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ADDRESSABLE MVEMORY 5 Background of the Invention
The present invention relates in general to data conpressi on schenes
and, nore particularly, to the i nt er cemnecti on of content caddgessabl e
menory in a data 10 resso Dat a conpression schenes are
wel | known in the art @%U”ANQN@M%%MTEEQQ NINEQTENG QONIENT si gnal s
into conpressed digital dat a. AD@FEWGMEVI@RYQGHGI’GJ ly refers to a
process of inputting the data streamin a standard format, say 8-bit
ASCI | characters, 15 and outputting the sanme information in a conpressed
format with fewer bits than the original fornmat. The
conpressi ng pFocess i s advant ageldackgrhand comn theldnvertion data storage and
data transm ssion. If the data is conpressed into fewer total bits

that represent the s i nformation, then 20  |ess space IS required in the
mass storage devi ce. a\t_r?%éme%m inexqtion re'ﬂe&nﬁ?n%%ﬁ tRdata nore rapidly

when fewer bits eompression rsoiemés amhd, | moge nsarticulay cetdumeng thﬁ tg} al "
nunber of ones ent andl e. en
the time aﬁ%rconnﬁég&ﬁ’ﬁif 8(2:?115%' ?atgfg g\e tsrsz’leéltag"‘é\ck into its
25 origi nall% or GRMPF8$SQse by the end deV| ce. One common

conpr essi on techni queData dempressionischdntes are w@ﬁtWV\é@ 19&&958& fro'nge © and
B R g T e
storage device. data. Data compression generally refers to a process of mputtmg

the data stream in a standard format, say 8-bit ASCIl characters,

15 and outputting the same information in a compressed format with
fewer bits than the original format.

The compressing process is advantageous when considering
data storage and data transmission. If the data is compressed
into fewer total bits that represent the same information, then

20 less space is required in the mass storage device. Likewise, data
transmission occurs more rapidly when fewer bits are
transmitted. In general by reducing the total number of ones and
zeroes, data becomes more efficient to handle. When the time
comes to use the data, it must be decompressed back into its

25 original format for use by the end device.

One common compression technique is described in U.S.
patent 5,003,307. The compression system includes a data
compressor, a data decompressor and an interconnecting medium
such as a transmission link or a mass storage device.

30 Uncompressed data words are serially processed through the data
compressor which builds a compressor vocabulary table
comprising a history of incoming data and which sends a sequence
of codewords across the transmission link, or to the mass
storage devnce .to the data decompressor. The codewords are

35 serially processed through the data decompressor to build a

' correspondlng decompressor vocabulary table and provide
uncompressed data words to the end device.
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30 Unconpressed data words are serially processed through the data

“conpressor which builds a conpressor vocabul ary table conprising a
hi story of incom ng data and whi ch sends a sequence of codewords across
the transmission |link, or to the mass -storage device, to the data

deconpressor. The codewords are 35 serially processed through the data
deconpressor to buil th ¢he dataocompressdr,ngadiednopmass daty aearduisar y tabl e and

"t he data sonsobieied oCHd NG (BcAaRliablEL! #ono match ts. found, |
exi sting voé@buthg Wataampressap Sﬁﬂﬂﬁﬁhpsdﬁmw&rdzﬁﬁ p@ﬁeohat@pmwﬂbssor
sends the data mmissash@arénsmssuamdﬁnpbd to the awdsysstdrhget dewiss] agidon

link, or to the r ta word
at the end of tF1 Cgta%reg etd%%llt%%or%ngt I{Bea%éd]u tfhtg &@agbﬁg?léﬁgatﬂ occurs
if no match is mﬁatuahﬂzata COMPFESSI O5F NS tfamamtyhrféef@éadt oT¥end an

unconpr essed dat@anemiissiéh capacifyenbetieditbssersd i uhcbmpiégsetdwaatwwmr essed

mmt ched sty Ang may Bt blts; 3 8% tof td THCGRIILSAAF e WO el "0,
other hand one &vonbits aay c108s, e gepresanti tha hiength” of dbabmiaiehed sittieg t he

data conpressor ghoifs Wwdé.oﬁ,a&h,gngagé Zté}g 50 matches in the vocabul ary
table. No data is sept

at.a St added
to the end of the vo a%lr%gé %gﬁglhénd one %H@O%Haqgh%%ﬁr o'd'é‘id V\'Ibfad i s
checked for a nsocabtlary Hable thec datee ompressoe notes thedacammsmf thee

vocabul ary Eéb' ﬁwét@héé’%nﬂhe vocalSth]SRf Iy Elb mNi *‘tﬁa‘ia |§f§é’rfit inYﬁ%%lw 8R1tRBI N9
for |ength-t mcomlgl 3 ta'is Stlﬁ addeé ot %an gerhe vocabul tag[esecond
i nconi ng data g da ary
The next incoming data word is checked for a match to the
contents of the next locations in the vocabulary table following
the first matches, effectively searching for length-two string
55 matches in the vocabulary table. If the second incoming data
word fails to match the contents of the next locations, the length
of the longest matched string is determined to be one. The first
match may be conveyed as a codeword that contains the
uncompressed data word as in the case when no match is found.
60 The transmission capacity needed to send a codeword that
conveys a length-one matched string may be ten bits: eight bits
for the uncompressed data word and two bits, say "01", to
represent the length of the matched string of data words--in this
case one. Alternately, the "location” of a length-one match in the
65 vocabulary table may be sent. Since typical implementations use
vocabulary tables containing at least 1024 locations, which
require at least 10-bits to represent, it is often preferable to
include the 8-bit length-one match data word as the codeword.
if the second incoming data word matches the contents of
70 at least one of the next locations, the process continues until a
subsequent data word fails to match any of the next locations in
the vocabulary table. The data compressor notes the number of
such matches in the vocabulary table. A codeword is sent



word fails to match the contents of the next locations, the Iength of
the | ongest matched string is determned to be one. The first mat ch
may be conveyed as a codeword that contains the unconpressed data word
as in the case when no match is found. 60-3FThe transm ssion capacity needed
to send a codeword that conveys a | ength-one matched string may be ten
bits: eight bitddentifyingothe Hocatiommfr Hus dustdamatchoand ahe tengtbi 08 theay

"01", to s rmteﬁsatsmhg be it Whrdshe THUS: NP duebeddite Ghodfiy WS- -1 n

this case one., Al ternpnately, C
the 65 vocabul Qfds Ea'y éc‘& h??ﬁ?“ t@l H’@é‘ﬂi‘ ;}B?Csoﬂm? rpﬁﬁg‘ﬁé‘ﬁ@aﬂ%ﬁg use
vocabul ary t abl elata:(mrlagnlthg easultirgg tcotigvordowatid riavewtiie hstarting equi re at
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| engt h-one match dat odewor he second
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| ocati ons, Bbe pepends cwrthenmwabantoflbits requisethbdeqeprdéseardtthewmmgitiai [ s to
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conpressor notes th es in.the’yocabulary table. A
Cog‘e)wd i s sentocation field is typtcally dcetermmed by either the curte31ty

i denti fying thenueisr oh etmftrléélénfthesvf/ommé]rydmblem by nehmalkimom sie
mat ched string, of 8" fodiciary ThS, e UERCSHIE IMERTI A I8" Bpigaty, 0T 4°

"A', "B, "C hag ane prevos(%/ ring,
the resul ti A c&oesen dO\A)é%'IYdaﬁ@QféhﬂméOsQ arefippode wherejpamioss Rrebakie nat ch
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(o send the codgiit HoabP A i, TP e b SO 2 (1,
art, the size ofogpword that|repsesenistihg élem@thttpm%atwgdé%%(& iMay algoei t her
the current be ten bits: seven bits to convey the location in the vocabulary
90 table (that contains less than 128 locations) and three bits which
encode the length of the match, say "101". The data compressor
releases one 10-bit codeword representative of the entire
character string for transmission and/or storage. One 10-bit
codeword requires less space to store and less time to transmit
95 as compared to three individual uncompressed data words (24-
bits). Thus when string matches of length greater than one are
found, the data compressor offers the feature of transmitting or
storing fewer total bits to represent the same information as
compared to uncompressed formats.

100 On the decompression side, the data decompressor receives
the sequence of codewords from the data compressor by
transmission link or from a mass storage device. The data
decompressor begins to build its own vocabulary table from the
incoming compressed data. Codewords beginning with "00" are

105 taken as containing uncompressed data words which are provided
directly to the end device and are added to the end of the
decompressor vocabulary table. Other codewords containing
location and length fields are converted to standard format by
reading the designated string from the vocabulary table. These



nunmber of entries in the vocabulary table or by the maxi mum size of
the vocabul ary table. The size of the length field is typically 85 chosen

to vary according to a prefix code wherein nore probable | engt h
val ues are uni quely encoded using fewer bigs with respect to |l ess
probabl e | ength val ues. For exanple, the size of the codeword t hat

represent sitthe datagimordsirare RirthemgaddedClo the emd ®f the vodebulery fabtle: seven
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of codewords frie tHheydaihareaer eveniritig the cohtems Nofs @ olbesk GAMI rom a
- Mass stor;gzt de%ljrgﬁome?ﬁ%&agzg” deconpressor begins to build its own

vocabul ar abl i ncom ng conpressed data. Codewords
begi nning with "00" \&heniomsidenieg the Rvsical dayeptuelc Bep CAM carrantan aor ds

Wﬂ:jChf a[ﬁ provigeésgrated cieduieqicy c‘tl)ﬂbthelse% dﬂ‘éhQQoaP@ngfe? ;ﬂr@ﬁﬁ@aﬁ@nt he
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readi ng t he desOgeaadimansionglflayaut isshemealisitarkayt el eellTHasp-rows,
-4- 125 each containing m-columns ordered in sequence from left to
right, from least-significant address to most-significant
address, in adjacent locations to the end of the allotted area. The
next logical cell (least-significant cell) in the second row is
placed directly under the left-most (least-significant) cell in the
130 first row. This simplifies the encoding of row and column
addresses for the codeword during data compression. However,
the output of the right-most (most-significant) cell in the first
row must be routed back along the entire length of the first row
to the input of the left-most (least-significant) cell in the
135 second row. All adjacent rows are similarly interconnected by
routing the end of one row back the length of the row to the
beginning of the next row. The resulting propagation delays limit
system performance. Moreover, the area for the routing tracks
back along each row increases the size of the IC and complicates
140 layout design.
Hence, a need exists to interconnect the CAM array cells to
reduce propagation delay and minimize track routing.

Summary of the Invention
145



110 data words are further added to the end of the vocabulary table

and sent to the end device. The af oredescri bed data conpressor
may i nclude a content addressabl e nenory (CAM to hold its vocabulary
tabl e. Each CAM array nmenory cell is individually addressable with
read/ wite 115 capability. Each incom ng datg.-word is conpared in parallel
to the existing contents of the CAMarray and is sequentially placed
in the next avail abl e CBkleflyrsipted;nthe inedntiorOvoengisesCAVCAM ayrray
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m ni mze track roulaying out a CAM array comprising the steps of disposing a

plurality of first CAM cells in a first row of adjacent locations

165 where the first CAM cells are serially coupled for propagating
match signals from least significant to most significant first
CAM cells, disposing a plurality of second CAM cells in a second
row of adjacent locations where the second CAM cells are
serially coupled for propagating match signals from least

170 significant to most significant second CAM cells and the least
significant second CAM cell is disposed adjacent to and receives
the match signals from the most significant first CAM cell, and
reversing priority of columns of the first and second CAM cells
where the least significant first CAM cell is given priority over

175 the most significant first CAM cell and the least significant
second CAM cell is given priority over the most significant
second CAM cell.

