|  ASSOCI ATI VE MEMORY DEVI CE CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application is a Continuation-in-Part of, and clains priority
to, allowed U S. Patent Application Serial No. 09/928,151 entitled "A
MEMORY ENG NE FOR THE | NSPECTI ON AND MANI PULATI ON OF DATA", filed on
August 10, 2001, now U.S. Patent No. las wel| as including essential
subject matter of U S. Patent Application Serial No. 10/728,234 entitled
"DATA PROCESSI NG SYSTEM F filed Decenber 4,
2003, and U. S.' Pat ent Apﬁ ﬁ%ﬁ@%%k@? 811 entitled

" CELLULAR ENG NE FCR A DATA PRCCESSING SYSTEM', fil ed Decenber 4, 2003,
both of which ar e g : ) ' heir entirety.

FI ELD OF THE | NVENT] s i ' reral ly to an

associ ative nenory support for data proceSS| ng, and nore particularly, to
a nmenory engine which utilizes inproved associative techniques to provide
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No. 10/727,811 entitled "CELLULAR ENGINE FOR A DATA PROCESSING

SYSTEM", filed December 4, 2003, both of which are herein incorporated by
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reference in their entirety.

FIELD OF THE INVENTION

leoo2;  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 QF 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.



100041 When a serial conputation is perforned, that is, a matching
operation, to find all occurrences of strings of N synbols in a buffer
contai ning M synbol s, the maxi mum nunber of steps required is NM  Wen
in insertion of a character is necessary inside the buffer, on the
average of half of the synbols in the buffer have to be moved one cell to
the right or to the left to nake roomfor the newcell. In this case, in
average of N 2 steps are required. [0005] Serial algorithnms have been
proposed to inprove these operations, and they are based on several

techni q%ﬁnﬁl[' Wehudly &Ln qscr(])in'\’] ’ltagﬁgtl\r,ﬁn&g)rmtdf %ﬁé@ﬁt lﬁéﬁa q fashing is used

when the strings of ere tahingn this case
each wog eks&uﬂ‘ﬁ&@qlﬁﬂ sn W dift AU bOUARBYHP Y : as the index
wher e tﬁgt rd is storéd ?nLa(dlctloRg sﬁ@ﬂﬁ%&ﬁan§§§n t he

dlSadvanbagennﬂab1hyHMDFkﬁhmehJMﬂﬂhyIwhﬁhtﬁhEshﬂ$QQQEhbﬂﬁsHﬁ*ﬁﬁat|C and
does no&gchange | ocati on durlngﬁproceSS|ng Furthernnre generating this
nunber iY¥hen @dsinsgrtyperha icharac dhgmwwmsnsévéha|btmwdsnrHay be

associat ame n rln addj ti onal mork nd the
wor d sough?“*’ép?ﬁ??ffﬁsé%“ﬁ§3‘%ﬂ!ﬁqﬂﬁ* z%ﬁbhﬁﬂ“éfh“??é sfﬁhbtures in
whi ch a'rifghttt%ﬁ toHPIEft kB GRaIRS ﬁﬁﬁﬂtfof Qu:[ ngwb&éﬁlf & if-3LoLRA \Ly*}gtn(){)ne want s

to see if a given string is |locate the buffer, oné on

descend N fizstepeare anpiicddar act er  of the sought strlng at atime, until the
string is either found, or [lot found. 1In either case, if the string
contains M synbols, at nost leteps are required to decide if the string

isint EUE ) t | t hough this search . nethod is fast,
oy i nbiebe ShfRE RlaARE e Phir PiERot] i TR RE Nt ¥y ispinsive 100061
Contadt thed dire $aabd @nNRVREN te@l{nr;gtAM il$udin g;al'iﬁlhl (ﬁ'otlr&t lyap, for
finding the |ocation of a given sy or word in a $ingle nenory access.
Thi s neshtrodtumes k $laxbling fsonsdd whednlthagtdngvoondsyterleuts :.doasonbtofefitehd easily
to variabl Ien th strings of, synbols. Wen the search can be perforned
1\&ph. 15 3
in engt 1s case each word 18 assocmted 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 cither 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 scarch

method is fast, building the suffix tree is oftentimes computationally

expensive.

lwooe]l 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 sanme tinme, then the nunber of steps is reduced to N. Buffers with
parall el conparators and markers storing the result of each conparison
with a given synbol ha\ e been proqued to speed tip string searches.
See, for exanple, Alny et al., No. 4,575,818; Mayer, U.S. Pat.
No. 5,319, 762; Eskandari - Gharnln ct al., US. Pat No. 5,602, 764; or
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associ a rﬁllcl lnLtJh§ buFf)?“-tr tl{\ﬁ is W Ihu rfmgpa{lmn N o, ’f djerk ngh‘Gm\Aﬁ{z
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fromt heosumrmigmriz ondembdaat ethriimg tlhke rdiflf of cach brppdeiash with QJ FivieRe
conpar at O“‘@Wi% buffer. These conparators in turn conpare the given
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synchronously to a clock signal. this cdase thé whole contents of the
buf f er &’hn'»(bknehmffﬁe‘duﬂhﬂu&tll\,ome.oshﬁcpa cohhegatduiitbr&chheaveh, do not
of fer OE|?/ aéectlon of tqk\;g contents to be shifted, but offer only

gl obal SHifef ﬁ@ﬁdﬂfbn%“” Hedpeker ‘ttﬁ@“bﬁhégltwlﬁ o thyf las coBpRrEve
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ener gy e syi9peBiroW th dthiggf 1orgoideatdar PRI AN s CRRGELNB L R Thad, tile
p’sent i nvention therefore seeks to utilize a nmenory apparat us Whi ch

awPows Fompayetoys phshe bhbfeac léwss compgsameaic sy compard tangivand
del eti ons new e of nenpry storage. circuit called a Connex
Memor v f%@vﬁ]ﬁ%& gr"%'@% N @‘{ Fastociated storage el The result of the

comparison is stored in the marker associated with the comparator and

storage cell.

(oeo7)  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.

woosi  With the forgoing problems and concerns in mind, the present
invention theretore secks 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.



utilized. 4 ioovoi In particular, the present invention proposes a
Connex Menory device that operates in the nanner of in associative

i nernory, yet which includes a flexability not heretofore known in
associ ative nenory devi ces. 1000101 Known data processing svsterns MOSt
O tell utilize Conventionally addreksed nenory devices. That is, known
data systens UiliZe nenory devices which include defined Iocales
therein, each locale having its own particularized address. In this
manner , &8bul'B RerEyekenths Beseabinyadionen i osadd ¢ pengaMemenor ed at
addressdA\ dress convent i menory

I
devi ce \MIFM de& ?&‘?89?%33§E§§R#°f‘ﬁ HB&“5%5%86'“6EHFVoh§t“§?qbelIs,

wi thin ﬁﬂf@uﬂﬁﬁ ﬁofflé/xa(ﬂﬁl\{t'éﬁﬁot ﬁ&@t&f@rmﬂbﬁkéﬁ B hEERE i A IRR ry VH AR5
interface, to the procéssor where the appropriate sumat |8 can occur.

In such systens, the nature and capability of the integral conponents,
that is, thelggture and capabilities of the.processor and the nenorv
devi ces !0t e KEIWN gkt degeaitnedr sty metmpstophtohe tidigetdeenenfionaldw 1t i s

al so kn i a rpcessi ey ude e than one

processgggéﬁ gﬁéﬂnﬁéwge&fglﬁ a HﬁfUH?HE}gagﬁEf‘¥h5§eTaﬁ%fWﬂQP“bonponents

may be pakfcedfwRichvivktRMAd B@ﬁn@d‘ﬁﬁ%@ﬁtl{%ﬁi“mgﬁ ﬁwﬁﬁaﬁvﬂf* itd '8%1{ uctions.

These nultiple instruction streans tiple data streamt ( MD) devi ces

can be Wielwadaasndi adgecsol Inettis onsinef, dhiogihd laysvsauwplpedc&k&Ddedeyees where

each proggs in the system although operating in overall concert with
f fe‘g‘rl ¢ é@rp‘i

the oth@ ot addriss A |“§f p élgtpbﬁgqvmt@vﬂort wldypecBithe  portion
of a gr | [ VENgSS, of deviges is
t cal Fgﬁ |l}rt:i(?14c(] 76 Q}%}tg semé&e‘é'l'] Y LLéfrdetﬁ’as wher i NQdﬁ‘r obt'em to be

ed |deimidnis) bEeElls tWithal Bg PARESR) Bel Rt Oadd RLMGALIhIMtOth&kem | ar and
relatlvel |ndependent sub- probl ens. The nature and capabilities of
t hose i NRpBmsaNia an interface, to the processor where the apprnprmtt, summation

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.

loooral 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 muiltiple 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 arcnas where the problem to be solved
lends itself to being parsable into a plurality of similar and relatively
independcent sub-problems. The nature and capabilities of those integral
components of MIMD devices are also well defined and distinct from one

another.



conponents of M MD devices are also well defined and distinct from one
anot her. 1000121 Anot her known data processing systeminvol ves single
instruction, nultiple data streans (SI MD) devices. These SI M devices
utilize an arbitrary nunber of processors which all execute, in sync
with one another, the sane program Sbut with each processor applying the
operator specified b\ the current instruction to different operands and
t hereby producing its owm result. The processors in a SIMD device access
integraﬂ@ﬁ”nﬁﬁﬂﬁgeﬁ$@P@QBdﬂﬁ‘Pg@ﬂ$®@@Wamﬁ%ﬂdndﬂhomsﬂogb'MEkunsn,Cnce

agai n, n e and ca iljties of _.tho i.ntegral components of a
5D e TS def PRCRERRRBI T il S, e iU R rottlek Tt nat
conput a it r@NRRBECUt Eﬂ)(@(ah’g G{fﬁircﬂcaqﬁ gQJ&I{%gg%ﬂfwlﬁr‘ h%ﬁg\i{ﬂ e type of

access to a nenory device to el r job. e Ut a

processkh@smMBQEmgnﬁﬁebnhaﬁ&f@ﬁﬁlmaﬂah#ﬁa?bhnﬁgQﬁ@%ﬁbﬂﬁnP@ﬁ&ﬁﬁ@ﬂ@%ﬂt5 of
data, the defined and unchangi ng nature of the processors and nenory

devi ces the girent prstepdium undiféfrnppaeydatanshtleeby arodusngper atinons nay
be conpl eted. 1000141 Thus, warious architectures have al so been
construﬁ?&ﬁgmﬁﬁbﬁ“ﬁngpfé”'%§§WﬁgH‘EV8§%‘%?}PH§ﬁHF8'B§0P6é§““hﬂéﬁ“are not
convent kenapdindnigeRPdor. TUARE TRID ¥ A0UHE Sl Paly BLSALINJBPCT | DEC
as being 'aSsociative' nenory devi ces an ,as | ndi cat ed do"'hot cat al og
t hei r r dspechitegabicompohedat af HBIMzidevidhysivél defrad iaad dstibin t he
menory devi ce. Rather, associative nenorv devices 'address' their data
bits by e mgtanahen thivtrqompetagivas iary exefuleddy ihef pravasiosn tisator ed
t herein oSundata Wt hin associative nenorV devices are not
g oS (S RE R RN RHR S iR he nerory
ice, but rather fromthe properties of the data stored in each
particular cell of the nenory device, [0005] A key field of a fixed, or
| i mi t edjeosil z@Vide &nvaghdata praakbsidgtsastehor @ thorefonstaaddoot at i ve menory
devices. A search kex ma th?% be uti izeg t o, sel ect .
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.

looo1s] 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.

wootsi 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)



a specific data field, or plurality of data fields, whose attached key
field(s) 6 mtch the search key, irrespective of their nanmed | ocation,
for subsequent processing in accordance with directed instructions.
1000161 In these known associative nenory devices, all data stored therein
includes a key field and a correspongi ng data field. Known associative
sear chi ng and dat a- mani pul ati on techni ques exam ne the key fields within
an associative nmenory to determ ne which of the corresponding data fields
i ncl udesnatah dhofsepaht kouliaes paterastthiornanpd ddeftennifoedulbarpand. Once
|dent|f| ed, any data fields of continued interest may be 'tagged or

' mar kede‘E}V“‘é‘fga‘r‘i‘g?%@i”{iwﬁ ‘f”&ﬂ‘ej‘é‘ffd%*fllé“‘df”%ﬂé bits within the appropriate
key field, thus leaving tile associated data fields prinmed for Subsequent
searching or nmanipul ative commands 1000171 Therefore, known associ ative

rNenor Ve | ¢ehéR! MndRAMsB0&aNLE RhdRbry %PFLLDL llPt:Iapxbﬁ%rrM'i MG :t(h# cont ent
of key fields so as to identify those data field I nterest. ile

these knoindess delydidldenslystemsparredingefash fichl. aleutxahmx tegree, t hey
still suffer froma lack of flexibility in the searching architecture,
and t hu§eamiBins andidaty- lnénl@e*rlatégpmnwtv eiariimicsthedkphfirlslst taghin

processin | ncre . 18], Wt he foregoi,n ens and
concer ngn%ﬁﬁ%lgpve {He"Bre ﬁ“t‘” hﬂ?énh‘\/\ﬁ ‘get 1ksmtr'(')e“P 8?5&5@“&1@ ﬁsem bility
of knowm@saesiatd ¥ep ﬂﬁr&wmnt&%w fRS PRAYCARiN DX RARGNHN DR Mt i ity

whi | e simul taneously redu0| ng their processing tinmes. SUMVARY OF THE

| NVENTI @herjtiiogll Syt dits farldslojf eontiofied hetemﬁsem bimt@;tgt -Hoar tnmﬂmoivi de an
efficie (ﬁlat a. processing system 7 g i s anot her mfortant
a.ect gy Q&tﬂ'?etslénﬁtaf‘n\} YRS BFIW‘B'CFH‘B‘V‘I‘ iyt u approprmh key ficl

thus leaving the associated data fields primed for subsequent searching or

manipulative commands.

o171 Therefore, known associative memory devices rely upon a controller
capable of observing the content of key fields so as to identify those data ficlds
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.

. (ooo1s; 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 simultancously reducing their

processing times.

SUMMARY OF THE INVENTION

teootol 1t is an object of the present invention to provide an efficient data

processing system.



cellular engine for a data processing systemthat inplenents an active
associ ative nenory, or associative engine device, in a manner which

i ncreases data processing speeds and efficiency. 1000211 It is another

i nportant aspect of the present invention to provide a cellular engine
for a data processing systern that inplenments an active associative
menorv, or associative engi ne device, capable of universally utilizing
any cell in either the key field or the data field. [000221 It is another

i mpor t altt2e s felstansthemeanppesahaspay edtthopree mpriovedenato pedidear  engi ne
for a dagflprchssjp&,sgsten1that inPLeneggs_an active associative nenorV
devi ce, “orUIE EHEI: U Al RECCRHBR SYEIRE thatdnyfenyyndt pPRECHSH bet ween t he
key fiel sLhe . , fiel. 5 0Gi, . at.j, v: .. deviice during the
inpleneh%g?FgHLoﬁkgﬂgséégsggﬁﬁaggggggﬁghgﬁa%%bb2%?“¥®¥féggﬁb her inportant
aspect ofcrédes plags pRdeckHivgnrpleods hed pffaMiae,. a cellular engine for a data
processi ng systemthat inplenents an active associative nenory device, or
associ ati ve engi ne, whose individual cells can selectively process, in
paraIIeI6 a given instruction baseg un n their respective state, al

wi t hi n 49 ndi s HISRK BYRPEINY avRish 0T the PEeRb i RET N & PanY Ideshect of the
present HNVGPL I Py Qui w Gl ulk@ \gi; Qlonds dataREocessi ng
systen1%ﬁ2¥q?%% gﬁéﬁ?s{gﬁh%.??bgﬁﬁhéﬁggblgggfggﬁtgﬁngé?ﬁdﬁgggengine, whose
st ruct urssdcithenmgenaguer athusativd baginegd dhiee, vapybragreuniveeal Bf
informatign stored in nmenory to be_&iart of) either the key field or data
field attidifiteranech i“ﬁé‘sthﬁﬂl){ll“hbt‘ff helewedh dohr belda program iollo25i It

i s another object of the present invention to provide a cellular engine
fgl all efficient data processing sVstemthat enables the dynam c

| 9N t at joghy) Oft hihciREr GhpSRARLaYhIRION tRE Ipraliit YRy ASHAC t Qe JEBOr Y

devi ce. 000261 According to one enbodlﬁ%nt of the present invention, al
associ at¢ldar wpgoryfosupgdota pfaressangaystepr dudssirignewst emactiek udes  al
associ ati ve,

associative memory device, or associative engine, where there is no
distinction between the key field and the data ficld of the associative memeory

device during the implementation of a predetermined command.

