronic systems, in
particular, pattern recognition systems based on a finite state Markov process and
digital communication systems. Example applications of the various electronic
systems may include image recognition, speech recognition, musical melody
recognition, forward error correction, and software digital radio.

[0020] As shown in Fig. 1, the Viterbi decoding system 100 includes
memory 106 and the general purpose processor 102, which is not tied to a
particular application. The memory is configured to store a Viterbi decoding

algorithm 108 that specifies Viterbi decoding operations 110 to be performed by
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the general purpose processor. An exemplary Viterbi decoding algorithm is
described in detail below with reference to Fig. 2. The general purpose processor
includes applications specific extensions (ASEs) 104 and a processor core 112.
Each ASE is configured to perform at least one of the Viterbi decoding operations
specified in the Viterbi decoding algorithm stored in the memory. The processor
core includes functional units 114, such as an addition/subtraction functional unit
(ASU) 116 to perform addition functions and subtraction functions, a
multiplication functional unit (MU) 118 to perform multiplication functions, and
an arithmetic logic functional unit (ALU) 120 to perform logic functions. All the
Viterbi decoding operations specified in the Viterbi decoding algorithm are
performed exclusively within the general purpose processor using at least one of
the application specific extensions.

[0021] The ASEs 104 may be implemented in hardware and/or software. In
some embodiments, ecach ASE may be a set of processor instructions for the
general purpose processor 102, where the set of processor instructions perform a
Viterbi decoding operation specified in the Viterbi decoding algorithm 108 stored
in the memory 106. In some embodiments, the ASEs may reuse existing
functional units 114 in the processor core 112, which will result in more efficient
source code that better utilizes processor resources, more flexible and portable
software, and less risk than to develop and to integrate more complex hardware in
a system-on-chip (SoC).

[0022] Fig. 2 illustrates the Viterbi decoding process of the Viterbi decoding
algorithm 108 stored in the memory 106 of Fig. 1 in accordance with an
embodiment of the invention. In this embodiment, the Viterbi decoding algorithm
includes three processes, a branch metric process, an add-compare-select (ACS)
process, and a traceback process. According to the operation sequence of the
Viterbi decoding algorithm, the first process is the branch metric process, which
pads input values for omitted data and computes branch metric values from each
depunctured group of input values. The second process is the ACS process, which
loops through a block of input branch metrics and builds a trellis of possible paths.
The third process is the traceback process, which starts from a known last value
and goes back through the trellis of possible paths to select at each step the most
likely output bit. In the illustrated embodiment of Fig. 2, the Viterbi decoding
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algorithm processes N*1/R softbits, where N and 1/R are two integers that are
greater than zero. For instance, as in the case of Fig. 2, When 1/R is equal to 2,
the branch metric process computes branch metric values for the two softbits Sy
and S; and outputs the branch metric values S¢+S;, So-S,; -S¢-S1, and -S¢+S; to the
ACS process. The ACS process involves processing the branch metric values
from the branch metric process and metric initiation information from a sixteen-
bit Path metric data word and outputs decision bits. The traceback process
involves processing the decision data bits from the ACS process and initiation
state information and outputting N bits. The number of processing steps of the
branch metric process and the ACS process is N and the number of processing
steps of the traceback process is N.

[0023] The Viterbi decoding algorithm 108 specifies Viterbi decoding
operations for the general purpose processor. In some embodiments, the Viterbi
decoding operations specified in the Viterbi decoding algorithm include Viterbi
decoding branch metric summing and subtracting operations that may be used in
the branch metric process, Viterbi decoding ACS operations that may be used in
the ACS process, and Viterbi decoding bit manipulating operations that may be
used in the traceback process.

[0024] Each ASE 104 of the general purpose processor 102 performs at least
one of the Viterbi decoding operations specified in the Viterbi decoding algorithm
108. Embodiments of the ASEs may perform Viterbi decoding branch metric
summing and subtracting operations, Viterbi decoding ACS operations, and
Viterbi decoding bit manipulating operations specified in the Viterbi decoding
algorithm.

