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Thiss invention relates generally to decoders, and particularly to effic+ent
utilization of present state/next state registers, such as in an in-place
Vi terbi decoder. 5 Background of the Invention - A
Viterbi decoder is a maxi mum likelihood decoder that provides forward
error correction. Viterbi decoders are used-#o decode a sequence of encoded
synbol s, such as a bit stream The bit stream can represent encoded
information in a telecogm.p]' | d information
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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
telecothmunication 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 braoch. 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 Jesser 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
accumnlated 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 calculﬁted for the next symbol instant, the present state accumulated costs were
“read from regxsters of the first array and used in the calculations. The calculated
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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
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were witten to registers of a second array. After all of the
actcunul ated costs for the next state were cal cul ated, the next state
accunul ated costs were read froma register or location in t he second
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the accunul ated costs are updated, the pointer 1s changed t
communication system such as a digital cellular tefephone, 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 [02 and translated as set forth above. The data at the addressed register is
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is stored in 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¢'.

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 g 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 muitiplexer 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 muitiplexer 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



the first storage register of the array. An advantage of the invention is
that such a technique requires less nenory to cal culate and store
actunul ated costs. The nunber of menory | ocations required is one for
each individual state, which is substantially half of the menory

| ocations required previously. 5 Brief Description of the Draw ng

Figure 1 is a sinplified schematic diagram of-an illustrative enbodi ment

of the present invention in a digital signal processor with a coprocessor;
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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
2C-1_1 where C is the constraint length. These 2C! states will be referred to as

25 individual states. A limited number of transitions are possible. At each symbol
instant, the aécumulated cost is calculated and stored for each of the possible
transitions.

At each symbol instant, each individual state in the illustrative
embodiment of the jpvention 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



address generator 102 in coprocessor 10 on address bus 80 and is transl ated
to a transl ated address of a corresponding register in the coprocessor
tHat i s dependent on the output of flip flop 144. Address generator
102 -concatenates a bit dependent on 30 the state of flip-flop 144. Mt hods
are well known to concatenate either a nost significant bit or a | east
significant bit to achieve an address transi@tion. The data witten to
data register 26 is transferred fromDSP 20 to the coprocessor nenory
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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+, 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(011)}
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(L11) = 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.
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transferred fromthe DSP to control register 14 in the manner
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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.



Regi sters 142 and 144 provide first and second inputs to nultiplexer 148" A
sel ect I nput 147 determ nes which input to nultiplexer 148 is provided
as”its output 149. Qut put 149 provides one of the inputs to adder 150
fromthe register 142 or 144 35 coupled through nultiplexer 148. The second
I nput to adder 150, input 152, is a branch nmetric provided by the
branch netric unit 154. Each branch metric i-$needed

-5 - only once and is calculated as required in any known nanner.
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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+1) 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(@+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(), the most
significant bit of output 182 will be | 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 multiplexér 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,



fromregi ster 160 and output 172 fromregi ster 170 are coupled to and

pr.ovi de t he I nputs to nmultiplexer 190. The nost significant bit of
out put 182 is determ ned by nost significant bit selector 184 and
provi ded as the select input 192 to nultipl exer 190. Sel ect input 192
selects one of the inputs 168 or 172 to nultiplexer 190 as its 15 out put
to place on data bus 146. I’ decodi ng encoded data using
the Viterbi decoder fromthe series of bi nary data received at the

decoder, the decodST(Hek TOSTEFDSardd st osﬁetm%anér :ﬁ:@ﬁﬁulated coHﬁ%tdau R! M6,
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instant, there a
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possi bl e. At eaclysgynbol instant, the accumul at ed cost is calculated

and stored for each of the possible transition At
each symbol instant, eacHhemgristaiearcusmylated FﬂSttfPFemfllVF(h%li statei 108 is calculated.
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to a given next demuliiplaxer) 158t Fhe leasesigrifieant ditaf the Mmesa@ﬂéx@ presephgtate

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 demulitiplexer 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+l).

