; e3e$ B5$] 0012j 3464TB5BSE0 3 JUN 2003 G TRACEBACK- PERFORM NG APPARATUS | N
VI TERBI DECODER The present invention relates to the Viterbi dedd@eyyly 2003
whi'ch i s one of cor ts of a forward error correction decoder, and nore
particul arl ‘\\\“\mmm%back- perform ng apgrat us for a nenory. managenent
in.the Viter . "Recent devel opnent's'in video conpression technol ogy
have 10 15 enadshoed* t he transm ssion of large quantities of video data in
a narrow band and i ncreased the inportance of forward error correction, in
whi ch the correct i FRMIEEARGIBEREQRMGNG &P BERET s Ih ML TERBIe PEGHRER at a
receiver's end after inserting s 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 restoregd.e m\ bit-error
rate is required for transmtting the conpressed Smﬂm\\“\“\w t he

managenent Cﬁaékd}__ﬁ@{[d’ o @#nd I asehaciodini t whi ch occlpi es, sost of a chip
e

area becones on€ O nost 1nportant factors in realizing a Viterhbi
decoder on silicofhe Gorvestit otdldntidd Al aiedd il witdirkan astigss 20
generating process of the traceback unit for a nenory bank is very

conpl i cat ed witictln 8 adied oMt v pEats OF exifirward drvoyr neirsagdiaid e for
inplenmenting it in a very-large-scale integrated circuit (VLST> Such

probl elfs becmmdar ¢ @ed itowse weart idvd arEnr dan ke iascaetiadkaee rifichmineny
parts for reducing 0 3 JUN 2003 O nenory size and decoding tinme. If a
speci al nmen@pparatus sfe dediendry: amhragamedhdmattihey iteudyis desadaml i i ed.
However, though the size_of the nenory increases, it is not easy to
sinplify the addfacenfevRiqRIgitct dds Visley, Gamaress i gy feve
splve the above problens, it is an object of the present invention to .,
ohovi de a ¢ ERARIRG -G (AR SR Atfud 4 DAt 45 Qo dRo8s CaRe For
enbodying the VLSl (~=.1nplepentatio Si.mpl i foyi r f

generati ng rﬁ?rﬁlrofg ba (JC{rT2‘-’lsnsC{r\‘/%/|'‘%':hroelj—"t‘:Qa(flfl gqlgoé%orﬁéeérn crz%n%’efgté%ﬁi.gi' c or |rngl Y,
to achipeve bject . L herg | i rag;g:%l;_%c -- forn

appar g'tous, itéralﬁ:a | %”orrg,i le,c%h eérﬁi% Z"r?g‘ﬁ%\gatq?% gjf\t/h [~ whi léﬁlQ?E?ﬁd%ﬁgssi;go a
branch nmetricgHRRNS OGS 1419 DI VBRI Gréfla¢®s DY nseelivighg bi t
15 streamto correct errors of the bit-stream adding-conparing selecting
nmeans for caldadnmidnty dsaedatdtdTel digmeal uas of teEneditesl RakhdNelsinge a
val ues corresponding to the branch netric values, mninmumpath nmetric means
for cal cul atsnad. 1a egromiim Eatdonpiddsedy dignadneen desrelep fatlo betery

val ues and 20 tenporarily storing the cal cul ated val ue, and traceback neans
for receivi sgrilmsnengatiemdths ¢ ignales sanestioriedu mapaerynmdiowi bitvalesreroand
searching a survival path to find decoded bits, and in which a constraint

| engt H3i ncl F@itey Ifestedtigiad dare dLaHELANT dheyeapaeiss§da ségradnt THUSy e

val ue every 25 uniformperiod is K and the size of a nmenory action grqup is
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 (VLSI). Such problems become more serious

when the memory bank is divided into many parts for reducing



L, the traceback-perform ng apparatus conprising: first 0~ 0 3 JUN u3
storing neans for re tying and storing the new path netric val ues and
mninum h netric value so that the first input value is output IGh8 duii 2603
| ater. i nput value is output first; first ace |logic neans for receiving
out-puts of the 5 first storing nmeans and)&he mi ni mum path netric val ue and
generating a first state which is the next state to be traced; second
storing neans for receiving and storing the output of the first storing

