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operation in an inplenmentation o bi algorithm 10 H. Description
of Related Art The Viterbi algorithmwas first introduced in 1967 as a

met hod for decoding convolutionally-encoded signals. Since its

I ntroducti.on, the algorithmhas gained wi de acceptance in the field of
data communi cations, data recording, and digital signal processing. The
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an 8-bit tapped shift register 110 and a i r.of exclusive OR type sunmers
120 t hat t‘%%ﬁxpﬁeaa%%ﬂ”@%n meniaion g g‘eoy{tgrhy orff}- i nto a sequence
of out put code synmbols CO(D), C (D) 125. In particular, FIG 1A
denonstrates the exanple of a rate / code which generates two output WO

01/ 29904 HACT/ UFoed of R&agddartsynbol s CQ(D), C (D) 125 for each i nput
data bit U D) 105. It is to be
The Viterbi algorithm was first introduced in 1967 as a method for
decoding convolutionally-encoded signals. Since its introduction, the
algorithm has gained wide acceptance in the field of data communications,
data recording, and digital signal processing. The algorithm has been used to
15  successfully combat a variety of digital estimation issues, including the
reduction of recording errors in storage media, the removal of intersymbol
interference, and the enhancement of character and text recognition.
As such, the Viterbi algorithm has become the foremost method for the
error-correction decoding of convolutionally-encoded data. For such
20 applications, the Viterbi algorithm determines, based on a series of
observations, the path with the smallest error metric that traverses a trellis
typifying all possible encoder states. This shortest path exemplifies the
mostly likely sequence generated by a convolutional encoder.
FIG. 1A illustrates a typical convolutional encoder. The convolutional
25  encoder 100 comprises an 8-bit tapped shift register 110 and a pair of exclusive
OR-type summers 120 that transform a sequence of input data bits U(D) 105
into a sequence of output code symbols Co(D), C,(D) 125. In particular, FIG. 1A

demonstrates the example of a rate % code which generates two output
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or scope of the various enbodi ments of the invention. As such, different
code’5 rates , such as 1/3 or 3/, for Exarrpl e, could be used in conjunction
with the enbodinents of the |nvent|on Encoder 100 generates each out put

code synbo . l14451 S he
put bt SRRt ST 173 o} shO N R P I) ot W B
confi gur at hefeds k&t the Gpbyifioenleatae adlecokfighedtiwrofatie ebhwdlutionaD). In
this case, FIG 1A depicts the shift-register interconnections that

provi de t henceder 100 shewer iatmerelyoidlusiativeand it nGoyay limits the operatioroar < | f .
Th ffi t I I | ved th dat
cequence Upespe1ol eVttt G GodiRI CB Ry SrURHSHa Aé“o%@hgaﬁ%ae ¢ c% 125,
Simlarty, t =1 15
![ D2 y’ r%%ég&é}béggygiﬁé&gr%a# ﬁ%é%eﬁ%% +ﬁﬁ{c)iﬂfﬁa sequence U( D)

105 to geagibatenentsi thepReption.i onal code synbol C (D) 125. The constraint
|l ength K of the encoder 100 is one nore than the nunber of delay el enments

in shift regisEoroderol00f genesates crach 1B0put code sympol IGHY K- KDORpdRalky 9. For
h d t 105 tt t 10 th d nbol
(D) Bpifingand exdsie O St she et staéamikﬁﬁgﬁ Bﬁ%réihsﬁ%oﬁs K1

i t bi t , d t D),
ICn(lmlij)) 1|258ﬂ}1 hﬁ%ﬁe acaSgE)fF?egg#&gpgém;g%ga@éﬁ oss Igyeﬁgﬂgﬁr st ates. Clogl 231
t ypi calo coFmgxiuomt\IsOG (EYSG(D). t 1Ta Ds pute, CRIdR BANBepists QBeDyhift-fog{styr 125 are

subsequent|y nodul ated and transmtted over a noi sy channel 25 (not

shown). A aéemene@mﬁﬁh&prva@dbe vate % gengratosyode pebinemiah&(D) —e’n&od ed

d h h | o
ropert1 eoDbih DiGRIET hetsedcrts & pRlsaRirRb Cury e cortiEe P R data
sequence Ukl dfen mﬁda@%gaﬁeﬁie SAEE! ShivBRAlorBP dede kpmboeic,my ol ¥

repetitive str re, which pr des for a symetrical code tree.
Theor et i call2y, Simild3ly, FdGy DA showsdhe catdd’ igeneapratdoedeqiolgromiad (G,(19) ari

i nfini S nce, of. code 01/29974 ' P / S00/ 29313
{f SD % 65 whose coef}qoents are convolve input data sequence U(D) 105

to generate output convolutional code symbol C,(D) 125. The constraint length

" K of the encoder 100 is one more than the number of delay elements in shift

register 110; for encoder 100, constraint length K equals 9. For each data bit

105 inputted into encoder 100, the output code symbols C(D), C(D) 125

20  depend on the inputted bit as well as the previous K-1 input bits. Therefore,

the encoder 100 produces output code symbols C(D), C(D) 125 that are

capable of spanning 2" possible encoder states.

In a typical communication system, the output code symbols C,(D),

C(D) 125 are subsequently modulated and transmitted over a noisy channel

25 (not shown). A decoder eventually receives the noisy convolutionally-encoded

data stream and employs the Viterbi algorithm, which exploits the properties of
convolutional codes to ultimately determine the input data sequence U(D) 105.

