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processing, and nore particularly, to a nenory engi ne which utilizes

i nproved associ ative_techniques to provide for@{gr eater data processing speed

and f | exiits i thhis BROMGROUNDS eF-aHEyaNANT-Brrt100esE dadne RIS tBuf fer, o
other MEMHOWAEY) SeaERMRIIALY;i8h SYIRNS J02s 351 AARALDH NIBIRE O ven oF
predeterm neaestrlng o] sﬁﬂ)o S Isa basic 'operation tound in many

appl i cat iENSINSUBEORIFHPUINSRECTION 8tV M AN ASAFTION OF DAARESsile@ of
genetic information, data corr&r ession, and the processi n? of conputer

| anguagesen Kowusit d&k 2081, orow Bt3-i Pafeny Nonserting newsseeli@sciasludingit, or
the t me SRR R LR ddn oh ) Suehed SRELHPRERealhel Tt T ™ execut fon
tinme of tdheithel "DANRN IPROCBESSING SYSTEM FOR A CARTESIAN
o CONTROLLER?", filed December 4, 2003, and U.S. Patent Application Serial
No. 10/727,811 entitled "CELLULAR ENGINE FOR A DATA PROCESSING
SYSTEM", filed December 4, 2003, both of which are herein incorporated by

reference in their entirety.

FIELD OF THE INVENTION

o021 The invention relates generally to an associative memory support for
data processing, and more particularly, to a memory engine which utilizes
improved associative techniques to provide for greater data processing speed

and flexibility.

BACKGROUND OF THE INVENTION

(o003 Searching a buffer, or other memory device, comprised of symbols for
strings that match a given or predetermined string of symbols is a basic
operation found in many applications, such as but not limited to databases,
the processing of genetic information, data compression, and the processing
of computer languages. Modification of a string by inserting new sequences
in it, or deleting sequences from it, is also a basic operation in these domains,
and the time taken by these string operations influences directly the

execution time of the main applications.



[ 0004] When a serial conputation is perforned, that is, a matching
operation, to find all occurrences of strings of N synbols in a buffer
cont ai ning M synbols, the maxi mum nunber of steps required is N*M Wen an
insertion of a character is necessary inside the buffer, on the average of
hal f of the synbols in the buffer have to be noved one cell to the right or
to the left to make roomfor the newcell. In this case, an average of N2
steps are required. loons] Serial algorithnms have been proposed to inprove

t hese operations, and they are based on several techniques including

hashi ng, (@f, t ReHAL ?eria?_tcbggﬁd&%ﬁ%n iE‘?ﬁF?&%écﬁ tHeef, ‘é/”ﬁ%t&hﬁgﬂ rings of

interests are words of fix I engt n this case each word i s associ at ed
Wi th a unipgugtiownbdind hHtoccsrrensestofagtringe of Meyxmbloés ;m & lkatffesor d is stored in

a dictionary. This nethod has the disadvantage that it works well only when
the i nf orRBIABIE M symboes, thadnaygusmigtmepaahstapscgargiwcaisr Nalyl pr ocessi ng.

Furth [ i $. ' 1 | d ti
Coveral wiran ERRAARol Al Rind B B AR R I o B g2 ¢ onal

work to faveeadehef Walf df shelghinbolsSuf fHebdiff@ekaveaso Bé seobal vheldelad thad are
tree structures in which all the substrings present in the buffer are
stored. Vg one therded tognakereamdogithe pewseall ny this caearadrvasaghef buf f er,

one onlyrﬁ?§ %@Sq§§§g r(;(pe tree, one character of the sought string at a
£ strin

time, unti IS either found, or not found. 1In either case, if
the string contains Msynbols, at nost Msteps are required to decide if
the string is in the buffer of |length L. A though this search nethod is
fast, builtesi ngeriad adgarithmg hawe beenfrreneserto toppaYatheseadpsratiorpensi ve.

[ 0006] Th%ﬁ%&:{l& lﬁ‘ggé %E\S&We?al“{%%nr%iépeg Enc&\@crl}qd'\é ﬁas%igg,lr,] l lr%le dsa(t)éll ution for

findi ng th i'on o given s nas gﬁe Menory access.
Thi s met heghderdss M&Hing uiéd(%eheth@tslﬁrild?:f g6 intbtdstIlgRswoeds 6Ktigpd easily to

vari able length strings of symbols. Wien the search can be perforned in
length. In this case each word is associated with a unique number that is
used as the index where that word is stored in a dictionary. This method has
the disadvantage that it works well only when the information is static, and
does not change location during processing. Furthermore, generating this
number is a costly operation, and sometimes several words may be associated
with the same number, requiring additional work to find the word sought.
Suffix trees may also be utilized and are tree structures in which all the
substrings present in the buffer are stored. When one wants to see if a given
string is located in the buffer, one only has to descend the tree, one character
of the sought string at a time, until the string is either found, or not found.
In either case, if the string contains M symbols, at most M steps are required
to decide if the string is in the buffer of length L. Although this search

method is fast, building the suffix tree is oftentimes computationally

expensive.

ooos] The Content Addressable Memory, or CAM, is a parallel solution for
finding the location of a given symbol or word in a single memory access.
This method works well for fixed length words, but does not extend easily to

variable length strings of symbols. When the search can be performed in



3 parallel in the buffer, that is when M conpari sons can be perforned at
the sane tinme, then the nunber of steps is reduced to N. Buffers with
paral l el conparators and markers storing the result of each conparison wth
a given . synbol have been proposed to.,speed up string searches. See, for
exanple, Alny et al., US. Pat. No. 4,575,818, Mayer, U. S. Pat. No.

5,319, 762; Eskandari- Gharnin et al., US. Pat. No. 5,602,764; or Satoh, et

al ., U SpaPalel iNGhe bt d33-is WilISSE K&warilg@l\{é e8s btﬁmrﬁeflnkéa gegci ate a

conparator with each cell of the buffer, along with'a one-bit narker
storing shmertaswl theayt theheuirkst of staparis seducqrbtd O nBdffeThwidoppea bl or

storage cell and marker operate.in such y .that a synbol fromthe string
to be | oSPHRRAIRIPTE RS b‘ﬁ‘fafléerrsiséorb‘?%éé%é%%ﬁi \é'?a??h EARPAESHPAVER G 816 t he

buffer. Egﬂ&%lm@eg{e@a rr% B&&Hé‘p%ﬁ%ﬂi{l E%%C{{ﬁ% Séé(rfpplexéxﬁﬁié]at stored

in their associ ated storage ce esu conparisoh I's stored in
t he mar keXlnas soal dlf &d Pat. o the7 Gl Mateary UshdPat siNor 839,062 Eskboai@ti- Buf f er s
i npl enented as shift %i sters_allow thejr cont?nts to be. shifted to the

left or {arRE £ @lmUirSﬁ BhMP1 2P0Z Lo rsfusatyle &2 RatodNe sid8al33- 1n this

case the o) &rgaH 8Bt ROty BRI PULLR (AN Ditp AL fiki] Shchiish SNt P

These buf however, d ot er on ection o elr contents to be
shi fted, bufferpiloey withya ghetba malbkét stoﬁa?atﬂwieQﬂSultNﬁrthe\lﬁt,cotrﬂilpariimregr ation
of separate conparators for each cell of the buffer tends to increase the
si ze and Peelspreski The spmypreatgeysteeagescedl smbrearkengperadadi sych @ Wakessi ve

cost and tﬁ%(raée gélr‘l&b%§ €rorh Qﬁ@ §Em%g]ld“b§ Sat@] GOHNG ¢ éé)ﬂsﬁgrfg’a&%t GONFEEAS 1N

m nd, the i nvention erefore seeks to a nenory apparatus
whi ch al lcowspdrators e rtiie fragter c Midiede tcensdratorg$n saad ebatpare nNEekivans and

del etions, wherein a new _tYpe of menory storage circuit called a Connex
Menory ( ﬁﬁf‘é?(ﬁéf)ttb?t, stemd irgtheif pssostajed storage céll. The result of the

comparison is stored in the marker associated with the comparator and

storage cell.

tooo7;  Buffers implemented as shift registers allow their contents to be
shifted to the left or to the right in parallel, synchronously to a clock signal.
In this case the whole contents of the buffer can be shifted in just one step.
These buffers, however, do not offer only a section of their contents to be
shifted, but offer only global shift operations. Moreover, the integration of
separate comparators for each cell of the buffer tends to increase the size and
complexity of the device as a whole, thus leading to excessive cost and energy

use.

tooos) With the forgoing problems and concerns in mind, the present
invention therefore seeks to utilize a memory apparatus which allows for
very fast character strings searches, insertions and deletions, wherein a new
type of memory storage circuit called a Connex Memory (hereinafter, CM) is

utilized.



4 100091 In particular, the present invention proposes a Connex Menory
devi ce that operates in the manner of an associative nenory, yet which
includes a flexability not heretofore known in associative nmenory devices.

[ oo0i ol Known data processing systens nost often utilize conventionally
addressed nenory devices. That is, known data systens utilize nenory

devi ces which include defined |ocales therein, each |ocale having its own
particularizeq address. |,n this manner, should a system processor desire to
add the V¥P°Le 'BthsH & “g’t" RFIPESENA Y U AHRIQRASER 25t BPREX MeHElY ess B, the
convent i &k TBIR OpHSEs Gf tht IthaRQcsesh E%&hﬁix%oﬁ@hﬁd% X_@P'Wlﬁéﬁ ed

| ocations, or cells, wthin the nenory device, and co i cate these

val ues, \naudesianflexdtaliy; nobhetetoforedeesar imhssaidtihe appnogyr datieesunmat i on
can occur. In such systens, the nature and capability of the integral
conponents, that is, the nature and capabilities of the processor and the

menory deyl,qeScn bR d%ffh'pr%‘é@ésﬂ?sgﬁg&gn@ I%LPBFteRRR[CI]z%”&n%?\tg%f%xgx[ 000111 It

is al so known that a ‘proces ystens may i nclude nor one

pr ocessoradalidsseeinmeynadgvdegcesarithdtust keswnidwmb sybese atiliké ph@nogonponent s
may be part of a systemthat executes nultiple streanms of instructions.
These nulq9vptes WA Ui vem defipga dgcales thergine eagh doale bamng tmawy) devi ces

can be vi ea‘{\ﬁgul%?iz'e?ra‘lf‘dr(é%.' IO PSarfer! ékglﬁlhya 't’?rhe;%o%é@f LENHLGES where

each processor 1n the system although’ operating ver al concert with

t he ot heraddhtlegéalliedtgredcassilress Aswitkshonally gof@t anaddees B, ¢he porti on of a
greater task. That is, the effectiveness of MM devices is typically
limted tonvEBEengpbeeneradeienxglliproceed e thy epgatictasidessesl ved | ends

itself t [ r le.i Lurality.of siym [ jvely
independgﬂgﬁgﬁ%?g?o pghgvhﬁ%ghﬁéﬁ%¢§@gﬁ%xg%pgggﬁ%%ﬁégﬁgZﬂ?ﬁh%%!integral
conponent\alaés, MiMandewedese, ao ehalpsocawsbt wiekre nké appdophtistel fiahniation one
anot her.

can occur. In such systems, the nature and capability of the integral

components, that is, the nature and capabilities of the processor and the

memory devices, are well defined and distinct from one another.

looo11] It is also known that data processing systems may include more than
one processor and memory device, and further, that these multiple
components may be part of a system that executes multiple streams of
instructions. These multiple instruction streams, multiple data streams
(MIMD) devices can be viewed as large collections of tightly coupled SISD
devices where each processor in the system, although operating in overall
concert with the other integrated processors, is responsible for a specific
portion of a greater task. That is, the effectiveness of MIMD devices is
typically limited to those specified arenas where the problem to be solved
lends itself to being parsable into a plurality of similar and relatively
independent sub-problems. The nature and capabilities of those integral
components of MIMD devices are also well defined and distinct from one

another.



5 [00012] Another known data processing systeminvol ves single instruction,
mul tiple data streans (SIMD) devices. These SIMD devices utilize an
arbitrary nunber of processors which all execute, in sync with one another,
t he same program but with each processor applying the operator specified by
the.current instruction to different dgperands and thereby producing its own
result. The processors in a SIM device access integrated nenory devices to
get operands and to store results. Once again, the nature and capabilities
of t hos&qift dyrethet srpvhedat prosSNEDdEMdavabeswangledertmetioand di sti nct
from one anot her, in_t hat ations e e ed by the.processors that
nmust havémglg etc&? aéS%Fagéggggﬁ)o&eglcﬁhﬁ@esﬁﬁﬁé C{jea'léaleg ‘tr&ﬁlé}i)eralfob. [ 000131

Wi l e knqx«m&ay%ﬁﬁ[@@%sEﬂgcegs@tsevvﬁicﬁraﬂl bXei@d, ahesyerpattheorf andthegessi ng
| arge anounts of data, the defined and unchangi ng nature of the processors

and nenothe dewiequegrami byt whid egsbeaprcgashosfapptyiagdie apewtios spesified dys
operations may be.cqnpl eted. 0014] Thus, vayi,ous, archi,tectures have al so
boen condt? AUTEATMATERCIGET 14 SHTTaRbPREVals AL bRl HEDRCLS U ch ar o
not convepdilenNghk)rBeis8asRda SINITE g8y ¥ HRENssdRYdgs 8 dBf@nioth daliéss Wescri bed
as being 'associative' nenory devices and, as indicated, do not catal og

their respeoperendsiarsl of stdat sesoytst Hange agrhysiheatatlior and eapabilitien of he menory
devi ce. t her, associ ative nmepor evi ces 'address' theiyr data bits by the
nat Ur e, GROT PR CORRANEEY bt SNED Seifcs:He o CETBERAh ARGt That 1 s,
data w t i i ase0shtheY ¢n TRA Eoéc%nﬁﬁbé'tﬁﬁé ar@reQe&REd't§EMé Fk@&s&%sttﬂﬂ nanme of
their physical locations wthin the nenory device, but rather fromthe
propert i esugifhaveesatae aype of edeeisn te achepeanry idawii@r tocéd ltheiofolt.he nmenory devi ce.

[ 00015] A key field of a fixed, or limted, size is attached to all data
stored in nost associative nmenory devices. A search key may then be

utilized d@sSaNRAL krdvwiR@atd prodaliagldyaldns BFe MHERKE pMledata fiel ds,
whose attached key fiel d(s)

processing large amounts of data, the defined and unchanging nature of the
processors and memory devices limits the speed and efficiency at which

various operations may be completed.

ooo1a] Thus, various architectures have also been constructed which utilize
another class of memory devices which are not conventionally addressed.
These memory devices are typically described as being 'associative’ memory
devices and, as indicated, do not catalog their respective bits of data by their
physical location within the memory device. Rather, associative memory
devices 'address' their data bits by the nature, or intrinsic quality, of the
information stored therein. That is, data within associative memory devices
are not identified by the name of their physical locations within the memory
device, but rather from the properties of the data stored in each particular cell

of the memory device.

tooo1s] A key field of a fixed, or limited, size is attached to all data stored in
most associative memory devices. A search key may then be utilized to select

a specific data field, or plurality of data fields, whose attached key field(s)



6 match the search key, irrespective of their naned | ocation, for
subsequent processing in accordance with directed instructions. [000161 In
t hese known associ ative nmenory devices, all data stored therein includes a
key field and a corresponding data field. Known associative searching and
dat a- mani pul ati on techni ques exam ne ghe key fields wthin an associative
menory to determ ne which of the corresponding data fields includes data of
particular interest for a predeterm ned command. Once identified, any data
fi el ds ofnatontthaegearchriter esespeayivioeof thaggedheddotatankddt subseqlemtgi ng t he
state of one or nore bits within the gpg%opriate key field, thus |eaving
the assoPrafesa Gl rERceoyithediredpd BEEGIRt searching or  manipul ati ve
commands. 1000171 Therefore, known associative nenory devices rely upon a
controller capable of observing the content of key fields so as to identify
t hose datoaoifii éh dseseoknowhersestiatiiichenbheslevicaswall aasostioatd whesyist ens ar e
useful to % certain _dggree, they still uffei froma lack of flexibility in
t he sear ¢MiHgeRAMSY e @l 2 cargsSpendingits figld | Knpwrs agsiciadssondi ngl y

di m ni sh E el 2SS i i S 1 sed. it-h the
foregoinggﬁﬁggkgﬁégéﬁﬁagé%§§§§%ﬁ§hﬁé#ﬁﬁﬁuémgﬂgﬁggéﬁgzk%ﬁ@%%ﬁ%gﬁﬁggeks to

I ncr ease anh@sbtiakvbirhérmhyrpto kieawinias sokichtdfvben@iBispondavt casa sields to
increase their utility while sinultaneouskytreducing their rocessi ng
9

tinmes. Suminrys datarpEpanpmlan okereobroa predatermimedhgapmagt. t Racpr esent

i nvention . Vi of fiLcicent. .. . Drocess) system 7 0p201 It is
anot her il(rir%)%rl?éac?itgn s%%tgtﬁgolfl !St%ﬁecgbpgg%%tm%ﬁ%sgnrﬁ?%n%%t ?%ﬁegvf)aemgﬁpeccgl | ul ar
engi ne f oy ey PiOSRAESbNInS P8 nedhetiat withiph eeapsraptiactideyefield,

thus leaving the associated data fields primed for subsequent searching or

manipulative commands.

000171 Therefore, known associative memory devices rely upon a controller
capable of observing the content of key fields so as to identify those data fields
of interest. While these known associative systems are useful to a certain
degree, they still suffer from a lack of flexibility in the searching architecture,
and thus their utility is correspondingly diminished while their processing

time is increased.

tooo18] With the foregoing problems and concerns in mind, the present
invention seeks to increase the flexibility of known associative memory
devices so as to increase their utility while simultaneously reducing their

processing times.

SUMMARY OF THE INVENTION

looo19] It is an object of the present invention to provide an efficient data

processing system.



associative nenory, or associative engine device, in a manner which
i'ncreases data processi ng speeds and efficiency. [00021] It is another

i nportant aspect of the present invention to provide a cellular engine for
a data processing systemthat inplenents an active associative nmenory, or
associ ati ve engi ne device, capable of 7universally wutilizing any cell in-
either the key field or the data field. 1000221 It is another inportant
aspect of the present invention to provide a cellular engine for a data
processi g5y Etis Anonher imprdarhaspesh chdhe peesens spvetqy &0 parnvide devi ce, or

associ at | i r i .Sty I . key field and
t he datak¥ﬁgﬁggggﬁFﬂgﬁgggg%nggﬁsgﬁﬂé%%%%h§gggﬁ%gggﬁgﬁkggﬁgghpgplenentation

of a predgjoefativeetheeryn0e ast Q234 ehpiriesd@net her a impoaidrawhidspect of the
present invention to provide a cellular engine for a data processing system
t hat i npinaieases daf ReQdesEng spseds and eHiGenry devi ce, or associ ative engine,
whose individual cells can selectively process, in parallel, a given
instruction based upon their respective state, all within a single clock

cycle. [RRPR4k iktaricth@énNRhpSftahRPLARY tBS PREderflint &i&tidH esebvidevention to
provide a cellular engine for a data processing systemthat inplenents an
active pehdey edginector aodateeptagessingnysten) thitoswplsments an@ctivehonogeneous,

t hus allomﬁqg.the ven& sane(fiqpe of jnn?rnation ﬁ%$r€d in qﬁgpry to be
(part of PSS HE "FERE Key! APEIUOFC Ga8E tTEI'tE AAPAPTS @Y B TS during the
execut i oRtidkirdy aly @8N @MeitBer HAOREP Lield ot Shaaathgelpbj ect of the present
invention to provide a cellular ‘engine for an efficient data processing

systemthat enables the dynamic limtation of the search space within an
active assqfi tgve(gﬁgngﬁ dqyige. (%OQQﬁgl Acc rdiq$¥éo one e ‘gdinent of
the pres8t*i NVErtTORT" HERPEEEBCARTVE" "HEMOFS S UBpD B &7 PAO¥MI%3 pr ocessi ng
system i gelllideengtheaRTACHAtd YRocessing system that implements an active

associative memory device, or associative engine, where there is no

distinction between the key field and the data field of the associative memory

device during the implementation of a predetermined command.