nmeans so t A He Fizanchrcoding Gideyytifue SRefiadnPaneFy Rk iifHut

bt put of orEE: I ARFRHE sy proas 8 e S A

For rece vinotf bl dilfe Mol Hdhand, Mndr ik, AR 4 Hldt My G MO
Phe’ deconed s B L e B . The_above obj ect & and

advant ages of the present invention will becone nore apparent by descri bing
in detail a preferred ' enbodinent thereof with reference to the attached

dr awi gs i guitfhasdy Of e Ihventdiomi n bl ock di agram of a general Viterbi

decoder; FIG 2 is aviewillustrating the process of a storing action for
expl ai ni ng t he FlcocmdsrepftHenvabapre probdeaisac i t25 oy abject 0f Kdevi t er bi
decoder shown in FIG 1; FIG 3 is a viewillustrating the process of a

storing @resgoy doyenyion 4@ igwvHsle & piraicebagk-Rerfidtisy aPaR Rt sheed
traceback qperati.on in the Viterbi, decoder showmmn jn FIG 1, FIG 4 is a

vi ew i |1 ustfaf Vgberdipdecedensuitabdisy faty eﬁmdﬂgnﬁorthﬁeg@s‘ilbi ng a

{ erory bAMPLETarRR AR, S FHEPIHIGHRG do BEa RaR P SeIEER R FRIR G.

convad i ondreiense BATkaNK @ s ARG ERS Wi ieback. oper ation shown | n

flhg ng;rmlr:Ibeagkig%s C})\f\iﬁ%:&%?élloé% %ﬂ;d?ﬂe%e”%ﬁm'éo%b%ﬁred%ﬂj%%t,i Rgeaddrgsses of
provided a traceback-performing apparatus, in a Viterbi

decoder implemented in’ a %LSI which comprises branch metric
means for calculating branch wmetric 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



FIG 7 i's a detailed block diagramof a traceback unit of the present

i nvention, when the size of the nenory action 15 group is L; FLG 8 .is
detail ed bl ock di agram of the traceback unit of the present in&k&tﬂ%ﬂ,ﬂﬂﬂen
the size of the menory action group is L{RZ 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 singl _e-mﬁ%c_ﬁhlnﬁ&ihs Dedaited Restd iddd dtdfid e i it Bl i c
description of the present invention, the detailed 25 construction and

oper at i onveflude fhvweitiivanel t raesaskc wihluars epniviegd fAirdoligs 0
3 JUN 2003 B The Viterbi decoder showin FIG 1 conprises a branch netric
unit 202, wiliwddisngpuupparlaty- semttileg latidr Ztuta valnenim pattdputetri c
unit 206 and a traceback unit 208. The operation of the Viterbi decoder
havi ng sudhizsts siiuah Ureacs | | g maand far ineaksitwing taue taff the
referring to FIG 1, where a constraint, length is K Branch _netric_unit 202
cal cd at ef g GFoing meand cmd | thavudninugyaabh ARFaHBMALYS aktei ving a

i f ft-decided its, J~ d.JZ, i, digital d d t sh .
P o S T  iinsy maaanizn i A Haed et st ienl) o