One advantage of convolutional codes is their highly repetitive

structure, which provides for a symmetrical code tree. Theoretically, a

30 convolutional code is capable of generating an infinite sequence of code



3 synbols. However, because of its symmetry, the nunber of states that need
to be qyghigdess in locating the nost probable path | eadipgarnispordmsi nputted
data sequence U(D) 105 is reduced to 2'" (in this case, 256) states. .
Mor eover, in decoding such a symmetrical code, only the nost probable
(i.e. surviving) local 5 path into @ach of the 256 possi bl e encoder states
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of the prabehblsiglpbal path thresigh@ tate must pecessagily éollawidhersniivingtlpealhi gher t he
pr obabi | i Y of cigfg‘uire ce. There are two types of netrics: state netrics
and br oA h’é?‘fg a sftﬁ "state netric, also called a path netric,
represents 1fike ViledildeRoRECRARS bhttMeééb?Jdetﬂ}%ﬁgﬁiésrta'?ﬁHétiérﬁgs 2¢nilef code
synbol s passed through a particular state.” The branch netric represents

t hel(constatei anathipe ohashingi ty linkitdd tde¢ of astatiet itramsitioms a Ther decodezr source

state to a particular target state was trapsmtted (assumng that the
sour ce BYRQtBenaes cafh ft the Rassiple enepden dor istatRs Al (leterTvRg? i P€d as
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exi st eac i e sarrpr}eE ere 1 Is an integer fromI* nand k is an

i nt egerselt lof 2 LpBssible ehoddés states, based orb it sbseyathmsidbisined fBymahpat h from
any one of p precursor states S k-' (where j is an integer from10 p). For

each streceived moigyeomvatutionally-ericarad datagireare. anong these p possibl e paths
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metrics, which are proportional to the negative logarithm of the probability

values. Clearly, the smaller the metric, the higher the probability of occurrence.
There are two types of metrics: state metrics and branch metrics. The state
metric, also called a path metric, represents the relative probability that the
20  transmitted set of code symbols passed through a particular state. The branch
metric represents the conditional probability that the transition from a
particular source state to a particular target state was transmitted (assuming

that the source state was correct).
The Viterbi algorithm may be summarized as follows: where time is
25 divided into d samples and n possible states S;" exist at each time sample k
(where i is an integer from 1% n and k is an integer from 1 % d). Fork > 1,
- each state may be reached by a path from any one of p precursor states S
(where j is an integer from 1 # p). For each state, the path with the minimum
metric among these p possible paths is identified and stored, along with the

30 value of that metric:




30 value of that nmetric: WO 01/29974 PCTI USO0/ 29313 4 Initialization: for
t he startl t‘,wﬁ,ﬁarrplze ((k = 1), the netric stored at eacpcsiBbE2I™3 1S
|n|t|aI|zed I'n"the case where the starting state is known, the netric of
this” case nay be set to zero while the metrics of the other states S1' are
set to a large nunber. This 5 schene férces later iterations of the
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correspondi ng shtetationor fari eazhstimel sanuple (k +<2 thel)ebll dfckbwtstates s, arkhe

survivor path for this, latte te is yead from_storage, and 0 t he
chai nback process is Vg efgt?ﬁfg‘i?tat&ﬁs &he metric fo eac % an% 8§ ®nhe path

[eading to state s qat ol PRl Sk P, 39 AR AN

matri x) have been identifie al gori thm

cal culgges the netricprauridiestapatdts é:ﬁiadbnghmnétrad ®sn S, thdebgirithnes t he
survivor paths (one for each of the n, 25 states Snk), 'and stores the n

survivor paths as wel leading froim St3é§|§¢ to statesy's | OF therpi paths leifimgaﬂoent to
storing, for every target .s cons er he sour ta which | eads
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path) is selected and stored at that state, and the metric for that

path is also stored as the metric sm/* for that state.

15 Chainback: when all of the states for the last time sample have been
visited, the state 5" having the lowest state metric is identified.
The survivor path for this state is read from storage, and the
corresponding state for time sample d - 1 is thereby identified.
The survivor path for this latter state is read from storage, and
20 the chainback process is repeated until all of the states
comprising the path leading to state S (i.e. the most likely

path through the state-time matrix) have been identified.
Thus, at any time k, the Viterbi algorithm calculates the metrics of the
paths leading to states S, determines the survivor paths (one for each of the n
25 states S, “), and stores the n survivor paths as well as their respective metrics.
This is equivalent to storing, for every target state considered, the source state
which leads to it. As such, any implementation of the Viterbi algorithm
requires the use of an Add-Compare-Select (ACS) unit 150, as illustrated in
FIG. 1B, to perform these operations. The ACS unit 150 is responsible for

30 calculating the state metric values and also characterizes the relationships



requires the use of an Add- Conpare-Select (ACS) unit 150, as illustrated in
FIG 1Bwoo1/79874 orm t hese operations. The ACS unit '150+i PCTAINRBAD| e f or
30 calculating the state netric values and al so characterizes the

rel ationships WO 01/29974 s x PCT/U$S00(29313 5 between the source and
target states by virtue of ACS butterfly operations. FIG 2 depicts a
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are “0” or “1”, respectively, while the lower bits are represented by “x”. The.
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term “x” represents the same Value (e.g., 7 bit value) whether it is included in
the source state or target state.

