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01 TRACEBACK- PERFORM NG APPARATUS | N VI TERBI DECODER Background of the

i nvention The present invention relates to the Viterbi decoder which is one
of coré parts of a forward error correctio decoder, and nore
particularly, to a traceback-perform ng apparatus for a nenory nanagenent
in the Viterbi decoder. Recent devel opnents in video conpression technol ogy
have enabl ed the transm ssion of |arge quantities of video data in a narrow
band and increased (HRAGERNH-BFEE REPARATUG IN) VITERBL DECORER

whi ch the correction of errors introduced to a channel is perfornmed at
receiver's end after inserting redundant codes into a signal at a
transmtter's end. Since a snmall error in a conpressed signal can devel op
into a very serious one when the signal is restored, a very low bit-error
15 rate is i¥fthd s ) SHvdntigd he conpressed signal. Thus, the
managenent of a nmenory 1 n a traceback unit which occupies nost of a chip
area becones one afhd hremsit iemtdon Rlates itd thel Viteghd decoder
decoder on silicon. Conventionally, it is problematic that an address 20
generati ng pwhieds icf driee dff asaleaganios off @ forwenxiy wrirark coxrreetion
conplicated and a gl obal interconnection exists which is not suitable for

i npl emedt i ngdecoden: \and, naneyeagtdiculanlayr &e@ tracebackvpsrforaing

probl ems beconme nore serious when the nenory bank is divided into nmany '
parts for redPPRFGtus EPnEhdeRoy; Sapgementdilny thenViterbi decoder -nenory

bank is

Recent developments in video compression technology have
( enabled the transmission of large quantities of video data in 
a narrow band and increased the importance of forward error-
10 correction, in which the correction of errors introduced to a
channel is'béfformed at g receiver’s end after inserting
redundant codes.into é siénal at a transmitter’s end. Sincé a
small error in a compressed signal can develop into é very
serious one when the signal is restored, a very low bit-error
15 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 implemenﬁing it in a very-large-scale
. integrated circuit_(VLSI). Such problems become more serious

when the memory bank is divided into many parts for reducing



added, the address generating process is sinplified. However, though the
size of the menory increases, it is not easy to sinplify the address
generating process. 5 Summary of .the Ifgkntion To solve the above
problens, it is an object of the present 1nvention to provide a
traceback-perform ng apparatus i.n a Viterbi decoder suitable for enbodying
the VLS| i npleantarit adizw il Gedddidy i ting. DI H e Sspetti e niernadan pamoniy 10
address without a global interconnection. Accordingly, to achieve the above
obj ect, therssided priche deitixess ayeieckt jny fmrodess dop aiapisi£ied o Howevert,
decoder inplenented in a VLSI which conprises branch netric neans for

cal cul at i ng thaugih the r§ize 1 Lheyrenewy \ingreages, 5t 1§ MAMIIPE JHQ ect
errors of the bit-stream adding-conparing- selecting neans for cal cul ating
new pat h netFiPLiAY,dhe RF%eR eﬁ‘ﬁr%%’?%tl?’?%c‘?ﬁﬁues corresponding to the
branch nmetric values, mninmmpath nmetric nmeans for cal culating a m ni num
path nmetric value anong the new path netric values and 20 tenporarily
storing the $§| gg! Et&g é’t?ébﬁw s 44 aceback neans for receiving the new
path métric T metric val ue-and searching a surviva

path to find decogedsides crd hbdyvepidbredNstt idtan Wiiided ot udharg best
state detecting nmeans for generating a current state val ue every 25 _
uni f or m per ifibdentS BibitEord | ¢ Pfovide Dryrfsdbadk-Pexrforwing dpparatus

t raceback- perform ng apparatus conprising: first 03 storing neans for re
iving and stigf iangriterbicvdeesderesuittable for embodying the VLSI .