ol at' onsiT e e e e £ SR, e it B0

(2P-1-J3z) - 1)~ - 12 ~ 10 -
J2+(2P- 1- I}e( %?‘I]s%r\%tﬁ% “—“%+%~‘9 It}%aﬁg&?éel%‘s%%&n;&t %ge)zﬁvu t)
BVR(1) - 2Ripd BMAHH Jand -the (Rrat iaipfhtMen dda £ Jutthdl 10t &f; 9%dbng
branch netri ¢ is conpl eted, addi ng-conparing-sel ecting unit 204 cal cul at es
ne\g pat e fiid i1odie Mdmy e rdcdilg i Whe lutpudTeif itte dekohdurrent
path netric. Here, the nunber of the path netric (PMI) is determ ned by
Equat i on Ftaaciorglimearts drie i Sinants atregtand® geni€ratingha nwowmnd nunber
(M of the convolution code. PMI = 2K-~=2M. . . (3) 0 3 JUN 2~~~ (® Wen
t he cal culsttaten vdfidlhelpdthe meExt ctiatec dnplbet edacsdyi mund Ehilrdrettcmingi t
206 calculates a mninmum path netric value by using the cal cul ated path
netric vameansTfeiradeihing 208 steEaR ikhe [secongaisgatieoo that the

adding-coqyaring-selecting ) ¢ . .
irst 1nput 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 1illustrating 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



5 unit 204 and m ninmum path from m ni num path netric unit 206, searches a
survival path by making use of the stored data, stores the sear{thJUN 2003
survival' path, and searches the information bits decoded by tracing back
That -is, traceback unit 208 functions to reeq_mmite data in a nmenory. Then
the 10 nenory of traceback unit 208 determ nes the cost for inplenenting
the decoder in the VLSI circuit. Briefly;traceback unit 208 mainly
reads/wites_data.in a ry. The present inyention is for the nmenory
anagenent S 07 (£ @R KB T a8 R PRECOFEePD PHERoTRES O EFALFRGCR. hi gh
15 speed ( . r 1 | Qi a f unptions for the
easy descr?%%?%%lgé ?ﬁee%?eggﬁ?gﬁavg%%ggﬁf %ﬁogﬂegﬁgﬁgébr?ﬂeCOQey provi des
one out put per ﬁi@9k403{§|S-v@éwEi‘EfL‘uQEEaE!ifIE eféer 2dbogs2BE Phit LREr2AGUr S

in a 20 single nmenory during one clock cycle. 3) The input and out put

bandwi dt hsa¢9ién RAdrag@segiBingOacaghcebiek. pbPrbifing, pibeebsat whiefl the
sections indicate areas where data is stored in nenory, the vertical axis
of meSrory sbass 400, a2hedO2y 464iod0§rodp8anddadthémoeyribaekt int theel apsed
time, horizontal axes thereof each represent the state (S) of 2K-1 ~ 3
JUN ~UU~ Ocenvemtibmalr hdgh-spegedf Yitarvbiladacederi shownréot F&@. Ihveduce
traceback perform ng proceeds fromnenory rows 400 to 410 and nenory rows
400, 402, @oshakbe(LA®Biand 410 indicate one-tine witing, one-tine tracing
back, one-tinme decoding, one-tine 5 witing, one-tine tracipg back and
one-ti me decodi R&G-respécdi derailesd Pﬁ@cﬁbakégﬁé@c%1%%ﬁt§§5bggi?ion, t he
traceback performn rocess.  of tracebgck unit 208 in_the |owspeed Viterb
decoder wi ?n%%nﬁégg?fbEHaFﬁbﬁﬁFaPP}tr PEIPFR °F%1¥$C§h?.tF§c?$$ﬁ§riIy, t he

asi cyoperations.for tracebpac erformng process in the | ow speed Viterbi
gépo_er ha@é%ga€%3§e%%8§8dé§;Elﬁ'a%é defined as follows. Operation 1
writing: an opergaggongof swoi {iag Qﬁkﬁaiﬁ@ﬂ%lgz HbEAGYTP2abs JEhAE £nyni {, 206
in a menory. Operation 2: traceback: an operation of generaling the next
state addreg@rés88stbe ERbaméRasy haRkEhEnBRADIN AAE. ascurrent state
address. The original state address is externally given. -1 LO Operation 3:

decodi ng: the spp@.opeistaofe8s8ild@ block diagram of a traceback unit of
S

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

720 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.



