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requests for stored data with as little delay as possible. Oten, the
requesting agent cannot achi eve forward progress w thout the requested
information. This principle holds true for content addressable nenories
("CAM5"). However, increasingly, arithnetic operations are included as part
of a nmenory 10 operation. That is, a request for data defines one or nore
arithnetic operations whose result is to be applied to a nenory as an
address. Any time spent conpleting an arithnetic operation is delay
introduced to a nenory request that includes the arithnmetic operation.
Thus, it becones a goal of nenory systens to reduce the tinme required to
performany arithmetic operations included in a nenory request. 15 FIG |
illustrates a traditional adder circuit. .There, an addition performed on
two multi-bit values X (X=X,-X,) and Y (Y=Yo-Y,) generates a multi-bit sum
S(S=So S,) and a carry out Ca0,,. The traditional adder includes an
internal carry chain wherein a carry froma first bit position i may

affect the value of the sumat a second bit position i+l . Carries nust
propagate through the entire length of the adder before true results may be
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PCTIUS99/ 17631 therefrom The intgpalpgpsry chain causes the traditiona
adder to be slow There is a need in the art for a nmenory systemthat

i nproves the processing speed of nmenory requests that require mathemati cal
pr epr ocessi Mp@GPERAUNDIE THE INVEHRHON or m adders are known to be faster than
traditional adders. Shown in

The present invention relates to a content addressable memory suitable for use with

5 redundant form input signals.

It is a goal of memory systems to fulfill requests for stored data with as little delay as
possible. Often, the requesting agent cannot achieve forward progress without the requested

information. This principle holds true for content addressable memories (“CAMs”).

However, increasingly, arithmetic operations are included as part of a memory
10 operation. That is, a request for data defines one or more arithmetic opcrations whose result
is to be applied to a memory as an address. Any time spent completing an arithmetic
operation is delay introduced to a memory request that includes the arithmetic operation.
Thus, it becomes a goal of memory systems to reduce the time required to perform any

arithmetic operations included in a memory request.

15 FIG. 1 illustrates a traditional adder circuit. .There, an addition performed on two
multi-bit values X (X=X,-X,) and Y (Y=Y,-Y;) generates a multi-bit sum S (S=S,-S;) and a
carry out C,,. The traditional adder includes an internal carry chain whercin a carry from a
first bit position 1 may affect the value of the sum at a second bit position i+1. Carries must

propagate through the entirc length of the adder before true results may be obtained
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5 FIG 2, a redundant form adder omts the internal carry chain that
characterizes the traditional adder. Instead, for each bItIFOSIbt!con I" gf
i nputs X, Y. t he redundant form adder generates a nmulti-bit sum
Thg output %?’g/@ j is said to be in "redundant form BEVEI¥YESho bits
are used per bit p05|t|on rather than a single bit to represent a sum
result that therefyonbelhqurtenagédiychamntauyes rlepmﬁﬁ@lltaeﬁkrl&ybeara)kvyﬂ&resxk Reegiit. To

th e JEEN e nagtr(r)rm tLlletwo bits
of each "ot pagrt 1 mar A LESH ettt el R RaRNE such as. the

adder of FI G4 ’“PWém?‘ééI'LE’FF(H@ﬁ?SS‘f‘%)‘i’ﬂ?’fﬂaeléer provi des significant processing
advant ages over traditional adder particul arly where a nunber of

ddit S are per . r | ur nunber of sequenti al
dels I? Ee tradPtl}{)e?lJ g ef‘§“ee‘ "°““ Fq’f"éas‘teh and 3’:"9“%??&% drvaich 15 add

before it rra‘iﬂGb%gF?ﬁ’“'aia@lf%@é'd@mﬂm'tatddlntehi@mvvephamedumbaretxzefsﬂfem?ammﬁesm ng

ermts  quiferaddicld @RSk Bt REIBET SEHARL, vAnS AT NR oMY Pe o tted
Entll a rgdundgnt formSljmllEﬁ”obtalr?gg f’rorr]n herln&in °H‘a| Pon. Wen the

redundant f of*RATEENATE-8btu Hedbe quipuhayOTfe-O.bismidtotbe éh ‘ralumnt-foredundant  f or m
by use of onbeyause t8b Bigd #e Gad ;i’eYblC;Bb@iuBn rabier tkﬂpa%grg%mg Bépr%ééﬁttaesm:] r&hik {hgtves data

b donre 0 Content addressable nenories are
kﬁz\(/am per sceer‘Jl}dD%ErfOre eEchcF nhy rese" 3% RPN 19 RusedhedrBRARnf et 3. The

CAM 100 i'Acl %wew"*aedpwdamécbrmt n}ne owfo bntegﬁ e@thebd pdsitbned eyt inphi 6 Braditasies dat a.

VWhen i nput id s ARLiEM g ihe CAM 100, it generates an out put
i denti f)F/)I ngdﬁvﬁl ch reglagte?sF(PGlf any, store data having the sane val ue as

the input data. Typically, the CAM 1 10 generates an out put signal having
a one-hit flag pédhe rcegidst rmpdsi frbodesisignitibal CAMsing3dVankeL¥aPl €, the flag

bl : I t hat al to the input
S anal ang o oabloerony FERBLEM S 2N B Tofieilire R TR vty do120

associ at ed VA## neBkH of ssgyiertiabaddy, the@radiTipral addertnoist dongie i 26rrDebih OF #1Bh a

bv-bit 0@ e t stored in the
regi ster 110, ao. showt 1 LG 4t nel dgee ey e Es L Eries "Tao- 160,

i
one provi dedV f‘d%ﬁ’“%tﬁt?ﬁp‘lﬂf"fmeﬁoélcfiﬁ%ﬂ’am“%e erittekhngil § redundent foogiset er 1 10.
Each swi t ch obB@ed 6n its fisoadditah] Bhebihc tdatndard MR sORA BB, RGEL WS99/ 17631

converted to non-redundant form by use of only a single carry chain.
No known memory system retrieves data based on redundant form input data.

