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SEARCH CI RCUI T BACKGROUND The present invention generall y reI at es %’g_{

met hWB9IM@ES4hpar at us for-digital signal processing or 2%nal
operations. It is sonmetines desired to find the. greatest of a set of val ues
that may be electrically stored as a set of digital words in menory

el ements such as registers, random accdass nenory ("RAM') or read-only
menory ("ROM'). 10 AI-so, it is often desired to identify the |argest
such value, e.g., by findi nYAXINRE REARCBJ(CIRESTThurber, which may be the
nunber of the nmenory elenment in which the [argest value is stored. A common
met hod for finding the |argest of a set of 15 val ues i nvol ves

sequential ly scanning the set. ABAGRGRQVNPor storing the largest value is
| oaded with thﬁ)é'ﬁ§éséﬁ'tug.n(v%ﬁ*:iéﬁ aﬂeﬁn&n&éﬂ&@@%anh&tﬁod&e

register is, conpared to_the sec, té%} t he second value is |arger,
t he secoﬁd‘@é&’éﬂﬂuﬁt for,ddgd a%%g‘%l p roeRSSINL 9%al ue and its i ndex
i nst he regs@;e&atla"helt bpéd'a‘d'ﬁldtSJ s then conpared to the register

contents- s{‘%rﬁﬂmfeh h’g é& Eg-r#gh& t@ﬂadéﬂ‘éa Qg%x %ace t he

val ue and [ nd r oces | nues u al |
subsequestety abfiesalueshthadt M@Q&lectnesnldmmd oasha s&fi fr

contentsg g!@ﬁ {IBESLY io! BRI Sheht8P0BRIGE iqoLER,g Seauential

search is oporti ona val ues 1 n the
sequent | Fansiom Aceesshoenosys| ((RAMEL eneread-Pnlynmemory dROM'ed in

nppe det mhsg,o it iLeb@¥en! BRIRSENo | fNEALLEY WIIE?gésEUEIwérpar all el @

search method and Circuit i npl.enent ati on usi, ng hit- serial gg‘resent ed

digital YALRR: t9e¥- deP¥r ﬁl’-ﬁ'éut"r?e iesi MEFPFAREEL A% i'n a time
period tkaiidis manepaentnet ntimbdie dfntie wémvyUeddneriteinewhiew ched. 35

lggeg;e?%?t ;Dveq%%ﬁﬂﬁ%gggartlc Iaru¥ useful for code division nultiple
common method for finding the largest of a set of
--18 values involves sequentially scanning the set. A
register for storing the largest value is loaded with the
first value (and its index), and the contents of the
register is compared-to-thé'second value. If the second
value is larger, the second value and its index replace
20 the first value and its index in the register. The third
value is then compared to the register contents, and if
it is larger, the third value and its index replace the

value and ind'_ex stored in the register. The process _ (\
continues until all subseqguent values in the set have
25 been compared to the register contents.

Unfortunately, the amount of time needed for such a
sequential search is-proportional‘to the number of values
in the set; thus, a sequential search may be too slow
when the set is large. As described in more detail

30 below, the present invention provides a fully parallel
search method and circuit implementation using bit-
serially presented digital values that determine the
maximum value and its index in a time period that is
independent of the number of values in the set searched.

35 The present invention is particularly useful for .
code division multiple access ("CDMAY) communications
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t echni owgsr93/0684y | ul ar radi o tel ephone conmuni cati on syst emPCHUS9240772Ne

enhanced CDVA denodul ati on schene ‘based on successive signal subtractions,

in signal strength order, of multiple CDVA signals that is 5 descri bed

in co-pending U S. Patent Application Segial No. 07/628,359, filed Decenber
-1990. In t hat co-pending patent application, .it is explained that

S”b%“ of %%ﬂ/ﬁ %e%p‘?&t %nlhlefji; PR é&léﬁfg&ﬁ@&bﬁﬂ%}ﬁ&%@m uch as

occurs in a error cor ction co n a si ngle

i nf or mat i onSYFLeRs,cAYShdEF ithe enhrrced- ¢mo¢r¢m@q\aba§éoaf sehgmes, the
Informtlonbaaad%ﬁta g%eaylw & Mtsﬁfﬁéctféﬁéecihoai%‘i'lng gain; this

techni que nay be terne e spreadi e ot her hand, spreadlng a
sap

bl ock 15 nﬂFPnPEﬁ%ﬁn(ﬂflﬂ%%ﬁlﬁ%ﬁwéka>5&9n?%$otﬁaﬁsé§do random
sequegice of qdkeriRoent inpt@ﬂp&‘ﬁi WIS/ MéﬁﬁtApplsedtmengsle&zafl t he

di t t cal |l.ed ent spreadin can
Vo ve o (Rer 877 FaBona® ot et erRpEr bl ocko 8t ng bl the 20
Lnfornatipn si gngh thahedUﬂpéﬁdiﬁgﬁbaﬁéntwaﬁg%ﬁcat1bhpcitcdéing, M bitf to
e transm t o] Q Y I ona
codewor ds. %gg%gﬁ-ﬁ&a ﬁ‘ %glpe%rlrog“leﬁé Jgo%ér‘g%e t%%%l.ﬁ E#F%dé‘:;ﬁ%gnenbers
. of the set ah mnfbwgahabn251gnaluxiuahcnﬁ Qnmhr$mnmnde¢DHA slyetemjewor d

g1 vig the PLghgstoEOLLElAkdlryiclding ! '€ % 1 06 "BhEBmakalreXandl e

i f. a 5|gnal s corre S|xtee ex-nunbered 0 to
15_producesbiteifi gipandeds date mmwdqrerqmm sRAeeRee, of hR bissned

signal 30 thel DhEEFRALIBH baritt lididireadiii0 éfpsimnl 10). A
conpari son processQr may determ,ne which correJatlon has t he | argest

magni t ude o ﬂrﬁﬁﬁtégP'Fﬂgﬂngigﬁﬁnﬂ Fhis Feshnisein MA% B8 FeEPSAdi ng
switch. In ®®ifplangpreatiitigtenods aitrd ctitgnnlharid supréad g a block

15 of M information bits, where M > 1, into a pseudo-random
sequence of M x R_bits provides an error correction
coding gain of the spreading ratio R. This technique,
called "intelligent spreading", can involve either |
orthogonal or bi-orthogonal block coding of the

20  information signal to be transmitted.

In orthogonal block coding, M bits to be transmitted
are converted to one of 2" available 2"-bit orthogonal
; codewords. Decoding involves correlating a received
S signal with all members of the set of orthogonal

25 codewords, and the index of the codeword giving the
highest correlation yields the desired information. For
example, if a signal's correlation with sixteen 16-bit
codewords index-numbered 0 to 15 produces the highest
correlation on the tenth codeword, the desired signal

30 information is the 4-bit binary word 1010 (decimal 10).

A comparison processor may determine which
cqrrelatioh has the largest magnitude and may set that
signal to zero by opening a corresponding switch. In
this manner, the demodulated signal is subtracted |

35 effectively from the composite signal. The remaining
spectrum with one component removed is processed and

re-scrambled to reconstruct the original signal samples



35 - effectively fromthe conposite signal. The remaining spectrumwth
one conponent renoved is processed and re-scranbled to reconstruct the
original signal sanples -3- less the just-decoded signal. The nagnitude

of the correlated signal is representative of signal strength and may be
stored in-a sorting processor along w t43-t he signal's correspondi ng
scranbling code. The processor 5 orders the scrambling codes from N
gr eat est tolﬂﬁﬂ«theqﬁmse+deeddedgaagnaign|Eheemagan@Uﬂhecﬁodhe 174
correspondi r e m t he
descranbler f%%%§ﬁgx é %%ﬁgﬁgﬁﬁéﬁi? Ool'E sabﬁ%% ée*%#ﬁﬁﬁthe
conpari son Méﬁbrb%e%@@?%drml aaﬁ@ﬂ'—ﬁﬁgl PEP§E8EPKe PAONSH Wikdd the er ni nes

conpl ex cor Igsleald 10 NEshPE dbﬁgcgbfadnanﬁg EB&eSQUQ'h% pRRlcedisdre sum of
t he squares o t he real | hary cogponents, E oces or .y t hen
det er mi n@ WRXILTS Qﬁwﬁﬁ%ﬁ“@%% 3| GPHeH thﬁEeBF e e. The
real and lmmm 5 maghbeudebpcand ther ebdei on rray al so be

lyzed in th det f t d. -
Accor di ng P&oa%%’é?niniceo e @Fﬁ B4 2 01 ovi ded
an el ect r onitraosmittzadrtd ocheefestragblex Sorpthei nexk kagged of first. and

second elec ﬁgﬁ %E%@ﬁy coded i nput val ues presented bi t - serially,
nost - si gni fi can i I'TS conprising: first and second i nput - tern1na|s

for recdving; 25rhue.s®ﬂzene¢19e EPEPAY 180N RHOSEEEAY Arbectearesad;
conpari Son HRASimRPRlahy V@éﬁ’r&P@E‘f&ﬁQdaﬁd aéﬁeﬂnﬁ.ﬁesaaémpiéﬁnd i-nput

termnals, for arin serl | rst |nput value wth
bi 1 of 1§ ke G ISR hagREtudes ¥ GFRLFIRAELO) e BRyars: regt "~
generating %EiﬁhensumﬂofiEhgnﬁtuarésr@ﬂtthelreamdandtimggdnarbe or unlike .