FIG. 2 also reveals that each transition from a source state to a target

20 state generates a -hypothesized set of code symbols H (D), H,(D) or Ho(D),
Hi (D). In fact, when encoder 100 operates along the parallel branches of the

ACS butterfly 155 (e.g., transitions from “x0” to “0x” or from “x1” to “1x”)
code symbols H,(D), H,(D) 125 are generated for both parallel branches. This
feature is due in part to the repetitive nature of convolutional codes in

25 general, as well as the use of generator code polynomials having their MSBs
and LSBs set to unity (i.e., for both G(D) and G,(D), g, and g, are equal to 1).

In like fashion, code symbols Ho(D), Hi (D) are generated when encoder 100
operates along either of the dlagonal branches of the ACS butterﬂy 155 (e.g.,

transitions from “x0” to “1x” or from “x1” to “0x").




and, LSBs set to unity (i.e., for both Go(D) and G (D), ga and ge are equal

to 1). In IfnhesAai onF code synbols Ho(D), H (D) are generramaibooRssns

encoder 100 operates along either of the diagonal branches of the ACS

butterfly 155 (e.g., " transitions from"x0O to 1x or fromxl1l" to "Ox ).
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recei ved code synbols match the ACS 150 hypot hesized code synbols HO(D),
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states, the conpar e sumo ce state metric- branch
metricl@ai partiedsh t@gétosthfeadcctipedetBrahah enetfie®dmpisidicatesrdy dlosehs ke on into
each target state, represented by the smallest netric sum _is then
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LAt TEU RS K i A Ue S Ml Eh R W R e Dy
t t it | ' t i t ' t hat t l'i kel
pach | ni'o PRAPOIRERT SHBY” FRENTF e B ndRh el Sl B
smal | er  MelgehenddHP ontf GipoiBthkSlistthté btween the received symbol pair and the

15  hypothesized symbol pair H(D), H,(D).
For each of the two target states, the ACS 150 compares the sum of the

source state metric- branch metric pairs leading to that target state. The most
likely transition into each target state, represented by the smallest metric sum,
is then “selected” by ACS 150 and assigned to that target state as the target

20  state metric tm, tm,,.
As stated above, the ACS 150 logic adds the branch metric bm,, bm{j to
the source state metric sm, sm,, for each of the two transitions leading to a
target state and decides that the most likely path into that target state came
from the transition that yields the smaller metric sum. The smaller metric
25 sum is then selected and becomes the new target state metric tm,, tm,. The
ACS 150 also stores the state metrics (i.e., the costs associated with the most
likely path leading to each target state) into the state RAM 145. As indicated
by FIG. 1B, the selection of the smallest metric sum results in the storing of a

one-bit quantity, referred to as a decision bit, in the path memory of a



25 sumis then selected and becones the new target state nmetric tnox, tm x.

The AC%&?Q%?J{,,SO stores the state netrics (i.e., the toycynsseomiated with
t he nost I kely path leading to each target state) into the state RAM 145.

As indicated by FIG 1B, the selection of the smallest netric sumresults
in the storing of a one-bit quantity, referred to as a decision bit, in
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15 hypothesized to have been passed through the encoder 100, they are the best -
data that can be outputted by the decoder. As a result, the further back in the
decision history the chain goes, the better likelihood that the selected path
merges with the correct path. Thus, the higher the chainback depth P, the

better the performance but the higher the pipeline and storage delays. The

20 chainback depth P is, therefore, generally set between 3 and 10 times the
encoder 100 constraint length K. For a K =9 encoder, the chainback depth P

is typically set at 64.

An ACS processing cycle defines the period in which the ACS unit 150

calculates new target state metrics tm,,, tm,, for a predetermined number of

25 received code symbols. For a % rate convolutional code, each pair of received
code symbols requires 1 process cycle for metric calculations. The length of

the process cycle equals the number of clock cycles required to perform the

ACS butterfly operations for all encoder states for two sets of received
symbols. For example, a Viterbi decoder having a single ACS butterfly, as

30 depicted in FIG. 2, would generally require 128 clock cycles per received code
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15 Hi(D), and is a measurement of the distance between the two. The “X”

included as part of the source and target states in FIG. 3 represents a four-bit
place-holder (i.e., X = [X0, X1, X2, X3]) which chronicles through 16 clock cycles
by counting from 0 through 15. Thus, for two sets of received code symbols, the
8 x 1 butterfly array 300 computes the target state metrics tm,, tm,,, for all 256

20  possible states of encoder 100 in 32 clock cycles (i.e., 16 clock cycles for each
received code symbol).

A drawback of the 8 x 1 butterfly array architecture 300 is that, for each
set of received code symbols, it needs to read 16 source state metrics and must
simultaneously generate the required branch metrics for each of the 16 clock

25 cycles. Thus, the 8 x 1 butterfly array 300 requires an immense memory
bandwidth to accommodate such operations.

Another example of the array architectures is the 4 x 2 ACS butterfly
array 400, illustrated in FIG. 4. The 4 x 2 ACS butterfly array 400 boasts the

same speed improvement as the 8 x 1 butterfly array 300, but does so by
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15 state metrics (i.e., first stage target metrics tm,,, tm,,) do not need to be read
from, or written to, the ACS 150 state memory. Rather, the intermediate
target state values flow combinatorially into the next stége, avoiding delays
and minimizing bandwidth requirements. |

However, the 4 x 2 ACS butterﬂy array 400 is not without its

20 limitations. For example, the advantage of reducing the state memory
bandwidth rests squarely on the fact that array 400 performs 2 stages of ACS
150 calculations within a single clock cycle.  This critical path can be
significantly limiting for higher clock speeds.