[0025] Embodiments of the ASEs 104 that are configured to perform Viterbi
decoding branch metric summing and subtracting operations are first described.
[0026] A “SADDSUBR2 DUAL16 ASE” in accordance with an
embodiment of the invention is configured to perform a Viterbi decoding branch
metric summing and subtracting operation on two sixteen-bit input data blocks A
and B, which are packed into a thirty two-bit input data word, to generate two
sixteen-bit output data blocks C and D, which are packed in a thirty two-bit output
data word, where C= A+B, D=A-B. In some¢ embodiments, the

“SADDSUBR2 DUALI16” ASE computes branch metric for code rate R=1/2
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Viterbi decoding systems. In some embodiments, the “SADDSUBR2 DUAL16”
ASE may perform the Viterbi decoding branch metric summing and subtracting
operation using saturating sixteen-bit arithmetic.

[0027] A “SADDSUBR4 QUADI16” ASE in accordance with an
embodiment of the invention is configured to perform a Viterbi decoding branch
metric summing and subtracting operation on four sixteen-bit input data blocks A,
B, C, and D, which are packed into two thirty two-bit input data words, to
generate four sixteen-bit output data blocks E, F, G, and H, which are packed in
two thirty two-bit output data words, where E=A+B+C+D, F=A+B+C-D,
G=A+B-C+D, and H=A+B-C-D. In some embodiments, the

“SADDSUBR4 QUADI16” ASE computes half of the needed branch metrics for
code rate R=1/4 Viterbi decoding systems. A “SADDSUBR4N QUADI16” ASE
described below computes the other values. In some embodiments, the
“SADDSUBR4 _QUADI16” ASE may perform the Viterbi decoding branch metric
summing and subtracting operation using saturating sixteen-bit arithmetic.

[0028] The “SADDSUBR4N QUADI16” ASE in accordance with an
embodiment of the invention is configured to perform a Viterbi decoding branch
metric summing and subtracting operation on four sixteen-bit input data blocks A,
B, C, and D, which are packed into two thirty two-bit input data words, to
generate four sixteen-bit output data blocks E, F, G, and H, which are packed in
two thirty two-bit output data words, where E=A-B+C+D, F=A-B+C-D, G=A-B-
C+D, and H=A-B-C-D. In some embodiments, the “SADDSUBR4N_QUAD16”
ASE computes half of the needed branch metrics for code rate R=1/4 Viterbi
decoding systems. The “SADDSUBR4 QUADI16” ASE described above
computes the other values. In some embodiments, the
“SADDSUBR4N_QUADI16” ASE may perform the Viterbi decoding branch
metric summing and subtracting operation using saturating sixteen-bit arithmetic.
[0029] A “SADDSUBR4 QUADS” ASE in accordance with an
embodiment of the invention is configured to perform a Viterbi decoding branch
metric summing and subtracting operation on four eight-bit input data blocks A,
B, C, and D, which are packed into a thirty two-bit data word, to generate four
eight-bit output data blocks E, F, G, and H, which are packed in a thirty two-bit
output data word, where E=A+B+C+D, F=A+B+C-D, G=A+B-C+D, and
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H=A+B-C-D. In some embodiments, the “SADDSUBR4 QUADS” ASE
computes half of the needed branch metrics for code rate R=1/4 Viterbi decoding
systems. A “SADDSUBR4N QUADS” ASE described below computes the other
values. In some embodiments, the “SADDSUBR4 QUADS” ASE may perform
the Viterbi decoding branch metric summing and subtracting operation using
saturating eight-bit arithmetic.

[0030] The “SADDSUBR4N QUADS” ASE in accordance with an
embodiment of the invention is configured to perform a Viterbi decoding branch
metric summing and subtracting operation on four eight-bit input data blocks A,
B, C, and D, which are packed into a thirty two-bit data word, to generate four
eight-bit output data blocks E, F, G, and H, which are packed in a thirty two-bit
output data word, where E=A-B+C+D, F=A-B+C-D, G=A-B-C+D, and H=A-B-
C-D. In some embodiments, the “SADDSUBR4N QUADI16” ASE computes
half of the needed branch metrics for code rate R=1/4 Viterbi decoding systems.
The “SADDSUBR4 QUADS” ASE described above computes the other values.
In some embodiments, the “SADDSUBR4N_QUADS” ASE may perform the
Viterbi decoding branch metric summing and subtracting operation using
saturating eight-bit arithmetic.