conpari son ra%go ents, the processor may then determine which
1is _complex correlation has the greatest magnitude. The
real and imaginary components of the selected
correlation may. also be analyzed in the complex plane .
to determine if the phase has changed. |
According to a first aspect of the present
20 invention, there is provided an electronic comparator _
for selecting and outputting a larger of first and |
second electrical binary-coded input values presented
bit- serially, most significant bit first, comprising
first and second input terminals for receiVing,
25 respectively, the first and second input values;
comparison means, operatively connected to the
first and second input terminals, for comparing a
serial input bit of the first input value with a bit of
like Significance from the second input value, and for
30 generating as an output a Signal alternatrvely '
indicating a like or unlikeICOmparison result;
first'latching means, operatively connected to the
output of the comparison means, for registering a first
occurrence of the unlike comparison result generated by
35 the comparison means and for generating a trigger pulse
in response to the first occurrence of the unlike



first latching neans, operatively connected to the output of the conparison
nmeans, for registering a first occurrence of the unlike conparison result
generated by 35 the conparison neans and for generating a trigger pulse in
response to the first occurrence of the unlike . .conparison result; second
| at chi ng means, operatively connected te-the firs¥¥atching neans and the
fi~r¥$_.t I nput termnal, for latching the serial input bit of the first input
5 val ue i n cempasissdm rdmultrj gger pul se and for providing the | atched

serial input bit- g L el f -‘;rgfgs at Lvely connected
to the first and %c%%%%éi?irﬁﬁ% 's '%édf%%le Se pﬁﬁﬂﬁg{:g%!iinggrreans, and
responsi ve the fdnsah pateiinggneans andihe firstginpuhstevminalecti ng one

of the inpurfp@'l%tﬁ%g?‘rhlﬂé'tééﬁiﬁ_iﬁkﬁ‘u@'ﬁ‘:{%r&f‘iﬁhéoffﬁ‘é@tﬂﬁ?uﬁherei n the
first selecting neans selects the first, i nput val ue when the Tatched seri al

i nput bi & | ¥adueinsxaspongg) thdhe (rigase BYIRP MBRsEQEl ects the second
15 input vapbhiewitEhd thd Aodwtibd ddrial inputbi it Sa® af"ogtpu€; According
to a second aspect, of thelécreqe.sent i nvention, therg is Igtﬁovq_' <gdtan _
el ectroni ¢ conpa t [fle %RﬂiWﬁ?%ﬁni9RE$RE¥Y%§Ya9? ereof “Pirst and 20
second el ecthecdirdt remd -l i input wErmeinagl e ssand echédi sesendal |y,

nost - si gni fi Al | , | SLQsJd T LAp. termnals
for receivi %%%%?1&2{%5{%%/@&%%%%1%% %_;ec%g% Wvﬁ?p@? conpari son
-neans, 3fer aeicond) lahmidne means Hior Beleqingmne c@brithe npuputer m nal s,
for conpari gg1esldstlar Hitpdtl toPftHd'@ fddttod 1 Wongsh eyt L h a bit of
l'ike significance fromthe second input val ue, and for @gne[atlng as an

) d
‘output a si Yheredm dheafiixaty selacEme Peans ke rCt e £5Fari son
resul t; 30 input Walie hdiethitlp RAithed praAidl einpworiE i £gl 4ovihe

sfate, and the first selecting means selects the second
15 input value when the latched serial input bit is a "o"
state. : .
According to a second aspect of the present

invention, there is provided an electronic comparator
for selecting and outputting a larger of first and
20 second electrical, binary-coded input values presented
bitéserially,5most-significant-bit first, comprising:
first and second input terminals for receiving,
respectively, the first and second input values;

o comparison means, operatively connected to the

25 first and second input terminals, for comparing a
serial input bit of the first input wvalue with a bit of
like significance from the second input value, and for
generating as an output a signal alternatively
indicating a like or unlike comparison result;

30 first latching means, operatively connected to the
output of the comparison means, for registering a first
occurrence of the unlike comparison result generated by

. the comparison means and for generating a trigger pulse
in response to the first occurrence of the unlike

35 comparison result; '

' ‘second latching means, operatively connected to



out put of the conparison neans, for registering a first occurrence of the
unl i ke conparison result generated by the conparison neans and for
generating a trigger pulse in response to the first occurrence of the
unlike 35 conparison result; second | atching nmeans, operatively connected
to the first latching means and the £5rst input termnal, for latching
the serial input bit of the first input value in response to t he tr|gger .
pul se and fother Skrektndatiehing Seanss @ndathe fiirah tinputyterminal, 5 o

first sel ectfgy TRgBhind gp%'hst Ie1a 10 GRRA it Q:ﬂ brfhé 'fﬁs@%ﬁ?@ond i nput

ternmnals and the second | atching neans and re éo t he out put of
the second |¥BEHEnGDNELFPORGE §9 :ﬁf%ﬂﬂ?qﬁpq t£Q&%l ues as an

out put of t ebﬂas. gﬁthecqmtmrseﬁ&wmmm Bihe dt raﬁ aed@met j ng means

sel ects the oglc of .the.first and secqn t he out put
~when the Pirst ?&F %“}?@P 'eﬁpﬁrﬁiﬂ‘{iﬁ}e cor é%%‘i f?ence of

t he unlike cbmaafn.ssn aaﬂulmccmdj inpatf |tre9:tm:|sm1€a:tand; tharsecmndcts the

first input he \M?Fé} ﬁ@ %;1&._?1 ns is set
to "1", and ¥%£Hﬁlﬁ§tm 3 edt§%§1%§§ sel ects 't sec |ﬂpd?§€alue as the
out put when sqeoadcamehamhmgnaeaﬁw iseleating 'ope oft ddhelidpul a third

aspect of thgapheacak 48 o'u'% 1tHé1@1%dt§¢dH1@“c1ﬂba¥aLQh€C”0m c logic

bi nar'y- cbllcawbaFets Ebap izt ke R KT i
sel ecting andnoufpuhbl mratl amerseas‘oﬁd risfpuan dradamm L The @otpwini -
ol Cas bei ngWBha e Einel Laning el dlin B’ A SARAR Y 10U o
si gni fi cant - birsti osturteace! wfaltihey il ike companisameesuld s andng
tree- CO”nECtﬁﬂetEl&QE”EQ1EE@3da:means selects the first input value
15 as thehoutput when the second 1atch;ng_means_1s set to
wim, and the first Selecting means selects the second
input value as the output when the second latchlng
means is set to "0". : oo
According to a thlrd aspect of. the present
20 invention, there is pxov1ded an electronic logic -
circuit for selecting: and Qutputtingla maximum of a
plurality of electrical_binafy4coded:values comprising:

o

a plurality of electronic comparators'for
selecting and outputtlng a larger of first and second P
25 electronic comparator 1nput values, the first and
second electronic comparator input values being blnary-
coded input valnes presented bit-serially, most-
significant-bit. flrst the plurality of electronic
comparators being tree- -connected to form a tree of
30 electronic comparators and each electronic comparator
including: ' . .
first and second input tefminals_for.receiving,
respectively, the first and-second,electronic
comparator 1nput values, _ , o
35 comparison means, operatlvely connected to the
first and second input terminals, for compar;ng a



30 electronlc conparators and each. electronlc conparator including: first
and second input terminals for receiving, respectively, the first and

second el ectronic conparator input values; 35 conpari son neans,
operatively connected tq:.the first and second input termnals, for
conparing a serial input bit of t hebf i r st efectronlc conpar at or i nput

vable i thcbalidy afrgditk ol ok fifieneerdt W1 0ErSEP0NaRPEERERRI O COMDar ator

i put val ue, generati ng as an out put . assf. érnatively
i ndi cat i nglélpl“iuxé’a@ru%rﬁ”r% 3 r?%olﬂllﬁ%sﬁgm-ﬂ?%%c@ aframngheeans,

ope_ratlvel be‘é@fﬁaﬁ(‘e}[mﬁﬁbﬁm th | @@rmaméonaﬁaaférlzor Ced b
registering a first occurrence e un | | son. result generated by
10 the SReIAT IR RSB Y WP ‘brer%r%& aaf'i?r%@% @1¥e in response to

the fi rst dadicatricey of Iileemlxhelﬁwpmmmsmw:ésusepond | at chi ng

"put term nal - Hieret THEqHEhe dndds  cerafhidi? looRage 88 so e’ !
eIectronicouﬁppar&ﬁbﬁhﬂuﬂﬂm@aﬁlﬁpnrmeanﬁxnﬁnrtxﬂgistarlqgea Pirst and for
provi ding b@%u%@e‘ﬂ&% SETdKd \iﬂﬂﬁe Q':c; ﬁ%ac P UL t"%?'ﬁ ' glebgUt put

fromthe second latching neans Is S|gna cating
whi ch &P t kBef m%@%m\@%@& Jenq)ralmsg%m@%sqm

sel ect ed; and relgpoinge It tiHg m&,omﬁnwldf GEne e Pilké 0 the first and
second input termnals and .the second | atching neans, and responsive to the

output of PCREPIFISHHL RS thi ng neans for selecting one of the el ectronic
‘\e@nmpar at or |nputseadndeammg)lﬂemﬁs,ofopmuﬁlm;rmmwurmr%or “Wherein

Lt e RSB TR S d ' A O SRS P
15 for latching the serial input bit of the first -
electronic comparator input value in response to the
trigger pulse and for providing the latched serial
input bit at an output, wherein the output from the
second latching means is a traceback'signal for
20 indicating which of the first and second electronic
comparator input values was selected; and
first selecting means, operatively connected to
the first and second input terminals and the second
latching means, and responsive to the output of the
- 25 second latching means for selecting one of the
~ electronic comparator input values as an output of the
electronic comparator, wherein the first selecting
means selects the first electronic comparator input
value when the latched'serial.input bit is a "1" state,
30 and the first selecting means selects the second
electronic comparator input value when the latched
serial input bit is a "0" state,
- wherein pairs of the plurality of values are
presented bit-serially, most-significant-bit first, to
35 respective first ones of the electronic comparators
disposed in a first stage of the tree, each first
electronic comparator outputting a larger of the first }