20 Content addressable memories are known per se. A block diagram of a known CAM
100 is shown in FIG. 3. The CAM 100 includes a plurality of registers 110 each of which
stores data. When input data is applied to the CAM 100, it generates an output identifying
which registers, if any, store data having the same value as the input data. Typically, the
CAM 110 generates an output signal having a one-bit flag per register position in the CAM.

25 For example, the flag may be enabled if the register stores data that is equal to the input

signal and disabled otherwise.

The CAM 100 contains match logic 120 associated with each register 110. The
match logic 120 performs a bit-by-bit comparison of the input data and the data stored in the
register 110. As shown in FIG. 4, it includes selection switches 130-160, one provided for

30 each bit position C0-C3 of data in the register 110. Each switch 130-160 is controlled by the
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val ue of the associated bit position in the register 1 10. The output of
"each selection switch 130-160 is input to an AND gate 170. Typically, for
-each bit position DI in the input signal, the match |logic generates its
conpl enent , AR Y108t shown). D, and Di# are input to the REWENYHSHoci at ed

with register bit 5 position i. The value of the data stored in the
register at bmeomsb;sb&uaedlbt B0idnGh e VWRIsED1 18 TR ou@forb G t to the
AND gate 170 f e S ¥ eMagsa PO T cutieor: es?gé&'s?é‘%ﬁ?*

representing'® 6?&'%{} © ARBNBrEaH L val ues  out put from each of the .selection
switches 130-160. The AND is a logical | only when the signal input to the
CAM 100 has the sppRaMafoHECRBIt ﬁcﬂﬁioggtlﬁth%tm?)[nes%n!ilnlhg nngtcl’; %gfciz‘ %\Fate}illo 10 No

known nmenory system operates on redundant forminput ccordi ngly,
there is a n%"é&‘fi”ﬁ"&% (ngf ghopvgl Dy anddii¢ érﬁﬂnpatdeiﬂweg‘s@pbla@somﬁm% regisierédin t hat

reduces | at epaifionf Therw&roycweequasmm\Msha{élgl;t.t}QStﬁt gosbeshardinelididg par i t hmeti c

oper ati ons. r the art for a content addressable
menory t hat %"Eeﬁr‘g e “rﬁ%rtgd& ‘f?ﬁ’d@"ﬁ% Fﬁ%’ﬂ‘f“data SUMMARY OF THE

| NVENTI ON 15 EITbOdI rrents of the present invention provide a content

addr essabl e nenorghe a&SS@-@Jn@raQé’a flﬁﬁ“@%%ﬁtm%gﬁégéan% fof‘jtﬁg F1ueBRI EF
di_agram o known

DESCRI PTI ON OF

traditi onal adder 1 e =i gw gle seleCt'O"BPB‘HﬁS S ol aTﬂe@le%l'SRﬁ%&Wﬁ' relutEale form
adder. 20 FlI @naBmplstoethdﬂ/ﬁmdo(dhza@eam@\fahﬁakmem eoat ie fle ragier egsabl e nenory.
FIG 4 is a block di agr am of mat ch |l ogi c conventional form content

addr essab o8 mem)N s a block diagramof a content addressable
menory const ruct e 5"8‘”&8‘8’8?@5’(‘?8@‘ Opﬁﬁaﬁehoﬁﬁd”@%b@f%ﬁ‘ﬁft dap. Aprerdielsent
i nventi on. 2&efels@ neGlAn the ad fdr egmmendadagﬁsam ﬁ)fem@:y gateth AR CRAMRE 1a8h8a8

constructed hgnﬂgoﬁgeg%%gbgf% %ggeéls @giar‘?hme%c opr)g?atlionsOfFu;t}Q:? t el;eelgspeted

i nventi on.
in the art for a content addressable memory that operates on redundant form input data.

SUMMARY OF THE INVENTION

15 Embodiments of the present invention provide a content addressable memory

addressable by redundant form input data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a known traditional adder.
FIG. 2 is a block diagram of a known redundant form adder.
20 FIG. 3 is a block diagram of a known content addressable memory.

FIG. 4 is a block diagram of match logic conventional form content addressable

memories.

FIG. 5 is a block diagram of a content addressable memory constructed in accordance

with an embodiment of the present invention.

25 FIG. 6A isalogic diagram of a data decoder stage constructed in accordance with a first

embodiment of the present invention.