[oo023] It is another important aspect of the present invention to provide a
cellular engine for a data processing system that implements an active
associative memory device, or associative engine, whose individual cells can
selectively process, in parallel, a given instruction based upon their

respective state, all within a single clock cycle.

looo24] It is another important aspect of the present invention to provide a
cellular engine for a data processing system that implements an active
memory device, or cellular engine, whose structure is homogeneous, thus
allowing the very same piece of information stored in memory to be (part of)
either the key field or data field at different times during the execution of a

program.



menory device containing n-cells. A controller is provided for issuing an
i'nstruction to the associative nenory device. A clock device outputs a
synchroni zing clock signal that includes a predeterm ned nunber of clock
cycles per second, the clock device outputting the synchronizing cl ock
signal to the associative nenory devBce and the controller. The controller
globally comrunicates the instruction to all of the n-cells sinmultaneously,
within one of the cloc ,cycle&ﬁgnd‘the_instruction i.,s applied equally to
each of W& nlt is @nother gjedi7al thedriesapldingeREPN IR} RRvide s SlluWae present
i nventiogf,.,: i dtfi ciRRE r I t r by
consider%ﬁ?ggqgkggﬁ%hcgéeg?%ﬁ§g¥?5§8g59§?h§igﬁgﬁgbg%ﬁﬁgg%?gtgﬁ as a whol e.
BRI EF DERCRIDNON (e JddrciSAMNGStHi00028¢tiFd gstoeiativesmangcdedic@gr am
showi ng the general architecture of a nenory engine, including an outside
controller and clock elenent, according to one enbodi nent of the present
i nventio 0Q291 Figuyre j b iL.agr pLcting the r.y. engi ne of
Fi gure 1{3?0%6? g‘scg(%rccﬁ gg :{8n0nv%| %lﬁlbt% Hleljnglﬁﬁ) g}%ﬁ? P bﬁgge”s]v{rhté%’paenr At f%ielveexchange
of i nfor FRich&y slgioveesr & iatL pRSddstingndysedmeiRellide®bntdigodiBi®E Y engi ne.
1000301 Figure 3 is a flow diagramdepicting one enbodi ment of the general
oper at i omesfonyhdewsarontangige-wilsFidygpatrellenis popoded fer gasvenglans 1 ow
di agram depi ctin not her .epbodi nent of the genenal, .operation of the nenory
engine o Bt R f UE GhTECLy Peviedr BTG ratP RP UG ¢ e
processi gghdironizifg it sighgMatdnllydeha prRaefetntned MufbetroQtlioek 1. [ 00033]
Figure 6 1s a flow di agram depicting the processing of a 'read" command by
t he~ nenofyclengeheesndritp clock dquigogulp utiigg the pynehrgniziog dvakgsigrbiepi cting
the pr OCES Iengss(g)fcia Ve r'n@z?neorr%/ device and the controller. The controller globally

communicates the instruction to all of the n-cells simultaneously, within

one of the clock cycles and the instruction is applied equally to each of the n-

cells.
00271 These and other objectives of the present invention, and their

preferred embodiments, shall become clear by consideration of the

specification, claims and drawings taken as a whole.

BRIEF DESCRIPTION OF THE DRAWINGS

fooo2s) Figure 1 is a block diagram showing the general architecture of a
memory engine, including an outside controller and clock element,

according to one embodiment of the present invention

tooo29] Figure 2 is a block diagram depicting the memory engine of Figure 1 in
association with the different busses that permit the exchange of information

between the constituent elements of the memory engine.

(o030} Figure 3 is a flow diagram depicting one embodiment of the general

operation of the memory engine of Figure 1.



command by the nenory engine of Figure 1. [00035] Figure 8 is a flow di agram
depicting the processing of a '"delete’ comand by the nenory engi ne of
Figure 1. [00036] Figure 9 is a flow diagram depicting the processing of a
‘next' command by the nenory engi ne of Flgure 1. 1000371 Figure 10 is a
flom1d|agran1dep|ct|ng t he proce55|ng‘bf a 'junp' conmmand by the nenory
engi ne of Figure 1. [0003x] Figure 11 is a block diagram show ng the i nput
and output signals required to interface a nenory device of the nenory
engine to its environment, and necessary to connect several nenory devices

t oget her .(4003f,0G0 eﬂ@%@vé Ir§méd 1@61’1 @h%ﬁﬁ&r@rhbbaﬁﬁ&%bmme &Jbodi ment
of the internal structure of the device, in which a two-di nensi ona

array ofoperatiowe obthe ymanbry Hngm@yofcﬁlghse ils made accessible through two
transcoder circuits. 10 [000401 Figure 13 is a block diagram show ng the
input and output signals required to interface a dynamc nmenory cell to its

envi ronme,, 1900413 1L AuEaLkeh dofililife BIRAILARLIJLUSLTALT ng the

internal archit@cture o e “nmenor taln storage for a
synbol artdmmSndsigodieamﬁ\mkmgmaMthlmmgl.to one errbodl ment of the

i nvention, through which a synbol and its associated marker can be stored
into, read from or conpared to a broadcast synbol. [000421 Figure 15 is a

circuit r ' L.hg: [ re .o ‘he transcoder

ci rcui tsqd mm{rﬁ}é#%fﬁr gbkg,gla c%gr&c]% ng émc%gsq%gr?zr?t ead t he invention,
t hr ough wbhmhahhanWQzdkwﬁmgd@ﬂﬁheaﬁﬂhguﬁanenDry cells can be accessed,
and which allows the generation of the address of the first or | ast narked
cell.. 100043) Figure 16 is a circuit diagramillustrating the contents of a

bUf/f er (0003} Figure 7 is a flow diagram depicting the processing of an ‘insert’

command by the memory engine of Figure 1.

tooo3s] Figure 8 is a flow diagram depicting the processing of a ‘delete’

command by the memory engine of Figure 1.

1o03s] Figure 9 is a flow diagram depicting the processing of a ‘next’

command by the memory engine of Figure 1.

000371 Figure 10 is a flow diagram depicting the processing of a jump’

command by the memory engine of Figure 1.

rooo3s] Figure 11 is a block diagram showing the input and output signals
required to interface a memory device of the memory engine to its

environment, and necessary to connect several memory devices together.

to0039] Figure 12 is a block diagram illustrating one embodiment of the
internal structure of the memory device, in which a two-dimensional array
of static or dynamic memory cells is made accessible through two transcoder

circuits.



menory as a conbi nati on of Random Access Menory (RAM and a RAM controller.
[(000441 Figure 17 is a circuit diagramillustrating the internal structure
of the RAMcontroller depicted in Figure 16 [000451 Figure 18 is a bl ock

di agram.,showi ng a nore detailed view of the nenory engine shown in Figure
1. [000461 Figure 19 illustrates the laddbntents of a typical associative
menory device. [000471 Figure 20 illustrates an associ ative nenory device
wherein the traditional distinction between the key field and the data
field hagopeehigurenddued.bledk dpETAM #OWESCRICATPANACGH THPUPREFERRED

EVBODI MENT 100 h | t f t f d h
oy e e iR R IR o RIS 5 atorant ed by

"setting' an additional bit, thereby nmarking the word with one of two
states: marked or not marked. The term'nenory synbol' is interpreted
her ei n tiovommeahigaire flidxied- ¢ie<ngt Hiagyhireghustmatiog td:l@rise&mtll wechbiecbirearfd whose

Iengthd ends on t t|o and is not s riori 00491 The
structur o‘F]ePH%Wp e"ﬁfg ?t’lpoﬁgo’éﬁgeotj\% arsymb ea‘B%( éli‘tq“%‘i‘\a% PEC the ™M

comands,¢dr@iig & BRK e%cﬁn‘_{@r&fbf%hgeih%nt%n 3&?1969%!1 WRhhYa t;y/\hﬁ)%l gt of the
delay typically encountered in current cache nenory technology. The

st r uct ur gs deserdtbe dnddeeican ibs stévad iofo,aead drvon adrocmnparesuic a bubaddastan al so
repllcaé g in a nore elaborate circuit. Figure 1 depicts the general

ar ch| t ectXf'8°f a menory engi ne 205 according to one embodi ment of the

present invention, as well as its operational relationship with both an

outside controller 255 and a synchronizing clock circuit 256. It will be

readi |y nappr Eguatdd ishatircbie doggaat ilbrstoftinghthedntaindk acduitecoldeesf 255 and

t he nenor
l¥e transcoder circuits shown in Figure 12, according to one embodiment of
the invention, through which the two dimensional array of memory cells
can be accessed, and which allows the generation of the address of the first or

last marked cell.

tooos3] Figure 16 is a circuit diagram illustrating the contents of a buffer
memory as a combination of Random Access Memory (RAM) and a RAM

controller.

looosq] Figure 17 is a circuit diagram illustrating the internal structure of the

RAM controller depicted in Figure 16.

toooss) Figure 18 is a block diagram showing a more detailed view of the

memory engine shown in Figure 1.

toooss] Figure 19 illustrates the contents of a typical associative memory

device.

toooa71  Figure 20 illustrates an associative memory device wherein the
traditional distinction between the key field and the data field has been

removed.



engi ne are coordinated through use of a common cl ock signal issuing from
the clock circuit 256. Mreover, the present invention contenplates that the
outside controller 255 nay have any nunber of circuit-specific
configurations wthout departing fromthe broader aspects of the present
inventi on provided that the outsideldontroller 255 is capable of issuing
commands to, and receiving data from the nenory engine 205. [000501 As
depicted in Figure 2, the CM 206 is associated with a Line Menory random
access device 200 organi zed as a pool of buffers, each of which has a size
equal 1o L PRI bSO e M REB O DRMEREE O of the
menory engrmne 205, e (CE). The

pur pose of these buffers, also referred to as lines, is to allow for search,
insert 12 and delete operations to be performed on character strings |onger
t han mayosie H&GMW@?BMSW&Wnpqnﬁéomnrm,ofaﬁ@rctsw@hffékl% Yowep cost of

i npl ementatio nd ced power, dj ssipation, as wWll be discussed in nore
dera 1 ke BB ok S e B YRS B s P e Bl PSS ETOn of the. ce
205 begiddtiifignalbit thotakm3@Ringhgleewar & hdtaehelof ol dttesPhirked gy sel ected
for inspection b a controller 255, is |oaded into the associative |line
menory 208 mFHeed. chhe detrar memonygsyimsbelbnpinteepreséd herwhlteonean aof dat a

mbol s whi he. f illustrati | paded i nt |
L A e M
I n thiSEﬁﬁﬂﬂﬁﬁonQﬂﬁhEQQﬁE@[a”ﬂjoﬁhe line menory 200 contains a different

portion of the character string, each portion having a size equal to the
size of the CM 206, as discussed previously. 1000521 As shown in block 304

of Fig. 3, t 205 1o the caontents of .the  first buffer to be
spec: difopt i st dhs i est8 hE A Rl aotbutor e e ufigh dialbus 100,
The CM 206 ¢ RBGHILTR ddecldesty@e vith ang:I9PerF abpeixinitelyi (WsiREEkAON, Of

the | oaded portion of the character string, in accordance with
of the delay typically encountered in current cache memory technology. The

structure described herein is that of a stand-alone circuit, which can also be
replicated in a more elaborate circuit. Figure 1 depicts the general
architecture of a memory engine 205 according to one embodiment of the
present invention, as well as its operational relationship with both an
outside controller 255 and a synchronizing clock circuit 256. It will be readily
appreciated that the operation of the outside controller 255 and the memory
engine are coordinated through use of a common clock signal issuing from
the clock circuit 256. Moreover, the present invention contemplates that the
outside controller 255 may have any number of circuit-specific configurations
without departing from the broader aspects of the present invention
provided that the outside controller 255 is capable of issuing commands to,

and receiving data from, the memory engine 205.

foooso] As depicted in Figure 2, the CM 206 is associated with a Line Memory
random access device 200 organized as a pool of buffers, each of which has a
size equal to the size of the CM 206, and which is under the control of the
memory engine 205, hereinafter referred to as a Connex Engine (CE). The

purpose of these buffers, also referred to as lines, is to allow for search, insert



an inputted conmand fromthe controller 255, as depicted in block 306. The
CM 206 then determnes if one or nore data markers should be set in the

i nspected portion of the character string in block 308, selectively setting
such a,marker in block 307 and re-setting the marker in block 309. It wll
be readily appreciated that the detdrdi nation as to whether one or nore
data markers should be set within a given portion of the character string
whi ch has been shifted to the CM 206 will depend on the specific command

i nput t ey delrde opsrRtis terboperfogmediqn chygagfies strsrgsalangepbhan gasai | | at er .
(000531 4 Lelo RRERL DB PN A8 2hd kOBHEPANBRIF oSt 64 N9 10 Lhe QM 206
and, if neéecessary, setting one or nore narkers therern, the CE 205 t hen

stores timepleaittends aold tedecedpRterbdickipatiohnes Witle Blstlisgedoin tieel i ne
menory 200, |oads the contents of the second buffer and perforns the sane
oper at | ofetaltHateE 13 205 continues the pattern of |oading a buffer into the
CM 206, string- processing in the CM 206, and storing the contents of the CM
206 back to the buffer, until the whole character string has been

pr ocesseghosiBeERESE 30l ubli8tes tRY @enbfal lppakition B BSCTE 205 b&&ingidd ng of
synbol s searched, the nunber o buffers | oaded into the 206 qui ckly

decr easewithsblofk 388 bleerect charaeteh strope ey sl ypsaeeted Ses inspecdRn Yyl i mi ti ng

t he bul k_of ratLpns to,a, smal nunber. of. buffers. 00541 It is

ther ef or & anERREEREaNE 1bSHEL I e B Rk uR b f0eToT b APRal M he  entirety of
t he CharM@Ete?tsfﬂixﬂg_iéjéérﬂpﬁts@cﬂ ;%daldbll%B@onb@fH@Ea'is;q{mbb&ewhldl*@ foery 200 need
not be repetitivel i nspected in response to a command i ssued from the

cont rol | prrB%s a4 illhetrptiencrredogded abocrraeyr oioreanf therikdfersendbedinecert ain

buf f to b i i nat ed f t.rey F if th
cormand Testiga Y e COmAIEIT e 368 i udt &t aaper For Bedliv/in set of
data el g{eRhS ni@ho¥y kbo kentess hidifferdn® pBRfign dsitthk|chkpd@&D strinpe &M 206 Wi | |

first go through each of the character ‘strings in each of the buffers in
t he | i neportion having a size equal to the size of the CM 206, as discussed previously.

1ooos21  As shown in block 304 of Fig. 3, the CE 205 loads the contents of the
first buffer to be inspected from the line memory 200 to the CM 206, via a data
RAM bus 100. The CM 206 then performs the desired string operation, or
inspection, of the loaded portion of the character string, in accordance with
an inputted command from the controller 255, as depicted in block 306. The
CM 206 then determines if one or more data markers should be set in the
inspected portion of the character string in block 308, selectively setting such
a marker in block 307 and re-setting the marker in block 309. It will be readily
appreciated that the determination as to whether one or more data markers
should be set within a given portion of the character string which has been
shifted to the CM 206 will depend on the specific command inputted by the

controller 255, as will be discussed in more detail later.

looos3 After inspecting the portion of the character string in the CM 206 and,
if necessary, setting one or more markers therein, the CE 205 then stores the
contents of the CM 206 back in the first buffer of the line memory 200, loads

the contents of the second buffer and performs the same operation. The CE



menory 200, setting markers where appropriate as it searches for the first
of the data elenents. Subsequent inspection of the buffers in the |ine
menory 200 will then be restricted to those buffers which include a set
mar ker, while excluding those which do not have a set marker. In this
manner, the CM 206 of the present invention need not repetitively search
those buffers which cannot possibly include all conponents of the data

el enents to be searched, thereby significantly and progressively

el i m nat20gcartenyesthewadtern af deadiagrubulenintddhe QM R0bhegingpeedi ng r esponse

time. [000551.1t.is . a i mpoytant ,aspect of the q@r t _inveption that
the- om dgererang b InT ERE PR TR RIaE: uRrEen S P P ek dbdPher i ¢ n
one anothgffer, udltil thé tHdle QRBrk@CH iy UL bebAgpRicesRd. VBdAuEESPEId tO Figure
3 and bl ocks 306, 307, 308 and 309 in particular, the CM 206 enabl es the

par al | el legebekeksihty pfesenhis thdbtoukgsof syrabsismghechsidothe oyotleer aft wi Il thusly
be readi |y appreciated th e i.ndj vidual Dblocks contained with Figure 3,
ns wel | BUERAORTHL D R M A0k ug RSP ase e PR RO e Toh, ar 6 not 1o
be i nt erpy gLEAN3SHrBSII8es, %ﬁ'&?&{zq{dmﬁir?eﬂié%ﬁlk%f dr)gbr"ah@hé t&%agH4l on, rather
the CM 206 enables the parallel processing of ny bl ocks in a single clock
cycl e, asunibscuddedferpr evi ously. [000561 The next sections describe the

operations of the CM 206 and the operation of the CE 205 in greater detail,
in association with specific commands issued by the controller 255. [000571

The CM 2(%54Ppﬁri§ttﬁ§re*9<¥rer£r?%?b?&n@%ﬁ@&% BB Aad: ink¥REi6Althyt oM the
controll er 255. Wien conmmands require a data operand, such as a 'find

command ewtirehy obdhe ebamictertshengatata semedsn dshe dugievenf synbiot menodat a

e B L B RSB P Bl e 1 200

CM 206 SyRPQHtPol i@ VB5As hERsies&lccC@IMBEERoe) B YolRE rkdts nbBR sk Ain
buffers to be eliminated from subsequent review. For example, if the
command issued by the controller 255 instructs a search for a given set of data
elements (as will be described in more detail later), the CM 206 will first go
through each of the character strings in each of the buffers in the line
memory 200, setting markers where appropriate as it searches for the first of
the data elements. Subsequent inspection of the buffers in the line memory
200 will then be restricted to those buffers which include a set marker, while
excluding those which do not have a set marker. In this manner, the CM 206
of the present invention need not repetitively search those buffers which
cannot possibly include all components of the data elements to be searched,
thereby significantly and progressively eliminating the review of large

amounts of data and thus speeding response time.

foooss] It is another important aspect of the present invention that the CM 206
is capable of performing a number operations in parallel with one another,
all within one clock cycle. Therefore, with respect to Figure 3 and blocks 306,
307, 308 and 309 in particular, the CM 206 enables the parallel processing of
these blocks in a single clock cycle. It will thusly be readily appreciated that

the individual blocks contained with Figure 3, as well as the other block



categories: forward commands, and reverse commands. Each group contains
three types of commands: commands that set or reset the markers associ ated
with the cells, commands that access words stored in cell whose marker is
set, and conmands that nodify the word stored in a cell whose marker is
set. Although the present design spdards a one-bit marker associated with
each storage word, several bits can be used to code the state of each word
wi t hout departing fromthe broader aspects of the present invention.