[0031] A “SADDSUBR4 OCT8” ASE in accordance with an embodiment
of the invention is configured to perform a Viterbi decoding branch metric
summing and subtracting operation on four eight-bit input data blocks A, B, C,
and D, which are packed into a thirty two-bit input data word, to generate eight
eight-bit output data blocks E, F, G, H, 1, J, K, and L, which are packed in two
thirty two-bit output data words, where E=A+B+C+D, F=A+B+C-D, G=A+B-
C+D, H=A+B-C-D, I=A-B+C+D, J=A-B+C-D, K=A-B-C+D, and L=A-B-C-D.
In some embodiments, the “SADDSUBR4 OCT8” ASE computes half of the
needed branch metrics for code rate R=1/4 Viterbi decoding systems. The other
branch metrics may be computed by negating some of the elements of the E, F, G,
H, 1, J, K, and L data blocks. In some embodiments, the "SADDSUBR4 OCTS8”
ASE may perform the Viterbi decoding branch metric summing and subtracting
operation using saturating eight-bit arithmetic.

[0032] Embodiments of the ASEs 104 that are configured to perform Viterbi

decoding bit manipulating operations are now described.
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[0033] A “BIT_INTERLEAVE DUALI16” ASE is configured to perform a
Viterbi decoding bit interleaving operation on two sixteen-bit input data blocks A
and B, which are packed into a thirty two-bit input data word, to generate a thirty
two-bit output data words C, where each bit of C is taken in turn from A and B,
for example, C[0]=A[0], C[1]=BJ[0], C[2]=A[1], C[3]=B[1], C[4]=A[2],
C[5]=BJ2], etc., which can be mathematically expressed as C[I]=B[(I-1)/2] and
C[J]=A[J/2], where I is an odd integer from one and thirty one and J is an even
integer from zero to thirty. Fig. 3 illustrates a part of the Viterbi decoding process
using the “BIT_ INTERLEAVE DUAL16” ASE in accordance with an
embodiment of the invention. As shown in Fig. 3, a sequence of dual sixteen-bit
integer less or equal logic test (ILEQ) processes the results of dual ACS
operations and generates decision bits that are not in order and need to be
interleaved. The “BIT_INTERLEAVE DUAL16” ASE collects the decision bits
from the dual sixteen-bit ILEQ and interleaves the decision bits into decision
words.

[0034] A “BIT INTERLEAVE QUADS” ASE in accordance with an
embodiment of the invention is configured to perform a Viterbi decoding bit
interleaving operation on four eight-bit input data blocks A, B, C, and D, which
are packed into a thirty two bit input data word, to generate a thirty two-bit output
data word E, where each bit of E is taken in turn from A, B, C, and D, for
example, E[0] = A[0], E[1]=B[0], E[2]=C[0], E[3]=D[0], E[4]=A[1], AND
E[5]=B[1]. In some embodiment, a sequence of quad eight-bit ILEQ may
generate decision bit that are not in order and need to be interleaved and the
“BIT_INTERLEAVE QUADS” ASE may collect the decision bits from the ILEQ
and interleave the decision bits into decision words.

[0035] A “BIT_SHIFT INTERLEAVE DUALI16” ASE is configured to
perform a Viterbi decoding bit shift interleaving operation on two sixteen-bit input
data blocks A and B packed into a thirty two-bit first input data word and a thirty
two-bit second input data word, which includes an integer N that is greater or
equal to zero and smaller than thirty one, to generate a thirty two-bit output data
word C, where C[N] = ext32b(A[0])<<N, C[N+1]=ext32b(B[0])<<N+1, and all
other bits of C are reset to 0, where the ext32b function extends a bit into a thirty

two-bit data word. In some embodiments, N is a Viterbi decoding state number.
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Fig. 4 illustrates a part of the Viterbi decoding process using the

“BIT_SHIFT INTERLEAVE DUALI16” ASE in accordance with an
embodiment of the invention. As shown in Fig. 4, a sequence of dual sixteen-bit
ILEQ processes the results of dual ACS operations and generates decision bits that
are not in order and need to be interleaved. The

“BIT_SHIFT INTERLEAVE DUAL16” ASE shifts the decision bits from the
dual sixteen-bit ILEQ and interleaves the decision bits into decision words.
[0036] A “BIT_SHIFT INTERLEAVE QUADS” ASE in accordance with
an embodiment of the invention is configured to perform a Viterbi decoding bit
shift interleaving operation on four eight-bit input data blocks A, B, C, and D
packed into a thirty two-bit first input data word, and a thirty two-bit second input
data word, which includes an integer N that is greater or equal to zero and smaller
than twenty nine, to generate a thirty two-bit output data word E, where E[N] =
ext32b(A[0])<<N, E[N+1]=ext32b(B[0])<<N+1, E[N+2]=ext32b(C[0])<<N+2,
E[N+3]=ext32b(D[0])<<N+2, and all other bits of E are reset to 0, where the
ext32b function extends a bit into a thirty two-bit data word. In some
embodiments, N is a Viterbi decoding state number. In some embodiments, the
“BIT_SHIFT INTERLEAVE QUADS” ASE shifts the decision bits from quad
eight-bit ILEQ and interleaves the decision bits into decision words.