traceback except for outputting the decoded results. After witing is
perfornmed in order to store mﬂa[NOWdedfromnimnumpaﬂ1nmr ;unm
(400 in FIG 2), L tinmes tracebacks are perfornmed by using the L

data and 25 the externally given state addr@$y (402). Then, after obtained
results are decoded by using the ol dest data (404), the stored data is

del eted fromthe nenory. a~ g ~ 3 JUN 2003 Menory rows 406, 408 and 410

show/repetltlonTﬁé §iehraReaatbans- shBuwFif rde.t heckpplical axbeaheRr esents
the elapsed tine (T) and each horizontal axis represents the status state

(S) 5 of am#EpPEYuniBez8plous SAAYNEREOR: paeezh?oaéleacmhgcbnihezoner ations
are perfornmed. Each nenory bank is conposed of a plurality of sub menory
banks. Eachigidawepaty hetkibaanitweodsandne weadebeatkguadtpreed of 2K
bits. Referring to FIG 3, the traceback perform ng process in a general

hi gh-speed ViteThe dpemdeioni bE bhedviterbeddbeodEnahavingTaechraceback
perform ng process in the |ow speed Viterbi decoder of FIG.' 2 cannot
provile onetvuchurepwildnbectieskribetinén debamﬁnyenennaﬁteperaeﬁenglage
needed to provide the one 15 output. For_reducing nenory operations, as
shown in FFe FEG.the HheﬁesﬁeﬁenﬁFFéFBF 4e8ghbr 1§ekf orns one-time traceback

perations bei MRPRBFAVICEELE URStp20A CALRBEGERY &ﬁ%a%épﬁﬁ‘lﬁ%l"ék% (Fres
(612) "or o B4R SHRCEREFER g@*?% heE ¢ M R ORI

to L outpqﬁftgreanﬂﬁiep that JoR g& ltala (kﬁgcghgﬁh ang decoding to

one out put are’ matle on &h average FeSpective erence numeral s 602 and

6g4 show t8e1 shitiAgeeHs Beaﬁehnaaeeleé 25a&hlbraﬁcntﬁaeebacklaneagecodlng
provi de one output per clock cycle in'subsequent clocks. [n"case of

reduci ng t@ﬁaﬂﬁ@ﬂfY1Qa&%s§EéQ1@§l§h©WO on,Fh® andp13,’ i Ehbéndehay are
descri bed as and &ECod~-ng the menos retirement FIG 3 can be 4, in
foll ows. regeasishomn and the relationship between branch metrics is

given as Equation 2.
1S

00: BMy(t) = (2°-1-J,)+(2F-1-J,)
15 01: BM,(t) = (2°-1-J,)+J,
10: BM,(t) = J,+(2F-1-J,)
11: BMg(t) = J,+J, ... (1)
BMg(t) = 21-2-BM,(t)
N BM,(t) = 2™'-2-BM,(t) co(2)
k“J./.O 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



since the Witing and .ze of raceback performng p .L.he s i Thet wth
three nmenory banks _ odied haring ne nenos bad ut (LIFG enb erforgmd s
oding cah be p f irst- buffex ds excluding a last-in lading a d ¢ JUN 2003
menory is' 3L wor the decodi ng delay ~nc be nd ze ction and decodi ng
del-ay the si of buffer a size of the ne a the nenory action group er of
Is 4L The ~m nisha-ng the size the nunb Lion 9roup~ era reduced bY d~. n
the size of nmenor'1" op ever. bY increasing the den reduce g ons reases Hw
th size that inc eir of nmenory oPerati ks and di mi ni shing can be

mai nt ai ned" o bapn tens nu-er t.he mtY lelism- th ane, spee

sing. paral ~ ce ~%§1[er ggg‘ﬁé@%tﬂ&nn%&ss e PAL: .mecgr%gY ar%?"g’ﬁ‘fg’qu’ redo
dress to be. Y D SR~ lL.nGr ea : RALES .
cach: poi nt SLARRERE SR mitEl S WBa o0 Rl il R APRERIAN Bellis picfite |

compensat Lay @ eyl uskinl %@ie“%a&%%‘ia@éa?ba@;l']l %gﬁ%v Ra8 RNt raadeibaeadr ng de

