; e3eep$enL6T$HTU3 JA N Z003 1 CONTENT ADBDRESSABLE MEMORY ADDRESSABLE BY
REDUNDANT FORM | NPUT DATA BACKGROUND OF THE | NVENTI ON The present iﬂvgnwrgms
relates to a content addressable nenory suitable for use with 5 redundant
forminput signals. It is a goal of nmenory systens to fulfill requests for
stored data with as little delay as possible. Oten, the requesting agent
cannot achieve forward progress w thout the requested information. This
principle holds true for content addressable nenories ("CAM"

increasingly, arithnetic operations are included as part of nmwﬂmmmmmmnm
operation. That is, a request for data defines one or more arithngkic.
oper ati ons whose result is to be applied to a nmenory as an address. Any
time spent conpleting an arithmetic operation is delay intro

menory request that includes the arithnmetic operation. Thus, jmmmmmmmmnm
goal of nenory systenms to reduce the tine required to perforntan

arithnetic operations included in a nenory request. 15 FIG 1 |Ilﬂ§wrates a
traditional adder circuit. There, an addition perforned on two nulti-bit
values X (X=Xo X,) and Y (Y=Yo-Y3) generates a nmulti-bit sumS (S=So S3)
and a carry out Cout. The traditional adder includes an internal carry
chain wherein a carry froma first bit position i may affect the val ue of
the sumat a second bit position i+l . Carries nust propagate through the
entire length of the adder before true results nay be obtained 2 8 n Ea.
N 2003 2 therefrom The internal carry chain-causes the traditional adder
to be slow There is a need in the art for a nenory systemthat inproves

t he processIONTENEADDRESEARIIE MEMORM ADDRESSABLEIRYEREBUNGDVNT FQIRM
preprocessi ng operations. Redunda éef ders are known to be faster than
tradi tional adders. Shown in 5 FlI édundant form adder omts the

i nt er nal carry chain that characterizes the traditional adder. Instead, for

each bit pgg EP&J ﬁﬂﬁ% &qd Z, the redundant form adder

gener at es a t|- It sumQ e output O (C=Co On) is said to be in

"r edundant fornt because two bits are used per bit position rather than a
single bit to regm @eRntindenGitiela8Ub b céritait addrgssddee man@y edifabl fonisk yvith
represented by ofj%?a single bit. To reduce the redundant formresult 10 O
to non- PedFAMRdRt PG BPULsHabywo bits of each "bit position" O may be input
to a traditional adder, such as the adder of FIG 1. The redundant form
adder provides gi. i er
adder Br oY, des, RUBICH Sk RASTR ORAMANLAGES LRl 20 0L, P

pl ural nunpesibbf Ofenukarenedstinghgsnt cohrot @mptftrrwnrdlprwdewﬂhdstthmmbte@e t he
carry chai ngQ C e d. However,

r edundant P%?ﬁ?ﬁ@bggégxﬁggﬁﬁﬁﬁg'?egﬁfc &ggg?%¥gﬂ%Egggﬁnggéygghed A carry
chain may be omtted until a redundant formsumis obtained fromthe final

addi tion. VWen HG@'eJe?th?Qa@ﬁFlyfé}ftﬁﬂt&mde&n@rbﬁa@é nedded ds pRYT PRemopverted to
non-redundant form by use of only a single carry chain. No known nmenory

syst em Ket ppesarios. Hat % ased fORABIRTHEERR oF B100S riDEtcRETAtionsovheaTieat

addr essabl ¢ (FBORYiESt erﬁenlﬁ{\?anpﬁﬁ e3€- Ay thhoGknitomgleang &f arthkgawn CAM 100
is shown |%tFlg9bl. %he 100 |nEIude§'a pﬁﬁ?a |?e H% rgdrsters 110 each
of whi ch spearatipndiedelty imFrsdcqdrip amegwnarenueshiypl inderes H‘etaﬁg‘“GAR/IORHE)“O“rt _
generat es %ﬁu Orttgpsatxlemgrm bmaﬂay\wgtahsroega@t fe Simel rEquRY 1o SRR afl@t @ havi ng
the sane val ue as the rnput data. Typically, the (M 110 generates an

out put si gaathmiusepsetignsgpdudsidin § meFmopeieqyesi st er position in the CAM 25
For exanple, the flag may be enabled if the register stores data that is
equal to the |n sj.gnal and dis ed .ot he he CAM.100, cont ai ns

mat ch | Bygi ¢ | 2078 gdh?sae@aamlno gé‘hef‘é&t"é‘t 3&’&1"63 FHE" Rgformed ayive 120

performs aqhid-bRyalkdstx H,) &AY W‘Yohﬁl)lgﬂrﬁﬂﬂiteﬁﬁhﬁlnaﬂﬁuh@(si@[; 8,)shosed in
the register 110. As shown in FIG 4, it .includes Egle tion smntches

130-1 60, oRETPIWBENddde faditias! édéeh'"slut’CWﬁteF’@hcaébc er§ e acapTy fofea
register 1hQy bgwloﬁ\@‘n{a‘}gffw%é\@ﬂje'&t}Q:QsmnraQ'a|s&@ncbb!|t b&ttion i21.8CakrizslmiNia~?03 3
val ue of the associated bit position in the register 110. The output of
each sel ecPloppgatathiorgh hgentire sogth of Hmédftr&e&rﬁe fapgOIeHAE &2y o obtripsd cal |y, for
each bit position D, in the input signal, the match | ogic generates its
conpl ement, Di# (not shown). D, and Di# are input to the switch associ ated
With register bit 5 position i The value of the data stored in the register
at bit position i controls which of Db and Di# are output to the AND gate
170 fromthe swtch. The AND gate 170 generates a signal representing a