30 and the first selecting neans selects the second el ectronic conparator
I nput val ue when the |atched serial input bit is a "0" state, wherein pairs
of the plurality of values are presented bit-serially, nost-significant-bit
first, to 35 respective first ones of the,flectronlc conpar at ors di sposed
in a flrst stage of the tree, each first el ectronic conparator outputting a

f:carger of theahlr shcondaraleiﬁwmcelcmt axau‘oxecxmtatﬁméwuiisval ues as a g
-first-stage o utputting iys tra nal as, a
first-stage t#éggga ebﬁﬁ %h gé%é uftg 55%?§b5%$ng
present ed bitsignailhp,aﬂfmrst1;tagexhnadahadkrsignalhrth@efirse-second
ones of th 0 els f the tree,
~and so forsh %ggb@ h% &%ht aé@gtﬁ?ﬁgﬁ3§¥¥%§nﬁﬁfqﬁﬂ?ﬂgéﬁggfﬁﬁh1of t he
i nput val ues mQSEeSpgm@dmtawhmtﬁdmstsu gmlrefsnﬁntewege@mdtamm
_conparator di gpoggd b'ie%t'z%%fms&:gﬂfp cﬁ‘eaféééén&tage

ed to res ect| secon

traceback signal s bein esent ones
el ectroni c cofipageg: Ofs thes faeed andh sxe HibgepIente StGRP second

15 el ectromefceﬁaat&ber \ﬁi%ﬁ]lu@wmﬁﬁlﬁﬁ;ﬁ fo %ieecm - &rdNeés L first
t raceback, si gnal 500|ated e_secaqnd el ectrqni arator's first
'electronlta dﬁﬁﬁ?ﬁ ofs |ﬁﬁuP BﬁnFﬁe ﬁﬁﬁﬁéﬁ%%%’ PreF associ at ed
"with the secocdmphratcmnﬂdspmqmiaknm.iaﬁt ehagnubﬁﬂ&hﬁrtree,Gnuparator
i i nput val ue,
. DESCRI PTI ON CﬁﬁgHEQBEgV\%%é%QT ?ﬁ%@g&%ﬁ{;tg dva ltﬁ£§sll%€é}rhe | hiventi on
Will be under:espccaﬁwerses@udh@n@ﬁecﬁbmm@me%;qﬁynnnqﬂpqmparagmxspt|on in  \g
conj uncti on WaiBpbBRdds Al GRockl Whige o @let ched | AR Reodndl nary ree

“structure for I ng .t he greeatest qf “ei ght val ues; Fi igure 2A 1s a bl ock
;d,agran]0;5Onglgﬁggepﬁgnpogparator including means for selecting .

either the flrst traceback signal associated with the

second - electronic ‘comparator’s fzrst electronlc

comparator input value or the first traceback signal

associated w;th the second electronic.comparator.s'
20 second electronic comparator input value}.anduso forth

for subsequent stages of the tree. ' '

BRIEF DESCRIPTION OF THE DRAWINGS
'rhe-features-and advantages of the invention will

be understood'after-reading the following detailed

25 description in conjunction with the drawings, in which: i~

Figure 1 illustrates a binary tree.structure-for_ et
finding the .greatest of eight: values, _ :

Figure 2A is a block dlagram of one embodiment of
a bit-serial, most- 51gn1f1cant -bit-first comparator in

30 accordance with the present invention;.

Figure 2B is a block diagram of a structure of. the
comparator of Figure 2A for finding the greatest of
eight wvalues;. : _

‘Figure 3 is a block diagram of another embodlment

35 of a. comparator in accordance with the present
invention; and _

Figure 4 is a diagram of a means for generating a



a bit-serial, nost-significant-bit-first conmparator in 30 accordance with
‘the present invention; Figure 2B is a block diagramof a structure of the
conparator of Figure 2A for finding the greatest of eight values; Figure 3
is a block diagram of anothet*#&nbodi ment 35 of a gophrator in accordance
with the present invention; and Figure 4 ¥s a diagram of a means for

generating a _, signal_that j.ndicates-that, the maxi num yal h been
Ddentif i ed. DEHEPRRD'HRCATSHGITer that ke el cvalte fad Beeten:
description atdegtddiidd, a context of cellular conmuni cations systens

i nvol ving portable or nobile rag I rﬁﬁﬁ}q personal conmuni cation
networks, it will be understoodﬂné&ﬁ&ﬁ"(% sKiTTed |dr;1ﬁth.e art that the
present inSention Whileayadxrtions ofh theh@regsnt deseniption axeliti on,

bi nary val ues 4t h Ié@?& V- FRVIC tﬂéf‘&gmn i t Do somy | est

val ue and 11. g&?%%le?'r?g athlhe arﬁg:}.'gss,dtit v%%u]_'e, are_ es%??%ie%%t% €\?Evlmi;l be
under st ood t hAnvodains @aghakde ior makiile RGN dLlephanes IRIOPY for mat s.
V\;Dd9_3/ 06537 ergpnalt ﬁ:ommunicaftion nett_works, it wiﬂ%&%ﬂ%ﬁ@o?s an

aid in undersfandin resent invention r,ocess or_apparatus for
deternining tR¥ §k’9§@e§ﬁd(p'l&eqeﬁé’ Itg%tafrtf (ﬁhatathg'th‘?mﬁ’fee?3nrofﬂév%ré§1%‘?' M

“val ues camobemaiys bal naed dn dtliexrapglicmtitisi s By addition porbinary

regul ar, when =[err]l.. _For _ .m% = ho i.n: Fi 1,
pairs of the #HS t t\ﬂﬁtueag%[ g% gjocorrp_g’rée\{ld W%%ﬁ??’swsﬂf%% gllfvﬂg tree
10 having M 2smadlestparadue and 11 4.0 1) bedng Hdie aggest| vrlwg, aaxd pair
is gelected apdgR3agRd,! Hut $8C WA KW tulierdtbdd 4 @eaparators

description is readily adapted to other binary formats.




10 12-1, 12-2. The larger values of the two pairs are passed to the
final e age having M8 = 1 conparator 13, which pas / 1o Pgest
woditkst sep/usnsb7s

val ue its output. It will be appreciated that the nu

stages needed for searching the Minput values is just N 15 Even
sets of input val ues generating asyrmetéi c trees.can be efficiently
processed by a tree structure |ike that®shown in Figure 1 but in which .~
appropriate ones of the _cqnparators are absent. For exa i.f only inpus

val ues[err] werf® RBsBAtedn; Nngegstanding, £he Pres%ﬁanXFBFé-q‘l g 11-4
and 12-2 c.eééxe 6ti pai—aduemfot;hﬁeuw;wﬂgletﬁergi-eaealsd Roxpresent ed -

di tI Al t t t b
made. symmeARE o PRE ARG RAEESR)s G & Ahh SR IbTaLFerrBan b8y oes or of her
known val wdsua¥ized haspacbinary?tree thehmi=, symmetnpo, ozl ues [err]

d b d t In on
aopot o eI hE WPRCRET CFot Pekifiples Ml ON d g MOFn rp 000G
by a sui t&blgalmmerpairSOQﬁataeomm aRlues Wiavy. ave r:npmam ues
presented 30 o £i L -SeaLA! bE, aMiteeS! %ﬂ%&g@ﬁ )3 é"ﬁ/BB biagbrgand pass

the larger of t substant i a y ar ators stan
i n mar ked dork re@t1tvd tobbenlpsaer Vodkyve zﬁ%r%aqlheﬁahfel‘éa§éae§ﬁe§| t-serial

subt racti Qhshsse®@at8 ¥akdesnar Q%%&be%dﬁ&ﬁj -ns :grufz C8BhpAkhtbirest. In 35
Bher aspect of_the mvenil on, eac aagj ener at es a traceback bit

i dent A&7y 1322+ ar TR SRTPEE V) QRRLESt R¥Beback bits
for WOpRiysib Ao the final, third stage havzng M/8 = 1 PCT/USQZ/O??ZQ%J

oo 1 o oSSR AL VR bh bBgeRC 4B AR I ot SRR L0
bi t-seri aloutiys®: f i rkt wblhpabet appregiated rghadhditiecchumber saft abhges L
| g;{;gg:’“ n;ﬁt nee eded Cf§¥ €9L4POR  ng' £hEIPiRPuE Valides FdYEse/n! ! | UStrates one
15 Even sets of input values generatlng asymmetric
trees can be efficiently processed_by a tree structure
like that shown in Figure 1 but in which appropriate ones
of the comparators are absent. For example, if only
input values V,-V, were presented in Figure 1, the
20 comperators 11-3, 11-4 and 12-2 could be eliminated and
the input value V, could be presented dlrectly to the
comparator 13. Alternatively, an asymmetric tree can be
made symmetric by padding with a sufficient number of ~
input zeroes or other known values. For the previous A
25 exanmple, the input values'vyﬂy could be set to zero and
presented to the tree 10 shown in Figure 1.
In one aspect of the invention, the tree structure
is advantageously implemented by a suitable number of
comparators that each compare two 1nput values presented
30 blt-serlally, most-sign;fzcant—bzt ("MSB") first, and
pass the larger of the two with substantially no delay.
Such comparators stand in marked contrast to conventional
comparators that are based on bit-serial subtraction and
compare values presented least-significant-bit first. In
35 another aspect of the invention, each comparator
generates a traceback bit for identifying the larger of
its input values and passes traceback bits for



‘seri al, MSB-fi st éorrpar ator 100 according to the present invention that

could iwﬁ;&&gt he tree of Figure 1. A pair of binary-codegpegis9s/o7789
=S

pr esent rially, 10 MSB first, on inputs A and B to an ot herw se
conventional exclusive-OR: (i XOR") gate 102 t hat ,p[oduces a logic HGH or
"1", output when the values on inputs A and B are¥ unequal Since the pair
of . I:'nput values are presented and conparad® bit by bit, MSB first, the input
vai<ie 15 having the binary "1" will be recognized as the Iarger on the
first occasidgentifiving the cemparaters dncthe arareding Fiages that

appr eci at ed yehal &%ﬂé&l%&%é@é FOPH i shils thie® 11y Enput $&a1WeE. be known

whi ch value is the | arger I n_that case_ it .does not. matter_ which of the
20 two Eipitidy ?%%Bﬁﬁe?ba?ﬂé BBFEUF“F WRFIRA p HSBTEIRSE XOR gate