Len the lucre the nenor™Y re~"~.r size IS | When the nenory bank

del Y a s ghttr e9Re@orRlsy 2¥0dbREsandthherdfcaglZngndonBayi hgBB e@ldng
decode-ng irenment is (2nkl) T~~n 20 the menory red increases, the nenos st

gor i fpl emaptitngoa Ahdk hiknitumApathe Erom wihémumdpatht meerdicviutidd 210669
smal | delay are decre ses since the nenory is hardware increa it 20g Shown
in FIG ~ seamcheB ecesriii@02path by-wekiingnalset pficebhaclstomred da®tal000 a
menory bank a nmenory ban k 4 100a a 25 auk 3 1006) a nenory ban Conprises
bank 2 100stoxefefdwey searched sunvigvad3pathy endceepyghesithel0, a trace
l ogic 2 1012, a trace logic 3 1014 . .
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 u?it 208 mainly reads/writes data in a
memory. The present in%ention 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

(v. 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%



and an LIFO 1016. In FIG 6, vertical and horizontal axes indicate tine (T)
and state (S), respectively. Each row is conposed of five 5 nmenf}3 ggﬂkgggs
and D & Wand TB signify decoding & witing and traceback operation,
respectively. Referring to FIGS. 5 and 6gproblens will be described
hereunder when | ow, high- and converted hi gh-speed Viterbi decoders~for
performng the traceback are inplenented in a 0 VLSI circuit. . _t Since
2K-~ bits ] t st be: Enp i d : .
adding-coé%giﬂgg?§%?§%?¥n%l ﬁ}%QZgﬁesﬁ%gé ?%o%§égﬂq} %F%ﬂﬂ?héﬁ%?y banks vi a

an i nput ") } Vi gﬁ@ﬁi Skl 0, C by
a bus. th%&&¥%§g?tH?%Pgéﬂ?£%§2%??%é%%ggF§&%JPbit us cohﬁ%@f&gvgygoégg

parts of andidbly déwrsesd@gi £0d, 1044, ande | r 68 20Qi £1@ dfdPcatE dRE-time
perform ng the traceback and traceback logic 3 1014 is for decoding. LIFO

| 016 reverwmeicime, ovtigtime deradingrivack] ogne- Sidl dededingg yponghtimad t hen
the decoded information bits are output via an output port QUT. To read and
wité dat avfitomandone-time f tvacimgobgchamid chevirine decddingt he banks
shoul d be designated. The nethod of designating these banks will be

descri bed ¥egR8YIHEIV- FIG 6. Menory rows 1200, 1202, 1204, 1206, 1208,
1210, 1212, 25 1214, 1216 and 1218 in FIG 6, each show how addresses change
in the five barf. the ¥prvedeseribed sSUPRRFILIRR, dRHFRCR K iting are

perfornmed fromleft toright at a first bank, 12 .. 03 ~ 1! N 2003 At
Phi rd and ROTAGFHLIK 00855 (o 15530003 S ALK 78 n FEHiekPH 10T ¢ 1 o
right. However,, nothing ha at ;second and fourth banks. In perf L, Ng
i Pot row adgurod ARiOFenarEEl od  aSE6P Eed on (fiffa Dty Wl i B
s(ﬁowq) an dress change during the next L/2 clock. In this case the
traceback i's performed fromright to left at first bank 1226. That is, the

address di mi i shosdys 0Pe B8 WAOEK ot s I E AL LAMIAD GRS dARng NG

1230, decoding & witing and traceback are perforned, respectively. At
third and gridddsdaitk Sche TEswM spesd el teri RS dsdb©fhBaNef ot taieelidisl ess in
such manners is 5L. FIG 6 shows the address-generating during a single
peri od. EadHptiank astwdefdeed as ofslgpes ati ons according to tine and to
generate these nmenory addresses aretnot easy. Al so, an address for the LIFO
15 in FIG 5 sKmérhtioncheratiting n amheoparatsian ofalwvtitiouhadtaifitqmt he
reason why the nenory address generating process is conplicated and a

gl oddl i ntmdanmeRatdh medrie Uit RA6 tir g gemay each menory bank

conti nuously changes. Accordingly, the traceback perform ng |0 apparatus
according to tPHFEIM 3 nFRTRRFR: AT FRERG @ PF (IRRTRE IOch VIR | onal

apparatus, g, Ll d hedole of: BRI DG I ndd 15 Aty 2
current state address. The original state address is