[0037] A “VSTATE2BIT” ASE in accordance with an embodiment of the
invention is configured to perform a Viterbi decoding bit manipulating operation
on a thirty two-bit unsigned integer input data word A and a thirty two-bit second
input data word, which includes an integer N that is greater or equal to zero and
smaller than thirty two, to generate a thirty two output data word B, where B= A
I<<N. In some embodiments, N is a Viterbi decoding state number. In some
embodiments, the “VSTATE2BIT” ASE performs the decoding bit manipulating
operation at the traceback process to accumulate decoded bits packed into thirty
two-bit words. In some embodiments, the “VSTATE2BIT” ASE used to set the
N decoded bit in a thirty two-bit unsigned “decodedbits” input data word, using
the parity of the current state stored in the “state” variable, if(state&0x1)
decodedbits = VSTATE2BIT(decodedbits,N). In other words, if the “state”
variable is odd, the Nth bit is set to one. If the “state” variable is even, the Nth bit

is unchanged and left to its initial value, which should be zero.
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[0038] A “VNEXTSTATE LE” ASE in accordance with an embodiment of
the invention is configured to perform a Viterbi decoding bit manipulating
operation on a thirty two-bit unsigned integer first input data word and a thirty
two-bit second input data word, which includes an integer N that is greater or
equal to zero and smaller than thirty two, to generate a thirty two-bit output data
word, where N is the current state for the current step and the output is the most
likely state of the previous step (this is part of backtracking, i.e., going backwards
through the steps produced by the ACS process, where each step corresponds to
one decoded bit). Each state has two possible next states in the previous step.
[0039] Fig. 5 and Fig. 6 illustrate a part of the Viterbi decoding process
using the “VNEXTSTATE LE” application specific extension in the general
purpose processor on a little endian (“LE”) add-compare-select (ACS) pattern and
a “LE” traceback pattern in accordance with an embodiment of the invention. Fig.
5 shows a “LE” ACS pattern with which the ACS process creates the path metric
and the decision bits. The traceback process is going backwards through this
pattern. As shown in Fig. 5, the “LE” ACS pattern includes the path metric for
the state pair <i, i+M/2> used to compute the path metric for the state pair <2i,
2i+1>, where i is a “state” variable and “M” is the total number of possible states.
Fig. 6 shows a “LE” traceback pattern, which can be performed by the
“VNEXTSTATE LE” ASE. As shown in Fig. 6, the “LE” traceback pattern goes
backwards from <2i, 2i+1> to <i, 1+M/2>. In other words, the “LE” traceback
pattern uses the decision bit for one state in a <2i, 2i+1> pair. The “LE” traceback
pattern sets the “next state” to be an upper state <i> if the decision bit for the
current state is zero. The “LE” traceback pattern sets the “next state” to be a
lower state <i+M/2> if the decision bit for the current state is set to one.

[0040] In some embodiments, N is a Viterbi decoding state number. In
some embodiments, the “VNEXTSTATE LE” ASE is used for instance to find
which state is most likely to be preceding the current state, using the value of the
decision bit for that state, nextstate = VNEXTSTATE LE (decisions, state). As
used herein, “next state” means the next state after the current state during the
traceback process, which is actually the previous state of the current state. The
Viterbi decoding bit manipulating operation performed by the

“VNEXTSTATE_LE” ASE may be described by the following C code excerpt,



WO 2010/064205

10

15

20

25

30

11

unsigned int VNEXTSTATE LE(unsigned int decisions, unsigned int state)
{
If(decision & 1<<state) {
If(state& 1) return (state — 1)/2 + M/2;
Else return state/2 + M/2;
Jelse {
If (state & 1) return (state -1)/2;

Else return state/2;