Chs implementation and_simplifying a prbcess 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 %LSI which comprises branch metric
means for calculating branch metric values by receiving bit-

15 - stream to correct errors og 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 Ehe 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



values and mninum h nmetric value so that the first input value is output
lat . and the later input value is output first; first trace |ogic neans
for receiving outputs of the 5 first s E}ng means and the m ni mum path
metric value and generating a first state which is the next state to be
traced; second storing nmeans for receiving and storing the output of the
first storisgombogameans hbédrthe fivingiapdtstvatismgitheunewtpdth smettmiict he

| ater input value is output |ater; second 10 trace |ogic neans for,

recei vi ng tYRlwes paed grinkeusccond BelriagvateessanthahEhe rE1rsk ainpwhd
generating a secopd state which isgéhe next staje to be traced; and third
storing medfRlY@ris RREREh lahd <3| Hae t FRtes cHRPE YIS oL f HORERYE fir st

i nput val ue_j s out put ter _and the later ipnput value is u irst,
so as to fiTH-Ehe ﬁ%ﬁ%%e ﬁ??s.’%&?épefﬂﬁc#?gt?%ﬁﬁ%ﬂ1?¢m9%§§ﬁ&§déf$%%éabove
obj ectgs an n s, Of p € I hv.ent i L4l | ar ent
by des%ri b?‘?\%’g%(tg %:Ig a"ll'lgam%#lg? eé&éd%%b@%ﬁ%%@ rk?%%ljrl é%%’e‘\%ﬁ?‘?ﬁ,r e %r%ﬁ%e to
the attach ' jh N L8 witléh isiEné Ak MOEK b asE aprdted;
general Vi %%f%%%.e?;flglpscf g2\‘??"g£|awvi ew illustrating the process of ea
storing actd&ond’ sESPLRG hégnt NEoB! PEEEEVIG | AYE SPESEing AP skt Pt of
operation in the Viterbi decoder shown in FIG 1; FIG 3 is a view

i |1 ustratinghé heipsocesordigansinsisg thabithet first cinpuxiplwalaagis he

process of high-speed traceback
output first and the later input value is output later; second

(‘0 trace logic means for receiving the output of the second

ﬂ 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 outp&t-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 wmore 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



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
perform ng process when the 5 sizes of a ry action group and a
menory bank in the conventional high-speed Viterbi decoder shown in FIG 3
reduce to half (L/2); FIG 5 is a detailed block diagramillustrating a

ConventiOnahckﬁéﬁegéﬁkéﬂgﬂéﬂﬂﬂ%gﬁ%ﬁ%pP@b@%s%h%ft5§ﬁ§3§§§e§egkace?3%katiOn

shown in FIG 4; FIG 6 is a vi expfFaining a net si gnating

addresses obpkRatiomiy RHeKkVitlewl decblhier ahokhGin/Fig.aidetailed bl ock
di agram of a traceback unit of the present invention, when the size of the

menory action 15FIGQrdufis a iekl GllUstyratiagt eheeprbbesk dfaghansebrihg
traceback unit of the present invention, when the size of the nmenory action
group i s L/ 2cthp@ fori descriibingxpl &iraicebhackepeatficrningeproaessgwhén?@he
LIFO and FIFO in case of two-phase clock; and FIG 10 is a view explaining
t he addr esss&grer afi Agmemortie ackionagdoppraninacmewosy bankl dnphhee cl ock.
Detail ed Descriptign of the_ Invention Before description of the present

i nvention, FRBVEBEAPPad high-spgrd: Viterbh drgodpE: ahewR én FRE. 3 reduce
conventiona&Ptﬁag%b?i§zgqit are expl ained as foll ows. The Viterb

decoder showPi H2EfG énprises a branch netric unit 202, an

adding-conparingFiE[egtkggauagkaggéd Block diagram illustrating a
conventional. traceback unit for performing the traceback
( 0 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 ;he 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 addréss-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.



m nimum path nmetric unit 206 and a traceback unit 208. The operation of the
Vi ter-bi decoder having such a 5 structure will be described in detai
hereinafter, referring to FIG 1, where a cdd§raint length is K Branch
metric unit 202 cal cul ates branch netrics BMerr](t), BMerr](t),
BMerr](t) and BMerr](t) by receiving a pair of soft-decided p bits,
Jlerr] and J[errfhe i Viterh i détodeE OsiEsw (D9 FEROWD) corhpr L€ W adtditich he
branch netrics, each branch nmetric, in case that [err] is respectively 00,
01, 10 and n€tric wibw202), Eausadding- camshaiivey+sdbdctoirehiymitet28%een dranch
nmetrics is given as Equation 2. 00: BMerr](t) =(2[err]-1-J[err]) +

