
;e3e$`B5$]0012j3464TB5BSE0 3 JUN 2003  Oi TRACEBACK-PERFORMING APPARATUS IN
VITERBI DECODER  The present invention relates to the Viterbi decoder 5
which is one of core parts of a forward error correction decoder, and more
particularly, to a traceback-performing apparatus for a memory. management
in the Viterbi decoder. Recent developments in video compression technology
have   10 15 enabled the transmission of large quantities of video data in
a narrow band and increased the importance of forward error correction, in
which the correction of errors introduced to a channel is performed at a
receiver's end after inserting s redundant codes into a signal at a
transmitter's end. Since a small error in a compressed signal can develop
into a very serious one when the signal is restored, a very low bit-error
rate is required for transmitting the compressed signal. Thus, the
management of a memory in a traceback unit which occupies most of a chip
area becomes one of the most important factors in realizing a Viterbi
decoder on silicon. Conventionally, it is problematic that an address 20
generating process of the traceback unit for a memory bank is very
complicated and a global interconnection exists which is not suitable for
implementing it in a very-large-scale integrated circuit (VLST>. Such
problems become more serious when the memory bank is divided into many
parts for reducing   0 3 JUN 2003 0 memory size and decoding time. If a
special memory bank is added, the address generating process is simplified.
However, though the size of the memory increases, it is not easy to
simplify the address generating process. 5 Summary of the Invention To
solve the above problems, it is an object of the present invention to
provide a traceback-performing apparatus in a viterbi decoder suitable for
embodying the VLSI (~~ implementation and simplifying a process of
generating memory 10 address without a global interconnection. Accordingly,
to achieve the above object, there is provided a traceback-performing
apparatus, in a Viterbi decoder implemented in a VhSI which comprises
branch metric means for calculating branch metric values by receiving bit
15 stream to correct errors of the bit-stream, adding-comparing selecting
means for calculating new path metric values from current path metric
values corresponding to the branch metric values, minimum path metric means
for calculating a minimum path metric value among the new path metric
values and 20 temporarily storing the calculated value, and traceback means
for receiving the new path metric values and minimum path metric value and
searching a survival path to find decoded bits, and in which a constraint
length including best state detecting means for generating a current state
value every 25 uniform period is K and the size of a memory action group is



L, the traceback-performing apparatus comprising: first   0~ 0 3 JUN u3
storing means for re tying and storing the new path metric values and
minimum  h metric value so that the first input value is output lat and the
later input value is output first; first trace logic means for receiving
outputs of the 5 first storing means and the minimum path metric value and
generating a first state which is the next state to be traced; second
storing means for receiving and storing the output of the first storing
means so that the first input value is output first and the later input
value is output later; second (-;'0 trace logic means for receiving the
output of the second storing means and the first state and generating a
second state which is the next state to be traced; and third storing means
for receiving and storing the second state so that the first input value is
output later and the later input value is 15 output first, so as to find
the decoded bits. Brief Description of the Drawings The above objects and
advantages of the present invention will become more apparent by describing
in detail a preferred ' embodiment thereof with reference to the attached
drawings in 20 which FIG. 1 is a main block diagram of a general Viterbi
decoder; FIG. 2 is a view illustrating the process of a storing action for
explaining the process of low-speed traceback 25 operation in the Viterbi
decoder shown in FIG. 1; FIG. 3 is a view illustrating the process of a
storing   0 3 JUN 2U03 0 ~~ action for explaining the process of high-speed
traceback operation in the Viterbi decoder shown in FIG. 1; FIG. 4 is a
view illustrating the process of the storing action for describing a
traceback performing process when the 5 sizes of a memory action group and
a memory bank in the conventional high-speed Viterbi decoder shown in FIG.
3 reduce to half (L/2);. FIG. 5 is a detailed block diagram illustrating a
conventional traceback unit for performing the traceback operation shown in
FIG. 4; FIG. 6 is a view explaining a method of designating addresses of
the memory banks shown in FIG. 5; 



