
In-Place Present State/Next State Registers         Technical Field
This invention relates generally to decoders, and particularly to efficient
utilization of present state/next state registers, such as in an in-place
Viterbi decoder.     5  Background of the Invention                   A
Viterbi decoder is a maximum likelihood decoder that provides      forward
error correction. Viterbi decoders are used to decode a sequence of encoded
symbols, such as a bit stream. The bit stream can represent encoded
information in a      telecommunication system. Such encoded information
can be transmitted through 10  various media with each bit (or set of bits)
representing a symbol instant. In the      decoding process, the Viterbi
decoder works back through a sequence of possible bit      sequences at
each symbol instant to determine which one bit sequence is most likely
to have been transmitted. The possible transitions from a bit at one symbol
instant,      or state, to a bit at a next, subsequent, symbol instant or
state is limited. Each 



15  possible transition from one state to a next state can be shown
graphically and is      defined as a branch. A sequence of interconnected
branches is defined as a path.      Each state can transition only to a
limited number of next states upon receipt of the      next bit (or set of
bits) in the bit stream. Thus, some paths survive and other paths      do
not survive during the decoding process. By eliminating those transitions
that are 20  not permissible, computational efficiency can be achieved in
determining the most      likely paths to survive. The Viterbi decoder
typically defines and calculates a branch      metric associated with each
branch and employs this branch metric to determine      which paths survive
and which paths do not survive.                   A branch metric is
calculated at each symbol instant for each possible 25  branch. Each path
has an associated metric, accumulated cost, that is updated at each
symbol instant. For each possible transition, the accumulated cost for the
next state      is calculated as the lesser of the sum of the branch metric
for the possible transitions      and the path accumulated cost at the
respective previous state.                  Prior art decoders have used
two arrays of registers in a predefined 30  group of memory locations
within random access memory to store the present state      accumulated
costs and next state accumulated costs. The registers of a first array
were used to store the present state accumulated costs. As the accumulated
costs      were calculated for the next symbol instant, the present state
accumulated costs were      read from registers of the first array and used
in the calculations. The calculated       



-2 -       accumulated costs for the next symbol instant, or next state,
were written to registers      of a second array. After all of the
accumulated costs for the next state were      calculated, the next state
accumulated costs were read from a register or location in      the second
array and written to a corresponding register or location in the first
array.  5 This transfer was made in preparation for decoding the next
symbol in the bit stream      through a subsequent series of calculations
to update the accumulated costs at the      next state. In this manner,
current state accumulated costs were stored in registers of      a first
array. The next state accumulated costs were calculated and stored in
registers      of a second array. As a result, at each symbol instant, the
operation of reading and 10  writing the contents of the registers of the
second array into corresponding registers      of the first array was
required. Depending on the number of branches, this required a      large
number of read/write operations. These data transfer operations decrease
performance of the decoder both in terms of time lost in unproductive
operations and      in energy consumption, particularly, in battery powered
devices such as mobile 15  telephones.                   Other prior art
decoders using two arrays of registers have used a pointer      to
eliminate the data transfer operations. The pointer points to one of the
two arrays.      As the next state accumulated costs are calculated based
on current state      accumulated costs stored in registers of one of the
arrays, the newly calculated next 20 state accumulated costs are stored in
registers of the other array to which the pointer      points. When all of
the accumulated costs are updated, the pointer is changed to 



point to the first array and the accumulated costs are updated. While this
eliminates      the data transfer operations, it still requires twice as
many registers as accumulated      costs. 25               A need remains
in the art for an efficient way to calculate and store the      accumulated
costs that eliminates both the unnecessary read and write operations to
transfer the accumulated costs from registers of one array to registers of
another-      array and the necessity for twice as many registers as
accumulated costs.      Summary of the Invention 30               In
accordance with the invention, memory is efficiently utilized in a
technique for determining a next state accumulated cost in a communications
system      or a Viterbi decoder. The system includes a memory having an
array of registers. A      first present state accumulated cost is
retrieved from a first storage register of the      array. A second present
state accumulated cost is retrieved from a second storage 35 register of
the array. A first next state accumulated cost is calculated based on the
first present state accumulated cost. The first next state accumulated cost
is stored in                                                         - 3 -