[ 000551 diegfamsiof dbe pregeat covertnds aveirondd g interpheteflorsvegidgcommand  gr oup.
The instructions in the reverse group behave in jrror~inmage fashion, as
descri be§ Ry ﬁeﬂufzﬂ%ald'insgh rs?%f?u?lﬁé‘t “%FF 6&)\%@4?&%6 ﬂtﬁl%‘gy%beol represents

any | ogi gahilbl pedceSdinBidf nakiPblczRE%n a@m%@%ldc@r@de&abléis&hé&% can be the
preferred inplenmentation. In others, such as biol ogical processing of

genomni ¢ pteviigigdy. synbol s can be 4-bit entities. 15 Forward Conmands [ 000391
For string search and insert operations, an input data string is fed to the
CM 206 one synbol (e.g. character) at a tine along with a conmand. Wen the

conmand j@sep BRAKeR: sQRBGRs BGbe Hie §%@%hbag%wﬁé CMomaRio all the
synbols currently stored in the CM 206. Two types of conparisons,

condi t i oopdratind afrtbedidi 20D malgreatandbilper hssomedionTwéthf spesificsynbol of a
string is searched un gndi‘ti onal h% g\gi | e subsequent synbols are searched
condi ti offdFf7 1?%‘*’; BB a8 TP havi ng been found in the CM 206.

[ 000601 When the operation is an insert, the synbols in the CM 206 on the
ri ght hand-side of the insertion point are shifted right by one | ocation,
and t heonsw ThebdV 206 qievated byt rechieingsemmand spoidtiata, hyprellgibodi ment  of
the pre

e P oL AR IR SESEELLEn RELEL b3, e L o6t o0, of Lo, 1Tt

present LSMEMAPAHIORI0LEE S EBccurrences of a given symbol, or data
element, in a character, or symbol, string currently stored in the CM 206, both
the command and the symbol are fed to the CM 206 at the same time. The
CM 206 supports several types of commands, divided into two main
categories: forward commands, and reverse commands. Each group contains
three types of commands: commands that set or reset the markers associated
with the cells, commands that access words stored in cell whose marker is set,
and commands that modify the word stored in a cell whose marker is set.
Although the present design sports a one-bit marker associated with each
storage word, several bits can be used to code the state of each word without

departing from the broader aspects of the present invention.

loooss) We first describe commands belonging to the forward-command
group. The instructions in the reverse group behave in a mirror-image
fashion, as described later. In the discussion that follows, the term symbol
represents any logical block of bits. For some applications, 8-bit bytes can be
the preferred implementation. In others, such as biological processing of

genomic strings, symbols can be 4-bit entities.



and insert operations operate both in one clock cycle only, owing to
efficiency of the CE 205 system architecture, as discussed previously.

[ 000621 Wth string del ete operations, successive synbols are read fromthe
deletion point in the CM 206, and all the synbols on the right side of this
poi:nt are shifted |left by one positiqr, Here again, the deletion point is
the location of the first or last storage cell with a set nmarker. The read
and shift conponents of this operation are done simultaneously and take one
clock chaiveardnComm@8d631 A description of the commands inplenmenting the
above operations w Il now be explained. 16 1000641 The find and cfind
commands are access conmmands. As depicted in the flow diagrans of Figs. 3

and 4, E[ﬁw’:' nﬁﬂﬁgﬁ% Xn@?&%{rg Oggrétm:ﬁsc% ge@ éét‘% stthﬁfgclgrp&ﬁ %l er 255

al ong wi a sy t he assocl at conpares to all the
synbol s ﬁmnfbim@@on@qymﬁmm«mgnﬂnyadeﬂhﬁzanﬁhembagukuhofamhn&wmbnnand i s that
the markers of all the cells follow ng a cell . whose contents mat ch t he

gi ven syWdsn Hieecamamang is & pearghneachnairrbekisarigulfnesuslygemgargdyto 3. pl ocks
302- 314 AIgN Fig. 4,
bl ocks 3§£h%§%ggb dhgﬁgﬁgpﬁﬁg r&?g“?gé4ggecuﬁﬁ§“’ (%Sggﬁﬁg?%gg of t he flnd
commnddwhdéhoﬁel @r&?d;Q&CM@i’cﬁ)r{aﬂlecr?anb@ﬁdrfoﬁﬂfh&t’iaﬁ}ﬁ]f1$§tl’§yﬁh@3¢f&)’f de

accomodated in its entirety within the CM 206 ence step 304 in Fig. 3
and cor r@gmn@ﬁ@gr%\eéwwmdy liigngllyy while Saéseda%e@u%@@q nargrpradcied ai | [ ater

and in ocdibli %Hgﬁ’%‘éé'nt ﬁ‘leaﬁﬂr% G %BQ! g?%fnﬁ%ef LH\raeﬁ’le e Chi%ggLi on. As also

illustra e exec connan occurs within a
single clock cycle, with reference letter E |nd|cat|ng the return to the
gener al flom1d|agran1of Fig. 3 after execution of the find command of Fig.
4. For eRwumpl & %ﬁwn%pqrﬁapntlh@nplpéglént ¢ sirehelson theprbene oa d¢mbol  whose

marker i §oRehaRY-R4E b 0% RIBRESE $oRlOHRL N fred e 3RSHB 1S MHLRC Lnlihat

the new symbol is stored at the insertion point. In one embodiment of the
present invention, the insertion point is the location of the first symbol with

a marker set.

tooos1] It is another important object of the present invention that the search
and insert operations operate both in one clock cycle only, owing to efficiency

of the CE 205 system architecture, as discussed previously.

tooos2) With string delete operations, successive symbols are read from the
deletion point in the CM 206, and all the symbols on the right side of this
point are shifted left by one position. Here again, the deletion point is the
location of the first or last storage cell with a set marker. The read and shift
components of this operation are done simultaneously and take one clock

cycle only.

looos3] A description of the commands implementing the above operations

will now be explained.



the string "RON AND ROBERT" is currently stored in the CM 206. The result
of issuing the command find(R) to the CM 206 nakes its contents change to
"RFO N AND Rl Q BERT". The markers of the two O synbols get set because they
both follow a cell containing 'R, which is the synbol to be found, as
depicted in block 308 of Fig. 3. [00G&p] The cfind command, for "conditional
find', works simlarly to find, in that a synbol is also fed to the CM 206
along with the command, and the CM 206 perfornms an associative search of
this synboésg Dhé fimd aid sfiedseymoningsaet hecess eaonimiifidy. s Aefddplietetiine nmenory
200, that have a marker that_is previously set re involved in _the

conpari sb¥, ey dagiareaf Figse? @!‘dSI«Eh‘%EK“EQQ‘P“?HJ mayube fedsto theatMel |'s t hat

fol 10w 26k La MICyITRY3H SGEUTAYIELALR) WITRRKRETcdog AT Lhe ot her

mar kers get reset es exanpl e as above, and assum ng that both
"0 synmbadsscigtiviely bavipatdietor alilik eymbets, cdrheimetihe iecovramemoty rel(s) 7 will

restrict_the associative conmparison to only the marked cells. Since both of
t hem confhg resudt of this ropynand gpphati bensadiias of ableidefqalls faHawing angglker of

he cel | he. ri cel i i oy i K :
RN S ReP Ry g L PR L She R AT Onr Y e

second negskedWield I%%gsba)c&ggoessﬁullugﬁmaﬂhies&muaaﬂ dfhel amhkemndyfint he E
synbol gets set: " AND ROB[ E] RT". This process continues until al

synbol s, gererdhteams| Eigerdt blodkap84ha8hasd 308 hBustre thhspepyicsuccessful (or,
alternatjve Qp-su ssd ul,) mat ches e output to the controller 255, as
oA 3 53 oS85 Bt ebfreclPR ok

depicted”PH 9 exp ai nedherein, it will
be readi tiyarapi &6iiag echyt BatacfdidmodlaePicits chiigetybRsthen tnCiM @ogng of the

pr esent |nvent|on,@fenerally applicable to all of the inputted commands.
Ther ef or ehenchsterc Bed et 3snd eqresposeinpeigpi IW4csnhige th). s diggussedang. | bl ock

202 Y SR 18P G0 A SORBRIERER, cHRRE Rt Ur o
invention. As also illustrated in Fig. 4, the execution of the find command
occurs within a single clock cycle, with reference letter E indicating the return
to the general flow diagram of Fig. 3 after execution of the find command of
Fig. 4. For example, assume that the present invention represent a symbol
whose marker is set by putting brackets around it, and assume further that
the string "RON AND ROBERT" is currently stored in the CM 206. The
result of issuing the command find(R) to the CM 206 makes its contents
change to "R[O]N AND R[O]BERT". The markers of the two O symbols get

set because they both follow a cell containing 'R’, which is the symbol to be

found, as depicted in block 308 of Fig. 3.

toooss) The cfind command, for "conditional find", works similarly to find, in
that a symbol is also fed to the CM 206 along with the command, and the CM
206 performs an associative search of this symbol, but in this case, only cells,
or buffers of the line memory 200, that have a marker that is previously set
are involved in the comparison, as depicted in Fig. 5 block 322. The result is
that cells that follow a cell where a match occurs get their markers set. All
the other markers get reset. Using the same example as above, and assuming

that both 'O’ symbols still have their marker set, then the command cfind(O)



mani pul ated or inspected. Mreover, although Fig. 3 assunes that the | oaded
character string is larger than could be accommbdated in the CM 206, thus
requiring pieceneal shifting of the same fromthe Iine nenory 200 to the CM
206 for .inspection, this may not always be the case. As depicted in Fig. 4,
an alternative nethod includes |oading/those character strings having a

si ze capabl e of being accommpdated by the CM 206 directly into the CM 206,

as shown in block 301. Inspection of the character string | oaded into the CM
206 wi | | wilheesthet dmmklaéh@dcc1lhp@ﬂlmktf3081y the meckedigelte Hinch bate specific

d, | bl t t k t 1000671
PO ofhery oS o duh o fontbarloud dre TR Rb T Aud BRE SR & Z08  ang

the | i neredmiodB@ right! SOGR &l Uk AR IMIBT &t ltheir GYAHQE seaNRGIsgoMDdat e
the data to be inspected, processing ti and expended energy nay be

cor r espoANIDRQ[BJBRIE rMUITleBtha{tGm)ﬁHB)AmoDWeexq@nbipbﬁhw cotyrtleed i s the read
- forward co read - forward conmand s t 06.return the
synbol st6PB rf‘ﬁqieﬁlece ??9§‘ta ”‘l‘ccgqspif\‘,ﬁﬁoﬁné’?fls%s?n@b@ f“V\ET’rCM ﬁ}fSEa mar ker
set. In t bBlr%é\tA@%ﬁd"ﬁ@'P@'}BﬁﬂD ERTY T1Qs 6@&%%11@1%%@ h¢@l dhe |eft-nost
synbol of t he 206 has Address and the ri ght-nost Address M1,

assunmi ngsymbobr agdatapl@aidnys, d’iavM besayumhﬁled[ ﬁﬁ%ﬂérehy ssiworsshid (arr ead

operatlon1 P (ormad t he rker of the Cell@%g}sé al is reset, and the
mar ker oflt¢TREtYE]Y fﬁ%k%“cc&s%fH %\ﬁ&cheaare PELRMH wntgeller Fikdie hat the
CM cont ajy eiaCMloéM% gain. The result of a read - forward
conmand | t e out put by the o the synbol "N, and the |[|eft-nost marker

changl ng as follows: "RON ]AND RO B] ERT". The space synbol is now marked.
Figure 6 illustrat s this

be 1 ncl e | siegianed oK 308! GF secir wareciod G g GohfiaRis T 14 seued.
basic functioning of the present invention, generally applicable to all of the
inputted commands. Therefore, the ‘character string” described in connection
with, e.g., block 302 may contain one or more data elements in dependence
upon the nature of the issued command and the specific data being
manipulated or inspected. Moreover, although Fig. 3 assumes that the
loaded character string is larger than could be accommodated in the CM 206,
thus requiring piecemeal shifting of the same from the line memory 200 to
the CM 206 for inspection, this may not always be the case. As depicted in
Fig. 4, an alternative method includes loading those character strings having
a size capable of being accommodated by the CM 206 directly into the CM 206,
as shown in block 301. Inspection of the character string loaded into the CM
206 will then be accomplished in block 303, in accordance with the specific

command, while block 305 will set or re-set markers as appropriate.

ooe7) It will readily be appreciated that by selectively bypassing the CE 205
and the line memory 200 in those situations where the CM 206 can
accommodate the data to be inspected, processing time and expended energy

may be correspondingly conserved.



[ 000701 Anot her proposed command is the insert command. The insert conmand
i.s applied to the CM 206 along with a synbol X. This conmand takes effect
only on the first, or left-nost, marked cell of the CM 206. Wien the synbol
X is inserted, the contents and state of all the cells to the right of the
first marked cell, including the marlddrs, are shifted to the right by one
position, and the synbol X is stored in the previous |ocation of the first

marked cell. The marker of ,the cell .that just_.received the n synbol is
s Rt RaH P oReSeL P e it Ui ralh ] (Pt pirRe ot e o el |

gets setyead St 84 20RRan@ NGt OL 20 Eet &M a@@sfﬂﬁbﬂkmedlﬁﬂ%é\l AND
R Q BERT", then insert(X) wll cause the contents of the CM 206 to "RX[O N

AND R} GiBERT..th&ileftineost, ¢dl]l udticlahes atthaskeprset e bis tlas pbéeokeB3cherhbe

operation of _ which may be acconpljshed in Fig 's bl ock 308 when an insert
conmand ﬁi%or@l@gJ@cﬁCC%médtmécfe%rﬂa%{eé?rrgtsf ﬂﬁ‘@bPEO? %&W?ﬂ% Ay be initially

aceomodaieoect, LS NEHEMN2A% 44800 NADD L AR Dol REORATEM, CONTRNT [ s, 1 e

del ete comman command wor k$ by rerbvi ng ored in
the firsgymboked cell, and by shifting left all the contents of all cells
to the right of this cell. Assuming that the CMcontains "RO N AND

RO B] ERT", then after the delete conmand takes effect, the CM contains "RJ

AND " Lqur i rat. i r t he
Lper atRiC{)‘E‘J‘%FT ﬁﬁisghglr{ﬁg% e d éé%%%)ﬁilg%eegairﬁleaf g.geeéfasfﬁgﬁ gh@%&%%ﬁén an delete
command idadiissued, ardidhe bhivekehaf ded esll aéxti toghe Sorlegjugereddiberomes &, i nitial ly

acconmodated within the CM 206‘.'%(5000721 Anot her proposed conmand is the
next confrsiimethat hadM eonidbind REEY] AYDHEVEB IERJaragaet edheasaukt @det s t he

mar ker O;eatdh—efc{rwa?ﬁ!co%makgfig 1 @8&%{{8{}}(9\% éﬁ)l lof tlT@%imﬁ%Y’ngﬁg tREVEr al
mar kers are set, i's conmmand can 'be used repeated o altow access to all
t he mar kipgt-geist snaeket biganging as follows: "RON[ JAND RO[BJERT". The space

symbol is now marked. Figure 6 illustrates this process as block 330, the

operation of which may be included in Fig. 3's block 308 when a read -

forward command is issued.

t00070) Another proposed command is the insert command. The insert
command is applied to the CM 206 along with a symbol X. This command
takes effect only on the first, or left-most, marked cell of the CM 206. When
the symbol X is inserted, the contents and state of all the cells to the right of
the first marked cell, including the markers, are shifted to the right by one
position, and the symbol X is stored in the previous location of the first
marked cell. The marker of the cell that just received the new symbol is
reset. The marker of the cell that is directly to the right of this cell gets set.
As an example, assuming that the CM 206 contains "R[OJN AND R[O]BERT",
then insert(X) will cause the contents of the CM 206 to "RX[O]N AND
R[OJBERT". Figure 7 illustrates this process as block 332, the operation of
which may be accomplished in Fig. 3’s block 308 when an insert command is
issued, and the character string is larger than may be initially accommodated

within the CM 206.



CM 206. For exanple, assum ng that the CM 206 contains "RIQ N AND

R O BERT", the execution of next changes the contents of the CM 206 to "RON
AND RIQ BERT". Figure 9 illustrates this process as block 335, the

operatian of which may be acconplished in Fig. 3 s block 308 when a next
command is issued, and the character s9ring is larger than may be initially
accommodated within the CM 206. [000731 Returning briefly to Fig. 1, the

i ndex output 13 carries the linear address of the first marked cell in the
CM 206. FRor e%amblh@” pidpasheé cdonmmiandags th¢ dieletepsimmestll Tdfe dhket€M 206 has its

mar ker set, ex returns 0 t.he cell mar ked,
Uhen .| ndER AT HOTRS XSS NaeHhaSY M| redos Serer revishe Sih Ry ~Ray N
AND RQ BLE%Mmgﬁqfttmhé Bsniehis! Sl BRY to i1 ﬁgmgﬂtmoc&lhe Aglimipgst cells

of the CM 20 hen 1 ndex returns 2, since the” synbol I's stofed at
Addr ess fhadtrtht KEMGMi28iths MNHAW@C&[@]EB%W&GOMU@WMHB& the wite-one
command. The Wrcl qﬁ 62% is appl, (Eﬂ hlréhe 206 al.ong with a synbol
S, whi chep@mand {ghepiediect ghe f‘ior”é%mérR s - cldBHI®P the CM 206.
The mar k Il that linearly
foll ows ﬁgusg;eattgbtlﬁﬁ)gggiésiﬁgtbﬁiég%%ogggehggag{r@;r{aﬁp%lhgéh hg%/ B?t e-all command.
The writ aealrhplistosdmanBigi 8'sagptk 808 twhdrhen bl &teGoahmagdyis tidsuadsyndol S whi ch
is witten sinultaneously and in one clock cycle to all ceIIs of the CM 206
t hat havéi@achagetergirag is %{SQW%F?YJPG {HESHY csrpmmp ¢ated SEtthing e t he
markers efy\ bLigg cells that follow these cells are set. 1000761 Another

pr oposed commnd is the wite coommand. The wite command is applied to the
CM 206 along with an address A and a synmbol S, which is stored in the cell

of the CM 206 of address A. This commnd is simlar to a wite operation in
a randoniet e SNatBeoPYoPoRsd Gaanrend isdisdrent c@minendt HehecBRXt of Address A is

reset, apg g dHKEMPhalbG ﬁﬁjamétgre,ltand resets the marker of the first, or

left-most, marked cell. This way, when several markers are set, this
command can be used repeatedly to allow access to all the marked cells of the
CM 206. For example, assuming that the CM 206 contains "R[O]N AND
R[O]BERT", the execution of next changes the contents of the CM 206 to
"RON AND R[O]BERT". Figure 9 illustrates this process as block 335, the
operation of which may be accomplished in Fig. 3’s block 308 when a next
command is issued, and the character string is larger than may be initially

accommodated within the CM 206.