| ogi cal AND of the values output fromeach of the selection swtches
130-160. The AND is a logical 1 only when the signal input to the CAMI00
has the sane value as the data stored |n the regrster 1 10. 10 No known
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addr essabl e by redundant forminput data. BRI EF DESCRI PTI ON OF THEB DRAADNGES
"FIG 1 is a block diagramof a known traditional adder. FIG 2 is a block
di agram of a known redundant formadder. 20 FIG 3 is a block diagramof a
.known content addressable nmenmory. FIG 4 is a block diagramof match |ogic
conventional formcontent addressable mgnories. FIG 5 is a block diagram
of a content addressable nmenory constructed in accordance with an

enbodi nent j G a

dat a docoddigtaf o PhERRRIL LAYER Ucecth Fudton A Pod SO IR ARH o7 (e
present i nulndrt fona menjorBsystemAhdyiBPOBes4heFir@Gessd speed@f mogiory rdiuegts gt of a dat a
decoder stage.con ;W th a second embodi ment of the
present i nvg We%?ﬁe{g’f&&&ﬁ%rép%c&?%ﬁ E‘%ﬁgl I'agram of match detection logic
constructed in accordance with a first enbodi nent of the present invention.

5 FIG 8 is a blgginsindfhaRudts 78 kfonds befbkRar PMlitonSIARSE. USSR ih N
accordance wth a second enbodi nent of the present invention. FIG 9

i |1 ust r at eFlfodv axpdundens forpradderomits therintginal gy chydn Haf dhpragferazes rediagijiond use
of the contgpl, mgdag%@&kﬁblmro\hgfmﬁﬁt@( §anPETﬁé leblh 36l RalleON 10 The
present invention provides a content addressable menmory t hat conpares the
val ue of r exdneratana MuBi-bit surpdt Tharuretd KK risseid a beiar redyndanidfernet or ed
therein. T L bg\%g' bifkode

Thereafter h)%cehe (“&G&nge%grdﬂl g r}%tg%??{)nnaqﬁlgﬁ H{e]to eﬁg%%i@d g&qg.ﬁﬁt'lt%aet
present i nveathegrorpe lrcwmhsredemmdrbg oalyd sirglectht. detreduice the refypdang firokespltt han
traditionalg r n e e Fm
adder s. M5 ey e FAET HERLEOErG Y o BARGE TR B AERPRRRIOAIT,
enbodi ment adflert fueh pytheedder ofiffent.i on. The CAM 200 i ncl udes a data decoder
210 and a plurality of registers 220. The data decoder 210 receives
redundant forminput, data,O ~O=Om Omtn], and decodes it into data signals.

The decoded r edut&FAuNgast fATg 28der Providshiien fieAnhRfOess it RYaRPEs OVYgi ¢ (not

shown in Fltﬁdltﬁ)lal@8&9%aﬁtcﬂﬁrly\ﬂwﬂ1&e@%€iﬂbéﬁﬁ'adidl@cfns areRrf6ANMd3R eqeRer pé@s an
out put representl ng which 20 registers, if any, store data having the sane

val ue as t &g é‘th‘ml?afa“ﬁtse‘fuﬁ?tfﬁ] F‘Wﬁiﬁ’e H%’(‘%"“a}r"rﬁiéerd&‘fséc%%ﬁﬁg}e corrychain of eagh t i - bi t
decoder 5 | tagli BefBRALMA BiysubRYdnthddS HBGE%r, ¢Edunesht m.rymd‘eesm@b&eﬁ@ﬁl ng
circuits. The CAM 200 |is adapted for use Wi th predeterm ned bits of O

Om Omen' Mk additiense Bﬁpqr@gmd ok carmahsin anaysby opistediuntika redyndppffomsssisnher e
M0 and Whelh@iddh Ham the findl 884i€dHD OGhdRBAY re@fndant B AERR bbbl ithggPEH Ng ci rcuit
is appropriate for use with 25 each redundant form"bit position"™ O for

i *0. For Osonverigdrgva-redtypeatt fsmtby oe efipalr adumieas® heifm decoding circuit is
appropriate. FIG 6A illustrates a redundant f orm decoder CI rcuit 300 for
bit position O const ruct ed accor.danc |ment of the
present inventi Ok"f%ﬁvg e oé)dseYrStCB’irféﬁ?’?S il grﬁ)@fé’é{uggan?g)d?‘ g?tﬁnal s Z, a,
Z,b, Zic and Z,d based upon the values of O (A" B,) and 0,., (A _, and

2 ~J 2003 B ecoder
300 onAlz(%lputs 30\1:C20lﬁtmt Qd}jreg%%iégﬁedﬁ% ?il(%garﬁ &%%@qe Abiocwa‘r%é}sagp %{fagﬁrqgwé I\g, Z, b,
Z,ic and Z, IQOaeréO‘dmt"rﬁlﬁ 3-r Be GAM I@Qcmaeps 8ploradity qu@aamrslﬁmchsii@h:c1314 and
316 respect I f gate 320
gener at es aklo\{%ud%étauﬁihgﬁq&U%atﬂs %%QBE(? %‘%%@ IM %gﬁ%%;tﬁe?%; %t&ﬁ?dren ) OR gat es
324 and 326vhxomxgats,ef an4stgerdeadiewsg thesarhe Wdue dsltl‘mf repetrﬂataafryplaalty te address
signals Z, pair of
addr ess o a1 Gebherstiya, 48h AR e hESic dlF pRIERNE b RIERE CAM 05" 10
to an OB ga:toeeﬁﬁ@le AhDag atep b8@Gblyd ifthategBtea sors Uta thadis eial & theihp\ahl chis