Moreover, for either the 8 x 1 ACS butterfly array 300 or the 4 x 2 ACS

25 butterfly array 400, there exist performance issues with respect to the
chainback operation. As stated above, the chainback unit 160 is responsible
for storing the decision bits generated by the ACS array and for chaining back
through the stored decision bits to generate the decoded decision bits. For an
encoder having a constraint length K = 9 (e.g., encoder 100), the ACS array in

30 the decoder will generate 2" or 256 decision bits for each set of received code
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manifestation of a new address BS,. As depicted in FIG. 54, BS, is the address

of the best state value R, in chainback memory block B,. The chainback unit

160 then reads the decision bit value corresponding to the BS, address and

left-shifts that value into the BS, address to generate the next address BS,,
20  which corresponds to the best state of chainback memory block B,.

This read and left-shift operation is repeated until all chainback
memory blocks (i.e., P = 64 blocks) have been processed. Generally, the
chainback operation performs as many reads as the defined chainback length
P, so that in this case, for example, 64 reads are performed to trace back the

25 desired path and generate the decoded decision bits. This many reads,
however, may compromise the efficiency and performance of the decoding
process.

What is needed, therefore, is a system and method that is capable of
efficiently performing high-rate ACS butterfly operations in a Viterbi

30  algorithm implementation.
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element, coupled to the add-compare-select mechanism and the multiplexer,
15 is used to temporarily store the target state metrics while a third storage
element stores a predetermined logic bit which corresponds to the source
state resulting in the lowest value target state metric. The multiplexer,
therefore, selects the first operating path during even clock :cycles and
supplies the source state metrics from the first memory element to the add-
20 compare-select mechanism to generate target state metrics. During odd clock-
cycles, the multiplexer selects the second operating path to access the second
memory element and use the previously calculated target state metrics as
intermediate source state metrics, such that the add-compare-select
mechanism generates the target state metrics based on the intermediate

25 soufce state metrics.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a

part of this Specification, illustrate an embodiment of the invention and,




therefore, selects the first operating path during even clock cycles and
supplies ti@qpysge state netrics fromthe first nmenory el eraa@SDRXMe add
20 conpare-sel ect nechanismto generate target state netrics. During odd
clock cycles, the nultiplexer selectz t he second operating path to access
the second nenory el enent and use th previously cal cul ated target state

metrjcs af’togé}héf%ﬂ'tﬁk‘%lé fafh fHRIGH Eés athvah §lta mc1 les of
add- corrpare select z anl sm enerate t he targ t at rics based

on the i ntthe iragn&bn. %ﬂaﬂna&\angs ate netrics. BRIEF DESCRI PTI O\I OF THE

DRAW NGS The acconmpanyi ng which are incorporated in and
constitute a ﬁét 1% @h@sbqggéclﬁ cdiagsam iiysizating: @ Kn =ebddteent’of t he

i nvention /29974 PCT/ US00/ 29313 12 together with the
‘descripti Oﬁﬂg%lyggg?lﬁer}\éﬁggom ects, advantages, and principles of the

i nventon. In (g, 0B &% "Téx@lbld&kicﬁag%a?ﬂll: Iagsmhﬁg% AC8andhialribagkr ating a

K=29, rate = ; convol Utional encoder. 1B"is a system | evel block
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10 FIGs. 5A, 5B are functlonal block diagrams depicting a chainback
operation.
FIGs. 6A, 6B are diagrams depicting an embodiment of the present

invention.

15 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following detailed description of the present invention refers to the
accompanying drawings that illustrate preferred embodiments consistent with
this invention. Other embodiments are possible and modifications may be

20 made to the embodiments without departing from the spirit and scope of the
invention. Therefore, the following detailed description is not meant to limit
the invention. Rather the scope of the invention is defined by the appended
claims.

It will be apparent to one of ordinary skill in the art that the present

25 invention as described below may be implemented in many different
embodiments of software, firmware, and hardware in the entities illustrated
in the figures. The actual software code or specialized control hardware used
to implement the present invention is not limiting of the present invention.

Thus, the operation and behavior of the present invention will be described
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then cafigihgtaeseveiecldbbk epelestpasd ik new 16 source states as identified by
the 4-bit counter X. Butterfly array 600 then calculates the 16 corresponding
15  target state metrics tm,,, tm,, for the current level of the trellis. After the even
clock cycle (i.e., during an odd clock cycle), butterfly array 600 uses the even
cycle target states as the odd source states fof the next trellis level. As such,
butterfly array 600 adopts the values of the even cycle target state metrics
tm,,, tm,, as the odd source states metric values sm,,, sm,,. Butterfly array 600
20 then computes the odd target state metrics tm,, tm,, in accordance with
metric values sm,;, sm,, for the corresponding trellis level.
Thus, the 8 x 1 modified ACS butterﬂy array 600, as depicted in FIG.
6A, requires 32 clock cycles to completely process two sets of received
symbols generated by a K = 9 encoder. During even clock cycles, butterfly
25 array 600 reads the new 16 source states identified by the incremented 4-bit
counter X and calculates the 16 corresponding target state metrics tm,,, tm;,
for the first set of received symbols. For odd clock cycles, butterfly array 600
uses the even cycle target states as the new source states and computes the
odd target state metrics tm,,, tm,, for the second set of received symbols. As