Brief Description of the Drawing
180
FIG. 1 is a block diagram illustrating a data compressor and
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-5- Briefly stated, the invention conprises a CAM array
including a plurality of first CAMcells serially coupled for

propagating match signals fromleast significant to nost signi ficant
first CAMcells. The plurality of first CAMcells are 150 disposed in a
first row of adijagendedsttptdstoy; A plurality of second CAM cells are

serially coupled for o] t teh . ' r |, east  si.gni ficant
o mostsi gni 1 cant. ERBor feutiodR diggam, iy’ e [ Hiasi8 SeodhE " caw
cells are di sposting matchee#fdFIG. 1; row of adj acent |ocations such that
the least gggnificanFige@ sl d szhekMcCaldgram HivspRging fH eRithnt 0 and
recei ves the matgch allgngl . fromthe nost significant first CAM cell.
A circuit reverJggo0ero qu"“'rgritization of colums of the first and second
CAM cel I s where FiGhet lieastschematici diagram ilkist@tivgcthid codurgnven

pri o.r]icfty over t@@hec{or of m&l. g;: Ignl ficant first CAM cell ?nd t he | east

i gni 1 cant second CRNR- 5 13 eggphematic ‘sha Block pigbsdia: HustauEcte oA
present inueati eellicf BIGeRhod of | ayi ng out a CAM array conpri sing
the steps of disposi ag; ; ; foh I's w sl fdrst row
of adjacent | ocﬁéog_s '656 !%haer%ﬁr@étﬁ ?ﬂs'%)érgRHM 'gg? S aqghée”ﬂ;‘oﬁay o‘(f:oupl ed
for propagating - match signals fromleast significant to nost
significant first FIG. GANS ceel dchenhtap afagrgma illistrating thef coteaind CAM
cells in a secoRfeuit of FI@WsOfaRfl acent |ocations where the second CAM
cells are seri| ,aj;éy coupled for propagati n%smat ch signals froml east

195 . 8 is a schematic diagram illustrating the column
priority encoder of FIG. 2.
Detailed Description of the Preferred Embodiment
200 Referring to FIG. 1, host controller 10 provides 16-bit data

words HDATA to host interface 12 which controls the flow of
data between host controller 10 and data compressor 14 and data
decompressor 16. HADDR (host address) addresses the memory
location in host controller 10 for reading and writing HDATA.

205 After reading data, host interface 12 places the data into input
FIFO (first-in-first-out) buffer 20 one 8-bit segment at a time.
The incoming data shifts along input FIFO buffer 20 to its output.
The data from input FIFO buffer 20, i.e. IBDATA (input bus data),
is applied to data compressor 14 and to data decompressor 16 for

210 compression or decompression.

The compressing process is advantageous when considering
data storage and data transmission, especially in computer
network systems. If the data is compressed into fewer total bits
to represent the same information, then less space is required in

215 mass storage devices. Likewise, data transmission occurs more
rapidly with fewer bits transmitted.

For data compression, the uncompressed data words are



170 'significant to nost significant second CAMcells and the | east

significant second CAM cell is disposed adjacent to and receives t he

mat ch signals fromthe nost significant first CAMcell, and reversing
priority of colums of the first and second CAM cel | s where the | east
significant first CAMcell is given priorit'y over 175 the nost si gni ficant
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Brief Descripti anatﬁheth@mmgnm@s a local vocabgijary gompriging @ck di agram

l|6| ustrati ng? dgét@r@%fpéﬁsﬁéﬁerﬁﬁﬁcommg data words in an internal 1024-
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res I S ck di ag
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i lustrating thé’°€ﬁmﬂf§ﬁ taplg jn me %Aﬁi yray. e RS i Enﬁo‘gghemat iC

di agram i | 2ast r 40¢ing24 habtalnispthe pnobmpressed-data yord from IBDATAFRBd 7 is a
schemat i ¢ di agr ajidakdd!3hé YocaBulahf 180! foBhted in tmf'mwarrsy R/gppr and 195
FIG 81s asch voéégu!alrya%d%%sls) rgrtnr %nlcg loglc 84 provides the update
location in the CAM array. Encode logic 24 also sends the
uncompressed CHAR (character) signal derived directly from

230 IBDATA to bit packer 26. A LEN (length of match) signal of zero
identifies the data as uncompressed to bit packer 26. The
transmission capacity needed to send an uncompressed data word
is ten bits: eight bits for the uncompressed data word and two
bits for the length code, say "00".

235 If one or more matches are found between the incoming data
word and the vocabulary table, VLSM 22 retains the locations of
those matches. No data is sent at this time but the incoming data
is still added to the end of the vocabulary table in the CAM array.
VLSM 22 signals encode logic 24 via the CAM_HIT signal when

240 each data word match is found. Encode logic 24 keeps track of
the number of consecutive matches found (LEN) in a 4-bit length
counter (not shown) incremented by CAM_HIT. The next incoming
data word is checked for a match to the contents of the next
locations in the vocabulary table following the first matches,

245 effectively searching for length-two string matches in the
vocabulary table. The process continues until a subsequent data
word fails to match any of the next locations in the vocabulary
table.

If successive incoming data characters, say "A" and "B",

250 happen to maich the same previously stored data string, then the
resulting codeword is assigned the corresponding start location
in the CAM array and a length of two. VLSM 22 passes 6-bit ROW
and 4-bit COL signals identifying the location of the most recent



priority encoder of FIG 2. Det ai | ed Description of the
Preferred Enbodi nent 200 Referring to FIG 1, host controller 10
provi des 16-bit data wor ds HDATA to host interface 12 which controls
the flow of data between host controiler 10 and data conpressor 14
and data deconpressor 16. HADDR (host address) addresses the nenory
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i ncomi ng data sHidigating dhg stastitlo¢atian bﬁfﬂ‘@r vogabyary dabla mit the The
data from input |grigeet bstrihgr mfich. . Thel BINT Aoddtiilis RasTividRt dly. subtractih§

D10, % ERTHRTI68 hder Pibeh? il SERRRRL 53820 " 21C,

advant ageous whéimeliangelsly ngpdate a dupligate wopyeotiible deacabiianys tabdsi on,
especi al | y266 CRiBawé@'in vocabllg AMsyét\ﬁaerodafbu! Réinfor S.rﬁeﬁaésssed

Space |5 1 equi r 84| Huste V%@&&?é@ﬁf&m@gqﬁwﬂqﬁr@g} e 6, o,

occurs nore locatigpi @ ybe\ updatederespeddivehansmi tt ed. For data
conpression, the UnC’PﬂBH‘?éﬁQﬁxs%ﬁinac&ﬁéQﬁl %b@ded to send a codew

-7 - sequentlal{é processed ,t rou‘? g F?% 8“ abI e Ieng strj

mat cher) 22 whi ($P'EEEAHRG compressed falguvalies dshpridgngnathe,pimber; ¢ y of

al | recent2éhcobitsgedairadwtr dgplieseanh thatlengthl andAdecation codes. The size
of the location code is typically determined by either the current
number of entries in the vocabulary table or by the maximum size
of the vocabulary table, as described. The size of the length code
is typically chosen to vary according to a prefix code wherein
270 more probable length values are uniquely encoded using fewer
bits with respect to less probable length values.
Bit packer 26 derives variable-length codewords from
fixed-length inputs LEN, LOC and CHAR and packs them into a
sequence of 8-bit bytes suitable for output FIFO buffer 44. The
275 10-bit LOC signal is converted to a variable-length location code
that varies in size from five to ten bits, depending on the number
of used locations in the vocabulary table, see FIG. 12 and
associated text infra. For example, as the number of used
locations exceeds 31, 63, 127, 255 and 511, the size of the
280 location code adapts from five-to-six-to-seven-to-eight-to-

" nine-to-ten bits, respectively. The 4-bit LEN signal is encoded
into a variable-length length code that varies in size from two to
five bits, see FIG. 12 and associated text infra. Thus, the length
and location of the longest matched string combine as a variable-

285 length codeword to represent the data in compressed format. The
codeword conveys the location of the beginning of the longest
string match in the vocabulary table and the number of
consecutive matching characters from that starting point. A
control signal ENC from control circuit 32 enables tri-state



cel | "associ ative CAM (content addressable nenory) array. VLSM 22

Searches for the longest string of matches between the I ncom ng

| BDATA and data words already stored in the existing vocabul ary tabl e
in the CAMarray. If no match is found, engode 225 |ogic 24 obtains the
unconpressed data word from | BDATA and updat es the vocabul ary table
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when 240 each anémammgdne"@mran@ Ibsutivh cbaesdAsr |t é’&dé@egna track of

th nb | th

countar onadl s h RS Hes R e ?,J#AMM’?"EPN%%%%Q ae8dags ! enge Variabler,
word i s checkedlgngthacedes rand alteenateit @eneratest fiseddangth fieldd ¢€E€i ons in
the vocabul ary hagltEN, @y @M#\FQaﬁd‘EEN' MIEN rahaql@@ ar@%nv@ﬁé@% MABIDR

searching for length-t ar Iabl e. The
process cont i nu@ggu "t‘”tWBX gagscgfqﬁgﬁézblﬁgfyamemory \}\Btle&rapgl Sg { %’é‘(eé’ﬁ any of
t he next | ocati tres appropréateooamblearof data wordslfeom vocabulary RAM 38iccessi ve

i ncom ng dgga CK}@I/@%%@ vé@ébulfw F’Hé%or ‘addre¥s IHﬁP%EaBQIa thIgf hg, sane
e

previ ousl y” st or str resu code
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| engt h of two. Vb&btﬂﬁrwﬁh@dssﬁi bitie Bax® from voaabul&r!mFﬂAKZlCBGsne@nmlssto
i dentifying thegbasdd 188icChol fof SMphttingC & loutput FIFO buffer 44 and for
updating the decompressor vocabulary table stored in vocabulary
310 RAM 36. When LEN is zero, decoder logic 40 obtains the data word
directly from CHAR without reading from vocabulary RAM 36
since it is an uncompressed data word. For every data word
written to output FIFO buffer 44, decoder logic 40 simultaneously
updates the decompressor vocabulary table located in vocabulary
315 RAM 36 via vocabulary memory interface 34. A control signal DEC
from control circuit 32 enables tri-state buffer 42 to pass the
uncompressed data word through output FIFO buffer 44 as OBDATA
(output bus data). Host interface 12 sends OBDATA to host
controller 10 for storage or further transmission
320 Applications for single and multiple channel data
compression vocabularies are disclosed in U.S. patent 5,245,614
and is hereby incorporated by reference. Each input stream of
digital data signals that is processed by a corresponding pair of
compression and decompression vocabulary tables are referred to
325 as a channel. In the case of a single channel data compression



match in the vocabulary table to encode |ogic 24. Encode |ogic 24 255

conbi nes the RON and COL si gnals into a 10-bit LOC signal I ndi cating
the start location in the vocabul ary table of the | ongest string
match. The start |ocation is derived by sufyracting LEN from t he nost
recent match. Encode | ogic 24 may si mul t aneously update a duplicate
copy of the vocappliedtion,atec CX atrag predidas Woe ainly atompiédsap vi a
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data word val ue an ocation t respectively.
The transni ssi ofecamREession cRRRIFatigns ¥egahulasy M 36 need reyiatre e ng
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in the vocabul achanael data cnmpraesmaxarmduﬂeg:ompresswn applicatiorocabuther y
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o vary scenrd Lt haa S BACH ot SRR e e
| engt h val ues. may include irdbrmatiek enegaedidgr consmressxoabsstaw%rq;nm codewor ds

from §Sxe%lhﬂ89§ﬁip' W‘Hrévnbﬁ%' fer@@saQéj C'E'ﬁ@nﬁ@ﬂ lrl%%étlbﬁemWHét? a
? a The 275, 10-bit

t
Tot signal is chiideca veabyary Jable |r@'ﬁ§%% Toogag: bty e, fiis
varies in size fiesirablievto tsavieethdli hisforyefontiitely use ohesubsdmprent framesf used
locations in thegg Yr?‘iﬁ@‘%:ﬁfgé SR, S?ﬁatl:h@y ﬂ‘?dét?dcom ress®f SRE i@t ed text

infra. For exanple, as t use excee 31, 63,

127, 255 and 51Pro4essing fE‘eont'ﬁef%étﬁmP%déﬁ'PSrﬁJHBEVQSQBF?W rigRie
five-to-si 346 0- bwated twitldngthie- CAM array amdntharorécemives tes framesjedte vel y. The

4-bit LEN signaloh, 8868888 ing a second vocabulary table, the first vocabulary

table may be saved in vocabulary RAM 36 and the second
vocabulary table may be loaded into the CAM array. When a data
frame arrives to be compressed using the second vocabulary

345 table, the CAM array is reset and reloaded from the second
vocabulary table stored in vocabulary RAM 36, effectively
allowing VLSM 22 to continue processing where the first channel
left off. This saves rebuilding the vocabulary table from scratch
each time a frame from a different channel arrives for

350 compression.