i nput to XOR ?lan d%@fd ‘;IEFeer? gate 334 generates 10 an output on line 338
which is |rﬂﬁ'} ¥ 5%6. The redundant form decoder circuit 300
resenbles a traditi onal adder to a great degree. Line 322 represents a
non-redundant  SUfR.ichal 18O reenﬂmleg,quo Qs)goaglea Wéth BachliByifer 1161 RS 332 and
338 represent carries fromposition -1 under appropriate circunstances:
The si gnal nostch logie 1ZBRriosps @bithy-bitchmparisen 9f the inpupdasd anddbe dataistoiedin the | =1
(as descri S F t y from
posi tion i F}%gm%rsllbg&sesrh))\an %Gd!éggi?%:lge% Isfe&?o %%g%e§938§%5] o%eb%? d%@"f'di
represemt s e'aﬁeblrwsmpleﬁaﬁdaﬁﬁats imbbragisgr.1 IOdEaLtlllswltelaﬂiBQ)ilﬁQJﬁ corfiellehly thddr ess
line that carries the correct value of S, is determ ned based on additional
information. This is 20 discussed in connection with FIG 7 below. A
traditional adder, however, requires an internal carry chain that
propagates through every bit position in the addition. The redundant form
decoder circuit 300 does not include any carry in fromposition i-2. The
redundant form decoder circuit 300 may be but one stage of a multi-bit
decoder 25 The gat es shown |n FI G 6A may be shar ed W|th ot her stages to

o, e ”~ A



woul d be provided to interconnect inputs A, and B, to the i+1 p7o§i tAdN?003

- decoder. They correspond to gates 328 and 334 in the i "' position decoder.
Gate 330 (also in phantom) nay be used in an i-1 position decoder. 30 FIG
.6B illustrates a redundant form decoder circuit 400 constructed in

accordance with 2 8 J AN 2003 6 an.enbodi rent of the present invention.
The decoder circuit 400 is suitable for use with redundant formbit Oo.
Agai n, for notational 0SE€s, e two hifs_of Qo e represented as Ao
and Bo respbeof UEI%?SOC*?%)P QP%“‘?"HBH\‘:"E%S“Erﬂeb'd@beood'@tm afreraﬁ'h‘? R MIhi nput
term nal s 402 sandingél4o anTREDGEEQdE@r circuit 400 generates a single
differential pair of address |ines Zoe and Zob on output 5 termnals 406
and 408. Ao and Bo are input to an XOR gate 410. XOR gate 410 generates an
out put on |ine Byicallp foagaclybit pos@or,D, irtthq:)mpmistgeai fhematvhtloglogintian itd, i s

i nput at inpu d X receives,in rom
line 412 a‘i‘?g‘ ie&eﬁ'{ ?a’f]g]ﬂ%mw’f’hgb C@Q# WX&I 3 CS%F’I}% aésé)ﬁgreait\eltsb igé StHd Zob on
out put ss 40&siapAl i. 4D valuk ofithe data Ktgreidrin (Gé ;eglﬁer[ﬁflﬂvpdﬂeldn i tdnerokedidnthf XOR gat e
414 may 10 8 ti(gmtted t Z*[f T§1§ ?E%Far\ﬁ nerated directly fromthe first
XOR gate 490 DiFprg vy (o e ANR eae %ion 1 ogic 500 constructed in
accordance with a first enbodi nent of the present i nvention. The match
detection | ogi 0 Y, s%) J (Y Gho el &t 230 of
FIG 5. The matcr% '%\”chttei on %"(E)'Iat%ggl(%g H@%ﬁﬁ@g aogge}l ectlcgfﬁhés%%tegh 510- 540
provi ded fomtpueaorh ebiht of pleessetertam swvntcttdaéw -¢¢. skherANIF2 lagcatdohlybiltengissi ti on

i ~0, four dat L i an. h 510- S30.
For bit pos%"fﬁj tQQ@. Aﬁd??@hagﬁtsgmépzﬂ% s tf?ezéa@a &g& gﬁéé %HB%W {Og sel ection
swi tch 540. The out put of each selection switch 510-540 is input to an AND
gate 5%0. AND 9@5%oﬁﬁ%@ﬁ-‘d}fEﬁeﬁﬁop@&te%%ﬁbécﬁﬁddﬂﬂfoﬁﬂﬁnp@ﬂdia){a | AccBrbiinghel ection
swi tches 510-540 out put ogical "1" signal. 20 For each bit position i*0,
t he associtbareis agepdiithomt Dhp cotens adiressthlq memery sy Biat 1sgucenlstopey ofes st or ed
in the regjsi&y r%ﬁ)e@&heﬂ%sgt Bits| in@HM arlth]metnl-lagéatlo%W Fmeﬁ%{eré 2 aGenf rol | ed
by values C3 and C2, switch 520 is controlled the values of C2 and C 1
and swi t chin 8@@rtifer a:mﬂteﬁqurieasabv mamory, HR{RPSrags oer@uamt foom it dash 540,
however, is controlled solely by the value of CO. 25 Specifically, the
address signals 7 a- f ecoder circuit 300 are connected to the
sel ection ﬁWWZX?)%B&FEFW§§df ollows: Z ,ais connected to the swtch
input that is selected when G and G -1 are "11 " Z, b is connected to the
switch input t SR G en, e ('i'dg]s b] connect ed
to the gsvvl tch %?Jolt t'ﬁ%o i seeijgeeS ect eecﬁ]“\)/ﬁﬂ w% o] ar e%mffaér§ and 2 81J
A N ?_003 addrdsshisle bp mdentaptdiotry inphiedagani t ch |nput that |s sel ected when G and
C-1are "00." Thus, C -1 is an additional "known" quantity described above
Wi th respect to Fl G 6A _For each bit position i*0, the decoder assunes
that S, ., BRIEFDESCRIPITON QF T RAMINGSt ored in the nenory register. The
assurrptlon is justifiable because if it were not true, 5 then one of the
sel ection sw t diés] B2 REWiageun of arkaatve tadifiotad adldee AND 260 gate and prevent

it fromerroneously si gnaling a match. Table 1 illustrates the si gnal
values Z,a Z, b gake: L Qliocldbac RO Dl 8w eEMLAL FeRsSqed, A" B" A _, and B, .,
and G-1. It aIFgg sﬁa e hEeagngft re ungant val ues tﬁat G wll take under

each circunstance. I|ght| ng in the table denponstrates that, for the
var i oud0 conbi ndtlSohis a%ﬂocﬁ\d'aB“a"AOfak"OB" contepfpgddregsabile G¥MPbne of Z, e and Z, ~
represent G. 2 8 na ~~ zoos