102 goes H Gompaiditicits Qﬁhﬁ"ﬁé iiﬂpleﬁaut&dA,inBa FA kI avtherwisets a
| atch_104 that r Ins set,for t g rest_of . g;he bits of the pair of input
val ues. ThEWﬁ!{?WlM%ﬁeﬂﬁ? 88 GiFEWIT. . ohventional set-reset

flip-flop, also lFEyre eaptilwstratesaone Eaﬂdoelmrﬁr o f agmall:-f or

initializing the.a U —~ nd

bet ween set ﬁﬁhp%aﬁh@# %‘%@pggé #O#) S eftdcqglgng’el S C née% 2

the ¢l ock i dimwierdficn I}hz;rtpecmhlqb imppemeat me trqem;sf Figure hk. ouAput of

the latch 1 n f Juui ;£

exa | e) |sgélz%g%zfd|ﬂ$ri #?&L'@??}Geg ggg seen |nsb ﬁgure JZA %\hen t he
n @t val ¥SB £Lilrgtyeron h-‘e?PP‘E‘h% ls anéub &8l e@ @é‘—f@rWJ@% ganyentional and

B's WRRiusidredR ﬁf@a@ atet 100 Ehﬁtf deddcus W0 apes widk], The

Q out put acts as a contro |nd| iat ed he dotted ]ine that causes
an i nput - seP&t'™ rsﬁ‘%‘?i?’r‘ﬁdﬁ‘ n t’?ﬁ) va 3854?1‘ inputs A and B are
PCT/ US92/ 07 4dRgualuch sinde ftige dpgireet E.hp’ﬁtl Svmme( Yk Jprésemtéd ch to

the *1" p05|%bp%g§%é¥ggwbrtq§r ¥tfoﬁggc% H%'f1put value
15 having the binary "1" will be recogn;zed as the larger on
the first occasion that two unlike bits are encountered.
(It will be appreciated that as long as the input bits
are the same, it cannot be known which value is the -
larger, but in that case it does not matter which of the
20 two inputs is passed to the output.) '
When the output of the XOR gate 102 goes HIGH,
indicating that the inputs A, B, are different, it sets a
v latch 104 that remains set for the rest of tlie bits of
the pair of input values. The latch 104, which may be a
25 conventional set-reset flip-flop, alsc has a reset input
for a suitable control signal for initializing the latch
‘output to logic 1LOW, or “0o", before the first and between
sets of input values. The output of the latch 104 is
connected to the clock input of a D-type flip-flop 106;
30 thus, when the output of the latch 104 goes HIGH, the
value of one of the inputs (input 2, for example) is
clocked into the flip-flop 106. ' '
| As seen in Figure 2A, when the A input value is
larger than the B input value (e.g., A's MSB is a "1" and
35 B's MSB is a "0"), the Q output of the flip-flop 106 goes
' HIGH. The Q output acts as a control signal indicated by
the dotted line that causes an input-selector switch 108,



to the conparator output for the rest of the pair of input valuées. In the
enbodi an %1, in Figure 2A, the 5 Q out put of flip-flpErAiEd2re7m20t
04! He ot her hand, if the Ainput is a "0" when the output of the
latch 104 goes HI GH, the A input is again clocked into the flip-flop 106,
and the Q output goes LOW causing the
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1 SUl | e pl ural |ty 0

and swit che§irst.t & does d%Ohdt‘a‘émr;r vhich ippug3veder is connected
PCT/ US92/ 07¢49¢the output before the output of the XOR gate 102 goes

15

20

. HIGH. . -

It will be appreclated that the Qiotrput of the
fl;p-flop 106 1nd1cates vhich of the two Anputs was
selected (z.e., whzch value was. "1"), and thus the

Q output is prov;ded as the comparator's traceback signal'
output C. The: hlnary traceback signal can be used as an

" index of the larger value by arbltrarily assignlng its

25

30

value "0" to input A and the value "1" to input B, for

example.. o - L
. The comparator 100 may also have an associated

. traceback-selector switch: 110 that_may_have a plurality

of poles (only one is shown in Figure 2A). The state of
the switch 110 is also controlled by the Q output of the
flip-flop 106, and each pole of the switch 110 passes
either an A TRACEBACK or B TRACEBACK signal from
comparators in preceding tree stages, The_number of
poles provided in each traceback-selector switch 110
depends on how many traceback signals are to be passed
from the preceding stage and the posltlon of its

- associated comparator in the.blnary tree. Thus, a binary

35

tree-can%be'impleuented.by a_suitaple_plurality of
comparators 100 and switches 110 that yields not only the

ut-selector switch 108 to switch
the "0" position. Thus, the B input is connected to the out put
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[ argest val ue of a set of I nput val ues but al so the index of the | ar gest

val ue. ﬁ@ﬁg@@é If the largest of M= 128 val ues were topﬁ,bggi%wﬁﬂe

tree wo even stages, the first 5 of whi ch woul d” hav

si xty-four conparators. The first- stage conparators would need no
traceback- sel ector switché$” "but each woul d genera‘ﬁé‘ one (a first)
traceback si gnal . Thus, the thirty-two set®nd- st age conmparators woul d each
haveé an associ at ed one- pol e traceback-sel ector 10 swi tch and woul d each
generate a JAFERPR reatBRCRIsRgREE. ofhdnpuk aalues Rnkadeo cthpaindexs
woul d each laverh €tegd11,80- pol e traceback-sel ector switch and woul d
each generate a third traceback S|%nal This woul d continue  until the

seventh stage, iFMhifARPLeondfbhe lazgast Q%M o 2B NARLNES SVRTEo| e
t raceback- stletledrfcamd £ heR@dtree! srotdide haive asmergﬁhééepemékfsrsﬁal

gener Bted bft WA AL BEEe BT Aoy SBRE R RRAE o TRR TLFSES of

tge one hunetage?@omparatkotrs-wogh need noltrecebddk+seleytdwl s "1" and
assi gne c r S

tree ig gf gl gur&&% %%n%\%dhgggéu %%eg'rrpar a‘#‘ors an %sgj;g%g%gggé{:gctor

swi t ches i ssnilglnﬁx.r atBuis n theguthizBy-thiogisedandrstage aofpardtons|err]

are 25 [éaéiiﬁ% \Pé”aﬁ'&ééoé%%%dce%ﬂ%ia p%tfl%f m%ﬁaﬂce%&&%‘ef EBE'e of

whi ch has a tracebac -selector swtch but generates one

the #Prst t FWddiehciang grenld [ each genpratp armecond hragsbagk $49§%15tage

cnpar at or sThee sfisdden tﬂht@ﬁéﬁ& ef cbﬂ ard® oTaC Y1 %IP(HM agRrs 30
12-1, 12-2, each .of S. a one tr%back selector swtch_110-1,

1102, 1 ospBERRIIRESY Joriachf EEREEORCKRE SISREe oA Bk WP EHA o
[err] and [each, Qetreﬁaﬁeeszpemir&l fracebagkneignal . semid; twoagkeback signal s

mput s of tREPENTRS Sl R aTeRtR SRR LR It en i o’ T
tracb%ack-sebvpamam twonulid hdvena gixepeaies tiracebaicksselaotiack si gnal
~[err]. One pghiech’ and would generate a seventh traceback signal.
The 7-bit traceback word consisting of the traceback
signe]_.s passed and generated by the seventh stage would
then be the index of the largest of the one hundred
20 twenty-eight input values with the symbols "1" and "o
assigned to the comparator inputs as described above.
The symmetric tree 10 of Figure 1 implemented by
A such comparators and traceback-selector switches is
illustrated in Figure 2B. Eight input values V, to V, are
25 presented to four first stage comparators 11-1 to 11-4,
none of which has a traceback-selector switch but each of
which generates one of the first traceback signals c,~-1
to C,-4. The outputs of the first stage comparators are
fed to the inputs of the two second stage comparators
30 12-1, 12-2, each of which has a one~pole traceback-
' selector switch 110-1, 110-2, respectively, for passing
one of the pairs of traceback signals -1, C¢,~2,and C,-3,
C,~-4, respectively, and generates second traceback signals
: Cz'-'l, C,-2. The outputs of the second stage comparators
35 are fed to the inputs of the third stage comparator 13,
which has a double-~pole traceback-selector sw:Ltch 110-3
and generates the third traceback signal C;. One pole of



WO 93/ 06547 PCT/ US92/ 07729 t he
tracebagk- or switch 110-3 passes one of the pair of tn K/gyemal s
o el oo

[err] her pol e passes one of the pair of outputs from precedi ng
stage traceback selector switches 110-1, 110-2. The output[err] 5 of
the third stage conparator 13 is the Iar st of the input values [err] to
[err]. It will be appreciated that the aggsaratus illustrated in Figure 2B ¢

out put s andldentlflesthelar est in % e in_a time no-lognger than
that neededthg tracep ‘%’f%?n Eﬁ }f‘agkg'gh?aﬁ&ﬁ% ?/a‘?ﬁ éé
i dentificat pﬁﬁ.rbbft l&atdamﬂacédgmm be a2, abie tire scb'ghef-l pcmel y |ess

ot 11 ed BAPRYE Sl s %ﬁ%gﬁgéﬁ%ﬁﬂﬁﬁl 22kh, ERetR e 50%8 o now

many 15 trapeba‘cid meuj:snr mmwemo—m ﬁﬁi}b-gorret'nhaasmmpwbr‘ém

effickent f h @% o] e {%@y Re di vi de
Iarggésets é%n}t%pu?iva ues |ﬁ set so? J}L thebna\ﬂ!)% val ue o? each
subset, andinput Malmeshdynkei ¥ab val ue of those subset naxi mal val ues. 20