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+1) 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



6. - accunul ated cost of the respective originating individual state,

resulting in two potential accumnul ated cost suns. A conparison is
made of the two potenti al accurul ated cost sunms. An extrenmum sumi s
sel ected as the next state accunul ated cost. Inthe illustrative

enbodi nent, an extrenum sumthat is the |lesser of two suns 5 1is
descri bed, although the invention is not so-l®mited. The transition
corresponding to the |l esser sumis the nore likely transition fromthe

two possible ori %d}g& 'o@ﬂerator 102 Qﬂb Yﬂe ?( %xﬁ laatc&?m{zﬂtetd*}%stqg Fz?i[?ﬁg?%g%r%;%rr y

I ndi vi dual state
transition is st '(Eh%dﬂé)delt llSéhme X/iQ@C@dﬂ e mewt symbiot.aFleis pravesshio repeated until

next individual giatfhe nzﬁa@stateaéa{maa% icosth hsvafeeu gh&ceﬁ&q 6PHE it vfd*agl &&g&u N

i ndividual 10 state and replaces the accunul ate ost for tha
state. This procBd tha there 1546@@&%%“@84““%%? stpred imdhetregigigrs/incueny (905ors

and repeat ed &l senchandierahl gasbol i nstant until all synbol s in the bit
stream are decoded.

length of four, there ard? Q{‘%WPne’og‘e%\éc‘y\rﬁéf‘ﬁF}tcgée}%?% ?fjdg‘? 25t g{gg’;%e?%%fg E ate
transition di agraay E()Osthﬁmnore cétingulated 2ostd bre waated fidm a brdnaﬁ st hevaiilatéd
transition to t hc(:aos[1 &4 néd ke - %S&u art]e% a5t tW}ﬂen tﬂenu;}dgt% iS gcgmplséte, next sfate 13’
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"co_sts 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 gccumulated 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



and -a'. broken Iine represents a transition to the next state when the next

bit in the series is a one. The equations for cal cul ati ng the next
stat e accunul ated 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) + BM001) 20 NSAC(001) = Lesser {PSAC(010) +

BM 010), PSAC(011) + BMO01 1)) NIAG( 010) = Lesser {PSAC(100) +
BM 100), PSAC(101) + BM 101)} NSAC(011) = Lesser (PSAC(110) +

BM 000) | PSAC( 00 e mutated costs. HoREY o nimtet 3E s bEAEPH Y
BM 010) . PSAC( O Ttansmitedio nod 3 meidtiple of the/(GAGE Wil pe netesszsye to {ePRRE(EOD) +
BM 100), PSAC(1Q1 uriiulg %%1 Jat the conclusion oPM3&ddinkla seﬁlegi)gﬁié %@E@%%ﬁ?; . ;

BM 110) . PSAC{11i) F I }%} > 2 8¢l .
Accunul at ed CostAltagnativelndhe accumulated costs can be repingd inythe tnaaseguensial yrdasiof has

been used forst hge RisaRiaBd caRulationd thd tAE user call BB&P ﬁl%iefthiﬂﬁr%éige n :zlgéegspf the

e
Feprosent ed. I the i 11 ulesedinE CBBSTER ol RomRdR e b1 fosumplated
upper hal f of Tabbt cdn bés reddeut of heashpin Scendiag indliviledl eage drder IItABGPassEeL ri c
In the | OwerOnhz‘;i Hst %fassE ) el‘ti-ll-l%b\’lliﬁl %e'iﬁ&gﬁﬁalt s?até 38&'vpﬁicl9 ;err?aix?snt?r'st, 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 er;lploying 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 regigfers 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



-7 - Recogni zing that pairs of the next state
accumul at ed cost equati ons i nclude the sane two present state
daccunul ated cost values lends itself to sone efficiency in
calculating and storing the next state accunul ated cost val ues.