the first storage register of the array. An advantage of the invention is
that such a       technique requires less memory to calculate and store
accumulated costs. The       number of memory locations required is one for
each individual state, which is       substantially half of the memory
locations required previously.   5  Brief Description of the Drawing
Figure 1 is a simplified schematic diagram of an illustrative embodiment
of the present invention in a digital signal processor with a coprocessor;
Figure 2 is a state transition diagram for a constraint length of four; and
Figure 3 shows a sequence of the contents of present state accumulated  10
cost registers.      Detailed Description                   Figure 1 shows
an illustrative embodiment of the invention in a      communication system
such as a digital cellular telephone, modem, satellite      communication
system, or digital video communication system. In the illustrative 15
embodiment of the invention, an error correction coprocessor 10 is
controlled by a      digital signal processor (DSP) 20. Error correction
coprocessor 10 may be      embedded within DSP 20. A portion of the
registers of random access memory      (RAM) 110 of the coprocessor define
array 100. Data from registers of array 100      can be read from that
array, processed by adder 150, registers 160 and 170 and adder 20  180, and
resulting data written to registers of array 100. Address generator 102
determines the register or registers of array 100 from which data is read
as well as      the register or registers of array 100 to which data is
written.                   An indirect addressing technique is used to
write data to and read data      from error correction coprocessor 10. To
write data to a register at an address in 25  coprocessor 10, an address is
written into address register 24 and the data is written      to data
register 26, both in DSP 20. The address is transferred from the DSP 20 to 



address generator 102 in coprocessor 10 on address bus 80 and is translated
to a      translated address of a corresponding register in the coprocessor
that is dependent on      the output of flip flop 144. Address generator
102 concatenates a bit dependent on 30  the state of flip-flop 144. Methods
are well known to concatenate either a most      significant bit or a least
significant bit to achieve an address translation. The data      written to
data register 26 is transferred from DSP 20 to the coprocessor memory
location identified by the translated address.                  To read
data from a register at an address in coprocessor 10, an address 35 is
written into address register 24 of DSP 20. The address is transferred to
address      generator 102 and translated as set forth above. The data at
the addressed register is
-4 -        read by reading data register 26.                    The
coprocessor control unit 12 generates a predetermined sequence of
signals to control one aspect of operation of the coprocessor, the decoding
function.       From the disclosed operation of the illustrated embodiment,
one of ordinary skill in   5  the art can readily construct the signals
produced by coprocessor control unit 12. 



Operation of the control unit is initiated by a single instruction
transferred from the       DSP to control register 14 in the manner
described above.                   An array of memory 100 is identified in
random access memory for       storage of present state and next state
accumulated costs. The binary representation  10  of the present state and
next state accumulated costs can take one of many forms.      The forms
include, but are not limited to: 2's-complement which may be sign
extended; sign magnitude; floating point; or a simple binary
representation. Array      100 consists of a plurality of addressable
memory registers or locations. The number      of memory registers in array
100 is sufficient to accommodate at least the greatest  15  number of
present state or next state costs required to be calculated. The number of
memory registers used in array 100 may be less than the number of memory
registers      allocated for the array. For a constraint length C, the
number of memory registers      utilized in the array is 2[err].
Array 100 has an associated address generator 102. Address generator 20
102 enables the memory register from which data is read during a read
operation,      and also enables the memory location to which data is
written during a write      operation. The two present state accumulated
cost values stored in array 100 utilized      to calculate two next state
accumulated cost values are read from array 100. The first      present
state accumulated cost is transferred over data bus 146 to a first register
142. 25  The second present state accumulated cost is transferred over data
bus 146 to a      second register 144. Which present state accumulated cost
values are transferred      depends on which next state accumulated cost
values are being calculated. See the      equations in Table 1. The present
state accumulated cost values are transferred by an      address taken from
a look-up table or by address generator 102 generating the 30  address of a
present state accumulated cost, the data stored in a register of array 100
at that address is read and transferred over data bus 146 to the register
142 or 144. 