Bl A, . tBi -t ("r, .16l Ziidzbldck 4ieH0 00 adN 1040 LoMkaid Al 1Gm0dRARA01dute1d 1100100
100110100010011011001001110000010100010101100010010110001101101001000110101
000011010MY10'tH11011100101101111011010 8 A/ B. 14, .1Bi .tC,.i Cr, Z aZi bZc

Zi d000010010 1000110011 0001010011 0011110010 1101110010 1110010010
1110110011 0111&00% 3 bW dikdrach QT a OOkEHD 2ddkEtatdh Eiddry OB triOddlia hdcddddhnce
1100011101 010013533,00 1 01011100 1111111101 O Table 1 - Decoded Data

Si gnal s Ba¥R" imeptPTEhe prespntinyenfor _ are provi ded because, for the AND
gate 550 to indicate a match it nust receive inputs that are entirely 1 If
Z,a=C z0, Z, b iHGIxpsb ldg dtalgemm‘ﬂladgtatiecoaaﬁta@é tanktacked in ackordance Gitk@firs?, ~ 1 S
input to tﬁh‘s AND g)at 550 t5 nt.erconnection of Z ~a and Zflb to switch 540
i s strai gffPEIREP P AL TE"BYAHE® ed to the switch input that is selected
when So is "1," and ,Zob is connected to the switch input that is selected
when So is "0 " Based on a redundant forminput signal, the CAM 200 of the
present invention decodes the redundant form signal and determ nes whet her
non-redundant data stored in any of the registers 10 220 equal s the val ue
of the input signal. It generates an output identifying those registers
storing the sane. vaI ue The data decoder 210 of the present invention does
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FIG 8 illustrates match detection |ogic 600 constructed in accord8ndaNw(0d
"a second 2 0J AN 2003 9 enbodi nent of the present invention The match
detection logic 600 may substitute for the match detection |ogic 230 of
.FIG 5. Here, the least significant bit position of the redundant form

i nput data does not correspond to a bijg position stored in a register 220.

| nstead, redundant formbits ~rt,Wnn are input to the CAM 200 (nr0) The
mat ch det ection Fl@gi&B :66)0)gmrdmgjra1hesfa)dm &calel gagel comsusivied ohacedidargd®ithar each

bit position i g1 rrfvrgg Iata .stored in the register 220. Each
sel ection SW?I@W RO ACRFTRY M f8YNed data signals Z e Z d associ at ed
with the bit position i. An output from each selection svmtch 610-640 is

input to an AND i€ ig80ck TagaNDngei 86 lgpnendiesd arrcoudipot wigh gfival
represent atlve of t redundant formdata signal has a val ue
equal to th'fifn gﬁa sfg&g resetr??%ﬁgeﬂ@ggl ster 220. 10 The sel ection snitches
610- 630 of each bit position i (i*nm) is controlled by the value of data
stored i A the rebiGtsds ahlochdirgrppof mashdgetectign dpgic cpnstgsied dn pesardangietvith 640 i s
controlledb in bit position i=mand by a carry
in C,. The e\é%'id:]e?/nbl nln%% &fthéj&t:&ntslh%ﬁ e binary value of Sm, There are two
ways that Sm, be obtained. The first way, a conplete addl tion is
performed m bit 5 iOtillustaesopran g ofhe P ad My be pryitied psatdinegaise of thinever |
Sm, may be, O&ﬁenpmpéggae,@,{,mrygpﬁbysat ernal |ogic may be arranged so that,
unl ess Sm, has a predetermned value (0 or 1), the result of the CAM
match is irrelevant. In an enbodinent, the external logic will require Sm,
to be G n fpEThIEESARSESRITONO be relevant. If it is not (if Sm, *C ~),
then some other input to gate 650 will be |ow and prevent the gate from
gener at| g a fal (o1 eTIN: } H Wols| gﬁq i kely
w | | ast er t?ﬁeﬁghﬁ\%b%@%om—g%§%n'm:?'g%{{do$ §agl% %ﬁ& thu@ba epgérjheésent

i nventl on pofovdudé@t foom igputdsnte te non- B;dmdests‘elm \@lmmﬁwhe@spdrrhsﬂfémdeche&jundant
forminputs rfor n dag dant
Form data plt (vt AP aBeh LS R Laroh i G Rl A BB

si gni f i cant thbid¢codmt dafa. {Thepresdundtanen fegiorms dwmdtmg\MérretCh etedtma gtoresquiekily | cant
bit is not t,.to ode he | ower

si gni fi cant thpFadm na[ %Jgergg;n ggﬁiogefc{)wk%t%%%&f?ﬂsl&? %ghr%d\é?%o{rﬁ%’gés

detection logic 25 to control one of the selection swtches. Retur ning to
FIG 2, tlhe exanpFE.ofillpwdigha &M 2} epnataigteddn pdcpigargeatith a3 cnthodianenhfube add.
The adder Ogreéhﬁnve%nswh@@/xmMcmeépm @Sodr 2 104G JialiRr RRRREESSOr . In
a special case, 1t may be possible to omt arithnmetjc, preprocessin