FIG 6B is a logic diagramof a data decoder stage constructed in .
accordance with a second enbodi nent of the present invention. FIG 7°'is a ™
bl ock di agram of rratch detection logic constructed in accordance with a
first enmbodPP¥HB%f the present invention. 5 FIG 8 is aPBIBER1#Ehgr am of
mat ch detection logic constructed in accordance with a second enbodi nent
of the present i femBiioniogiFHi@zra® of 4 dawsder@itiesagh osianrteddoReor@ficetviit apri or art
may be omttsgg)n@gp%ggje@g,f;hg L§§n fenlile content addressable nenmory of FIG
5. DETAI LED DESCRI PTI ON 0 T present invention provides a content

addr essabl e rrermr E] ares the value _of redundant forminput data to
non- r edundant f0|r vé?l logk Wiegmed mptredeisphion lopisgorcipied derpetgnce pika freidundant
form dat a i remodimta ofibecpeentinvEimneaft er, the CAM perfornms match detection
on the decoded data. The present invention perforns decodi ng and match
detectionsnore qugickliyabitd re ickly than
conpl ete redundant form adggrgia%acg'mta{CPHaécnaglg?l%g%nﬁggteegygc n%fcfdg%construct ed
i n accor danc&°WF FTPodkrrih BWiPIFEFH INYMtiehe  present i nvention. The CAM 200

i ncludes a data decoder 210 and a plurality of registers 220. The data
decoder 210 receififes8 illvgttta damin ddwr nfi thaypiot ardtedyabe On [ted-(0merOng ojusasTechedecodes i t
into data %gg@g@,essgp@ng%%@gld gdundant formdata is input to match
detection logic (not shown FIG 5) associated with each register. The
CAM 200 generates an out put representl ng which 20 registers, if any, store
data havi ng the redundant forminput data. The data
decoder 210 is a nmulti-bit decoder. It is popul ated by several stages of

redundantiof or m dEBQﬁletsEig nﬂéd’nGMﬂ)rB\Sdes IEtﬂteQAMr?s@éBleh&nﬁ%% SfhphRL S t h
predet erm ned | etection Iogill c_of CAM 200 may be

different for cgg%é%M'an d%%? %Fd“"m&oémﬁg“eésmi&dfhﬂe@t befdiderets of a
redundant f dhareddedodomglaiin cdatatdecogeraPipraafier] it @A NI QErfddG Emitl deteBon@ach

redundant f QfdBecddlddaidOfile . ech Pl 0, enbodi ment of
the redundant Form eclk)d):re%&tgl%ng% Jrf{mgd 0é)ogpad-)i tatahgel?f‘@""é’ﬁ‘iulcg'ﬁstrat es a .

redundant f d?%"ﬁ@%‘ﬁ‘ﬁ'@#d%ﬁ *}“é Gy nBORAufesly thsp tCOlmd@F tedoar® forfhjadd®ds. constr uct ed
i n accordance with an enbodi nent of the present invention. The decoder
circuit 3980 FIG. 5 illustrates a CAM 200 constructed in accordance with an embodiment of the

present invention. The CAM.200 includes a data decoder 210 and a plurality of registers 220.
The data decoder 210 receives redundant form input data O [0=0,-0,,.] and decodes it into
data signals. The decoded redundant form data is input to match detection logic (not shown in
FIG. 5) associated with each register. The CAM 200 generates an output representing which

20  registers, if any, store data having the same value as the redundant form input data.

The data decoder 210 is a multi-bit decoder. It is populated by several stages of

redundant form decoding circuits. The CAM 200 is adapted for use with predetermined bits of

0, 0,-0,.,. Match detection logic of CAM 200 may be different for cases where m=0 and
where m 0. A first embodiment of a redundant form decoding circuit is appropriate for use with

25  each redundant form “bit position” O, for i=0. For O,, a second embodiment of the redundant

form decoding circuit is appropriate.

FIG. 6A illustrates a redundant form decoder circuit 300 for bit position O, (i#0)
constructed in accordance with an embodiment of the present invention. The decoder circuit 300

generates address signals Z;,, Zy, Z, and Z,, based uponthe values of O, (A, B,) and O, (A, and



generates address signals Z;,, Z;b, Z:c and Z;d based upont he val ues of G
‘(A;, B;) and O _, (A, and 4 WD 00/10089 PCT/US99/17631 B;.,). Values A,
B" A, _, and B; , are input to the decoder 300 on inputs 302, 304, 306 and
308 respect"’CWﬂ‘V)89 Address signals Z;,, Z;b, Z, and Zd arP€T6'§?9¢lJ§31fromthe
decoder 300 on outputs 310, 312, 314 and 316 respectlvely A, and B; are
i nput to a fBsVaOR, Gatae aBdZE,,arXGBuxgatlﬁd&zﬁkrgm.%u&%o@r}oﬂgb@m 304 Ilne 5

322. Line 32 ate 324 ) ate 324
gener at es th%Spfe ?ﬁ'rv Lé]? %%ir %s? lé'%lesn "1l "pa‘lfgr;"lzgr URY ?Dg‘ége‘é‘?"gﬁép‘%"“ﬁ“?“‘ég‘d’ Z;,. XOR
gate 326 gen®iZatlégnd Hé resectvety. di fferential pair of address signals Z;, and
Z:,. A., and B; , are input to an AND gate 328 and to an OR gate 334. AND

gate 328 generatﬁeSndamareu;blpwctamwomteS@Q X, 6 328 §én\?\ﬁlé!éa4datp%@.r?n9§t teo3>2(g?
| 1S | u