1ooo73] Returning briefly to Fig. 1, the index output 13 carries the linear
address of the first marked cell in the CM 206. For example, if the first, or
left-most, cell of the CM 206 has its marker set, then index returns 0. If it is
the second cell that is marked, then index returns 1. Assuming that the CM
206 contains the string "RO[N] AND RO[BJERT", and that the string "RON"
is stored in the left-most cells of the CM 206, then index returns 2, since the

symbol 'N' is stored at Address 2 in the CM 206.

looo7al Another proposed command is the write-one command. The write-

one command is applied to the CM 206 along with a symbol S, which is



follows linearly is set. [000771 The read command is applied to the CM 206
al ong with an address A, and nakes the CM 206 output the contents of its
cell located at Address A. This command is simlar to the read operation of
a randomaccess nenory. The marker of the cell accessed by this operation
is not nodified. 1000781 Another propqsed conmand is the junp command. The
junp command is applied to the CM 206 to address those situations where
character strings of varying lengths are stored in the CM 206, with

i dent i calvritfrefd Wesfisidreftfrhyasmbikel chHEtf&EGMEQOG Jthar b Agert drethisvo
strings, and sane sequence ending the two stri ng{ but with different md
sect i onscellusi reselcand the marksriafdhesell thalgimearhniplfawe evatore i f the | ast
synbol of the prefixes of all the strings are narked, then the CM 206
supports an operation called junp which takes one operand, and whose

behavi or odoss) bagothdd pipoRbeEolinand ieXiadlrete-All cohGARRE. ARSUNEIttE1 CM 206
contains two strings in different parts of its storage: "AAAWBB CCCC' and

" AAAYDDDYMoaENd shapri qdemtskseem/hz% alingueitbymponbak8dviaishas detiftant er for the
t I I t hand., As k

Besoct a S PR ERYY 893 i rfli iy T Faak Siepr s CdoDegbaf et 57 or

exanpl e by gxaet iMg ;rﬁeker@,m@vescéusnﬂé&\lesetcLhmﬁé\}m&%mg( e cells

"AAA[ % BBWUCCCC , and " AAA[ %4 DDDUCCCC'. The purpose of the junp(s) conmand,

where s ﬂEtefollsyvrrﬂr@ISe celds are stgrate the mar kers fromtheir present |ocation
to the wunmarked "/ O synbols starting the CCCC suffixes, and then to
replace them by the s-synbol. woosol For exanple, after the first

i nstanti ghlédn AQfothéep A% drRbd)is tﬁ@@vnié"@nﬁh{dr{wgﬂ\@ vt CM 206 exanpl e
above will have chang as follows: "AAA% B] B¥CCC' and " AAA% D] DDYCCCC' .
After i sswvinmgpriches agdddto the CM 206 along with an address A and a symbol S,

which is stored in the cell of the CM 206 of address A. This command is

similar to a write operation in a random-access memory. The marker

associated with the cell of Address A is reset, and the marker of the cell that

follows linearly is set.

000771 The read command is applied to the CM 206 along with an address A,
and makes the CM 206 output the contents of its cell located at Address A.
This command is similar to the read operation of a random-access memory.

The marker of the cell accessed by this operation is not modified.

100078] Another proposed command is the jump command. The jump
command is applied to the CM 206 to address those situations where
character strings of varying lengths are stored in the CM 206, with identical
prefixes and suffixes (i.e. same sequence starting the two strings, and same
sequence ending the two strings), but with different mid sections, which can
be of different length, and furthermore if the last symbol of the prefixes of all
the strings are marked, then the CM 206 supports an operation called jump
which takes one operand, and whose behavior is best illustrated by an

example.



junp($) command, the strings becone "AAAYB[ B] %CCCC and " AAAYD[ D] DUCCCC' .

After a third jurrp($) "AAAYBBSCCCC' and " AAAYDD] DI %4CCCC'. After a fourth
junp($): "AAAYBB$CCCC and " AAAYDDDSCCCC'. Hence, in response to the junp
command, the CM 206 executes the followi ng action: Al cells whose narker
is set conpare their synbol to the special delimter synbol (% sign in our
exanple). If a match is found, then r?ebl ace the special delimter by the

syrrbol s provided with the command ($ SI gn in our exanpl e) and reset that

cell's marker. O her n't acc en t he marker of
the cell ZHH' séFSTWQVH1b%MhJeO %T‘qgmc? i"é‘bf r?‘gtsd“ (ﬁ&ef‘f‘ s fe(i:rfect maki ng
the mar ke!ito@%@ AR APOSH %CQTCGO ahle" AAMQDDDE%@@@Clowh@}@(DK 336,
illustrates e specific inplenentation of the junp comrand in those cases

wher e t herdpoasteds aharigat ey nsiali usgdreya kielmatmcfm‘rﬂdapedmuhan asp leedtioret y

within the CM 206 (henc sge 304 in Fig corr oBk g,step 304" in
Fig. 10), 2Wheh re’?‘%ﬁ”é‘h% uptbetmprezthatghednatis s ﬁéﬁO%tff fithghgh general f1ow
di agram o 3.af t ar SEH| he.] 0. 22
1000811 TOlﬁivgl% tggrﬁ}*‘rg&rf‘ s|i{s |rrplga[r]\,teg[§ﬁetn| %tdata ase appl .’%fé‘t‘ﬂ% sthéwhere

strings otomymdralssfiadiA pichinpBiAn scfihid(A)el A AAgMHBBY€IECChrardiel i M ters, and
data val ues, V\/r}ere the identifiers haveﬁLl xed | engths, but the fiel ds

cont ai ni ngAf\P?é RGeS ddhenperpass afing 1%&@%@“& aghsie Siiddent i on
advant ageg)'r’xﬁlb%ﬁ éQ‘fh%ﬁ?teath’E%Qﬂge g?ﬁ%%@ﬁgﬁdﬂ ggnt o %Lﬁﬁ’én‘%tt%]” a character

string, aining ran y siz at a ues ile marking
specific dﬁt1airf<é@| BS symbotshetacthiag sled OCECT rsuffgxds) krdpBeh itvecplact e cont ent .
Mor eover, as_ each corrparl son of the marked cell in the character string is
acconpl i shedhe frsgadolc| ock cycle, the inspection of the character string may
be conpleted in a quick and efficient manner. 1000821 It is another
i nportant aspect of the present invention that the junp

toooso] For example, after the first instantiation of the command jump($), the

two strings in the CM 206 example above will have changed as follows:
"AAA%[B]B%CCCC" and "AAA%[D]DD%CCCC". After issuing the second
jump($) command, the strings become "AAA%B[B]%CCCC" and
"AAA%DI[D]D%CCCC". After a third jump($): "AAA%BB$CCCC" and
"AAA%DD[D]%CCCC". After a fourth jump($): "AAA%BB$CCCC" and
"AAA%DDD$CCCC". Hence, in response to the jump command, the CM 206
executes the following action: All cells whose marker is set compare their
symbol to the special delimiter symbol (%-sign in our example). If a match is
found, then replace the special delimiter by the symbol s provided with the
command ($-sign in our example), and reset that cell's marker. Otherwise, if
a match didn't occur, then reset the marker of the cell and set that of the cell
directly to the right, in effect making the marker move one position to the
right. Figure 10, block 336, illustrates the specific implementation of the jump
command in those cases where the loaded character string may be
accommodated in its entirety within the CM 206 (hence step 304 in Fig. 3 and
corresponding step 304' in Fig. 10), with reference letter E indicating the
return to the general flow diagram of Fig. 3 after execution of the jump

command of Fig. 10.



command repl aces the delimter synbols in a character string with a
predeterm ned | ocator synbol. The | ocator synbol nmay therefore be utilized
to mark the end of a specific data field regardless of length, or
alternatively, nmay be utilized to enable the marking of a data field which
follows a searched-for data field. 1Q00831 As descri bed above, the junp
command allows for the parallel insp Zion of a plurality of character
strings stored in the CM 206, therefore permtting parallel identification
of delim ' a L J h

identifi c[é{)? %lbﬁl@ﬁ%&ge @ ar}] ; lﬂg%rttlgl{&ﬁ | g%&%ag‘é E%adtm?mq?lg%%synbol S
occurs i nstAngh rwlsgncﬂdhgkomm PaerQ)\fQi’eSS@ id@eedns, {)BQ@Bﬁllteﬂlearﬁiedé@h insert,

and del ete mechani sns descri bed so far al ways to the first marked

cel | of tyeuem vzbsre Hedidenbidigrs héye éwédtengltfﬁebut:éhw éleldSawretétmngdb@ on the

rlght hagmd thetf'féf a] ?he V % tag§§ rts backwar d
revers ue? é)eli’? }8 é“ he(sft Br‘?sﬁ‘aé‘“ foa{h ng" (X t he

Oper at i onsrARALY a trRethbel ﬂo@suﬁs}f@hkugm&@& Imﬂ{mtah@h&ﬂylc%%mf[ eédch2Beldbehavi or s
mrror those of the forward find, insert, delete, next and index operations

descr i bedcaatseireng [randesdy Alaaé\/(éat@ewﬂwﬁd vehukeraraking spesfierdath finlds ins fed to
t he CM20 e marker of the cells to the

left of eﬁ}araﬁsmﬁm igtattivd el coRfort o VG R s 8l £ Sewt 1T the

CM 206 CO&Brﬁ ASison $Ethe Mk@@d‘é‘[‘ﬁﬂvthﬁe@ﬁr&&&ﬁgﬁﬁfg lsneS’(_(cN}nlﬁ%‘h%dtlh%rﬁ@r kers as
follows: "JOH N [A ND JJH] [ NNY". 1000861 A Reverse-cfind, command is a

command fdpck eydestheciongetticonal thercrlrade,lctesstrrmg mytbﬁec@vpmmmmamtadsynbol S,
and the Cl\/l(%ogf associatively searches only the marked cells- Al such cells
t hat cont"i‘a‘l1 ‘6‘8838%?“‘?% symbol s have the marker of their |eft neighbor
cell set. ot her markers

fooos2) It is another important aspect of the present invention that the jump
command replaces the delimiter symbols in a character string with a
predetermined locator symbol. The locator symbol may therefore be utilized
to mark the end of a specific data field regardless of length, or alternatively,
may be utilized to enable the marking of a data field which follows a

searched-for data field.

100083l As described above, the jump command allows for the parallel
inspection of a plurality of character strings stored in the CM 206, therefore
permitting parallel identification of delimiter symbols in each of the
character strings where each identification, and selectively substitution, of

the delimiter symbols occurs in a single clock cycle.
Reverse Command

tooosa] The search, insert, and delete mechanisms described so far always
apply to the first marked cell of the CM 206, and, when they affect other cells,
affect those on the right hand-side of the first marked cell. The CM 206 also
supports backward or reverse find, insert, delete, next and index operations,

where the operations apply to the last marked cell of the CM 206. Their



are reset. Assuming the CM 206 contains "JOJH N [A]ND JJ H] [ N] NY",
reverse-cfind(H) changes the markers as follows: "J[ QO HN AND J[ O HNNY".

[ 000871 A Reverse-insert command is a command that is fed to the CM 206
along with a synbol s. The contents of the |left-nost marked cell and all the
cells toits linear right are shiftedy4ght by one, and the synbol s is
stored in the left-nost marked cell. e marker of this cell does not
change. For exanple, reverse-inserting "X in "JJHN AND JJ H NNY" results
in the nevhdNbRORGORtRMSHf thEQoXvaN AR, JREdd NN ete, HOROBARA iAdex
Reverse-delete is a conmand whi ch operates by reading, or renoving the
synbol i nopératioastdespgbedebpveind shifting | eft the contents of all the
cells to its right by one. The marker of the |left-nost marked cell is reset,
and that of the cell to its left is set. For exanple, if the CM 206 contains
"JA H N Ablgss) OaHR BT se-fi A& RobtiRah 8§ h lcof{mb Ry @hseisded @b ehé TMHdEd N AND

JO H NNY". 24 Limted-Range Commands 1000891 As indicated previously, the
CM 206 al slonguppbra symbet aeindrit sethdhe magrkecof trd selishte thellpl offrosdl address is

| arger than sone nmber ich,can be set by two addjti ompands.

Commands %té’émag_:}ﬁf ﬁymwﬁer%ﬁioghe‘i Qar f‘?rﬁi% ‘égﬂeste& gghesepﬁz?g Ve Bldr esses
l'arger t hamike AND JORKN Y eftRER §dvERedSnd (NS dhE HBRBES a5 FAlIdWpE:s case the
scope of t'he search, insert, and delete operations is not the whole M words

in the CMJ2HBEIINOWAIND $ORHI[BIINSEction of it. In this case, when a find,
cfind, insert, or delete operation is perforned, only the cells in a
contiguous block of cells of the CM 206 are affected. This block of cells

is delim g oA REGelRidfiRY GmREGIER]s 200reSSd 8& Slv@hsd &Ad8@nan t he

address decodi ng section of the CM 206, and extending to the very last, i.e.
ri ght - nostindcél fedgb thh&NNA0B0SIth[200000d] sAaBdtthkiGMt206sassocietimahyd t hat sets
the | ower salea{rc ésl gglya&\%rr%gr echEells. All such cells that contain a copy of the

symbol s have the marker of their left neighbor cell set. All other markers
are reset. Assuming the CM 206 contains "JO[H]N [A]ND JO[H][N]NY",
reverse-cfind(H) changes the markers as follows: "JJOJHN AND J[OJHNNY".

tooos7] A Reverse-insert command is a command that is fed to the CM 206
along with a symbol s. The contents of the left-most marked cell and all the
cells to its linear right are shifted right by one, and the symbol s is stored in
the left-most marked cell. The marker of this cell does not change. For
example, reverse-inserting 'X' in "JO[H]N AND JO[HJNNY" results in the
new CM 206 contents: "JO[X]JHN AND JO[H]NNY".

loooss] A Reverse-delete is a command which operates by reading, or
removing the symbol in the left-most cell and shifting left the contents of all
the cells to its right by one. The marker of the left-most marked cell is reset,
and that of the cell to its left is set. For example, if the CM 206 contains
"TO[HIN AND JO[HINNY", then the result of reverse-delete is "J[O]N AND
JO[HINNY".



limted command to the address of the first, or left-nost marked cell. For
exanple, if the CM 206 contains the string "RON AND RJ B] ERT", then the
set-limt conmand sets the limting address to 2, since the |eft-nost marked
synbol is "N, at Address 2 in the CM 206. [000911 A Set-limt-address is a
command that is applied to the CM 2062ad ong w th an address A, and that
stores this address in the internal storage where the |[imting address is
kept. [000921 Limted-find, limted-cfind, limted-reverse-find, and

li mi t ed- r bipaited-RageHogrmandpi t ed conmands that work sinilarly to the find,
cfind, reverse- find, and reverse-cfind commands, but only apply to cells
whose address is greater than or equal to the limting address. [000931 The

l'i mi t ed- Wedodof - Ak lin@RETENPrdvso@p) iHRACHVD204181s6MuRBrel Gfdatibhl tikat synbol s,
and works in a manner consistent with the wite-all command. It 25 wites
t he synbotffectionluithe cplds mdse @ddeedssis Wivgse tharpese nwmbeeateeh cambeor  equal

to the limti dd . ;1000941 .S | bool i | tput by th
oM 206 r Pt PG ARESR e TsRdry SarRmelel o Aaanh e SPSRAIST & st (o |
by the CMigQ@d fo ¢RI Bal Pade hBASEssONBrTBF KA tHellinit dvel fofertdd 206 and O

otherwise. 2) One signal is set to 1 by the CM 206 if there is exactly one
mar ked chBihitedncarhmanids| dnGhis206e thadcppe obthe seapclotineenti sed dBjeténe si gnal

is set to one if the st conditional -find 0 nd .(forward, .reverse,
or 11 mi t cyiagienaiis ek B PPN M itedp g Sl e, AT i S5 G e ol | v
reverted RQIﬁtﬁhﬂﬁsé%&ﬁe&BQﬁﬁ&MQHuLth&hAﬂﬂ&dehﬁ&?m%%bnﬁ@Qﬁmﬁﬁhkﬁﬂ5- 4) One
signal is set to |l by the CM 206 if one or several characters wth a
pr edet er npnlydthei qedls yin patarrguogetblotledt cadlssfdhat(dd I kreraffestad. Thisse

block of cells is delimited on the left by a special address register located in the

address decoding section of the CM 206, and extending to the very last, i.e.

right-most, cell of the CM 206.

locogo] A Set-limit is a command that sets the lower limiting address for
limited command to the address of the first, or left-most marked cell. For
example, if the CM 206 contains the string "RO[N] AND RO[B]ERT", then the
set-limit command sets the limiting address to 2, since the left-most marked

symbol is 'N', at Address 2 in the CM 206.

ooos1] A Set-limit-address is a command that is applied to the CM 206 along
with an address A, and that stores this address in the internal storage where

the limiting address is kept.

t00092] Limited-find, limited-cfind, limited-reverse-find, and limited-reverse-
cfind are limited commands that work similarly to the find, cfind, reverse-
find, and reverse-cfind commands, but only apply to cells whose address is

greater than or equal to the limiting address.

00093] The limited-write-all command is applied to the CM 206 along with a

symbol s, and works in a manner consistent with the write-all command. It



characters are used to represent enpty or invalid synbol |ocations, and
their - markers being set by an operation represents an extraordinary
condition that nust be addressed by the outside controller 255. 5) One
signal is set to 1 by the CEto indicate that none of the buffers contain
synbols with set markers, or that thepRAM controller has |oaded all the
buffers in the CM and that no buffers are left to be | oaded. The Connex
Engi ne 1000951 As nentioned previously, the Connex Engine (CE) 205 is

i | ['ust ratwedtésntheRiygobe 2in dlt the marked calls wiae aderegeis grtatengsanbrsynbol s
stored in thg CIV%\ gl and the buffers of the line nmenory 200, also

ref erred 96340 thé émt“w At'ed with random access nmenory. Each line has a
capacity equal to that of the CM 206, and contains Mwords of (N+1) bits.
The CE 205, under control froman outside entity such as a conputer or

pr ocessorigooal I&m&reﬁlft&)olea«rchgngks ak dutput blylthe &vi2Utsredlecting tis206s t 0 be
witten to or ﬂd froma 26 |ine nenory 200 (LM containing |lines, or

buf fers- @f%fr’caé %é? fion stores the contents of a line into the CM 206. A

read operat i om)st oG, L ANARLS bPlnd Of1 S Afeldisd IdhEonBRIOREr al i ons

t ake one cycle.” The out proces or can wite information into the CM 206
usi ng thecdllrhsletllﬁe Clol 201, iahel 0 otdrararisks, and feed synbols through the data-in
bus 10. Synbol s can be read fromthe CE_ 205 thrgugh two paths: one is

t hr ough the 0\2)206 Opg signad i $64 te daty Bneithdee g ?f?elscedﬁﬁ%@n?ﬂ%@@ﬂ for
exanpl e, h%b&%h{)‘% CWE@@'&%CP@ step@oga(;tﬁewlts bus 11. The_ other path is to

read words co ai ni ng om'one to severa bol s, depending on the

i mpl enent ati ong) di r@atlsygnal iopett foeotd rfethellﬁlsttdamdum?zﬂ&md l’yc]:lehi s case the
address of the word is sent to the CE 205 through the wor address bus 203,
and the wesragaget preard reKersener darisediovas ungecergatul fha matkers sabbus 100

al I ows 't he, ¢ e S0Rl k{508 drfed B SURIEH o fLrabBRINH AMby0T ven 1 ne

of the LM ds conta
have set some markers.

4) One signal is set to 1 by the CM 206 if one or several characters
with a predetermined binary pattern get their associated markers set. These
characters are used to represent empty or invalid symbol locations, and their
markers being set by an operation represents an extraordinary condition that
must be addressed by the outside controller 255.

5) One signal is set to 1 by the CE to indicate that none of the
buffers contain symbols with set markers, or that the RAM controller has

loaded all the buffers in the CM, and that no buffers are left to be loaded.
The Connex Engine

focoss] As mentioned previously, the Connex Engine (CE) 205 is illustrated in
Figure 2. It is a circuit that manages strings of symbols stored in the CM 206
and in the buffers of the line memory 200, also referred to as lines,
implemented with random-access memory. Each line has a capacity equal to
that of the CM 206, and contains M words of (N+1) bits. The CE 205, under
control from an outside entity such as a computer or processor, allows the

exchange of the full contents of the CM 206 to be written to or read from a



M (N+1) wires and allows the whole CM 206 to be read or witten in one
clock ecycle. [000961 Figure 16 shows a bl ock diagram of the two conponents
that formthe LM One is a random access nenory (RAM 130 where the lines
are stored, the other one is a RAM controller 120. The purpose of the RAM
controller is torapidly feed lines to the CM 206, so that the string of
symbol s stored in the collection of |4fies in the RAM can be quickly
processed. To do this, the RAM controller execut es a pass through t he RAM

wh it th f . | t d t h ted
subset t ol C%‘Sﬁmogb%%béﬁﬁ’&r%&%%ﬁ%“1“%%% 2 TP faEShr re o

storage f@Re 8&¢tantd H€a lnaetlh?o RAMEMTDE6. A Fald ératleﬂl&aﬁea&hmm&ﬂst he Iine
it is associated with should be sent to the 206 during the current pass.