al t oget her Thdﬁﬁ@m@eh@ﬁﬁwwwﬁ@ﬁ%fpmwm@éataon{é?rcﬁryomkﬁﬂlésjﬁchss ibo%e ed as
a single ar E@{@ﬁ\&m&%&%a RBurkd@ne BEmPEES 10 (IR0 Rftch BRARA 1S SIMHBOGRbiPPUL S A
and B ( O=A+ dition nay be omtted entirely. Instead, the inputs A
and B nmay bEIG. Apssocitedeithiegehtregistire ThaCat Mdeberaeraes on oWguUigRRIRIENTINE Wik 9, no
processipg | Ezs{egsqg*aﬁﬁ%fré)datmqm Ttmagg%lhggmg%hndéﬂlMﬁﬁ;dp’ﬂtéa@éﬂunda”t form
The val ues £o and B may be 1 nput w thout preprocessing
directly to the data decoder 210 Accordingl t he CAM 200 of the present

i nvention recei v&ie fHa despden-if adimiirkidecodenied ingory At RnerxFral ftagemof nput .

That is, theqhyQndieh Je@mgd@r@&nsvﬂet@@mro@.sme ngoa&e@,ﬂhe%e@mhe(m{s@rnunber
and input to the data decoder 210. The data decoder 210 perforns 5

redundant f &% fndbeodiaigh %caes'@sic@éﬁ%a%mam%@&fe(mbﬁr fates whepaEq adt a
out put fromyjhe m‘iﬁt@ﬁr‘éﬁeﬁ%@@ihegﬂo@a rehmﬁiamla%e‘éé‘é:ﬁg&ﬂcﬁ’ﬁhs aQ;Qb;S}]a?e'%Qr u"&@'@'{tﬁs Ses
the values stored in th glsters . been descri bed above,

t he pres®nt eachv@nmdaotrfom dvqn\jtegora & bt %tF@@dméS@aé embpdimprtyof thegedundant

addr essabl e dant;: &9 Aput data. The CAM decodes the redundant 10
form i nput do%aorego(rgl] bas'teé B&gﬂﬁ the decoded data, perfornms match detection
with data stored in the CAMregi sters. Several enbodinents of the resent

i nvention are sp&kGf44Hlusyates 4 %EMB%@"&N@CWSE'IF‘E“H&?OH@? it RostiRv@t?) it
will be apprggi-ahdch Jct@fﬁangp\dhﬂcdn%ﬁ%b&ﬁn%nt%@ﬁ)e‘ﬁégén@;nbm@n ofhefdb&)darc%emoo

invention are covered by the above teachings and wthin the purview of the
appended cl génestonpddmrstitisneh Zdehadt i brisshupenshesigiues ?f%ﬁ@ Bhandhdledh stvdpe of
the i nvention. 2 s !~ ~az~03 11 Cdaim 1. A content addressable nenory

addr essabl e by r edundant forminput data. 2. A content addressable nenory,
conprising: a redundant form data decoder having an input and a plurality
of decoded data lines at an output, a register, and match detection | ogic
coupled to the decoded data |lines and to the register. 3. The content
addressabl e nenory of claim 2, wherein the data decoder includes several
decoder stages, one associated with each redundant formbit position at the
input 4 The content addressable menory of cIa|n13 mhereln ~one such

. e . o Y .



a plurality of data decodi ng stages, at |east one of the staggs%cmrb@ ng:
‘first through fourth XOR gates, input termnals for redundant “for zz

associated with a first and second bit positions, a fifth XOR gate having
.inputs connected to the input termnals associated wth the first redundant
bit positions and generating a first output representing the XOR of the
first redundant bit positions and a second out put representing the

conpl ement of the XOR of the first redundant bit positions, a sixth XOR

gate having i npHis LHEINECHAR (e hPf tb HRUEHETS0D BRlnPuRSENBDANEE a0¥ 03 C he

second reduffdant bit’ positions and having an output, an AND gate having
i nput's conrespscltly. Adgiges sighg e Lo dapbd grepyiytian bedegpedan 30hen awmisdo,
redundant Bj Id4180s&andeipavi ng an output; an OR gate having inputs
connect ed Eg’f’;ﬁgﬁoctt putg o?e?he sixth XOR gate and the AND gat e, ~

~'~ w 2003 13 wherein: the first XOR gate has inputs connected to the first

out put of the f i #H BaRinpytie ading XOR g2k 2BukBBsats £2¢ sraenaipryeitryt or Hee second
XOR gat g hgs, inpuis iﬁiﬂﬁn‘ﬁﬁ%\iﬁﬂ dr ROR Va1 8501 3061t RUR gafe 30N gerfeldidshine$ii gat e
and to the output of the AND gate, the third XOR gate has inputs connected
to the firdifferpatigdpeir ofadgdises signpls K. H0ugXOR a2t 26 gencriees distspernd dftferensialor gat e,
and the foyrt b MORO@HsP23nd PPUt s connected to the second output of the
fifth XOR gate and to the ‘output of the OR gate. 11. The content

addressabl e nenory of claim 8, wherein the data d8 oder_.includes a decodi ng
circuit associ afed?iff B 2feHBPUL Eadt AFPEAS 13 it B&?feﬁf‘én”%lp #ate3t%dundant

form dat a, gdiRfated 8% 66lhIGn Ghd 132 ihi OB THPLSI AR s34 tTHE DRk UGengach bit of
the least significant_bit position_of the redundant form data, and an XOR

gat e hafi ngp PHPHIPE lipgdifertties intput X @Hpaie 33%r ni nal s and generating a first
out put representing the XOR of the inputs thereto and a second out put
representing thghcedipdaivesin dedodért@ciIR0edserhbles d tryditibsal hdder @taqrealdegre®. Met hod
of addressijng cont ent addressabl e menor onpr,ising: receiyin menory
Fequest pobIBazLEP R A POTFRANIEN SR VOHY bortiahedly P O Rr LIRS 3 s of
data, mer ghsud38heprésem cudlesiBom tpogasmier umisr sppropeibd dreimstameds: nunber ,