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. Mdre specifically, the next state accunul ated cost for individual

state 000, NSA i he | esser of the present state accunul ated
cost for indiviﬂh%gké%%@ng“&§0$boo, PSAC(000), and the branch netric for
branch 000, BM 000), or the present state accunul ated cost for

i ndi vi dual state 001, PSAC(001) and the branch netric for 10 branch 001,
BM 001). The sane present state accunul ated costs, but different
branch netrics, are used to calculate the next state accumul ated cost for

i ndi vi dual state 100. The next state accunul ated cost for individual
state 100, NSAC(100), is the | esser of the present state accumul ated
cost for individual state 000, PSAC(000), and the branch netric for

branch 000, BM 000), or the present state accunulated 15 cost for state
001, PSAC(001) and the branch netric for branch 001, BM001l). This
calculation is repeated for all individual states until all next state
costs are cal cul ated at a given synbol instant. Cal cul ation of the
next state accunul ated costs is achieved utilizing the circuit of
Figure 1. The present state accunul ated costs are



stored in array 100, faqr _ex e t?rting at the first nmenory | ocation

(e.g. address 20 000JM e be initialized with the fj

meiory | ocation having I zero and subsequent {{T rrlgr d 4 BHEN
BBl ni aked &

having a very |arge ne tially, t he ac OBbhsS
are typically stored in sequential nenory registers.
Addr ess generator 102 generates an address ahd-enabl es the register
identified by the address to be read. A read operation transfers the
accunul ated cost cfgmst Or i ndividual state 000 froma menory register in
array 100 to the data bus 146. Dat a bus 146 provi des the accunul ated
cost for individual statk Oouethed eiefficiently udlizing meprosy & detarminigg oriiclvhextwo
regi S]f ers 142 Or%t&lé‘hch Clﬁﬁuﬁlf&dt%@di t@QQ&aﬁVinSﬁio%ﬁﬁd_ ur&@&fﬂn stystem h'ohggrg dnQdrrayrs
exanpl e, assune the accunu ed cost of individual.s e | S
transferred to r’é’§f5§§r%rtﬁ‘if¥‘2%‘°ﬂdﬂ$l@§’§gd&?§?%’t‘%frreti’@!‘ éﬁi‘?‘aﬁr&en{ ffataddr ess
for thfa 30OI ase Uﬁf:cthﬁmﬂﬂettﬁﬁst fioaf a first sorage abgistt Ao fahe Bfray(eds. Hl(ﬂ,sretrf@ingba
accunmul ated cost _from a menory.register i array 100 to.the ta bus
16 Data bus. 148 bRs styERRRER Rt Fonia SRRy sprRe e ol Suths o
001 to the ot her(ed., 1009, dndocatandritmiger firstinkXt stateladdymulated costdiasabon thgifisster
144, as determ ' | .
séﬂf sl%?el &%&Tgﬁgég c]f)}fl l’he ggﬁ"xoﬁgﬂzfrg&gﬁ cu‘f%}atﬁg S‘?@@ btgﬂ g the

val ues stored in registers 4 are used 1o calc next®state
accunul at ed 35 clirst mext stgte aosumplairibgostinaidfingpgorage repivter of the array (e.g., 100).

10 2. A method of efficiently utilizing memory in determining which next
state accumulated cost to retain as recited in claim |, further characterized by the

step of:
storing the first present state accumulated cost in a first temporary

register (e.g., 142 or 144).

15 ‘3. A method of efficiently utilizing memory in determining which next
state accumulated cost to retain as recited in claim 1, further characterized by the
step of:

storing the second present state accumulated cost in a second temporary

register (e.g., 144 or 142).

20 4. A method of efficiently utilizing memory in determining which next
state accumulated cost to retain as recited in claim 1, further characterized by 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 (e.g., 100).

5. ‘A method of efficiently utilizing memory in determining which next
state accumulated cost to retain as recited in claim 1, further characterized by the

steps of* '
30 retrieving a third present state accumulated cost from a third storage

register of the array (e.g., 100);

T



-8 - Ml tipl exer 148, as determ ned by select input 147,
pr.ovi des the Thid Skt bk Bteitkesitsd St ored in register

149. CQutput 149 prod operand i nput to adderrHiS@HEEN @Gt BN
i nput to adder 150 metric for brancih 000,rem.AGHIUl at gd
by the branch netri e sum out put from adde O Proviaes

the input to demultipl exer 158 The | east si b‘hrflcant bit of the address
of the present state accunul ated cost nay be used as a select input to

denul ti pl exer 158 trereting® fOBAN bldsBhiQife ackafhulBe S nd
provi de the output, 156 frrom dgr slSO asat he ul n?)ut Stgg{)?lg‘gfog#grgo?%ea
Qutput 162 is t registesof e Hy58-si0Qed temporarily in register 160.