The RAM coﬁtthMﬂOéuh@rm:he c8btlyoperitions talenenanyclei Mhegenisidet es t he
successi ve addresses of Pﬂﬁf whose fi is.set, to 1, and al |l ows their

|
contents PEOHESSE GAbY T} ﬁ ip ‘W%B‘t?dle Srlg(:?é)é 75198 thp dnseti 9% WAtBack fr om
the CM 206, Tnuegxgt]jsa aln'dnl%aﬂlé?tnkﬂfl@@f%%%ﬂ ¥ g i RUB. | m%@rc%ﬂ thack in the

RAM the va t he no-f signal “15 is stored in that Iline's second bit
managed byedd éroRAhe Qi 205 ﬂfeougw\hwn paibs:cane énthrpagh the CM 206yby, the RAM

controller copies the vaI of all the second S assom ate th all the
| i nes int &SUMES e §8‘Ei”é*i > P R cmmaﬁ?@eﬁé& | 988k Ign2 ggBV\fPlémg

i ndi cates 14 bR%Re AYLTRBKENS. 3ﬁ{e ﬁﬂgf ?QHPJs%Q%aHWSR&S&Q\thHu ge next

pass. [008 71 I'n cases ere not al nes in the RAM contain valid
i nformati drom dnet tcosdveral mbblspdlepend\dm%r«m alhdz imipéerhenesioar, elistcolyed
conti guou Iy, t he dress of the last valid

ng start at Line Address
line can 58@ lﬁeédntf% ?il% 20810 EBi5tGa8¢ | a%rqS? H? the peordys seal thass to
the gr OUptRJE AP HLOER thd Word- ﬁﬂﬂfeg Bub 903 ethd thel 18 (%A‘MJ&%(I floler by an
out si de processing deviPce UsI ng |mt addr ess 207 S| gnal s
the data-words bus 204. The data -ram bus 100 allows the contents of the CM
206 to be stored in or read from a given line of the LM 200. This bus contains
M*(N+1) wires and allows the whole CM 206 to be read or written in one

clock cycle.

(ooo9s] Figure 16 shows a block diagram of the two components that form the
LM. One is a random access memory (RAM) 130 where the lines are stored,
the other one is a RAM controller 120. The purpose of the RAM controller is
to rapidly feed lines to the CM 206, so that the string of symbols stored in the
collection of lines in the RAM can be quickly processed. To do this, the RAM
controller executes a pass through the RAM, where it scans the collection of
lines stored there and sends a selected subset to the CM 206 for processing.
The RAM controller keeps two bits of storage for each line in the RAM. The
first bit indicates whether the line it is associated with should be sent to the
CM 206 during the current pass. The RAM controller automatically and in
constant time generates the successive addresses of lines whose first bit is set
to 1, and allows their contents to be stored in the CM 206 for processing, and
written back from the CM 206. When a line just processed by the CM 206 is
stored back in the RAM, the value of the no-flag signal 15 is stored in that

line's second bit managed by the RAM controller. When the current pass is



t 000981 The collection of L lines of LM 200 can be inplenented on the sane
silicon chip that contains the CM 206, or outside the silicon chip using
of f- the-shelf menory circuitry. In both cases, the CE 205 is used to manage
the information stored in the L lines by bringing information stored in the
lines into the CM 206 where string ¢dommands such as the ones described in
the previous sections are perfor med, bringing the contents of the CM 206

back into the lines, all gstrlng opergjy nsto Hg} erfor |n strings
nuch | oRYeFr ”ﬂﬁzﬁﬁMh@‘N/F%l Pigt Gieaflue g di thy geop ”‘?@8‘3 400991 When

I nsert a(lﬂtt% %ﬂl?flgl?\]}%gr ! L5 sgaa?&yhf'?gmt t ﬁrﬁlsl hé‘v@sco@l etibRboffils! ed to

capacity w synb ut only part , to allow expansion and

cont r act irdictles tigatSindsngss conaserales ahd shbaldChe 2i6cemsddrintthesexoper at i ons.
In such cases, the cells of the CM 206 that do not contain valid synbols are
initialiPé8%-with a predeterm ned binary pattern not found in the string
being processed. The CM 206 generates a signal for the outside processing
entity called interrupt, and |labeled 101 in Figure 2. This signal is

acti vat egootiein cane whesewver all thel lirsesoin tHeeR EM 2086tdaniAidinfgriationspeci al
binary pattern get their marker set. 28 The CM 206 and Its External
Connect i 816 opboaTowi! partaiivese eHtthatlmesarqstared wontigyeusly. esdrdertinghs. One

ype  corl BARORIILLE 41 LALFLEONBEIAN G IThectM g8 MhEh (iR, envi ronment

the othér ype correspon ghal's expansion of the

circuit, RAML contfolmﬂ tol lmlnet i@«luﬁ@ial pbww H’Ee gfcalp:@ﬁn@n&ladwetsogﬂhher to
i ncrease the anmount of storage. [looonl i Inthe follow dgc presentation we

assume t Bddress islfedninthe KAN @orollgr bykar artssd © PEOISHIBE e Vofe Heimgry, and
that eachy wp Ht‘aﬁd gﬁ*ﬁﬁﬁ%@el ength, N bits for the synbol and one bit for

the marker. ] 000l o e s m connections of the CM 206, as shown in
Figure 11, are

loooss] The collection of L lines of LM 200 can be implemented on the same
silicon chip that contains the CM 206, or outside the silicon chip using off-
the-shelf memory circuitry. In both cases, the CE 205 is used to manage the
information stored in the L lines by bringing information stored in the lines
into the CM 206 where string commands such as the ones described in the
previous sections are performed, bringing the contents of the CM 206 back
into the lines, allowing string operations to be performed in strings much

longer than the M-symbol storage capacity of the CM 206.

loo0s9) When insert and delete operations are required, the lines are not filled
to capacity with symbols, but only partially, to allow expansion and
contraction of the strings of symbols in the CM 206 under these operations.
In such cases, the cells of the CM 206 that do not contain valid symbols are
initialized with a predetermined binary pattern not found in the string being
processed. The CM 206 generates a signal for the outside processing entity
called interrupt, and labeled 101 in Figure 2. This signal is activated when
one or several cells of the CM 206 containing this special binary pattern get

their marker set.



| i sted bel ow. The nunber in parentheses, when present, represents the
nunber of bits for each signal. Wien a log function is used, it is assuned
that it is the logarithmbase 2. Data-in (M: data input 10 of N-bit words
for input of synbols in the CM206. Data-out (M: data output 11 of N bit
words for reading synbols fromthe CM@06. Address (log(N)): address input
12 of log(N) bits, where logo is the "logarithmbase 2. Data-Ram

bi -directional data input 100 and output of M (N+1) bits, allow ng the

cont ent s Dhe QM 206 anldalts ERfezggl Quhiheftsonor lines to be witten to, or read
froma line in the RAM 200. Index (log(M): output 13 of log(M-bits
hol ding the address of the first or last nmarked cell, depending on whet her

a forward or rgver ration s last perfaormed. nterrupt (1): this
i gnal 1 SvGuof daresy ite Rehir 8k Tra IRk STPLREET s (B dVRE ent i1y, | and
i ndi cat escdrb@pRRig tor thBuhEereShhSctkANbALI 081 2089vitRriedehlReAnpeciRl bi nary
configuration used to indicate an enpty or invalid condition have their

mar ker s sefher typgrmendsg@)ds ®- Hinalsnpetded 4of ghe expansivmahthe odeuit eipt-esent i ng
t he operation,,t formed by the 206. -fla 1) binar ut put
ool 1 et iRaiclle Sl SEAEE R A e Bt Torinf kel g NSO LY

bi nary ougtgyggesi gnal 16 indicating that the last conditional-find famly
command (forward, reverse, or limted cfind) did not set any of the
mar kers. One-flag: binary output signal 17 indicating that the CM 206

tooo101] In the following presentation we assume that an elementary CM 206
block can store M words of memory, and that each word is N+1 bits in length,

N bits for the symbol and one bit for the marker.

loo01021 The system connections of the CM 206, as shown in Figure 11, are
listed below. The number in parentheses, when present, represents the
number of bits for each signal. When a log function is used, it is assumed

that it is the logarithm base 2.

Data-in (M): data input 10 of N-bit words for input of symbols in
the CM 206.

e Data-out (M): data output 11 of N-bit words for reading symbols
from the CM 206.

e Address (log(N)): address input 12 of log(IN) bits, where log() is the
logarithm base 2.

e Data-Ram: bi-directional data input 100 and output of M*(N+1) bits,
allowing the contents of one of the storage buffers, or lines to be
written to, or read from a line in the RAM 200.

¢ Index (log(M)): output 13 of log(M)-bits holding the address of the
first or last marked cell, depending on whether a forward or reverse

operation was last performed.

e Interrupt (1): this signal is generated by the CM 206 for an outside

processing entity, and indicates that one or more cells containing a



contai ns exactly one marked cell. clock: the input signal 24 for the clock
si‘gnal which controls the operation of the CM 206. 10001031 The signals
data-in, addr, and com have associ ated set-up and hold tines relative to
the active clock edge. The signals data-out, index, no-flag, no-eq,
one-flag becone stable after a delay agsgociated with accessing the nenory.
This delay is neasured relative to the active edge of the clock signal.

[ 000104) When several CM 206 circuits, or nodul es, are connected together,
in a one-di nensiprdbkfined apeant eimdrygonhiguiatiosr nedd shirfdicategirsempty sever a
signals are used to |link the CM 206 dul es, together, in a |inear fashion.
These signals aﬁH'gﬁﬁhg ?ngpaﬂﬁé“fﬂ: HaM4rkeSer i bed bel ow. Data-left-in

(N+2): the signals 26 receiv from revious nmodul e and carrying the
bi nary represeft aé?%‘ﬁ"%?gzé)s%ﬁlmﬂ‘} E?lﬂgr)t € ‘fotrgmﬁggo%(fcgct b‘i?rﬁh‘?‘ub}{g (1 bit),
and the out put OﬂhEQﬁx&&ﬁﬂ@&ﬁb@imr@§§@ahglﬁﬂe@A&Bﬂ&he marker (1 bit). 30
Data-left-out (N+2): 'the signals 25 generated to the previ ous nodul e, and

carrying the bknagy-flep(Osembay bafh & signdyrsiadidaMs dhat she CM 208Ss0Ci at ed
marker (1 bit), and the output” of the Conparator associated with the

mar ker. Dat a- ri giemntaims (e+@)arkedheelds.gnal s 19 received fromthe next nodul e,
and carrying the binary representation of a synbol (Mbits), its associated
marker (1 bit)® dﬂﬁ'%é)bbmém opfputtegrdm$aingi ertingadwothatasl with the

mar ker. Data-right- 2):..the signals nerated to the.next nodul e,
and carrying theg(bolnrﬁigér{énélg%?%s%md;’t f%%r%%nda@fl o1 ﬁ\‘/’leﬁ‘?et’ s(yr,l“int'ts??i associ at ed

marker (1 bit), adfthd)hEidowstpet apf df hRe eRdARaFsat Or

¢ One-flag: binary output signal 17 indicating that the CM 206

contains exactly one marked cell.

e clock: the input signal 24 for the clock signal which controls the

operation of the CM 206.

tooo103] The signals data-in, addr, and com have associated set-up and hold
times relative to the active clock edge. The signals data-out, index, no-flag,
no-eq, one-flag become stable after a delay associated with accessing the
memory. This delay is measured relative to the active edge of the clock

signal.

oo10a] When several CM 206 circuits, or modules, are connected together, in
a one-dimensional array extending the internal shift register, several signals
are used to link the CM 206 modules together, in a linear fashion. These

signals are shown in Figure 1, and are described below.

e Data-left-in (N+2): the signals 26 received from the previous
module and carrying the binary representation of a symbol (M bits),
its associated marker (1 bit), and the output of the comparator

associated with the marker (1 bit).



associated wwth the marker. Line-in (2): tw signals 23 received fromthe
X-transcoder circuit and used for expanding the structure. Line-out (1):

t He signal 22 generated for the X-transcoder circuit. Col um-in: two
signals 20 received fromthe Y-transcoder circuit and used for expandi ng
the structure. Colum-out: the signal, 21 generated for the Y-transcoder
circuit. toonosi The |ast four signaﬁ roups are defined in nore details in
the section titled Internal Structure. If these eight connections are not

used for expandl then th 3 st be pro er connect ed and/ or

t erm nat ed u5|ngl§%ﬁ E&Pﬂﬂaﬁxgeékhlﬁﬂég %ﬂy gatedtie Fﬂé proper
operation of the M&inaﬁwae ind IRe bmsewnehre%ﬁwzwem @\ 206
1000106] Figure 12 is a bl ock “di agram show t wo- dln%n5|onal array of
cells 30 conprls&n@)hheaﬁmkaﬂﬁinvhéesﬂghm)sndghdcuwpuhbéﬂkaaenpannorother CM

206 or CE 205 circuits, and the circuits allowi ng the selection of cells and
31 reporting off§§%@ﬁ§thﬁ Jr 18t 8FK&bout the | ocation of marked cells. The

array of cell const / s_of | bits orgapized in

t wo- di mensi onal qi??%.g #ﬂ&ya%ﬁéﬂgﬁgnég&??ﬂY%fé f%éF%GWFBPKFﬁB €r easons.
First, to maximzgg éeﬁ irh Qh@fblﬁﬁg b ORI 88 a%i&b%?@l@f‘gnlté/), itt0 _mni mze
the del ay associ ated t l%Eatlon of the signals in the CM 206.

| nst ead of using aexsd)gpﬂedaxlnarlckedddet) find e bntRAM cihecuinhpattaber CM 206 uses
transcoder circuits, .becaus t he addresses need to be coded, decoded and
transcoded, deperfdr?igatH Wﬁ theoMAEFd- execut ed. The two- di mensi onal approach

requires the use Qf, two circ one ach |ne
1000107 1t wi T et eyt IR EeLah et AT eRE Rta b B s ML ERARE hatf vel y
formed as a one- dirﬂf?@asr'rﬁ&%l th@rHiA¥ryofepredBRtisieb 8 sphitap i Henartt;I ng from
associated marker (1 bit), and the output of the comparator
associated with the marker.
¢ Line-in (2): two signals 23 received from the X-transcoder circuit

and used for expanding the structure.
¢ Line-out (1): the signal 22 generated for the X-transcoder circuit.
¢ Column-in: two signals 20 received from the Y-transcoder circuit
and used for expanding the structure.

e Column-out: the signal 21 generated for the Y-transcoder circuit.

too10s] The last four signal groups are defined in more details in the section
titled Internal Structure. If these eight connections are not used for
expanding the memory, then they must be properly connected and/or
terminated using conventional techniques in order to allow the proper

operation of the CM 206 system.
The Internal Structure of the CM 206

o006l Figure 12 is a block diagram showing the two-dimensional array of
cells 30 comprising the CM 206, the signals used to interface it to other CM

206 or CE 205 circuits, and the circuits allowing the selection of cells and



t he braoder aspects of the present invention. [o000i0sl The internal
structure of the CM 206 as depicted in Fig. 12 contains the follow ng
subsystens: Synbol Cells: the storage for the synbol, or dynam c nenory,
cells consists of a two-dinensional array 30 of Mcells, one for each
symbol contained in the memory (the first cell is located on the first |line
and in the first colum of the 2-dimedsl onal array). For the purpose of our
presentation, the lines are nunbered in increasing order fromthe bott om up

in Table | (bel ow), e the co rrbe ed n,in order from
ot to. ricgheing Skt Rro e EL SrdrcBls: of TR b f 3 1d6 it ch

al | ows Motsaem%k&ceﬂdstfshﬁlm &ﬂ%%lm%m sﬁeeat iAr £dvbMitnaispsage |ine
assunmed here to be located in the Synbol | s area (30), to be witten to
or read famnary oltrei tdm—dahansbnahgexs s‘EhEtecelf@ctW@meﬁfothElrsﬂ itoesaximioéved in

this transfer |5Eerforrredb e line-select 106 qg;als gener ted by the
X-transco russi Plciersiepn aeea, ap tséF?'Gfg‘t ? TQ R8I, fhes %ﬁéla*"%‘ﬁt& erated by

one or atlhec}ﬁjogﬁgbportt BE 16 Q\le l?.athe(@()[t R [ tQéc@%‘Ffuswa 't'yn[%)_]IQHIe bi nary

pattern used esent an enpty ce or a ce cont al Invalid
synbol , a@@boc&uddaumdham RAMScietuit, s € MedOlbsudeavteartsheder assaed, @te%lucnzar ker set.
X-transcoder: the ci rc it 39 cogt gl ns the |ogic used for addressing and

accessi ngtherddrgpes neg ttﬁe’edﬂdf ecfedorpdi iensenash CRPEREING OR fihscoder
circuit 40, Gl (';bsc%?&?r”rhé W?ro%hﬁit’x' | rﬂ% 5§dh”§ecﬁﬂ es! 9@ L?serc‘?tﬁﬂ%ed for

t he addre55|ng and accessi ng of tlon In e array of cells, and
wor ks i n ganfddet icrrudst bné er ¥adh dirdeaden. circuit 39 A two-i nput AND
gate: The gate 34 receives the eq signals 36 and

tooo1071 It will be readily appreciated that the CM 206 may be alternatively

formed as a one-dimensional array of memory cells without departing from

the braoder aspects of the present invention.

tooo108] The internal structure of the CM 206 as depicted in Fig. 12 contains the

following subsystems:

e Symbol Cells: the storage for the symbol, or dynamic memory, cells
consists of a two-dimensional array 30 of M cells, one for each
symbol contained in the memory (the first cell is located on the first
line and in the first column of the 2-dimensional array). For the
purpose of our presentation, the lines are numbered in increasing
order from the bottom up in Table I (below), while the columns are

numbered in increasing order from left to right.

e Data-Ram: a bi-directional bus of M*(N+1) bits 100 which allows M
symbols and their associated markers stored in a storage line
assumed here to be located in the Symbol Cells area (30), to be
written to or read from outside data storage. The selection of the
lines involved in this transfer is performed by the line-select 106

signals generated by the X-transcoder circuit 39.