To accomplish the loading and unloading, VLSM 22 and
encode logic 24 are connected through vocabulary memory
interface 34 to vocabulary RAM 36. VLSM 22 may store
characters in the local CAM array and completely update the

355 corresponding instance of the vocabulary table stored in
vocabulary RAM 36 from the CAM array when a frame from a
different channel arrives. Another option is to update both the
CAM array and vocabulary RAM 36 continuously as each data word
is processed through VLSM 22 and encoder logic 24.

360 As part of the present invention, an embodiment of VLSM 22
is shown in FIG. 2 as a simplified 2x2 CAM array with CAM cells



into a variable-length Iength code that varies in size fromtwo to

five bits, see FIG 12 and associated text infra. Thus, the length

and | ocation of the |ongest matched string conbine as a variable- 285

| engt h codeword to represent the data in cpnpressed format. The

codeword conveys the | ocation of the beginning of the |ongest string
mat ch in the vo&dhbyry4 teaddl 86anth phactioent@AMotell array 50 may be mat chi ng

characters froms%gglfoﬁﬁqrow&%ﬂp'ﬁteeﬁ cells inCBAER ClowsifBPad fBbF b om

control circuit
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codes and 300 @ phases. dihe INUT,ASM Bhi- URPaceifol3sigdeisodtginate

i abl e- | | | d
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The data from veoalioues wmRiAMGenoe umatches are found, or until a predefined

maximum number of matches is reached, i.e. VLSM 22 has found
the longest consecutive string of matches between the incoming
data words and the contents of the vocabulary table. INIT

380 initializes CMO0-CMS3 signals to logic zero at the beginning of each
string match search. CAM_HIT from row priority encoder 70
signals encoder logic 24 each time a match is found.

Consider the data character string "A", "B", "A", "B",

and "C" chronologically sent to VLSM 22. Assume the CAM array

385 has been initialized to zero. During the first compare phase with
the first data word "A", column decoder 60 enables column
selector 62 to pass IBDATA and its complement IBDATA to all
CAM cells 50-56 simultaneously. That is, every CAM cell in every
column is enabled to compare the incoming data word "A" with the

390 contents of the CAM array. The first character "A" finds no match
in CAM cells 50-56 during the first compare phase since the CAM
array was initially empty. Control signals CM0, CM1, CM2 and
CM3 (cell match) are logic zero indicating no match to the next
CAM cell. Output signal CAM_HIT remains inactive.

395 Next, a logic one control signal UPD (update) activates the
update phase. The data word "A" is placed in the next available
location, i.e. CAM cell 50, during the update phase. An external



decode logic 40 for outputting to output FIFO buffer 44 and for

updating the deconpressor vocabulary table stored in vocabulary 310 RAM
36. When LEN is zero, decoder |logic 40 obtains the data word directly
from CHAR wi t hout reading fromvocabul ary gAM 36 since it is an
unconpressed data word. For every data wor- witten to output FIFO

buf fer 44, - decoggintspdh t%@mwrg%tgnm lboic. 24 KHBBS!RECK BE 8¢ sc.%mr essor

vocabul ary tabl e e| in va D‘%@ RAM 36 nmenory
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OBDATA t o host sm SSI on 320
Applications fo (%Wn@pé)%rfﬁpfﬁﬁetﬂtf)lﬂée dRastheld H&a&t bits an@&@ b
vocabul ari es ar seplesehiss tite iloast Sigrifidantt biis 245 tod laddress @inthe Snebﬂr eby

i ncorporat ed by, ﬁ[;ﬂ'@'“ t;oﬁac?o\'q}%'tu&%{%'i@@?a% coL, AR by data signals

that is processe COT I e$po FesSion and
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data that are nandigslesadadgrass tm@nprovndes for the update of the data word
"A" into CAM cell 50.

Since there was no match, the first data word "A" is also
sent to encode logic 24 for transmission to host controller 10 in

415 uncompressed format. A 2-bit length code "00" is sent to identify
"A" as uncompressed data. Likewise, the first "B" finds no match
in the CAM array and is placed in CAM cell 52. The data word "B"
is also sent to encode logic 24 for transmission to host
controller 10 in uncompressed format. The CAM array now has a

420 vocabulary history of "A" and "B" in CAM cells 50 and 52,
respectively.

When the third data word "A" arrives, column decoder 60
again enables column selector 62 to pass IBDATA and its
complement IBDATA to all CAM cells 50-56 simultaneously.

425 Transistors 64 and 66 precharge RMATCHO and RMATCH1 to logic
one each high state of CLOCK1. The row of CAM cells containing a
match are indicated by logic zeroc for RMATCHO and/or RMATCH1
(row match). CAM cell 50 detects a maich between the incoming
data word "A" and the previously stored "A". The CM1 signal goes

430 to logic one and is stored in CAM cell 52. The control signals
CMO, CM1, CM2 and CMS pass along the status of a match in the
previous CAM cell to the next logical CAM cell. A match in CAM
cell 50 activates control signal CM1 to CAM cell 52, while a



may include information regarding conpression status and 335 relationship

to previous franmes, e.g. channel information. Wen buil ding a
vocabul ary table related to one particular franme, it is desirable to
save that history for later use on subsequ§9t frames fromthe sane
channel . That way if data conpressor 14 is processi ng one or nore

frames using a kit PRARM! E6 soBbiatdl odrREA!ichnall Bl 16 AL frsay and

then receives a frane a second voca

tabl e, the 435 stAvoaighuitaGAM cell %agq?té’ %tr%\ﬁéﬁﬂq nCiEL o PAM, CF%‘\M 36
and the second 56, and ccamatchrin CAM eelte56 lz&:tlh/ami;edonmbbsldmel @Wbafd ay.

Wien a data ri Nes.

vocabul ary 345 ?AM %Eﬁt%; C{Xﬁﬂaﬁe‘?ngﬁel %ﬂ?ﬂg@g@ﬁgﬁﬁ%ﬁ gggsfﬁgﬁgtwgugdecond
vocabul ary t abl epagsofata |Srfgrvﬂiﬁamateﬁdyomw sttpsct i vel y al | owi ng
VLSM 22 to continue mmmsmmgs waeéred NRedaiuset thehimebfling data wefd "Rff. This

froma it (4tenimantiofilkpRlatet 2, Cabh YoRS Th e first roWTREW™. 8 Tram®
acconpl i sh the |Ritithgeasedem7daselests \theMezst sgignificant GAlbdew (ij@h 24 are
connect ed t hr oughdicated ahasdtivee RMATCH. CANIt &5 @m5§4stdbfm@aa§|lé§é’ RAM

compl stel y updataothganithan SAUCT e!ﬁ%n@f EMATGHT 12, 3558488 %t tpaiap
stored in mabﬁi@Nylsmgmaem orlf TBK1aisr agsemarh ah I6gianzerby @mda
differ e”é %Q%”BQ#M%WOH@%?, gég%tgﬁﬁ@pﬂw i %gle dHédalfeo&ﬁtﬁM%h@HO andCAM
o2 Yo oo BRI 7 58 peBigaed MR 1815005 BEaCon PUATONY | e
present inventida,leas sightitantnt Rov priskity Zncoder 73 alipwis pnlyFloBe Bitas a
sinplified 2x2 GaMiRE rHOWVRr{LVEingE! the CAM array is only 2x2. For a full
CAM array with sixty-four rows and 1024 total cells, ROW is a 6-
450 bit address. Row priority encoder 70 also asserts CAM_HIT signal
each time an RMATCH signal is asserted. An example of row
priority encoder 70 may be found as Motorola part number
MC14532B priority encoder.
The third data word "A" is also placed in CAM cell 54 to
455 update the vocabulary table as described above. The ROW address
from row priority encoder 70 is sent to row decoder 72 to select
one of 2" enable lines according to the ROW address, where "n" is
the number of address bits. The ENCO signal enables CAM row 50-
52 because it is the least significant row having a match. The
460 ENCO signal also activates the CMATCHO or CMATCH1 (column
match) for the CAM cell having stored a CM match from the
previous cell. Transistors 75 and 76 precharge CMATCHO and
CMATCH?1 to logic one each CLOCK1 cycle. Thus far, the logic one
from CM1 is stored in CAM cell 52. '
465 The fourth data word "B" is compared to the contents of CAM
cell 52 and another maich is found. A logic one CM2 passes to
CAM cell 54. RMATCHO is again asserted at logic zero and row
priority encoder 70 outputs a logic zero ROW address. The fourth
data word "B" is placed in CAM cell 56.



50, 52, 54 and 56. In practice, CAMcell array 50-56 nmay be

sixty-four rows with sixteen cells in each row for a total of 1024
cells. The operation of a full-size CAMarray follows 365 directly fromthe
foll owi ng exanple of the 2x2 CAM array. -14- VLSM 22 recei ves

unconpr essed i ncom n% data words | BDATA and checks for matches in the
| ocal vocabt®ary stofBg ENCO and EM§slc@ancedsh signalhiasd aciupity séilizedhi st ory

of previous datanly if the irgt Shesmarty skatd moﬂdBMEAtd @mduaemcﬁ hee&AM array.
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string match.