The OR gat.e 4, gener.at es on |ine 33
gate 326. tSThgﬁre &2'5 'Pp“fttglar?f Bgrgbogﬁe?aég‘r%m? 263K Bicrhpwsralss the H8i t i onal
adder to a gtifatntidegr efaddress sig@lsF2 2ndr R p KORQAE: S263ch@dlestiRduddd@iitrerspm t hat

woul d he obt 'Q)‘?Shdt&( i, hg to B,. Lines 332 and 338 represent carries
from positi O%lrl - dﬁ]&glag ?’I@pzl’l ate CI rcumst ances The signal on line 332

represents the ca}\erndeg om postl tion_J- =1 (as described 151
ater). The signal™"of 1 ih¥°3EY tf’ébfo‘g?e%?{esntgﬁ%d V@é‘f‘ﬂ}" $afeo3r?’14p6’§PtgF‘6|%2£i -1 when
S; ,=0 (as dg;esmtﬁstaedutputorahrer3)32 wmhlus;npeutb b(e)lR g&ie 320 ThE DR a@@Bﬁé‘e@&Bt@sthe

non- redun]gan;nﬁﬁmolghqle Swhlc erl npu c}g&%%at the one address |line that

carries the correct value o ﬁed based on additi onal

i nformati on. Thi Srh ‘Wé E) ussed in connection with FIG 7 below. A
traditional adder "™ f8ERALIOr™ fesedsr prowt 30 rosembles A gaditions! pdrlerth a Brat depate:

pr opagat es tIhneougbprewenyonbbdunmsduﬁﬂﬂfmwmﬂuKefbetaaéiihytahd?ﬁgABB? rigdogndant form

decoder circyi i ncl ude any carry in fromposition i-2. The
r edundant fo‘ér‘l]r%t33 ergrgre thgrlnl?sgffrﬁ"% PO3HET frh g apbrﬁlf“%:rfém‘é!’f%@sof anmlti-bit

decoder. 25 The gates shown in FIG 6A may be shared vvlth ot her stages to

form a Cqu| et e Flflgnabqnthne 332 represents the carry from position i-1 when S.=1 (as described
1 ater)

The signal on line 338 represents the carry from position i-1 when S,_ =0 (as described
later).

Thus, either Z;, or Z, represents the non-redundant sum bit Si. 1dentification of the one address
line that carries the correct value of S; is determined 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 from position i-2.

The redundant form decoder circuit 300 may be but one stage of a multi-bit decoder.

25 The gates shown in FIG. 6A may be shared with other stages to form a complete multi-bit
decoder. For example, additional gates 340 and 342 (shown in phantom) illustrate gates that
would be provided to interconncct inputs A, and B, to the i+1 position decoder. They correspond

to gates 328 and 334 in the i" position decoder. Gate 330 (also in phantom) may be used in an

i-1 position decoder.

30 FIG. 6B illustrates a redundant form decoder circuit 400 constructed in accordance with



decoder. For exanple, additional gates 340 and 342 (shown in phantom
illustrate gates that would be provided to interconnect inputs A, and B;
to the i+1 position decoder. They correspond to gates 328 and 334 in the
i “h positiofOf&d¥der. Gate 330 (also in phanton) may be uSEHUSHIZFH! j - |
position decoder. 30 FIG 6B illustrates a redundant form decoder circuit
400 const r uctieembodingocarigkameent Wivkftion 5 THUQM:L OREQ 4RCT/S8R/td 783 L itk aNn
enbodi nent o;ed&nlagtporre ept Ai nventi on. lThe decoder circuit 400 is suitable
for use with redundant “foFm il £ RYBSHS ©f BYe Hidefdtrsaeresptiidiodes, the
two bits of @9 Bareperievplyedkempmdhrargo odecadedciidit #@sp@pitievieinyts 40Bhay 4@ e i nput

to the decodefe dedoki&Uirduit4 ds D BHle S DuDBLS o4 14, 404, The decoder
circuit 400 generates :51 6sbickrﬁglae Sdi f%eerler{gﬂl“al% 'p(éi ?(g%sgnrga%’f@gsz“f)? W& Zoo and

Zob On output™n'etitiaphi08 406 and 408. A" and Bo are input to an XOR gate
410. XOR gate 410 generates an output on line 412. Acarry in C,,,, if
provi ded for bit fosdBianinfyt td s XTRgite AD. KORRhteUer gehdtaks A bGpudndigeond XOR

gate 414 recgiVaSad Pt $offkQm d i apnd term nal 416, The secand XOR
gate 416 gener at egmzdéi &nd ?qfh‘]@%%ﬂ?ﬁ%é)u‘f g’plﬁﬁténpé’[r:tamﬂﬁgﬁﬂg S‘?%B“d‘ééc? yinC,,
i's provi ded, 83%1d 4 &ativsn PRORony bited 1 4and tempipal 41 The scooridtXGRpateZoegaandieZ0b may be

gener ated di geglilzy of sutpitstibieand hogs I ndQRy Gt 6 4404 {t:%?écm?c%)kél{ %‘Ia§et4rl fles match
a I rs

detection | ogic 500 constructed in accordance \f\/ld enbodl ment  of
the preselit PHRPEHE: Tnandfraranbt ssieraat decihoiion Heifiest OB sagl0. substitute for

the match detection |logic 230 of FIG 5. The match detection | ogic 500

i ncl udes a sel ectil6n7 diystretps Batoh detertion dagicE doostrued lin licbrdpesiviiton in t he

L TS AU U B AR i s

to the selection swtc Yat a
signals Zl,, subgfutafe thepatth dedecsien RQIci230 oS WG, 6h Th Hratch RErecitiopt s@f each

sel ection svx.;'n'glch 51%—%40 IS Iﬂ% to acr AND gat e 550. AND gate 550

generat es an"SHSBRSHSIP Sttty I§5t4pﬁ3r°é’l‘ ed Sey caeht bibppsitign i the seeit@- 40 out put a

ogi cal "ls" cagh B BbsitioR Q- Mur 8 Bglld 7,p2S4rt indlk b AR <ciLG, 33840 BLEY el ection
switch 510-530 is controlled by the ‘vaf uesgst ored in ?E‘g regi ster at bit
positions i %‘Hd’ltippﬁlt}OITFﬁQbs}bC i dpiekieBal9Zi, <, are input to selection switch 540. The

output of each selection switch 510-540 is input to an AND gate 550. AND gate 550

generates an enabled output only if all selection switches 510-540 output a logical “1”

signal.