/
[0041] Fig. 7 and Fig. 8 illustrate a part of Viterbi decoding using a

“VNEXTSTATE BE” application specific extension in the general purpose
processor on a big endian (“BE”) add-compare-select pattern and a “BE”
traceback in accordance with an embodiment of the invention. Fig. 7 shows a
“BE” ACS pattern with which the ACS process has created the path metric and
the decision bits. The “BE” ACS pattern takes the path metric for the state pair
<21, 2i+1> and computes the metric for the state pair <i, i+M/2>. Fig. 8 shows a
“BE” traceback pattern that can be performed by a “VNEXTSTATE BE” ASE.
The BE traceback pattern goes backwards: if the current state if one of <i,
1+M/2>, the “next” state in the traceback is an “upper” state <2i> if the decision
bit for the current state is zero, and the next state is an “lower” state <2i+1> if the
decision bit for the current state is one. In some embodiments, the
“VNEXTSTATE BE” ASE is used for instance to find which state is most likely
to be preceding the current state, using the value of the decision bit for that state,
nextstate = VNEXTSTATE BE (decisions, state), where N is a Viterbi decoding
state number. The Viterbi decoding bit manipulating operation performed by the
“VNEXTSTATE BE” ASE may be described by the following C code excerpt,
unsigned int VNEXTSTATE BE(unsigned int decisions, unsigned int state)

{
If (decision & 1<<state)

{
If (state & M/2) return 2* state — M/2 +1;

Else return 2*state +1;

PCT/IB2009/055472
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Jelse {
If (state & M/2) return 2%* state — M/21;

Else return 2 *state ;

/
[0042] An “ORI_QUAD32” ASE in accordance with an embodiment of the

invention is configured to perform a Viterbi decoding bit manipulating operation
on four thirty two-bit input data words A, B, C, D to generate a thirty two-bit
output data word E, which is the logical OR combination of the four input data
words into, E=A|B|C|D. In some embodiment, the “ORI_QUAD32” ASE is used
to combine results from the ASEs performing Viterbi decoding bit interleaving
operations and the ASEs Viterbi decoding bit shift interleaving operations
described above.

[0043] Embodiments of the ASEs that are configured to perform Viterbi
decoding ACS operations are now described.

[0044] A “VACS DUALI16” ASE in accordance with an embodiment of the
invention is configured to perform a Viterbi decoding ACS operation on four
sixteen-bit path metric input data blocks packed in two thirty two-bit input data
words and also using two branch metric data blocks packed into a thirty two-bit
branch metric data word to generate four sixteen-bit path metric output data block
packed in two thirty two-bit output data words. The “VACS DUALI16” ASE
performs the Viterbi decoding ACS operation in parallel on the least significant
bit (LSB) side of the path metric input data words and branch metric data words
and on the most significant bit (MSB) side of the path metric input and branch
metric data words. The Viterbi decoding ACS operation performed by the
“VACS _DUALI16” ASE may be described by the following C code excerpt,
VACS DUALI6 (&outputl,&output2,inputl,input2,bmetric)

{

Isb(outputl) = max(Isb(inputl)+isb(bmetric),Isb(input2)-Isb(bmetric));
msb(outputl) = max(Isb(inputl)-Isb(bmetric),Isb(input2)+Isb(bmetric));
Isb(output2) = max(msb(inputl)+msb(bmetric),msb(input2)-msb(bmetric));
msb(output2) = max(msb(inputl)-msb(bmetric),msb(input2)+msb(bmetric));

/
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[0045] A “VACS _QUADS” ASE in accordance with an embodiment of the
invention is configured to perform a Viterbi decoding ACS operation on eight
eight-bit input data blocks packed in two thirty two-bit input data words using
four eight-bit branch metric data blocks packed into a thirty two bit branch metric
data word to generate eight eight-bit output data blocks packed in two thirty two-
bit output data words. The “VACS_QUADS” ASE performs the Viterbi decoding
ACS operation in parallel on the LSB side of the input and branch metric data
words and on the MSB side of the input and branch metric data words.