490 A key feature of the present invention is the layout of the
CAM array in an integrated circuit. The first row of
interconnecting CAM cells are disposed on an IC in adjacent
locations such that the CM line of one CAM cell is connected to
the next CAM cell with minimal track routing. The logical flow of

495 cell match signals CMi is from left to right, e.g. CAM cell 50 to
CAM cell 52, through the CAM cells of the first row. A second
row of CAM cells are disposed on the IC directly beneath the first
row. Additional rows may be laid forming a two dimensional
matrix. The logical flow of cell match signals CMi continues

500 from right to left, e.g. CAM cell 54 to CAM cell 56, through the
CAM cells of the second row. Thus, CAM cells 50-56 are
respectively increasing in significance. The right-most CAM cell
in the first row, e.g. CAM cell 52, is connhected to the right-most
CAM cell, e.g. CAM cell 54, in the second row thus minimizing

505 track routing. Likewise, the left-most CAM cell in the second



395 Next, a logic one control signal UPD (update) activates the
updat e phase. The data word "A" is placed in the next avail abl e

| ocation, i.e. CAMcell 50, during the update phase. An external

-12- counter (not shown) in encoder_jJLgic 24 keeps track of the next
avai lable location in the CAMcell array and provides its address 400 as
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o addr ese el A ket b A eoHipn PEORR BHEOME ZhgThe least a1t o
CAM cel | 50. sugnmcant GAM cellhior thenayenaromest of the HeAM astaydigt thevord " A"

IS also 515 SRA.nidbt egpdeThegubas%@rﬁ ncéﬁtaﬁi\rmséélpmttﬁeh%& fy ! | er
10 in 415 unco re(gé ornmp sent to
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i dentify

mat ch in tﬁe 1€¥Misignifigamin CAM qdllscimd even Gakiscaht o2 thelhesslat a wor d
"B" is al t 1.0 oy A4r g o host
controller 10 i %ergéﬂ grlrrr\agaaﬁquf &t w%gﬁrﬁﬂ‘

arre}é aé R‘A 420
vocabul ary hi st m9r<zﬂmemnsnac ¢me; degigpates Hegss’@l AM cell
520 following the right-most, most significant CAM cell in an even

row to be the right-most, least significant CAM cell in an odd
row. Moreover, the least significant CAM cell in the even row is
coupled to the same CMATCHO line as the most significant CAM
cell in the odd row. Therefore, column priority encoder 74 must
525 reverse the physical order of its inputs on every other row, see
discussion regarding FIG. 8 infra. The least significant bit(s) of
ROW from the row priority encoder 70 controls column priority
encoder 74.
Turning to FIG. 3, further detail of column decoder 60 is
530 shown including NAND gate 78 receiving CLOCK1 as one phase of
the system clock. The CLOCK1 and CLOCK2 signals are non-
overlapping opposite phases of the system clock operating at say
20 MHz. An example of a circuit to generate the CLOCK1 and
CLOCK2 clock signals from the main system clock is disclosed in
535 U.S. patent 5,212,412 and hereby incorporated by reference. OR
gate 80 receives UPD and RESET at its inputs for providing a
second input to NAND gate 78. When RESET is asserted at logic
one, the output of NAND gate 78 goes to logic zero at the high
state CLOCK1 and turns on transistors 82 and 88 and turns off
540 transistors 100 and 102. The input of inverter 84 and the input
of inverter 90 become logic one by way of power supply conductor



respeétivel y. When the third data word "A" arrives, colum

decoder 60 agai n enabl es colum selector 62 to pass | BDATA and its
conpl ement I BDATA to all CAMcells 50-56 sinultaneously. 425 Transistors
.64 and 66 precharge RVATCHO and RVATCHL tﬂldiogi C one each high state
of CLOCK1. The row of CAMcells containing a are_indicated by

|l ogi ¢ zero for BOAIRERIAIAbA PRAtgPotential SHPBv@srré/tDﬂ\) T"@AI@QELS ELd
detects a mat ch sigialesntichoutpatoof nerter 84 dmﬁathmICIDLASEBOCblghal gt eMeously

d "A". Th d Mcell
52° The control 03*%‘%9"%“8?8%%%9}# Kb 7413 RR0 qlsBoly it U
of a matchS5ih t 196 IBDATA gngy FBRATICARIQUaN cgblmmm@efm&m |G?gt<zca@ Warelel | . A

match in CAM 52 afél$4 Hhcaed iIOeseliRoB ramd SBgnespddflvelyo CAM cel | 52,
while a h | n CAM

cell 52 activates coﬂ‘?o‘l’p%ﬁtﬁ I 8%\/‘ 8"(%9% PP"%&C@%KgA %PQ{
cel | 54 activat daugdegicorersi gnarodue adogianpre|at the outpeb of INANE gat&th | n

CAM cel | 56 actipgat gyafsistdre! 100 anal 16Mare Qenabled 16gld oRE-atPthe?! ternate

enmbodi nent CAM. cel | - 26 u ass. na

match st at 355 OUtp& ?r\?’L&NﬁT@‘é\% %g a!ggrlﬁgﬁtsf)@@ﬁ\??@?tbgte fh@ﬂf—r@@ﬁa wor d-
"A" 440 mat chesontrels onuidiptexesf 94AM pass GOLLIADDR of ritst compleRent

priority encodercofll seoechy Wag beaslertirg®é,f toe dtet oﬁlﬁﬂtrtowsmlcﬂbne

Sl gn 11 cant t halfoURN (inesCaM ariaVeApiiegihe Jpdeld Ahedent A1 Bgicsone at ero
ROWis |ogic zetie odtpRMOIICHILITiglesss &4t danat ohoyansistoro98aand 4gills FIMATCHO
ibs EOt assgegedm f ﬁn}é?ﬂaersms rogi‘c Dol RYPEOOSEDN] to logicRRY.CHL are
oth asserted, our'n% sel cgor gé passes L@BA%an TBDATA to CAM cells 52
and 54. A logic zero at the output of multiplexer 94 turns off
transistor 98 and turns on transistor 106 because of inverter
108. The input of inverter 90 goes to logic zero and COL_SEL
560 becomes logic one to enable IBDATA and IBDATA to CAM cells 50
and 586.
For the compare phase, control signal CMP is logic one and
RESET is logic zero to provide a logic one at the output of AND
gate 110 and turn on transistors 112 and 114. The inputs of
565 inverters 84 and 90 are pulled to logic zero. The COL_SELO and
COL_SEL1 control signals go to logic one and enable IBDATA and
IBDATA to pass through column selector 62 to all CAM cells 50-
56. |
Column selector 62 is shown in FIG. 4. A logic one
570 COL_SEL1 turns on transistor array 116 to pass IBDATA and
IBDATA to CAM cells 52 and 54. A logic zero COL_SEL1 turns off
transistor array 116 to block IBDATA and IBDATA. A logic one
COL_SELO turns on transistor array 118 to pass IBDATA and
IBDATA to CAM cells 50 and 56. A logic zero COL_SELO turns off
575 transistor array 118 to block IBDATA and IBDATA.
In FIG. 5, CAM cell 50 is shown as representative of the
other CAM cells. An example of one of the eight bits of CAM byte



is less significant. Row priority encoder 70 outputs only one bit for

the ROW address since the CAMarray is only 2x2. For a full CAM arr ay
with sixty-four rows and 1024 total cells, RONis a 6- 450 bit address.
Row priority encoder 70 also asserts CAM—IIT,pi gnal ~each tine an
RVATCH signal is asserted. An exanple of row pri orlty encoder 70 may

be found as Mt on@AiPAICIGBEER U.S. patdhtl4ZE893 ipd {s/ he

The third data | so.pl aced M 54 455 date the
vocabul ary table @%@8&%*?%@)& &k \?BceTh @&&ffg\deggte 180 p‘F'?fBW\E
priority en&8ler cpmparestmnction betwenscdoerIBDATA amxll dtst existing coate:rftsZ[ err]

enabl e i nes accwmmmmmhé@\%ed @ts§t sheEonterits, '\ er of
address bits. NCO si &r or oS, Ag? becauseém{g)l S

the | east si gnlf % RY'Cr 8 hﬁ%”@? fo ‘i’ﬁﬂa g@"”@ﬁ@:@%ﬁ‘?ﬂ%ﬂ ah|lagic
acti vates the CManeH®hen M&Hﬂ(}l.ﬂﬂ)l@mnd HIT frencimastarrsiabe fliplibs eld2

havi ng stored a [ I IS 75 and
76 prgcharge f%"@%leébﬁéé)mm&i Of%mg]g oﬁ%{ ea% r1g@%ﬁi&cycl e. Thus
far, the logPe o bp op I es 13 cell 24 ?@@Mpcevmtrglzslgm@ds from The
fourth data wordCaM call Gapaablést ratdistor o126 b sasHeriCRAMATCHC @ls! 1dyic and

anot her mat ch iségwndA t%gkcp%'n% p‘n]e s 'pﬁaﬁ‘eﬁi"fﬂgﬂ '222 éfég/' é@ﬁ 4 RVATCHO

i s again asserte zer y enco outputs a
| ogi ¢ zero ROW alf &l"égﬁsg‘?ﬁegﬁt@uﬂ?ﬁ to Pasﬁaﬁ‘& ‘cgnitrol %'&%‘e ofTh oy cel |
56. decoder 72 to turn on transistor 130 andidassett TMATCHO Hel

I f the ne
o ne uaPSBackaf REPENCD ROhAL Y wher 758%s tooi ) B e
50 with FIG 5 |88t 126 iredisakied and transistor 132 turns on to hold

transistor 130 off. Control circuit 136 provides control signals
RD (read) and LD (load) to clock flipflop 122 as described below.
Note only one control circuit 136 is used to send control signals

595 LD and RD to flipflops like 122 in all CAM cells. CAM byte 120
stores IBDATA upon receiving a WRO control signal. In an
alternate embodiment, CAM byte 120 could output data instead of
a match status signal.

All transmission gates described herein may be

600 implemented as back-to-back P-channel and N-channel
transistors (not shown) with their drains and sources coupled
together, as is well known. The inverted input is the gate of the
P-channel transistor, and the non-inverted input is the gate of
the N-channel transistor. |

605 Turning to FIG. 6, flipflop 122 is shown including
transmission gate 140 receiving the CMO control signal from CAM
cell 56. The LD control signal and its complement TD through
inverter 142 enable transmission gate 140. Either the CMO
control signal or an INIT (initialize) control signal from the state

610 machine (not shown) in encoder logic 24 produces a logic one at
the output of OR gate 144. INT is asserted to logic one at the
beginning of each string match. Transmission gate 146 latches
the logic one in place when LD and LD control signals change



subsequent match updates the ROWsignal as per row priority encoder
70 and possi bly changes the active ENCO and ENC1 control 475 signals. It
is possible for two or nore rows of the CAMarray to each find a
match with the first incom ng data word. Afbsgthat time, it is unknown
whi ch row contains the |ongest string match to the still to cone data
stream statephe dogisezeksx endnlegid vgedaesperiively.C' TheiRR eentmidt ch t he

480 next (AM C%tbnéﬂanﬂhﬂs%pl@ﬁ@ﬂt —BNM- am@v%mia)re%w@ss row

and col f t t d
e o0, O i Gl K14 e Bl SO 51 e g RS
priority encoderinvartprsodbeamDVnd HOOE is taken atetipemiitpel pf ineertesdsi ng

the address of %Ml&%*r Qtal@?ﬁa?%%pu%@' :%éﬂ QBQ' ST%GLB%@%QNOM g

encode logic 24 t

e er ati o
g ofi 22 1L2a8ohe: Fo iohal Thto the HASET SRCUTTS TORTem S Encnds
| ogi ¢ 24 sudzor acd:lmLuENMﬂFMS The RDesiROAl passEsltheddiored lpgid |smiettce

ot ent ) agan el obfpft of f"gf'ﬁ 129, TPhEMLDGlnal s assénédat! RIS dhedt, ¢ N©
circuit. The fi r%rtvr%wrkaC P and, Ql-bmnérdﬁ é‘-rﬁ§8%rrt%dda B%@%% on

an | C in adjacernThus, RD anddt cire mutuailyhexclusiee Gitd inom-ofertappitghM cel | is

connected to . e X I c

| ogi cal flow of 4'5231&4?) ! % %%&QQBM ségOI@ mé@]‘ f%rf\ ﬁer %ld éé&?h&m . CAM
cell 50 to 625 ce@meeaateézdurm &@,mreweumraeates PBﬁsﬁheThﬁf ore, odv. A
second rovmaicmwt@abHerﬁmM|§$@seaoomstdne iCiépfleectikg pepeat h the