20 For each bit position i=0, the associated selection switch 510-530 is controlled
by the values stored in the register at bit positions i and i-1. Thus, switch 510 is
controlled by values C3 and C2, switch 520 is controlled by the values of C2 and C1

and switch 530 is controlled by the values of C1 and CO. Switch 540, however, is

controlled solely by the value of CO.

25 Specifically, the address signals Z,-Z,, from the decoder circuit 300 are

connected to the selection switch of position i as follows:

Z;, is connected to the switch input that is selected when Ci and Ci-1 are “1 ;7
Z;, is connected to the switch input that is selected when Ci and Ci-1 are “01 ;7

Z;. is connected to the switch input that is selected when Ci and Ci-1 are “10:” and

6



controll ed by values C3 and C2, switch 520 is controlled by the val ues of
‘C2 and d and svm'tch 530 is controlled by the values of CI and CO Switch
‘540, however, i controlled solely by the value of CO 25 1peC| fically

t he addr ess“é‘?%’ﬁg?sg Z'-Z,d fromthe decoder circuit 300 ar®&TE8HHEE: ed to
the selection switch of position i as follows: Z;,, is connected to the
swi tch input thatZjis comkeaed ©dhadwnéioh Gipuathat iCkelcckedati®n ¢t dnd Ci-Lane,“0b S
connected to the switch input that is selected when G and CF | are "01;"
Z,, i s conne&hesdCi- biStah@dd;‘mériabfknbvmp@uahthﬁtiedcﬁbcsiab@@t»ﬂm rafpest (F1@mh G -1 are
"10;" and 60 Olg)lbilf0089 LASQQ/ 167631 Z,d is connected to the switch

i nput that is se &G HRLl Cche Srcpdes asgumgsghatdp, is theyplue ofiCiql geiualin

addi tional " ktnmm/ﬁﬁ'thqmaxﬂbﬂytrc}glsd@sU;ﬁd RednRRAYS ML Re 5&%&&% rfltTu%remogru 6A. - For
each bit p05|t| on i t he decoder assumes that i's the val ue of G
actual |y st BrBans of ‘b?@l%%wnqhégmrw Wﬁﬂlfbroa§9tﬂmtthMND52q0Lgste|ahd abl e

because, if pleviBR5:8onPLrrdnk L of the selection switches 220-250
woul d route g 6 to Etoher,rA\ é){%@'0 %lpg%n t% prevent it from erroneously

signaling a match. Table 1 illustrates the signal values Zya-Z;,, take for
al I possibl e per niabletli nsraise the Agpal Balues .- Z, ahdfoBall posaibtk [Grmbtatidrds ofll SO Shows
the non-redupdants val4 1 Sy unst ance.

Hi ghl i ghting i'n"tHe tabf g&(ggln{)ns%l howsﬁenton TYgpdanf xa \}eért"ad%é‘“liag

conbi nat i Onsumfer gach cBQums@ance H@;llghtm@i’mdhé}abﬂe d@ﬁhbh{stﬁﬂ:@ tlﬁf fér t8e LS

represent, G . V\QOO/flA(? /US99[.17631 B, Cl.1C Z Zb2Zzc
Z.d A B, A ‘T‘bé“ ton 2| 0 Zlconkf?ft?"ézeﬂeﬂéwp@sw@o100001
00101 01010010010001100110 011C00100100
10100110 01110001010111100101 100100100
11011100101



1010001001112001200101 1201121001001 1101100
110 1100000101111 0100110 0001010110001 1"~
111010_00 0010110010011 1010 00110 0100-
101111W6’°6"‘l°9o1000110100110111_001?”&}5??’%6%0110
1010001112010 210120101101 00111212001 111200
10110[1® 3,08 L, 1]G %1z, Z.1 2,1 O[A B OAl B. 1611 E zI Z Z.0zL]0
Table 1 - |®ecoded Data Hignal s Based On $p and oS, o, 4, Poapd Zd ase provi ded
because, {br1the AND faf & 5500t 00i ndi ¢at ¢0a amatcch it 1Mt | Pecei ve -input s
that are ¢htirely 0. Pf |2 aCi20,0Z; P iis iiApwt tlo tohe 1AND pat e1550. 0
Simlarlyl[0it Zj 'CG=0 |2 ¢is ihput! |to|Phe! AND gatd 50, 05 1 0 1

| nt er connett? ord of! Zo& arfd|{Z. 0 tB swifch|340 i & stlrailghtdf pPwatd: 0 Zok|i s
connected|t ot hk sWit8h|i%plt Ot h&t i's|selléctled Wwhén 3. |i0s| 01,1 ahd 1 Zap is
connected{to®the sWwit@h|iplt Ot ht i's | sell éctled Wwhen Sp| i0s| 00. " Basel|on a
redundant {Fot m3 ndgut 8i gfaf® the®ca¥t 200|df % he prlesdnt % h9enti oh de¢odes
the redundant 3or;ms g1a§| %mél dét ePnil nes wifet Her 'nod- | dduddaft Hat®|st or ed
in any of |the registefs| [10)220 qudl s th8 vial fe & tthe i nﬁutosingnaQ. | t
gener at es| an. oufpk i denti{yifg {hoge regPst}ers? St orli 13 t le San® vhl ue.
The data ¢gecodey %10 gf t1he present invenei an %oeé) nét 1os%esg a? carfy
chain that, chajacterpzes {he,tradi{ional 1acgder0 of(1j FLGQ 1L This, e it