In pr actlce a biygakss oy g5 eSPet o ﬁﬁaﬁa{;ﬁboag,ﬁgm@ that shown in
Fi gure 2A coul d suffer from undesi rabl e Iog due to varying
propagat i oniddmsErated dar Figpxe 23 QOrEPUts st W®odi ment - of
a conpar at o a¥glést rinaswrmrw i té timeZho longersuﬁarl rBiedt i eedddt

avoi ds such Io%§ %alt Ai;tf)s}[r of #ﬁ ut _Dbi nag ded, val ues "are
prestht ed bFe- Present f achn gu’l“?‘%‘“a &h ot herwi se

convent i onahd&ﬁ%ﬁw&tﬁ% by [4tse e!arhcébbekngordnnayt b @ivesictdlyle oin he SEU
i nput of a s et [ | O t Qe 00, the
out put of gﬁ?‘gnﬁ ]@Pr‘?hescﬁo %"QT % TR B?'Qbf Qasg'e?ige{ialﬁ%épe flip-
flop 103'. malgmfﬂuqa fingutl 0&ilue mmwebydansiﬂ;egaeamlgml Thesei s

synchroni zed 5{/2 ¢l %}@?gﬁ CavAPVALYE! o mERE the
flip-flop 1%8’ [ SI& aesgse ém:gl:llﬁlp aETi?llén Et o° %n he e%?ﬁﬁ 1(%'&!95;,[ he
out ptR of wihpht values must be searched. It may sometimes be more _

efficient from a hardware size and cost point of view,
however, .to divide large sets of input values into
subsets, find the maximal value of each subset, and then
£find the maximal value of those subset maximal values.
20 In practice, a binary tree comprised of comparators
such ag_that;SBown in Figure 2A could suffer from
undesirable logic glitches due to varying propagation
delays. . Accordingly, Figure 3 shows a preferred
__embodiment of a comparator 100' in accordance with the
25 present 1nventzon that avo;ds such logic glltches. A
i _@£ Ainput. binary-coded values are presented bit-
';.?ZMSB flrst, on inputs A', B', to an otherwise
conventional XOR gate 102'. 1Instead of being connected
directly to the SET input of a set-reset flip-flop 104’
- 30 as in the cbmparator 100, the output of gate 102' is
'“ccnnected to the D-input of a second D-type fllp- _
flop 103'. The flip~flop 103' is clocked by a BITCLOCK
signal that is synchrcnlzed to the presentation of the
input bits. ,The-Q;output,cﬁ_theﬂflip-flop 103! is .passed
35 to the SET input of the latch 104', the output of which
clocks a D-type flip-flop 106' as in comparator 100.




' clocks a D-type fliip-flop 106° as in conparator 100. WO 93/ 06547

PCT/ USQ 4 Besides beneficially elimnating the effeglg/8592/89¥39"9

propagaﬁngﬁégféys by synchroni zing the operation of the coggg}ator to the

BI TCLOCK signal, another effect of the second flip-flop 103" is to delay

slightly the 5 resul t* ofi the decision by gat@t02' whether the two

I nput bits are the sane or different. Thd& i f the flip- flop 103" were
si¥ply inserted into the conparator 100, the input-selector switch 108

mnuld not take oBesmdeanhengftcaﬂblnnellmgnaghngyt&anﬁfﬁ4ﬁ¥$rﬁﬁt bits

were 10 g&oﬁ&hﬁ% vgeng ¥abyes9i-l&h§'o?z‘iztﬁ@3%ﬂé | dperdesent ed

at the conpar avoi arily selecting the wong input
val ue as a P@s&bﬁ @Pﬂﬂ%ﬁaﬁﬂﬂeﬁﬂ EhﬁDEET& F¥§&En§éhe@mﬂtﬁﬁﬁt a¢k:
conpri si ng BEVEhEOEéﬂaﬁdﬂfilﬁﬁfibﬂaié§’1@8 tolaelay hﬂmg ﬁhés

provided. The |nput selector, switch 108! h ta 1) an injtial
state® in whPEHithe smrﬁﬂwl%hﬁlfegafﬁ StﬁzER §§FZ‘ el:’?P'A'E

state; and p3rsaaxe the BHidter dDfféfentiti Thustati€ ﬂﬂuaflﬁpﬁ sel ect or
switch's unc has the, effect_that 20, .0l u

pronpt |y go@é S"o% Voicite cﬁ’f’f%i%n}nieﬁgﬁéBlPﬁﬁu{tg%a?%q%% LA ?l'wél)'h t he
bit val ue bthengnp@ﬂHSéIEnﬁcwgsw1tohu1085wpnédenb¢dtakeﬂun(nhqnu mﬁthout

it f t . 0 ls fdiD-fl
105 "7 PhebREeRe Biadd dii T pohery archs BheRDHE HikS woad ! OF
connk@t ed tprBBsntsdbaﬁaﬁbﬂmﬁnwmmnga“dluﬁ FﬁéléebectespﬂﬁﬂRiIXhe B val ue
@\/the |npubrgsebg§gfg&pqhﬁgdgsc Qﬁ egfpgﬁgbgg out put, both for the rest of

the pair of "I npu ues. as ed above. AS seen in Fi qure 3,
sui tabl e t hree- sT& aviaisiitempprarily| gelgrting: ‘éhews‘onaor%m%s"ﬂ%

two-input NABDaggea%n1¥0% e leHar 1&§ia§, thdibgeaa&ﬁbu%elé&ﬁmal i zed

reset the NAND gates 108’ | 08 ; are bo
( ) switc 08! comprfblng flVé conven 1ona§ WHH% gates 108'-
15 1 to 108'~5 is provided. The input-selector switch 108!

has three states: (1) an initial state, in which the
switch 108' behaves as an OR gate;'(Z) a select-A state;
and (3) a select-B state. In the initial state, the
input-selector switch's OR function has the effect that
20 the comparator output promptly goes to "1" when different
A and B inputs are presented. Thus, the bit value
belonging to the larger input is presented at the output
without waiting for the output of the XOR gate 102' to be
clocked into flip-flop 103'. 1In the select-A state, the
25 A value on the input A' is connected to the comparator
output, and in fhe select-B state, the B value on the
input B' is connected to the comparator output, both for
the rest of the pair of input values as described above.
As seen in Figure 3, a suitable three-state input-
30 selector switch 108' comprises five two-input NAND gates
"108'-1 to 108'~5. With the latch 104' initialized
(reset), the NAND gates 108'-~1, 108'-2, are both fed with .
a "o" from the latch before unlike input bits are
encountered, forcing their outputs to "1 irrespective of
35 . the outputs of the gate 106'. Thus, the outputs of the
NAND gates 108'-3, 108'-4, are merely inversions of the 2
and B inputs, respectively. Also, the output of the gate

N,



a"o" frontthe latch before unlike input bits are encountered, forcing
"1" irrespective of 35 the outputs of tPETABR/GTIY.
Thus, the outputs of the NAND gates 108' -3, 108' -4, are nerely inversions

their og&

of the A an
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t he i nversi
both the A

out put of X

on the inpu
108' -4, inf

d B inputs, respectively. Also, the output of the gate WO
PCT/ US92/ 07729 108' -5 is
on of its (equal) inputs, i.e., A ORB, which is the sane as

cROg T R bl e forh i 168 (S| LB e  ARR o

have gone
H GH, | atch Be4whdlchclis tuixe sameatas ibothtthefAipndl Bp:.mtsatasb semg a "1"

t S0 ae by paSS|ng to gates 108' -3,
oéna{tpgnhaén%f (ﬁt& aﬁe é\agéng |n uts {is."1". Thus, an

i nversion of the Whem fhe @rutm:t of {X0R-gate l@% and the Q sutimden®ed to

the ingputs
IS presente
and a "1" a

Of14 e FIRLF 1538 Hhvelgbrid) HIUE] S1QEcRT 1088 SreMIteHd 2. |
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ure t'he Q out 106” “i ndi cat es whi
d Bing t§hﬁa§:i§RRﬁe*F |¥P%ﬁt

thPBsehic@d &nd tﬁ@‘ﬁﬁmﬁ&iﬁt Qf)l&ap&lé o8 a—spntﬂ:al itlsgloﬁttpf\ﬁ:r a
traceback-se

goes LOW. TI e B-input "o and a “0“_are presented on the
inputs of gate 108'~4, and its output goes HIGH. Thus,
the output of gate 108'~5 goes HIGH. If the A input is
“0“, that ngw and a "0" are presented on the inputs of:
gate 108'—3, and its output goes. HIGH. The B-input nyw
and a "1".are presented on the input Jof qate 108'-4, and

its output goes. IOW. _ Thus,. the output of gate 108'-5

R g §r'e%% e@'ﬁbesche’rfin uts o g e §6Birbgd above in
w th Fi

'_again goes HIGH. 1In either case, the output of gate

25

30

35

l08*'~5 continues to track the 1nput that was. nyn for the
rest of the pair of input values.

As described above in connection with Figure 2A, the
Q output of flip-flop 106' indicates which of the A and B
inputs was selected ~and is output as the traceback
s;gnal c'. In addition, Figure 3 shows the Q output as a
control signal for a three-pole traceback-selector
sw1tch 110! that passes A and B traceback signals from
preceding comparators as described above.

