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search processor circuit The present invention concerns a processin

circuit for recognition and conparison of conplex patterns HCﬁ/NQ9QW83§'r3eed
data streaé?0 Bl cularly for wuse in search engines for search and

retrieval of data stored in structured or 5 unstructured dat abm
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processing circuits; and a search processor circuit and conpri si NG R
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the use of common data processors, Basical,l S h { et bavabf of .
patterns;jn | dfhgeputacrt 1@@F@Fﬁ%“sr%?ﬁéze§lfi 1R érﬁgﬁr&éﬁcgﬁg%?%ﬁar al | el

solutions,  USlAQiufbrb@dse8: BhiTRath prlﬂfﬂ??ﬁimgcﬁagfeﬁi@l%m 5?“2 rasitsor
si mul t aneousl y sedrch in the .or ren Bois GEPBricessinBgi of a
WeaaS ] B Ripyfiabaep oncF

massi ve par al Ioferapen g SEpM _ le a’large.n dreri es
or searches imktsapeausbyessborirchél daafasitarh SFFfst%Ségﬁagbv 6%2%“?2}/ use

i . i ded as
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20 2 bit string and beforehand input to the processing circuits.
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For searching information in large data streams, something which fo

neines for data communication networks

instance will be topical for search e B
o . : t of data -

of a type such as Internet or Intranet. for monitoring the conten
retrieval of data in large structured and unstructured
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streams and for
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The reason is that recognition 2nd retrieval of information in the

it i i e emselves
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sufficient power of expression to describe features of the informtion
searched. In the art there are known procegssors which use a caMd99863¥4 of
strings of YRERYH symbols. As an exarrplz of prior art in that connection
there may be 5 referred to. international patent application No. WO
9409443 Al with the title "Non-nuneric coprocessor"”. Further has the
conpany Paracel Inc. developed a data processing unit called Fast Data

Fi nder (FDF) which, is particul : , SbAgodatttibziti es

bet ween dat a.S%2 ages Bhfc?leﬁ# gr?gpgﬂﬁﬁé%ge%ﬁé\%?%VMi ch can detect an
exact match, futureRyfahsmibAnbeonltached.find distant simlarities.

sonet hi ng which nay be useful in Gene research and text searching. Further

there are fr gi)nl g‘r%o%gttﬂ}g MNknGw o_@gsgogsl'w’aﬂg;apag&amo&l;ﬁris)od(uﬁsmings of i near

systolic arr ssor fTor conputing.the edit distance b
strings over dagioreymaiqphabern eXAMS|CHRPUPRETIOR § tﬁ%%%ctb?? éﬁﬁgﬁa\r@eschene
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with the near nel our, “such that it is _ver I i ,for VLSI
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to handl e ver9 ex search

onp : quéries. Another di NERY& fSl fnhdhet hey
to a grddxer bxtaélhfta?r@bdsjéﬁa%‘rﬁlﬁ?lfarﬁiersc&?T“&W‘Eﬁi‘?’%@ﬁ&%{g}/&%i ch onl y W th
difficulty cap.Qhfaf afd fReddcaied.ity of this kind without being
unnecessary conplicated. 25 An attenpt to solve this problemis known from

US patent No. . 4860200 Skl o palent NODISCHS X5 |(Basgasathanakiat) know &

processi ng de iU uctured as a inary tree, where I yedesvPf

Drocessors, edineamsyHiolic SEWPTPFEISOUMTCOMRHIRG LE e@éﬁz?%ﬁﬁg%§gof$o % al .

di scl oses a C??P?xEJSESVW& pinvegnIaqxélg@oe[,rrp}mib%nqjmaﬁeﬁésmssd oormeediag sgheme
ucl

binary tree s ure suth that each.30 prpcessor LRt hOs aawhinch
f orm resp®ct i welightrheugesdhe &HH‘bcq‘i@%IbéEi\)% Cgfaret“ﬁée?s%gg?o ﬁggfnas si ngl e parent

processor and tBWﬁﬁgﬂu‘LﬂicﬁfﬂQﬁmmic Fihey prrceseesbas by Bivefpt &1

synchronously Wt ata which_ar i R of RameH Eamba qeaipantd and
processor and Woismnes AL c%%raflg:tﬂ% tlégﬂg?ﬂoif:ﬁeérj sﬁrgn‘t%]e

uses simple basic cells which only need to communicate with the nearest cell
neighbour, such that it is very well suited for VLSI implementauon.