30 such, butterfly array 600 only performs one level of ACS per clock cycle,



15 target state netrics tno,, tmX for the current level of the trellis.
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enbodi nent maﬁ(f‘ ee(%“(lﬁal | y be described by beginning wwth reading fromstate

RAM 145 during AQ sodH, 4h@kk eb¥s Rk cptieh,| midtipleRéd MIERE70Gs @BRfighicdns nay
be perfornmed during odd cycles and all witing operations nmay be perforned
duri ng eveto sjedtdhe sowre sfatemetris information for 16 sequential states from RAM
15 145 corresponding to the first set of received code symbols. The source state
information is directly supplied to the ACS unit 150, which includes the 8 x 1
ACS butterfly array 600. Butterfly array 600 then calculates the
corresponding 16 target state metrics tm,, tm,,, which is fed back to the state
RAM 145 and MUX 670. The calculated target state information is then

20  supplied to a register 680 for temporarily storing the target state information.

By temporarily storing the target state information in register 680, butterfly
array 600 circumvents storing the state information back into memory, thereby
ameliorating the memory bandwidth issues of the 8 x 1 ACS butterfly array 300.
During odd clock cycles, multiplexer MUX 670 selects the target state

25 metric information calculated in the previous clock cycle, which is latched in
register 680. This target state metric information is then used by the 8 x 1 ACS
butterfly array 600 as new source state metrics sm,,, sm,,. Butterfly array 600
subsequently processes the source state metric information to generate the
target metric information corresponding to the second set of set of received

30  code symbols. The target metric information is then stored in the state memory
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best state is first used to identify the state with the lowest metric from the last

-

process cycle (i.e., best state decision bit value), in order to establish a starting
point for chaining backward in time. Since there are 32 bits per memory
word, there exists 16 words per process cycle (due to 2 sets of received code
20 symbols), and each of the 32-bit memory words has a unique 8-bit address.
One embodiment uses 4 bits of the best state address to select which memory
word to read, while the other 4 bits of the best state address determine which
of the 16 bits in the 32-bit memory word to read. In particular, if best state BS,
has the 8-bit address: (bs, bs, bs, bs, bs, bs, bs, bs), the embodiment
25 chooses bits: (bs, bs,, bs,, bs,) to select a specific memory word within the
memory block B, and relies on bits: (bs,, bs,, bs,, bs) to select the best state
decision bit R,. The new best state address BS, is formed by left shifting the

best state decision bit R into the BS, LSB: (bs,, bs,, bs,, bs,, bs,, bs,, bs, R)).
Because the ACS calculations operate on two sets of received symbols,

30 the source states leading to the target state for the just-read decision bit, have,



butterfly array 600 generates 32. decision bits. The Viterbi decoder
circuitry woagnenabl es these 32 decision bits to be storedpPCHUSRINI e
32-bit menory word, and thus, the decision bits generated during the even
and odd cl ock cycles are stored int sanme nenory word. 15 Therefore, as
stated above wth respect to chai nback operations, the best state is first

used to i H'Fﬁfrgf ﬂlehh?&&él&é ®itdistdrel NEiIthiR §rsaﬁ?ét§2'—]91t flﬁéiﬁb%hﬁrdrés ThuRl ocess

cycie (i. est state ecision bit va in order to establish a

starting throembolihenthahooses Hiﬂcl(b@,rﬁslj bsﬂt ER;{)sto Selece thdaert best &3tdi ts per
menory word, there exists 16 words rocess cycle.(due tg 2 sets of
recei ved dedsionbitl ai#) afjthe ﬂ&?réh?éfp et Dismemerywatd-y Iistefarenthe a uni que

Sel act whPes: s OO SioR IR Bidhed ST b e B ﬁ#ﬁéﬁ?& AdHest State
addr ess dWh‘%Eéﬂx{lﬁaﬁ’j‘éBlé‘é@ed it Ké%és aﬁte@irﬁﬁ% Whith BledidioR it 'i‘i?'@l‘i’é Mtﬂ’é? rHilft o read.

In particular state has e 8 -bit address: bs,, bss,

bs4, bs,,obﬂ@BZblsmmdmox)ywbhémﬂtmchxnbaMsiﬁedmmsbhltliydcéxhgsp,ﬁm bs, ,
bs2) to select a speC|f|c menpory word within the penory block B,, and

reli es onnBMbsr ¢ bgea SbEﬂﬂmt@ £ progyectly §]é41§cba‘f1héh§e‘§‘t5“§@apé th @@gi sion Dbit

. Th bes d f if b
0. e RULER B PIAIeas %Lrg@%%ﬂs Ecebr 37 % 82 EC.
bso, RO). d%ﬁﬁsaa@uﬁﬁqse%ﬁﬁgca Ak PR ARPEIAIR TP B4 $RérBopf bIdks) ved

synbols, 30 the source states leading t0 the target state for the
j ust - l(badodb'tﬂ?sneadsbrareqmd VO 01129974 PCTI USOO 29313 16 in turn, their

decision bits i,gored wi.thip the sa 32 bit_ ne word. . Thus, the
enmbodi ment chobRedORigolng dssriptin o nggerpgdt 1@%?3“% 9f tHExPTesER% st at e

deci si on t r erefore,
t he bestmsta %}qvgéegnh%sﬁlapgﬁsgﬁ&egénﬁ)mm%u‘bflétrﬁﬁ F‘%hsd%lang?h-egh% bi t
memory V\Déﬂmt@h*mafﬁi hmiththé iveireiohad thé prévieorm isissede Mbditibatitags si on bi t
in the other half of the 32-bit nmenory word is the next best state

deci si on #nd vaBiptiaos rage eossibiee congistial with rt}a%@bomctaadmg& erdeayd |y chain
back the desirefepathand PHRELAGabRe H°QIRbidoRl L AMBkER bpateeduced by
embodiments disclosed herein can easily be extended to a 16 x 1 array or 32 x
1 array, where 32 or 64 states can be generated per clock cycle. Additionally,
instead of operating on two sets of received symbols, the embodiments can be
adapted to operate on several sets of received symbols. Thus, it is noted that