As dlscussed above, ‘the maximum value 'S
1dent1f1cation hy the traceback word can become avallable
after a time period significantly 1ess.than_that needed
to present the'input values. A Suitable means 112 for
generating a signal that indicates that the maximum value
has been identified is 111ustrated in Figure 4. Such a

ch

¥ §§dtﬁe '"L"a@&8ack si gnal
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30 switch 110' that passes A and B traceback signals from precedi ng
conparators as described above. As'‘di scusséd above, the maxi mum val ue's
i dentification by the traceback word can become available after a tine

period significantly less than that needed 35 to present the input
val ues. A suitable neans 112 for generbbing a.si ‘gnal that indicates that
the maxi mum val ue has been identified is ill usst;;:, ted in Figure 4. Such a

16 generatgéﬁeﬂ‘ﬁﬁﬁ.&gliféaﬁﬁl ‘12 F&aﬁ-vlw(bzm\ttd@d WEthoeithexrc@mamd ors 100,
100° and traceback sel ectors

of a sel ec?B’?‘PgﬁF%a?squ's '?cﬁrfl CFW%r 6 n%%'tﬁ%?gl guﬁ‘ﬁ'g'S 178 State

conparator's thﬁeﬁdm fHoFigure 4,e|ﬁﬁerst3mefbfpaf lsemeﬂ:&&n n the
conpar at or

o e smedftarl T e e W SRR L, T2

ot h& i npud:onpathtokl\ll Pettypiel €liip-diiopectidkd o e.’nbh&Tthet yftlu.pﬂflop of

t he conpargj %a‘i‘a’t@%ddﬂt %?%ti‘é”;zh:é% Jf’é ipgt ﬁg_gﬁ gtors 100,

100' respec€| vely input’s detérm ne gate's
out put Si gmmpnatnc gio@ial.s th:ouﬁmxt ak t{ih%s%‘nl-bqht d1&hdsi nputs of the

Swi tch 114pfé§eﬁlesa0%p%sf 1§é S &hR the oth@stes 116;
it wll thus grematedt at the SI nals E, F, are different fromthe
t r aceback %‘P@W&I QTh&he AYDogatee 148 d& W%qt?ﬁ%sttheﬁgm oyfput

gengy ati nofregns ¢drpatrateroy detdh (d. @.r}naihémmsaibx sn.tmltagntg tPe
ptovi de us

Kk I
@5 the 11 TRBRERYeRE 400G BPBC n3EoRAnr LIRLLKT coTBPee ARBHEE 110
110", the detetmihegthef stiate! e thee ANDogatedds auwtmheshgnag Deans 112.

oneerherang s fonb 1A ES B’ SR b DRG0 SILL Bl el rfhe 20
out put s ofswitchrlificaret thesoutpuss from the preceding stage's AND
15 gates 116; it will thus be appreczated that the s;gnals
E, F, are different from the traceback signals handled by
the selector switches 110, 110°'.
The generating means 112 are provided in a manner
substantially similar to the manner in which the
20 traceback selector switches are provided. Just as the
first stage of the tree does not need any selector
.switches 110, 110!, the first stage of the tree does not
need any'generating means 1l12. The signals E, F, that
—/ are input to the respective switches 114 in the
25 generating means associated with the tree's second stage
are just the SET outputs of either the latches 104 or the
latches 104' of the first stage comparators 100 or 100°,
respectively. When the output of the last stage o
" generating.means's-.AND gate-116 -goes -to "1", the
30 traceback word presented from the last stage of the tree
is valid (viz., the traceback bits identify the maximum _
value), and the search can be halted. _ ) i
It is, of course, possible to embody the invention _
in specific forms other than those described above _ !
35 without departing from the _ ~_invention. The
embodiments described above are merely illustra;ive and
should not be considered restrictive in any way. The



| atches 104' of the first stage comparators 100 or 100', resbecfively. When
the output of. the |last stage generating neans's AND gate 116 goes to "1",

the 30

valid (viz.,

can be halt

specific fornms other than those descri bed above 35

fromthe

traceback word presented fromthe |ast stage of the.tree is
ed. It is, of course, possibleltd enbody the invention in

generat:.ng héwRat 109 caE[ hBeeﬂiaedh.aaat wides @itlesr abpvenér e

W t hout departing

nerely illusfrative and should nof o] ed. restrigtive
The Y gener SOMRL ﬁ&ﬂﬁ?]ﬁ%ocaﬁoﬂe'p?ﬁé gg Bfike thﬁé%ﬂ rii@ n%% at or s

100, 100',
state of a
conpar at or’

and tr pehaeidne! €6t Pigutd 04, 16Re. sBater i@ tseXegtor 4, the

SEuiigd Lfﬁhl%%é‘?#gﬁf?%ﬂ & fohitpy® 85 Yei o (e

conparft or lgomparatior fs ih-type fDEp-fhophéicenpardtiveriie . £1 ifpref bop put
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ot her i nput
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the traceback bits identify the maxi num val ue), and the search

t he conparatccmpﬂnﬂhdr(lﬂ@') t HEhe aoutput 104, th94swﬂkﬂhuikbﬁparators 100,
- 100 respecg&ée%eaw é%&tdﬁ s Aept haeat 148 ofaa&etxfé\lfbaeéf S

output si gna

switch 114

e SI

alBpPuke o@tqm AND Fatecllf eé‘-éd‘i’%“%?‘é@é §°AN|§31§ET outRut

at  are preésented he~i nputs of the

116;

ltt Wlibé LhUSo?etﬁrépl h&:%l ﬁ\:&fﬁé Iﬂ@cﬁltgﬂaés, FthE latehdd fxoent164 onig he
raceback sigpals ha e se Or _SW

generating Rs C?PPaa"'r% \A‘%d }‘#ﬁg" nﬁm?c ?’Xﬁt‘l aquia?%? r#‘?%‘ftﬁ 0
manner in whiekeiimdne Zﬂxe staiasedaﬁc&ieemmtgatemst ohtputr sigmi ded.
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112. The sigawitch 114 @re the Jugpnts ofxom tleepm:eceelm ietinge 15l AND) t he

15

20

25

gates 116; it will thus be appreciated that the s;gnals
E, F, are different from the traceback signals handled by
the selector switches 110, 110°'. - -

The generating means 112 are provided 1n a manner
substantlally’siﬁiiaﬁ to the manner in ‘which. the _
tracebackwselector-switches are prov;ﬁed. Just as the

firsﬁfsﬁagévcf=thentreefdoes-not need any selector

 switches 110, 110°', the first stage of the tree does not

need any generating means 112. The signals E, F, that
are input'td§the respective-switchcé-lle,in the
generating means associated with the tree's second stage
are'just“the'SET'Outpﬁts'cf either the 1atches 104'or the
latches 104' of the first stage. comparators 100 or 100',
respectively. ‘When the output of the last stage

’ generatlng means's AND gate- 116 .goes.: to- "1, the .

30

35

traceback word .presented from the last stage of the tree
is valid (viz., the t;aceback-blts-ldentlfy the maximum
value), and the search can be halted. : _

It is, of course, possible to embody_the“ihvention
in specific forms other than those described above' o
without'debarting from the : f'_ - invention. The
‘embodiments described above are merely- illustrative and
should not be considered restrictive in any way. The

theﬁgy

Just



generating means associated with the tree's second stage are j ust

the SE of either the latches 104 or the | atches 10 Cﬂ?ﬁ st
st age gﬁﬁg"épﬁs@?s -100 or 100", respectively. Wen the output #1}6 ?igr

stage generating neans's AND gate 116 goes to "1". the 30 t raceback
word presented fromthe |4st stage of the tree |% jalid (viz., the
traceback bits identify the HBX|nun1vaIuéf and the search can be halted.
It ¥'s, of course, possi ble to enbody the invention in specific forms other
t han those dedpeibédthboua«ﬁhtlon\mstgnﬂeﬂd@ﬁrthegappendeﬂeclaims,

. ! : : g
shoul d noi TACHSECEAERTERES (HRRdd ! JEKHEI L Fofly Bhd bt Banttd!
PCT/ US92/ 07ame squpva&enttlsemmmﬂairi Wsl‘@lmntlb? raagappénm claiims

rather thampide; REgR8EENEoIBRCd npyariations and equival ents
whi ch fall m%thfn t e range of the alns are |ntended to be enbraced
t herein. * L Mm S * CLAINB 1. An electronic conparator for

sel ecting and outputting.a-larger of first and second el ectrical,

bi nary-coded input values presented bit-serially, nost- 5 significant-bit
first, conprising: first and second input termnals for receiving,
respectively, the first and second input val ues; conparison neans,
operatively connected to the first and second i nput termnals, for
conparing a 10 serial input bit of the first input value with a bit of Iike
significance fromthe second input value, and for generating as an output a
signal alternatively indicating a |ike or unlike conparison result;



| at chi ng means, operatively connected to the 15 output of the
jtﬂ&” Imm“ﬁ“ registering a first occurrence of the unlike
'Lenerated by the conpari son neans and for generating a
trigger pulse n *response to the flrst‘fccurrence of the unlike conparison
result; 20 second | at chi ng nean§ operatively connected to the first

Iatching ng n nd the first input tern1na|, for latching the serial input ™
o ﬁhigg o

bit of th i nput value in response to the trigger pulse and for
provi di ng the | atchednselieditriondidd dontpaaiator didpudel@dting andi r st

Corm nal s SREBERESBE. ) 4Eakah B Tt o Hocdnd o SR8RNL (TP o
t he secondbinarii-cgdedainpluds \@é.lm rprxg:aam:eﬁ hite-semiallyl upests  an
out put Qf éfﬁngkﬁehﬁeﬂFﬁ§§?32%%ﬁen%ﬂ?ya\M¥§E”r'the first selectlng nmeans

selects the led serial input bit is a "1"
state, and the fiﬁ@t §§ﬁe@ﬁpﬁ@ drdapts feaminalfe Lox Freelvpingyval ue when

the | at chedesgabalvinpyt chiel fizst Hid Wetiohd mput vathes; An el ectronic
corrparat or accord claiml1l, wherein i son nmeans is a

ing o
| ogi cal exclusF?@PgﬁlﬁgpemﬁéFﬁngqg?ﬁﬁﬁﬁ&ﬁ;ytﬂﬂ?Q?rgéélg?d%ﬁﬁg nmeans -
conpri ses fifstsandesecond dnputptierminade,nFoxetcamphriasetai nput 5

oo Ty F951 AR SHERY, pHE o Rl ok A kIR e BB AT Ot
excl usi ve- Iﬁkgasegngfnnancehércutp@e second finput fvalnel and for from a
" " state# aﬂ_-,-,_nat é;b"&% Q“tsﬂ!ghaqf tlh:%ﬂ-&tfl}:ﬁi yisive-OR gate

i ndi cat es |rst ang secon yt val ues are une and the second
| at chi ng nkaﬁscaglagsécéﬁkefpﬁpunﬂébe comparison result;

first latching means, operatively connected to the

15 output of the comparison means, for registering a first
occurrence of the unlike comparisbn result generated by
the comparison means and for generating a trigger pulse
in response to the first occurrence of the unlike
comparison result,

20 second 1atch1ng means, operatlvely connected to
the first latchlng means and the first input terminal,
for latching the ser1a1 input bit of the first input-
value in response to the trigger pulse and for
providing the latched serial input.bit at an output;

25 first selecting means, operatively connected to
the first and second input terminals and the second
latching means, and responsive to the output of the
second latching méans for selecting one of the input
values as an output of the electronic comparator,

30 wherein the first selecting means selects the first
input value when the latched serial input bit is a "1*
state, and the first selecting means selects the second
input value when the latched serial input bit is a "o"
state.