(ooo23] 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.

looo241 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 homogencous, thus
allowing the very same piece of information stored in memory to be (part of)
cither the key field or data ficld at different times during the execution of a

pl’Ogl"ﬂlT‘l.



mernory device containing n-cells. A controller is provided for issuing
all instruction 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
clock signal Z to the associative #enorv device and the controller.
Tile controller globally Comunicates the instruction to all of the
n-cel l s simultaneously, mnthln one of the clock cycles and the

i nst r uctopaH ﬂtsl“aﬁblthéﬂ“%f@bi’ Yha Bf‘eadh“b\fuﬂh@ frprsetit o cdbder71 These

and other obj e qﬁ '%épi gresent Jnven |§ -"tﬁ _ 11 preferred
embodi mEHEY® él‘]é’ﬂ ISR BEPCBYNSoRS T aR A 5 tet V‘%’ﬁé‘b‘l fication,
cl ai ms ﬁﬂqtq{mﬁ'gﬁe K@Jﬁ%ﬂ c@ WitRhe Fan BR & JRERCH PTJ,Q}LSF ﬁtﬁchAW NGS

[000281 Figure | is a |'ock di agram show ng the general architecture of a
menory engi ne, |nclud|ng an outside controller and clock el enent,
according to one enbodi nent of the present invention 1000291 Flgure 2 1s
a bl ocklopfizag et BipictUl are A aserwet vf dhginfeswft ifvgatien, an gssegadet at i on

with the different sses,that permt the exch e of information
ot ween O BEREEPOR dRE S B n Sl AR G0 d8b901 B gure 3

i's a flapdbAguRNdeR]Hikinggy EIRTORAIIRM 1P P@ma%a mﬁﬁg LAt on of
the nenory engine of Figure’l. 9 1000311 Figure 4 is gram

depi cti ngstandtdreto d@nbadiotitiveahe ey ghneral A dpek dbivies aftptibeamenory
engi ne of Flgure 1. 1 1000321 Figure 5is a fIOM/dlagran1dep|ct|ng t he
pr ocessiFRgCyONIng. q“i‘%“h“&bﬂ#ﬁr}ﬂfw ot WeP Frsh oy ned g Hebex onlg\s e 1.

1000331 ﬂlgu per sc&?ncﬁ tht b faram ugﬁpdt%nﬂrlgm tHQquQIrLQl(l;P'el%il A8 koslz,nal read

to the associative memory device and the controller. The controller globally
communicates the instruction to all of the n-cells simultanecously, within
one of the clock cycles and the instruction is applied equally to each of the n-

cells.

1000271 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

woozs;  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

loooze1 Figure 2is a black diagmm dcpicting 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.

loooso; 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. 1000341 Figure 7 is a flow
di agram depi cting the processing of an '"insert' command by the nenory
engi ne of Figure 1. 1000351 Figure 8 is a flow diagram depicting the
processing of a 'delete’ comuand by(the menory engi ne of Figure 1.
100030 Figure 9 is a rom1diagran1dep]cting the processing of a 'next'
command by the nenory engine of Figure 1. [000371 Figure 10 is a flow
di agram depi cting the processing of a 'junp, comand by the nmenory
engine of Figure 1. too038i Figure 11 is a block diagram show ng the

| nput anghsQUiERireSd GNADR dIBAMT Géhitank NBHA By BRIRIVLARK £6,00) the
menory engine to its environment, and’necessary to connect deveral
menory devrdes boget hamoryl 00Q3RloHiguee 112 is a bl ock di agram
illustrating one enbodi ment of the internal structure of the nmenory
device, in which a two-di nensional array of static or dynam c nenory

cells i de. accessible through two trapnscoder .cireuits. 1 0 (0004oi
Figure I gﬁs%QJHrgiw‘hhgﬁ?%W%EﬂBﬁiﬁﬁdPHe FnBUFtﬁﬁﬂgﬁﬁﬁpr”%'gnals

requi r edoffnhi & @een@nfafSnd Bl 1LY CEl | to its environment. 1000411
Figure 14 is a circuit diagraéi | lustfating the internal architecture of

the nmenory cells which contain storage for a synbol and its associ at ed
maker according to_onﬁ enbodi ment of the invention, through which a
syrnbol P8R ligwedssottlavediagirrelepidinphespocesingivba ‘wedd from or
conpar e readcast — synbol.. 1000421 Figure 15 is a circuit diagram
iIIustrg?ﬁﬂag?%égﬁ%ggingrwggg ¥ %8?8%@“6ff the transcoder circuits shown
in Figure 12, according to one enbodi ment of the invention, through

h the two_dinensional array of nenory cells can be accessed, and

ch alpwus Figwregeiver Hohodiagiamhdepiddng slse pfodeheng iof sin ‘orsert’

command by the memory engine of Figure 1.

(ooo3s] Figure 8 is a flow diagram depicting the processing of a ‘delete’

command by the memory engine of Figure 1.

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

command by the memory engine of Figure 1.

(00037)  Figure 10 is a flow diagram depicting the processing of a ‘jump’

command by the memory engine of Figure 1.

tocoss]  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.

looozst  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.,



| ast marked cell. [000431 Figure 16 is a circuit diagramillustrating the
contents of a buffer nenory as a conbination of Random Access MenorV
(RAM and a RAM controller. [000441 Figure 17 is a circuit diagram
illustrating the internal structure of the RAMcontroller depicted in
Figure 16. 1000451 Figure 18 is a bllo@k di agram showing a nore detail ed
view of the nenory engine shown in Figure 1. 1000461 Figure 19
illustrates the contents of a typical assqci,ati ve nenorv device. 1000471
Fi gure PB4 | FLite deds adplogk shairam vaoweioe Wt dadapaipett mihds

traditignpal. distinction between the key figld and.the data field has been
r emoved¢ “‘f“‘)ﬁsr/&l‘n‘té‘!t}‘:béééﬂl ‘Blef‘l‘dﬁ‘ﬂf—‘“fﬁélfpﬁlzﬂERﬂEB“@ | MENT 1000481 The

CMis a physical support for strings of words each taking values froma
finite set of inernorv svinbols, each word augnentated by 'setting an
addi t i onahn bFtgurt:hlierishycinarik idivg;riheiiivot chtiigt theomecrof:l bwdhisicatesof mar ked or
not marked. The term ' penory synbol' is interpreted herein to nean a
fixed- | BMgmeredy edls whidy cagndetturasrelopid u mbplgyh dserFergasl webehds on

t he achl:clocfai 1. OR, %ﬂq Jlﬁlni;](?ltll‘leslqtofath%ri'n?yrn'lfio%p 'torf‘ﬁgxl*h-I;Uﬁic 1t ( lstQ;[nLBrn? a91fd ti le

pr esent rrventd on“al 19w T 'or ' ne exelution of "alt" the 'cM ¢dmrands i n one

cl ock cyglagsididtedandddcayalfbatoF@int®t@hY fEWhC8r Ehdbar@f td hdrdedapt
typically encountered in Current cache nenory technol ogy. The structure

descri beymbelein is that of a stand-alone circuit, which call also lie
replicated in a nore elaborate circuit. Figure | depicts the general
architecture of a nenory engi ne 205 according to one enbodi nent O the

present mimﬁ‘z‘{e'ﬁémi 18 ;Y"?ilrl*ui@%i;i\gr%n?ﬂ?&e@”tgﬂﬂhJ ShatdPRshliR W thypot h an
the 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.

(eooa3] 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.

loooasy Figure 17 is a circuit diagram illustrating the internal structure of the

. RAM controller depicted in Figure 16.

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

memory engine shown in Figure 1.

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

device.

tooos7]  Figure 20 itlustrates an associative memory device wherein the
traditional distinction between the key field and the data field has been

removed.



outside controller 255 and a synchronizing clock circuit 256. It will lie
readily appreciated that the operation of the outside controller 255 and
tile menory engine are coordi nated through use of a comon cl ock signa
issuing from the clock circuit 256. Ebreover, t he present invention
contenplates that tile outside cont¥ | I er 255 mav have any nunber of
ciruit-specific configurations wthout departing fromthe broader aspects
of the present invention provided that the outside controller 255 is
capabl e of issuing conmands to, and receiving data frorn, the nenory
engi ne 20DETAIDBD DESARBIPTION OF TR BPREFERRES ERMBAPANBNGSSOCi at ed with
a Line Nlel norv random access device 200 organi zed as a pool of buffers,
each of which has a size equal to the size of the CM 206, and which is

i ne 205, hereinafter referred to as a

under the coi{n qui tqe ,Qﬁnpri en .
Connex &R n ‘(?‘j’—%.‘bﬂ}l’é}'“b FhEEerbiorshdags pliveds cogh sikinghralved to as

lines, [$ntQ @hitowd armssa-6hy erboh Jo2nd del et e operations to be
perfornednon cﬁéfacfefnstrfgﬁgnpgﬁaéﬁcbﬁgﬁLnngnbghékggﬁﬁ€%5¥eﬂ]mjthin t he

CM 206, additictmal bif elicrabl; onerkis@she oford WRhaRNGRLLORLAR hSAMaas pover
di ssipation, as will be discussed in nore detail later. iooow Figure 3
i |1 ust r apesarked gdiur wrmappeineay issmbsfl” shet@preed Ibegimni nganva t h bl ock

302 where a ,character string, previously selected for inspection by a

cont r ol f ‘é‘rgi%‘ﬁﬁ“i ‘s‘"ﬁbé{aad’fi‘%ﬁap‘[‘ﬁi‘é g@%dﬂ‘gt‘ﬁ\}’é“l ?'H@E‘n‘é‘ﬁﬁi‘yiﬁz%.thiﬂ l e

char act gppBédticigahd i ANPLMSLHriofi @ col | ection of data symbols which, for

the purposes of illustration, are | oaded into one or nore of the buffers

intile line nmenorNr 200 until conpletely stored therein. In this manner,
h buffer &F the line mory 200 contains a different portion of the

car act BP9t IhRGHUshen obBkt PERCRRIEtiensahave domthe oxedwioni gealdf the CM

206, asyfli eRMSSEN R EVI,ONS] ¥ 00521 shown in block 304 of Fig. 3,

the CE 205 ﬁgads t éﬁb%h§§%¥gm%%9??1%ﬁhﬁfgbybgﬂfﬂgF“ 5m§é%iH§bééﬁég from

the finef thd éclhgrty p20dlytendohert&VMi20Gurkim @cHatdemory 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. 1t will be readily
appreciated that the operation of the outside controller 255 and the memory
engine arc 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.

foo0sol - As depicted in Figure 2, the CM 206 is associated with a Line Memory
random access device 200 organized as a pool of buffers, cach of which has a
size equal to the size of the CM 206, and which is under the control of the
memory engine 205, hereinatter referred to as a Connex Engine (CE). The

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



RAM bus 100. The CM 206 then perforns the desired string operation, or

i nspection, of the | oaded portion of the character string, in accordance
with an inputted command fromthe controller 255, as depicted in block
306. The CM 206 then determnes if one or nore data markers shoul d be
set in the inspected portion of theléharacter string in block 308,

sel ectively setting such a marker in block 307 and re-setting the marker
in bl ock aOi;‘I; W | |. be readil apPreciated that the determi nation as
to whet H8 “Aét‘o‘r’l’%F'8“dé‘t’ R KEPEd SRSRE b Bt swilemger hagi ey portion
of the r.ang: whi gh. e hifted to the 206 w || depend
on the 233§?§§§ﬁ%%%ﬁgﬁg”ﬁﬂ%u tggfggéfﬁgléb%& W%)WQﬁrﬁgﬁsygs w il be

di scusseghplemonraiotediad Ired @@y pol@P R MIiETas| APBEIENLNE PP ddon Of
the character string in tile M 206 and, if necessary, setting one or
nore nadetrblatherein, the CE 205 then stores the contents of the CM 206
back in the first buffer of the line nenory 200, |oads the contents of

t he second buffer and perforns the sane operation. The CE 1 3 205
continu he; t f hoadi a.b r..ont he- 06, string-
processﬁﬁghiﬁhgﬁgig%Phgb%$’gﬂdgg¥g?¥ﬁghﬁﬁgﬂgéﬁﬁéhﬁgggbs%%éhfkm3206 back
to the wath besck 308 wihekdhe chhplcerchanach arvisidly RolcbRS! mqﬁsﬂrc@i%ﬁsl%ed-
Because OF the Ilevel of locality present in the string of svinbols

sear ched, corteollar dpfe s pdeduntety tvaded rite mvevey 286 dhirckl y
decreaseg_as.the .nunber of . segarch ,operations progresses, quickly

limti néﬁi‘ﬁ‘é“ﬁuﬁk‘“bf“‘688}%{{%"&)&‘4 4 b"’g‘@ﬁﬁrrf *Eﬁﬁﬁbaﬁ’“@f “E“I'f[f’ PE 000541 1t
is ther ?’fu@?ﬁsﬁ;noﬂ MEELABH, ARPRAUATintDENnP 2 SANE: bl‘”'Mﬁ“lB:!nQ@rst o tifiGe

irety of the character string data stored in the buffers of the line

ry negoonedflnottilbempelestli tstoeldythicngpednethii manesponsd hoffer comand
i ssued nrggl‘thq contrﬁller.255 ?ﬁ t he presence (or absence) of set
mar ker s 'EnYBE BCRETY 00 copfaipg nsditiorgad pitivnnal By shaeasteubeayuenthr evi ew.