perform ng redundant form decodi ng on the nerged val ues, addressing a

content addressaple r sed on .t he decoded. .erge |yes., 13
cont ent addr ess EE %‘g;gFO%'rné 3 ?%r_g?rrﬁ?el"{s%iﬂhegc:a"é%%i"%f g{f'?r} y o?e"\rrég'r?g (ra)l/s de Secé'!b%(ﬁer s
having ‘4 wi dth of a predeternined number of bit positions, a nulti-bit data
decoder having g olidt Al ik 39 refRGAR ALY AR Dosiforst AIRnRS SOl &hol th each
bit position of <?ct(ﬁglté;:?l.egnl st ersregﬁ% generaggﬁg%gse‘codled dgt & O?] Sou%pu%M | i nes,

t he decoder receiving at an input redundant form data, and 2 8 ~aPO 20D3

14 mat ch detRCih&y, 0P fpe@tRlifthohedui@nOdtbiBit s, 1B FicAfonlodthe dad Aidrlggc 0der
and to the registers. 14. The content addressable memory of claim 13,
S

wherei n a brescbricsgesshagpuestaalss 0% isdstsuniasthbassdnnaddivene! dematian edhitiit h t he
st age' Sbi fisReshtl Mandnen Wik FieXtpelgwer bit position. 15. The content
addressabl e nenory of claim 14, wherein the decodi ng stage generates

decoded data on,a pair of output lines, one qf which actually representing
the non-r edundaﬁt“aglﬂﬂqf\llé‘%ﬁreﬂ% VEREWPRB "H%{P‘a cary ¢han tﬁ%‘é’é?ﬁaé%/t%sdgg’f’gh

position. &GrybifRsifieiihetad@dsh. aH6 addbedafEonk Yecodd BRUItS00 Goes AotthdMid@lahy Y Of
menory registers having a wdth of a predeterm ned nunber of bit positions,
a nmulti-bi ?arﬁ’df’goﬂé’é’ﬂﬂg’}"%avi ng a plurality of decoding stages, a stage
associated with each bit position of the registers and generating decoded
data on out put fheredundinnérdeeadercifceit 80 magbabutane stageudf amedtiHb il dedodéor m

o RGBT S W SR b oty Sl Bl A Pl B S
on four ougquder! Fdieganiple, didifi@iabgtdsal40 @ad 342, (sikdwrl i PBAntONLilIQtraiidapddtthat | Nes
boSi 1 on a¥ UL PHPEHIGHT ReCHEroEBE Agnddale o AgR Hotfe: EY FOHSIoBg ¢

i ncl udes aSRlee 18 M 33MintiR" posaich desbde GagSII0i(&td iaphavitdr) hiybelisdd iR@RI ti on,
the selection switch receiving each of the output lines fromthe decoding
stage, the-tePHMdEPdeh t ch of a | east significant bit position of the
regi ster controlled by a value of the stored at the |east significant bit
positi ap and anFiGIeBITluSiakds W redahdagt faimslddcbeder EReui400 bghsSwdteRidh acosrdsst vithes

controlled by data stored in one of the registers at the bit position and
the next |ower bit position.



17. The content addressable nmenory of claim 16, further corrprl sing an AND
‘gate coupled to an output of the selection swtch. | 8 J'""~ Pyg DA 2403
18.- A content addressable nenory, conprising: a register having a
predeterm ned bit w dth, an address decoder, an input of the address
decoder having tw ce the bit width of the register, an output of the
address decoder having the sane bit width as the register, and match
det ecti on | ogifehB¥diMentebf hdisradehit Mvedtio ! RRESaco®RAChCET AYES GQ&BieelGr b2 with
respective bit positions qf the register and of the address decoder out put.
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Z, is connected to the switch input that is selected when Ci and Ci-1 are “11;”

Z, is connected to the switch input that is selected when Ci and Ci-1 are “01;”

Z,. is connected to the switch input that is selected when Ci and Ci-1 are “10;” and
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10%08 () - 20622253q33dEYN M 1510%08' () - 310%0& ()- Y1" 10%08 ()-. 10%& ()--
10908 ()5~ Y+#eenldof the seawmmwmklzne{smosaaso voNd route a foogle @JDF%O gate and
f10% & ()-$10% & 0 .10C0- 10%08, () - 710%0&' () - " 5y55) 6X667dELC
10M ! | T 10P§eRephit Onh%i‘é/%“ﬁok‘ﬁqY FEHe ‘@Z(Tatchm% & ()-1, @10% & ()-1s@
10% & ()-7Y77777777u[ < 10M . 10%& ()- .10%& ()-s$310%& ()-3 10TT 10TT
10TT! FGLO%TE ( )rabﬂé 111ﬂuﬁtf%t&)the7§,zxia7 ZZ]@ESU:& <71 0e féioa"(iiﬁesé.bte pertEfioh) of
.10%& ()- .10%& Y& 1) 777777z AFU[ < 10M . 100/(2& ()-(
.10% & () - @{ B, A, ,pﬁﬁi Bl@ﬁ&&'l—(l)l—t also shows the non-redundant values that Ci will take

under each circumstance. Highlighting in the table demonstrates that, for the various