0 e | ou AP bSO oY Sk i BUE 7,2, v, O Tenerone

conti nues 500 from

right to left, e.g. . célillugrates W@ecllrc%w@ur@wwngh&w CLQBKcel | s
of the second rayd TILLGCKQAM\I&é'tﬁaﬁen@%ﬁéQ:ontrol cnfc@apmqu}s)edlttpreaw ng

ot 8o Eonraeniegonfol B Y dhE RO to mielhe R 1420 ‘iAo

in the second raselishud rR-type iileQJFBGSS teceives G&MPnat itsi d@m apd raset
left-nost CAM cehbuishahbeCEETK at its clock input. The output of flipflop 156
is applied to one input of AND gate 158. The output of AND gate
158 provides the RD control signal to flipflop 122. The CMP and
635 CLOCK2 signals are applied to NAND gate 160 which drives one
input of AND gate 162 and one input of AND gate 164 through
inverter 166. The output of AND gate 162 is applied to the second
input of AND gate 158 and also inverted by inverter 168 to the
second input of AND gate 164. The output of AND gate 164 is
640 applied through delay circuit 170 to one input of AND gate 172
and also inverted by inverter 174 to the second input of AND gate
162. AND gate 172 also receives the CLOCK2 signal and provides
the LD control signal at its output to flipflop 122.
The delay required by flipflop 122 may vary depending on
645 the interval between compare phases, which depends on the
availability of data words in input FIFO buffer 20, and on the
number of clock cycles required to write data words into
vocabulary RAM 36 during the intervening update phase.
Recognizing that one flipflop 122 is required by each CAM cell in



-15- row is connected to the left-nost CAMcell in the third row
The |l ast CAMcell in the last rowis connected to the |eft-nost CAM
cell in the first row, thereby conpleting the |oop. The resulting
serpentine int erconnecti ng schene has the dad+antage of 510 mnim zing

track routin et we Mcells and sinplifying the | ayout desi gn.
However , sp@ ﬂ'l?oﬁgA'ﬁA auaY o whicR itypically @eminatewithe area of dhenk®.dédsder

60 and col um prrmpmﬂantemqua’ﬂmﬁe thBenlimbet of atesSlngréade'P fld?e“MZZe” in

the even rows of a Iy St

significant CAM !:r{ ﬁ?dg‘é\%h{:&gﬁ‘d thie é}gt?%} flip‘?lo%:hgﬁa a?‘r‘a egn{tﬁeaelay,

ri ght-nost cel | . camtil signals R ﬂ“g kPvare tused as an I@éterlwslestgmrlbrr(mm CAM
cells in even romlﬁmé flipfidpe dobetnes that Sar@nlcbh%ﬂédcﬂi\/é§@§[' Sy | the0dd rows.

Y h t t d ext | ogical
CaM cer1 SRt obeiermsoql ERTE e % 3 Ml BEA Tk dbr Bl 6 o
even row tBrayide iee indgfinitaodelayl eBytchaasing icoatrol signate|RDiandibDbdd
row. | l\/grteovte[1 t {22 beeAdh- @&@ﬂﬂrﬁ@@ncﬁﬁ%tﬁﬁh é)&l&é?\l‘?% gﬁ@f‘sré@&/ tfge of | i1
coupled to the s

thepodd [ OW. Theﬁgﬁ8%?_gﬁﬁﬁ 'éﬁaé?g't”yee\'?ifﬁfi‘r 9HCnust 525 reverse the

-physi cal order of |tsHe fepiing tonFiGeBy anltwan pderitysencoder 74dissshewnofor
regarding F§ds S8thenpka.CAhe cbﬂae&inf@ugétréd carfe ONMASCHY sEnal is era% the

rarning to Fio Bodls, ol ERnalssion elen) bib s comiEBachechon

i ncl udi ng NAND g@NhA'l?@Hﬁe&grnal g appiiedltasnpuis phasmsafission gatese1g8gst em

clock. The Qmﬁn@%ﬂ@ﬂ@ o%r'tﬂﬁé"@f ﬁ’éﬁsr‘?r@é?sron gates A%’ hABPi 619 Harosite

phases of the sysguepqég t?)%etho retroaaI P r%t mput )cl)f AND gate 184. The outputs of

665 transmission gates 178 and 182 are coupled together through
inverter 186 to a second input of AND gate 184. The ROW address
controls the inverted control input of transmission gate 176 and
the non-inverted control input of transmission gate 180. The
ROW address also controls the inverted control input of

670 transmission gate 182 and the non-inverted control input of
transmission gate 178. The ROW address following inverter 188
controls the inverted control input of transmission gate 180 and
the non-inverted control input of transmission gate 176. The ROW
address also controls the inverted control input of transmission

675 gate 178 and the non-inverted control input of transmission gate
182.

The function of priority encoder 74 is to prioritize columns
in even rows, e.g. CAM cells 50-52, from least-significant cell
(left-most) to most-significant cell (right-most). Priority is

680 also given to the less significant cells, e.g. CAM cell 54, in odd
rows. However in odd rows, e.g. CAM celis 54-56, the least-
significant cell is right-most and the most-significant cell is
left-most. Therefore, prioritization must be reversed to give
priority to the less significant cells, e.g. CAM cell 54, in odd

685 rows. The need to reverse significance from. even rows to odd



20 M—lz‘. An exanple of a circuit to generate the CLOCKl_ and CLOCK2
clock signals fromthe main systemclock is disclosed in 535 U S. patent

5,212,412 and hereby incorporated by reference. OR gate 80 receives
UPD and RESET at its inputs for providing_gg_ second input to NAND gate
78. When RESET is asserted at logic one, the output of NAND gate 78
goes to | ogic zeowsatresties frgh the serpémirﬁa Uraish tof ffe WAK @Bfii stors

82 and 88 and tuy of t | of verter
84 and the input anay. fh$4%w (ﬁa&?l %Q%ﬁ al?O Mi%ﬁgl %Wh’p 6'#/@”
suppl y conduct orcell 52 in the flrst row to CAM cell 54 in the second rows- Thus

oper ati ng at a psuminy @ripeitye rdricdldes Uzd rageidds. tﬁ?%@cﬂi'—érder of |tt%| g'?al)f at
t he out put i n na out pu
inverter 9 be Qﬁéﬁfso?qlgéggr%vﬁgv&g%&f %é’ﬁpsg‘?‘%%rbﬁ? fronteBEATA and

| BDATA t hr ough dBHliiRie @@ge%qhﬁmﬁtha cplvmyedriority encagierated ashieved the CAM
cells 50 and 56,dgsianEChiiyely reversal. The update of a CAMcell occurs

CLOCK2. CLOCK ic zero to produce a I c_one_at
the ot put of D gurarsider the, 2 LARERE i fandbrindl siBpGed dhdufoce oy
| ogi ¢ one at the‘\S%me &MATCHS and\EMATC 17 8re Bioth lasastted iagnidgic asto.bi t  of
ROV ADDR 695 qpmw RS mghé héhﬁéﬁﬂ BRIt RARS oﬁ@—&%heométt &av‘éﬂwoﬁ{mm
CC]_ADDRbyvva o i pL{ to, s
of the CAM arra r¢§ tcﬁ S aﬁze‘ﬁ)ﬁ&i"ec E}@pctrgﬂ@mﬁswn gategnd78ut put
of multiplexer PRSsas W@Hartelt‘heoﬁrsgwmndoprNB gdte fBbandnput of

inverter 84 to | g&%‘? M9BsSR | ect or
62 passes IBDAIﬁﬂa_ﬁuginégn 1%.%?0%1_ é@g\lgﬂmpflﬁmdj gg, m‘ff%o Fg zero at

t he out put of gissHcen mggft P[l sete 184. The £7Qlsaddress l%ﬁﬁ?"’ﬂ@ﬁ lngion
transi st or 7006 zetaugiwing piriovity tter CMATCHDOBecdiiee iinpsitieabt isigrifiesit §9 goes

to logic zero agke @dBbw. The column with CAM cells 50 and 56 is selected.
if CMATCHO is logic one and CMATCH]1 is logic zero, AND gate 184
receives two logic ones and outputs a logic one COL, thereby
selecting the column with CAM cells 52 and 54.

705 Now suppose ROW is logic one and ROW is logic zero, i.e. the
second (odd) row with CAM cells 54-56 is selected. Again,
CMATCHO and CMATCH1 are both asserted as logic zero.
Transmission gate 180 passes CMATCH1 to the first input of AND
gate 184 and transmission gate 178 passes CMATCHO through

710 inverter 186 to the second input of AND gate 184. The COL
address becomes logic zero giving priority to CMATCH1 because it
is the least significant column in the second (odd) row. The
column with CAM cells 52 and 54 is selected. If CMATCHO is
logic zero and CMATCH1 is logic one, AND gate 184 receives two

715 logic ones and outputs a logic one COL, thereby selecting the
column with CAM cells 50 and 56.

For larger CAM arrays, priority selected may be expanded to
operate as described above. For example, AND gate 184 and
inverter 186 may be replaced by Motorola part number MC14532B

720  Column Encoder. The column inputs may be reversed by a similar
front-end multiplexing scheme to a column priority encoder as



560 becones | ogic one to enable | BDATA and | BDATA to CAM cells 50

and 56. For the conpare phase, control signal CVWP is | ogic one

and RESET is logic zero to provide a |ogic one at the output of AND

gate 110 and turn on transistors 112 and bh4. The inputs of 565 inverters
84 and 90 are pulled to logic zero. The CO._SELO and COL_SEL1 control
signals go to | ehownaneri@&dB.enabl e | BDATA and | BDATA to pass through

columm selector 62 t Os

sel ector 62 is shovvngle%g %)9%%?”3 cf E)hr?e pﬁ%&“d&’egﬁ? Its utrhﬁlé(s)k%mht
transi stor arraff 1he €6MAEY BbRMaiRgrated CirgUipiT A SETREMINGI | s 52 and
54. A | ogi g23er int€RonMectingusoitembl to minimizeam@ickt psutitig detwéent CANMock

e L2 M el BT B DT il 1

COL_SELO turns @fMesspgority dasthet inashrsignificast GAMI eelk in BhaTaddnand BDATA.

In FIG 5, CAM eeéh feRvd of SHEVOARP arn%ryr B?Q’éﬁ/@?élﬁ%tﬂé bhsical orddrhef itsAM
cells. An exanp one o s of

it 150 I B Bl i ARer S Woacen; 4. 538, 243 and is her eby
i ncor por at 230 by r ef eWdikee spBeifief Embommemsr of 1ihe peagentninvantien hawepar e

function bet Weeﬁeéﬁesl‘i&m-rﬁ@r@eddn%eax'fﬁith@g rﬁ@@“heaﬁéns and |f I BDATA
mat ches t he prlor stored con Ents | ogi ¢ one.

T 0.
The COML cont r ol TEPTRYRMERUS WY °§§§Erf’eﬂq_{°§@ F@F@ in°the Yle IMh MATCH,
CLOCK2 and H' T ﬂnderstaedethastlmeelm\remfdmpsm limited $o etheogiacticulas at t he

I nputs of AND ggd rﬁfsl%ﬂo a%%s liftehde@Pfor’ tHPbbPBnbibY cldirds '1B ESPércel |
52. The CIVD cont
l modvacatlons Wthh do not depart from the spirit and scope of
this invention.