Eg;r gﬁapgrkﬁgn 'gl]\:c:i\';ie a gfﬂﬁm%gttg $R0E3eRY thbent o8k A LRL &R ;')rne%crull‘%q%/s a
o021 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 becen
shifted to the CM 206 will depend on the specific command inputted by the

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

toooss]  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 2008, loads

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



el ements (as will be described in nore detail later), the CM 206 wil|
first go through each of the character strings in each of the buffers in
the line nenory 200, setting narkers where appropriate as it searches for
the first of the data el enents. Subsequent inspection of the buffers in
the line menory 200 will then be rebBricted to those buffers which
include a set marker, while excludlng those whi ch do not have a set

mar ker . bn thi,s manner, the CM of present invention need not
repet i t FORKYNEREPT HG FMde gl i er §1m|b¢1rﬁk‘r¢lahh6tt P20y ingc] ude al |
conpone of: t t@n, S450,0 search njfjcantly and
oo ae Brgetlingy 1 HRIMAIGT AR ORnd ThF ERRERE i IE R Badl UR3™ e

speedi npuffes, Fl%‘ti;lethk'tﬂﬁolel(q{mﬁé@r LifrinlS Shﬁmw}egrdﬂn%{ aplcARReFLHOf the
present invention that the CM 206 i's capable of perform ng a nunber

operat|bnelnmlgeﬂmy¢ebmmnnhtbneimnpt%ewnﬁnm{Lumxhhinhon&unbomktcycle

Therefo t EﬁfpeCt to Flgure 3. and bl ocks 306, 307, 308 and 309 in
parti cuby Hers kadednpissthenabl & 6ﬂHECk;thF*aHLéP‘“p?‘o'é‘és%li“ﬁb(bf’ sq¥igze bl ocks in

a singl Lok thust ke appreciated that the
|nd|V|d§5§L ﬁ#“ MgébﬁF H(gdtkkthgéﬁéh%%:é ﬁ( Hief FRKg“tH ot'Her block 1 4
di agr ampu@ibdrhe Pi@gsent i nventi on, are not to be interpreted as being
tenporally sequential in their execution, rat her the CM 206 enabl es the
paral | el processing of many blocks in a single clock cvcle, as discussed
preV|oush¥ }OOO 56 Tbe next sections dF cribe the operatjons of the CM
206 and %1 e B‘pte‘r‘é‘ti‘&n“Bf”“clHHttEE s 1 é}teafte“f- ngaraintion thabdlvei at i on

W. th Sp@ﬁLFJtG urqqammn@?ctérsav@g; Jwt tdi n%dcqnm(%mlrrs%ﬁﬁm 100034 h Fhe CM 206

ates by receiving conman ata, typical from the controller
2 : V%EOO@QGdBﬂdSMIﬂqm&MEmBIﬂ&p&d@ﬁahamdpoﬁuﬁhva$nﬁnﬁ£mmdﬁUdeﬁﬁ&nd whi ch
| ocates all the Occurrences of a given synbol, or data elenent, in a
char act 8¢ contrallpmd?s asthy peeseure Brtabpesrrddet markercmadie: cubtin

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 scarched,
thereby significantly and progressively eliminating the review of large

amounts of data and thus speeding response time.

logossl 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



the command and tile synbol are fed to the CNI 206 at the sanme tine. The
CM 206 Supports several types of commands, divided into two main
categories: forward commands, and reverse comands. Each group contains
three types of conmands: commands that set or reset the markers associ ated
with the cells, commands that accesslviords stored in cell whose narker is
set, and cornnands that nmodify the word stored in a cell whose marker is
set. Akf gb Fﬁ present design sports a one-bit marker associated with
each OPEGEWBE (¢ BEVER P“bWF§”céﬁ pat isky pls e ﬂh@tsvate of each

word wi ttm ameg ittluﬂg Iftﬁqﬂbﬁ*}%c ﬁ)@q Tat REPHG fl\ff)%ﬂé Lftaf(haft | nvent i on.

[ 00058] W f|r scribe con- unands belongln Ycommand

group. PaeallAigtrouaisirgnsf idanvitlackeves sitedr Aupk ReNAVS: i A.Jdiyr ro-i mage
fashion, as described later. In the discussion that follows, the term

synbol PFébKE&&hts any | ogical block of bits. For sone applicatlons, 8-bit
bytes call be the preferred inplenentation. In others, such as biol ogical
processing of genom c strings, synbols call be 4-bit entities 15

Forvar d GRS, [R0ER), PR HEIRG ERRG ANy ORT bodBERaLonS, 10 Fnput

data string is fed to ht) at a time
al ong WﬂphﬁﬁuﬂonﬁﬁﬂﬂCIJZOWhquih&lQﬁﬂﬂandIh&nﬂdﬁ@ﬁﬁﬁhiSﬁagthynbO| i's
S|nultaneously conpared to all the synbols currently stored in the CM
206. TwsoRypeRdoisseebar theongitrolks?@5t i onal and unconditional, can be
perfornmed. The first svinbol of a string is searched uncondltlonally,
whi | e subsequent synbols are searched conditionally on the previous

synbol et nTHREEM 2@dIngedafed he coniBNEO ] MIeR. r onls an
@ ohe Syt TRt ArBse o e e SPyEPE el
e

rt|dwlp@nh@“ar35%hWVhedcvm@mnubynqmavhodahtqmnaaﬂdauﬂhasaeﬂmaynbol is

stored at the %nsFr Hon ﬂ I n one enbodi nent of tile resent
i nvent i SHMPHE PHEIERY Hebd dheiscprentescaltd sh o SWRBOE ior stataymbol  wi t h

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.

1oooss)  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.



a marker set. 1000611 It is another inportant object of the present
invention that the search and insert operations operate both in one cl ock
cycle only, owing to efficiency of the CE 205 svstem architecture, as

di scussed previously. 1000671 Wth string del ete operations, successive
synbols are read fromthe deletion pbint in the CM 206, and all the
syrnbol's on the right side of this point are shifted left by one
position. Here again, the deletion point is tile location of the first or
| ast st boagarddlemmardsa set marker. The read and shift conponents of
this operation are done sinultaneously and take one clock cycle only.
1000631 A description of the corni nands inplenenting t he above operations

w1 NOWRE FPLHNLearth Gt RdA L dREHOAD, TJ?»[Eﬁfda@shﬁpﬂgmga (dr € _access

comands. eplc iagrans o the Find

corrnandt!ﬁrayr\bezosedutqmlbtel (CM. cRQfacYérd at haihonlel Lx&fh 2%bnahong. Wth a
svi nbol which the CM'206 associatively conpares to all the synbols

cont ai nd¥him the sommand iy acebrdy, caheypdsiblis sohutthisowdyrandirsdithat t he
mar ker s all tile cells follown whose coptents match the
orven sytbr bl fufRlT ndrest ol ahidles 1R SPeSEr SRRy 3

bl ocks %gﬁ &4151!' lnﬂsﬁﬁ&;lﬁhhnﬁaie%%lye Qj}f&} fnal ! Tﬁ@rmapdxsnﬂbnl oggneral terms,
Fi g. , 303 and 305 i | ds trate the specific 1nplenmentation
of the Enm@,eomn&nﬁxiMnth@deuﬁaﬂesuMhb*ﬂﬂtEQeLmmadﬁduhchanaanémdstr|ng maV
be accommopdated in its entirety within the CM 206 ce Shﬁf 304 in Fig.
3 and c6PRE¥pEhdivng shepraopusisynqy haynyg éfs“en*%ﬂéged % detai

| ater and in accordance with anot her enbodi ment of the present i nvention.
| so illustrated in Fig. 4, the execution of the find comand occurs

hin Fo&biNAVBCE ItRE bpeYaldh ik lindeef ahengenli@t tiethECIMdioeati fge t he return
to the general flom/dlagran1of Fig. 3 after execution of the find command
of right hand-side of the insertion point are shifted right by one location, and
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.

st} [t is another important object of the present invention that the scarch
and insert operations operate both in one clock cycle only, owing to efficiency

of the CE 205 system architecture, as discussed previously.

. oozl 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 simultancously and take one clock

cycle only.

tooos3] A description of the commands implementing the above operations

will now be explained.



Fig. 4. For exanple, assune that the present invention represent a synbol
whose marker is set by putting brackets around it, and assune 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 nakes its contents change to
"REQ N AND Rl BERT". The narkers oflfvhe two O synbols get set because
they both follow a cell containing 'R, which is the synbol to be found,
as depicted i_ln ?,ogk 308.0of Fig. 3. [000651 The cfind command, for

"condi t {°0tAl Thierfind apgratind icppiaands ¢y o, cammandat As dyiistld ins al so f ed

Lo Lhe 0 08, Bl aney S, AT R R SRR BB ISR .

associ ati ve sear svrn

buf f er s 206 viehd to@roREDESS 20By \R hﬁta haﬁﬁopwmrkkﬁfc thAboss previously set
are involved in the conparlson as depicted in Fig. 3 block 322. The

resul t kssoddtatelgebhparhato hl thowyalsds komhenel a imtMhmoncuy selet their
mar kers_set . At he ot her rkers get reset. Using the sane exanple as
above, S rﬁfrfjj"’ EHBIMA 1 Tt ey bBkarath 41T hagel fdbonvimgr xe¢!l set |

then th?vlﬁ%ﬁ’eﬁtf 'rﬂq{cg)thje 1\W1| nﬂwe(ﬁtarré G tRﬁg%%%ﬂée n}rE oD nRa“ son to

only the nma cerl é'bot h” of  them ¢on Hot h

conpar i seqrs. wWRilSIEES Hodks F0W31DRI B KEthObxedutiRncef A1 d)mrhhﬁdﬂ:ght of
the cells containing '0" get their marker set: "RON AND RQIBJERT".

Assume gﬁaertﬁﬂq‘ww 3,445 hievbe%bbu&ﬂédlmw{bﬁnllbmryﬁt He speedond narked cel |

sees a Suc essf and th rker of the F  synbpl, gets set:
ron B e Reron TR BRdk Rt imTRES saer “RrC S HgeRe %or Suaa

el enent %mh@v& chﬁ%g rﬁganﬁh&féumﬁomﬂ{qpmﬁuﬁﬁ%&smhnﬁ%e CMl 3@y nativel y,
! successf ul ches are output to the control 255, as depicted in
b™ocks 3]2@"!(3326(;})305“@] Fig. "5d;ﬁ)cﬂ)@ﬁﬁlawsuhnplsmmw'heﬁegn% ), it disclibseldeinr eadi |y
appreciated that Fig. 3 depicts tile baS| functi qng ?f t he present

i nvent i GROTCyLRIat a‘F‘W Hpbm SegIrdope Hilh arowir émhhﬁ @t dBfmIkut

Ther ef Ori:?ver’itﬂ%. g\haéﬂg(ﬁl%btﬁ{t( 4 QH F 1g.e~§,ctill Q@(g( ut'ﬂm? ap ﬂ?&“nqp 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[OIN 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.

ooss) 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)



with, e.g., block 302 may contain one or nore data el enments in dependence
upon the nature of the issued command and the specific data being

mani pul at ed or inspected. Moreover, although Fig. 3 assunmes that the

| oaded character string is larger than could be accommodated ill the CM
206, thus requiring pieceneal shifting of the sane frorn the |ine nmenorv
200 to the CM 206 for inspection, this nay not always be the case. As
depicted in Fig. 4, an alternative nethod includes |oading those

char actwllgfrrrngéhqnawngﬂna g‘wearﬂa@atwe‘n& tbenmj %fée@)‘rhméatted“ﬁb the CM
206 dII’EE Lot g) 61y A5, Shown in bl ipectl on of the
charact & '%‘t ‘h‘éj 8abikd H‘t Ofhe’ 0 Vighydo i 7“% v é“‘é Srprls i

bl ock 3@ cdiy %Cﬂf(}rﬂ RES Wd BolthQniReehd | qumnqmwml doe w(wﬂ 305 i ||
set or re-set nmar as appropriate. Z'000657 It will readily be

appr eci aineld ROFBIIRT s eheairmy ehyt dfymdddiingothexcrt@3heandlt hlec | i ne menory
200 in those situati ons where the CM 206 can | accommdate the data to be
i nspect e*dﬂﬂp*r vesked fgll Brerea anwexfp!émaewéwe*ﬂggmd ey e keopt é'é‘pgndi ngly

conserved 8 wow, An : d comand.
The reaﬂnb“ &t Wai'd gmr{}jﬁ:lraagﬁﬁﬁm BGPIS(K{’TFCﬁ"ﬁﬁﬂe“éﬁ}nﬁnmﬁgtor ed in
the fi [.§1tnb0|s‘ &r dE ol @héntdPRAve Babd sé’mtl@@i haswacr@ikafccseful dom, the
presented schene, according to accepted practice, the |eft-nost synbol O

t he CNI aHGﬁuﬂa&hAddmesm@ ‘*“'faldlﬁﬂ’tdhdlﬁ“l atautpit Meldhesentyrher 385 s ng a

st or age capa t M 000691 As soon as a read operation is
perforné'(‘:lP" 'r”l{“g?%i% JSjust read is reset, and the nmarker of
the cell next to tile one ~ust read beconmes set. Assune that the CM

mi ns "ROQON AND RJ BI FI RT" again. The result of a read - forward
nd dbert e @il pnicdbiyert:tre iOMilbbetrhad by applecidted thatdFighé depicts the

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.

wovert 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.



| ef t-most marker changing as follows: "RON JAND RJ BI FRT". Hi e space
synbol is now marked. Figure 6 illustrates this process as block 330, tile
operation of which may be included in Fig. 3's block 308 when a read -
forward command is issued. (000701 Aﬁgther proposed cornmand is the insert
command. The insert command is appli®ed to the CM 206 along with a synbol
X. This connand takes effect only on the first, or left-nmost, marked cel

of the_ Rl 2861Me Do R MR [ Sp) BREA LGy bhe GRRLEDS S éﬁﬂd state of

all the c&' , I nc

mar ker Sred € f@ﬂuiﬁcﬁ@inﬁﬂl dEnTaketh Y MRO6 rPRE&WIthOR, naRd hhlﬂ@dSMnﬂDIQl X i's
stored in the previous location of tile first narked cell. The marker of

t he cel firgthat- §hsrleftHe1@ei veld w he‘hrh;w Symbir wsi lndi;letprt Thdedmckemeof t he
cell that directly the ri f this an exanpl e,
assun n@cwétn& bbb PEss the 'ﬁr@qw‘m S tf)]qEE;Piembthén i nsert (X)
Wl (';ﬁc?dr‘e 0.5a0 ﬁ{l.-tﬁ kL. nﬁ{)‘Foﬂzﬂ g@ﬁM -P, [232%91 1A'\l'§?a;,'3[é?l V\ﬁRT'('uf M gure 7

illustrates thi's proces I8 ope ation

acconplg§ﬁ@ﬂﬂgn Fig. 3's block 308 when an insert connand IS |ssued and
the character string is larger than may be initially accomodat ed mﬁthin
the CM 206. 19 1000711 Anot her proposed connand is the del ete conmand.
The del ete connand wor ks %\rﬁnoving_%he $¥qg sﬁpre?t[ ‘n |rst

o keq E8R1 FSTTEN o ahid OPsEEY i EnEY OO Ribe S AP MG T ¢ e
right Ofreﬁ(h'ieasr&@l, andBRUTL AT dihak EheEMeant amn%Mt REhINb o ANRCRGLHB] ERT”
then after the delete Command takes effect, the contains "RQJ] JAND

' RO Bl EREsuntd guit@éh8 CMI dangainat"8O[IN]i SNbr Bééﬁi;l‘lé“é bf ook 'Qamwitlﬁeﬂfo@er ation

0 ich may be conmplished.in Fig e conmand
msuéaa arf@‘”“t"r?g“?}ﬁ&? Br sty R Pgha?d‘g Syl A o ly
accommqgﬁ-‘?xq()é'{"1]i1mlﬂ\rtdh|aﬁgin%v!. Qflows: "RON[ JAND RO[BJERT". ﬂn. 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.

foora;  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 "RIOIN AND R[O]BERT",
then insert(X) will cause the contents of the CM 206 to "RX[O]N AND
R[O]BERT". 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 accommeodated

within the CM 206.