This sumwill be referr e(iatcﬁlaaﬁg @Gﬁfd hext staldaccumulated cost based6h ﬁféthirﬂ@k@seﬂl‘w
t hen sel ects the other elgi?at ertt gister 144, to couple to
t hrough mul ti pl &P 3FHNUSEA LS 398 b ovi des an input to adder 150. The

other input t6 adder 150 stqnmg\zhejﬁnkdmexthetelnbmmﬂiamtbs'tdn 684il tHibd}stobaget he
cal cul at ed t r te 001. The sum out put from adder 150
provi des the i npu%g%?%fﬁ%i{rggr{u%t exer 158. The | east significant bit of

the address of the present state 15 accunul ated cost may be used as a

select [ nput to demul {1 b oxPivdfied GrEALAR processiflETibiil Aty A nkP(op) Ot

out put 172 and prOV|de t he out
regi ster 170. OUOMef megisters, ffwﬁsf%ﬁeﬁr&mgoa ﬁﬁap@ﬁ@né@m@ﬁg@mﬁm apst ffom a

|r39| st erf 1t7g ar}%fswegisteb%f kR z@fdng g, qo% mieal fdr téttieving 2 second present0 state:Th?a
esser o e two S is seé repl ace
the present géataé? %Ht;‘?ﬁﬁll %ﬁs(%oél&c?r&reg{sgggfé%@r%ée 3e§§®s ﬁ’l’i
g((:)g u Erul) at e(cji cos tcalguolsa*timg almﬂst next stae aawmgbated&wﬁdlﬁked OB brGf. saithfersi @‘e‘s&edsnd)f

T(i) an T(1 + i t.er m . conpa sumsa
sel ecting the s PSRt étgﬁgea?ccurﬁuﬂﬁgﬁgﬁtf,ﬂﬁe Bﬁ%&f?‘&ggl%wgg}aﬁ‘bcﬁ?l%g@?mi‘“f Tadder
180; the ot her istring tbe frsimexi sate accun@BEdd cast In sabdiOsst repdfersodithe acdys(e@QST( i )
from COST(i + 1) ’10@5.0‘” di ng out put 182 as

15 7. An integrated circuit as recited in claim 6, characterized in that the
\ storage means comprises random access memory (e.g., 110).

8. An integrated circuit as recited in claim 6, characterized in that the
calculating means comprises an adder (e.g., 150).

9. An integrated circuit as recited in claim 6, characterized in that the
20 calculating means comprises a comparator (e.g., 180, 184).

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 memory comprised of storage registers, a method for determining
which next state cogt to retain including the steps of retrieving a first accumulated

.25 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 state from a second storage register, adding the
second accumulated cost to a second branch metric resulting in a second potential

30 accumulated cost, and selecting an extremum of the first and second potential
accumulated costs as a next state accumulated cost, the method characterized by

HIIIIII |l||l| lIIll IlIII II lIII



25 'the di fference therebetween. |f COST(i+1l)is greater than COST(i), _thé

nost significant hi. will be 1 repregen g g
sign. Otherw se, the fhil sl p@iiiikatid v 1) be L Tept . TRASSSHEHTOMAS BERRT
bit sel ector 184 sel ect:”!ﬂEﬂM%Hﬁu L significant bit ¢f outpEPLASEDand
provi des the nost signif i ut put 192. Aot put—FZ=Fs=the=——"'
select input to nultiplexer 190. The select'ﬂﬁput det erm nes which 30
accurul ated cost input, input 168 or input 172, to nmultiplexer 190 is

sel ected as the gl [ i 146. Wen
COBT(1 1) 15, or eSPEPeBERRR sERcriliact QO efil RofiBh Redte 1 1T
causing nultiplexer 190 to select input 168, which is the smaller

i nput f to addg_r 180, Ot 0 pipca xﬂé"ﬂll&ﬁfo? d@téﬁmihgrg; th%i@@cfﬂ%ﬁ%exi §%e accumifBEH rg:o_st
357COBT( ) 0. pl BRESHRT LAl 10 whekeiR Seecthiestr Salerof st nboesnl RRRtal”
Si gln: ficant bit acc(;mﬂﬂhte@bmts dhe hextatdto Accamubatedeag iatitradteridligect t he
Shall er accu at ed cost, . . .