41 generated by the two transcoder circuits, and generates the signal
one-flag 35. The two transcoder circuits partition the contents of the CM
206 into three areas: the collection of cells |ocated before the first
marked cell, the first marked cell, and the collection of cells starting
with the first marked cell. |oootovj FRe signals |isted bel ow operate on the
internal parts of the CM 206 <circuit. Because of the two-dinensionality of
the array containing the Mcells, and because the address of the | owest- or
hi ghest - addr ess hmﬁksdﬂcdhblmusbnyelhngﬂpﬁh&ﬂlbwbee@peﬁaekdmebﬁhtﬁe
transcoder circui rely on several gnhal s | i ne- out e-in,

col um-out, and t%ﬂtanﬂﬁﬁbaéﬁ? eﬁqﬁé14“ﬂ¥e&ﬂpa§f6ﬁgF§‘32@£F% INin

number. Each one %resérﬂ d zaﬁﬁtg%u% i ABd1P b RaARRBCIARRAIN LfnBOE Ao Of the

t wo- di nmensi onal ray ot Is active 1 row-contains a

mar ked cel |, andsuctacliatvhinbhdiese sells h@ok uhvir ssocisied nakkat, sdthe col ume- out
signals 44, nunbering-fN in nunber correspond to each of the colums of the
two 33 di menst oXatraascaderofhecetdust 3%caitgival theflogveusedl fomadauessgmpup i s
active if its correspondi ng col . cont aj mar ked cell on the first
active tine, andand ACRESHTE HNcorisr i Bg. CM 7o Aot iinthe Ynal s 43 are
2 , T in nunber. ﬁ%ﬁ&ﬂd@?éﬁaﬁt t wo- di nensi onal array receives two signals

from the X-transcoder, line-in[1] and line-in[0], which represent the
foll owing condjt 'WH%nschlﬁt RS cit Rt Ji@%m%lﬁmeftbg?é ré2?§retd0fcﬁQHEa' n a marked
cell; and whether the rowis above or equal to"th irst rowto contain a

marked cel | . addressing and accessing of the information in the array of cells,

and works in conjunction with the X-transcoder circuit 39.

e A two-input AND gate: The gate 34 receives the eq signals 36 and
41 generated by the two transcoder circuits, and generates the signal

one-flag 35.

e The two transcoder circuits partition the contents of the CM 206
into three areas: the collection of cells located before the first
marked cell, the first marked cell, and the collection of cells starting

with the first marked cell.

loo0109] The signals listed below operate on the internal parts of the CM 206

circuit. Because of the two-dimensionality of the array containing the M cells,
and because the address of the lowest- or highest-address marked cell must be
computed, the operation of the transcoder circuits rely on several key signals:

line-out, line-in, column-out, and column-in.

e Line-out: the line-out signals 42 are VN in number. Each one of
the line-out signals is associated with one row of the two-
dimensional array of cells, and is active if that row contains a

marked cell, and inactive otherwise.

e Column-out: similarly, the column-out signals 44, numbering\/ﬁ

in number correspond to each of the columns of the two-



[ ooouot For exanple, assunme that we have an 8x8 two-di nensional array of
cells with the contents shown bel ow, and where brackets include synbols in
mar ked cells. The nunbers on the top row and first columm represent the
nunbering systemused to access the rows and colums of the CM 206, and are
not synbols stored in the array 012384567 0OXXXXXXXX I XXX
XXXXX 2XXXXXXXX XXXXXXXX 4XX[XI XXX[X X 5X

XXXXXXX 6 XX 7 X X X Table | [ooom
Then the |ine- ouf1§FBNQP§%ﬂgka§‘F@8 i4h st ef § efgugngéki‘“ﬁupdb to 7 are
equal to 00001011 .+he |¢t Q%n‘e@é g&?}hrrm‘ cd ulé @?nér‘ileél'&'ﬂ $ths: in the
sane 34 order, are 00001000, l1Tne-in signal s the line-in
signals 43 are @Bﬂ@&ﬂm&:Hnékﬂnﬂmslnhcﬁ5ecﬁhehwse]unn of the Y-transcoder
circuit is associated wth two output signals colum-in[0] and colum-in[l]
indi cating the flahkdwi tige Goedih tsigrmass 43me2h@ ihhmmbémrrﬁacdomxaidisthbhe first

mar ked cell of the two- dlneq5|onal array her the columm is equal to
the col unn cont aitWionginpeRsiona r%rfamﬁ%q@é%ﬁscfm 51&%31% from the Xstrapsggiler. addr ess.

iooonzl Using the; game exaMine-iRfo ?Q&ﬁ%ﬁr&ﬁﬁgghpﬁﬂ§kﬁﬂﬁwn%ﬁ&9X1ﬁQH&“
. whether the row is the first one to contain a marked cell;

and

. whether the row is above or equal to the first row to

contain a marked cell.

looo110] For example, assume that we have an 8x8 two-dimensional array of
cells with the contents shown below, and where brackets include symbols in
marked cells. The numbers on the top row and first column represent the
numbering system used to access the rows and columns of the CM 206, and

are not symbols stored in the array.

o 1 2 3 4 5 6 7
o X X X X X X x X
1 X X X X X X X X

7, 2 X X X X X X X X
3 X X X X X X x X
4 X X X1 X X X Xl X
5 X X X X X X X X
6 MK X X X X X X
7 X X X X X X X X

Tablel

too111] Then the line-out signals 42, listed in order of rows 0, 1, 2, up to 7 are

equal to 00001011. The line-in[1] signal of the line-in signals 43, in the same



above, and listing the signals associated with the colums nunmbered 7 down
to 0, the colum-in signals 45 contain the val ues 00100000 and 00111111. The
External Structure of a Cell of the CM 206 10001131 In addition to the
data-in, data-out, and comsignals already presented, the follow ng signals
connect the elenentary cell containingga synbol and a marker with its
environnent, as depicted in Figures 13 and 14. Data-left-out: the N+2-bit
signals 25 carry the information that is propagated toward the previous

cel |, andrdensirs00001000eantthbiinetiefd]-sigell$ obtite Bheghnalsgatts 4B acarry t he
synbol stored in the cell and its associated marker bit. Left-eqg-out (1):
t he outp&pogUdﬂal 54 generated by the conparator 55 inside the cell
Data-right-out (N+2): the N+2-bit signals carry the information that is
propagated toward the next cell, and consist of the N+1-bit right 35

cel | -out signg SCtoi‘&%nQﬂ{ by éal?:ﬁ &XHP\W oﬁ@h%@‘i’rdr&c&@@r &?&J:t %“Qsebkéated

associ ated marker bit R ght-eg-out (1): the output signal

conpar at or |nS|denﬂhewoanhputqﬁymﬁst@ﬁnnnlnloNaﬁﬁ<xﬂheuﬁ&ﬂlbuthsa@p@als carry
the information reﬁgived fron1the previous cell, and consist of the N+1-bit
left- cell-in sifafdlewing\apRditioasry the symbol stored in the previous cel

along with its aSSOCIat d and the it signal left-eq-in, 53,
whi ch carry the out’put ga%HE éY%HGP“%%n?H§?§éqt%@9$¥£§?@ﬁé ﬁ‘Eel
Data-right-in (hHZh“m;agﬁgngbgapbha§lgnals carry the information recei ved
fromthe next cell, and consists of “the N+1-bit right-cell-in signals 58,

whi ch carry the Syrﬁf)0| whanhed thé cbnﬁnﬂ%(reqﬁﬁi to ad cblsSnn containing the

first marked cell, or if it is of higher address.

(ooo1121 Using the same example of an 8x8 two-dimensional array shown
above, and listing the signals associated with the columns numbered 7 down

to 0, the column-in signals 45 contain the values 00100000 and 00111111.

The External Structure of a Cell of the CM 206

tooo113] In addition to the data-in, data-out, and com signals already presented,
the following signals connect the elementary cell containing a symbol and a

marker with its environment, as depicted in Figures 13 and 14.

¢ Data-left-out: the N+2-bit signals 25 carry the information that is
propagated toward the previous cell, and consist of the N+1-bit left-
cell-out signals which carry the symbol stored in the cell and its

associated marker bit.

o Left-eq-out (1): the output signal 54 generated by the comparator 55

inside the cell.

e Data-right-out (N+2): the N+2-bit signals carry the information that
is propagated toward the next cell, and consist of the N+1-bit right-



associ ated marker bit, and the 1-bit signal right-eg-in 56, which is the
out put of the conparator 55 inside the next cell. Line-out (1) is an open
drain output generating the inverted value of the marker. It is connected
in parallel with all the line-out signals 42 fromall the other cells on
the . sane |line of the two- dinensional grray and becones one of the inputs of
the X- transcoder circuit 39. Col umn?dut (1) is a 1-bit signal 44 and is an
open drain output generating the inverted value of the marker only on the

first line cont Laél oﬁgs ﬁ\ec&j cgﬁbrl thel Sr{lﬂ?‘olcépmaciketﬂelcgllf Qlt(‘ﬁlti el with all

t he col um- out uts e sane colum o

di nensi onal arra&mo@ﬁdxbﬁﬁgneﬁbnne of the input of the Y- transcoder circuit
40. Line-in (2): line-in[1] and line-into] formthe line-in signals 43,

whi ch are gener aRéghtbyq-lolue (X: thanagadesigealrssusft thdGonapat avdr icBida gpr esent t he
foll owi ng conditions: 36 line-in[ I]: the cell belongs to the line
containing the f¢¢l5t marked cell of the two-di mensi onal array. line-in[0]:

the cell belongs_to i.ne iich i ither egual to the |line containing the
first marked el Pag- ?‘E‘J}ﬁ % ﬁsﬁa{m PSR A RY ﬁli“)gﬁéfPr%HP@ss Col um-i n

(2): colum-in[ 1], apg4c bme @&910&8 cmh]&%d cohyEmsf r}hefmgﬂghs efe, and are

generated the Y-transco er cir represent the omnng
condi tions: coIuﬂnﬂﬂﬁgnﬂsszhwhﬁﬁd&nbﬁﬁaﬂg@nboltmﬁeaommhmpe@nbaSQEMQ t he
first marked cell colum-in[Q: the cell belongs to a colum starting with
t he along with its associated marker bit, and the 1-bit signal left-eq-in,

53, which carry the output of the comparator 55 inside the previous

cell.

e Data-right-in (N+2): these N+2-bit signals carry the information
received from the next cell, and consists of the N+1-bit right-cell-in
signals 58, which carry the symbol stored in the next cell and its
associated marker bit, and the 1-bit signal right-eq-in 56, which is

the output of the comparator 55 inside the next cell.

¢ Line-out (1) is an open drain output generating the inverted value
of the marker. It is connected in parallel with all the line-out
signals 42 from all the other cells on the same line of the two-
dimensional array and becomes one of the inputs of the X-

transcoder circuit 39.

e Column-out (1) is a 1-bit signal 44 and is an open drain output
generating the inverted value of the marker only on the first line
containing a marked cell. It is connected in parallel with all the
column-out outputs of the cells in the same column of the two-
dimensional array, and becomes one of the input of the Y-

transcoder circuit 40.
e Line-in (2): line-in[1] and line-in[0] form the line-in signals 43,
which are generated by the X-transcoder circuit 39, and which

represent the following conditions:



columm containing the first marked cell No-eq: this open drain output 16 is
active | ow when a cfind-type command described in the Summary of the

I nvention Section succeeds in the cell. Synbol-data (N+1): these

bi -directional signals 106 allow the contents of a cell (N-bit synbol plus
a one-bit marker) to be witten to opé6éread from an outside storage

| ocation. Interrupt 101: this signal is generated by the cell if the marker
is set and the synbol stored is a predefined and uni que binary pattern
representing an invalﬁdegﬂﬁmokheodjbﬂdﬁ@@ubngeﬂhmaaﬂhenﬁeghhéénenpty. Thi s
signal is generated by aE % fln driver and all the M interrupt signals
generated by the M cella&ke C?“é d Féy“h?%“%ﬁﬁ%QP 5%%t her to generate the

interrupt signal 101 j.n Fi 3. e Intern Str ture of the Cel
000114, The i nt er fal liSe by fad 51! PRlgngafp & dn InCRREFRIAAS and
contains the foll ow ng. Ghe edhimning The HRE &'cél@gy'ftthggrkfszépxs(wl) bi t
regi ster containing the value stor In the cell an its associated
marker bit. The MJUM bhe cuith hoghérsaddess.| ection of N four-input
mul ti pl exers, which allow one of several values to be stored in REG
dependi ng cwlthékﬁehatimdh)codasnda[”eﬂutboﬁﬁnnanHMd@n@ﬁﬂmﬂhﬂupﬁ&ﬁibIe

i n ext ernal esent on the

selections for the pl.exer 61 ar u
data-in signals 36" {ru# @RAARACNGLAE t'ﬁ? SERRSGACE ﬁ’éc‘év#@of}ﬁlfa\’t a signal s

106, the value f&amihenRr &YioAHs qgﬁkhhgﬁgrled by the left-cell-out
signals 51, the value fromthe ngxt cell, carried by the right-cell-in

¢ column-in[1}]: the cell belongs to the column containing the

first marked cell.

e column-in[0]: the cell belongs to a column starting with the

column containing the first marked cell.

* No-eq: this open drain output 16 is active low when a cfind-type
command described in the Summary of the Invention Section

succeeds in the cell.

e Symbol-data (N+1): these bi-directional signals 106 allow the
contents of a cell (N-bit symbol plus a one-bit marker) to be written

to or read from an outside storage location.

e Interrupt 101: this signal is generated by the cell if the marker is set
and the symbol stored is a predefined and unique binary pattern
representing an invalid symbol, or indicating that the cell is empty.
This signal is generated by an open-drain driver and all the M
interrupt signals generated by the M cells in the array are or-ed

together to generate the interrupt signal 101 in Figure 3.

The Internal Structure of the Cell

rooo114] The internal structure of the cell is shown in Figure 14, and contains

the following circuits:



signals 58, or the value stored in the register REG 60, which allows a
dynam'c inplenentation of the register. The MJX2 circuit 62 is a four input
mul ti pl exer which allows one of four bits to be stored in the nost
significant bit of the REG depending on the selection codes 67 and 68
call.ed ¢3 and c4. The possible sel echbons for the nultiplexer 62 are: the
mar ker generated by the PLA 63, the marker bit present in the synbol -data
106 signals 106, the marker fromthe previous cell, carried by the signal
left- eqg-in 5 f i.ed by J i gnal
right-eqg- in 26 T]wﬁg{%éh%rrglrtkde@ms h@lﬂﬂxﬂé{t tqﬁzléktreég?)étgééﬁ g“Gt(%%u\%hl ch all ows
a dynam c i npl esrorddain die afll atd shit of. its ddveci@tdPrairkebit. 55 is a

conbi national circuit generating a |l on its one-bit output only when the
synbol present on the data-in input 38 signals 10 is equal with the N-bit
contents of the cell and whi ch are rrled E he signals right-cell-out
59.  Synbol - dat al paMPXT; eisaut éilgfha@ legferrr ﬁ/ Ve POMtBRIEPISKShe cel |
froma given lin f I R outS|de
storage entity. gﬁ%ggﬁgggkﬁﬁﬁgg 91 &gﬁ;?yhg%gnggn% ?Feggkggd?%%

signal 112. TheoRlike célectibi cOIed ealadcanﬁs,maalarﬁ’ﬂ. mer;e(wbtblw@el@hu@ﬂsn be

i npl emrented by a progrannable | ogi ¢ array and whi ch generates the conmand
bits 65, 66, 67, @ghegoultiy ?Xﬂlﬁgaﬁand 111 called cl, c2, c3, c4, c5, c6,

c7, and c8, mhlch are used inside the cell, ”3 t he |nverted
e an external value present on the data-in signals 10

an external value present on the symbol-data signals 106,

¢ the value from the previous cell, carried by the left-cell-out
signals 51,

e the value from the next cell, carried by the right-cell-in
signals 58, or

e the value stored in the register REG 60, which allows a

dynamic implementation of the register.

e The MUX2 circuit 62 is a four input multiplexer which allows one
of four bits to be stored in the most significant bit of the REG,
depending on the selection codes 67 and 68 called ¢3 and c4. The

possible selections for the multiplexer 62 are:

e the marker generated by the PLA 63,

e the marker bit present in the symbol-data 106 signals 106,

e the marker from the previous cell, carried by the signal left-
eq-in 53,

e the marker from the next cell, carried by the signal right-eq-
in 56, or

e the marker stored in the register REG 60, which allows a

dynamic implementation of this bit.

e The COMP circuit 55 is a combinational circuit generating a 1 on its

one-bit output only when the symbol present on the data-in input



val ues of the no-eq signal 16, and the colum-out signal 44. The open-drain
inverter 20 drives the signal no-eq 16. The inverter 70 drives the
colum-out signal 44. The PLA 63 receives several input signals: the
command signals 14, which carries the binary representation of the comuand
to be perfornmed by the CM 206 (find,3 find, index, etc), the value of the
regi ster REG 60, the output of the cogparator 55 in the previous cell,
brought by the left-eqg-in 53 signal, the output of the conmparator 55 in

the next cell, bsﬁgfoaﬂbtwhy equAPwhilOMe Kbk RoR@n®d BNEHe cell AR SUIRAlare0- eq 16,
the line-in signal 43 generated by the X-transcoder and the colum-in

si gnal 45 gener ageded\pytthe signalanghodel-aitrSit. t0001151 The PLA 63
generates the interrupt signal 15 which is activated when the register 60
contains a prede$ymbolsiatd N+ hatheise sigeath 129 erark thmosrtentsrof theveelli d cel | s,
and when the marker associated w,th the regqist i et... 10001161 The
bt out put of BRE 7 agrt Bpeey gl gRe MRS i REG RN T are
inverted by N triasidl §otdpecsitit)d THd YBE&iIH of Y FrahbRd ibYohtrsilsd Bpal ¢S5 69,
and they becone the signals data-out 11. An open drain inverter 647 inverts
the marker bit stherREWisighaleltZgi ster REG 60, and generates the signal
line-out 42. An open drain inverter generates the signal no-eq 16, which
comes from tite PoaPEA cispuipgéns @reimbinatienaleeirqot gareh geedet he si gnal

col um-out 44. Th ret%c ly, all dataqut 11 and nﬁfeg.ip outggts fromthe
different cells P IHEEASYA REMSTREHEAC & PRY AFaY ABAnELI LB EdatHer , al

the line-out 42 gutdishsanB®ieney, 86, 47068, 49,167,100, 2hdA1EANES LEL2! egjet her,

and all the col um- out
cd, ¢5, ¢6, c7, and ¢8, which are used inside the cell, and the inverted

/ values of the no-eq signal 16, and the column-out signal 44. The
open-drain inverter 20 drives the signal no-eq 16. The inverter 70
drives the column-out signal 44. The PLA 63 receives several input
signals:

e the command signals 14, which carries the binary
representation of the command to be performed by the CM
206 (find, cfind, index, etc),

e the value of the register REG 60,

e the output of the comparator 55 in the previous cell, brought
by the left-eq-in 53 signal,

e the output of the comparator 55 in the next cell, brought by
the right-eq-in 56 signal,

e the signal no-eq 16,

e the line-in signal 43 generated by the X-transcoder and the

column-in signal 45 gencraged by the Y-transcoder circuit.

too11s] The PLA 63 generates the interrupt signal 15 which is activated when
the register 60 contains a predefined symbol that is used to mark unused or

invalid cells, and when the marker associated with the register is set.



signals 44 of the cells on the sane colum are al so connected together. The
Transcoders [0001171 Figure 15 illustrates the organi zation of the two
transcoder circuits 39 and 40. The X-transcoder circuit receives the
followi ng signals: The line-outs signals contain ,/N bits: these signals,
one fromeach Iline of cells of the twg-di nensional array, are used to
indicate the presence of a nmarked ce on the lines. The Address-high
signals 96 contain log(N)/2 bits, and represent the upper half of the

address {gdi Thene- magﬁrta&%e@é isHsSegh ﬁ%re%‘iﬁlt Cgtth(% §rrﬁb‘<t)l abrddgn it N I'ines

in the two-di nmensional 5-bit mrand “si gnal s 14 are used only
for the arafrpmmmd by Nmrl(statsormembfng tavesctindartyoléahbmnts sigget <biof t ,
set-limt- 3 s, limted-find, |imted- cflnd é%]nlted reverse-find,

| i it ed- PBgd §§ PR, the seraly C(ﬁrtw@téili R ORCPHAIN ANETFARANVEES  t ooons|

The Y‘”ﬁégﬁqgér Bit"sebelt ifdnEGE iﬁ E&%J ?1' 'domrnega(%g H@‘E nal ifie-§Qf um-out s

signal s I'ts, one fromea unn o |on array of
cell's, wdRchAn mnqbienad:eut h&/am(rugefrenﬂes ofe s%nlﬁhhb&d] (téJ Mmm theeadsoni at ed
colunn this marked cell being the first one of the |ine it belongs to. 40
The addr 88 PLéW63; gHRPRER AT invgrtes 7%%%@%@?%%@4 pelumBRedutAd-f of the

addr ess 'ﬁﬁgrétf’caﬁg &ta fia»%u‘{ ?;Jrﬁ:ﬁo e Tféoagml fo eg@"d PfePJ t2efll §3 Used

only for rentat | on o e pr Vi ou secon ary commands.