1000721 Anot her proposed command is tile next command. The next command
does not have a paraneter, and resets tile market- of the first, or

| eft-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 exanple, assuming thdt the CM 206 contains "RJO N AND
R[ Q BERT", the execution of next changes the contents of the CM 206 to
"RON AND R[C] BERT". Figure 9 illustrates this process as bl ock 335, the
oper at i bw7iof Awhitber prypivedacvomendshdbc ideletegongmang) oldke Q@Pﬁt@vhen a next
command iS iSs and the character strin er th

|
o MR i P e TN 1ﬁe‘*ymﬂo*éch*obbt}@rﬁﬁéfm AR By 1o
Fig. 1, uh@uftﬁ(éﬁgﬂom mLt céh%eﬁar of 8% c&l'TLetd {REALH addriesst off\&,nﬁuw st

mar ked cel For exanple, if first, or left-nost, cell
of the OMtadG (hlmsumitanfmrﬂ(é[rNlsatNDtR@rB]l"RiTéxtlmat lfttnSlh@ ddiftii t is t he
second cell that is marked, then index retur mng that tile CM

206 cont‘aﬂhﬁdlmﬁé‘ﬂ‘s}t"rqfﬁﬁt thq(l\!}/l ?&Nﬁﬁﬂq @I(ﬁlﬂﬁN”a]ﬁ@“t‘Wd‘iTt he gty Png " RON!

is stor in the .left-nos | hhen index returns 2,
si nce tel?‘é ""st%ﬁBl“ Prf\F“’E]q b‘fl%§3§tthbd )rtgg{lém gf n 11’311 "¢ 206. 1000741

Anot her @&99@%@[&9@%@ J Blokhs0enihan Qneiect&mnﬁmﬂul i€ iWiictieanane command
is applied to the along with a synbol S, whichis | 0O witten to

the fir she ohataetdr-sasl; indaiged thah Imaf bt eitiably 2EEMIThdatwdrkithinthe hi s
cell is reset, and the marker of the cell that linearly follows is set.
1000751%\1&0ﬁer proposed command is the wite-all command- The wite-all
command is applied to the CM 206 along with a synbol S which is witten
@ t aneously and in on(, clock cvcle to all cells of the CM 206 t hat

haWe a ®eh mMakdkéer pFhgos@r kanhmafd ihdsened disnanedr eblet peahd t he markers
of the cells that follow these cells are set.

command does not have a parameter, and 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 "RIOIN AND

R[O]BERT", the execution of next changes the contents of the CM 206 to

"RON AND R[OIBERT". 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.

(000731 Returning briefly to Fig. 1, the index output 13 carries the linear
address of the first marked cell in the CM 206. For example, it 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[B]ERT", 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.

l0oo7sl  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



1000761 Anot her proposed command is the wite command. The wite conmand
is applied to the CM 206 along with an address A and a synbol S, which is
stored in the cell of the CM 206 of address A This command is simlar to
a wite operation in a random access nenorv. The marker associated with
the cell of Address Ais reset, and Xthe marker of the cell that follows
linearly is set. i00077i The read command is applied to the CM 206 al ong
with all address A, and makes the CM 206 output the contents of its cell
| ocat edwatttexdtlr Besfist orhitsnosnmanid:d sclbihtlhat M @06 hd hveadrloperfahion of a

random access inerriory. The marke f the cell accessed bv this
operati@ﬁfi%mﬁ% el Barkeroug skaﬁgt‘h@wﬁb58&&35 Eothtand is the junp
command. The junp conmand is applied to the CM 206 to address those
situations where character strings of varying |lengths are stored in the

CM 206, (oitbshi h AlrdeRéd palpospd@lnxesnand thukddinesli (onanasdmTheequirBcRl starting
the two strings, and sane sequence ending the two strings), but with

di f f er esemmiahd ecappling] tawicchM 206 aldrg; ofitihda 5Febeht whinhitih, waitdn
furthernore if the |ast. svimbol of the prefixes of gll _the strings are

mar ked, SPHEHRRHEBLABGEN SR pOrTs Y TopbratFon BaTNReRgt okt ah t akes
one opeg d o AV @hsd SelRESL dcbdUShOAhE Itk b sxaapl e. 2 1

[ 00079] [’%sn%aﬁlg‘“the C@%ﬁgg “cont ai(n,ﬁ, two Stri n&s |hn dlffLere)nt parts O its
st or agethatAAROABH R se cATCAYe and " AAA' ~1DDD' X, CCCC', Wherc ", ~' represents
a uni que svinbol used as a delinliter for the particular application at
hand. Assune furthernore that the markers associated with tile ......

fol | ow h prefixes h Jheen set £ or e cecuting the
mndﬁ%n%t'ﬁ“y*n‘u‘if’?‘hérzb%?,uﬁ}“?wﬁm Aol CoRERIRL TR RN 4" i,
. COEEMmAIE iPMpPIRSE tdthd 081 ROER(E); Gaiansddidss Mesed & sysnlsvl Svr nbol
is to mgrate the nmarkers fromtheir present |location to the
which is stored in the cell of the CM 206 ot 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.

oo771 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.

o078t 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.



unmar ked synbol s starting the CCCC suffixes, and then to rcillacc theni
bv the s-s\-rnbol. (000801 For exanple, after the first instantiation of
the command junp($), tile two strings in the CM 206 exanpl e above will
have changed as follows: "AAA %[ B I B'/oCCCC' and "AAA"/(, [ DIDD¥CCCC'.
After issuing the second junp($) coiand, the strings becone

"AAA/, ,BIBJ"/,,CCCC' and "AAA ~~)D[DJU'',,CCCC. After a third junmp(9$):
"AAA ~ | 3BSCCCC- and "AAA(Y,,DD[DJ /XCCC'. After a fourth junmp($):
"AAA" 1, joBBSEGSMe ded. M AR0\Cop DDDGIOOCS ringkieimcdi ffurentr pyponkdst o the junp
command, tile ! 06,,.executes the fol ] ow ct.jon: Al cells whose

mar ker PETEEL ggﬂf}ﬁz\dt"gﬂt')fzre(i ﬁli SS}WQO’?‘ ‘%gg‘ﬁea(c¢gl BT i ter synbol
(% si gn hh e \J chailink; &0 ha; speci al
el i 't er iy e RIS sy ah B R B iR oy S R g B Ry
exanpl ent hand. r aseimi:Hattheehlors thar #er madkherasksdateldf with that'ch didn' t

Occur, then reset the marker of the cell and set that of the cell
di rect | yolowinethy QYA nrafises bexe heda neg. (oreemanRlerbymoveuoing thesition to

the right. Figute l o 33 il lustrate: h cific inplenentation
of the jgﬂ%m'&‘g*h%’xi'ﬁ%&’)’ngf%% Egggé‘k‘\&me’é‘éﬁ[ﬁ Bbé‘g%@d)ech%ﬁ" cter string may
be  accopmpst RIDIFLCCLEeNthd BLypdMe & theljlen pi) 0B mNRNGELSLEPIs304 10
Fig. 3 and corresponding step SOP' in Fig. 10), with reference letter E
i ndi cat smopttahels toenignatd tha nleekgenfeoml tHdiopraicaghantiof tRithe 3 after
execution O tile.ju command of Fig. 10, [00081] The ju comand i s

i npor t aftV T4 kst gbéé’gﬁéﬂbﬂ“&%\t‘%dﬁ% ,(F %%r*‘é‘gf'é%“rﬂ i"‘H&s‘]h()‘f‘ ts'y’magﬁ‘g B8 ai n
pairs of, field jdentifiers, or delimters, and data values, where the
iénti fiers have fixed |l engths, but the fields containing the data
values do not. In this manner, the present invention advantageously
provides a nethod for inspecting fields within a character string, each
field donpailiorsgaralaomitsr ezt dastanyalioesf thﬁifpénﬁw%ilﬁgl&(ﬁéd%ﬁ c data

fields iy, GRRENATASLHI b AMIE BB MR il il RORIRRY Mor eover,
"AAAN%[B]BYCCCC" and "AAA%[D]DD%CCCC".  After issuing the second
jump($) command, the strings become "AAA%B[B]CCCC" and
"AAAYD[D]DY%CCCC". After a third jump($): "AAA%BBYCCCC” and
"AAAY%DD[D]%WCCCC”. After a fourth jump($): "AAA%BBYCCCC™ and
"AAAY%DDDSCCCC". 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 svmbol 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.



conmpari son of the marked cell in the character string is acconplished in
one clock cycle, the inspection of the character string may be conpl et ed
in a quick and efficient manner. 1000821 It is another inportant aspect
of the present invention that the junp commuand replaces the delimter
synbols in a character string with allpredeternined |ocator svrnbol. The
| ocator svirlbol may therefore be utilized to mark the end of a specific
data field regardl ess of length, or alternatively, nmay be utilized to
enabl e {HE )] lrvgnefméﬂ“aldﬂa IFIBIRPTHHItGR dBnbawsipplickianshederor dat a

Darnl orimERer ConHBRCLINSE SROYSE GLOF TR ST e Sed M 5 ¢ he om

206, thenpiay @vhtﬂ@rtmtleﬂQﬁ@@.rl%{\l(ehxédﬂﬁm*tﬁlclaﬁt'tq’ln' Réacl ehpihaly gybol s in
each of the character strings where each |dent|f|cat|on and sel ectively

substltukm©nahuﬁ»d@heﬁddhlmm%eruswnb@msp@smursnmnhansuhghﬁa@hushfcycle

Rever se Commpnd 100084i The searc? tnsert and del et e mechani sns

descri b&®dO¥SF 4 Mathad dor uppryting tekds vithew apdgedersiringoraghdiets 206,
and, wh A ) f i t ;hand- si de
of the ?IB?ES’{}RM] Erﬁftﬁnﬁ Q?ﬁ%(&ﬁ&%nléég gfﬁglté 1‘12&(3% 5F xmtf % agﬂ] I(Ci”-; %?everse
find, insecharddetetteineniexispanivd ofdxiopeatt@ht. OMMGOM@R@ ddhﬁ oper ations
apply to the last marked cell of the CM 206, Their 2 3 behaviors mrror
t hose ofcopHarfsonwal ther magked galbin thtdeheftaékrnéwmaﬁercwnaekwh@bem aneons

?ﬁZC&F%gE% ?L’ t[\QQlQ }H]kﬁ(\ }f%hseﬁdracdw ';([?ru ll"ld& Eé th}}an’graolf1 ? Héll(’é(:l r gdt E)O

Iefbnafeﬂug@hlnmgggaalnlng the synbol s. Al other markers are reset.
the CM 206 contains "JOHN AND JOHNNY", then reverse-find(N) sets the
markers as foll ows:

ooos2) 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.

o003} 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 cach of the

character strings where each identification, and sclectively substitution, of

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

loo0sa] The scarch, insert, and delete mechanisms described so tar 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



"JJI IIN[AND JJQH [N NY". [00086] A Reverse-cfind, conmand is a conmand
for reverse Conditional- find, is fed to the CM 206 with a synbol s, and
the CNI 206 associatively searches Only the nmarked cells. Al Such Cells
that contain a copy of the synbol s have the marker of their left

nei ghbor cell set. Al other markersl3are reset. Assurning the CM 206
contains "JQH N [AIND JOH [N NY", reverse-cfind(H changes the markers
as foll? : "J[O HN AND J[ O HNNY". 1000871 A Reverse-insert command is a
command PtRAYIArs nuggpretgors pé teyvfoeardafindginwieth dalcsynbolt aad Midexcont ent's of
t he Iefg;ggﬁ&)qpaK%qbq Il and all tile cells to its linear right are
shifted Fight By one  antdthe syrnbol s is stored in the left-nost marked
cell. The marker of this cell does not change. For exanple,
reverse-inserting Xin "JQH N AND JOJ H NNY" results in the new CM 206
cont ent smos$1J @ RleiNrsaNDndOd ih MNYH. is [(0Q088hnA tRay e &a- Welheten @ conmand

whi ch operates by reading, or rennvinq(the synbol in the |left-nost cel
anti  shitfeuhy flepsymhol sonrkitsstsgheanprkor vd thekelds tothitleftrolghtelby one. The
mar ker of the. |eft-inost, mar cell is reset, nd th f the cell to
s et oPl i bR 1 AT EE Rarky 56 isdna s LM 38p i RCARD

Jd HI NNY{g; t @fanl 2¢-dal AeShed L QN AND ¢ 3 NNY" . 14
Li i t ed- Olﬁmg\heqclgwmrg%ggﬁﬁgo’ogb]n RV %f'ggt(@g%bir‘“?&fé{dé 'Jy“,fﬁf‘ﬂ“é”@w? 206 al 0
suppor t sj(op&iNaf A PYB JOREL [N Y'ect only the cells whose address is |arger

t han sonme nunber which Call be set by two additional commands. Commands
whose domain of operationis |limted to cells that have addresses |arger
|1 ;this, case the

than til i re. Jeferred to as. |limted commands. |
@ of o L Reefod- RGPy fhin o, Gl I BRC e it TS ol e
d

Insef oper a
ords i lfind hefddM20@,C toawstied SRhbSES tirentRfCM 206 hitothikigchase, when a
find, cfind, insert, or delete operation is perforned, ’
searches only the marked cells. 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[HIN [A]ND JO[H][NINY",

reverse-cfind(H) changes the markers as follows: "JJOJHN AND JJOJHNNY".

o087l 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 lincar 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[HINNY" results in the
new CM 206 contents: "JO[X]HN AND JO[HINNY".

ooss) 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
TOHIN AND JO[HINNY", then the result of reverse-delete is "J[O]N ANI>
JO[HINNY".



only tile cells in a Contiguous block of cells of the CNI 206 are
affected. This block of cells is delimted oil the |left by a special
address register located in the address decoding section of tile CM 206,
and extending to the very last, i.e. right-nost, cell of the CM 206.
woogoi A Set-limt is a conmand that?$ets the lower [imting address for
limted command to the address of the first, or |eft-nost marked cel

For exanple, if the CM 206 contains the Stri ng "RON AND R( B] ERT",

t hen thédnmh%iRﬁng@(hunwmmdﬁsets the limting address to 2, since t he

| eft-nost marked synbol is'"N, at Address 2 ill the CM 206. woogii A
Set-limt-address is a connand that is applied to the CM 206 along wth

o 2001y AU RS L0055 DRV Luh Gl BN ka i oG e

the limting address i cfind,

|i m t edaffesesfg-thierdils @tk Mdred- ay rL&thﬁfshﬁq Aimblk T 1tieR saMBrENdS
that work sim T/l arl to the find, cfin reverse- find, and reverse-cfirld

conwandgﬁluuhmoni lapphyunnnmmhhs(Mhoaeuaﬁdmbss,denugmedhqnwﬁh@mnor equal
tothe |imtin dres 1000931 The limted-wite-all conmand is applied
to the Ltm tasbichr ﬂ (hat ¥4 clslybior 1 e B acmibaty federies e ansi st ont

Wi th thErﬁN[e'dt ?lﬂhm%emf%gmmw tilt%L()%y)ual?sgéingll rJt %%% tﬁ Hall

t he mar ose address e limting

addr essop{ R84 lis Se,vem@kvlbﬂ@Imamsaqgnahs @uie2g@i byt d@mﬂd&&ﬂ%ﬁ%
reflectln the status of its marked cells. 1) One signal is set to | by

t he CM foeénithistdaeeavhen a f]l@@,sftf"@ﬂ}eﬂﬁalﬂk@ddebéft bpimtiomels@MrRoerecand 0

a8y T 0 e ok R R 15D B
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.

tooogol 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.

. (ooos1l 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.

loso92]1 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.

o093l 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. [t



3) One signal is set to one if the last conditional-find type comand
(forward, reverse, or limted) was unseccussful (110 markers set), and
the CNI 206 automatically reverted to a find-type operation, which inay
have set sorne markers. 4) One signalds set to | by the CM 206 if one or
several characters w th a predeterntned binary pattern get their

associ ated inarkers set. These characters are used to represent enpty or

i nval i dysybahe kOIS 1B Mgk r .Set,.by.an operation
represeﬁ}s anxextraerdrneryngéﬁ ?%f%ﬁ' ?0§ gn%e aédrég QH”HV t he

out si decqoak rootHeelim2bhy: WA)lir@we signal is set to | by the CE to indicate
that none of the buffers contain synbols with set markers, or that the
RAM control l er has |oaded all the buffers in the CM and that no buffers

are left t e | oaded, ~ The nnex En |ne 10 51 As _nentioned

previ ou D?Of/‘? Qh?’e‘ réﬁﬁ’ﬂ?é&%“ﬁn“@ﬁv go(‘éi buty 2165“? gg?lz%trﬁffé‘tkéﬁlm the steivgure 2.