- o T(i) or COBRekpE ong of s 5t and seeon rofstiakpccamulatet QST

to data bus 146. the other réshdtirgsin aydiffereacesr 102 enabl es the register in array

100 that the accumul ated iﬁ&ﬁffyi&xgrgge most aséé}dé@éa%h%'t‘@faﬁfn@ffregpegeﬂ@ﬁoﬂ &atﬂef rom

This overwites data in a reg In
difference; and

determining the smaller of the first and second potential accumulated
10 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
as recited in claim 10, further characterized by the step of:
calculating a branch metric corresponding to a transition from the

15 present state to a next state.

13. A method for determining the extremum state accumulated cost as
recited in claim 10, characterized in that the extremum is the smaller of the first and
second potential accumulated costs.
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that thas no further val ue. Typically, the next _s gg"p jcost is
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st’ate accunul ated costs was read for uselli n carzErIlAGEDR 8 next
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thus read once in the process of calculatin he next state accumul ated
costs. The next state accurmul ated cost for individual
state 100 is calculated. 10, The present state accunul ated costs for
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the present 3¢ ats@fﬁgf‘ciﬁﬁﬁﬁ‘épééh%éaﬁ’ %kaqvﬁ@‘iaﬁ? afite inyeation Gﬁ)‘ﬂaft%‘cb algnbaiqug
adder 150 E’c?}@té@ meslwxhémdﬂy% @ﬂcﬂl&t% an@dﬁd?él heclffilaed b’d)éd@ SI‘lithrﬁBEil bfto
adder 150. The ot 8‘8\” ‘? &.r B %E t he c% % té}n
metric for stat EBEYPPRHoas Epayire ffeO”S oneach sedividual sigte, i 1F 94’ stpiially, m
out put from adddualflfthgmemiotekchtivnsirequited tpoevdausiy.t | pl exer 158. The

| east significant bit of the address of the present state accunul ated cost
may be used as a select input to denmultiplexer 158 to cause denultipl exer
158 to sel ect output 192 and provide.the output 156 from adder 150 as
the input to register 170. Qutput 164 is transferred to and stored
tenporarily in register 170 as

I

Thls Sheet Has Been Repla:

(T




3
S
A
S6

m
(i
ar
st
-]
W
¢
aq
th

Al Il.;l ),

t
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| ector 184 provides the nost Hit as
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ray 100 re the present state accunul ated cost for state 100 was
ored is e byi
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where it can be read

t

signated as the present state and the process is repeated. This cycle

ntinues 10 through the nunber of synbol instants or states.of
i ng decoded. Figure 3 shows the 4ﬁ“§gg £T ApeUREN
Fﬁdéi!ﬂ]

st that replaces the present state accunul at cos,;
| ustrati ve enbodi mrent case of C=4. There are eight Fv=chrad
at es. Data is transferred between DSP 20 and

processor 10 by way of a data 15 regizﬁyr 24. DSP 20 can read from or

ite to any of the nenory registers of coprocessor 10. Menory

gi sters of the cg&g&&gsszg are indirectly addressed by pl aci ng a

nory register +i N&address register 24 of DSP 10. Address

nerator 102 receives the address from address regi ster 24 on address bus

In a read operation, coprocessor 10 then transfers the contents of

e addressed 20 cop menory register to the recgiyye data register
g?%gf 20. Through a sequence such operati ons,

ne entire array of -ac MEul at ed costs can be transf Aﬁéd to DSP 20.