35 2. An electronic comparator according to claim
1, wherein: '

W



having a data input term nal operatjvely connected to the first input
termnal and a clock input termnal” 1 connected to the ou”"m,m'"zlnﬂs

first flip-flop. 3. An el ectronic conparator according to L&!"MH
wherein the second flip-flop generates SL ty aceback signal to®inticater

of the first and second i nput val ues wag-Sel ect etliby the first selecting

neags 20 An el ectroni c conpar at acc_rdln to claim3, further
conmpri si ng secondtggl EOMPRG L0 eangs 36n & \?'é’qlt?al_,;éee’icr%éﬁé'ﬂéﬂ:‘t@%l gnal , for
al ternativelgatel baving ent battpatf;i r st traceback signal assoglateﬂ mLth t he
first input valueg o] nal 25 assqciated with the
second |Eput vaIueﬂgagé%ggn&gﬁéhﬁﬁgbﬁgég%ugqgﬁﬁ&ﬁ%ﬁj33 WERF first sel ecting
means. 5. ¥@sertablenifdipofapaheviageeeti apd weslesi minputf urt her

conpri si ng- I@@fﬁlnamerahavshyoﬁEBﬁ%CE%Q Egobqﬁl % e@@i‘%ﬁ@%?d flip-1lops,

for generati I g I ndi cat t hat arge ue has been
i dentified. EﬁhseﬁmWE?ESFPoﬁhe éGﬁp&P&P&rtP§ml§éﬂe@ﬁ epexatiomelytti ng a

| arger of fi¢shinestdedeeendhe! eﬁt:pueabf Eheaubg%é&debd&%sl‘@ s presented
first and second

b |1 t bi_t r1sing:
|h;ufeigfn1ﬁ%7€gsﬁ? Eg%ﬁ.bﬁﬁQOUEPu eQEeELFv§F§Stt ip-fdepad® &atond
i nput . val uesﬁrmn@arowataeenso apeLat svaty wheneche?o})mtphh?d;ﬂhrtﬁe ?2?

d r u it o e fi
Thpat Vel e SYEpERLpetor, bEte RRLAEL T AR, kR pl B BecaBe R B val ue.
and for genéW%kﬁ%@ ageannequpmr andi gnal alternatively indicating a |ike or
ublf ke compari sonhiéssétond! 1atchihghidnd®28%a BRELAN. ¥3lp-giapect ed o

t he out put the CO arl spon neans reg | Ster occurrence
of the Enl i a? i 43F2 r RRRE 5@%@%&%doa?reﬁévegﬁpspngsﬁtedamg and for

generatingithéliiﬁﬁtpﬂhp@t terminal and a clock input terminal

15 connected to the output of the first flip-flop.

3. An electronic comparator according to claim.
2, wherein the second flip-flop generates a traceback
signal to indicate which of the first and second input
values was selected by the first selecting means.

20 4. An electronic comparator according to claim
3, further comprising second selecting means,
responsive to the traceback signal, for alternatively
selecting either a first traceback signal associated

L with the first input value or a second traceback signal

25 associated with the second input value based on the
input value selected by the first selecting means.

5. -~ An electronic comparator according to claim
4, further comprising-means,'qperatively connected to
the first and second flip-flops, for generating a

30 signal that indicates that the larger value has been
identified.

6. An electronic comparator for selecting and
outputting a larger of first and second electrical,
binary-coded input values presented bit-serially, most-

35 significant-bit first, comprising:

first and second input terminals for receiving,



|n response to the first occurrence of the unlike conparison result; second
i,mlﬁﬂm"ﬂ ﬂl’lﬂm atively connected to 15 the first |atching neans and
nlnal for latching the serial input bit of the first
|nput val e Tn % esponse to the trigger eﬂ\se and for providing the |atched

serial input bit at an output first selectlng means, operatively connected

to 20 the first and_s 3¥{ t te als and fhe s d |l atching neans, -~
and responsi T&SPECFRYE, V rﬁ?qQH AR ﬁﬁg UeR% sel ecting one™

of the input vaIuesmpardsomuh&stqfdpsraﬂnnﬁkynucnnsn#eﬂetcwthQMere|n t he

first select Ical 2 f t_and second

I nput val ueskgg gﬁgﬂgu% C%?l\ﬁé"%‘li’%n Q:%lﬁ@tnﬂ%% c%%nzo Cénﬁaé*}ﬁ Fot regi stered
the first ocserns&cenoutt ipd. tugifi kéxeccﬁqmﬁ smputescalue aicth e it sof

sl ect | s Toie" BRI 1cARCe) ¥or U i dmgie VUL HhETESpe second

| atching neans Is s 1" he flrst selectl means selects the -
second i nput ISBPLRLABG: RS Tk QULPMTe® Bgnade HF s ¥R ¥reans is set to

"0". 7. AnigH2ehteALC aC UIRY FrolndGke dﬂd&ﬁaéﬁs‘drﬁlfééllw\#‘lerel n: 35
t he conparison ne

IS | ogi cal exclu3|ve e eratl nnected
to the first and géESﬁdlatC%&né meansy opgrat é&%ﬁn Qﬁ?ﬁ?ﬁ#iy d¥2% or ni ng,
at an out putoﬂtpubeofoghealcowpelnisomu@mt d£om regieterinh catfigst
| ogi cal h AR d he
(irst | aSni RGCHERRECRoRs, this, Wil " RiEi ot Ledle Henckated 010, |
t he out put otheheompgmabnemlam mogag@nenatrzeyaewmer \RUlse
| ndicating whgt PREpEALECERORHeNE1Risks dafcd:*i%ﬁdé ot mm&' nput values \j

are equal or unequal,
comparlson result;

second latching means, operatlvely connected to .
15 the first latching means and the first input terminal,
for 1atch1ng the serial input b1t of the first input
value in response to the trlgger pulse and for -
providing the latched serial 1nput bit at an output,:
first selecting means, operatively connected to
20 the first and-second input_terminals,and the second
latching means, and-responsive.to_the-output.of_the
second-latching-means-fpr*selecting'one of the input
values as an output of the electronic comparatcr,=
‘wherein the first selecting means selects the logical
25 OR of the first and second'input valués as.the output
when the first latching means has not. reglstered the .
first occurrence of the unllke comparlson result, and
the first selectlng means selects the flrst input value
as the output when the second latchlng means is set to
30 "1i", and the flrst-selectlng.means selects the second
input value as the output when the second latching
means is set to "O". L
7. An electronic comparator according to claim
6, wherein: _ : : .
35 the comparison means is a logical exclusive-OR -
gate operatively connected to the first and second



10 wherein the first flip-flop registers the val ue in synch

train of bitclock pul ses applied to:ttie first flip-flop; and mmlﬁlm"l””m
resettable flip-flop operatively connected to an output of the fg

flip-flop, wherein 15 an output of the sgosnd flip-flop is set froma 0"
state to a "1" state when the vaI ue registered by tkefirst flip-flop

I ndicates the,two Pﬁput val.ues s are unequal ; and the_second | atching

means conpri sd@PRY HETRIMRLS . 583: ’#9%%@r%‘tl%l‘§l‘%ﬁ?\e‘ﬁe§‘?o t he second

flip-flop andloddalr :ﬂxd]muitvet-&mng‘wde, Mesﬁgﬂahmm&wlﬁ ahe third
a,"J" state in

flip-flop is alt tively set el ' Q" e or

correspondenci ?‘tc%qt ﬁé‘#}%ﬁ"ﬁ toeilatt}t&afslﬁ't 'ﬁ rse%%%%euf%u'f he second
flip-flop's 2%¥alueszut changing state; and the first selecting neans is
operativel g connec L€ 1y %fé) é}%&g ermnal s and the
second andgthl rd f}t?% #’ops 1‘_‘{ éﬁ‘%lhrgans % ngé neans sel ects the

| ogi cal OR of the B Edxstmfldardon mperavively ronnected tutthe when the

second flip- fbaepu% oF thie '19gidal exdAifhive-dr rg'%ttéeﬁ&etf | SESPeng el ects
the first input | ue ,as, the out put when the third fll%%&%s set To "1",

and the first3s¥PeYG ﬁ@m%l@ﬁ@ﬁ%&%ﬂ?’? £h¢e out put
when the 35 El:itrbd Enidp sédcrind Irprit valuks ke eq‘ttalelcﬁctu:mqualt,ormar ator

accordi ng ai.m e t.he third flip-flo enerat es, a traceback
S gnal cotPnaRbRrELR, the diHet Bt A, Segadbe e T DR TS W o ect o
by the first syhebiomy mmsa Tradim eﬂﬂemmaclcqrqieam appaheaﬁ dieng to

cl&mb5 8, quhPeFE lEplfll or;g.“fel ecting neans, responsive to the
traceback signa for alte natl sel ectl ng either a first traceback
si gnal associ ated ® SgcoRe fre,sgtq &%ﬁd’ﬂlﬁaceback si gnal

connected to an output of the first flip-flop, wherein
15 an output of the second flip-flop is set from a "0
state to a 1" state when the value registered by the
firgst flip-flop indicates the two input values’ bits
are unequal; and . : .
the second latching means comprises a thlrd fllp-
20 flop operatively connected to the second flip-flop and
the first input terminal, wherein an output of the
third flip-flop is alternatively set either to a "O"
state or a "l1" state in correspondence with the first.
W input value‘’s bit in response to the second flip-flop’s
25 output changing state; and _
the first selecting means is operatively connected
to the first and second input terminals and the second
and third £lip-flops, and thé first selecting means
selects the logical OR of the first and second input
30 values as the output when the second flip-flop is in
the "0" state, and the first sélecting means selects
the first input wvalue as the output when the third
flip-flop is set to "1", and the first selecting means
selects the second input value as the output when the
35 third flip-flop is set to "0".
8. An electronic comparator accordlng to claim