( ‘ externally given.
«;ZO 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.



banks. So far, while the operation of the conventional traceback 25 unit
was expl ai ned, the structure and operation of a Viterbi decoder of the
present invention will be now described in detail referring to Bﬁk.ﬂqumm?d
drawi ngs.: N O 3 JUYyd ~~u3 The tracebac@gxnit 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 LIFO 2 1408. The traceback unit shown in

FIG 8 conpris i r ri uni 0 fj o] nit
1602, a second SearHhotou?: 98009 “Hha A2 snfe 1R GASF A",
storing unhledf0Byn& third trace logic unit 1610 and a fourth storing unit

1612. In FI'GS. 7 and 8, the FIFO and LIFO are assunmed to use a O dual - port

RAM and in thignceee. PEréne wase stall ARDS0LSHYeHaE § | e I B HEA Aiine

one-time witing at a single clock is available according to the

assunpt i on{T)Prar@réadh hobrohbRl saxes ofephesemp®dryhacstatugrstmee s($) the

operation of the traceback having the above structure will 15 be descri bed

as fd | ownfrefmenony. t Thél &rrdws Thkow atle gdimect bond riomwhich the

addi ng- conpari ng-sel ecting unit 204 of FIG 1 is input through input port

I NL of LI Fpdrazionshane perfostned. tBade menerydebnin 8 deompered eh aut put

to,,~ FIFO 1404 and trace logic 1 1402. Trace logic 1 1402 receives 20 an

out put of BI}YXRLitY00f fdb aMeNeFrE Parks: cEAGR BIYP-TRBOXY; bRk 13§ tk aceback

operation and_gener at es fifst state. 54%%)%Ap receives and decodes an
esul

out put of Y9¥XF 1 WPOVIFY BPINF deQmPPRe t ®4%8xce 1 ogic 2 1406. Trace
| ogic 2 1406 receLves. out put f FIFQ 1404 and trace loqic 4 d, 2%
out puts a secoﬁgeg?ﬁf%pg ngoé 581458 %%eﬂ?% é}f?l%k s%%%’%]%&gjfrﬁegﬁ?g%eﬁggenle%at es
it orqrat i ' ' i«ch rSs o) i bus li ne.
GOS80 81 FE R F LGRS, PLEHD dedeltids °. 0 e
constrai ntpdggthei s K, the 2K-~ bit information transmtted from

addi ng- conpar i1 ng-selecting unit 204 is stored in first storing unit 1600

via inp-:~ portrhdlgrdbepsBif Op8REbBRi A SpRoseseNt e e Vv Cdpd&a I'vinedised
by a first storing unit 1600
decoder of FIG. 2 cannot provide one output per one clock
since too many memory dpeéétions 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
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.
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for performng the followi ng FI FO operation and sinul taneously, input to
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1. A traceback-perform ng apparatus, in a Viterbi decoder inplenmented in a
VLSI which conprises branch nmetric means for cal cul ating branchpritaml\? 2003
val ues by receiving bit-streamto S correct, érrors of the bit-slr

addi ng- conpari ng-sel ecti ng nmeans for cal cubka¥i ng new path netric val ues
fromcurrent path netric values corresponding to the branch netric val ues,
m ni mum path nmetric nmeans for calculating a mninum path netric val ue anong
t he new patkanet Lbgicahuesiandat erpeealiohyc! @ s0aRi, ng tlraceallogliat ad1vakue,
and traceback neans for receiving said new path netric val ues and m ni num
pat h netri andabhneldR® 30as6ching a survival path to find decoded bits, and
in which a constraint Iength including best state detecting neans for
generating a' cuFPeREGst ft e Veatdeadyvand barispptad pEeFodNAICRLEnELMge (T ze,
of a nennrg action group is L, said traceback-genforning aEparatus
conpri si ng2Rfli PERLEL §F) mg TRERRSEAYE LY e c ERFPNGOUNdSsCOMPREELaPE fd¥epat h