CAM cel | 56 enables transistor 126 t as logic zero. A
logic one HT signal fromflipflop 1§ﬂmﬂ mm-[gg transm ssion gate
128 to pass the ENCO control signal fronerow u ecoder 72 to turn on
transi stor 130 and assert CMATCHO as |logic 590 zero when ENCO is active.

When H T is | ogic one, transm ssion gaLe_ 128 i s di sabled and
transistor 132 turns on to hold transistor 130 off. Control circuit
136 provides control signals RD (reagdjamng LD (load) to clock
flipflop 122 as descri bed bel ow. Note only one control circuit 136 is

used to send control signals 595 LD and RD to flipflops like 122 in all
CAM cel | s. CANMDbyt e 128Vhat is olaioresk i$:BDATA upon receiving a WRO contr ol

signal. In an al ternate enbodi rrent CAM byte 120 could output data

i nst ead of ﬁarrat éh tus si gg Al'l transm ssion gates
descri bed herein RHBY e FEMPEEINGS back-t o- back P-channel and

N- channel t ransi st plgrajihotofsfiminCAM tdelish€50,58) aserialpnaosipled dor

coupl ed t og i | i froh€lekBY & he gate of
oy P—chann?aﬁégaﬁﬁ mateh | siAaNN froh SlehY l%ﬁﬁchﬁp% hﬁ%srt

nsj st or, t e non-inverte e of
the N channel/4br amigrfigant dust CAN cellg, sy RN ol T8t (GAM, FoHS Deind
shownI | PCl udi ng disposadiriana sfitst nroyataf ééﬁcleatéouatltms, he CMD control
si gha rom CAM g cQ LD
t hr ough i nverter 1b£uréﬁt bﬁh%téfgﬁg?n&tspg\?o%éis Kﬂfggdséé %We 8?%@&‘3
control signal or PAAPRERYNG; Mateh sigagisc diam olrea§t ghanificagintenmagtat e 610
machi ne (not showsjgnificanic gdeond 0QAM 24ilp; sdid pluralityo of csevamdaCAM celld he
output of OR g‘ate 4r4'g1d§g_ e ?r?saersteggnﬁ &%\p%lfca(ﬁggerﬁt |otcgﬁgp's ﬁuchbﬂ%tnn' ng

of each strid nsSm Ssi on ga one in

pl ace when LD and sg[gi deast significan seeaigh§AM cell is disposed adjacent to and
receives said match signals from said most significant first CAM
cell; and

circuit means (74) for reversing prioritization of columns
755 of said first and second CAM cells where said least significant
first CAM cell is given priority over said most significant first
CAM cell and said least significant second CAM cell is given
priority over said most significant second CAM cell.

760 2. A method of laying out a CAM array, comprising the steps of:
disposing a plurality of first CAM cells (50,52) in a first
row of adjacent locations' where said first CAM cells are serially
coupled for propagating match signhals from least significant to
most significant first CAM cells;

765 disposing a plurality of second CAM cells (54,56) in a
second row of adjacent locations where said second CAM cells are
serially coupled for propagating match signals from least
significant to most significant second CAM cells and said least
significant second CAM cell is disposed adjacent to and receives

770 said match signals from said most significant first CAM cell; and

reversing priority of columns (CMATHO, CMATCH1) of said
first and second CAM cells where said least significant first CAM
cell is given priority over said most significant first CAM cell
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-18-° state to |l ogit Zéro and | ogi c one, respectively. The RD control

615 signal and its co gh inverter 148 enabl es

transm ssion gate 150 Emmmﬂn“iﬂ“]“nnt state of OR gate 144 to

inverters 152 and 154. HI Tcisttakers att the output of inverter 152

while HT is taken at the output of inverter 15%°~ The LD si gnal | oads

the CMD signal into the, master sect] fli io 02 ClL S Chil t

140- 146. The RD si gnaﬁndpzféé(ise?ﬁteskgcngf?%tlg 02‘%5@6% (?eo'g 1S &Qe? e‘rl ou p?JYerof
flipflop 122. Th&sLD saigmabst signiieantegecend deAM eold only during CWP
and CLOCK2. The RD signal is asserted otherw se. Thus, RD and LD are
mut ual | y excl usi ve and non-overl appi ng. Flipflop 122 operates to
store the match fromthe adjacent CAM 625 cell generated during the

“previ ous conpare phase. Therefore, a match detected in CAM byte 120
results in flipflop like 122 in CAM cel |l 52 storing a |logic one from
CML. FIG 7 illustrates control circuit 136 receiving CWP,
CLOCK1 and CLOCK2. Note that only one control circuit 136 is used to
630 send control signals LD and RD to flipflops Iike 122 in all CAM
cells. ADtype flipflop 156 receives CVP at its data and reset

inputs and CLOCKl1 at its clock input. The output of flipflop 156 IS
applied to one input of AND gate 158. The out put of AND gate 158
provides the RD control signal to flipflop 122. The CWP and 635 CLOCK2
signals are applied to NAND gate 160 which drives one i nput of AND
gate 162 and one input of AND gate 164 through inverter 166. The

out put of AND gate 162 is applied to the second i nput of AND gate 158
and also inverted by inverter 168 to the second i nput of AND gate
164. The output of AND gate 164 is 640 applied through delay circuit 170
to one input of AND gate 172 and al so inverted by inverter 174 to the
second i nput of AND gate 162. AND gate 172 al so receives the CLOCK2
signal and provides the LD control signal at its output to flipflop
122. The delay required by flipflop 122 may vary dependi ng on
645 the interval between conpare phases, which depends on the

avai lability of data words in input FIFO buffer 20, and on the nunber
of clock cycles required to wite data words into
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vocabul ary RAM 36 during the intervening update phase. . Recogni zi ng
that one flipflop 122 is required by each CAMcell in

-19- 650 the CAM array, which typically dom nates the area of the IC, it
is inmportant to mnimze the nunber of gates in each flipflop 122.
In order to retain the state of flipflop 12224-or an indefinite del ay,
control signals RD and LD are used as an alternative tO_ﬁI’IOI’ art

mul tiple flipflop schenesCHRAIT AND MEAHOS DEINHERCONNEGUNG{OBEENTsy st em
clock. Flipflop 122 is a single flipf ADPDRERSABLE MEM®RYO provi de an
i ndefinite delay. By choosing control signals RD and LD to be
non-overl appi ng and nutual Iy exclusive the slave stage of flipflop

122 does not require refresh |ogic. Abstract of the fiselosung to FIG 8, col um
priority encoders 74 is shown for 660 the 2x2 CAM cell configur ati on The

CVATCHO signal is appli i nput f tran m SSi tes

e, simiarty, thert K defareempis gt (14’ apifRER iyl “Thpréserttive
transm ssi on gat es dfgthe locatiocmndndg8engifhef cutspiing rodtchr bekwaers iaoninpat edata76
and 180 are CRHARGAPIEEAM drAvbédisilafy Rible QéZﬁND\ QRitg 184. The

U pULS O 005 S PHES i e g Ay T "
control s the inwvertitd vooabukaﬂrynablet dfhe 1IGAN nasay (B0g:, 84,560 lanalrranged inhe
non-i nvert ed contrac{ éé?Pgﬁt"?é &;nq, ﬁ'l 98 r%ghgelﬁgck go ddr ess

al so controls the inyer ut of transm, ssi on ate 182 and
the non-inverted cdi?¥4y EARA e'bf e"eﬁeénélﬂ?s%”%\tyg Aliergaterrowsolp
address fol | owi ng imuintaier tHEB&gical ﬂowohfmrmwgh; thdreCANvarragd Thet CAM iarpay  of
transm ssion gate 1@%@%‘1 fli (HEQ)*W 'Q"c?drhﬁ\%nc%h%i dufb%:t; thtran?fer

transni ssion gate control's i nver
control input éf tr%ﬁ??@ﬁﬁndata tthUQ the fhp op.

FIG. 2 accompanies this abstract.



675 ‘gate 178 and the non-inverted control

i nput of transm ssion gate

182. The function of priority encoder 74 is to prioritize
col ums in even rows, e.g. CAMcells 50-52, from | east-significant
cel | (left-nost) to nost-significant cell (right-nmost). Priority is
680 also given to the less significant cells, e.g. CAMcell 54, in odd
rows. However in odd rows, e.g. CAMcells 54-56, the |east-
significant cell is right-nost and the nost-significant cell is
| eft-nost. Therefore, prioritization nusysbe reversed to give
priority to the less significant cells, e.g. CAMcell 54, in odd Wws.
The need to reverse significance fromeven rows to odd >
- 20- rows results fromthe serpentine configuration of the C/%/Icell
array. The flow of cell match signals CM waps around from CAM 5’2CE||
52 in the first rowto CAMcell 54 in the second row Thus, @ U
priority encodef ~74 TEVerses_fhe physica ;R"'d'e’r' of Tt 690 inputs<€6r ddd
rows with respect to even fowscby a fropf-e | tipl exing s%em& to
a colum priorigty encoder {o eg'gh eve the Lé’d_es red privority ever sall.
Consi der the 2x2 CAM arra q_“_r;rcan jenent s teq;i h, M G ‘:% syne
CMATCHO and CIPATCHL are bof hnﬁs brted as | ogi (ﬁzgr Do B95L11F ROWS gic
zero and ROWiis! I ogic onei.e& {he firstLENeyeR)yrpw! with esmesdl|s
50-52 is sel e¢tled, then drans@skion gayes 1rg—J> Easﬁés CMAT t he
first input B 'AND gate "84 and transnﬁ%sgqn Ea e P82 paks H1
t hrough i nvekt er 186 to the second inpgt gf AND gat ¢ 184| [The COL
addr ess bec@es}_logi c 700 zero giving priorktly>to TCHO) b@auséégﬁs
| east signifigant Tn — "~ iJie first row The |collum W h |CAM tel |_Sab& gnd
56 is sel ected. — * v 20O%
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| f CNMATCHO is logic one and CMATCHL is |ogic zero, AND gate 184
receives two |logic ones and outputs a |l ogic one COL, thereby

selecting the colum with CAMcells 52 and 54. 705 Now suppose ROW
is logic one and RONis logic zero, i.e. the second (odd) row with
CAM cel |l s 54-56 is selected. Again, CVATCHO and CMATCHL are both
asserted as |l ogic zero. Transm 2¢6on gate 180 passes CVMATCHL to the
first input of AND gate 184 and transm ssion gate 178 passes CVATCHO
through 710 inverter 186 to the sgeomTmput—of—AND date 184. The COL
address becones logic zero giving priori ttb@ CVACH] Because it IS
the least significant colum in the sec g)dd) qow. Fhe colum with
CAM cel |l s 52 and 54 is sel ected. CVA a s Iégi c zero and CMVATCH1
is logic one, AND gate 184 receiwep two? Cze | ogi ¢ ones and outputs a logic
one COL, thereby s@lecting the col u@u_with ( S
For | arger CAM arr&]s, priority selected may be ipanded to o brat e
as described above. For exanple, AND gate 184 and i nver't may be
repl aced by Mdtorol g part n 453283 Dl umMm
i nputs may be revepked by a”si re pe to
a colum priority oder as < O
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even ;oms of the CAM array by reversing the physical order of its

i nputs on every other row. 730 Wi | e specific enbodi nents of the
present invention have been shown and descri bed, further

nodi ficati ons and i mprovenents will occur to those skilled in the
art. It is understood that the invention is not limted to the

parti cul ar forms shown and it is3¥Atended for the appended clains to
cover 735 all nodifications which do not depart fromthe spirit and scope
of this invention. - 22 -
CLAI M5 1. A CAM array, cpgprising: 86 Voo a first plurality of