(2[ err] - 1- Misrijym Path metriq  wBM 206 (and -a (facehack Mwit 1308  err] 10:
BMerr](t) = J[err]+(2[err]-1-J[err]) 11: BMerr](t) = J[err]+J[err] BM(t)
= 2[err] - 2- BM er¥h€ t9pedlign -op [ ghe | Viteyhirdegeder having such a

N | 20 When, t he cal cul aj.i on of each, branch, netric i s conp] eted,
2t e comSFTURER ST 1 hops HeSeRipeh £ SRALT, HkAIRIE S (HRE AL ng

of the pat FHEIT TR & R R AP AR on 3 according Lot he
CONSET L | o9y, AL e RO o s M Mo Y,
O e BERES, i ) AP Pl it o i
bits, J; and J,, in a digital decoder (not shown). In
( 9 calculating the branch metrics,  each branch metric, in case
that J,J, is respectively 00, 01, 10 and 11, is shown in
Equation 1, and the relationship between branch metrics is

given as Equation 2.

)
(2P-1-3,) +(2P-1-3,)

00: BM,(t) =
15 01: BM,(t) = (2°-1-3,)+J,
- 10: BM,(t) = Jz+(2P-1-J1‘.).
. 11: BMz(t) = J,+J, : o (1)

BM; (£) = 271-2-BM,(t)
BM, (t) = 2M'-2-BM(t) _ ... (2)
20 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 (PM,) is
determined by Equation 3 according to the constraint length

25 (K) or the memory number (M) of the convolution code.

PM_ = 2K 1M ... (3)

n



vVal ue by-using the calculated path netric value. Traceback unit 208 stores
2[err] bits data from addi ng-conparing-sel ecting 5 unit 204 and m ni num
path from mini mum path netric unit 206, 43§ ches a survival path by naking
use of the stored data, stores the searched survival path, and searches the
I nformation bits decoded by tracing back. That is, traceback unit 208
functions to read/wite data in a nenory. Then, the 10 menory of
traceback unit 208 determ nes the cost for inplenenting the decoder in the
VLS| circuit. BrieéhYehé réSBOETHt Lo tof Oheppatly netarisd viis teomplbétzed n a
menory. The present invention is for the nmenory managenent of traceback
unit 208 i nuiriamim tpath metoieruoiber206 ncaktulatgs 16 ninirasy gHVRtDLC
more). The followings are a few assunptions for the easy description of the
present i nvakuerby sitg the ceal cubated Pk el o i@ e p Fraeebagh ck
cycle. 2) Each one tine of reading and witing occurs in a .20 sinal e
nmenory dur iYRirR0&| Heqresce. ‘%tﬁ'rﬁ?q%\rﬁﬁm‘aﬁdi%&omﬁq%qq&é1%M
are equal to each other. |n FIG 2, the hatched sect.i.ons .indic S
wher e Yat a YRitk1204 ARG RERHRYN path  £rem minigun path MaGx 0‘%’?&8%6825
402, 404, 406 08 and 410, representss the el | ' t xes

t her eof eaﬁ?#’é‘é?%%e‘_ﬁt&fﬁélg? AR By Jeﬁ‘?f{?sg %Eﬂl}% %]'Z%?r%évxt/:sg'si gnify

the data-stqring, diycilopenddeattaEehRckaor! | HAd SaRiiesotse f 1 om memory

rows 400 t

information bits decoded by tracing back. That is, traceback
(i unit 208 functions to reéd/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 u&it 208 mainly reads/writes data in a
memory. The presént ihbention is for the memory management of
traceback unit 208 in the V?terbi 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 provideé'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 2€1



nmenory rows 400, 402, 404, 406, 408 and 410 indicate one-tinme witing,
one-tinme tracing back, one-tine decoding, ope-tine 5 writing, one-tine
traci ng back and one-tinme decodi ng, respd&ﬁﬁmﬂy. On the above-descri bed
supposition, the traceback perform ng process of traceback unit 208 in the
| ow- speed Viterbi decoder will be described in detail, referring to FIG 2.
Primarily, amd tihsi aropes atignifyothé raaedaskopiid dditegtpomcersei n t he