[000Nn91 Ba¢ Iﬂwbr@mmﬂﬁ{ea G et atencdirtectal t(s)gmlmg allribeilise-oud 4danageats DCD 83
used to decode the upper half of the address signals in the X-transcoder 39
or the | brkmgingftogflingarealge sosnedicgriapsthen antbal-the sebemaeput

signals 44 of the cells on the same column are also connected together.

The Transcoders

looor17] Figure 15 illustrates the organization of the two transcoder circuits 39

and 40. The X-transcoder circuit receives the following signals:

e The line-outs signals contain N bits: these signals, one from each
line of cells of the two-dimensional array, are used to indicate the
presence of a marked cell on the lines.

e The Address-high signals 96 contain log(N)/2 bits, and represent
the upper half of the address fed to the CM 206, and are used to

select one out of the /N lines in the two-dimensional array.

e The 5-bit command signals 14 are used only for the
implementation of some of the secondary commands: set-limit,
set-limit-address, limited-find, limited-cfind, limited-reverse-find,

limited-reverse-cfind, limited-write-all, ram-read, and ram-write.

fooo118] The Y-transcoder circuit 40 receives the follow'mg signals:

e the column-outs signals 44 of v‘ 7 bits, one from each column of
the two dimensional array of cells, which indicate the occurrence of
a marked cell on the associated column, this marked cell being the

first one of the line it belongs to.



a multiplexer MIUX-3 circuit 82 consisting of VM two-way nultiplexers, and
whi ch' uses the c6 signal 92 as a selection signal. a prefix network PN OR
circuit 91 for the logic function OR a LATCH circuit 85 which |atches the
output of the PN-OR signal, and used to delimt the active part of the CM
206. for limted operations. It uses 4fe c7 signal 93 as a | oad conmand.
the MUX-4 nmultiplexer circuit 87 has the sane structure as the MJX-3 82
circuit, and uses the c8 signal 94 as a selection signal. The |inear

net work XOR- 1 «B6TIé addkek-1gat @gnils TseEd /Mo bistwhdhneprediat fthe ddbweecur rence
of I in the binary configuration output by the MJX-4 circuit 87. A
priority encoderh@Eof goe pddrashcesad ig selest pigheerolife: 42 in the X- transcoder

or the colum-outs signals 44 in the Y-transcoder, which generate the upper
hal f of the indekh¢icapunanddgegnss @h S3gts Hsqchanby. farrthgdepiemensatiemet| oner
hal f, index-|ow L0t he. . I priority encoder 81

recei ves the sanégihgﬁﬁgggygﬁgﬂgég9%§%5¥fgeﬁgﬁggaer 80, but in reverse
order, so that it can generate the upper and lower half the c-index field.
The PLA circuit 84 is a small conbinational |ogic block which can be

i npl enenteyvbBahgraycadnmbiantpisgthe lloayingmeguisi ch decodes the conmand
field 14 to generate the c9 bit 92, the cl1l0 bit 93@ the cll 41 bit 94, and
the c12 bit 9% tAseceder DCIY83 ysebHt fetoderte upiges deter! theipddupsss.  The XOR-2

circuit 89 gener g gg{sqn% -@E%%gtg&@,”\é%i mil‘hl%)glefé?]glgs?fg%ael%?%re. oput AND gate

88, and whi ch genérates e I gnal he result of
the conparison ofighhB wpperYheddscodert he i ndex index-high 98 with the upper
contents of the reverse index

e a multiplexer MUX-3 circuit 82 consisting of Ntwo—way

multiplexers, and which uses the ¢6 signal 92 as a selection signal.
e a prefix network PN-OR circuit 91 for the logic function OR

e aLATCH circuit 85 which latches the output of the PN-OR signal,
and used to delimit the active part of the CM 206 for limited
operations. It uses the ¢7 signal 93 as a load command.

e the MUX-4 multiplexer circuit 87 has the same structure as the

MUX-3 82 circuit, and uses the ¢8 signal 94 as a selection signal.

o The linear network XOR-1 86 of 7 xor gates is used to determine
the first occurrence of 1 in the binary configuration output by the

MUX-4 circuit 87.

e A priority encoder PE, 80 for encoding the line-outs 42 in the X-
transcoder or the column-outs signals 44 in the Y-transcoder, which
generate the upper half of the index field, index-high 38 in the X-

transcoder, or the lower half, index-low 46 in the Y-transcoder.
e The RPE priority encoder 81 receives the same input as the PE
priority encoder 80, but in reverse order, so that it can generate the

upper and lower half the c-index field.

e The PLA circuit 84 is a small combinational logic block which can
be implemented by a programmable logic array, and which decodes

the command field 14 to generate the ¢9 bit 92, the c10 bit 93, the c11



generated by the RPE circuit 81 in the X-transcoder 39, or the conparison
of the lower-half of the index index-low 99, with the |ower contents of the
reverse i ndex generated by the RPE circuit 81 in the Y-transcoder 40. The
RAM Controll er 10001201 Figure 16 illustrates the inplenentation of the RAM
Controller 12, while Figure 17 is a, c1rcuit diagramillustrating the
internal structure of the RAMcontroller 12. The RAM controll er keeps two
bits of storage for each line stored in the RAM The first bit is stored in

Regi ster AR 208 hphdghindodRtan st 45 Bidi re @BEd tOor@ENHd RH8nidddehe RAM The
contents of the L bi'ts are fed to a priority encoder P-ENC 210, which

out puts the bi na:rryurtepresent ation of the bit of |least weight that is set to
1. The output of the %rl ority encoder 210 is line-address 201, and is the
address of the [TheeXQ 2ﬁ@CMthﬁnﬁéatG%élpe@t@éiVﬁbte, M@clmwiedcma?pé% ead or

wite operation. For | e ontain - ENC out put's
010 on |1 ne- adaraedl AP ERE 88 nd RudF BER BFes e SredhaltEnT s e Tbi £
AR that is set fsggiﬂal Mlﬁl@r@a%qitrsfsa\@&;lmpﬁm@ﬁ 80 thedpber hif & thapubef a
mul ti pl exer, MJX-7 213, which when appropriat eIK sel ected, feeds the

contents of the lhdme-laghr%smtim@\naquoetrcrond@ﬁ@@éﬁ aperred dndahi s decoder has
L outputs, 1 active an tlve he, a ve 0 has, the sanme wei ght
as the |east-si @r‘?f‘f’f"’éﬁ‘ﬂpyl&‘& ﬁ“ﬂ'ﬁ%t%Sn t%g([sé'a%‘?oéiﬁﬁ'%t‘)oprgb%ress i s out put
by P-ENC 210. FQbndEnCof fhe loWehAd8f ﬁ%sldc@xq;ig’exllhe\f@é\mha%@ gener at es
00000010, where the bit set to | has weight 2. The L signals output by ADCD
214 are xored wilowet hentenbi o6theutqyetsedindeligeARr208 blyythe KBE cgatig$1215 to
generate the sane g &a y g A&er stored in AR, but where the

| east - si gni fi canf ¢ grtrapse ‘now set to 0. Using the sane exanple, if
AR contai ns 00101110, then P-ENC outputs 010, which fed to ADCD becone
000000107 ¥R AN icontsIest back with 00101110 to yield 00101100,

fooo1201 Figure 16 illustrates the implementation of the RAM Controller 12,
while Figure 17 is a circuit diagram illustrating the internal structure of the
RAM controller 12. The RAM controller keeps two bits of storage for each
line stored in the RAM. The first bit is stored in Register AR 208 which
contains L bits, one for each line in the RAM. The contents of the L bits are
fed to a priority encoder P-ENC 210, which outputs the binary representation
of the bit of least weight that is set to 1. The output of the priority encoder
210 is line-address 201, and is the address of the line in the RAM to be
selected for the next CM 206 read or write operation. For example, if AR
contains 00101110, then P-ENC outputs 010 on line-address, which is the
address of the least significant bit in AR that is set to 1. Line-address 201 is
also fed to the 0-input of a multiplexer, MUX-7 213, which when
appropriately selected, feeds the contents of the line-address signals to
decoder ADCD 214. This decoder has L outputs, 1 active and L-1 inactive.
The active output has the same weight as the least-significant 1-bit in AR 208
whose weight, or address is output by P-ENC 210. For example, if line-
address is 010, then ADCD 214 generates 00000010, where the bit set to 1 has
weight 2. The L signals output by ADCD 214 are xored with the L bits output



the O-bit in bold indicating the difference between the contents of AR and
the output of the XOR gates 215. The outputs of the XOR gates 215 are fed
via a multiplexer MIX-6 209 to the register AR where they are stored on the
next cl.ock cycle, when the step-enable signal 222 is active. This signal is
part of the comgroup of signals 202 2and under the control of an outside
processing entity which controls the CE 205. |oooi 21] The conbi nati on of
AR, P-ENC, MJX-7, ADCD, the L XOR gates, and MJX-6 forma circuit that,
when st aby iAly 208 ly laxaughters 2K5 $¢ geeeratnthsi saame birfapy paitterrARored putdsk on

| i ne-add th i ) . of wh qgual, to K
Fur't hor nBREWHERF 461 PetR T Eral dr i Tedth oaney Sanod; HEREChReRam  ti ne,
under th@xaﬁﬂpter, of AR A8t @ROEMADtRer PORRIC oWRits d1b, WRR KL fos have

di sappeared fromthe AR register, the priority encoder detects this
condi t i oAD@bPdbaeine/ @001 ®evisichnakostdolpack24ithii0d 61119 tbgseleddd@P1t0e out si de

processi ng ntit s . a.sign that no nore lines need to b ocessed in the
current gl‘f%@' 1t o €7 e der e BetyesBrthe confeds oh Ak sarbeues ghts
of all t it t ‘ ‘ ‘ ut put of
each wei gﬁ%&%ta e@goxn(()ak%g)%/%% %%nﬂ&%%o%?ggﬁﬁwﬁkeg%%ggﬁgSggges&s?%eg

el i m nat naultiplexer MIUX -6l 9rteghetregisiik ARkehed @eg,arelstted @t ehepnoessed in

the CM 206, and string operations perfornmed. At the end of these
oper at i of®ckyiele. wrhercihsisder-enable fignali 2 ackiver dhegsigaekisipart Rethe i ne, the

I f - i I oLy ot L i i | 224,
val ve of shReaiy bPGERLARY, 15 ET SRl B g8 LBl 5f e, | 221
of the seh#tt athiflh cpnfrbBptherCERB59roup of L is the same as the address of

the line in the RAM and the selection of the flip-flop is perfornmed by
utilizing the output of the ADCD circuit 214, described below. These L

PP R a8 RSO0 S SO L ort 000
MUX-6 form a circuit that, when starting with a number K stored in binary
form in AR, ouputs on line-address the successive powers of 2 whose sum is
equal to K. Furthermore, this circuit generates each power of 2 in a constant
time, under the control of the step-enable signal. When all the 1-bits have
disappeared from the AR register, the priority encoder detects this condition
and activates the signal stop 221 which is tested by the outside processing
entity as a sign that no more lines need to be processed in the current phase.
This device automatically generates the successive weights of all the bits set

to 1 in a binary number, in a loop, and the output of each weight takes one

cycle only.

(0001221 While this successive elimination of 1's in the register AR takes place,
lines are processed in the CM 206, and string operations performed. At the
end of these operations, when the contents of the CM 206 is stored back in the
line, the value of the no-flag signal 15, inverted and ored with the init signal
224, is recorded in a D-flip-flop which is one of L D-flip-flop 218. The address
of the selected flip-flop in the group of L is the same as the address of the line
in the RAM, and the selection of the flip-flop is performed by utilizing the
output of the ADCD circuit 214, described below. These L flipflops contain a



[0001231 The initialization of the RAM controller requires storing 1's in
the bits of AR in such a way that only the lines in the RAMthat need to
be processed have their associated AR bits set to 1. These valid lines are
stored at consecutive addresses in the RAM in a contiguous bl ock, and such
that the |owest address in the block3 s 0. For exanple, if only three |ines
in the RAM are valid, then the lowest 3 bits of the AR regi ster nust be set
to 1, and all the others to 0. In this case the address of the

hi ghest -reddpesterih iohds iaadA)s wipneenting thealext ghowe s hianee thadmess be, 1, and 2.
In this case, the controlling outside entity sends the address of the

hi ghest RYorgSsed ‘f‘t‘fgel%&M e8t 8%??%@“8}151 he limt- address 207 signals, and
activates the init signal 224. The resulting actions are that the |og(L)
address on the limt-address signals pass through nmultiplexer MIX-7, is
decoded iyi2zADOLR initialikatsorgoéltse RAM rexaépt relqoiresheodng Mg ih thevbitght equal
to the contents of |imt-address 1_0001201] The output of MUX-7 is then fed
to a pretli&Rom gueheaivaothaberdy dhe fimee in thaReMdrthat ared tpdedriosesigdse val ue

is 0 an i : ight thsg. bt jm_its input into
is. For qqe%i@rr%‘lmer, Asl(g? §1ta L%ﬁ%%%ﬁf(S‘;wggfl]'tTgésgc\é?qbcggl%ﬁéb(%%‘é,wa ere tﬁe wei ght
of the leddistcutsvadlii@Bed irstiRURBM, irSa cBROPA3Id blobkeaadlsuehgihat shar e then
passed through L OR-gates 219 and fed to the Dinput of the L D-flip-flops
218. Thelowest pfpess|ipghe Plackaisd i Kol oxamale yf orlyaibiree lipgs iméhe RéiMnal s
enerated byt @Pﬁp I.f CUiat Lndi vjdual | - Wi he_§ njt,;.si gnal
224. Thegrgo\ynathe@ﬁh?% 1'% O(—i\%éésltjl? %FSI %{1&]80%2‘ i é%%r%;élg b%lﬁfgpﬂoti’ aol}d r%llcttfjlrgrgsponds
to a valétthetd RE0 In thie RAMHsaddess boaseighetoad dieesReigiest @ sindR tRB8 by
activating the start signal controlling the nultiplexer MIX-6 209. [000125]
As depi cYdi linerhguie addgesstthd . epd 2osin dhiggere, the epntanlliaer aytside aptitwe

cells, o I SSi e . L ed as st\he x Mepor . 206 and a
RAM (ran{f(g‘%sgglgeagsd} rgfsésn%f{/%n%%ﬁlf gﬁnlﬁﬁ?‘%go glep lﬁ‘rl\glclotrcﬁ%ggrvoenc ors 0, each 44
vect or haddregs 20 sfats, shdr &gieatanaeiihit agndie4CMRZOfesanthd hasokeareg capabl e

that the log(L) address on the limit-address signals pass through multiplexer
MUX-7, is decoded by ADCD into L signals, all 0 except for the one with

weight equal to the contents of limit-address.

10001241 The output of MUX-7 is then fed to a prefix-OR circuit OR-PN 216
which transforms all the bits whose value is 0 and weight less than the
weight of the only 1-bit in its input into 1s. For example, if the OR-PN circuit
receives 00000100, where the weight of the 1-bit is 2, then its output is
00000111. These L signals are then passed through L OR-gates 219 and fed to
the D-input of the L D-flip-flops 218. The L D-flip-flops 218 are individually
enabled by the L signals generated by the ADCD circuits, individually OR-ed
with the init signal 224. The contents of these L flip-flops where each output
of 1 corresponds to a valid line in the RAM is then loaded into the Register
AR 208 by activating the start signal controlling the multiplexer MUX-6 209.

looo12s} As depicted in Figure 18, the CE 205 is made up of an array of active
cells, or processing elements, embodied as the Connex Memory (CM) 206 and

a RAM (random access memory) containing a plurality of vectors 400, each



of selectively storing the entire contents of the CM 206. That is, the CE
205 includes the CM 206 having n- cells and the associ ated vector nenory
400, which is under the control of the controller 255. In one enbodi nent of
the present invention, the purpose of the nmenory vectors 400, is to allow
for search, insert and del ete operapigons to be perfornmed on character
strings |longer than may be accommopdated within the CM 206, and to offer a

| ower cost of inplenentation and reduced power dissipation, as will be

di scusseagctdrrhamng thietaink skatage cap0O6126theTGM 20@antithns beirgpcpablppl i ed to
the CE 205 |s driven by %ge controller 255, The CE 205/controller 255

i nt er f acy seigeBy elysgopngrthgrendise cpafentegf tret-M 286 That i, dhotE 299 Fi gure 18:

R A48 ' 8L 8 cel i nent By NSTTUCt i
ger ¢ nan el e Ko BRIRL S colt? AARHETOSRAN yocb! nEmdiGPuog pot ruct ons

cont r ol IvehicROS Jinder@QHER orndfH of thatcanersller255. danirai eisbblambat oReke bit and a
value. |If at |least one of the cells is marked, OUTR contains O fol |l owed by
the val ugesgHtiavaatonnthenpurpasstofnekagmesy | veckirhd0fi etoai®y fosnt ai ns 1
foll owed by.,an inple t i1 on-depende cial; value, K such as 11...1;
e kS S e

current 16Rp@Odn iUt h@BhBEatQUAGRIA $ha Cled0624Rd th iotled d Pwidie
controller 255 instfuction); 'VAR 408 - address register for the vector

menory. cPakol/ARphagentatighstret radicagddatveer Bigsipptionafs eoHtlreoflisenssegs

i nstruct.i ons agq LFLQSed as an argunent to instructions that explicitly
nanipuldpénQE% SFE,‘i%ﬁe VAR 408 register is also used in the execution of
all operations involving the general registers associated with cells. 45

tooo126) The execution of code supplied to the CE 205 is driven by the controller
255. The CE 205/ controller 255 interface makes use of four special registers, as
also shown in Figure 18:

* 'INR' 402 - data input register; in one embodiment, all CE 205
instructions get their (immediate) data argument (if any) from INR
(supplied by controller 205);

e 'OUTR' 404 - data output - contains the 'no mark' bit and a value.
If at least one of the cells is marked, OUTR contains 0 followed by
the value contained in the first marked cell; otherwise OUTR
contains 1 followed by an implementation-dependent special
value, such as 11...1;

e 'OPR' 406 - instruction register, contains the operation code for the
current CE 205 instruction (the source is a dedicated field in the
controller 255 instruction);

* 'VAR' 408 - address register for the vector memory. The VAR 408
register is updated by special controller 255 instructions and is used
as an argument to instructions that explicitly manipulate vectors;
The VAR 408 register is also used in the execution of all operations

involving the general registers associated with cells.