CAM cel | s serlaII¥ coupl ed for propagating 5 mat ch signals fromless
significant to® ?ﬁiﬁﬁﬁﬁ?ﬁﬂﬂ‘?Zf%)yﬁLLﬁk_qq said first g}urallty of
CAM cel | s being disposed in a fi ow of 82/ adj acent Bt i ons

CA

a second plurality Ss|serially fouple or
signals fromless S|gn|f|ca o Fe—s+ghi-+¢ CAM clelil s, said
second plurality of CAM bei ng di sppsed
adj acent | ocations such {that 8@ | east signLLqu sal d second
plurality of CAMcells ijs disgpsed adj acepigpo gnd 'wgs said match
signal froma nost significant) one of said fir i of TAM
cells; and 15 RESETo—tfrCGTTJNeans for reversing Drioritizat gngpNunns
of said fir EMP@rd—secoad.Pl uraliti es| of Caglcells wher e I§s§ E
significant CAM cells are givep priori kP ror e si gnifficant &AM
cell's in SQNLADDRER)O »
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plrurality of CAMcells and less significant CAMcells are given
priority over nore significant CAMcells in said second plurality of 20

CAM cel | s. 2. The CAM array of claim 1 wherein said circuit neans
i ncl udes: a nmultiplexer having first and second inputs and first
and second out puts, said first and4Z§cond i nputs being coupled for 25
receiving first and second colum match Signals from said columms of
said first and second pluralities of CAMcells respectively; and

a colum priority selector having first and second inputs coupled to
said first and second outputs of ®espaArawul tizgbaxer for selecting a

cells with an asserted col unm mat ch{s$i gnal . 8 3. The CAM array of
claim2 wherein said first plural ify—ef—GAM ﬁE%

a first CAMcell having a t&REo+-PHUC AN NBYCHEI
out put, said match input being cowpled far recelving ajfi

si gnal , saigﬁaglagigmut I'ng ¢quvéd for receiving a
signal, said mafc odipu?ggeing coupl ed for pEbYFLE? Ry

si gnal upon deﬁ%%ting a match between said data input si

| east significant colum of said fi%st and Sé?ond 30 pluralities of CAM

i ncl udes:

a 35 mat ch
$24 . mat ch
CM1-hyqyt

ceLL §stch

- 23 - andsa store —aRe— RMATCHO a
second CAM cel |l having a fnput, a nq#g? i nput and|a mat ch out put,
said data input being coupl or receiyi sai d data i nput signal,

said match i nput being couplledlto I doma JUk put of | 5 said first CAM
B,

cell, said match out put bei cou idi a
Peuo d F ouT ﬂ—’
INIT RD LD —]
i ] y HIT 128 130
INIT O—— \ q
CLOCK1 O—»
Clocka o] CONTROL [Tro | 2
CMPC)__CIRCUIT ENCO ! = |
7 LD 132 — Yo
136
142
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T
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INIT o 144 448 L AT
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gﬁ??ﬂ'natch signal upon detecting a match between said data input

signal and a stored value in said second CAM cel | . 4, The CAM array
of claim 3 wherein said second plurality of 10 CAM cells includes:

athird CAMcell having a data input, a match input and a mat ch

out put, said data input being coupled for receiving said data i nput
signal, said match input being coupled to said match out put of sai d
second CAM cel |, said match output préviding a fourth match 15 signal upon
detecting a match between said data input signal and a stored value in
said third CAMcel I ; and a fourth CAM cell having a data input,
a match input and a , ai d data i nput being coupled for
receiving said data —p input sign 15§%|d mat ch i nput being coupled to
said match output of [20F(sapd kagp Mcell, said match pgigput being
coupl ed forc|Ry®©Y{ dlng 2 [ tch signal upon det ing a match

bet ween sai d data inﬂut -“naL_Efd a stored value ifn s fourth CAM
cell. 5. The»CANLaLLaL of clai A erein sald M cel

i ncl udes: 25 a CAM byte haV|n nput, a wite |[nput and a
mat ch out put, said data [mput i oypkgd for receiving said data

i nput signal, said ygQte inpu i | edl for receivihgpa wite
enabl e stgnﬁ sai tc i pl ed for provi ¢ sahd
second %ggﬁé? néf;EFaH natch between sai d daFaIPnpgutor
signal 30 Store ue f @2

havi ng an input being coupl ed i i i téh si gnal
and havi ng an out put {for prov ‘ ; an AND gate
having first and secgnd i nputs vdnhd an i nput bei ng
coupl ed to said match output ofb&aid i nput bei ng
coupled to said outp&t of said flipflop, ing said

second mat ch signal ypon receiving an asserted

CMATCHO CMATCH1T ROW
o o o

y 176 L 4 k4 31 182
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180 178
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- .24 - 6. The CAM array of claim5 whe
further I ncl udes: a first trans
and a source, said gate bei ng coupl ed for

signal, sai

d source being 5 coupled to a3?rst

said drain being coupl ed for prOV|d|ng ar
a transnission gate having an input, a pﬁh
said input being coupled for receiving a co

control input being coupled for receiving said

drain and a source,

0
transm ssi on gate, asﬁ?’& Plurah;%lﬁfc@ M rf'(‘?(ﬁéoﬁﬁ‘s‘llélé}’t@‘ﬁéﬁé
suppl y corglucigitch Sgliflaldr fioin les

output of saig, fli M'@RM array, comprﬁn?%cond transistor having a gate, a

mat ch signal; and.l5

o ce oL gRROfES: plurality & £ gaﬁf”t?elfiéﬁéﬁ

signal, sai
conduct or,
transi stor.

upled. to said
hifitame Uge @@bﬁeom

TR
isto
rec,;el_ﬁ
pove
ow: :

ijnput ‘And*an’ ¥

*encode .
Hl tosiigrial

WYl {LV Y

O#Jt put of said

Qrr PIOPREAING

fighsk QANRIGRIRO!I UM

SN “g‘p 30 BP0 " 2"

d adjawatbkicr&j,lons coupled to said first power supply
Sa' d dr '&&i{d&bfraht){ C(ﬂ“@ﬁl@l %llﬁaéé}wﬁﬁ; E'co?lfpl&f"tgrsecond

rst and second

col um mat ch gmggttmg ‘match s1gnals ﬁrom rlgss c,sqg/mjfgcpanthmnm@rg significadut , a
data matqlp | nE‘AM Rells, sal'ﬂiaﬁéébrﬂy E’(&Fah@f'cbiamfluﬁ@llﬁ%éiﬁg Odi% b‘éed sigl data

mat ch i nput
data i nput
mat ch

recelvin

first, match

Sal

sssecal kh% S Raicent ToLasen Bk a5 |1ﬁ§%& SERREAR opedotiat a

oubgidt sé)mm:l; plﬁta;litgdof aCAM osel1th rﬂg ;|

S0 1ot Ry eS SEEF dmBRH, shitel AR 4 e
first colum phlrdhtymf CAM cells; and

said first

15

20

25

30

35

CAM cells.

S

feicab toi anal upon

s%a"’x‘ﬁﬂsgﬁfét R5°Bg HildChigy,

circuit means for reversing prioritization of columns of said
first and second pluralities of CAM cells where less significant CAM
cells are given priority over more significant CAM cells in said first
plurality of CAM cells and less significant CAM cells are given
priority over more significant CAM cells in said second plurality of

2. The CAM array of claim 1 wherein said circuit means includes:

a multiplexer having first and second inputs and first and
second outputs, said first and second inputs being coupled for
receiving first and second column match signals from said columns
of said first and second pluralities of CAM cells respectively; and

a column priority selector having first and second inputs
coupled to said first and second outputs of said multiplexer for
selecting a least significant column of said first and second
pluralities of CAM cells with an asserted column match signal.

3. The CAM array of claim 2 wherein said first plurality of CAM

cells includes:

a first CAM cell having a data input, a match input and a
match output, said match input being coupled for receiving a first
match signal, said data input being coupled for receiving a data
input signal, said match output being coupled for providing a second
match signal upon detectlng a match between said data input signal

| Illlll IIIll lllll ll llll
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30 a second CAM cell having a data input, a data match input, a
data match output and a colum match output, said data input being

coupl ed for receiving said data input signal, said data nmatch input

bei ng coupled to said data match output ef23aid first CAMcell, said

data mat ch out put being coupled for providing a third match signal 35

upon detectin mat ch between sai d datf g.}pput .signal and a stored

val ue in sai dg’é‘g&ﬁg"%ﬂl\/y@é‘ﬂ n $a fgg{ mﬂﬁﬁ%‘ﬁ %lffput bei ng coupl ed
to said second col anseconddGAMr cell having a datatimpue &AMacel linpaviand a dat a
| nput, a dat h.l t, . . . . -
25 - aaTRCH BBt saft dase inpue heing. conpleg for ressiving.said datp

bei ng colnpuédsignal.r saish wmatghsinputdbeing epuplest goasaids matchaoutpust of

I nput bej p QePdi G | ﬁlm’g" : ell,
sai d datasmat%: d git?%ut el neﬂ(’:o%é ??a%dc?bg?pﬁgefﬂcﬁ %foui?e%%uf?t? 1&% %h

si gnal upon deMEEimaichh signeh upen.setedding ajanatqhn;hfgwwgnamd data jaguh

stored val ue gjgnaRiahdt Ai §tdréd\Mateed lin SAHIs&ndMT A ebllout put bei ng
coupled to said second col unm conduct or; a fourth CAM cel |
having a data input, a data match input, a data match output and a

col um mat ch 4ut puThes@iAdMdatrayi opulaimei hgwherein csaig! sstondr pheaadityi oy sai d
data inp Si , | mat ch i nput bei ng coupled to said data
mat ch ou?‘lgut g%q{gafgﬂ%ﬁlngﬁ}d WM cel |, said . data match out put being
coupl ed for provi dandied GAM okl drvingyaadata inputpen niichcinpug andre ch
between said giitéh | Ol S isaftRldARCirbus BEME conplotP/ef fdbepfing SaIT IdhifAM
cell, said coJum nat P ogjtéﬂout being 15 ., Coupl feﬁo sal, I r é col um
conduct or; antPut signal, said mafch HDHsbeine covpled 19 $aidomateh sontmtoef

first and seceaid second AN ¢8ll,Chaidonshtch opstphy Chroviidingsal fourth Sina€diM cel |
'S given; s signal upon detecting a match between said data input signal and a
stored value in said third CAM cell; and
a fourth CAM cell having a data input, a match input and a
match output, said data input being coupled for receiving said data
input signal, said match input being coupled to said match output of
20 said third CAM cell, said match output being coupled for providing a
fifth match signal upon detecting a match between said data input
signal and a stored value in said fourth CAM cell.

5. The CAM array of claim 4 wherein said first CAM cell includes:
25 a CAM byte having a data input, a write input and a match
output, said data input being coupled for receiving said data input
signal, said write input being coupled for receiving a write enable
signal, said match output being coupled for providing said second
match signal upon detecting a match between said data input signal
30 and a stored value in said CAM byte; '
a flipflop having an input being coupled for receiving said first
match signal and having an output for providing a hit signal; and
an AND gate having first and second inputs and an output, said
first input being coupled to said match output of said CAM byte, said
35 second input being coupled to said output of said flipflop, said
output passing said second match signal upon receiving an asserted
hit signal.