Registers 142 and 144 provide first and second inputs to multiplexer 148. A
select      input 147 determines which input to multiplexer 148 is provided
as its output 149.      Output 149 provides one of the inputs to adder 150
from the register 142 or 144 35 coupled through multiplexer 148. The second
input to adder 150, input 152, is a     branch metric provided by the
branch metric unit 154. Each branch metric is needed
-5 -        only once and is calculated as required in any known manner.
Output 156 from adder       150 is coupled to and provides the input to
demultiplexer 158. The least significant       bit of the address from
which the cost is read may provide the select input 166 to
demultiplexer 158. For example, for even addresses, demultiplexer 158
provides the   5  input 156 as output 162. For odd addresses, demultiplexer
provides input 156 as       output 164. Output 162 is coupled to and
provides the input to register 160. Output       164 is coupled to and
provides the input to register 170.                   The output 168 of
register 160 is coupled to and provides one of the       inputs to adder
180. The output 172 of register of 170 is coupled to and provides the  10
other input to adder 180. Adder 180 subtracts input 172 from input 168.
Output 168 



from register 160 and output 172 from register 170 are coupled to and
provide the      inputs to multiplexer 190. The most significant bit of
output 182 is determined by      most significant bit selector 184 and
provided as the select input 192 to multiplexer      190. Select input 192
selects one of the inputs 168 or 172 to multiplexer 190 as its 15  output
to place on data bus 146.                   In decoding encoded data using
the Viterbi decoder from the series of      binary data received at the
decoder, the decoder reconstructs the sequence of data      most likely
transmitted. The received data may include errors. The initial state of the
encoder is known so the decoder has a starting point. The end state of the
encoder 20  may also be known, and when known, the decoder also has a
predetermined ending      point. The decoder must determine the most likely
sequence of state transitions for      the received series of binary data.
Each such state represents a symbol instant. At      each state or symbol
instant, there are a number of states that range from zero up to
2[err] -1 where C is the constraint length. These 2[err] states will be
referred to as 25  individual states. A limited number of transitions are
possible. At each symbol      instant, the accumulated cost is calculated
and stored for each of the possible      transitions.                   At
each symbol instant, each individual state in the illustrative
embodiment of the invention can transition only to two possible next
individual 30  states, although the invention is not so limited.
Concomitantly, each next individual      state has only two possible
previous individual states from which a transition to it      can
originate. Other decoders could have more than two transitions to a next
state.                  A branch metric is calculated at each symbol
instant for each possible      transition from one individual state to the
next individual state. Various methods for 35 calculating branch metrics
are known in the art. The branch metric of both branches      transitioning
to a given next individual state are calculated, then added to the 



-6-        accumulated cost of the respective originating individual state,
resulting in two       potential accumulated cost sums. A comparison is
made of the two potential       accumulated cost sums. An extremum sum is
selected as the next state accumulated       cost. In the illustrative
embodiment, an extremum sum that is the lesser of two sums   5  is
described, although the invention is not so limited. The transition
corresponding to      the lesser sum is the more likely transition from the
two possible originating      individual states to the given next
individual state. The originating individual state      of the more likely
transition is stored as the surviving origin of a branch to the given
next individual state. The lesser sum is the accumulated cost of the next
individual  10  state and replaces the accumulated cost for that individual
state. This process is      repeated for each of the next individual states
and repeated also for each symbol      instant until all symbols in the bit
stream are decoded.                  By way of example, for a constraint
length of four, there are 2[err], or      eight, individual states. A state
transition diagram is shown in Figure 2. The solid 15  lines represent a
transition to the next state when the next bit in the series is a zero, 