[ I d, m ni h ' I h fi A I
'S ouput TERGFYaRANRHe PIRoP fnBufidal e srgniry_ degoding, i jorpEiHy; pig'®
t | ogi Is W idfirst stori d
cara i i oA EaPAcleoPPRESTAPE SRR Sy B0l § fiTet State which is The

next state to b . C St @r i a egehyi s RLKJNG t he
out put 25 of saggkg?%gggs?gr?Egsﬁegngagog?hg?o%ﬁém%i?ggiiﬁgu?aeg?&géPs
out put firgbragdabRevhahen olw2PUhiyhl-udnks cautrem;ehah%gt_x-§9éeadvieaeail ogi ¢
means for receiving the output of said ~0 3 ,~~N 2 ~ (~ second storing
means and d&eoflekst fairaperdbimiagechkbi Bgagdebacrndrat dinplemenbetisihha next
state to be traced; and third storing neans for receiving and storing the
ecoMd stavbBS3ocikattithe first input value is output later and the 5 | ater
input value is output first, so as to find the decoded bits. 2. A
t r aceback- per f ofihag aPpabitasinfermavioermistdeedirputpienended from VL, S
whi ch conprises branch netric_neans for calculating branch nmetric val ues by
recei vi ng df€iBgreanrrsipng=pelestingt uBiEor94oFheNe Bt F36r ednfo all

addi ng- conpari ng-sel ecti ng means for cal cul ati ng new path netri¢c_val ues
fromecurré ?mﬁﬁghbﬁﬁkﬁiKlgaﬁﬁe§nBHFrBQSEnaNﬁgsbnghéanéﬁchsne?iIcm%Q?Egs,

o Prpa Ple3"BYFr BSBbNdithg"be of e
among e hamkRrRoRAfT BE° R hetthRubPenndrd: T TRE TS Proté i kbl g
val Ups and.acebagi PR GnhEek vl g sak ollEue PaE N TERTAC Kahugs and

m ni mum metric value and searching a survival ecoded bits,
and in whi £8q8cConsbigl Bhal ERALE 1BEhHIRNGoRESh 8! BOE HELEGHhIAGTERDS T Of
generating a current state value every uniformperiod Is K'_0 and the size
of a mMenoryraeébaBkILAEPLrScbbdckSRbgitl 8Ceh8LKis 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
(“’40 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.



perform ng apparatus conprising: first storing neans for receiving and
storing said new path netric values and mninumpath netric value so that
the first input value is output |ater and the later input valqjg iﬂN2§0|]3
output Fi'rst; first trace logic neans f eceiving outputs o séi]id First
storing neans and said m ninmumpath netrrc val ue and ~ ~~lli~ 200
generating a first state which is the next state to be traced; second

storin ns_.[for.receiyi d stori th t [ o fi '
reans g0 tha T (end P ERncDratel 14 R gt 4 T st dle Tcks ot
value 1s gt adl elo PiREOMOMLPEP, | AOLELIR I DS 'AC Caeiddil LK Out Lt
of said second storing means and the firsi state and generating a second

state Whi ciodSch NSamiext Shaper EOrendrLLsk *ou r266 OréTWckeditte fa8 much
receiving and storing the output of said second storing neans so that the

first inpusVvif2ieis Srequid@dout put first and the later input value is
output later; third trace logic neans for receiving the output of said
third stori ng nsacsndndowh:262cshows t an eaddmets g eclearge ndpaingithe siette
[which is the text state to be traced; and fourth storing neans for

recei vi ng Iafl staockngInhehifi casdsthe atxacebadiatis perfomued nfxam j sightt put
| ater and the later input is output first, so as to find the decoded bits.