| ow- speed Viterbi decoder having traceback depth L are defined as foll ows.
Qper at i on 1tragebagly: pernfopuingi procteds i from nemery roews 5100 ntei 440n quad h
metric unit. 206 in a nenory. eration 2: traceback: an operation of
gener at i ng NRCTFE¥OES 40 a0t 265494 0ot9hie 408 ARL ALY riNAIGRES IR VAR a

current state, address. The original state address is_externall iven. 20
Qper at i on HEHEUIGH rRACTHENS AEACTRY RATK: NeTine ALFRAIITy RR- RS

out put¢ing the decoded results. After. witing i erfo?ﬂ%%a'n order to
otore Hat o HrEvHIEG Srerr AR CRACHAT Pag e EiRe dRpdtrdr G ) L
times tracqggﬁ&g rformed by using the L stored data and 25 t he
external ly gi eﬁc€%§?£$éddress (402). Then, after obtained results are

decoded by usingod hen @l H55ve d0dSe£H04d - sibiofitish, daid tiadklgded Trom the

menory. 08 Menory rows 406, 408 and 410 show repetition of such
performing process of traceback unit 208 in the low-speed

Viterbi decoder will be- described in detail, referring to FIG.
('0 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.

20 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.



operations. In FIG 3, the vertical axis represents the elapsed tinme (T)
and each horizontal axis represents the status state (S) 5 of a nenory.
The afrows show the directions in which t@& operations are perforned. Each
menory bank is conposed of a plurality of sub-nmenory banks. Each sub-nenory
bank has L words, one word being conposed of 2[err] bits. Referring to FIG
3, the tracebackudfbipr Fows PHOCEHE8 | dnd 410 sHEW ExXspetl ok REE dsukH er bi
decoder will be described hereinafter. The traceback perform ng process in
t he | ow spessedatbots. decoder of FIG 2 cannot provide one output per one
cl ock since too many nenory operations are needed to provide the one 15

out put. For redutmnBIGends ytheecvertical axisitepiresentsstle elapspdHtipred
Viterbi decoder perforns one-tine traceback process (L tracebacks) eyery
the out put (T) can@ueagh droBhzoRtdL KAXEHIEPRRRIRES e i s o?fr%%e ags)a
group._At nenory row 600 in FIG 3, L tines Itings (608). L .tiles
tracebhcks @b a memany . gFe  FEFOYS t FRE %‘é%dg-’%“st’??flé)uﬁ@“p@fg?%d. As a

result, L witings,

t hat one-ti?ﬁﬁ’t&?'%?ﬂ%,é’gfg%ﬁg&%@ g e?fﬁ%ib&tg%%%g%o%%gﬁ?%%a ed%nsgn
average respectively. '
port o nancd Hrtab iy, of (b ShEfolly Teadks Nl Mttty Bt Bl SO0 NS

per cl ock W&Jl‘cfsn,i nﬁrz#béggﬁ?g%%%égg%g?oé&cgéezm gaduci ng the menory bank’

size as shown 1 y requirenent and decodi ng del ay are

described as Referring to FIG. 3, the traceback performing process in
(0 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 oné clock
since too many memory Spegations 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 Xow
600 in FIG. 3, L times writings (608), L times tracebacks

”20 (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.



foll ows. -The traceback perform ng process shown in FIG 3 can be enbodied
with three nenory banks, since the witing and 5 decodi ng can be
performed sharing one nmenory bank. The si(gg of the menory is 3L words

- excluding a last-in-first-out (LIFO buffer and the size of the decoding
delay including a buffer is 4L. The size of the nenory action and decodi ng
~delay can he, regeceembdyy drtrii 6mast t &8d SiéCo@ing e T@PTiVe ddéds @RiLEQURs (
0 . Wen reducing the size of nenory operation group, the nunber of nenory
: operations forteweses. However, by increasing the nunber of the nenory banks
and dimnishing their size, that is, increasing parallelism the sane speed
- can be mai nt ai néBhe Vexacebackeper forning precess rakpwrdin (S ¢ rhcedadre

. pointers 15 %é?aCh poi nter points the nenory, address to, be accessed by
traci ng bacypesied cWith cthree WMemeryhamre i SRea RS EIRE 134 i ncr eased

o R L e SR MLl o e W 47 o
Gocod) ng. deis Fendry b 7 wordd eREIRited FASTTAI L Seeiode (ERRES, "¢
nar dver o | PG A TEREEEC e O BELERES Wilay IngRAITH Biker
2000, o meneytbh PG g e RO SARMY Agldh, fnd URidaniy MoTEP da Y O
nmenory bank-dyudé® bR dimifishing the size of the memory action group.