and a broken line represents a transition to the next state when the next
bit in the      series is a one. The equations for calculating the next
state accumulated costs for      each of the eight individual states of
Figure 2 are shown in Table 1.              NSAC(000)  Lesser (PSAC(000) +
BM(000), PSAC(001) + BM(001) 20        NSAC(001) = Lesser {PSAC(010) +
BM(010), PSAC(011) + BM(01 1))            NSAC(010) = Lesser {PSAC(100) +
BM(100), PSAC(101) + BM(101)}            NSAC(011) = Lesser (PSAC(110) +
BM(110), PSAC(111) + BM(111))            NSAC(100) = Lesser {PSAC(000) +
BM(000), PSAC(001) + BM(001)}            NSAC(101) = Lesser {PSAC(010) +
BM(010), PSAC(011) + BM(011)} 25       NSAC(110) = Lesser {PSAC(100) +
BM(100), PSAC(101) + BM(101)}            NSAC(111) =Lesser (PSAC(110) +
BM(110), PSAC(111) + BM(111)}                        TABLE 1 Next State
Accumulated Cost Equations                    Although the same symbol has
been used for the branch metric in the     upper half and lower half of the
table, it is understood that different numerical 30 quantities are
represented. In the illustrative embodiment, the branch metric in the
upper half of Table 1 is due to receipt of a zero whereas the branch metric
in the     lower half of the Table 1 is due to receipt of a one.    



-7 -                     Recognizing that pairs of the next state
accumulated cost equations       include the same two present state
accumulated cost values lends itself to some       efficiency in
calculating and storing the next state accumulated cost values.
NSAC(000) and NSAC(100) are functions of PSAC(000) and PSAC(001).   5
NSAC(001) and NSAC(101) are functions of PSAC(010) and PSAC(011), and so
forth. More specifically, the next state accumulated cost for individual
state 000,       NSAC(000), is the lesser of the present state accumulated
cost for individual state       000, PSAC(000), and the branch metric for
branch 000, BM(000), or the present       state accumulated cost for
individual state 001, PSAC(001) and the branch metric for  10 branch 001,
BM(001). The same present state accumulated costs, but different
branch metrics, are used to calculate the next state accumulated cost for
individual      state 100. The next state accumulated cost for individual
state 100, NSAC(100), is      the lesser of the present state accumulated
cost for individual state 000, PSAC(000),      and the branch metric for
branch 000, BM(000), or the present state accumulated  15 cost for state
001, PSAC(001) and the branch metric for branch 001, BM(001). This
calculation is repeated for all individual states until all next state
costs are calculated      at a given symbol instant. Calculation of the
next state accumulated costs is      achieved utilizing the circuit of
Figure 1. The present state accumulated costs are 



stored in array 100, for example starting at the first memory location
(e.g. address 20  000) therein, and may be initialized with the first
memory location having a value of      zero and subsequent memory locations
having a very large negative value. Initially,      the accumulated costs
are typically stored in sequential memory registers.
Address generator 102 generates an address and enables the register
identified by the address to be read. A read operation transfers the
accumulated cost 25  for individual state 000 from a memory register in
array 100 to the data bus 146.      Data bus 146 provides the accumulated
cost for individual state 000 through      demultiplexer 140 to one of two
registers 142 or 144, as determined by select input      141. For this
example, assume the accumulated cost of individual state 000 is
transferred to register 142. Address generator 102 generates the address
for the 30  accumulated cost for individual state 001 and reads the
accumulated cost from a      memory register i array 100 to the data bus
146. Data bus 146 provides the      accumulated cost for individual state
001 to the other of the two registers 142 or 144,      such as register
144, as determined by select input 141. The two accumulated cost
values stored in registers 142 or 144 are used to calculate two next state
accumulated 35 costs, for individual states 000 and 100.          



-8 -                    Multiplexer 148, as determined by select input 147,
provides the       accumulated cost stored in register 142 as its output
149. Output 149 provides one       operand input to adder 150. The other
input to adder 150 is the branch metric for       branch 000, as calculated
by the branch metric unit 154. The sum output from adder   5  150 provides
the input to demultiplexer 158. The least significant bit of the address
of the present state accumulated cost may be used as a select input to
demultiplexer       158 to cause demultiplexer 158 to select output 162 and
provide the output 156 from       adder 150 as the input.to register 160.
Output 162 is transferred to and stored       temporarily in register 160.
This sum will be referred to as COST(i).  10               Select input 147
then selects the other register, register 144, to couple to      adder 150
through multiplexer 148. Output 149 provides an input to adder 150. The
other input to adder 150, provided by the branch metric unit 154, is the
calculated      branch metric for state 001. The sum output from adder 150
provides the input to      demultiplexer 158. The least significant bit of
the address of the present state 15  accumulated cost may be used as a
select input to demultiplexer 158 to cause      demultiplexer 158 to select
output 172 and provide the output 156 from adder 150 as      the input to
register 170. Output 164 is transferred to and stored temporarily in
register 170, and will be referred to as COST(i+1).                  The
lesser of these two sums, COST(i) and COST(i+1), is selected to 20  replace
the present state accumulated cost for state 000 and represents the
accumulated cost at the next state or next symbol instant. The lesser of
COST(i) and      COST(i+l) is determined by comparing the two sums and
selecting the smaller one.      COST(i) provides one input operand to adder
180; the other input operand is      COST(i+1). Adder 180 subtracts COST(i)
from COST(i+ 1), providing output 182 as 