[0046] A “VDECISION DUAL16” ASE in accordance with an
embodiment of the invention is configured to process four sixteen-bit input data
blocks packed into two thirty two-bit path metric input data words and also using
two sixteen-bit branch metric data blocks packed into a thirty two-bit branch
metric data word and a Viterbi decoding state number N, which is an integer that
is greater or equal to zero and smaller than thirty two, to generate four Viterbi
decoding decision bits for the four Viterbi decoding states, N, N+1, N+2, and
N+3, where each Viterbi decoding decision bit is included in a thirty two-bit
Viterbi decoding decision data word. The “VDECISION DUAL16” ASE
performs the Viterbi decoding operation in parallel on the LSB side of the path
metric input and branch metric data words and on the MSB side of the path metric
input and branch metric data words. The Viterbi decoding operation performed
by the “VDECISION DUAL16” ASE may be described by the following C code
excerpt,

int VDECISION DUALI6(inputl,input2,bmetric,n)

{

Ulnt32 tmpl, tmp2, tmp3, tmp4, tmp5, tmpb6, tmp7, tmp8;

Ulnt32 tmpdecl, tmpdec?2, tmpdec3, tmpdec4;

tmpl = Isb(inputl) + Isb(bmetric);

tmp2 = Isb(inputl) - Isb(bmetric);

tmp3 = Isb(input2) - Isb(bmetric);

tmp4 = Isb(input2) + Isb(bmetric);

tmp5 = msb(inputl) + msb(bmetric);

tmp6 = msb(inputl) - msb(bmetric);

tmp7 = msb(input2) - msb(bmetric);
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tmp8 = msb(input2) + msb(bmetric);

tmpdecl = tmpl >=tmp3 ? I<<n :0;

tmpdec2 = tmp2 >=tmp4 ? 1<<n+1 : 0;

tmpdec3 = tmp5 >=tmp7 ? 1<<n+2:0;

tmpdec4d = tmp6 >=tmp8 ? 1<<n+3 : 0;

return tmpdecl|tmpdec2|tmpdec3|tmpdec4;

/

[0047] A “VDECISION QUADS” ASE in accordance with an embodiment
of the invention is configured to process four eight-bit input data blocks using four
eight-bit branch metric data blocks packed into a thirty two-bit branch metric data
word and a Viterbi state data word to generate eight Viterbi decoding decision bits
for the Viterbi decoding states N to N+7. The Viterbi state data word includes a
state number N that is an integer greater or equal to zero and smaller than thirty
two Each of the eight Viterbi decoding decision bits is included in a thirty two-bit
Viterbi decoding decision data word.

[0048] Fig. 9 is a schematic flow chart diagram of a method for Viterbi
decoding using application specific extensions in accordance with an embodiment
of the invention. At block 900, a Viterbi decoding algorithm is obtained, wherein
the Viterbi decoding algorithm specifies a plurality of Viterbi decoding
operations. At block 902, the plurality of Viterbi decoding operations are
exclusively performed within a general purpose processor using a plurality of
application specific extensions in the general purpose processor.

[0049] Although the operations of the method herein are shown and
described in a particular order, the order of the operations of the method may be
altered so that certain operations may be performed in an inverse order or so that
certain operations may be performed, at least in part, concurrently with other
operations. In another embodiment, instructions or sub-operations of distinct
operations may be implemented in an intermittent and/or alternating manner.
[0050] In addition, although specific embodiments of the invention that have
been described or illustrated include several components described or illustrated
herein, other embodiments of the invention may include fewer or more

components to implement less or more functionality.
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[0051] Furthermore, the invention is not to be limited to the specific forms
or arrangements of parts so described and illustrated. The scope of the invention

is to be defined by the claims appended hereto and their equivalents.
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What is claimed is:

1. A Viterbi decoding system comprising:

memory configured to store a Viterbi decoding algorithm, wherein the
Viterbi decoding algorithm specifies a plurality of Viterbi decoding operations;
and

a general purpose processor comprising a plurality of application specific
extensions, wherein each application specific extension is configured to perform
at least one of the Viterbi decoding operations specified in the Viterbi decoding
algorithm stored in the memory,

wherein the Viterbi decoding system is configured such that all the Viterbi
decoding operations specified in the Viterbi decoding algorithm are performed
exclusively within the general purpose processor using at least one of the

application specific extensions.

2. The Viterbi decoding system of claim 1, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to perform a Viterbi decoding decision bits generating operation in parallel on
least significant bit parts of two path metric input data words and most significant
bit parts of the two path metric input data words and also using a branch metric

data word to generate four decision bits for four Viterbi decoding states.

3. The Viterbi decoding system of claim 2, wherein each least significant bit
part of the two input data words includes sixteen bits and each most significant bit

part of the two input data words includes sixteen bits.