It is anfikGhikdihalsnanages strings of synbols stored in the CM 206 and
in the buffers of the line nernorV 200, also referred to as |ines, |

i npl enented WM th Cardaghadeesstaebpahy CNEREB il tgc has |&-eBRaGhirXcgaual to
that of the CM 206, and contains words of (N+1) bits. The CE 205, under

controlL@rHhﬂah(éﬁﬁgﬁd@“eﬁﬂﬂbyﬂguch as a conputer or processor, allows
t he exchang ] cont e 6 to be itten to or read
frorn a 26 EﬁF‘B%V“ZDOLRr’kfygﬁﬁkgﬁﬁgwg ﬁFh%§‘eb¥ Butenarked write

oper at i g} & ﬂﬁteﬁh(ﬂ@ﬁ Nt QObERS .@tet%'d Gme @ the CM 206. A read
operation stores the contents of the 0 in aline. Both operations

t ake one cycBe. ThhunmgBMdescpnooeesbﬂucﬁntMmuﬁﬁnh@ﬁﬁﬁﬂﬁtp@n into tile CM
S!F usin thebin ert or wite conmands, and feed synbols throUgh the
a- i ncyREary! Genwigsd srasgrse. 98 Limidad) prasmec el ddBothndugh st pat hs:

one is Lhg QHQ'@I\I‘I'ﬂO% aQM ﬁ%‘?mﬁ;\f reverted to a fmd-type operation, which may

have sct 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

too0ss}  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



i ssuing read commands on the command |ines 14, for exanple, and grabbing
synbols on the data-out bus 11. Tile other path is to read words
containing fromone to several sYnbols, depending oil tile

i npl ementation, directly~ fromthe lines in the LM 200. In this case the
address of the word is sent to the T 205 through the word-address bus
203, and tile words obtained from the data-words bus 204. The data-ram
bus 100 allows the contents of the CM 206 to be stored in or read froma
gi ven Iﬂm@t@inuheimWIimmlaThnsnbgdunsnbabnﬁtnhTAN+hy.wpbaﬂuanauahioms t he
whol e 206 to be rﬁsd or &En in one _clock cycle. woogm Figure 16
shows atBf seRtedtngf a nringg fls 206rsb gt gptwéwnrﬁr*mw%@ canienténe is a

random ¢§fS & NTHRIA 4 FAM. B]')%Qoﬂ‘?\rtmntﬂgkh'oﬂes LOhftlia, Lhe other ane

s a RANIcontroI ose’ of con Fol'Y&1“Ys to rapidly

feed |i pescdsQof lc|11$ x\WL‘ZQ%nﬁ(ﬂlt‘ithﬁﬂtott'ht QOIS 20eNGSiA] tAYTROAE, SRR 1N the
collection of lines in the RAM can be quickly processed. To do this, tile

RAM coﬁbnnhh@dseuebutéswaﬂpds$hmhnwu@m(khedﬁmmmJMhewwnbbhamads.t|Ie
coll ection g' hn%§3%%§red tEere and sends g sel ied subseb to the CM
206 for rtﬁfb a8 it thrangl shicristher orgepEewshshe £ ¥i20& Bvage for
each |i S¢ lin
a5500|aP§; ﬁ?}E§5E§ﬁ$ﬁxﬁ§"géﬁ R?hah& 5 32 Egﬁ&qﬁﬁllegddéaﬁb"?%

RAM COﬂtsffﬁ{H(ﬂ?‘[ oAUho Hati-oal |b¥1sa|]d THe otRAPhENts fol l@dgﬁﬂ&l@@(ﬂﬂatlilﬁﬁ
succesi ve addresses of |lines whose first bit is set to 1, and all ows

thei r cormrenty tosdherak sywbiolsh dehendivig2os thoinyloveskitiog, dangtlywrei tten

back fr mt n lin ust roc sed t he 206 js stored
1 0T B e WA e 2Be° tREntioShe B SRS obthy BNufidh B0 P o "
e's $l$&@Ed2¢H %rﬂﬁﬁﬁgﬁ@' wh%dhhf‘dr%éévbﬁ@'ibﬂ Oldfthe Wﬁﬁk P& [BRL pass is

27 over, the RAM cofitrol Il er copies the value of all the second bits

associ atkddatd-wordk lbus284] iThesd atairant bad 10Rslboch ahl(ed)litlt’nﬁioﬂllhb CM hi s new

collectiﬁn of bits ,indicates what _|ines ?ve mar kers_set. and Shoul d be

pr ocess@ 6I p|bet&|tqn§zdnlé3((t)r read trom 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.

loooost 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 therc and sends a selected subset to the CM 206 for processing,.
The RAM controller keeps two bits of storage for cach line in the RAM. The
first bit indicates whether the line it 1s assoctated 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



pass. 1000971 In case,, where not all the lines in the RAM contain valid
information, but only a small part, where all the lines are stored
contigously, and starting at Line Address 0, the address of the | ast
valid Iine can be specified to tile RAMcontroller to limt its initial
pass to the group of valid lines- This address is fed to the RAM
controller bv an outside processing device using the limt-address 207
si gnal s. [00098] The collection of L lines of LM 200 can be inpl enented
on the (S‘em’ethtsi\l"‘ﬂ\d(}m"\ihilbftth*a’ﬂt“clcbh‘t\‘;ﬂlns of wdl v zoend dritsoutstide he

silicon chi of f he- shel f uitr n both ses, the
e 205Md @éﬁ‘ R g S B A L B ARSI TR il
bri ngi ng,4;nf ﬁrﬁﬁ$h99u§q9{ gnhﬂq%hﬁgﬂHﬁ@%xohPFQL%h&JQthﬂﬁtMP%(ﬁtStr'ng
commands such as the ones scribed in e previous sections are

per fornggks. bringing the contents of the CM 206 back into the lines,

allowi ng string operations to be perfornmed in strings nmuch |onger than
the M synbol storage capacity of the CM 206. [00099] Wen insert and

delete 0 era ions ar requir he not, fi acity
it oyBE ot B anfyreodbt Eny RS i FeAPAEpaRkeu vaft MiSHERERE o o
the Strﬂ){l‘?&ﬂ‘%f1%1\{{m0;L§rt'\QhEﬂea|@M1@QﬁeL- WRdGlor LN BS AL @@M&l G starlifgsuch
cases e cel t he that do not contain valid svinbol ? are
i nitial aziethewhdHraas B éde;hmﬂmmeﬂtllm hat yabdﬂlhermnrlntsﬁtmlndi tintliche string
bei ng Frocessed The CM 206, g eratesdﬁ gnal for Ipe out si de
pr ocesskAgd emwi“wltré‘amraa 'mmﬂ@ pAss g ‘Ife[b‘é[’e‘d’ 4t fiRCE ﬁﬁe 2. This
si gnal Lvat I R dle. pnt ai ni ng
s sp é&é{lilg‘l i ﬁ(adregi ep@g‘te[?}\l\/?ggnﬁ' )ll?[ﬁgﬁ ) ()Lﬁ@#eira }Stg)ces J {C%]%q%\}lq %06 and

I'TS ExtgmnaﬁncpaaﬁggQomsuhﬁﬂsloo] W differentiate betmeen two type of
connections. One type corresponds to the interconnection of the CM 206
with its environnment, the

tooses)  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 CL 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.

loooss] 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 arc
initialized with a predetermined binary pattern not found in the string being
processed. The CM 206 gencrates 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.



other type corresponds to Signals needed for the expansion of tile
Crcuit, i.e. if multiple CM 206 circuits are connected together to

i ncrease the anount of Storage. [000101] In the follow ng presentation
we assune that in elenentary CNI 206 bl ock can store Mwords of nenory,
and that each word is N+1 bits in Ienﬁjth N bits for the sVrnbol and one
bit for the inarker. [0001021 The system connections of the CM 206, as

shown in, Fi r bel qw. The nunber in parent heses, when
present th éﬂ%@é’rﬂ ﬁﬁi"t‘l’f"ﬁi)g%“d‘i"%??% for each signal. Wen a Iog
function is used, it is assuned that it is the |logarithm base 2.

Data-in (M: data input 10 of N-bit words for input of synbols in the CM

206. DadomoroWe (INféredab® Kathpuh tht 8fpcNbtidnivefidss f aner@?di ng svi nbol s
fromthe CM 206. Address (log(N)): address input 12 of "Tog(N) bits,

wher e | @grde‘r}ﬁ)ltthet(" thegarts mthmlbage1 2! thoaiM-Remvithi itsdieneotionalt, dat a i nput

100 and ut of M (N+l) allo v¥| g.the content)? of one of the
st or age” By éP‘s COgES ﬁ"ﬁ‘é‘s“f b'bBél“ et e’HW'&“ cypareay of i Heyitnetin t he

RAM 200lf [T\I.lng;QK dml}tl ?‘wUtl L(Hﬁﬁ Hfd ﬁ‘g‘(le ‘b) l%%ﬁ.h\ql qh ng()UlHﬁaiqdr ess of

tile first | ast marke ependi on wh

rever sestoepear.ati on was | ast perforrred Interrupt (1): th| s signal is
generated bv the CM 206 for an outside processing entity, and indicates
that one or nore cells cont aining a 29 predefined special binarv

configuration use icate valid conditi ve their
mar ker s‘l;mOm Pl g})tnﬁ(gf]d\ §) png‘ 'E) ?'“f’nggtxilﬁmf otb‘“[ A8 ‘dﬁﬁa‘r‘fd‘
rsr esePlicRGan store M words of me mory, and that each word is N+1 bits in lcngth,

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

fooo1021 The system connections of the CM 206, as shown in Figure 11, are
histed 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.

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

¢ Data-out (M}. data output 11 of N-bit words for reading symbols

. from the CM 206.

* Address (log(N)): address input 12 of log(N) bits, where log() is the
logarithm basce 2.

¢ 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.

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

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



the operation to be perforned by the CM 206. No-flag (1): binary CQutput
signal 15 indicates that the ( NI 206 contains no marked cells. No-eq
(1): binarv output signal 16 indicating that the last | conditional-find
famly command (forward, reverse, or limted cfind) did not set any of
the markers. & One-flag: binarv outgu® signal 17 indicating that the CN
206 contains exactly one marked cell. <clock: the input signal 24 for
the cl ock signal which controls the operation of the CM 206. 10001031
The signal s daua&dﬁhne@dptuahUH@owwhahguaésmcuakbulsehaUpaandnhbrd times
relative to the actiye clogk eg he sy& al s data-out, index, no-flag,
no-eq, one-fladTHEddne Siypfan ey theg gy gm“§§6C|ated with accessing the
menory. This o the act,ve, edge of the clock

d d |
si gnal . [opomzeéa%mw@z@ 'tdrweggi‘ig?f i ¢ Enmgndngila s residingonnect ed
together, in qhgmgommﬁnﬁ;ngkrmw ?‘Fh%’@hﬂﬂ)é he internal shift

regi ster, severa ghal s used to- link the CM 206 nodul es toget her,

Hosor | bog bet ad0bgtye MRS hATAN AR BIRMG ELOUe ki 280G 27 e

descri bed bel ow. e signals 26 received fromthe
previ ous nodul@néaids car nyirked cbBs.bi nary representation of a sviribol (M
bits), its associated marker (I bit), and the output of the conparator
associ at ed wt INodg (frikanry bulpiut)sigiddl 16 iDdiatingfthadtic laN+2) : the signal s
25 generated to the preV|ous npdul e, and carryln the hinarv

repr esent at i on ORdatiagiond dumily eenmands (fageaed. a!ttéarwar’kérm(n dpit), and

the output of tc@% ﬁoﬂﬁ‘%{(ﬂ‘q[ any of the markers.
. ¢ One-flag: binary output signal 17 indicating that the CM 206

contains exactly one marked cell.

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

operation of the CM 206.

1oo103] 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.

tooo104] 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.

¢ Data-lefi-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 with the marker. Data-right-in (N+2): the signal,, 19
received fromthe next nodule, and carrying the binary representation of
a svrnbol (Mbits), its associated nmarker (I bit), and the Qutput of the
conparator associated with the marker. Data-right-out (N+2): the
Signals 18 gvnerated to the next nodéifle, and carrying the binary
representation of a sN,nlbol (rvl bits), its associated marker (I bit),
and the QUt1)Ut of the conparator associated with the marker Line-in
(2): two sigral Dapsleféwoaitybd 2 ribmst:heX2s panswadeto the puntiouand used for
expandi ng the str ure., Line-out (1): the signal 22 generat for the
X-transcoder ci 'F‘éﬁ%?’ A TaRRS the ll('(](%)r."sﬁ@“éi""é‘q"f@”? é’iéﬁ)’ ’&‘b‘ﬁr@' t he

Y-transcoder cii:e4i - 1S f.aor. dj h I X -out :
the of gnal 21 gondr of 8 Fared by PLRRRREUKNR AR W S Re ot
four signal groupsciatel défi dadmiarkoore details in the section titled
Internal Structure. If these eight connections are not used for
expandi ng the nPata-yighthanNHBytinuspnhle 19roparty feanndetactanddole,

term nated using conventional techniques in order to allow the proper
operation of thECMIPBst TR IPdetian oSprweki dMbbitshétscM 206

[ 000106] Figure 12 . bl pck. .di.agr a howi, ng, t t wo- di nensi onal array
of cells 30 cdﬁﬁ??@ﬁ%gnkﬁgL%Nﬁ”ggépﬁhﬁé‘%Vbﬂ%PEﬁHs%H“Pﬁnﬁﬁferface it to
other CM 206 0OfssGHEaRPuGIH Wl hiswké&nd the circuits allow ng the selection

of cells and 3 1 reporting O Status information about the |ocation of
marked cel | s« ThatRkight-of(NcEh) thangy €angBst-aeted s ehd s00f nltlbi ts

organi zed in a two-dinensional array. The two-dinensionally is selected
'q two reasonsandcagying depEirirs ppresentation of a symbol (M bits), its
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.
e 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.