. Af UE . A He A@Rt mnySirgs Abaningd 2260 Tz, ¥e . | the gddrese qimingshes by
56CD nmy{) bcdgj uv, | wmhc”Y] ca] ca] ca] ca] ca] cal].cal] ca] cal]cal] calcal.cal] ca]ca]ca]c
a] ca] ca] cdR&|ReY c‘F@a‘PJ]"Ea&EaﬂT‘E c%‘?,% c%‘%“é%éﬂ ﬂ%‘?%%lj?c?ag ?%n]]rz_ nKM o)
| decoding & writing and traceback are performed, respectively.
(ﬁh'O 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 ;ésy. 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

20 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.
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and generates information bits in which errors are corrected

through a single bus line.



, LI0% & ()-!"S)%0% /& ()-F9' FI0% & ()- _@103 Y10% & ()-! f1lO0%L& ()-
%40% & ()- 10/ 10/ 10/FS8 10% & ()-L6%0% & ()-?vvr<_@
10! 5&810%1J&' ()-!Y"10%t& ()-!"$10% & ()-3 F10% & ()-F 10% & ().- F9
10% & ()-v#E Y7_@ 10! *' 10%&' ()-!P0' 1094 B -!' 10%& ()- ' 109%& ()ﬁ)a 'Wszgﬂa
& ()- "109% ()-7sxnbC 10! &&10%& ()-3 10t 10t 10t3 7 10% & ()-4 4
10% & ()-FS2:110% & ()-Fs010% & ()- KdEnbC 10! " $10%& ()-Y"10%& ()- Y
109 () -y" 109 dnerf dRE5{2c dPYEh&)ndRdey adCibE %Pé&;{)#ﬂé)‘@i)aéd the
109 ()-FS 109 ()-!'y&10% ()-10%& ()-y 109%& ()- !'FlyltitaBnbC 10!'!F
3+109%&' () -dons¥@QDet (Jength is K, the 25! bit information transmitted
s' @O%& ()-%0% ()-F#3$10%& ()-!'9!'10%& ()-!"K'W""#dEnbC 10! ! s6
"109& () - | ool &S {ng FelmpdPing ) sé DdOeng Juki t nAOdRi € )stored in first
-109%& () - #DHEAF#GHURY#HSS~_ @ 10! Y 10%&' () -3l "10%& ()-!t
10%14&' () -SM0IR i3 1600 Ovia viary 19980% Y - BEESIthexdafxri@ation the
109&' ()-!0S109%& ()-3Y"10%& ()-3y- 109%& () - . . )
109%&' Y ) - 3EETEENge i slkeiR 9 -Leyansed/ oy 1DoRLYSL | STADIRY (YRIGIHERR () -!
F109%& ()- 109k ()- .@109& () - T~ @glo! 0"10%&'%%-. 109 () -
100 () bR K3 egtiedmnen (penaatPE RIAAY (PRbC
10!&310%&38ération, 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
C}'O 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).
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
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& 109%& ()-Y7Y' & 109%s& ()-Y7'#& 10% [ & ()-Y7! ~& 10%XhXh& ()-Y7!-& 109k ()-Y

7! & 10% ; m&idlo Yodndept 4inivhil€IC déro &Eqbows &1 -médmum 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

(\ .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 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.
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means for ca culatlng new path metric values from current path
metric values corresponding to the branch wmetric values,
minimum path wmetric means for calculating a minimum path
metric value among the new path metric values and temporarily
( " 10 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'cu;fent 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
7 40 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
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( >0 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 amorg the*ne;‘path metric values and temporarily

15 storing the calculated valug, and traceback means for
receiving said new path met;ic values and minimum metric value
and searching a survival path to f£find decoded bits, and in
which a constraint length including best state detectinﬁ means
for generating a current state value every uniform period is K

A 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
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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 outbut 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 pext state to be traced; and
fourth storlng 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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