25  the difference therebetween. If COST(i+1)is greater than COST(i), the
most      significant bit of output 182 will be 1 representing a negative
sign. Otherwise, the      most significant bit will be 0. Most significant
bit selector 184 selects the most      significant bit of output 182 and
provides the most significant bit as output 192.      Output 192 is the
select input to multiplexer 190. The select input determines which 30
accumulated cost input, input 168 or input 172, to multiplexer 190 is
selected as the      lesser cost and is provided to data bus 146. When
COST(i+1) is greater than      COST(i), the most significant bit is 1
causing multiplexer 190 to select input 168,      which is the smaller
input to adder 180, to place on data bus 146. Otherwise, the      most
significant bit is 0 causing multiplexer 190 to select input 168, which is
35 COST(i),to place on data bus 146. In this manner, adder 180 and most
significant bit     selector 184 function as a comparator to select the
smaller accumulated cost,
- 9-        COST(i) or COST(i+1), and provide that smaller accumulated cost
to data bus 146.       Address generator 102 enables the register in array
100 that the accumulated cost for       individual state 000 was read from.
This overwrites data in a register in array 100 



that has no further value. Typically, the next state accumulated cost is
stored in the   5  register of array 100 from which one of the present
state accumulated costs was read       for use in calculating the next
state accumulated cost. Each register in the present       state array is
thus read once in the process of calculating the next state accumulated
costs.                   The next state accumulated cost for individual
state 100 is calculated.  10  The present state accumulated costs for
individual states 000 and 001 continue to be      stored in registers 142
and 144 respectively. One of the same costs in array 100 was
overwritten. As described above, the accumulated cost stored in register
142 is      provided as one input operand to adder 150 through multiplexer
148. The branch      metric unit 154 calculates and provides the branch
metric for branch 000 as the other 15  input operand to adder 150. The sum
output from adder 150 provides the input to      demultiplexer 158. The
least significant bit of the address of the present state      accumulated
cost may be used as a select input to demultiplexer 158 to cause
demultiplexer 158 to select output 162 and to provide the output 156 from
adder 150      as the input to register 160. Output 162 is transferred to
and stored temporarily in 20  register 160 as COST(i).
Select input 147 then selects the other register, register 144, containing
the present state accumulated cost for individual state 001 to couple to
adder 150      through multiplexer 148. Output 149 provides an input to
adder 150. The other input      to adder 150 is the calculated branch
metric for state 001 provided by the branch 25  metric unit 154. The sum
output from adder 150 provides the input to demultiplexer      158. The
least significant bit of the address of the present state accumulated cost
may be used as a select input to demultiplexer 158 to cause demultiplexer
158 to      select output 192 and provide the output 156 from adder 150 as
the input to register      170. Output 164 is transferred to and stored
temporarily in register 170 as 



30  COST(i+1).                  The lesser of COST(i) and COST (i+1) is
selected to replace the present      state accumulated cost for state 001.
Adder 180 subtracts COST(i+1) from COST(i),      the most significant bit
selector 184 provides the most significant bit as the select      input to
multiplexer 190. Multiplexer 190 selects the lesser of COST(i) and COST 35
(i+l) and provides the lesser cost to data bus 164. The memory register in
array 100     where the present state accumulated cost for state 100 was
stored is enabled by
-10-        address generator 102 and the next state accumulated cost is
written to that register.       The decoder is then ready to decode the
next symbol. This process is repeated until       all of the next state
accumulated costs have been calculated for the individual states       such
that there is a next state accumulated cost stored in the registers in
array 100 for   5  each individual state.                   In this manner,
the accumulated cost in each of the 2[err] registers of       array 100
that store accumulated costs are updated from a present state accumulated
cost to a next state accumulated cost. When the update is complete, next
state is 