FIG. 7 is a detailed block diagram of a traceback unit of the present
invention, when the size of the memory action 15 group is L; FIG. 8 is a
detailed block diagram of the traceback unit of the present invention, when
the size of the memory action group is L/2; FIG. 9 is a view explaining the
address-generating of 20 LIFO and FIFO in case of two-phase clock; and FIG.
10 is a view explaining the address-generating of the LIFO and FIFO in case
of single-phase clock. Detailed Description of the Invention Before
description of the present invention, the detailed 25 construction and
operation of the conventional traceback unit are explained as follows.   0
3 JUN 2003 Q5 The Viterbi decoder show in FIG. 1 comprises a branch metric
unit 202, an adding-comparing-selecting unit 204, a minimum path metric
unit 206 and a traceback unit 208. The operation of the Viterbi decoder
having such a 5 structure will be described in detail hereinafter,
referring to FIG. 1, where a constraint length is K. Branch metric unit 202
calculates branch metrics BNIo(t), BM~(t), BMZ(t) and BM3(t) by receiving a
pair of soft-decided p bits, J~ and JZ, in a digital decoder (not shown) .
In 7 calculating the branch metrics, each branch metric, in case that J~JZ
is respectively 00, O1, 10 and 11, is shown in Equation 1, and the
relationship between branch metrics is given as Equatibn 2. 00 : BMo (t) -
(2P-1-Jz) + (2P-1-J~) 15 01: BMA (t) - (2p-1-J2J +J~ 10: BMZ(t) -
J2+(2P-1-J~) 11 : BM3 ( t ) - JZ+J~ . . . ( 1 ) BM3(t) - 2P~~-2-BMo(t)
BM2(t) - 2P+~-2-BMA (t) . . . (2) v '~l0 When the calculation of each
branch metric is completed, adding-comparing-selecting unit 204 calculates
a new path metric by making use of the four branch metrics and a current
path metric. Here, the number of the path metric (PMT) is determined by
Equation 3 according to the constraint length 25 (K) or the memory number
(M) of the convolution code. PMT = 2K-~=2M . . . (3)   0 3 JUN 2~~~ Q6 When
the calculation of the path metric is completed, minimum path metric unit
206 calculates a minimum path metric value by using the calculated path
metric value. Traceback unit 208 stores 2K-1 bits data from
adding-comparing-selecting 



5 unit 204 and minimum path from minimum path metric unit 206, searches a
survival path by making use of the stored data, stores the searched
survival path, and searches the information bits decoded by tracing back.
That is, traceback unit 208 functions to read/write data in a memory. Then,
the 10 memory of traceback unit 208 determines the cost for implementing
the decoder in the VLSI circuit. Briefly;traceback unit 208 mainly
reads/writes data in a memory. The present invention is for the memory
management of traceback unit 208 in the Viterbi decoder operating at high
15 speed (50Mbps or more). The followings are a few assumptions for the
easy description of the present invention. 1) The Viterbi decoder provides
one output per clock cycle. 2) Each one time of reading and writing occurs
in a 20 single memory during one clock cycle. 3) The input and output
bandwidths in a RAM are equal to each other. In FIG. 2, the hatched
sections indicate areas where data is stored in memory, the vertical axis
of memory rows 400, 25 402, 404, 406, 408 and 410 represents the elapsed
time, horizontal axes thereof each represent the state (S) of 2K-1   ~ 3
JUN ~UU~ 0'~ and the arrows signify the data-storing direction. The
traceback performing proceeds from memory rows 400 to 410 and memory rows
400, 402, 404, 406, 408 and 410 indicate one-time writing, one-time tracing
back, one-time decoding, one-time 5 writing, one-time tracing back and
one-time decoding, respectively. On the above-described supposition, the
traceback performing process of traceback unit 208 in the low-speed Viterbi
decoder will be described in detail, referring to FIG. 2. .< Primarily, the
basic operations for traceback performing process in the low-speed Viterbi
decoder having traceback depth L are defined as follows. Operation 1:
writing:an operation of writing data from 15 minimum path metric unit,206
in a memory. Operation 2: traceback: an operation of generating the next
state address from the data read from the memory and a current state
address. The original state address is externally given. -l LO Operation 3:
decoding: the same operation as the 