(-0 When reducing the size of memory operation group, the number
of memory operations increases. However, by .increasing the
number of the memory banks and diminishing their size, that
is, increasing“parallelisq, the same speed can be maintained.
When the memory bank size is reduced, two traceback pointers

15 (each pointer points the memory address to be accessed by
tracing back) are required, so that parallelism increases and
the increased number of memory operations is compensated.

In FIG. 4, the memory requifement and decoding delay are
SL/2 and 3L, respectively. When the memory bank size is L/n,

26 the memory requirement is (2n+1)L/n and the decoding delay is
2(n+1)L/n. As n increases, the memory requirement and decoding
delay are- decreases but the indirect cost for implementing
hardware increases since the memory is divided into small
pieces.

25 A conventional traceback unit 208 shown in FIG. 5
comprises a memory bank 0 1000, a memory bank 1 1002, a memory

bank 2 1004, a memory bank 3 1006, a memory bank 4 1008, a



trace logic 1 1010, a trace logic 2 1012, a trace logic 3 1014 and an LI FO
1016. .In RIG 6, vertical and horizontal axegyindicate time (T) and state
(S), respectively. Each row is conposed of five 5 menory banks, and D &
Wand TB signify decoding & witing and traceback operation, respectively.
Referring to FIGS., 5 and 6, problens will be described hereunder when | ow,
hi gh- and c'%ﬁ"&%?t%‘agh?gh-%ﬁbgd ¥ tsaee Hegbde? s1912, prrimade ntoghe 3 1014
traceback are_inplepented in a 10 VLSI circuit. Since 2[err] bits

I nformat i ona%sggb’gm pﬁ?lﬁn order from addi ng-conpari ng-sel ecting unit 204

T k18,8, R HREEE a8 ke L G '
Hrace | og) G JHREENISE, DrdBhbUivaRy | teden 80 fe JERiacdBE Sivesr .
1014 is fory | Pk ] F&&%%rﬁvﬂi&%té‘fgﬂ’ﬁptﬁec?éﬁ{g% WEACEd OhE 3

1014 to be upright and then the decoded 1 nfornation bits Tare output™ via 20

an out put poardcdBick Teparaciand réspsctidalyromand in the five nenory
banks shown in FIG 5, the banks shoul d be designated. The method of

desi gnati ng t hesetemking' td BEGSesErameds ) efxoblens twildl e @ed®@iied r ows
1200, 1202, 1204, 1206, 1208, 1210, 1212, 25 1214, 1216 and 1218 in FIG
6 each showmdmaumir ogseas bdrengchigh+ hend | conveartiesd HigH4epess a7ifexbi st
row 1200, decoding and witing are performed fromleft to right at a first
bank 1220. decoders -for performing the traceback are implemented in a
(“0 VLSI circuit.
| Since 2%! bits information must be input in order from
adding-comparing-selecting unit 204 shown in FIG. 1 to all
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 logié 2 1012 are for performing the
traceback and traceback logic 3 1014 is for decoding. LIFO
1016 reverses the output order of trace logic 3 1014 to be
upright and then the decoded information bits are output via
(1.0 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 bé 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.