. o00105] 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
(eootos] 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



the use of the silicon area, and secondlv, to mninmze the del ay
associated wth the propagation of the signals in the CM 206. |nstead of
using 1 typical decoder found in RAMcircuit, the CM 206 uses transcoder
circuits, because the addresses need to be coded, decoded and
transcoded, depending on the conmandl executed. The two-di mensi onal
approach requires the use of two transcoder circuits, one for each

di mension. (0001071 It will be readily appreciated that the CM 206 nay be
al t er natdrvelpg Fodaled iBLOTEBHEL abeyl Bivsiosaarn af magrket awiliorhhecalrpy

w t hout degarti,ng f.rom e. pr raspects.of the present invention
To003 0" I I EEPHER T ISR SF REPER DR B T g 05

cont ai ngrchfe THOI QUWiRGnIRaNE! BRlectRY TP Falbh&inst PRs8tANAGENQL the
synbol, or dynam c nenorv, cells consists of a two-dinensional array 30

of M celHesyswonketifoosilieat bres ymbdodecondbaitnedinimizdhenmdoioy yas¢odiatetli r st cel
IS Iocate&hgn the first Icne,anﬂ in the first colgng of the
2- di men¥itibntie Rrapagptionsf thesignglir ol ©M 2 Iprteadnt arishe YRkl i nes are
number eg. Ly G LEATh IO MPEISTL [T HNSePRLL AR MR TR0 .t Loglow
while the colums are nu eré& I'n"1ncreasing order fromieft to right.
Dat a- RafRe Aldiesstisneet onal cdes], decddddNthd tRinksodRf dpiealliral Howse M
synbols and their associated nmarkers stored in a storage |I'ilne assuned
her e tocrenmacheedtited t Rae Syppbmasidml appacedoyequioesbidrie wii of Brot o or
read fron1out§jd§ daéa stgra e Ehe\selection of the lines involved in
this trdARFSH T S FoPREA DY thETFRE Bel ect 106 signal s generated by
the X-transcoder circuit 39. 3 -) Interrupt: this 1-bit signal is
erated by one or several cells in the CM 206 that contain a

pr edef i medriuligukbbiremtily popteerateditied the CMePbapentreinteenptivelgel | or a
cell co taining all invalid synbol, and : .

ormed a8 a one-dimensional array 'of memory cells without departing from

the braoder aspects of the present invention.

tooor0s1 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 cach
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 sclection of the
lines involved in this transfer is performed by the line-select 106

signals gencrated by the X-transcoder circuit 39.



| such that this or these cells have their associ ated marker set.
X-transcoder: the circuit 39 contains the logic used for addressing and
accessing the cells in the CNI 206, in conjunction with tile Y-
transcoder circuit 40. Y-transcoder;,the circuit 40 contain,,; the logic
required for the addressing and accessing of tile information in the
array of cells, and works in conjunction with the X-transcoder circuit
39. Atwo-inp AND gate. The .gate 34 receives the eq signals 36 and 41
gener at ed by'tﬂ%”?ﬁﬂpggihﬁ&gﬁ%WgB?#%G¥W§P”5ﬁ“Uéﬁé?%ﬁé%“fﬁ?gh§ﬂd 8
one-flag 35. T .Ul it . tants of the
Q206 i nto 1 ey St AORERAE P RALE bR MRARATE T
first marked cepkeschhanfimsty caf ked @dldontaineht ha inehli@ethwlofngel |'s
starting wth the first nmarked cell. [000109]§The signal§ |isted bel ow
operate oil thetchtidphihisparthgsoeelts havalicosssogiatedimarkBeseluse of t he
two-di nensionality of the array containing tile Mcells, and because the
address of tMRe Xdlaweodey: the ghesit 3ddanbyns pur kwdc seed fnuaddickengconput ed,
the operation of the transcoden circuits . rely on several key signals:
necbut 11 necind S TRRIRGHFS 5 HRE0N 206 th CiRREH e T Ha® M one. out
signals 42 are tYanddoldr BvAbeng Each one of the line-out signals is
associated with one row of the two- dinensional arrav of cells, and is

active if that y@wrzeolai: NEe dirkuit OIkethifehhe 1%#?@' rbQ\@gdd Y& @loherw se.
Col um-out: simlarly, the colum-QU signals 44, nunmbering \'N in
nunber cor r espoviiressiegendofcceheng of tmmtofmthientimdh@ adray of cells,
. and works in conjunction with the X-transcoder circuit 39.

*  Atwo-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.

» 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.

10001091 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.

¢ Line-out: the linc-out signals 42 are N 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.

* Column-out: similarly, the column-out signals 44, numbering VN

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



di rensional array of cells. A signal of the colum-out group is~ active
it its corresponding colum contain,,, a marked cell on the first active
line, and is inactive otherwise. Line-in: the line-in signals 43 are 2
JfV_ in nunber. Each row of the V~vo-dirncnsional arrav receives two
signals fromthe X-transcoder, |ine 5n[|] and line-in[0j, which
represent the follomﬁng conditions whether the rowis the first one to
contain a nark the ro ove or equal to the

first rowto La{“ﬁ"”é‘lrfﬁfk \élpb‘eﬁl"l N 988110 l!Tt'o‘r“ BRUNDI eSS e t hat we
have an 8x8 tmonqh nSi . I t hown

bel ow, and where b??cﬁgggﬁhh (ﬁg%nﬁ%OhgﬁéC?P“hhba[hng %ﬁp{ﬁfﬁe nunber s
on the top row1Mmd;ﬁhxsﬂnnohudnsnamﬂesenﬂutheﬂrnunberlng systemused to
access the rows and colums of the CM 206, and are not svrnbols stored
in the arrayes OLihe2ir3 the 3inG- 17\ signads M3xar¥ 7W M MumbeX XaXh XoX Xf heX 2 X
X X XX XXX 3XXX XX XX 4 xXx X [X xxX[XI X 5X XXX X X X
x 6 1XI X X X - dj@]lxnxmn:,tl RIRY ¥egeixex twosxgnalydphe the 200000¢)dFhen t he

| i ne-out signalis. 42 1349 in g f are equa
to 00001011. TH5“1 Hlld" 117 Fﬂﬁgﬂvg¥ﬂ'ﬁBrTfﬁ t?hﬂgtﬁhﬁﬁs“ﬂglh”ﬁ“the same
34 whether the row is the first one to contain a marked coll;
and
*  whether the row is above or equal to the first row to
. contain a marked cell.

looo1to] 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

arc not symbols stored in the array.

0o 1 2 3 4 5 6 7
o X X X X X X X X
10X X X X X X X X

¢ 2 X X X X X X x X
3 X X X X X X X X
4 X X M X X X X X
50 X X X X X X X X
6 X X X X M X X
70X X X X X X X I

Tablel

woor111 Then the linc-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 linc-in signals 43, in the same



order, are 00001000, and the line-in[0] signals of tile line-in signals
43 are 00001111. O Colum-in 45: each colum of the Y-transcoder circuit
is associated wth two output signals colunin-injd and cokunn-inj | |
indicating the follow ng conditions; O whether the colunin contains the
first iriarked cell of the two-di nélonal array. O whether the col um
is equal to the colum containing the first marked cell, or if it is of

hi gh , 2 f di i onal
MR s T R R T el

nunber edp001down to O, the colunn 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 com signal s al ready
presented, the follow ng signals connect the elenmentary cell containing
a svinbol an® &olwmirdn 44: whcl tslenwiot sheehtranasidde pirctiftds iavsddigleties 13
and 14. Data- Ief&éout the N#2-bit signals 25 carry the infornmation that
is propagated ¥¥ Fﬁ’?HH“HFéh?@Dé“@éPP'“&Hd“ﬁbﬁ@h%ﬁ“éﬁ“ﬂHédN¥U“§|t | eft -

cel | -out signalg.wiiehiRar synbol stored in the cell and its
associ at ed narke? } ! €‘£¥¥@%“§Lt (1): the Qutput signal 54 generated

bV the conparat or 455 w'h@lﬁicﬁlefh% *1%119:%!11 umt%%arhr ngj‘]» n?HlkmEi (a?l)of EhleI €

N+2-bit signals carry ti i nformation toward the
next cell, and consostimafnstidad dWrayl. -bit right 3 5 cell-out signal s that
carrV the synbol stored ill the cell and its associated nmarker bit

Ri ght-eqg-out (1):etilehQitwuhesiogmain B5qfalttilthe cohpanataitaimiag diet he

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

looo112] 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

too1131 In addition to the data-in, data-out, and com signals alrcady 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.

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



cell. Data-left-in (N+2): tile N+2-hit signals cairv the information
received frorn tile previous cell, and consist of tile N+1-hit left-
cell-in signals 52, which carrN, the svinbol stored in the previous cel
along with its associated nmarker bit, and the 1-bit signal left-eqg-in,
53, which carry the output of the caonparator 55 inside tile previous
cell. Data-right-in (N+2): these N+2-bit signals carrv the information
received fromthe next cell, and consists of the N+ | -hit right-cell-in
signal s 58, whic€H- @latrwnalhéhsymm tist oy mttol rtoréd & Hexeelbend itind its
associ ated marker bit qﬁ{qg 1-bit signal right-eci-in 56, which is

t he output of fﬁéﬂdﬁﬁﬂdpﬁf 5 inside tile next cell. Line-out (1) is

d t tjng th | f th LIt
Connected | n* pat BAERURN DT Pg iRkl 5o & B lraoPFeor dlT ¢ he

other cells oilpile sane line of the two- dinensional arraV and becones
one of the inputs of tile V transcoder circuit 39. * Colum-out (1) is a

]-bit signal, 44)9{'3Qe'ft5u§‘(NQQ?@h@M?!aguﬁﬁvﬂs qaReAthAG R, nver ted
val ue of the marker only o tile first Tine containing a nmarked cel

It is connectedcunvpﬁfahhehempnh1@m4(dHImad«nmhuﬂn#oﬂﬁ Rt deit $ef®&f tile
Cells ill tile Sane CDIUFn t he two-  di nensi onal arriy, and becones one
of the input OF¢ ringsignals %éﬂﬂﬁ'éﬁ‘&“r%‘m“ﬁ” ‘l "“L“He‘l‘lt“‘(@)"““l‘l“rfé-ll n[1j

and line-injd ot L}?m“t QgitL u§|ngml ?b43m1d W@L q;hn Hl glel%?( @éqq by the

X-transcoder C|rc represent ti omnn ondi ti ons:
36  line-in[1]53, thﬁd@ehhybmkangput Of'tl|il€u|)th[bﬁ|‘QﬁﬂBallﬁhﬂg thhéprtll’(ﬁts

. 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.

. ¢ Column-out (1) is a 1-bit signal 44 and is an open drain output
generating the inverted valuce of the marker only on the first line
containing a marked cell. [t 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): linc-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:



mar ked cell of the two-dinensional array. Iline-in[01l: the cell belongs
toaline which is either equal to the line containing the first markedd

cell of the array or is a line with higher address. Colum-in (2):
CA L111111-infl] and colurun-in[ A fqr(mthe colunin-in signals 45, and

are generated the Y-transcoder circui't’ 40. They represent the follow ng
conditions (C011111111-ill[ 1]: the Cell belongs to the colum contai ni ng

the first marked cell. . [LC]?I ulgi_ n[| I’[l[ . the cell belongs to a colum
starting with the WU e SR s itk d ofh e dincekadisgithe tirko-eq: thi's

open drain Qutput 16,{$ka%tLN&lf en.a.cfind-type comand descri bed
in the Summary of thg Invent[:{o)n S\éyctw)oﬁ“ﬁ"s'ﬁ%%ré'gd]s%?}ﬁ the cell.

Synbol -data (N+) :a t hgse, M- Chi. [ L. Sl al low the  contents
of a cell (N-bit syrr{?)ﬁié%b[lbtljsg?; gﬂ‘ebgg&?hnglr %g%'tsf%jq‘g]e"vv‘r'?}t“treﬁ]“‘ll “or read

from an outside stor#gelihocattianng thotfatr bikd@Lell LRitEe SHIRAr isS;
generated by the cel] if the marker is set and the sv I rnbol stored is
a predefined and uni gie \Withdighyatddiers. representing an invalid synmbol,
or indicati ng t a} the, cell is errpti/. This signal is generated by an
open-drai n dri veP!&RA-H1 (2% Keluwniiptldrangptolsingnan(€) demerthr edlioyintive M
cells in the argay.ar 2d L Jtogeth t energte the interrupt signal
101 in Figure S%IEMI'%IE 4f%h? é‘?ﬁ‘g'l *‘Sﬁ%ﬂ%‘t“ﬂl’e‘ 8ft9‘f'h“é°%brl T'r‘[‘ﬁbéq'lffi’“ﬂ‘he i nt er nal
structure of thepeeldntithe sbbwrihp Ehauiéh14, and contains the fol | ow ng
circuits: 37

o column-in[1]: the cell belongs to the column containing the
. tirst marked cell.
¢ column-in[0f: 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,

¢ 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.

* 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

feoo11s] The internal structure of the cell is shown in Figure 14, and contains

the following circuits:



The REG circuit 60 is an (N+l)-bit register containing [lie value stored
in the cell and that of its associated marker bit. The MUMcircuit 61 is
a collection of N four-input multiplexers, which allow one of several
values to be stored in REG depending_on the selection codes called cl
65, and c2 66. The possible selectiohd for the nultiplexer 61 are: an
external value present on the data-in signals 10, an external value
present on the synbol -data signals 106, O the value fromthe previous
cell, carrief bU“tﬁé(}eﬁtU%éﬁhh@udﬁfshdnhh34511tnnmwnmaIWE falom t he next
ceII, carried b e ri ht cel nals 58 or, the value stored in
the register "éQI”WH STl “&“éﬁ'Hyﬁﬁﬂ?dhddﬁﬂéﬁéﬁPét|on of the

regi ster. The NUXZ circuit 62 is a four input Miltiplexer which allows
one of four bits to be stored in the nost significant bit of the REG

dependi ng on.thﬁussnggquqnlﬁpgpg,@zomgqnﬁqﬁqgl(gg gbﬁpqn&ﬁ%ﬂ(%y\ possi bl e

sel ections for the multipl exer ar e: he mark ener at he PLA
63, the markerwbich Pkesemi mfn»ct\ hmlaytm@i tediod aml&ﬂi isiRJi@l dep@lingt he

mar ker fromthe preV| us cell, carried |l e signal left- eg-in 53,

the marker froMtHg %%“%%ﬂqdeq§éuﬂ?6é6§va@¢F%6§|3haw*¢w§hlﬂéqiﬂﬂh 56, or

t he marker storg REG 60, which allows a dvilarnic
i npl enentation § tﬁ nhh% %&$ £{fEl\/P circuit 55 is a conbinationa

Grcuit generati ng a’m UQ[U[‘A 'Ilsvah?(.mﬁrtmeht gHttRthaQQ-liX sl;_,narfs Be symbol

present on the data-in in
e an thernal value present on the symbol-data signals 106,

. » the value from the previous cell, carried by the left-cell-out
signals 51,
* 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 ¢4. The
possible selections for the multiplexer 62 are:

. e the marker generated by the PLA 63,

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

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

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

¢ the marker stored in the register REG 60, which allows a
dynamic implementation of this bit.