This is the replacement shesl
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priority over said second CAMcell and said fourth CAMcell is given
priority over said third CAMcell. 20 8. The CAM array of claim?7
wherein said circuit means incl udes: a multiplexer having first
and second inputs and first and secorkdt out puts, said first and second
i nputs being coupl ed for receiving first and second colum match

signal s from aid d d rs

a gol um prio 1ty gg% @f@a ﬁég?In%fS?ﬁlgq SC%gggg%éufﬁ%g{]@‘&M Ce&‘ogB&QSr to
said first anthadadesd outputs of said multipl exer for sel ecting a

| east signifi cant a Alrdm

conduct o?s QO%WH%SI%@&I\/PM r‘%a ggtes Ié/:\/nerel Sglzlal n?%a‘rigtg%tXM
cell incl udesbelng coupled fgr ageeiying Wédl Stan%ﬂi?h sigpal., saidyspuece Meimg and
a match 5 @w;nea t@aa dFigbat poweptgu n@oxfdﬁtﬁbﬁd saidr dirg@eibeing Shipledat a

I nput dWI’ItEIngtj i ng coupled for receiving a wite
enabl e 35 sﬂﬁngr 8 HdC¥ B C%’u vi di ng sai d second match signal

upon det ect| ng aanﬂhmlduetgﬂenhmmg dat mpuipwt congrod! irpud andt an ed
\C’g{]gle ed for r% %‘i\i hﬁ; beéflg coupled"’lfgnl rgééﬁ‘i’né]aﬁ"&quﬁ{h erfr%ﬁtdebe' N9

- 26 - stgnah salgnapnmo&l mmt rkeing ooupled for receiving regid hittsighghal ;
and AND nd second i nputs and an out put,
sai d f| r%PﬁPnput %‘iﬁﬁt cou i??foggl d match oyt put of said CAM byte
said second i ApiRcopd n§1§ VIRg &gttt pikainfandia) sopres.| sid said

5 output pagstenbehni ctoim&notormaﬁh cuitpielofUPAd HRASIsION 2gaRs SeHd ed
source being coupled to said first power supply conductor, said drain
being coupled for providing said column match signal; and

15 a third transistor having a gate, a drain and a source, said gate
being coupled for receiving an inverted hit signal, said source being
coupled to said first power supply conductor, said drain being
coupled to said gate of said second transistor.

20 7. A CAM array comprising:

first and second column match conductors;

a first CAM cell having a data input, a data match input, a
match output and a column match output, said data match input
being coupled for receiving a first match signal, said data input

25 Dbeing coupled for receiving a data input signal, said data match
output being coupled for providing a second match signal upon
detecting a match between said data input signal and a stored value
in said first CAM cell, said column match output being coupled to
said first column conductor;

30 a second CAM cell having a data input, a data match input, a
data match output and a column match output, said data input being
coupled for receiving said data input signal, said data match input
being coupled to said data match output of said first CAM cell, said
data match output being coupled for providing a third match signal

35 upon detecting a match between said data input signal and a stored
value in said second CAM cell, said column match output being
coupled to said second column conductor;

a third CAM cell havmg a data input, a data match input, a

|||I|I|| |||Iil M ] |II| T e e e
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hit signal. 10. The CAM array of claim9 wherein said first CAM cell

further I ncl udes: 10 a first transistor having a gate, a drain
and a source, said gate bei ng coupled for receiving said first match
signal, said source being coupl ed t028 first power supply conductor,

sai d drain being coupled for providing a row match signal;

Said Tnput QY PRUEE DRRP md B colfiniP dhhth, olBbls, a@ﬁdaﬂaéa?dﬂaﬁ*“b%aﬁa
control i nputcayiled peegiving said edatantpmui gigmial, saghadata matdh cmpgal
out put of Sal&lflg 9&%}5198 to sald data rﬁaﬁ:‘ﬁcﬁﬂgnftr af‘ss'aﬁi Qs're BARY CAM

drain and a so s, bei ng co o sald out put o sal
transm ssion Qj‘é@e atg, mateh Oumrb@mgeﬁﬁgp rfpeﬁm’t Preyiding; astoythe

SUItoplhy COBd:JCrh@toh S filald upoh detect M g QA ‘b@txfrx]'@én PdRdi darag lﬁﬁﬁg s@ghalrmd
mat ch™ si gna or havi.g rarn_an
a sourceg salalPa(gzi‘t stored Vﬁlé'le ‘fﬁA&Lé‘&lb $74 ﬁoaliuﬂ?}érméwhhopt ut

signal , sai d beingceobpledy to saldcseqﬂmbl cdobumai dohduettorpower supply
Cransi stor. ¢ & fOupll CAEP cole RAPEC o Qadoldb ™G il YEMRNCERARY & .
a first pluradataymatcleapuipat| gnéealmlummdupmd ougputpr sgidgdatangnput being
glognaICZMi oggﬁﬁmggtn f&A%&ggien Qsai’d' i Otsfi nals%hgi fdart§tnﬁ|tc’|:&g f]igxpw of
a second pl urbﬁmgyc pleﬁuf%ém% @é@.raﬁ@ oytRpteat f%ug thirg ;sz%ﬁﬁgf&u,n
signal's fromdathi fdtclCAd Rt ! bém acbapledC/ch dv1dﬁ1@l (i f1fth ﬁlﬁt‘élmklgnal
plurality of CAM cell s, .bei
ocati one sudtPohaeteding freeighdmeeh 38 aBR Bl diengt andsls” St
cells is dispedad adjsaixkrfourth &AM eedl, vsaid seoldmmi gnafchf oatpwabding | ast
one of spkd Tihslel th Faid Vil COMNEE! dohdi6r; and
circuit means for reversing prioritization of first and second
column match conductors such that said first CAM cell is given
priority over said second CAM cell and said fourth CAM cell is given
priority over said third CAM cell.
20
8. The CAM array of claim 7 wherein said circuit means includes:
a multiplexer having first and second inputs and first and
second outputs, said first and second inputs being coupled for
receiving first and second column match signals from said first and
25 second column match conductors; and
a column priority selector having first and second inputs
coupled to said first and second outputs of said multiplexer for
selecting a least significant column of said first and second column
match conductors.
30
9. The CAM array of claim 8 wherein said first CAM cell includes:
a CAM byte having a data input, a write input and a match
output, said data input being coupled for receiving said data input
signal, said write input being coupled for receiving a write enable
35 signal, said match output providing said second match signal upon
detecting a match between said data input signal and a stored value
in said CAM byte;
a ﬂlpﬂop havmg an 1nput bemg coupled for receiving said first

Rt
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- 27 - an encoder circuit coupled to colums of said first and

second pluralities of CAMcells for alternately reversing encodi ng of
sai d first and second pluralities of CAMcells. 5 12. In a data
conpression chip a CAM array, conprising26 - afirst plurality of
CAM cel |l s serially coupled for propagating signals froma first CAM

i sposed i n_ St signst ahd. favinge hnPpltile fof. Broviding EMiE gBafichh
plurality of CAM cen|ANRrgate| havingpfiest fod a@ondpumagaamdxgan;lcgnpus $aidm a
first CAM Cgfﬂstt Hggxt' Béﬁn Cé% I'ko szl?ﬂ%atch g%ggﬂ‘ngfpééi&abﬁm B&rtf“ﬁ%]ld

cells being dispos seco [ OW | ocatlons s
said first on@C@Pdsé‘ilRFtséémﬁj coupied toysaid OUtPUtCﬂéﬁ/IS@équﬂleiOIBl

adj acent 50 a@dt as/sfiﬁ gsSdid seendl il Sigalal upon! 26¢eivNey Odn Sa’sslsértédr st

plurality of h ce i ; and 15 a decoder CI rcuit coupled to col ums
of said firstMni&08ond pluralities of CAMcells for alternately
reversi ng decodi ng of said first and second pluralities of CAMcells.

arranging a 105t preraris, ok SARAn S sl sERIbE CAM dout ToRgEL T

froma first ipalndes! to a last CAMcell cells where said first
plurali tXOOf CAM C@'fl&taﬁﬁnﬁbﬁﬁoﬁﬁﬁd alg i s4 dlﬁi’i‘l Oc{}ldanM 5k l,ssatu(i) gate

| ocati ons; a.se aral it

serially pr op‘é%}&ge coupfed; ?g%anegew% %@ua Figyt W%ef’llgnﬁ saida spureQIbeing
wher e said se@mpied to Plfirsd| poweOisupPlf cednductos; eaigpdesin ibRimg Sengrledr ow
of adj acent % i ons such t t sald first one of said second
plurality of @&I\/va1 1% 3 SO% [pTo St didj acent to and receives said
signal from said |astrafémissiore gdte shavingi ant inpuiy a icoptiw] @t ardlan and

15 output, said input being coupled for receiving a column encode
signal, said control input being coupled for receiving said hit signal
from said output of said flipflop;

a second transistor having a gate, a drain and a source, said
gate being coupled to said output of said transmission gate, said

20 source being coupled to said first power supply conductor, said drain
being coupled for providing said column match signal; and

a third transistor having a gate, a drain and a source, said gate
being coupled for receiving an inverted hit signal, said source being
coupled to said first power supply conductor, said drain being

25 coupled to said gate of said second transistor.

11. In a data compression chip a CAM array, comprising:

a first plurality of CAM cells serially coupled for propagating

signals from a first CAM cell to a last CAM cell, said first plurality of
30 CAM cells being disposed in a first row of adjacent locations;

a second plurality of CAM cells serially coupled for
propagating signals from a first CAM cell to a last CAM cell, said
second plurality of CAM cells being disposed in a second row of
adjacent locations such that said first one of said second plurality of

35 CAM cells is disposed adjacent to and receives said signal from said
last one of said first plurality of CAM cells; and

IR s s e roptmoement =
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alternately reverse encoding of colums of said first and second

pluralities of CAM cells. 14. The nethod of claim 13 further
i ncluding step of alternately 35 reverse_decodi ng of colums of said
first and second pluralities of CAM &édl ts.

an encoder circuit coupled to columns of said first and second
pluralities of CAM cells for alternately reversing encoding of said
first and second pluralities of CAM cells.

S5 12. In a data compression chip a CAM array, comprising:

a first plurality of CAM cells serially coupled for propagating
signals from a first CAM cell to a last CAM cell, said first plurality of
CAM cells being disposed in a first row of adjacent locations;

a second plurality of CAM cells serially coupled for

10  propagating signals from a first CAM cell to a last CAM cell, said
second plurality of CAM cells being disposed in a second row of
adjacent locations such that said first one of said second plurality of
CAM cells is disposed adjacent to and receives said signal from said
last one of said first plurality of CAM cells; and

15 a decoder circuit coupled to columns of said first and second
pluralities of CAM cells for alternately reversing decoding of said
first and second pluralities of CAM cells.

13. A method of accessing data from a CAM array, comprising
20 steps of:
arranging a first plurality of CAM cells to serially propagate
signals from a first CAM cell to a last CAM cell cells where said first
plurality of CAM cells are disposed in a first row of adjacent
locations;

25 arranging a second plurality of CAM cells to serially propagate
signals from a first CAM cell to a last CAM cell where said second
plurality of CAM cells are disposed in a second row of adjacent
locations such that said first one of said second plurality of CAM
cells is disposed adjacent to and receives said signal from said last

30 one of said first plurality of CAM cells; and

alternately reverse encoding of columns of said first and
second pluralities of CAM cells.

14. The method of claim 13 further including step of alternately
35 reverse decoding of columns of said first and second pluralities of
CAM cells.
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