20  the scope of the invention is defined by the claims and their equivalents.



chai nback unit 160 having a path nmenory depth of P = 64 nenory bl ocks, 10-
only 32 wepdipesae required. The foregoing description of PEEASHIII

enbodi ments of the present invention provides illustration and
description, but is not intended to he exhaustive or totimt—the

I nvention to the precise form di scl o<ed. Nbdificatummm 'm kAlggons are
possi bl e consistent with the abo igﬁgi,ngs or. ma ﬂ" m,'m"From )
practice of the invention. For egr‘rél ,“the architectufe bf the =

enbodi nents di scl osed herein can easily be extended to a 16 x 1 array or 32
x 1 array, where 32 or 64 states can be generated per clock cycle.

Addi tional l'y,1, insAeasethbd ORgr pletfosming t wh Seldscarhipdecsieced baiyteblly s, t he
enbodi nents can be adapted to operate on several sets of received synbols.
Thus? i topiesatingt foat at Viderbi algorithmgmplementation, saidanethod domprigingied by t he
clainms and their eg;é.val epts. WD 01/.29974 PCTI USOQO 29313 17 JIJf’LI LI Hill
CLAIMS: Cli' | 1Teading eNeRtAPTH yCles adBIUTRYaPE SO S Gt terf 1 y
2 oper atj Qn. | ' ' ' 00, gSal t npri.sing:
r eadigngtih%lrc |g %orgvéefrﬁrg %Sﬁ%éig{eg{s#mad%ﬁﬁﬁgﬁ?{’g g? as%%?cs gt ?t? arte géizéd)rret rics
from a fgyhiBolsit orage el ement corresponding to a first set of received
synbol s; "6 calculating a target state nmetri¢ for _each of said source state
metrbcs; 8 tenpor aplquating @ faygetastate angleic faraeechef rsaid sowres gtatecond
storage _elenent; 10 determ ning which one of said target state netric

cont ai NS %PFiowest val ue; 12 storing a predeternined | ogic bit
corr@sponding to ' Qx‘i‘ﬁsét ; +eicRith aCsdeBnd stdihgd St orage -
el emgnt; 14 readi ﬁg@é}lﬁri g %%%gé?ﬁgcﬁﬁ?%g?rcaetg?ﬁiai d target state ﬁetri CS
from salememigcond storage el enent and using said read target state netrics

as a_ 16 plurality_of internedjate soyrce, states netrics, corresponding to a
secdfld set of determining which one of said target state metric contains a

lowest value;

12 storing a predetermined logié bit corresponding to said lowest
value target state metric in a third storage element;

14 reading, during odd clock cycles, said target state metrics from
said second storage element and using said read target state metrics as a

16 plurality of intermediate source states metrics corresponding to a second set of
received symbols;

18 calculating an intermediate target state metric for each of said
intermediate source states metrics;

20 determining which one of said intermediate target state metric
contains a lJowest value;

22 storing a predetermined logic bit corresponding to said lowest

value intermediate target state metric in said third storage element.

2. The method of Claim 1, wherein said first and second set of

2 received symbols are encoded using a constraint length of K.

3. The method of Claim 2, wherein said add-compare-select



recei ved synbols; 18 calculating an internediate target state netric for
each of saj 01i bfal medi ate source states netrics; 20 deter mdimsobsish one
of said internediate target state netric contains a |owest val ue; 22
storing a predetermned logic bit corresponding to said | owest val ue
intermedi ate target state metric in saBd third storage el ement. 2. The

met hod of Caiml, where[n said fjrst_an ccond set qof 2 received synbol s
are 'eneodévaltt%ﬁ]wp&ra&%%srmr pRch Rl %gkfgsfﬁraqﬁé%ﬁﬁw@ﬁ r a2,

wherein sgj ﬂjﬁ - . 74 PCT/ US00/ 29313 18 2
butterflyadcgg’%ra Isﬁ%ﬂ@%@gﬁ%ﬁ%ﬁ%ﬁéﬁ%@%@%w target state is visited for

each of said first and second set of received synbols. 4. The nethod of
Claim 3, wherein said add-conpare-select 2 butterfly operation is

performed by am. 8 x Theadoetbodpef eClaiined Wwheranf said sddumiropare-®lecthe

met hod _of .Cl ai jp 4, wherein sajd a pJurality of source stafje .2 nmetrics
Cons: s2e SRty (4RetGen i gurlosmesbby Gy Bckeh 9@%&&}%@?&%?}@5@1& set of
16 conse H&jc%ﬁ_esource states being sequentially selected during increasing
even 4 dock cycles. 6. The nethod of Caimb5, wherein said cal culating
said target state 2 netrics includes, adding said source state netrics to

a branch netric corresponding 4 to each of two possible transitions,
conpari ng eachbef t HhesuathodfofsGlaimshwberein said arpluriality afisourge Istadeich

netricsg, an el ecting.the,smal |l est m and designating it h ar get
state 58 rx@%q‘i?:% constists gf me?ncsrpgr aset ofsl% consecutive sopurce stzges, salac'lS sett o? 1% 9
consecutive source states being sequentially selected during increasing even

4  clock cycles.