¢ 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



38 signals 10 is equal with the N-bit contents of the cell and which are
carried by the signals right-cell-out 59. Synbol-data (N+l): these
signals 106 carry the contents of the cell froma given line, or the
contents of the CM 206 cell in REGto an outside storage entity. The
direction of the transfer is controli®&d by the R'Wsignal 112. The PLA
circuit 63 is a conbinational circuit which can be inplenented by a
programmabl e | ogic array and which generates the commuand bits 65, 66,

67, 68, 69, 1071519 104hgqeahweldy thedNdnt cemtengayf theacellcmd phickare and s,
whi ch are used inside the cell, .and the jinyerted values of the no-eq
signal 16, and‘?ﬁéugngn PBﬂ%“%P&ﬁﬁF“ﬂAF“%ﬁe open-drain inverter 20

drives the sjg _ e i nverter 70  drives the col.um-out signal
44. The PLA 63@&‘@?5?@% vJérTgF‘]‘f‘ﬁ‘pﬁ’ mg"ilgo(r%d‘lds”:} Ml‘h‘é‘“éb'ﬁﬁ%éﬁgngi“bﬁal s 14,

which carries tf@nbi Rarh Lin€RirasetLatdan opkhd a1 e RNdnIIPEQS P f or med
by the CM 206 (find, cfind, index, etc), the value of the register REG

60, the out putowfidehdomgepartdy orltesdirectidneo prreviraudec el donthrlbwlght by
the left-eg-in Qlf) nal , fﬂ% out put of the conparator 55 in the next
cell, brought 55‘ S uHtIy-in 56 signal, the signal no-eq 16, the
|l ine-in signal r.ate the X-transcoder .and.the ol um-in signal

3 e -

45 generaged'biﬁ?hgﬁgi?FﬁﬂgégééP‘8??3U??Qmﬁﬁdﬁﬁffgﬁ“*h&“PE% 63 generates
the interrupt Sgﬁﬂ@hu?@:d"ﬁﬂf%hph » r AEIrh MR @%Mﬂﬁﬂw Lhe v{'l‘ﬁghsét%r*raqgs contains
a predefined synbol that is used to mark unused “or '

the command bits 65, 66, 67, 68, 69, 107, 109, and 111 called ¢1, ¢2, ¢3,

. cd, ¢5, ¢6, ¢7, 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:

¢ the command signals 14, which carries the binary
representation of the command to be performed by the CM
206 {find, cfind, index, ¢tc),

¢ the value of the register REG 60,

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

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

¢ the signal no-eq 16,

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

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

1oe11s] 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,



invalid cells, and when the marker associated with the register is set.
19 [000116] The N-bit output of the register 60 representing the synbol
stored init are inverted by Ntri-state inverting drivers 71 controlled
by the signal ¢c5 69, and thev becone the signals data-out 11. An open
drain inverter 64 inverts the markesYbit stored in the regi ster REG 60,
and generates the signal line-out 42. An open drain inverter generates
the signal no-eq 16, which comes from the PLA 63. An open drain inverter
70 geneh‘%?t“e', The Hd-hdf ghﬁtutctfl themeggtergd repThentioy dal 1\ytilvtal|4ttwdat  gut 11

and no- eq the dlfferent I e two-di ona
arrav af'e H]\ﬁﬁH"é ﬁg ét’"“arl 'Inhtﬂ‘é"i“ic‘cﬁl ‘o‘U’tt“gb“ }Cﬁi’ oh §'h"t}g‘3§?{81 ng to a
line argnalthoy %@@ﬁ&ttﬁd st‘l%%t lQka- o@.@malAnwéLﬁ&qhuml Ok 04Shonaks 44 of
the cells on the sane colum are al so connected together. The Transcoders
1000117ﬂangmke"ﬁ5~hhkdshnhteebmhele@aﬁinaﬁugmoaﬂvtﬁa.£mmathananﬂder
CIrCUItS 39 and 4 The X-transcoder circujt receives the foll ow ng

si gnal s#2- THe oppRelrsin B erisnaicacesnt dansisnrbreed 1hesbidi grars froghe from

each  |110epeh 62! I Ok BRlIRAHTPIS| QRB AL [iRYsio AL L BRI IR § i cate

the presence o 1 hes: S|gnals 96

cont ai nTh@Ql(ch\D(hﬂybhm dataot nepneseieq 16 otiffruittiippethbalfieRht Lo addr ess
fed to the CM 206, and are used to select one out of the -~N lines in

the twotldl hensligmasional ayrav Meftmrtcctbmqfﬂnd silghaﬂg\emumléqu@leutmnl y
for the set-limt,

d
RN S RS R R R I R ettt R TR PO A

| i t edsi@es SEuEthddelld bifithedaMel &Rl arJﬁ%[Sﬁﬁmt@&‘@( Fapeprite.
i\ 01181&The Y-transcoder circuit 40 receives the follomfng signals: O

the columm-outs signals 44 of %'vt-[)its, one fromeach Colum O
The Transcoders

looo117] Figure 15 illustrates the organization of the two transcoder circuits 39

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

. . . o - .
* The line-outs signals contain VN 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.

feoo118] The Y-transcoder circuit 40 receives the following signals:

¢ the column-outs signals 44 of -J 1 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.



the two dinensional array of cells, which indicate the occurrence of a
marked cell on the associated colum, this marked cell tieing the first
one of the line it belongs to. 40 The address-low signals 97 of AF bits
whi ch represent the | ower half of thg(ﬁddress used to select a given
line. The command signals of 5 bits™Used only for the inplementation of
the previously listed secondary commands. f0001191 Botg traglscgderﬁ
contain tile following circuits: a de er DCD 83 used to decode the

ti pper half Jf ﬁhéagﬁa@s@w sisgakl % einvthebise vihaets catercigghorlotie | oweg
Cirout 82 consy o e b A ubelids VI fiSrEkare, “and whi ch uses the cb
signal 92 as,it I i si.gnal.. . prefix network PN-OR circuit 91 for
t hg | ogi c fur?ctiTgﬁ Cgﬁhgnﬂﬁ\&f‘gﬁ?ﬂ%i(}f?ﬁ'ﬁ& g5"Whi'ch THEHEP I RE TGP of  t he
PN-OR signal, #ndpusecudo ideld idodddey aehivengart of the CM 206 for
limted operations. It USCS the C signal 93 as a | oad conmand. the

MJUX-41 nmul tiplexer circuit 87 has the sane structure asltileh NPX—S 82
circuit, an the ¢8 signal 94 as a selection signal. The linear
netmorkh§$ﬁf£ﬂ§€%8yl )”X%gﬁdﬁkag‘?E“HEQH‘FBJH@ternine the first
occurrence of |_in the b Configquration Qutput by the MIX-4 circuit
87. A priorftyagﬁggé#9§2?§%55$£L’gH56 ﬂﬁg‘ﬂﬁ@rwqﬁéﬁdhf§d§2ﬁbn the X-
transcoder or tfgnsRliHR: OUEANSEENRIT A HNolRe 1 S RRCOLRL s whi ch
generate the Lipper half of the index field, index-hig I'n the X-
transcoder, or sighalsliowbr Yhatafscodwdex-1ow 46 in the Y-transcoder. The

priority encoder 81 receives the sanme input as_the PE
% s a multiplexer MUX-3 circuit 82 consisting of 1’[5 two-way

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

s 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.

¢ The lincar network XOR-1 86 of JW xor gates is used to determine
the first occurrence of 1 in the binary configuration output by the

. MUX-4 circuit 87.

¢ 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 ¢10 bit 93, the c11



prioritN, encoder 80, but in reverse order, so that it can generate the
upper and | ower half the c-index field. The PLA circuit 84 is a snal
conbi national |ogic block which can be inplenented by a programrabl e
logic array, and which decodes the command field 14 to generate the c9
hit 92, the c10 bit 93, the c11 4 14it 94, and the ¢ 12 bit 95 that are
used to control the transcodcr circuits. The XOR-2 circuit 89 generates
a p/2-bit value, S feq#to ﬂ p/ 2- input AND gate 88, and which
generates tile ’éb9“§| Ijhbil“éé‘z b A3ty “fS|Ltjﬁ'élt“|‘~§“trﬁ thelanscaghert i | e
conparison of the upper-half of the index index-high 98 with tile Lipper
contents of the reverse index generated by the RPE circuit 81 in the

X-transcoder, 39fhtof(0tl1]b%lrcq’ﬂr§§ Jl'ls‘?enotl pt nt \Y\\ﬁlt we}nfélt :’)f &é&"g‘bhgﬁat ed by

i ndex-1ow 99, vvith ower t he revers

the RPE circuitinBdt ANDthee ¥8f srahsandese att-[hﬁcw g\g'ﬂtj@l ek e 0001201
Figure 16 illustrates the |nplenentat|on of the RA ntroller , Wwhile
Figure 17 is asginadui thdiregitef thd asnpaticeog of biee wpper-half (Sftlﬂm()hdte of the
RAM controller .1 'éﬂ %@KIQ%P roller keeps tmo bits of s orage for each
line stored in 'PASXAEN SPnwith theruppgr Gutdtypddby fovys $0@X AR 208 whi ch

contains L bits, R , of tile L
bits are fed iéngpﬁtﬁg$|¢€q§%%g gUhgléREbg?&4amﬂﬁuﬁﬂgﬁtpu t he binarv
repr esent at i on coefpdrivenbift thefloheadialief ght inkdatindexdeiv 99 tltth-ltlﬂe out put
of the priority encoder 210 is |line-address 201, and is ‘the address of
the line in t hdoRAMPBIEHE obHicerpermeigtter mennexed bv hodRleaitcoit Sir i t e
oper ation. For contai ns 00101110, then P-ENC outputs 010
*I i ne- addr essﬁm1 cﬁang&tﬁr 4Oaddr ess of the least significant bit in AR
at is set to 1. Line-address 201 is

The RAM Controller

t

too0120) 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 cach
line stored in the RAM. The first bit is stored in Register AR 208 which
contains L bits, one for cach 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 O-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, | 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, wherce the bit set to 1 has
weight 2. The L signals output by ADCD 214 are xored with the L bits output



also fed to the Oinput of a nultiplexer, MIX-7 213, ",Inch when
appropriately selected, feeds the contents of the |ine-address signals to
decoder ADCD 214. This decoder has L outputs, | active and L-I inactive.
The active output has the sane weight as the least-significant I-bit in
AR 208 whose wei ght, or address is €dtput by P-ENC 210. For exarnple, if
1111C address is 010, then ADCD 214 generates 00000010, where the bit

set to ,5‘2‘?13 igﬂt, 2. The L signals output by ADCD 214 are xored with
the L bP¥ &P\éﬁ’é’ 20r geteAR 1548 geperatg Pre yute SRS padtegentrad én tAR, same
bi nary Shoned i AR Pt wher g the |east-significant |-bit in AR
is now gg% R\ﬁ)&b%%sl%%é bpﬁ{@ﬁ%‘gﬁem)gfgn‘%ﬁe'f N AR 100 tgf'r“Hgv 1941490, then

P- ENC outaupte, GLAR mmm&(eﬂ:lotlq)lo,AD&DPbEWBquQQQ)%PwhY@NR {S xored
back with 00101110 to yield 00101100, the O-bit in bold indicating the

di f f er eAd2CHEbygene DHH0BORwhich inkoAR! landk titd 0000t Pk toofi clidh@ IKORYyat es

215. Thg outputs of the XOR gates 215 are fed via a multiplexer MIX-6
209 to ﬁHeH‘lth'gi'bP‘é'ﬂ 'Fﬁvﬁa}%’eﬁﬁh 5?fcé?lé&gf(af‘ébr”dht‘tqﬁfétthé&10f AR sewd el e,
when t hgy gt @RsaRablERSI.9Nad 12271 i This: signakeis, part. of the
corn gr oﬁ% ‘of 'si gnal sizloz,ilagzndﬂ&n er E‘h\é‘?é‘&n?'&ﬁ? h%t%bghsgﬁ(t g‘i‘%é"]p“r ocessi ng
entity whiltploentValé-6t208 t6Rh2050yislQUOR21Tetheeqardishatiam afc ARt P- ENC,
MUX- 7, , the L. XOR gates, and MJX-6 forma'circuit that, when
startin & HeCetepenal!lq Hgbi IS fOVm 1 IMIARgNsUBYtagt ohthe
B%tcwd‘ mliw@etrl et ] h22%/is v iTh Li hth
line-address the successjue powers of 2 whose sumis  equal to K
Furt her?r‘{;)l?‘e{’mthﬁll %fs‘?:' ﬁgﬁ’?{o\égéﬁgrlﬂltggqéhéﬁmgfﬁa& MOWSIAR OSSRt ti e,

er theugontidd coftrbhRenhst@p2gnabl e signal. Wien all the 1-bits have
appeared fromthe AR register, the priority encoder detects this

condition and activates the signal stop 221 which is tested by the
out si de,_processing,.entit I tlg&{/n e lines need to he
processi_&gui”n%ﬁhé“gu’rl?%ﬁ?" éﬁgjﬁﬁ’-ﬂ]ﬁ# M 'ch%boHﬁCSQRﬁ“&é‘héPﬁp es the
successMEXWiFath S Qfcual lhaithﬁfhl@_htsﬁaﬁﬁ\;zkwﬁm 4 nlifhiRrBE RAY¥d '?Hrmr%ry Ina
| oop, and the output of ea_tch wei ght takes one
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 phasec.
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 cach weight takes one

cycle only.

teoo1221 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 siynal 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



cycle only. [0001221 Wile this successive elimnation of 1's in the

regi ster 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 Ilne the val ue of the no- flag
signal 15, inverted and ored with thélinit signal 224, is recorded in a
D-flip- flop Wmch is one of L D-flip-flop 218. The address of the

sel ected fl OR H roup of L ‘ts t he sane as the address of the
line int ‘hB“‘iﬁAM shame @ éPé‘c THRBRC twat £roy pf hpes shgersor hed by

utili zi ngotdi8ed NEIRM e Of g he, A feuit 214, described bel ow. These L
flipflo socton%(al n a 4% ew baﬁggﬁﬁé of I's and Os representing the next

group of lines that nmust be processed in the next pass of operations.
10001231 The_initializati on of the RAM controller requires storing I's in
the bit &0 TAR ‘”l'q“l‘l”s“t!i@r'ﬂ af b{hth’\lMtumm(Wt’wILQUirL'L eginn I she RAMithat

need to r-Qces soci at,ed . A ts set to 1. These valid
lines ar leiagxé[?ore Al ot We at!'éi&dff‘(/gw fﬂﬁ PUSHY 'iaﬁ‘ﬁi! ﬁ'lé‘“RAMd ﬁ‘hb‘a}’é‘dﬁ’ﬁ“@ﬁous

bl ock, #&adesMeGin at»t'tactiatl ReaRImuest taddrasscivnga &l QQKN &0yt For exanpl e,

i f onIv three lines in the RAM are valid, then tile lowest 3 bits of the

AR regi steseamtise dllreetestio thy R, ahla ¢udtqjlu(lltsﬂﬁ[38kLﬁ'lLDHll(lflﬂIl'ﬁ fithecase the

addresso‘ t he hes dress line is 2, since the valid |lines have
addr ess ‘e, “da{ﬂ'éfg '“ ag ‘%Qsé oryamdpe if ST digraainsisde t(lﬂrqth“t\i)v1 sends

tile adqﬁe$§|:8’ftlﬁthb'lgn%Qlt": lb'th%fttRL t/’ll{ ? ol L!’?]?Lrl]‘-t;'trlqlz‘lﬁ tn_?h Ll 81 {1 { m t -

address 207 signals, and activates resu Fing
i ons o#nes to tatint thés hﬁg(th) aa!dld@@&sf tthn ltljjll&k Jthmldtreadl(iﬁh%& signalhe pass
ough ht i {) exer )MJX i s decoded by ADCD into L si gnal s, all 0
except FBRAIes Tone adrers Oubiagwt Zedﬂéh‘“t&d‘ﬂt’ Hae @@ﬁt@rﬂlﬂ@% ofitsidlpicntidedr ess.
10001241, The UL fifesOfy pr ireuit OR-PN 216
which 1 rLanSf t ns@%l_‘ltu g“éhrglll(‘v\ht(l)lggq\(/}at 1C [\EQI\/f’ibnntr(afln r (i“éjl% | ggbt than t he
wei ght afldrdss 207 yighalbj dnd Actidfted BRUnit Bighal 324.FPRe @XAIMME actibnt Afe OR- PN
circuit
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.

loonr241 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 individuaily
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.

woo12si 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



recei ves 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 Dinput 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 sighal 224. The contents of these 1,
flip-flops where each output of | corresponds to a valid line in the RAM

is then | oaded | nt? the Register AR 208 bv activating the start signal
cont r ol FPAGT AR YT P el {ix B w8 s thoGaM20P amx Hapsi letieg copaldegur e