4. The Viterbi decoding system of claim 1, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to perform a Viterbi decoding add-compare-select operation in parallel on least
significant bit parts of two path metric input data words and a branch metric data
word and most significant bit parts of the two path metric input data words and the
branch metric data word to generate a first path metric output data word and a

second path metric output data word.
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5. The Viterbi decoding system of claim 1, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to perform a Viterbi decoding bit interleaving operation on a first input data block
and a second input data block to generate an output data word, where each input
data block has sixteen bits ranging from bit number zero to bit number fifteen, the
first input data block and the second input data block being packed into an input
data word that has thirty two bits, the output data word having thirty two bits
ranging from bit number zero to bit number thirty one, the number I bit of the
output data word being equal to the number (I-1)/2 bit of the second input data
block, and the number J bit of the output data word being equal to the number J/2
bit of the first input data block, where I is an odd integer from one and thirty one

and J is an even integer from zero and thirty.

6. The Viterbi decoding system of claim 1, wherein a particular application
specific extension of the plurality of application specific extension is configured
to perform a Viterbi decoding bit shift interleaving operation on a first input data
block and a second input data block using a Viterbi decoding state number N to
generate an output data word, where each input data block has sixteen bits ranging
from bit number zero to bit number fifteen, the first input data block and the
second input data block being packed into a first input data word that has thirty
two bits, where N is an integer that is greater than or equal to zero and smaller
than thirty one, the Viterbi decoding number N being in a second input data word
that has thirty two bits, the output data word having thirty two bits ranging from
bit number zero to bit number thirty one, where the bit number N of the output
data word is equal to the bit number zero of the first input data block, the bit
number N+1of the output data word being equal to the bit number zero of the
second input data block, and all other bits of the output data words being reset to

ZCrO0.

7. The Viterbi decoding system of claim 1, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to process a current Viterbi decoding state and a Viterbi decoding decision bits to

generate a next Viterbi decoding state, wherein the next Viterbi decoding state is
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an upper Viterbi decoding state if the Viterbi decoding decision bit is set to zero

or a lower Viterbi decoding state if the Viterbi decoding decision bit is set to one.

8. The Viterbi decoding system of claim 1, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to perform a Viterbi decoding branch metric calculating operation on a first input
data block and a second input data block to generate a first output data block and a
second output data block, where each input data block has sixteen bits, the first
input data block and the second input data block being packed into an input data
word that has thirty two bits, each output data block having sixteen bits, the first
output data block and the second output data block being packed into an output
data word that has thirty two bits, the first output data block being equal to the
addition of the first input data block and the second input data block, and the
second output data block being equal to the subtraction of the first input data

block and the second input data block.

9. A method for Viterbi decoding using application specific extensions, the
method comprising:

obtaining a Viterbi decoding algorithm, wherein the Viterbi decoding
algorithm specifies a plurality of Viterbi decoding operations; and

exclusively performing the plurality of Viterbi decoding operations within
a general purpose processor using a plurality of application specific extensions in

the general purpose processor.

10.  The method of claim 9, wherein the exclusively performing includes
performing a Viterbi decoding decision bits generating operation in parallel on
least significant bit parts of two path metric input data words and most significant
bit parts of the two path metric input data words and also using a branch metric
data word to generate four decision bits for four Viterbi decoding states using at

least one of the application specific extensions in the general purpose processor.

11.  The method of claim 9, wherein the exclusively performing includes

performing a Viterbi decoding add-compare-select operation in parallel on least
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significant bit parts of two path metric input data words and a branch metric data
word and most significant bit parts of the two path metric input data words and the
branch metric data word to generate a first path metric output data word and a
second path metric output data word using at least one of the application specific

extensions in the general purpose processor.

12. The method of claim 9, wherein the exclusively performing includes
performing a Viterbi decoding bit interleaving operation on a first input data block
and a second input data block to generate an output data word using at least one of
the application specific extensions in the general purpose processor, where each
input data block has sixteen bits ranging from bit number zero to bit number
fifteen, the first input data block and the second input data block being packed
into an input data word that has thirty two bits, the output data word having thirty
two bits ranging from bit number zero to bit number thirty one, the number I bit of
the output data word being equal to the number (I/1)/2 bit of the second input data
block, and the number J bit of the output data word being equal to the number J/2
bit of the first input data block, where I is an odd integer from one and thirty one

and J is an even integer from zero and thirty.