designated as the present state and the process is repeated. This cycle
continues  10  through the number of symbol instants or states of data
being decoded.                   Figure 3 shows the next state accumulated
cost that replaces the present       state accumulated cost for the
illustrative embodiment case of C=4. There are eight       individual
states.                   Data is transferred between DSP 20 and
coprocessor 10 by way of a data  15  register 24. DSP 20 can read from or
write to any of the memory registers of      coprocessor 10. Memory
registers of the coprocessor are indirectly addressed by      placing a
memory register address in address register 24 of DSP 10. Address
generator 102 receives the address from address register 24 on address bus
80. In a      read operation, coprocessor 10 then transfers the contents of
the addressed 20  coprocessor memory register to the receive data register
where it can be read by DSP      20. Through a sequence of such operations,
the entire array of accumulated costs      can be transferred to DSP 20.
It can be seen from Figure 3 that with the present state accumulated
costs initially in numerical order from binary zero to binary seven, the
next state 25  accumulated costs are not in the same numerical order. In
base 10, the next state      accumulated costs for the illustrative
embodiment case of C=4 are in the order 0; 4;      1; 5; 2; 6; 3; 7. With
all of the accumulated costs updated in Figure 3a, the      accumulated
costs designated next state accumulated cost in Figure 3a are designated
as the present state accumulated costs the next subsequent state shown in
Figure 3b. 30  When the next state accumulated costs are calculated the
order is again changed.      The new order is 0; 2; 4; 6; 1; 3; 5; 7. With
all of the accumulated costs updated the      next state of accumulated
cost in Figure 3b are designated present state accumulated      cost in
Figure 3c. When the next state accumulated costs are evaluated in Figure
3c,      the next state accumulated costs are back in the original
numerical order. This can 



35 be generalized to communicate that each C-1 states the accumulated costs
will be in      sequential numerical order. If decoding stops at a multiple
of C- 1, there is no need                  to reorder the accumulated
costs. However, if the number of bits, or sets of bits,       transmitted
is not a multiple of the C-1, it will be necessary to reorder the
accumulated costs at the conclusion of decoding a series of bits or sets of
bits.       Alternatively, the accumulated costs can be retained in the
nonsequencial order of   5  the resulting calculations and the user can
compensate the address upon access.                   If decoding ends in
the next state shown in Figure 3a, the accumulated       costs can be read
out of the array in ascending individual state order in two passes.
On a first pass, starting with the individual state 000, which remains
first, alternate       registers can be read. On the second pass, alternate
registers are read beginning with 10  the register following individual
state 000.                   If decoding ends in the next state shown in
Figure 3b, the accumulated      costs can be read out of the array in
ascending individual state order in four passes.      On a first pass,
starting with the individual state 000, each fourth register is read. On 



the second pass, each fourth register is read beginning from a register
indexed one 15  higher from individual state 000. On the third pass,
indexed from a starting point      that is one register higher than the
starting point of the second pass, each fourth      register is read. On
the fourth pass, starting from a register that is indexed one      register
higher than the starting point of the third pass, each fourth register is
read.                   If decoding ends in the next state shown in Figure
3c, the accumulated 20  costs can be read out in ascending individual state
order in a single pass. This is due      to 3 being an integral multiple of
C-1, where C in the illustrative embodiment case is      4. The order of
next state accumulated costs in the array is predetermined based on
parameter C and how many states or symbol instants have been decoded beyond
an      integral multiple of C-1. 25               The invention is
particularly useful in communication systems and      equipment employing
integrated circuits including this technique. Such      communications
systems and equipment has the advantages of reducing memory
requirements. In one respect, this advantage is achieved by not needlessly
reading      the contents of regigers in one array and writing them to
registers of a second array. 30               While the illustrative
embodiment of the invention has not been      described as incorporating
pipelining, one skilled in the art would recognize the      enhanced
computational efficiency available by utilizing pipelining in the design.
Pipelining is achieved by initiating computation with a new data set before
completing computations with a previous set of data. The more latches used
in 35 pipelining, the greater the depth of pipelining. Pipelining causes an
initial latency in      computation time required to fill the pipeline, but
maximizes usage of resources such    