10001271 As further represented in Figure 18, input/output lines 410 nay be
.selectively utilized to access both ends of the CM 206. As utilized herein,
the input/output lines 410 have the followi ng nmeaning: ‘'left-in" 412 = {w,
mark, eq, first{, by default all are O (eq = 1 neans that the two operands
inthe cell are equal; first =1 neagsthe cell is the first marked cell);
"left out' 414 = {w, mark, eq, first{, come fromthe first cell; to0012sl It
will be readily appreciated that the present invention contenplates that
the CE 20b/reys hankearsprosiriied iQfFiginfecll, tingReGtpat Gaeé hyonadyt bas W t hout
departing fromthe broader aspects of the present invention 'provided that

t he contsebictigely2gtlized tapagsise beth endpiohghe bidalfs Avutibined heesiai theng dat a
from the 205. (An | ant ..as t,.therefore, of the present invention
resi des 1{188%%11?&*}1}?% %%%%t}ilen?@;f(fw%neﬁ SMt™H'n the cM 206 to actively
process data d n'jaddint ion =t Qv Shark, kg, dadtd-byTA&antoarss ML 1datans my occur
either wwthin each mbit cell, or by afrecting the cell imediately to the
| eft or right otha thbeduwt eperandd inéﬁfk cell ars hguadldfibg ndtredanshite ¢p)l isenhanci ng
t he functionaligx gf eac Qg-é't cell within the CM 206 in this manner, the
present inventi O &&Hi BREERC bsten}level behavi or that is nore conpl ex
and, as such,. exggegst 418 PELT HARNES Bist|OLHSE HLAHRIRGeSsINg systens.
10001291 It is another inportant aspect of the present invention that the
ability to actively process data at the cell level within the CM 206 is
acconplished, in . part, . t he abi | i f each cell to be '"marked', which is
part of leowéwc%maﬁ“t'ﬁ%ﬁﬂ?ad@% aaw&w&a@é&ga@ﬁ QFFAER N vie Q8 SOEEMPIRRT ch wi | |
subsequephl YhPeH RfTThAy e alapﬁu%%feci%it()%c?frf@col R dafi®hk, Or an
adjacent cell wthin t%e CM 206. [0001301 Yet anot her inherent advantage of
t he dat awpthooéskepattisy stoemtbé birbadempagmetst of thegmteisemt inrneakives t he ability of

each cell within the cellul ar ine to not only sinultaneous|y execute
i nst r uct PEH: é%ll tﬂFﬁtnt c&nﬁ;@l@r@?‘rgg% ce@,%l?lg,o? issuing commanés to, and

receiving data from, the CE 205. An important aspect, therefore, of the
present invention resides in the ability of each m-bit cell within the CM 206
to actively process data in addition to storing data. The processing of data
may occur either within each m-bit cell, or by affecting the cell immediately
to the left or right of a predetermined cell. It should be noted that by
enhancing the functionality of each m-bit cell within the CM 206 in this
manner, the present invention exhibits a system-level behavior that is more
complex and, as such, exceeds the performance of other data processing

systems.

looor291 It is another important aspect of the present invention that the ability
to actively process data at the cell level within the CM 206 is accomplished, in
part, by the ability of each cell to be 'marked’, which is part of the condition,
or predicate, designating it as a cell which will subsequently perform a task,

or execute an operand, on itself, or an adjacent cell within the CM 206.

[oo130] Yet another inherent advantage of the data processing system of the
present invention involves the ability of each cell within the cellular engine

to not only simultaneously execute instructions within a single clock cycle,



46 but to also dynamically limt those cells which execute these globally
broadcast instructions via the utilization of both | ocal and gl obal state
information. In particular, by utilizing marker bits on an individual cel

| evel , the actual cells within the associative nenory are capabl e of
affecting those cells either to theyegeft or right of marked cells in a
manner which is heretofore unknown. erefore, at the systemlevel, the
present invention provides for the selective activation, or alteration, of

t he mar Kiegk &t alk6,d ymamiaslépCingit ith@enmthRanhiissxebhad tHese ghybdle nature or
property of the content of the individual cells within the CM 206, rather
than a plragdeastansaasiignaywdthe wikigatim agbeislocahandigiobalgbate311 The present

i nvention hergfore _conbi hes processi ng_and nenory at. ,a.very inti mte
over ! SRhIRARLRT In SRIRCORS, BY SRRAN St BRI a8 inafatBal sl ) ot s a

separ at e|eFeIMhY abtitkell9 viehint thel 8BociMIV €@Y@horPRAY &dptble LESKMELihH their own
| ocal space at the cell level, therefore results are kept in place, saving

communi cHtdserrelndithentesisd gt oi mght if Imadkedaredls inrrdmpower whitb(091321 The

i flexibilit f 206 | | i gh d by th it f
the. o 208 HGS I TvEt y TORATRES oFi B8 TR Bdrt foR oprenptinenEon ed
W thin i pbeyvide8kdSthaSsd&ig &tiRALbhOBr AfteRIHIE0f tRE nikeliisthid, By the data

field. hat is, as opposed to known associ ative nenory architectures where
the keyadsoeiativardethanistasathiat é4, byathe sature of prdpéitned,the ken@vt206 i s abl e

to consider. any, of the bjts st ithin its nmenory as being a.,key field
bi t - Cor HecineMhe g pftn s piattcellGp shin AebHaruRE GFPTEERd ormmnd
and desi [RdtioAPRIBLEOherd@00133] Figure 19 illustrates the contents of a
typical associative nenory 500. It will be readily appreciated that Figure

19 is a sinplistic representation of an associative nenory device having a

singl e row of nory cells that. include %2 colums. The present invention
is of colpsy EH? Rre qté&vFBtlgﬁéhe ore combines processing and memory at

a very intimate level, meaning that an individual cell of the CM 206 never
has to access a separate memory block to do its job. Moreover, operands
reside in their own local space at the cell level, therefore results are kept in

place, saving communication and processing time, silicon area and power.

tooo132] The increased flexibility of the CM 206 is also heightened by the
capacity of the CM 206 to selectively characterize any portion of the bits stored
within its n-cells as being a portion of either the key field or the data field.
That is, as opposed to known associative memory architectures where the
key field and the data field are strictly defined, the CM 206 is able to consider
any of the bits stored within its memory as being a key field bit, or a data field
bit, in dependence upon the nature of issued command and desired

operation.

to00133] Figure 19 illustrates the contents of a typical associative memory 500.
It will be readily appreciated that Figure 19 is a simplistic representation of an
associative memory device having a single row of memory cells that include

12 columns. The present invention is of course not limited to such an



47 architecture and indeed contenplates a nuch greater and nore conpl ex
.array of cells, Figure 19 being utilized for illustration only. [000134] As
shown in Figure 19, there exists a 6-colum key field 502, and an 8- col umm
data field 504. Wiile it will be readily appreciated that the actual

| ength, or size, of the key field 5027and the data field 504 is a matter of
desi gn choice, known associ ative nenory engines naintain the distinction -
between these two fields throughout all commands and operations. That is,
known asdotsictuievanchendreyl devengdates e spebi gichtrgcnidhntdre coatplee and si ze of

their ata. fiel sune that one uses an
aSSOC|a?%@¥(ﬂﬂ§ﬁ% W¥661§§¥%ﬂ%ﬁ$1§Bang1@a¥H§5§b0§ ch that its data field

represents a particular data content, e.g., information on enployees, while
the key fields are representative of the |ast nanmes of enployees. Thus, in
accor dance mﬁth a sinplified command, a controller in a typical associ ative

menory mould arch the key field 502 in order e |t mat ches
the nan¥i8hi% ‘O‘W‘ t”hr%é%‘fr& ¥ &heresasts grit-gp iy th %@é@a }ﬁ Ry 8-

sought - abi s 444 e 904 WSl i A1 bBlrbadilp fpIRid i8S A4 AR50CT at ed with

a key equ In order to In e exi stence or absence of the
sought - ddrigth, dasiae, Mothe Keyafieldi 502tdrics ttexdatplfeeld 1564 key mattdrcbfndasegn be | onger

t han 6 colunni [ 000135 I n the nmenory engine of the present invention,
however Chele, KRPRH AROCHIIUSTRERI Yt ﬁ‘églk‘é§/ Mgty nthg Célﬁeneta% betweeNhas been

removed, éJ%“tswé tflel#sstlﬂgéghml?aloc‘f'ontlﬁ\gin °J>ﬂwc.?r tibs UAAE S Ald Ky Gonsi der and

evaluate as ceI contalned mnthln el ther the
field SQas@ﬁatﬁ\ktenfdned)@ MCQS"IardWﬁm dtm thie nasednd ciamodihel OROL36 | t
shoul d be noted that the distinction between known associ ati ve data
process@ﬁé‘%?@téﬂﬁsa%ﬁaﬂﬁaaﬁﬂgge%¥Sﬁﬁﬁéﬁfﬂbﬁt9§eH6@56%éS%FW§PﬁUCture but of

sof twar G, g, S;é E(?l ) ORI ﬂétﬁatceﬂs}a%ﬁgﬁq gorands .- ﬁewf?-%l}%élegeénﬂs% accor dance

with the pre ventlon |n the assoc
particular data content, e.g., information on employees, while the key fields

are representative of the last names of employees. Thus, in accordance with
a simplified command, a controller in a typical associative memory would
search the key field 502 in order to determine if it matches the name
“Smith”, with data field 504 containing the potentially sought-after data, and
would 'tag' all the data fields 504 associated with a key equal to “Smith” in
order to indicate the existence or absence of the sought-after data. Note that

in this example the key could never be longer than 6 columns.

fooo135) In the memory engine of the present invention, however, the
distinction between the key field and the data field has been removed, thus it
is possible for the controller to universally consider and evaluate as part of a
key any of the cells contained within either the field 502 or the field 504 in

response to an issued command.

(oo0136] It should be noted that the distinction between known associative data
processing systems and the present invention is not one of structure, but of
software and the implementation of issued commands. That is, in

accordance with the present invention, all cells within the associative



48 nmenory device may be sel ectively considered by the controller to be

either a portion of a 'key', or a portion of the '"data', in dependence upon
the specific comuand issued. Therefore the 'key' or 'data' property of any
particular cell is expressed in the command itself, and is not a function

of ‘the structural organization of t#4g associative nenory device. ]0001371
As shown in Figure 20, the controller, in connection with a particul ar
command, may | ocate the sought-after data in cell 2 (that is, within what is
ot her wi sreemslcua@n@dmaythta eqtoedy c«@@dene@iﬂdy tlsmgvmtrpﬂclphah@ @rﬂweoﬁ a 14-cell
a5500|at|vE Y, 510 havi it m |ns ect cehl 9 (that

R g S S R s I R T e S 2 TR

phant omcagmBattisQfed Nehk&Yorel theWt lielg bhedaﬁso}? g’@figh&é{oa%@ul%@c@tled t hat
the associative nenory engine of the present invention hibits far greater

f 1 exi bi listexptérsnd kndlvm cassoandtised, ardoy poeadiinetson pdOB4 38jucturdbed, because
the present inventi effectively elimpates the traditional distinction
bet ween ®aM “?H%fg1aﬁﬂofﬁgyﬁ AT EICWi% hin the associative menory
device, the programm ng capability of the menory engine is significantly

i ncreased. 10001391 Returning to the exanple above concerning the | ast nanes
of enpnmyeasAsKhomM1asEQnﬁaQDydunanﬂrgﬂey$mennnaﬂﬁntypﬂcaukyﬁspbaiaIized,
or tailored, to a p t|c ar %%g@fand woul d erefaore b |ncapable of

sear chi f@mBMandy s teg data %F@L%@%ﬁlﬁr% i whatysture (e. g.
16- col unfypkeySe @ gd"e(?@é acﬁé&mbn‘lﬁk fiel ) %{o%\rn% ?{i’%‘h@i& JPECAEg t he

present i1nvention does not recognize any distinc meen the key field
and t he aladaiafivelrdembnd&t@ habergah@eeli h@wp,r@serrhay mxvs:';mct oell Sgltlesttisyel y
re-defines the nature of what éﬁ consi dered a.'key' connection with each

separ at eVEEHIARAT 6 REhgese rpnsidavaht iteliTiendadatel elgs Saous ifng an
essent | a}Blllyntg?rDez{b ﬁar@%ﬁ aGd Qé}b.vﬁ mm{&efo%é(%teergédlly appreciated that the

associative memory engine of the present invention exhibits far greater

flexibility than known associative memory engines.

(ooo138} Indeed, because the present invention effectively eliminates the
traditional distinction between the key field and the data field within the
associative memory device, the programming capability of the memory

engine is significantly increased.

[000139] Returning to the example above concerning the last names of
employees, known associative memory systems are typically specialized, or
tailored, to a particular use, and would therefore be incapable of searching or
identifying data having a radically different structure (e.g. 16-column keys
and 1024-column data). In stark contrast, because the present invention does
not recognize any distinction between the key field and the data field, indeed
because the present invention selectively re-defines the nature of what is
considered a 'key’ in connection with each separate command, the present
invention is capable of enabling an essentially generic associative memory

system.



49 10001401 By way of an exanple, an associative nenory support for data
processing in accordance with the present invention may first be controlled
to identify all enployees' last nanmes by utilizing, e.g., a 5-cell key. The
next command issued by the controller could then be utilized to | ocate

anot her type of data based upon, e.g9 a 2-cell key, or the like. Thus, the
present invention avoids the necessity to re-design, or specialize, the
machi ne for each particular use, as is the case with known associ ative
menory dystey waynofconexasple, theasppasine niamrent swrpert dbi Hatay to

i ndi vidual i ze.each kgy in ac&grdance m&th each iSS“Fd~$P”“?ﬁg epabl es the
present HRGEMIBI POCOrGaBED A Th (o RESSBE IRTIEY HEdoliSErve MEHAY that may
be Se|GQBHH@hMﬁﬂhﬁ%ﬂqﬂBgéaﬁB%@h%hk% Qﬁhﬁngeé.VMa?%eHU&5{ZTH9n5§NS of

sel ected |l engths and ‘content. [000141] In this regard, it should be readily
appr eci atoegimiahdtis¢ueed byphementratleonoulsf themebe ammhmad o doeatie gusitireddi scussed i n
connection with Figures 3-10 ar e, at Jeast in part, upon the unique
ability tbfPeﬂﬁépaﬁ%h‘gWie WPgRrfeBt aez-?eiﬁb%ye,ordlle Mg onduS Hhe prsgnt i onal

d! st nCtihQ@ﬁtiQﬁta o m'éengcee}ési?}mgo Q%td%si%r{, %Ir%ew.aqi%,ntl{ehﬁma@(h?eoﬁ)r [0001421 1t
will also be readily appreciated that the abrflity of the controller 255 to
gl obal | yedoehqgaed€tiastaraispy aslét gendasedvith kmminch hssoemtiveahehi@yrnsysadrhs in the CM
206 within one claock cycle, as well a? the ability for each of the n-cells
to prodBs©nrtfgst; @%@@Seﬁwr?@tmwm iby &9 idliyidndlize %@/@1 keyilg equal |y
applica e gggp g%ﬁj il At J ; : vice to nmake
use of gaicl%of){lét}écea\?\nqp h%%ﬂggc o? t e;MHa’ %%Flsésr%égé%%ggts{m;@%%g?@ | ocati on or
of any diugtparchimn-spetialeanl ddveckeiecandnmaay ahit glagsbe S€lectl 061§ Ihanathi | e t he
inventiqn had been gescrib d wth reference t? t¥$ preferred enbodi nents,

it will 198spreiahgebaatpnerdydy uklipingdsys afisslested temgths gadicenterdbvi ous
changes may be nmade, and equival ents nmay be substituted

[ooo141} In this regard, it should be readily appreciated that the implementation
of the commands previously discussed in connection with Figures 3-10 are
due, at least in part, upon the unique ability of the memory engine to
remove, or ignore, the traditional distinctions between the key and data

fields within the CM 206.

{ooo142] It will also be readily appreciated that the ability of the controller 255 to
globally broadcast a predetermined command to each of the n-cells in the CM
206 within one clock cycle, as well as the ability for each of the n-cells to
process the issued command within a single clock cycle, is equally applicable
to, and encouraged by, the ability of the memory device to make use of all bits
within each of the n-cells regardless of their location or of any distinction

between the key and data fields.



for elenents thereof, w thout departing fromthe essential scope of the
present invention. Therefore, it is intended that the invention not be
limted to the particular enbodi nents di sclosed, but that the invention
includes all enbodinents falling within the scope of the appended cl ai ns.
51 - What is clained is: 1. A data prog@ssing system conprising: an

associ ative nenory device containing n-cells, wherein n is any known whol e
nunber greater than zero; a controller for issuing a conmand to said n-cells
in said associative nenory device; and wherein said conmand defines a size
and location of a key field within each of said n-cells, said key field
bei ng ut iwyedVhde |th%r*ﬂle¢f}/“Qiblhadvh’fteﬁ‘| Aessaibgdnwith) referepce ip thesoci at i ve
menory Sié)%t%mefdoémgghﬂpgﬁﬁcﬁs&rﬁlpge a&%ieﬁjst%aoc{%) ﬁ%ds,%eskﬁ?é?[ thseygxttqmat

conpri si AgT an soCla evi alnin n being any
known whehgion Mo ediles mharbezmtaae @n&@th@hérﬁé th&y bb%%xlbbﬁmt@ﬂ
instruction to said n-cells; and wherein said instruction defines a size of
a key fi ébrelemdrits dbietenf awitbreat departing froan dhe jeasantiad stope o tharhe

associ ative St r data n st em accor di fo.claim2,
Sherei n: PEGABY PRGN s FORGrresdl B REGFFL BEiRErERRROLPT ey
n-cells. 4. th@\@a@ﬁ@@l@\k Rt Y] | PRI )du&ﬁl&e@lmbh@rthﬁltaﬂéb RHREESS indludeal 41

associ ative nenory system conprising: an associative nenory device

cont ai ni egnbpdivtdnds fallibgi wigthamyh& sovre ahticcapperstad glabaser than zero, and
wherein each of said n-cells stores mbits of data therein, in being any
known whol e nunber greater than zero;



a controller for issuing an instruction to said n-cells; and wherein said
instruction selectively defines which of said mbits within each of said
n-cells represents a key field for each of said n-cells. 52 5. An

associ ative nenory system for data processing, said associative nmenory
system conprising: an associative nenaLy devi ce containing n-cells, each of
said n-cells storing mbits of data, erein n and mare any known whol e
nunber greater than zero; a controller for issuing an instruction to said
n-cells; d whereip said instruction selectively designates which of said
mbits mﬁﬁﬁﬁwség e‘g‘ls'said n- cells is to act as a key field in accordance
Wi th said issued instruction.

1. A data processing system comprising:
an associative memory device containing n-cells, wherein
n is any known whole number greater than zero;
a controller for issuing a command to said n-cells in said associative memory
device; and
wherein said command defines a size and location of a key field within each of said n-cells,

said key field being utilized to identify data within said n-cells.

2. An associative memory system for data processing, said associative memory system
comprising:

an associative memory device containing n-cells, n being any known whole number greater
than zero;

a controller for issuing an instruction to said n-cells; and

wherein said instruction defines a size of a key field utilized in an execution of said

instruction.

3. The associative memory system for data processing system according to claim 2,
wherein:

said defined size of said key field is applied to all of said n-cells.

4. An associative memory system for data processing, said associative memory system
comprising:

an associative memory device containing n-cells, n being any known whole number greater
than zero, and wherein each of said n-cells stores m-bits of data therein, m being any
known whole number greater than zero;

a controller for issuing an instruction to said n-cells; and

wherein said instruction selectively defines which of said m-bits within each of said n-cells

represents a key field for each of said n-cells.
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5. An associative memory system for data processing, said associative memory system
comprising:

an associative memory device containing n-cells, each of said n-cells storing m-bits of data,
wherein n and m are any known whole number greater than zero;

a controller for issuing an instruction to said n-cells; and

wherein said instruction selectively designates which of said m-bits within each of said n-

cells is to act as a key field in accordance with said issued instruction.