is traditipnal ly vj ewgd|tjhgf redyndgny forr data nugt k}e inpjt 1o a
traditional adder (haying @,cgrry c@ain) hefore ngn- r1e:ian nt dafa 1% may

be obt ai ned;the presedl,p e TVBeiddedd eSSt oy et processtRg—over such a
schenme. Here, the decoded data s?gnal }sgn4 -i,ed?@r“ﬁé’é"nﬁf ated based only on
val ues of t ha anedyaatagvided orcanse, datha AND g&e 58Nndlindicate, a maldner nilatrecedleanater i s

properly vi emadie eifidly St DEQRAGEL B 108 eCND dhteSBR! Smilarly. if 2 =Ci=0, Z, is input
to the AND gate 550.

5 interconnection of Z,, and Z,, to switch 540 is straightforward:

Z,, is connected to the switch input that is selected when S, is “1,” and
Zo, is connected to the switch input that is selected when S, 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

8



h all bit positions, but rather as generating signals Z; 8-Z d based
-’2?‘8325 bl e assuﬁpti ons of the value of a carry in to the bit position.
‘The actual values of data stored in the register 20 denonstrateTV\hl ch of
the assunmpt "ShH¥'8Bually is true. FIG 8 illustrates natcH@ES8¥HN | ogic
600 constructed in accordance with a second 8 WO 00/10089 PCT/ US99/ 17631
enbodi nent oémb!ddeﬁeptrcéﬁemresemwatt:bmrThe Taeh agbdibn dgt: eMrhélﬁs&;Qﬂhé?foﬁﬂg nmay
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position i. mstigutpautririomeecchiesion Boith ©N-680% el ik ANG4Qe b5 ITAPMID 10 an AND

f
gate 650. ThgtedD et HI0: AL %%%erﬁmivé)& 4 er%‘l grﬂ)%l red 8 n?fso qt ive o
whet her the ;'gngl% javgueeﬂggopa%drm data sig € al ue ae g4l ‘b the data

stored in the regrster aﬁ'lséor%dél‘g‘éf‘?gﬁffr% tches 610- 630 of each bit
position i (ism is controlled by the value of data stored in the register
at bit positions Tihe seretian-shitchGed 10650 BBach i bssRorfi40m) iScHREILE 6 theskiays t he

The carry
:/ﬁl UeC | f)lj | dat &}taﬁt&&?q tHer}eél‘igrt]Jar. rapxﬂ%'\?; l?ogg' énfingaggecli)gnﬁqw‘ét?h 54&)5 cot-n\,ﬁeql\?%}g that Sm 1

P t t h b t
be obt al 7eq° dﬁ?é oFd Iy ‘3%5'9” =5 apcina|canen Geldine Fam in, $.5 ifebé toe el i n b
EEZ. tions O ‘heoifgh Thek atedwalvaye bl Sy, , G@EELRINGM The kiR \@bmplsihdaiibRY be 15

I ndi i I arranged so that, unless Sm 1
has’a S?ehgf"“ebﬁm%” KB dfhin TR Ry A ARTE] BB el B o

irrel evant. A4 de%%%'&l FrF‘é‘ﬁ‘ﬁ’"' '°9t'°r1’éayé’>‘?taé’i"‘r981’ 59 631 L@'eswnl Ihag 2pfedeteemiBed , t o be
Cn for the ‘@Nﬁ/(or‘éélﬂh? resoit df he ICAMawaahtis irrblbvant I & edbdifédt t@'exterrﬁﬁegno ) t hen

oth 0 r.eve te from
Zgggr ati ngr aw.a]pg?mre@m tg@g Gm@Q‘e\@AM re%lﬁé& l%\r,\yol?‘{;ﬁeitc? b nop{fts at | @ﬁﬁ“\en FEthod | kel y

will be fast®r er{nﬁ'gho QaFFeSE’B?”P'gE{OW@BWﬁYe&E‘T‘%Bﬁf%)ﬁfonmﬁneratm@ fafrsatchtsivealpr esent
i nvention erWﬂiesctﬁ%mpuatl@emmw ligyCWiIERSad0dr alBBERaLt doRBRBIE VS T O
redundant forminputs. The CAM nay perform redundant form decodi ng on any

d-ﬁli;sat ut need not receive, the

r EdundantZOf ]91‘ m LS hg%ﬁageﬁ m/eﬁ,ggpro d%s;o?g%on\{ent ac}?iressable memory responsive to
t significan

| eas 9 redundant form lnputs 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 (O (O=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



forminput. Wiere the least significant bit is not input to the data
decoder, a carry in derived fromthe |lower significant bits of the
redundant form val ue is input to the match detection logic 25 to control
one of the WO03P8bn switches. Returning to FIG 2, the eXGHpFe'dF

redundant form adders illustrate a three input add. The adder of FIG 2
may be Kknownarid® rsgyrte ir@st vathdut pre@ eceb Ongtdivectie @ITRY ®%Sdekaeder 110. @ speci al case, it
may be possible to omt arithnetic preprocessing altogether from 30 a
Menory oper at i on. Ac¥raingy, ahenEMDLOD dfe@measémi.rsarmasteedvea&eaw&dmgb@n@dni t hrrgeti ch
operation to, r edundant. inputs A and B (O=A+B), the
addition rmay aﬁges S%Qt{dgwgor?\peﬁtumhgﬁs the 9\/8 nen- hedundar‘a anlues are mcejrggi %my be i nput
directly to feHendgafamGureRIand 'Q%to %dawmemww daga decotier HPoeEsss ng i S
required tso readdint tomdddeedngrae desedi@ataboial BESd L;fbnrtr%cwwdamaté‘ &k frokhtge val ues A