18, the 5018 i pLofoall arrave of actiye —cel.ls, qr.processing
el enent g@?rgg\dilzapggﬁ }Hll“e"'[ F”n(nte(%ﬂl\)éfr’?ﬁ}fyt%(é%l %6 Elﬁ‘ﬁ "“’athﬁzl\h‘?P ndom
access iwdyy tIcoOhaR06 gy Pl uedld 0d Bhe ¥OOtRIE 4080r 8RGO oW ect or
havi ng the sane storage capacity as the CAl 206 and thus bei'ng capabl e
of sel epthiidleliy ustlor tingcomeokent Hrecodneléet 25%f Iit hec ENIbRUGenThdtthi's, t he
CE, 205 includes the E:N/I 206 having n- cells and the as?oci ated vector
menory BB WYL (R dBIPERe OF Gt PYIMSE ¥ RdoEbAPG.dF tellogston n one
enbodi m finkbite NLodAYERL Qb [ Of e TRIRry vectors
00, 1 5 P b P Ry O PR

per f or nkohgen thivamagt be asteingsiatbdrgeiint tharC Med0d) e ndceamf@dat@demi t hi n
the CM 206, and to offer a |ower cost of inplenentation and reduced
power dfegifaiiamentatiyn pngacdnaslisgedr divvipatsme agevdl be datcewsed 0001261
The exegu 'g}gocgftaﬁqgg,rSuppl ied to the CE 205 is driven by tile controller

255. The J'controll er 255 interface nakes use OF four speci al

rggi sters, as also shown in Figure 18: 'INR 402 - data input register;
i&one enbodi ment, all CE 205 instructions get their (imediate) data
ar gumentoeil Thayxeeywtam pRNRd¢ suppliedd By €6nd050ls|dsiveaaoBy the couFRllen04 -

?ﬁéacgj%ésy} "gﬁ(ﬁ%r E%@ﬂ%%ﬁé&%?%mrléfdc(?bhkgg\ga?b)\;?(kgrespt(ll]:l r%%isltgr?f:sags one of
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);

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

. value, such as 11...1;

¢ '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.



the value contained in the first narked cell; otherwi se QUTR contains |

foll owed by an inpl enentation-dependent special value, Such as 11... 1;
"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
menorv. The VAR 408 register is updated by special controller 255

i nstructions ang i,s used -is an argunment to/instructions that explicitly
mani pul P87 &b Bireer FrrEcyRtedos Frasgrsifemn e/ angoiused 4H niaydCXCOUt i on

of all 9y ! Lng. tLh eral, regi rs associated. with cells.
45 1008%%?“32%&% mé‘r?l ‘\r{%‘b?‘“e[s)‘éﬁ il ‘l‘gﬁg’!ai‘i@ ‘SﬁhnLBHMtéﬁ“dﬁt“flt"hes 410
may be isghtchitpel Yinvt idtozed d haktRssnRahbaends of tile CM 206. AS
utilized herein, the input/output lines 410 have tile follow ng neaning:
left-in' 412‘:'EQVJHhﬁHk?GBQJndﬂwsqjﬁmUyhdeﬁéuMﬁaHLkvﬂmer:(eqpﬁml means
that tile two operands in the cell are equal, first - |I nmeans the cell is
the first rmarke mggllur f\;vn.(]péﬁr;glyi:‘mn tlwl%ll_arj'va : 'r'krft éql, nfqapgttl)u,- celbie from
the first Ce"wh%QQQ@%%%ka(%MEl be readily appreciated that tile present
invention contenplates that the CF 205 may have any nunber of

circuit-specief i telspedi 41+ atfvonsarkyidgh biust} depar fiong the oFa ddie br oader
aspects of the Present invention provided that the controller 255 is
capabl e of issuing commands to, and receiving data frorn, the CE 205. An

i nporta CEn HBher r . present invention resides jn the
b 11 4y Ny A RO R ELE Bl PR T D TSP B 75 BidekSs dac o
ig addi thartht-a"IS205 imgy data.anyhaipbec s sirf@gt Apcdat aonfRureaHr either

hin each in-bit cell, or by affecting the cell imediately to the
left or Wilyntt epatipadaemethn brsmderiarpedts of hloupdewet notadidhat by

provided that the controller 255 is capable of issuing commands to, and
receiving data from, the CE 205. An important aspect, therefore, of the
present invention resides in the ability of cach m-bit cell within the CM 206
to actively process data in addition to storing data. The processing of data
may occur either within cach 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.

(oor291 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 celt within the CM 206.

fooo13nl Yet another inherent advantage of the data processing system of the
present invention involves the ability of cach cell within the cellular engine

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



enhancing the functionality of each tn-bit cell within the CNI 206 il
this mnner, the present invention exhibits a systemlevel behavior that
is nore conplex and, as such, exceeds the perfornmance of other data
processing systens. [0001291 It is another inportant aspect of the
present invention that the ability ﬂé’actlvely process data at the cel

| evel within the CNI206 is acconplished, in part, by the ability of each
art OE til.e conditi redi cat e,

It )
desi gnatig T TS galy i an i 1P ubuhent 9 gBrrosfialask. - of

deS|gnat|n

execut € 133888k 3 ru@idnd EEGhE utAlz /0 qmlﬂﬁﬁm : e CM 206.
10001301 Yet anothg$tﬁﬁﬁé}%nf éhvéﬁtaae of )(gGICi f%ggsgﬁgg syst em of

t he presénhuﬂnvenhl@nrmmﬂotugsuhhengbht#kmrbﬂseaChmﬁﬁdmndwiHULﬂ the
cellularwggglne to no} only simultaneously execute instructions within a
single ¢f t‘yt}‘lté" adls B éhtaldswcelynaweamry rerapablyosieafdetting whi ch

execut e gl | .r adcas str ions.via the Ut|I|Zat|O | of
both | Oglé{r&e& I @Eﬂ‘l t“gt'[héﬁeﬂ Qi bht b maﬁEtﬁtih léa P daraper By “(U[ 11 zi ng

i nar ker Hoiréts o ﬁhknd)\ﬂdl WHM@'EOIQG bt thé evalm qtthaﬁ‘kuﬁ}equ h N n the
associ ative inenoi -V are capable of affecting those cell's either to the

left or F’rfi‘t-jhit%cff"‘ L:\3 Reldd(l‘él’ hstlv atien, manreratibn obf it mhekat sfabr,dyunknown.
Ther ef or g, t he system | present inventjon. provides Ior t he

sel ect i v”“*“é%?ﬁ'vam‘cs aniss, 'f"é‘ 5t P f) TR LA cqgfent o
associ athvgndRehIni &*‘]‘]ﬁm Fth?# tHS6 I\/p!(l& hre\tlnLarI H}ra?l f[P HaRi LQE%r HXHI% hafdie content

of the individual cells within the an a particul ar
i gnatledhtidrosddion thddiess thereln. 10001311 The present invention

iiirefore conbi nes processing and nernory at a very intinmate |evel,

meani ng that an individual cell of the CM 206 never has to access a

Sl SlTETAT RLAGK: Wi 51Oy VBRAANE! pr ORRLANIS (8 8Fy LP thel T

ﬁ ﬁiﬁ?uh
own | ocal space at the cell [evel eretore Fesurtedars Kk
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.

toco1321 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.

oo1331 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



pl ace, saving conmunication and processing tinme, silicon area and power.
10001321 The increased flexibility of the CM 206 is al so hei ghtened by
the capacity of the CM 206 to selectively characterize any portion of
the bits stored withinits n-cells as being a portion of either the key
field or the data field. That is, a%7opposed to known associ ative nenory
architectures where the key field and the data field are strictly
defined,vﬁqgﬂchzoq is able to consider anv of th% bits stored within
its nmendrEStEEiNg! Wdesd qindrpiates agpugh gaeater jaadgmogs ¢omipkdependence
upon 't hS’rrH@RW&llQ,fFigﬁ?&?@ b%ﬂgrﬁﬂﬂz@ﬂ]qmdﬁﬁlsﬁﬁu‘?i()_:1q9ﬂ(.'_a't' on 10001311 Figure
19 illustrates the €ontents a typical associative nmeniorNi 500. It

will be readily appreciated that Figure 19 is a sinplistic representation
of all associative ineniory device having a single row of rnenorv cells
that include 12 columms. The present invention is O Course not |limted

to such an 47 architecture and indeed cont | aj es .a greategr and
nor e cow%r%&ﬁbﬁﬁp§913¥%%éVF§?’ﬂdeﬁé"’©“ é?ﬁgRU}F?ﬁEéhpyﬁg‘ﬁVfﬂé ration
only. 1Q0Qh3fUabsriskosm, | WHIOUReIILS. rdREREaSH ST B8Rl Y, Jey field
502, and an 8- colum data field 504. Whileit wll be readily
appr eci bingth tdvatiz¢,idtghadeydield 56 gnk, therdada tield b4 tshenketerfoif eledig®02 and
| £
the datg field 504 is a matter of design choice, known associative
menory SHYFHeSNARNMASPHMIVE UMY HOEIB BEYWeeh the nededling Prigren
thr oughgist.e 3l FRRTTARGSy A CRELARLARSA. TRAL I SarlnOWeL, ABSREL QLI Ve
mernory devices are specralized intile nature and size of ‘their key and
a fialsdsiatiAe monexanhhvicesl at' speasdivod ihhBé ran(re UsEsizknfabsedi@tive
ry to inplenent a fast database such that its data field represents a
par ti cufdd g Sckdintsmin exagple.ilpf pafarno i enpicoyeesssoshivte tile key
fields maerlﬁm.ryelﬁ)r ﬁ‘ﬁﬁﬂhﬁ&’it}{efagr dgg%agc??&clpﬂﬂﬁsi&soih Al lltl-?iy reveasr'*.s'e-!_lrt].&J o 'n
accordance w-t a'sinplified comrmand, —a controffer in'a iyplca
associ aphmteulmedar somerd, &.g SRALGERatIBR deymbi@ld@ds SQRilenhondgrfidlds

determne if it matches the nane
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 ficld 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.

(o135 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

responsc to an issued command.

joonze] 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



"Smth", with data field 504 containing tile potentially sought-after
data, and would 'tag' all the data fields 504 associated with a key
equal to "Smth" in order to indicate the existence or absence of the
sought-after data. Note that in this exanple the key could never be

| onger than 6 colums. JMJ 351 In tthd menory engi ne of the present

i nvention, however, the distinction between the key field and the data

field has been,remved, phqg“ht\ljs Po§§LQIevfor“the ﬁqntroIL r to

uni ver AN BoAS e M Bh A VI Y Qe gl 4 D qapradhy it Al Gel | s

cont ai ngdribt A REENSE ot RS tined GiR04aRF, g fdrglofl -2 othe! S€ to an

i ssued ?oﬁnﬁna. 1000136fllt %ﬁoﬂld belndféd ?ﬁé?ﬁgh%Qlft{vﬁéiﬁgﬁﬂbetmeen

known asswenaid veuddt alhprhcessi ngesyst enta’ gndpthe qresephcticwventdlpn is

not one of structure, but of software and the inplenmentation of issued

command® OHALsGkIn thy quprgshiée bl ishwtpy Bywtion ofBwtitonctusll cel | s

wihin LaeA9SAGh g A8 MRIPLY.ASH G8 By, be sel ectively consi dered by
trotter 1o be either'a e p&rtyon

t he con 8¥mé"key', or a portion of the
"data', in dependence upon tile specific commuand issued. Therefore the
"key' or 'data' property of any [)articular cell is expressed in the

comand®asel¥s, slandniis Ingerca2d, dhe tdootrodier timecatwugbonaith copgenidat i on of
the associative neniory device. [000137] As shown in Figure 20, the
cont r or Farmat obnds s S ew bl st ar Do aht, Sy wbal & t ne
sought - gf{&tvidatandifle®l b (2dhRN 1S fidid BhawhatphSatoRPNRT M $& ¢
considere&'altrad?fibnal kéb f?eldfﬁgﬁbmh fﬁ“phan?on)“ophgv?a?gépl

oci atssegiatnermmeynda i Idvivigg 14-ce8l dowsows it pryiinspay delispebht sel | 9

at is, Wthin wh t_is‘oghqrﬁ%s§ congjder d atraditional data field,
shown i H"t}HHa‘h’ 6&1‘)’"‘ CRERE GISidsEe élyt_l’a wap] data Eelsk shevwselt eadi | y
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flexibility than known associative memory engines.

(oe3s} 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.

. leoo139] 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 scarching 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
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traditional distinction between the key field and the data field within
the associative nenory device, the programm ng capability of the nlenory
engine is significantly increased. 10001391 Returning to the exanple
above concerning the | ast nanmes of fgployees, known associ ative nenory
systens are typically specialized, o tailored, to a particular use, and
woul d therefore be incapable of searching or identifying data having a
radi cal |y, di fiferent. ¢Str . (e..0...16-colum keys —apd 1024-col um
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i ndeed because the present invention selectively re-defines the nature
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the present inventign is capable of bling an essentially generic
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that the inplenentation of the commands previously discussed in
connection Wth Figures 3-10 are due, at l|least in part, upon the unique
abi | it Vivespatt b thisaegards ibAlgeuwld boreadily 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 betiveen the key and data

fields within the CM 206.

jooora2) 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 cach 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.



remove, or ignore, the traditional distinctions between the key and data
fields wwthin the CM 206. [000141] It will also be readily appreciated
that the ability of the controller 255 to globally broadcast a
predet erm ned conmand to each of the_n-cells in the CM 206 within one
clock cycle, as well as the ability $8r each of the n-cells to process
the issued coomand within a single clock cycle, is equally applicable
to, and encouraged by, the ability of the nmernory device to nmake use of
all bits wthin each of the n-cells regardless of their |ocation or of
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claims. 51 WHAT ISCLAIMED [S: | . An associative rnernorv support for

a data b?6@e§§ﬂwgdsysﬂénrhnsardda@bhcdabuvehHE%wnwvsupponUChmm$rMBlng an
associ at | e e gy ﬂFVICG alnlngeﬁa ceIIs qniroller for issuing
an i nst FoROdments blfige pdid HW 15 V& @ﬁapﬁi declauns| ock device for

Qut putting a synchroni zing clock signal conprlsed of a predeterm ned
nunmber of clock cycles per second, said clock device Qutputting said

chroni zing clock signal to said associative inernory device and said
troller;



said controller globally comunicating said instruction to all of said n-
cells sinultaneously, within one of said clock cvcles; and wherein said
instruction is applied eqUal 1v to each of said n-cells. 2. An

associ ative nenory support for a data processing system said

associ ati ve menory support conprising:l an associative nmenory device
containing n-cells; a controller for issuing a command to said n-cells in

said as (Y device; and wherein said command defines a
conp05|??gmetﬂsglKg@HEF%rﬂ utilized to identify data within said
n-cells. 3. An associative nenory support for a data processing system
said associative nmenory support conprising: an associative menory device

contai ni ng Pil- cel lAj agscefiivieombaiorl QRippesuidith aftal Mgl liehE QPstlm sai d
11-cells; and wherein said instruction defines the si ze and nature of a

key fietdd asoriagled mamany seywout compefsisgti d i nstruction 52 4. The
associ ative nennry Fgeort for data rocessi ng, system according to
g 5t

claim 3, whef&ih? V”Y“bﬁ P SPPPITEEE ¢ ElY  of said n-cells.
a controller for issuing an instruction to said associative memory
device;
a clock device for outputting a synchronizing clock signal comprised of
a predetermined number of clock cycles per second, said clock device
. outputting said synchronizing clock signal to said associative memory device
and said controller;
said controller globally communicating said instruction to all of said n-
cells simultancously, within one of said clock cveles; and

wherein said instruction is applied equally to each of said n-cells.

2. An associative memory support for a data processing system, said
associative memory support comprising:
an associative memory device containing n-cells;
a controller for issuing a command to said n-cells in said associative
memory device; and
. wherein said command defines a composition of a key field utilized to

identify data within said n-cells.

3. An associative memory support for a data processing system, said
associative memory support comprising:

an associative memory device containing n-cells;

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

wherein said instruction defines the size and nature of a key field

utilized in the execution of said instruction.



4. The associative memory support for a data processing svstem
according to claim 3, wherein:

said key field is applicd to all of said n-cells.