traceback except for outputting the decoded results. After writing is
performed in order to store data provided from minimum path metric unit 206
(400 in FIG. 2), L times tracebacks are performed by using the L stored
data and 25 the externally given state address (402). Then, after obtained
results are decoded by using the oldest data (404), the stored data is
deleted from the memory.   a~ g ~ 3 JUN 2U03 Memory rows 406, 408 and 410
show repetition of such operations. In FIG. 3, the vertical axis represents
the elapsed time (T) and each horizontal axis represents the status state
(S) 5 of a memory. The arrows show the directions in which the operations
are performed. Each memory bank is composed of a plurality of sub-memory
banks. Each sub-memory bank has L words, one word being composed of 2K''
bits. Referring to FIG. 3, the traceback performing process in a general
high-speed Viterbi decoder will be described hereinafter. The traceback
performing process in the low-speed Viterbi decoder of FIG..' 2 cannot
provide one output per one clock s since too many memory operations are
needed to provide the one 15 output. For reducing memory operations, as
shown in FIG. 3, the high-speed Viterbi decoder performs one-time traceback
process (L tracebacks) every the output (L outputs) of one block, the L
operations being formed as a group. At memory row 600 in FIG. 3, L times
writings (608), L times tracebacks ZO (610) and then L times decodings
(612) are performed. As a result, L writings, L tracebacks and L decodings
to L outputs are made so that one-time writing, traceback and decoding to
one output are made on an average respectively. Reference numerals 602 and
604 show the simultaneous performance of 25 writing, traceback and decoding
to provide one output per clock cycle in subsequent clocks. In case of
reducing the memory bank size as shown in FIG.   p 3 '~N r~u3 delay are
described as and decod~-ng the memos retirement FIG. 3 can be 4, in
follows. rocess shown 
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and an LIFO 1016. In FIG. 6, vertical and horizontal axes indicate time (T)
and state (S), respectively. Each row is composed of five 5 memory banks,
and D & W and TB signify decoding & writing and traceback operation,
respectively. Referring to FIGS. 5 and 6, problems will be described
hereunder when low-, high- and converted high-speed Viterbi decoders~for
performing the traceback are implemented in a 0 VLSI circuit. . _t Since
2K-~ bits information must be input in order from
adding-comparing-selecting unit 204 shown in FIG. 1 to a11 memory banks via
an input port IN1 shown in FIG. 5, all memory banks should be connected by
a bus. When K=7, it is a problem 15 that a 64-bit bus connects various
parts of a chip. Trace logic 1 1010 and trace logic 2 1012 are for
performing the traceback and traceback logic 3 1014 is for decoding. LIFO
l016 reverses the output order of trace logic 3 10l4 to be upright and then
the decoded information bits are output via an output port OUT. To read and
write data from and in the five memory banks shown in FIG. 5, the banks
should be designated. The method of designating these banks will be
described referring to FIG. 6. Memory rows 1200, 1202, 1204, 1206, 1208,
1210, 1212, 25 1214, 1216 and 1218 in FIG. 6 each show how addresses change
in the five banks. In the case of first row 1200, decoding and writing are
performed from left to right at a first bank 1220.   0 3 ~ l! N 2003 At
third and fifth banks 1222 and 1224, traceback is performed from left to
right. However, nothing happens at second and fourth banks. In performing
first row 1200, clock time as much as L/2 is required. S Second row 1202
shows an address change during the next L/2 clock. In this case the
traceback is performed from right to left at first bank 1226. That is, the
address diminishes by one per clock. At s:.cond and fourth banks 1228 and
1230, decoding & writing and traceback are performed, respectively. At
third and fifth banks, operations halt. A period of generating address in
such manners is 5L. FIG. 6 shows the address-generating during a single
period. Each bank should do various operations according to time and to
generate these memory addresses are not easy. Also, an address for the LIFO
15 in FIG. 5 should be generated. In the conventional traceback unit, the
reason why the memory address generating process is complicated and a
global interconnection exists is that the role of each memory bank
continuously changes. Accordingly, the traceback performing l0 apparatus
according to the present invention is differentiated from the conventional
apparatus, in that the role of the memory bank is fixed and data is
transferred along the memory 



banks. So far, while the operation of the conventional traceback 25 unit
was explained, the structure and operation of a Viterbi decoder of the
present invention will be now described in detail referring to the attached
drawings.   N 0 3 JU(d ~~u3 The traceback unit of the present invention
shown in FIG. 7, comprises a LIFO 1 1400, a trace logic 1 1402, a FIFO
1404, a trace logic 2 1406 and a LIFO 2 1408. The traceback unit shown in
FIG. 8 comprises a first 5 storing unit 1600, a first trace logic unit
1602, a second storing unit 1604, a second trace logic unit 1606, a third
storing unit 1608, a third trace logic unit 1610 and a fourth storing unit
1612. In FIGS. 7 and 8, the FIFO and LIFO are assumed to use a 0 dual-port
RAM, and in this case, performing simultaneously one-time reading and
one-time writing at a single clock is available according to the
assumption. Primarily,' when the size of the memory action group is L, the
operation of the traceback having the above structure will 15 be described
as follows,~referring to FIG. 7. The data generated from
adding-comparing-selecting unit 204 of FIG. 1 is input through input port
IN1 of LIFO 1 1400 shown in FIG. 7 to be reversed in order and then output
to ,,~ FIFO 1404 and trace logic 1 1402. Trace logic 1 1402 receives 20 an
output of LIFO 1 1400 and a current state through TN2 to perform traceback
operation and generates a first state. FIFO 1404 receives and decodes an
output of LIFO 1 1400 and provides the result to trace logic 2 1406. Trace
logic 2 1406 receives outputs of FIFO 1404 and trace logic 1 1402 and 2$
outputs a second state. LIFO 2 1408 receives the second state and generates
information bits in which errors are corrected through a single bus line.
~3 1~ 3 JUN 2003 When the size of the memory action group is L/2 and the
constraint length is K, the 2K-~ bit information transmitted from
adding-comparing-selecting unit 204 is stored in first storing unit 1600
via inp-:~ port IN1. The information the 5 sequence of which is r~:versed
by a first storing unit 1600 