directly to (he dain ededmrnsabteR M3 oBl nE VR ooty SR8 oy oo

i nvention ret€F¥EL2% he two non-redundant vaI ues as a redundant form i nput.
That is, the two non-redundant values are nerged as a redundant form
nunber and i nput Asdas heendatcabedebodethe Preent iMigetiod atcaiderecwdent a@diésspeg f or ns 5

r edundapt f omemete Gadi Agreasabdes €erfgkbeﬁl rf]dv?clafilr’ubet daagsedcwe&olaé&%edegﬁg&ddgat a
out put from r t he natch detection | ogi resses
t he val ue@ s%ogf ,8%9933331 ﬁeb%%ﬁﬁ/f’o S d8rs %3 or%mﬁ'%édegeg@ﬁ @@iﬂéﬁ%g&ﬁ above,

the present ineHiMregistpipovi des a content addressable nenory that is
addr essabl e by redundant forminput data. The CAM decodes the redundant 10
forminput data ayrierallsasesiinenisotihe presenteyedietlarel seaificafyaliuftatedsndassahedlet ect i on

with data st edré@sl Howbvet hduli%&ﬂpreeﬂtb§ﬁwﬁrn%dnﬂ<§ﬁaﬁ@5ﬁi vaﬁdm@it tﬂ@&&s’éntﬂver{nb@ present
i nvention are _specif.i aII ver, it

Wi ll be appr&&ialed btyhr}aetab ede?CH'n “894“3“'%??8 p%ﬁ'?‘f’&f tf‘%ﬁ@’eﬁqedfﬁ'g‘sﬁf’r‘t%%‘ént
i nvent i onl!S afepagipg/feamete pyit @Wentqﬂed/@weeqm"nvgs'orand within the purview of the
appended clainms without 15 departing fromthe spirit and intended scope of -
the invention.



10 WO 00/ 10089 PCT/US99/17631 WE CLAIM 1. A content addressable nmenory
‘addressabl e by redundant forminput data. 2. A content addressabl e nenory,
‘conprising: a redundant form data decoder having an input and a plurality
of decoded ¥R /1098%es at 5 an output, a register, and nmatRIT/GRIP/ESSI on

| ogi ¢ coupled to the decoded data lines and to the register. 3. The content
addr essabl e wempaw:of claim 2, wherein the data decoder imcludes several
decoder stages, one associated with each redundant formbit position at the
i nput. 10 4., The ’ggorrl&eetntddaddéessabl e rrerr%t{% of claim 3, wherein one such
decoder stage generates 5 detBaByY air ESHIR PurupkeHamdrPut 9 val ue of t he
redundant formdata at its associated bit position and a bit position

i medi at el y #&dj ackefntepiqddmgsablé mepowicbinpising5. The cont ent addr essabl e nenory
of claim 3, wher eai] n u%daq]?f%%ddeédist ggg associated wwth the |east significant
bit position genetSlBe HeCoTES PR GWR PP AL RBIUBIY o Aeeoded dai2 liegs ¥ he 15
redundant °f ofUPsta at its associated bit position. 6. The content
addressabl e nenory of claim 2, wherein the nmatch detection |ogic includes
a selection switc re?'s(‘)t?r'%’gch bit position stored in the register, the

sel ection switch haw dgcion gk Soupe® MESHLG e I B0 ister N€S_associ at ed
with the bit position. 7. The c(>:u(§)nt ent addreesgtab egrr?}cg?rg‘%eaggkr'cl aim 6,

wherein the gel ecti swi tches are 0 control |l ed respectively by the

val ues stor e% i ncﬁhﬁg&rteé’}é\é:dgrte er a%TeTWeO%B'?'f" YEN R faledecperaiclgrsEPYer?! t he

switch and affcadfy eeehtonpprisopaied wiheach redundentiomt rrbsidiidt s Bak] € Nenory,

conprising: a redundant form data decoder receiving redundant forminput

dat 3, andicha¥i ng @n coawiitpdtiressanel rr_%ﬁloajl difecﬂlliirﬁta,ewhé_éim’oh@guéﬂaée?o&{ sige -

g_ggogf S{ ?dnsm%nﬁﬁégéghdégﬁt{eg ggféleo{ulﬁ)gt;l!)aggd or?gﬁlecva ug 0 [hlesrclacﬂjﬂda%t f?:?m %actala(t)gs swmtce
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 assotiated with

the least significant bit position generates decoded data output based on the value of the
15 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. The content addressable memory of claim 6, wherein the selection switches are
20 controlled respectively by the values stored in the register at the bit position associated with the

switch and an adjacent bit position.