‘associ at ed wth—tHe- second i nput val ue based on the 10 input value selected
b ting nmeans. 10. An electronic conparator according to

c”"’m "ﬂ fmonpri si ng neans, operatively connected to the second and

thi‘rdc lJpﬂ for generating a signal, that indicates that the |arger

val ue has been 15 identified. 11. An 8+ ctronic logic circuit for
selectlng and out uLtlng a maxi_ mum of plurality of electrical

. bi nary- codelr v¥RgEEiR, §hdgd élﬁ-mrf%qpt gesrerates @ fixacshack ators for .u'
20 sel ectigggnal ﬁf&t mnahbaﬁeavﬂhaw%gofthfel rﬁrﬁ&ﬁ%&m C%Crgdnpe%é% 8 nput
comnpar at or ut val ues secon
vaFEes be|Hﬁag?ﬁﬁrVasc88&8CSEHUEVV§$GE§1EF@3ééi%?qiqSkﬂﬁﬁQﬂ4y nost -
significant-bit 9LrstAntb&ethbahbfwombaebeﬁkfQ@dbﬁ#ingﬂﬁéfdmé¥§ Fel??onlc
t ree- connecg e ect roni arators and each el ec
conpara?gﬁg?f%%é#%gLH%gwé%igﬁﬁgsgggﬁ&dlﬁﬁ&F%& P83 %0r receiving
respecti veIJyespmsivestoanhesBrandbalckc'sn.gmad.,3ﬁfozcammam.velgut v?l ues;
conpar i son JEepdSr i RGE I c e i npu
temr)n nals, for. . col grlé%{:hégsér %g EnE%th%BaEﬂ Phﬁgtll %s%t% e q:’[%rq%)nl C
conparatorW?ﬁkntbﬁlﬁérﬁFthnBublFaéﬂelPKeasBQﬁpﬂﬂcﬁﬁ@@ehaﬂktﬂugﬂ&isecond
el ectronic a‘éﬁﬁ@i@&@d wieH! tHal secoﬁadlﬁgﬁtgea%ét LaGed ol tid PUt a signal
u

at hi 9 mHREE GPRFUE, selecleribE: Che: 5i¢AE SELBGELA8 MRERSompari on
means, for reg|51@r|ngnaelecsfontcucamgafaﬂbrtaecbﬂauhgét??Fi%!%Dgu{gzula
gener atod, ), mln 0B 00, B USaRA LAEPAERSLTY Mehethpd0th
the second and third flip-flops, for- generatlng a
signal that indicates that the larger value has been
15 identified. ' E : _ .

11. An electronic logic circuit for. selecting and
outputting a maximum of a-plurality,of electrical
binary-coded values comprising: '

a plurality of electronic comparators for

20 selecting'andIOutputtihg a larger of first and second
electronic comparator input values, the first and
second electronic comparator input va;ues'being binary-
coded input values presented bit-serially; most- -
significant-bit first, the plurality of electronic
25 comparators being tree-connected to form a tree of
electronic comparators and each electronic comparator
including: .
first and second input terminals for receiving,
respectively, the first and second electronic
30 comparator inputfvalues; _
comparison:means, operatively connected to the
first and second 1nput terminals, for comparing a
serial input bit of the first electronlc comparator
input value with a bit of like significance from the
35 second electronic comparator input value, and for
generating as an output a signal alternatively



second | atchi ng neans, operatively connected to the first |atching neans
and the first input termnal, 10 for l|atching the serial u"’uﬂyﬂul f

first electronic conparator input value in response to th Im'jm! 7",
and for providing the latched; serial inpu-bit at an output’, fheteih tfex
output fromthe second |at’ching means is a tracebdek”signal for 15

I ndicating whj st e f iqrs [ rator input values
vvagt‘sel ect e\(lj\l?haaﬁggf'lltrr%f asélgéc? ?%g 'ﬁnglg'ﬁ%d c?g@%a]_{%rfyf%%%tt ed-to the first
and second input £&xmthdiatcing meansuompearatdvely menmected tesphasi ve to
the output obutpat26s ¢k Edmlarlidth M?ﬁs,f-cﬁofﬁéé‘q‘i%éé‘&fﬂﬁ LTedhge

el ectronic conparator input _ values as an output of e electronic .
conpar at or, RAEPEFRNCS: Of the nldky qempagisar | xaqult [generated byt r oni c

conpar at 05 i ohat cofpatiom rditid Andh Fbrs Yentlirdtitg Didrigyer ‘Pursdate, 25
and the first_sel ecti ngI rrean%?sg.-ects t he secondcge troniC corparator
i nput val ue WReRSFRE™FE: Mo FiiSe FESY QGRUTERENGSs of sﬂQﬁ%ﬁeWMgrgln pairs
of the pluratonpaviisoal wesudte presented bit-serially, nDst-signlflcant-bht
first, to 30 respaahi-y¥e bt f,t | ¢, conpar rs dispose
in a first stage 8?“.1e 9%§§§hgﬁgﬁ%é¥¥tg@F%%?%%%ﬁ'.éb g?aéﬁ; tputting a
| arger of thehei firsindascbing meams endc thenfirstodinpytutteratingl as a
first-stpge poEPYALEhIRdl tABds@wiRY! 1Pt bit! bFCePACK;33si gnal as a
first-stage tiaceback S|gnal, the first- stage output signals being
present ed bi B+€EFFORLy comparater ROpRE Saluen&§trﬁﬁﬁﬂqﬁQu§ﬂ-§hQ first, to
rSspecti ve se:eﬂgdeﬁnpgleé ftaha ebfcpmﬂb&aiﬁgmheatuat&mf aRs @1 n a Sfpf)n?h
stage of the; : o_fort r subsequent stages_ o e tree unti e
maxi num of tﬁ%ﬁﬁﬁpﬁggvg udt nggugas¥§8r§§nagk8uPﬁgPu§i&ﬁﬁm a | ast
el ectroni c second latching means is a traceback signal for

15 indicating which of the first and second electronic

comparator input values was selected; and
first selecting means, operatively connected to
the first and second input terminals and the second
. latching means, and responsive to the output of the
20 second latching means for selecting one of .the
electronic comparator input values as an output of the
electronic comparator, wherein the first selecting
means selects the first electronic comparator input
Y ) value when the latched serial input bit is a "1" state,
25 and the first selecting means selects the second
electronic comparator input value when the latched
serial input bit is a "o" state,
wherein pairs of the plurality of values are
presented bit-serially, most-significant-bit first, to
30 respective first ones of the electronic comparators
disposed in a first stage of the tree, each first
electronic compafator outputting a larger of the first
and second electronic comparator input values as a
first-stage output signal and outputting its traceback
35 signal as a first-stage traceback signal, the first-
stage output signals being presented bit-serially,



tr ing presented to respective second ones of the

eIe rs di sposed in a second stage of the tree, each second
10 electronlc conparator i ncl uding meags;for selecting either the first
traceback signal associated with the sectond el ectronic conparator's first

el ectronic nal SSOCIated
with the se o%g?é?%§§+%%$%a%3ﬁpara £S£ Eé Qéég%%gi%? %?F%%% %@gﬁbarator

i nput val ue ofarthe electonbe @@MpeqebquSdagpgsgﬁ iheat seeon?. An

el ectroni ¢ lQ0ife Ghf Ct’:hé QQrdéH& k8 62t %&r bubkl eﬁ%”%‘i:' ?‘e%g means,

oper ativel y cofinect ed e_el ectroni c conparators, enerating 20 a
si gnal thatqﬂuﬁhﬁﬂ?%??kﬁ@t%%ethﬁxmﬂﬁh¢9§l9 khe BBEHtlﬂ uves d@ 13. An

el ectronisc «iﬁgs?é&t&é aﬁt@éﬁﬁﬂélQiéﬁaESfBSﬁteanldQECéﬂ.é%@f&ﬁ@ reference to,
and as shown in, ure 2A or ure 3 of the accgnE y|n drawi_ngs. 25

14. An eIe&HWﬂﬁ?? PR t ns3b ?ﬁﬁt?ﬁ?ﬁ? ¢ ek &es@P@bed Wi th
reference tcr.hearﬁimt-séwgelma&lguch aBgnalshbeangomapmgddltaw ngs.

respective second ones of the electronic. comparators
disposed in a second stage of the tree, each second

10 electronic comparator 1nclud1ng means for selecting
either the first traceback signal assoclated with the
second electronic comparator’s first electronic -
comparator 1nput value or the first traceback s;gnal
associated with the second electronic comparator' _

15 second electronlc comparator input value, and so forth

co arator dlaBOSEd in a last stage of the tree, and the firét-étage

for subsequent stages of the tree.

12. An electronlc logic circuit according to
claim 11, further comprising means,-operatlvely
connected to the electronic comparators, for generating

20 a signal that-indicates that the maximum wvalue has been
identified. ' |

13. an electronic comparator, . substantlally as
herein descr;bed_w1th.reference to, and as shown in, .
Figure 2A or Figure 3 of the accompanying drawings.

25 14. An electronic logic circuit, substantially as
herein described with reference to, and as shown in,
Figure 2B of the accompanying drawings.