I{ can be seen fromFigure 3 that with the present state accunul ated

cpsts initially in nunmqgca [0 to bisgary seven, the
ngxt state 25 accumul costs are not in the sa u cal order I n
base 10, the next state \ accumul at ed cost or the illustrative
efrbodi nent case of C=4 are iNthe order & 1; 5, 2; 6; 3; 7. Wth
all of the accumul ated costs urdat n Flgure 3a, the accumnul at ed
cpsts designated next state a | ated cost in Figure 3a are designated
ap the present state afu ated \gosts the next subse 90 state shown in
Ffgure 3b. 30 Wen the nexy statesaccumul ated c re calcul ated the
ofder is again changed. N he nemkorder ~ 4, 6; 1; 3; 5, 7. Wth
atl of the accunul ated costs upgated t state of accunul at ed
cpst in Figure 3b are designated accumul at ed cost in
F{ gure 3c. Wen the ne st ab- costs are evab ted in Figure
3E, t he next stat are back in riginal
npneri cal order. This can

o oM

100 \ 100
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35| be generalized to conmunicate that each C-1 states the accumul at ed costs
wll be in sequential nunerical order. If decoding stops at a nultlple
off G 1, there is no need to reorder tre—accEroated
costs. However, if the number of bits, or sets of bits,} THIS SHEFRHARBEEN]
isinot a nultiple of the C-1, it will be necessary to reor deREPRACED
acicunul ated costs at the conclusion of decoding a seriesof DIits or séts of
bifts. AIternatlver t he accunulatgf costs can be retained in the
ngnsequenci al order of the resultin %alculations and the user can
cognpensat e the address upon access. | f decoding ends in

t e next state shown in Figure 3a, the accumul ated costs can be read
oyt of the array in ascending individual state order in two passes.

O1 a first pass, starting with the individual state 000, which remains
alternate

fifrst, alternate regi sters can be read. On the second pass,
réglsters are read beglnnlng with 10 the register follow ng individual
stjat e 000. | f decoding ends in the next state shown in

Fijgure 3b, tj%1‘2cun31ated costs can be read out of the array in
adcendi ng individual state order in four passes. On a first pass,
stlarting with the individual state 000, each fourth register is read. On

PSIC (000) NSAC (00)  PSAC (000} NSAC (000)  PSCA (00d)  NSAC (000)
PSC (001) NSAC(100)  PSAC (100) NSKC(010)  PSKC (010) NSAC {001)
PYIC (010) NSAC (O01)  PSAC (001) NSAC(100)  PSAC(100) NSAC (Ot0)
PSC (1) NSAC(101)  PSAC (101) NSKC(110)  PSAC{110) MG (o11)
PYC (100) NSAC (010)  PSAC (010) NSAC(001) PSAC {001)  NSAC (100)
POC (101) NSAC(110)  PSKC(MO) NSC (1) S (011)  NSKC (101)
PSC (110} NSAC{O1) - PSAC (1) NSAC(10T)  PSAC(101)  NSKC (110)
PSAC(111)  NSAC (1) PSAC (1) NSGA(11)  PSAC{1H) NG (111)

W _. B ()
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t he second pass, each fourt hJ[ BEPLAGEMEST Ice: ibégl nni ng REDm & regi ster
i

i

i ndexed one 15 higher from ngi Vizlﬁ| natate 00p. On the third pass,
i ndexed froma starting poi nt] D&% =.¢ -éf--ii. ne fegistel| Ptgher.-than..the.

starting point of the second pass, each regrster rs i -

the fourth pass, starting froma register th#t- is indexed one regi ster
hi gher than the starting point of the third pass, each fourth register is

r ead. T OREMHAPENs St/ SEite RegiEronOWN I Figur e
3c, the accunulated 20 costs can be read out 1 n ascendl ng Individual state

order in a singAdbstract. This is due to 3 being an integral nultiple of

C 1, where Cinthe ill | V8- &ﬁﬁ*& 1 AHinohy r of
next state accumul at ed (L:glgétrgﬂl c}li&tlﬁgega?r%a |%ec%?gt(]1ect§e erlrtll_);iur?elgln a@glge%ﬁl. )
par anet er C anddefernining/a sexiistate arcugyplaied cost it 3 gomININGRtIBRLFY SRR 668 ¥ itsehiond

an ol i ”lt egy aﬂ?dﬂldhf.i Pﬁ@sﬁfen?irib%ud%amerg{mry having an ath§ df%giﬂﬁefs?% ﬁl§1|2 present
particularly useful in c nication s efrs _an equi nt enpl oyl ng