8. A content addressable memory, comprising:

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

25 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 and controlled by the value of data stored at the bit position and the next
adjacent bit position, and



of data-stored in the register, the selection switch receiving decoded data,
associated with the bit position at inputs and controlled by the value of -
data stored at the bit position and the next adjacent bit position, and 11
WO 00/ 10089WOE1098b9/ 17631 an AND gat e having i nputs conﬁ@g‘ﬂjé??"f’@‘t he
outputs of the selection switches. 9. The content addressable nenory of

cl ai m 8, wherei n andiDdatedadeoauscorected was duinats bi thesselebffonseietigrdant f or m dat a
for every bit position of data stored in the register. 10. The content

addressabl e grenorise fntehil RrB3sGhie WHIRf Bail BBy HIRInEneIEE Qe her RREME biBRs 8 D
plurality of data decod one of the stages conprising:

ng stages, at |east | i

first through "Fe4eHAPHOR ag%{teéeé’?b'ﬁ RptR” o S3%5irat & heds9is e dundant f or m dat a
associated with a first and second bit positions, a fifth XOR gate having
i nputs connetd ed the ceririt pddRasabiearamionvlf slainsds wodreit the deth tiérotidi@orpriset a

redundant sbi plurBiRsdsbiate BecodRstARE AF 1Bdst 513 ofthl kthgtls cOHIBHS: representing the XOR
of the first redundant 10 bit positions and a second output representing

t he conpl enent offirgt eoutORUI XQRgatelsi r st redundant bit positions, a sixth
XOR gate havi ng ii%{ﬂt‘tts connected to the input termnals associated with the

second redundant SRS {9 SHE AN PRI TR 8l iRt 2N LsreRRBE Bt Shavi ng
i nputs connect ed 4 dn kBR ght@Rddng BB %ﬁ%ﬁuﬂ&rﬁﬂﬁ%{éﬁgétﬁ%tﬁ%%g 15

redundant bit pasitions and having an output, an avi ng I nputs
connect ed toref“ﬁ’ga”éﬂ'tpﬁﬂ’ﬂ°§56'?dgF’PFéat'gqg?(?'ﬁ WPy REE R ingrop X ReC! ARt EHPEM wher ei n:
t he firstioXOR rgsitioss émds seqopldupuTemesenting the t@nplementfof thsXORObftHa st reduntidne fi ft h
XOR gate 20piaRdtide the output of the AND gate, the second XOR gate has

i nputs connected to the second output of the fifth XOR gate and to the
out put of the AND skdh ¥OR géiehaving ingutXGRngatddo hasnputngroinals asxenigted with theo t he

first output s@bndtrbfinddnf tithodRs SAtHBving an output,

an AND gate having inputs connected to the input terminals associated with the second

15 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,

wherein:

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

25 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:

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

and



and to the output of the OR gate, and 25 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 nmenory of claim8, wherein the
data decode™Q¥WeP¥des a decoding circuit associated with RHAPEHE!
significant bit position of the redundant formdata, the decoding circuit
conprising: 30 i mMXOR eaterhaviigsnpiscomacttd foithe iofut tdneinhie ast gesérgimp faifiesant  bi t

position of phgu repeldbiag the HORBARL Rputs @ﬂ@fitol%dm&%dl&%greggénuégtﬂé 17631 an

XOR gate having, inpu nected to the input termnals and generating a
first output Cor"g’f)efnggté’?\?’?%éﬂtoﬁgeW%Efretf"he inputs thereto and a second out put

representing the conplenent of the XOR of the inputs thereto. 12. A nethod
of addressi nig-a chmeeer of adiikseissatsintentaddesspble cempyi ®mpging5 recei vi ng a
menory request posted as an arithnetic operation to be perfornmed on two

val ues of “data, mergi Ag§ TR {SR-VAPE2E PGFBTRIEPPHEN ] I ResHuRRAT °F8P m nunber ,
performn ng reaugadidste. f or m decodi ng on the nmerged val ues, addressing a

cont ent addressable.neno&é based on the decoded nerged values. 10 13. A

content addr essabTEIALHBMY VauTHeenes a3 g redyndant o) 3umpelof nenory regi sters

having a wi dth of seomfifgd&duedam B ccsamEeh e elel varR@Si tions, a multi-bit
data decoder having a plurality of decoding stages, a stage associated with

each bit positi onaddfessinge qoutgit stidegssabiemoengpaynissedt anne dbecded edrgedtatueon out put
| i nes, the decoder 15 receiving at an input redundant form data, and nmatch

det ecti on;d ogi C COtteRthati@sdah maMbp Wbmbisihgs of the data decoder and to the
regi sters. 14. The content addressable nenory of claim 13, wherein a
decodi ng st age rexeliplly 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

15 receiving at an input redundant form data, and

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

registers.

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.

20 15 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 of claim 13, wherein

A decoding stage outputs decoded data on four output lines in differential pairs, at least

25 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 and

controlied by data stored in one of the registers at the bit position and the next lower bit position.

30 17 The content addressable memory of claim 16, further comprising an AND gate coupled

13



redundant form data associated with the stage's bit position and the next

| ower bit position. 20 15. The content addressable nenory of claimi14, °
wherein the decodi ng stage generates decoded data on a pair of output
lines, one BWPOM%h actual |y representing the non-redundaR§TVS¥H&hI ue of
the input data at the associated bit position. 16. The content addressable
menory of cl Qiapnputdt oitkreselertion Awittecodi ng st age out puts decoded data on four
output lines in differential pairs, at |least 25 one of output |ines
representing a non-redundant val ue of the redundant formdata at the bit
position associated with the decoding stage the match detection |ogic

i ncludes a selection switch provided in association with the bit position,
the selection switch receiving each of the output lines fromthe decoding
stage and controlled by data stored in one of the registers at the bit
position and the next lower bit position. 30 17. The content addressable
menory of claim 16, further conprising an AND gate coupled 13 WO 00/10089
PCT/ US99/ 17631 to an output of the selection switch. 14