- 12-   as adders and subtractors.
- 13 -                    Claims 



1. A method of efficiently utilizing memory in determining which next
state accumulated cost to retain in a communication system having an array
of      registers, the method comprising the steps of:  5
retrieving a first present state accumulated cost from a first storage
register of the array;                  retrieving a second present state
accumulated cost from a second storage     register of the array;
calculating a first next state accumulated cost based on one of said first
10 and second present state accumulated costs; and                  storing
the first next state accumulated cost in said first storage register
of the array.                 2. A method of efficiently utilizing memory
in determining which next      state accumulated cost to retain as recited
in claim 1, further comprising the step of: 15               storing the
first present state accumulated cost in a first temporary      register.
3. A method of efficiently utilizing memory in determining which next
state accumulated cost to retain as recited in claim 1, further comprising
the step of:                  storing the second present state accumulated
cost in a second temporary 20  register.                 4. A method of
efficiently utilizing memory in determining which next      state
accumulated cost to retain as recited in claim 1, further comprising the
steps of:                  calculating a second next state accumulated cost
based on the second      present state accumulated cost; and 25
storing the second next state accumulated cost in said second storage
register of the array.                 5. A method of efficiently utilizing
memory in determining which next 



state accumulated cost to retain as recited in claim 1, further comprising
the steps of:                  retrieving a third present state accumulated
cost from a third storage 30 register of the array;
retrieving a fourth present state accumulated cost from a fourth storage
register of the array;
- 14 -                   calculating a third next state accumulated cost
based on the third present      state accumulated cost; and
storing the third next state accumulated cost in a said third storage
register of the array.  5              6. An integrated circuit for
processing signals, comprising:                  an array of registers;
means for retrieving a first present state accumulated cost from a first
register of the array; 



means for retrieving a second present state accumulated cost from a 10
second register of the array;                  means for calculating a
first next state accumulated cost based on one of      said first and
second present state accumulated costs; and                  means for
storing the first next state accumulated cost in said first      register
of the array. 15              7. An integrated circuit as recited in claim
6, wherein the storage means      comprises random access memory.
8. An integrated circuit as recited in claim 6, wherein the calculating
means comprises an adder.                 9. An integrated circuit as
recited in claim 6, wherein the calculating 20  means comprises a
comparator.                 10. In a Viterbi decoder for determining an
extremum next state      accumulated cost for each possible transition at a
series of symbol instants, said      decoder including an array comprised
of storage registers, a method for determining      which next state cost
to retain comprising the steps of: 25               retrieving a first
accumulated cost associated with a first present state      from a first
storage register;                  adding the first accumulated cost
associated with the first present state to      a first branch metric
resulting in a first potential accumulated cost;
retrieving a second accumulated cost associated with a second present 30
state from a second storage register;                  adding the second
accumulated cost to a second branch metric resulting      in a second
potential accumulated cost;   



- 15 -                   selecting an extremum of the first and second
potential accumulated     costs as a next state accumulated cost; and
storing the next state accumulated cost in the first storage register.
11. A method for determining the extremum next state accumulated cost 5 as
recited in claim 10, wherein selecting the smaller of the first and second
potential     accumulated costs as the next state accumulated cost,
comprises:                  subtracting one of the first and second
potential accumulated costs from     the other resulting in a difference;
identifying the most significant bit of a binary representation of the 10
difference; and                  determining the smaller of the first and
second potential accumulated      costs as the next state accumulated cost
by the most significant bit of the binary      representation of the
difference.                 12. A method for determining the extremum next
state accumulated cost 15  as recited in claim 10, further comprising the
step of: 



calculating a branch metric corresponding to a transition from the
present state to a next state.                 13. A method for determining
the extremum state accumulated cost as      recited in claim 10, wherein
the extremum is the smaller of the first and second 20 potential
accumulated costs.    