i ntegrated ci rc&?ﬁesacF%Pg’g‘?%sf ﬁi%@@i&:ﬁpﬁifbﬁf%ﬂ@fﬂge mg‘%f)%ﬁiaﬂ'&ﬁ éns

syst ens an? eq :dewﬁ& prd3ast stt%té a@cﬁmﬂﬁtgd @ﬁsitQi reiféiiéd lﬂr‘]t_ﬁn mea{)rw storage reg(ijsltet ofI
requi rements. one respec i s advant age is achi eved by, no edl essly
readi ng t ha‘em en?‘gﬁ'ﬁffdelxéﬁf‘ﬁé‘f:gmp a ﬂé’oéﬁ'lf &@C_ﬁaﬂk(/iﬁf?%/‘? 3 lﬁ:‘i‘ﬁﬁ prgsent
rrerg i 3 ters of f a Sstercitturulated cﬁﬁﬂ The ﬁrsbt next state ac&%hhlhla;egrcesd ik stosed int the Grst
enpodail nment the 1 nventlon. has not ,been SCI | S| parat I n
et i mn g, WncEmepregiienst %Ry adiilantags,of 8 iiiedfon Pk iRb AAAR
conput at i onal efeljuireelesy menmiry th¢atcuiate and ktore agpumiubated costsy The numbatexti gn.

Pi pelining is agchi L Nit-at ( L1 an. it ef. fore
conpl eting corrp%?g}%ll%ggos,c Q%O%%&%degggggggs)éei%ﬁyf&glgwg bji.i'ltﬁ’e‘pfr?rln\éltrle ‘lg’ts%HEe%l sed
in 35 pipel i ni nbplf ofithegnemoryrlocations egspuired preyiigusky.ni ng. Pi pel i ni ng causes an
initial latency in conputation tine required to fill the pipeline, but
maxi m zes usage of resources such

Figure 1
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1. A method of efficiently utilizing memory in deternﬁﬁggéiiézgﬁiﬁg;t ; %

state accunul at ed cost to retain in a comrunication s 'ten1ﬁ%¥|%% %Eﬁarr y
of registers, the method conprising the steps of:ji pa..& % ﬁ __________________
retrieving a first present state accumul ated cost fro ! e
regi ster of the array; retrieving a second present state
accunul ated cost froma second storage %Gpister of the array;
calculating a first next state accumul ated st based on one of said first
10 and second presentaé;déﬁ accunul ated costs; and storing
the first next state da I d cost in said first storage register

of the array. 2. A nethod of efficiently utilizing nmenory

i n determ ning which next state accunul ated cost to retain as recited

inclaiml, further conngﬁi¥g the step of: 15 NEXT storing the

first present state accu ed cost in a first tenporary AT regi ster.
3. A nethod of efficientl tilizing menory in deternininarghich next
state accunul ated cost to retain as recited in claim1, further conprising
the step of: 00 i @t e accunul at ed
cost in a second tenporary 20 \register. - 4. A met hod of
efficiently utilizing menmory in\determnin Ch next state

accurul ated cost to retain as ree{ted i aim1, further conprising the

steps of: cal cul g a second next state accumnul ated cost
based on the second te accunmul ated cost _, g0 25
storing the second next state-qccunu\@ted cost in +fJ~Second storage

regi ster of the array. \ \5. A
menory in determ ning which next \

efficiently utilizing
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state accunul ated cost to retain as.reci-ted in claimi1, }gﬁ%ﬁgf"bohﬁ}Léﬂﬁﬁ
the steps of: retrieving a third presght stgte %c%%‘ate
cost froma third storage 30 regi ster of the array; Date 4 A

QLIL

retrieving a fourth present state accunul ated cost froma_fouifh Storags

regi ster of the array;

- 14 - calculating a thﬁ/é next state accunul ated cost
based on the third present state accunul ated cost; and

storing the third next state accunmul ated cost in a said third storage
register of the array. 5 6. An integrated circuit for
processi ng signals, conprising: an array of registers;
means for retrieving a first present state accunulated cost froma first
regi ster of the array; :

FIG. 3

POC (000) NGAC (000}  PSAC (00} NSAC {000)  PSCA (000) NSAC (000)
PIKC (001) NSAC (100)  PSAC(100) NS (010)  PAC{010) NSKC (O01)
PYC (010) NSAC{O01)  PSAC {o01) NSC{100)  PSAC(100) NSKC (010)
POCO) NSKC(IO) PG (10n) NS (0)  PSKC (1) MK o1
{001)  NSAC (100)