At third-and fifth banks 1222 and 1224, traceback is perforned fromleft to
ri ght. However, nothing happens at second _and fourth banks. In performng -
first 'row 1200, clock tine as nuch as L/ EB required. 5 Second row
1202 shows an address change during the next L/2 clock. In this case the
traceback is perforned fromright to left at first bank 1226. That is, the

address di mpi ghepqbyn@neipeh BLARK- 1222588QNd208( tLaEébadRNKS Qﬁoﬁﬁéd
1230, decoding & witing and traceback are perforned respectively. ( O

At third angrbiflecbapbsrigner atioeesehl hotRingr happehs geuesatond andr ess
in such manners is 5L. FIG 6 shows the address-generating during a single
peri od. Eactobrtk bankkd @in perfor@ingefiarsbneowct200i nglockt time aag mach
generate these nenory addresses are not easy. Also, an address for the LIFO
- 15 in Fl @s5LiRokBdrequiradrated. I n the conventional traceback unit, the

reason_why the nenory _address generatin cess is conplicated and a
gl obalJi nt er conn8eEPBA EQVsL30Zshaue ?%egﬁgFﬁsﬁfcgﬁﬁﬂe Wothd btig next

cOnt I nuous| STSIGER. S°Pharohts S HASERRRE 28159 Ehhed oo RS
cpparatus, 19, ihet hheig 0, Shah R SEL R0 |l Skt
et o obed GEECEECES A UILbnte R PLaCRnebl ShabcipACLENG,
described i §odsh2hY kChPiLiAg hAA! BPadbbacRedrdr pukféfmed, respectively.
(0 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 accord%ng to time and to generate these
memory addresses are nSt eésy. Also, an address for the LIFO
15 in FIG. 5 should be generatgd.

In the conventional tréceback 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

20 apparatus according to the present invention is differentiated
from the convéntional 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.



12 The tr.aceback unit of the present invention shown in FIG 7, conprises a
LIFO 1 1400, a trace logic 1 1402, a FIFO 1404, a trace logic 2 1406 and a
LI FO 2 1408. The traceback unit shown injﬁgG. 8 conprises 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

Lrace 1091 c_uni {74810 80drackONEhD BEOLKAIoURLEALSBychR B nofnotd frg! he

FI FO and LILFO are assune 0 us ort N

perform ng ¢i mubiapegus! ¥ £Reot hMR4pgadhngrapd 3?|83§_i&i 14651 | AOpRFo212bR9! ©
clock is avallable according to the assunption. Primarily, when the size of

. the nenory actresegléygici 2 Leothanapar acFon20isdbe traceback having the
;. above structure will 15 be described as follows, referring to FIG 7. The

. data gener at ed fThen stdcabacknmpaltnghewheihi RIGUN8t cafgrbses| & £irst | nput
. through input port INL of LIFO 1 1400 shown in FIG 7 to be reversed in

' order and tseorbdugpunitole0fp a4birahdtraceelogiccunit 40002 Traceetondc 1

| 1402 receives 20 an output of LIFO 1 1400 and a current state through

- IN2 to perf%?ﬂ?%ﬁﬁc@ﬁaéklégéra@iﬁﬁcgﬁ@ tracealegiq wRik11606: 2 Fhixsii404
~receives and decodes an output of LIFO 1 1400 apd provides the result to

. trace Iogics§°ﬁh53.u¢?5céepggi€ bhingetrace; 42816ttt 1610 Frd a 4bousily
trace logic 1402 and 22 out puts a second state. LIFO 2 1408 receives
the second SteF¥EnH4EnsPhtes information bits in which errors. are

corrected througp, ap3489! 4 DS bl "Ehe PIFO and LIFO are assumed to use a

(:10 dual-port RAM, and in this case, performing'simuitaneously
one-time reading and one-time writing at a single clock is
available according to the assumption.

Primarily, when the ﬁize of the memory action group is L,
the operation of the géaceﬁack having the above structure will

15 be described as follows,'rqgerring 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 IN2 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

25 outputs a second state. LIFO 2 1408 receives the second state
and generates information bits in which erroré are corrected

through a single bus line.