6. The method of Claim 5, wherein said calculating said target state
2  metrics includes,
adding said source state metrics to a branch metric corresponding
4  toeach of two possible transitions,
comparing each of the sums of said source state metrics and
6  branch metrics, and
selecting the smallest sum and designating it as the target state

8 metric.

7. The method of Claim 6, wherein said calculating said
2  intermediate target state metrics includes,
adding said intermediate source state metrics to a branch metric
4  corresponding to each of two possible transitions,
comparing each of the sums of said intermediate source state
6  metrics and branch metrics, and
selecting the smallest sum and designating it as the intermediate

8 target state metric.

e



7. The nethod of Claim6, wherein said calculating said 2 internedi ate
target sidleinsehrics includes, adding said internedi ate spor/Uscozvsize
metrics to a branch netric 4 corresponding to each of two possible .
transitions, conparing each of the sunms of said internediate source state
6 metrics and branch netrics, and sdPecting the smallest sum and

desi gnating kgt as~{he | i t . St ric. _ 1000 .
It! 111q i11F] T e BBty u@éﬁ%‘&sf@f‘flﬁf‘%f&%&%&%ﬁ of dlaim
7, vier BuResl SpadiohdsRaéd t& Bbesde cohvdilitiOndlly-eRBSI 48R, 1 S used to decode
convol utional’l y-encoded data. 9. The nethod of° Claim8, wherein said third
storage elenent is 2 provided in a chainback nmenory unit containing a
plurality of nmeno bl ocks, ch qof said nmemgry . bl ocks containing said
pr edet er mi ned- | ogi eb‘PF&og ‘F’%ﬁ%‘&bﬁ' w%%%sgaeﬁn%at%aea?@eﬁ%w es. 10.
The t . i, My lL.ncl udi o ﬁna! b ratl for _
geneirTgt pg‘g‘”gt"%ﬂ?r zlgl | tym(B) lédglg% ggs;b"lulﬂ{ \r/}%inues. . % %%gﬁgit(ﬁgﬁe{#o C ai m 10,
wher ei nblotke, &dvhi Gl BBRIoY BlBcks’comaltiflg Said §radétbyinited ddic bie nost
recent of said nmenory blocks in said 4 chainback nenory unit, said

pr edkt efor eash df sgideewentind addiderkdyeldsonest val ue; 6 associ ating said

| owest value logical bit with a specific address; reading said

predeterm ned logical bit; and 8 transferring the value of said | owest

val ue | ogi cakgbit i {hB8 of p&&,gifgp%,' {6 j ) ' (4. £ address.
and shifting %II \%Ftt}gg Wlat i% said 1 Es%??ﬁg%%?@g%ﬁgﬁdgqﬂct

posi2i ofort geriehatiriged pliraliysefetdcatded bitnattiesspeci fi ¢ address corresponding to
a next menory block in said chai nback nmenory

11.  The method of ‘Claim 10, wherein said chainback operation
2  includes,
identifying, for the most recent of said memory blocks in said

4 chainback memory unit, said predetermined logical bit having the lowest

value;
6 ' associating said lowest value logical bit with a specific address;
reading said predetermined logical bit; and
8 transferring the value. of said lowest value logical bit into the

least significant bit of said specific address and shifting all values within said
10  specific address by one bit position to the left to ascertain a next specific
address corresponding to a next memory block in said chainback memory

12  unit.

12. A system for performing an add-compare-select butterfly -
2  operation for a Viterbi algorithm implementation, said system comprising;
a first memory element for storing a plurality of source state
4 metrics; |
a multiplexer coupled to said first memory element for selecting a

6 first operating path during even clock cycles and for selecting a second

= ¢ - L n S *




12 unit. 12. A systemfor perform ng an add-conpare-select butterfly 2
oper ati on Woro1299f4t erbi al gorithminpl enentati on, said systREHEINRIBIE|I ng: a
first nmenory element for storing a plurality of source state 4 netrics; a
mul tiplexer coupled to said first nmempgy el enment for selecting a 6 first
operating path during even clock cycles and for selecting a second 1111111

111111 11 bbbrakibbidath Gk oddQ 184K PCT/ USOQO) 29313 20 operating path
bbrab ath ki :

during odd clocKk “cycl es; a secorid storage el enment, coupled to said

mul ti pSexer, for tenpemoadi kiorsgorelemgentar gatpled atee saixt rinoltipléxerarfor

add- conpar e- sel ect nechani sm coupled to said second storage el enent and
sai d nul t tPREYEELY SlorINEIREgat stateelriesar get state metric for 12 each of

sai d urce state r.qs; ' e or, oLl a
pr ede?gr m ned | ogi c Di Fﬁﬁfgﬂ%rg-gé%%{lgp%&\% tég(ragg‘{at st%atsgﬁirre% ric having
the | onesktoragdlBlenii@ ra@idnsa8@ influliipldxiep) for Ral®@itai 8 tardet siite R@FRIfORY path

during 16 even clock cycles and supplies said source state metrics from
sai d fl2r seaceofnajd s@ireestate metrics; dnddd- conpar e- sel ect mechani smto generate

target state netrics .18 corresponding.to a first set of .received ,synbols,
and wherein said wﬁtmdey?@rageele&é'f‘%maf%reﬁ@mgoﬁe? FW%&%F?‘HE 20 odd
cl ockqgyc ' r ' cond nenory el enent
and u%% sgﬁﬁeé@é{ﬁgF%%gg{?ta%ée@%?%g%bggelchr?? Wd%?% source state netrics

in 22 order for sai elageincandaneitgleast sl@edanfisdn dgergne itk duigg medi at e
target state nmetrics based on said internedi ate source State netrics
cor r edponegveryclogk gyclesiard supplicsaaidbsoyree statemhessiesisom said firstpempsy em of