13.  The method of claim 9, wherein the exclusively performing includes
performing a Viterbi decoding bit shift interleaving operation on a first input data
block and a second input data block using a Viterbi decoding state number N to
generate an output data word using at least one of the application specific
extensions in the general purpose processor, where each input data block has
sixteen bits ranging from bit number zero to bit number fifteen, the first input data
block and the second input data block being packed into a first input data word
that has thirty two bits, N being an integer that is greater than or equal to zero and
smaller than thirty one, the Viterbi decoding number N being in a second input
data word that has thirty two bits, the output data word having thirty two bits
ranging from bit number zero to bit number thirty one, where the bit number N of
the output data word is equal to the bit number zero of the first input data block,

the bit number N+1 of the output data word being equal to the bit number zero of
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the second input data block, and all other bits of the output data words being reset

to zero.

14.  The method of claim 9, wherein the exclusively performing includes
processing a current Viterbi decoding state and a Viterbi decoding decision bits to
generate a next Viterbi decoding state using at least one of the application specific
extensions in the general purpose processor, wherein the next Viterbi decoding
state is an upper Viterbi decoding state if the Viterbi decoding decision bit is set to
zero or a lower Viterbi decoding state if the Viterbi decoding decision bit is set to

one.

15.  The method of claim 9, wherein the exclusively performing includes
performing a Viterbi decoding branch metric calculating operation on a first input
data block and a second input data block to generate a first output data block and a
second output data block using at least one of the application specific extensions
in the general purpose processor, where each input data block has sixteen bits, the
first input data block and the second input data block being packed into an input
data word that has thirty two bits, each output data block having sixteen bits, the
first output data block and the second output data block being packed into an
output data word that has thirty two bits, the first output data block being equal to
the addition of the first input data block and the second input data block, and the
second output data block being equal to the subtraction of the first input data

block and the second input data block.

16. A Viterbi decoding system comprising:

memory configured to store a Viterbi decoding algorithm, wherein the
Viterbi decoding algorithm specifies a plurality of Viterbi decoding operations;
and

a general purpose processor comprising a processor core and a plurality of
application specific extensions, wherein the processor core includes a plurality of
functional units and each application specific extension is configured to perform
one of the Viterbi decoding operations specified in the Viterbi decoding algorithm

stored in the memory,
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wherein the Viterbi decoding system is configured such that all the Viterbi
decoding operations specified in the Viterbi decoding algorithm are performed
exclusively within the general purpose processor using at least one of the

application specific extensions.

17.  The Viterbi decoding system of claim 16, wherein the plurality of
functional units include an addition/subtraction functional unit configured to
perform addition functions and subtraction functions, a multiplication functional
unit configured to perform multiplication functions, and an arithmetic logic

functional unit configured to perform logic functions.

18.  The Viterbi decoding system of claim 16, wherein the plurality of
application specific extensions are configured to reuse at least one of the

functional units of the processor core.

19.  The Viterbi decoding system of claim 16, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to perform a Viterbi decoding decision bits generating operation in parallel on
least significant bit parts of two path metric input data words and most significant
bit parts of the two path metric input data words and also using a branch metric

data word to generate four decision bits for four Viterbi decoding states.

20.  The Viterbi decoding system of claim 16, wherein a particular application
specific extension of the plurality of application specific extensions is configured
to perform a Viterbi decoding add-compare-select operation in parallel on least
significant bit parts of two path metric input data words and a branch metric data
word and most significant bit parts of the two path metric input data words and the
branch metric data word to generate a first path metric output data word and a

second path metric output data word.
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restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 21(

Continuation of Box II.2

Claims Nos.: 2-8, 10-15, 17-20

The dependent claims are directed to particular "application specific
extensions" carrying out, when a corresponding programme is run on the
processor, functions apparently related to Viterbi processing.
Independent claim 1 is directed to a "Viterbi decoding system”™ comprising
a general purpose processor with application specific extensions. Said
extensions therefore denote computer/processor hardware. The dependent
claims further define the processor extensions to be "configured" so as
to carry out particular functions. Leaving aside the Tack of clarity as
to when a processor or processor extensions is "configured" to provide a
certain functionality (a general purpose processor cannot be "configured"
other than running a particular computer programme on it), the
application as a whole does not disclose the corresponding hardware
realisations of said specific extensions. The figures of the application,
for example, disclose the general concept of the functionality to be
implemented in "application specific extensions”, however, given the
complexity of such processors, it is not possible to put the invention
into practise without undue burden. Accordingly, an international search
has not been carried out.

The applicant’s attention is drawn to the fact that ciaims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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