13 When the size of the nmenory action group is L/2 and the constraint
length is K the 2[err] bit infornationétgfnsnitted from

addi ng- conpari ng-sel ecting unit 204 is ed in first storing unit 1600
via input port INL. The information the 5 sequence of which is reversed
by a first storing unit 1600 which can be enbodied as a nmenory for '

-~ perform ng LI FO Werathensize of ahbai newary casttemdgsewp i k8 A2 tandouhehi ch

can be enbodi ed as. a nory. for perforn the foll owing FIFO operation and
si mul t aneodSPREEFAHRE nf%ng\\{?s{'stﬁacg‘?oﬁ'ipg Rid (infprmafgon grangmitited

LS U A ST PR B SRR B,
value receiySdihg bige Lo rbesing ol Sot oGl | R Lg BB BN Fer e,

logic 5init JEAGedes SROHIGN! 187 xiieied 155 S | SOk UNSr i) dudre J5dobi ts,

- respectively. The output of second storing unit 1604 Is transmtted to
third storivigichi ¢ad G088 evitbodisdnadea andinsieiEes Ferfsmiing aIr®r f or m ng

FI FO operation, -and si nul taneously, second trace.logic unit 1606 perforns
the tracebapergeion; cis fhansmitted togecomi tstidiiheuimpilt <1604 hwhiklst at e
by receiving outputs of third storing unit 1608 and second trace logic unit
1606. Four t¢anthg empodied 1@ 22 wenmety ctor pexidoingl tihe f£ablowing BEEO f or
performng LIFO operation by receiving the output of third trace |ogic unit
1610, conplRFREIRN ARG FHFARREUSHG, rigpit (b Sixflertenes kogic it

bits., Fourth stori . . .
(1d: 1602. Fi%%t 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).
Here, the inputs and.%utputs of first trace logic unit
15 1602 and second trace log;c unit 1606 and the input of third
trace logic unit 1610 are Kfl 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
-FI#O operation, and simultaneously, second trace logic unit
S 1606 performs the traceback operation.
Third trace logic unit 1610 outpﬁts 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



14 unit 1612 conprises a RAM having one-bit information the nunber of which
is L/2+1. As shown in FIGS. 9 and 10, the address-generating of LIFO and
FIFO are very sinple. That is, in the ca&dgof the 5 FIFO, a value of a
counter sinply increases while having a nodul o concept in which zero

foll ows the maxi mum val ue continuously. In the case of the LIFO when the

val ue of the, SOUNPS EGfGHRSed NE 1Y | HBVA A dife-Hite M dtfnail i Serle

. decr ease, and when { he creasing value re the m ni num 10 val ue, the

val ue st ar tf;diser "6 ORASECIIBE /261 descri bed above, the traceback unit
according to the present invention, while using the sane anount of nenory

and requiring t e Selndwi bt eFICRI 9 asnd heo c arhee reddoresds tigesatatcingioff | has
effects of saving cost in inplenmenting the Viterbi 15 decoder in a VLSI
by total | y Gxmhicamd BIROi areresryesimplke ndrhate isplisndiheatgane iof thhe VLS|
circuit sinple and easy, since the address-generating for a nenory is

si npl & and EXE0 gl abealuetef corceunten simplycinasgages whike RLNE &) ai ned
is: 1. A traceback-perform ng apparatus, inh a Viterbi decoder Jjnplenmented

in a VLS| vredwle 2RRFeRE R MRICheAere FRMAWE drhe MG MR %nch metric
e b e i adely; S oA Gade of WL EHeS! lch Und VaRlld ¢ "ER
counter reaches the maximum value, the value starts to
decrease, and when the decreasing value reaches the minimum
(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 ‘same trace ];ogic as the conventional traceback
unit, has effects of séviné cost in implementing the Viterbi
15 decoder in a VLSI by tota-ll;( 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.



means for- cal cul ating new path netric val ues fromcurrent path netric

val ues corresponding to the branch netric ues-—nlnLnuanath metric neans
for calculating a mninmmpath netric vaI nDng eM/ ath netrlc

val ues and tenporarily 10 storing the cal cul at'e mﬂal eback
means for receiving said new path netric val ues a tric

val ue and s@aathisgchaiwedi égk path to find decoded bItS and in“which a

constraint length |nclud|ng best state detecting nmeans for generating a
current state valuehebErge ﬂ?kopﬁﬂigmlmrfmﬂa?%tl!@anwt%eVJS‘F?Jéb:bfd%Cmfﬁry
action gro erform ng, arat us conprj si flrst