10 combinations of A, B,, A, B,.,, and Ci-1 only one of Z,, and Z represent Ci.
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B, A, By Gy |C 12 2, Zc Zy A B A, By CulGCilZa Zp Z. 24
0 0 0 O 0 00 1 0 1 6o 0o 0o 0 12/0]0 1 0O 1
01 0 1 0 o1 0 o0 1 6 0o o 1t 121t0}l0 1 1 0
o1 1 0 0 0oj/17 0 0 1 0o 01 0 100 1 1 O
o1 1 1 0 0f(c 1 o0 1 61+ 1 1 1]0}0 1 0 1
10 0 1 0 01 0 o0 1 101 4 41010 1 0 1
1.0 1 O 0 0,1 0 0 1 t 1 0 0 1]0}l0 1 0 1
10 1 1 0 041 0 0 1 1t 1 0 1 1100 1 1 0
11 0 O 0 00 1 0 1 it 1 1 0 1]0]0 1 1 0
0 0 0 1 0 110 1 1 0 oo t+ 1 1214|1 0 1 0O
00 1 0 0 110 1 1 0 o1+ 0 0 11411 0 1 0
00 1 1 0 1(1 0 1 0 o1 0 1 11111 0 0 1
o1 0 O 0 1(1 0 1 0 o1 1 0 11411 0 0 1
10 0 O 0 111 0 1 0 1 0 0 0 1|11 0 1 0
11 0 1 0 1{0 1 1 0 1 0 0 1 1|11 0 0 1
11 1 0 0 110 1 1 0 10 1 0 1{({14]1 0 0 1
1111 0 1 (1 0 1 0 Tt 1 1 1 11111 0 1 0
Table 1 - Decoded Data Signals Based On S,and S,
Z,, and Z, are provided because, for the AND gate 550 to indicate a match it must receive inputs
that are entirely 1 If Z,,=Ci=0, Z,,1s input to the AND gate 550 Similarly, if Z,=C1=0, Z4 s input
to the AND gate 550
5 Interconnection of Z,, and Z,, to switch 540 i1s straightforward

Z,, IS connected to the switch input that is selected when S, 15 "1,” and
Zo, 1s connected to the switch input that is selected when Sy is “0 "

Based on a redundant form input signal, the CAM 200 of the present invention decodes the
redundant form signal and determines whether non-redundant data stored in any of the registers
10 220 equals the value of the input signal. It generates an output identifying those registers

storing the same value

The data decoder 210 of the present invention does not possess a carry chain that
characterizes the traditional adder of FIG. 1. Thus, while it is traditionally viewed that redundant
form data must be input to a traditional adder (having a carry chain) before non-redundant data

15 may be obtained, the present invention provides improved processing over such a scheme.
Here, the decoded data signals Z,-Z, are generated based only on values of the redundant form
data at O, and O, The data decoder is properly viewed, not as propagating a carry chain
through all bit positions, but rather as generating signals Z,.-Z,, based on possible assumptions
of the value of a carry in to the bit position. The actual values of data stored in the register

20 demonstrate which of the assumptions actually is true.

FIG. 8 illustrates match detection logic 600 constructed in accordance with a second
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. .10%& ()- .10%& ()- .10%& ()-"8 8b8c8e8g8z" AFu[< 10M . 10%& () - (
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. 10% & () - S8U8V\BX8Z8| 82 AFUE{; 1OM 10%z & -é : (y%gbl%é& it 9 f§$*
. 109% & () embo@ptest ¢)ing BB EUERLNLe 1URn st ey ute B0%E & () -
. 10% g‘ 0) Rﬁ*ﬂ’ Oegiidr)ogic 200U RIG( §.- %&&&seasp@[ﬁgarﬁelmosmm&ae(rmdanlm & ()-¢
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10(%2 & ( ) inputydat k%)ee j\g} co?%(p/gag ?$%§ '% r(asj méjég%%gr gﬁll_:(s%ead r%&é%é?ht Qrm
) bits O,-Om.n 8r€ input to the CAM 200 (m=0) The match detection logic 600 provides one
5 selection switch 610-640 for each bit position i (I= m to m+n) of data stored in the register 220.
Each selection switch 610-840 receives decoded data signals Z,-Z, associated with the bit
position i. An output from each selection switch 610-640 is input to an AND gate 650. The AND
gate 650 generates an output signal representative of whether the input redundant form data

signal has a value equal to the data stored in the register 220.

10 The selection switches 610-630 of each bit position i (i»m) is controlled by the value of
data stored in the register at bit positions i and i-1. Selection switch 640 is controlled by the
value of data stored in bit position i=m and by a carry in C,,. The carry in, C,, is to be the binary
value of S,., There are two ways that S, may be obtained. The first way, a complete addition
is performed n bit positions 0 through m-1 to directly compute S,,.,. However, S, may be

15 computed indirectly External logic may be arranged so that, unless S, has a predetermined
value (0 or 1), the result of the CAM match is irrelevant. In an embodiment, the external logic
will require S,.1 t0 be Cin for the CAM result to be relevant. Ifitis not (if S, #C,,), then some
other input to gate 650 will be Jow and prevent the gate from generating a false match signal.

This indirect computational method likely will be faster than the direct computation of S,.;.

20 Thus, the present invention provides for a content addressable memory responsive to
redundant form inputs  The CAM may perform redundant form decoding on any redundant form
data pattern and may receive, but need not receive, the least significant bit O, of the redundant
form input Where the least significant bit is not input to the data decoder, a carry in derived
from the lower significant bits of the redundant form value is input to the match detection logic

25  to control one of the selection switches.

Returning to FIG 2, the example of redundant form adders illustrate a three input add.

The adder of FIG. 2 may be known to some as a

“three to two compressor.”

In a special case, It may be possible to omit arithmetic preprocessing altogether from

30 amemory operation. Where a memory request is posted as a single arithmetic operation to be
performed on two non-redundant inputs A and B (0=A+B), the addition may be omitted entirely.
Instead, the inputs A and B may be input directly to the data decoder 210. As shown in FIG. 9,

no processing is required to “add” two non-redundant values in redundant form. The values A
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Accordingly, the CAM 200 of the present invention receives the two non-redundant

values as a redundant form input. That is, the two non-redundant values are merged as a
redundant form number and input to the data decoder 210. The data decoder 210 performs
5 redundant form decoding as described above. Based upon the decoded data output from the
data decoder 210, the match detection logic 230 addresses the values stored in the CAM

registers 220.