PSKC (100) NSAC {010)  PSAC (010) NC{OOf)  PSKC

PSKC (101) NSAC (MO} - PSAC(1O) NSIC O11)  PSAC {0t} -NSKC (101)

PSC (10} NSAC(O11) - PSAC(I1) NSAC(101) . PSAC{101) NSKC (110)

pSIC(111) NSAC(111)  PSAC (1) MSGA(I)  PSC{IN) NS (1)
A 8 ¢



means. for retrieving a second presepi-=sitate—acethii-a ed cost_fraoma

second regi ster of the array; REPLACEMENTT’BEHE;fJOI’ caRERIlA&EMEﬂhSHEET
first next. state accumnul ated cost bsed said first and
second present state accunul at ed cosjt Batednf. Vtl w0 nmeans for
storing the first next state accumnul ate=1 | r st register
of the array. 15 7. An |ntegrated circuit as recited in claim
6, wherein the storage neans co i_ses random access menory.

8. An integrated circuit as recited i claim6, wherein the calcul ating
means conprises an adder. 9. An integrated circuit as
recited in claim6, wherein the calculating 20 neans conprises a

conpar at or. . 10. In a Viterbi decoder for determ ning an

aims . Lo
extremum next states accunul ated cost for each possible transition at a

series of synbol #né methed ofeffidiently utilziog demarpdét detenngining vehickagextonpri sed

of st or agg &M cahftiated sf'ﬁ)tnja%in fnoa{ c@@ﬁﬁﬁleﬁtmnrgstem hav“g Pfyde state cost
to retain conprising the steps r|eV|ng a first
accunul at Segistess; ﬂv&ﬁ@b?fb@@apr\mmthasm 8f: present state froma first
storagesregi ster; retncvmg a first present sﬁﬂﬁdo@ﬂmbﬁ&dfdoﬁﬁﬁ'oxﬁ(‘a%tﬁﬂ-ﬂtﬁh cost
associ at ed thh“jl first present state to a first branch netric
resul ting A& PAEA Bt enti al accunul ated cost;

retrieving a secongtrevingaisezbrdipresatt sagsmctmbitbdostfrem asecond sporegent 30
state from lsép§p@gaﬁ_ggrage regi ster; _ _ addi ng the second
accurmul at 66 €65 ‘econd branch netric resulting in a second

potential accunul atadenlatingta 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;

O



- 15 - . sel dchi:poacer ext sameam Pf the first _and second
potential accumul ated coi‘l s as at el accunul at e BEPbRCEMENY SHEET

next .
storing the next state accumji @Iaﬁd?.gb&ﬁﬁ. MOhe fiirst storage register.
11. A nethod for determ ning hes =8t ate accunul ated cost 5 as
recited in claim 10, wherein selecting the smaller of the first and second
potenti al accunul ated costs as the next state accumul ated cost,
conpri ses: subtracti ng one of the first and second
potential accunul ated costs from the other resulting in a difference;
i dentifying the nost significant bit of a binary representation of the 10
di fference; and calculating a third nexdatate adcnimoiptédessied on thefthird ereséntst and
second pot ' costs as the next state accumul ated cost
by the m)stgﬁgél %ﬁ?‘?ﬁ@%ﬁ?ﬁ%f t he binary representation of the
di fference. storing the thinbnexpstatstagenmelated gestdn pisaid iird steraggt r emum next
state accumpigbest thOdrayl> as recited in claim10, further conprising the
step of:

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;

A 0 T



cal cul-ating a branch netric corrgs n$|t|on
present, state to a next state. ﬁ@ﬁﬂi*@m IQ!' ;g? A net h EP%QPE’@@NE@HE}ETn
the extremum state accunul ated c 5[5 32 9 in claim210, wherein

the extremumis the smaller of t .'FEV"ﬁﬁH"?ﬁﬁﬁh | 20 potenti al
accunul at ed costs.

- 15 -

selecting an extremum of the first and second potential accumulated
costs as a next state accumnulated 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 signiﬁéant 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.
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