d back-
storing rre;ffépf%?‘e?ﬁg‘lél ﬁl[}gc‘zhg%s PF]Flgc‘é‘BP ﬁ%&%&wm?@%ﬂ
th t ha h f t t t d
T B o 46 WY e i,
Vel e Sind 3‘3%%#’%‘?‘.‘%% S Ehe R PR ERE Vo dithg @?%%ﬂ‘i%r%@f% gl
second St OrjOgn JegRs EQiﬁﬁf&@%eénﬂe@rﬂaéﬂ Qﬁé%é hﬁ'aﬂiléé’%r&é cuﬂ?ex?@ c];Qat-hh

first storing neans so that t frrst™ 1 nput ue 1s output first

| ater inputmeeki@ v81Q8E PEbrLas ondERsord thé aSraféh dBais wfailué@CG' ving
the output of said 1 6 second storing nmeans and the first state and
gener at i ng wishmandpatRttethic meéans hEonesdlGikdteing daninimen;paatid t hird
storing neans for receiving and storing the second state so that the first
i nput val uemetsriat yatué samongnche heew path metric values and temporarily

( }O 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 congtraint length including best sﬁate detecting
means for generating a\cugéent state value every uniform
15 period is K and the size of a memory action group is L, said
traceback-performing apparagus 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
(AO 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



5 | ater input value is output first, so as to find the decoded bits. 2.
A traceback-perform ng apparatus, in a Viterbi decoder inplenented in a
VLSl which conprises branch nmetric neanst ffor cal cul ati ng branch netric

val ues by receiving bit-streamto 1.0 “torrect errors of the bit-stream
addi ng- conpari ng-sel ecti ng nmeans for cal cul ating new path netric val ues
from currensegend ssoriingy veass andr ¢hpofdinsy statke abdagehemrattiing wal ues,
m ni mum path netric means for calculating a mninmumpath netric val ue anong
the new pat AeRPRA Stakey#dighd ise ¥her ackty state spobengreredcapod at ed

val ue, and traceback .nmeans .for receiving said new path netric val ues and

m ni mum nmetric v&ﬁ&gdaﬁ&ogégﬁbWpﬁgsafgﬁr€FF§FV&89haP€ FFRY1BEc5Bed sBrcead

and in whic onstraint Length includin est .state detectin ans for
gener ati ng gtgﬁgrg tt??&t859a%&§58véP9“En§PgPﬁ1bérPBEPPE iﬁéﬁﬁg?ﬁg §P%e of
a meno acyl : QUn ., , 2Sal ac - rfqQrplng. t

compri 31 ng: “pEREAHEY Satbe 18°pHcbbECEPEEE, BETNE) EbIRIARDPRR URcpded
metric val ugge@nd mini num path netric value so that the first input val ue
is output later and the later input value is 25 - output first; first
trace |ogic neang.far ti-aeebdcRIpereBrining’ apphdatisst ift &I vDGefB2NdcaBler
said mninmumpath netric value and 17 generating a first state which 1s
the next stimplémeheetr dned; VESZowHishotomgrieassbianch eqet ¥iddmeatssteri Ng

the output of said first storing neans so that the first input value is
calculating branch wmetric values by receiving bit-stream to

( 10 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“ne&‘path metric values and temporariiy

15 storing the calculated value, and traceback means for
receiving said new path met;ic values and minimum metric value
and searching a survival path to find decoded bits, and'in
which a constraint lengﬁh 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

* c.- L M S' * |
z




output first and the later input value is output later; 5 _ second
trace logic neans for receiving the output of, said second storing neans and
the first state and generating a second statle’@which is the next state to be
traced; third storing means for receiving and storing the output of said
second storing neans so that the first input value is 10 out put first

and the | at i . lLLug LS .0 t t.et; .third trace | ogic neans for .
recei vi ng tﬁ%ngggghéggﬁ g&%_tt%%g eé%%FF glﬁe§ﬁ§ Bfref ﬁgaggcﬁﬁd%§t§F€Fe$nd
generating a thi sdcohdl tehiny neahle FaeX eébﬁb&gboaha £Besfy %ﬂ@h%ﬁ%ﬁ]&
storing nmeans for receiving and storing the third=15 state”so that e
first inputofssaifipfiristt etoritigt heahat 8o tRAE! the g¥tBel ihpht! valRedgst O
find the decoded bits.

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 oufbut 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 next 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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