As has been described above, the present invention provides a content addressable
memory that is addressable by redundant form input data. The CAM decodes the redundant
10 form input data and, based upon the decoded data, performs match detection with data stored

in the CAM registers.

Several embodiments of the present invention are specifically lllustrated and described
herein. However, it will be appreciated that modifications and variations of the present invention
are covered by the above teachings and within the purview of the appended claims without

15 departing from the spirit and intended scope of the invention.
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1. A content addressable memory addressable by redundant form input data.

2. A content addressable memory, comprising:

a redundant form data decoder having an input and a plurality of decoded data
lines at an output,

a register, and

match detection logic coupled to the decoded data lines and to the register.

3. The content addressable memory of claim 2, wherein the data decoder includes
several decoder stages, one associated with each redundant form bit position at the input.

4, The content addressable memory of claim 3, wherein one such decoder stage
generates a decoded data output based on the value of the redundant form data at its
associated bit position and a bit position immediately adjacent to the bit position.

5. The content addressable memory of claim 3, wherein a decoder stage associated with
the least significant bit position generates decoded data output based on the value of the
redundant form data at its associated bit position.

6. The content addressable memory of claim 2, wherein the match detection logic
includes a selection switch for each bit position stored in the register, the selection switch
having inputs connected to decoded data lines associated with the bit position.

7. A content addressable memory, comprising:

a redundant form data decoder having an input and a plurality of decoded data
lines at an output,

a register, and

match detection logic coupled to the decoded data lines and to the register,
comprising a selection switch for each bit position stored in the register, the selection
switch having inputs connected to decoded data lines associated with the bit position,
wherein the selection switch of a least significant bit position of the register controiled by a
value of the stored at the least significant bit position and an input carry value and the
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8. A content addressable memory, comprising:

a redundant form data decoder receiving redundant form input data, and having an
output, and

a register storing data of a predetermined width,

match detection logic comprising a selection switch associated with each bit
position of data stored in the register, the selection switch receiving decoded data
associated with the bit position at inputs, the selection switch of a least significant bit
position of the register controlied by a value of the stored at the least significant bit
position and an input carry value, remaining selection switches controlled by the value of
data stored at the bit position and the next adjacent bit position, and

an AND gate having inputs connected to the outputs of the selection switches.

9. The content addressable memory of claim 8, wherein the data decoder receives
two bits of redundant form data for every bit position of data stored in the register.

10.  The content addressable memory of claim 8, wherein the data decoder comprises
a plurality of data decoding stages, at least one of the stages comprising:

first through fourth XOR gates,

input terminals for redundant form data associated with a first and second bit
positions,

a fifth XOR gate having inputs connected to the input terminals associated with the
first redundant bit positions and generating a first output representing the XOR of the first
redundant bit positions and a second output representing the complement of the XOR of
the first redundant bit positions,

a sixth XOR gate having inputs connected to the input terminals associated with
the second redundant bit positions and having an output,

an AND gate having inputs connected to the input terminals associated with the
second redundant bit positions and having an output;

an OR gate having inputs connected to the outputs of the sixth XOR gate and the
AND gate,
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the first XOR gate has inputs connected to the first output of the fifth XOR

gate and to the output of the AND gate,

the second XOR gate has inputs connected to the second output of the fifth
XOR gate and to the output of the AND gate,

the third XOR gate has inputs connected to the first output of the fifth XOR
gate and to the output of the OR gate, and

the fourth XOR gate has inputs connected to the second output of the fifth
XOR gate and to the output of the OR gate.

11. The content addressable memory of claim 8, wherein the data decoder includes a
decoding circuit associated with the least significant bit position of the redundant form
data, the decoding circuit comprising:

input terminals for each bit of the least significant bit position of the redundant form
data, and

an XOR gate having inputs connected to the input terminais and generating a first
output representing the XOR of the inputs thereto and a second output representing the
complement of the XOR of the inputs thereto.

12. A method of addressing a content addressable memory, comprising:

receiving a memory request posted as an arithmetic operation to be performed on
two values of data,

merging the two values together as a redundant form number,

performing redundant form decoding on the merged values,

addressing a content addressable memory based on the decoded merged values.

13. A content addressable memory, comprising:

a plurality of memory registers having a width of a predetermined number of bit
positions,

a multi-bit data decoder having a plurality of decoding stages, a stage associated
with each bit position of the registers and generating decoded data on output lines, the
decoder receiving at an input redundant form data, and
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14.  The content addressable memory of claim 13, wherein a decoding stage receives
redundant form data associated with the stage’s bit position and the next lower bit
position.

16.  The content addressable memory of claim 14, wherein the decoding stage
generates decoded data on a pair of output lines, one of which actually representing the
non-redundant sum value of the input data at the associated bit position.

16. The content addressable memory, comprising:

a plurality of memory registers having a width of a predetermined number of bit
positions,

a multi-bit data decoder having a plurality of decoding stages, a stage associated
with each bit position of the registers and generating decoded data on output lines, the
decoder receiving at an input redundant form data, and

match detection logic coupled to the output lines of the data decoder and to the
registers wherein

a decoding stage outputs decoded data on four output lines in differential
pairs, at least one of output lines representing a non-redundant value of the redundant
form data at the bit position associated with the decoding stage,

the match detection logic includes a selection switch provided in
association with the bit position, the selection switch receiving each of the output lines
from the decoding stage, the selection switch of a least significant bit position of the
register controlled by a value of the stored at the least significant bit position and an input
carry value and the remaining selection switches controlled by data stored in one of the
registers at the bit position and the next lower bit position.

17. The content addressable memory of claim 16, further comprising an AND gate

coupled to an output of the selection switch.
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