Caim12, erein said first and.second set of 2 received synbgls are
encoded u§¥ew#be ta Bﬁ@t q%«{-ﬁ?mpg;%ﬁ]lec&m _ m o generate targeei statd Metrics
18  corresponding to a first set of received symbols, and
wherein said multiplexer selects a second operating path during
20 odd clock cycles to read target state metrics from said second memory element
and use said read target state metrics as intermediate source state metrics in
22  order for said add-compare-select mechanism to generate intermediate target
state metrics based on said intermediate source state metrics corresponding to a

24  second set of received symbols.

13.  The system of Claim 12, wherein said first and second set of

2 received symbols are encoded using a constraint length of K.

14.  The system of Claim 13, wherein said add-compare-select
2 butterfly operation is performed until each 2" target state is visited for each

of said first and second set of received symbols.

15. The system of Claim 14, wherein said add-compare-select
2 butterfly operation is performed by an 8 x 1 add-compare-select butterfly
structure.

A
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14. The systemof Caim 13, wherein said add-conpare-select 2 butterfly
oper ati ogyvo 61/99974 orned until each 2K'1l target state'is wvi ecrasobressirach of
said first and second set of received synbols. 15. The systemof Caim 14,
wherein said add-conpare-select 2 hutterfly operation.is perfornmed by an 8
x 1 add- conpare-sel ect butterfly st#lucture. 111 1111111111111 11111

111111 * ¢ LB S "i@eoéys?e?ﬁz)‘f (ﬁ%g%g%ﬁé}g’sariégar' lglsra]]_ of%@%%%n]spa];tr%a aim 15,.

wherein said a plural 'ty of sourc consi's trics for
a se? ofmétfics oonsists of netricfior @ set of 86 corwetdtietodice bates; 8Tl bl Y6 source
states being sequentially sel ected during increasing even 4 clock cycles.
17. The ceysgcufvefsogreg piales, beingraquestially selectedngurisgsimcreasing everthani sm
perf ornmg s&i dslrgdd-conpare-sel ect operation by adding said source state

met r csC]tS F65%%nch netric corresponding to each of two possible 4
transitions, conparing each of the suns of said source state netrics and
branch netrics, and selecting the smallest sumand designating it as the
target statel76 ndihel cystéfh dih€Claimst &2 ofhdteni reald , addioaipareaeléct
add-ﬁorrpar -select 2 butterflé operation'is used to decode. .

convdl ufResRanis cpederns (id. add-compareyseles eperatighnbys adding ewid sai d

third stQr i rovided in_a_chalnback _uni t..containing
a plur a%??@cg%ﬂﬁeerﬁg‘?ilcs télao%]kagl,c eq 1¢o?°r§%§|p8nﬁ%?‘§/ eg{fﬁgﬁ@(f Bd?ﬂsﬁﬂ’i‘? ng said
pr edet erpinBRIbrs(GIfp&ihg edcH Of tHRAMINDSS S doBNe AR Inoes GhaBrakite! es: 20.
The system of C aim 19, wherein said chai nback nmenory unit 2 generates a

pl ur al i metrifs,denddelecting thelsowdlesPsumTared slpsigaating iChsithe 2irgetsimtei n sai d
chai pback nmenory unit 2 identifies said predeterm ned |ogical bit having
the P owd®MGal ue for the nost |

18. The system of Claim 17, wherein said add-compare-select

2 butterfly operation is used to decode convolutionally-encoded data.

19.  The system of Claim 18, wherein said third storage element is
2 provided in a chainback memory unit containing a plurality of memory
blocks, each of said memory blocks containing said predetermihed logic bit

4 - for each of said even and odd clock cycles.

20.  The system of Claim 19, wherein said chainback memory unit

2  generates a plurality of decoded bit values.

21.  The system of Claim 20, wherein said chainback memory unit

2  identifies said predetermined logical bit having the lowest value for the most
recent of said memory blocks, associates said lowest value logical bit with a

4  specific address, reads said predetermined logical bit, and transfers the value
of said lowest value logical bit into the least significant bit of said specific

6  address and shifts all values within said specific address by one bit position to
the left in order to ascertain a next specific address corresponding to a next

S
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recent of- said nenory bl ocks, associates said | owest value logical bit with
a 4 specifiwoaddseas, reads said predeterm ned |ogical bit, P%'i‘?ustobééﬁ% ers
the value of said | owest value logical bit into the |least signiticant bit
of said specific 6 address and shifts fll values within said specific
address by one bit position to the | ef#2in order to ascertain a next

S v b ST A BB AR B oty bt wi thin sai d chai nback

menory unit. fLLilitlh 1L1IIL Tu IITIITINL Ns
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