which can be embodied as a memory for performing LIFO operation, is
transmitted to second storing unit 1604 which can be embodied as a memory
for performing the following FIFO operation and simultaneously, input to
first trace logic unit 1602. First trace logic unit 1602 calculates the
following state every uniform period by using the data provided from first
storing unit 1600 and a current state value received via IN2 from a
best'state detection unit (not shown). t Here, the inputs and outputs of
first trace logic unit 15 1602 and second trace logic unit 1606 and the
input of third trace logic unit 1610 are K-1 bits, respectively. The output
of second storing unit 1604 is transmitted to third storing unit 1608 which
can be embodied as a memory for performing FIFO operation, and
simultaneously, second trace logic unit J 1606 performs the traceback
operation. Third trace logic unit 1610 outputs a third state by receiving
outputs of third storing unit 1608 and second trace logic unit 1606. Fourth
storing unit 1612, which can be embodied as a 25 memory for performing LIFO
operation by receiving the output of third trace logic unit 1610, completes
the decoding by setting right the sequence of the input bits. Fourth
storing   ~ 3 UU~~ 2u0, unit 1612 comprises a RAM having one-bit
information the number of which is L/2+1. As shown in FIGS. 9 and 10, the
address-generating of LIFO and FIFO are very simple. That is, in the case
of the 5 FIFO, a value of a counter simply increases while having a modulo
concept in which zero follows the maximum value continuously. In the case
of the LIFO, when the value of the counter reaches the maximum value, the
value starts to decrease, and when the decreasing value reaches the minimum
A .0 value, the value starts to increase again. As described above, the
traceback unit according to the present invention, while using the same
amount of memory and requiring the dame trace logic as the conventional
traceback unit, has effects of saving cost in implementing the viterbi 15
decoder in a V~SI by totally reducing a chip area and making the
implementation in the VLSI circuit simple and easy, since the
address-generating for a memory is simple and the global interconnection
does not exist.   0 3 JUN 2003 What is claimed is: 



1. A traceback-performing apparatus, in a Viterbi decoder implemented in a
VLSI which comprises branch metric means for calculating branch metric
values by receiving bit-stream to S correct errors of the bit-stream,
adding-comparing-selecting means for calculating new path metric values
from current path metric values corresponding to the branch metric values,
minimum path metric means for calculating a minimum path metric value among
the new path metric values and temporarily !0 storing the calculated value,
and traceback means for receiving said new path metric values and minimum
path metric value and searching a survival path to find decoded bits, and
in which a constraint length including best state detecting means for
generating a'current state value every uniform 15 period is K and the size,
of a memory action group is L, said traceback-performing apparatus
comprising: first storing means for receiving and storing said new path
metric values and minimum path metric value so that the first input value
is output later and the later input value is ~-'~ ~0 output first; first
trace logic means for receiving outputs of said first storing means and
said minimum path metric value and generating a first state which is the
next state to be traced; second storing means for receiving and storing the
output 25 of said first storing means so that the first input value is
output first and the later input value is output later; second trace logic
means for receiving the output of said   ~0 3 ,~~N 2QU~ ~ (~ second storing
means and the first state and generating a second state which is the next
state to be traced; and third storing means for receiving and storing the
second state so that the first input value is output later and the 5 later
input value is output first, so as to find the decoded bits. 2. A
traceback-performing apparatus, in a Viterbi decoder implemented in a VL,SI
which comprises branch metric means for calculating branch metric values by
receiving bit-stream to ( ~l0 correct errors of the bit-stream,
adding-comparing-selecting means for calculating new path metric values
from current path metric values corresponding to the branch metric values,
minimum path. metric means for calculating a minimum path metric value
among the'new~path metric values and temporarily 15 storing the calculated
value, and traceback means for receiving said new path metric values and
minimum metric value and searching a survival path to find decoded bits,
and in which a constraint length including best state detecting means for
generating a current state value every uniform period is K '_0 and the size
of a memory action group is L/2, said traceback 



performing apparatus comprising: first storing means for receiving and
storing said new path metric values and minimum path metric value so that
the first input value is output later and the later input value is 25
output First; first trace logic means for receiving outputs of said First
storing means and said minimum path metric value and   ~ ~ ~lli~ 200
generating a first state which is the next state to be traced; second
storing means for receiving and storing the output of said first storing
means so that the first input value is output first and the later input
value is output later; 5 second trace logic means for receiving the output
of said second storing means and the first state and generating a second
state which is the next state to be traced; third storing means for
receiving and storing the output of said second storing means so that the
first input value is ~.~ 10 output first and the later input value is
output later; third trace logic means for receiving the output of said
third storing means and the second state, and generating a third state
[which is the text state to be traced; and fourth storing means for
receiving and storing the third 15 state so that the first input is output
later and the later input is output first, so as to find the decoded bits.
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