20" A disadvantage with the known dedicated search processors is that thev do
not offer a sufficiently advanced functionaliry to handle very complex search
queries. Another disadvantage is thaf they to @ greater extemi.lreba..sed on 2
circuit architecture which only with difficulty can offer a functionality of this

kind without being unnecessary complicated.

An attempt 10 solve this problem is known from US patent No. 4860201 |
(Stolfo & al.) which discloses a parallel processing device structured as a
Binary tree, where a large number of processors, each with its own /0
unit. are used. Generally Stolfo & al. discloses a computer with a large
num.ber of processors connected in a binary tree structure such that each :
30 processor apart from those which form respectively the root and the leaves 0
the tree, has a single parent processor and two child processors. The.
processors work rvpically synchronously with data which are transmitied to
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them from a parent processor and communicate the results further to the

. : a
nearest following processors. At the same time the child processors of



nearest follow ng processors. At the same tine the child processorsl3fMR B
MAR 2006 WO 00/29981 PCT/ N 099/ 00344 parent processor can al so communi cate

with each other. According to Stolfo & at. each node forns aPQT/VOL%/8034d

el enent whi &%@Ji ses a processor in a “real sense, a read/wite nenory
or a random access nenory and an |1/O neans. The |/ O neans provides

I nterfaces between each processing elenent 5 and its parent and child :
processing el ements such that a substantial _inprovenment is gbt ai nﬁd %n t he
_speed wher e%ﬁ@}{@@@ﬁf ams alsotcahmbnimagh Withe 250 rRiAgL tAGRTEINZG THAI0 As

“the binary tree structure. ha ' o1k essorhie a
processi ng d@i%éaﬁgﬁ\ﬂd&ﬁoﬁamrgégﬁ?gema?ﬁ{ Wﬁg%g?si;ﬁ%ael eﬁﬁﬁfb— I.e.
.1023 processipg @heeentead/vritheeniarary a raeden aqFrese MRy WMI A< 10

l evel s. In a preferted,enbodi - $.hi: ' I ing efexn
device has a rg?%kﬁ‘Fﬂé]@éﬂ%‘%sﬁ B&Efegﬂléte\?vﬁ%& %t%eeglaéa?htgogew{tﬁ 102.%
processoks i sndsiedpareachngrbidqgocessiig plgmen@RICaA@at ﬂs“PSE@mIB cycle

time of 1.8 us. offer | (WRRdreBy tfaraheditrahsiflimed throngh
I nstructions 158?”%%’88%% %&2}%%?12281?39 _%%dajll | el T’OCES'SﬁI‘ f EP&%“&' nd can be
wel | suited frhe Hﬁmrgitrcngstr!p@ﬂIQ-tA%M&‘Ba%Er§Cp§5%@§§? g grpé eits,© f or

I nst ance sear ghi ng irp J/?ré/%dei meolgﬁmgggﬁg\aavqae&.en&ajwwﬁmicomimse Fehrch
probl em can Be*H& fn_e%l a ( F |

a problemwhere a query_ about .r.e I.on: bet ween
an obj ect x amccessingjementscte. %Pr@@ﬁ%?ﬁiggtegeﬁl iéﬁ@&ﬁ‘ﬁé@”&?@é@ '
conmut atjive a“drgg&%ﬁ%ﬁ@% FeRiiNany pRfepetatmbotimbncthinasoanri prsatliely,
and a prli mi ti\ééearc query q whi cr% I S a§pl | ﬁ] ﬁ%ﬁﬂhainn&%%bﬂr@@bfﬁh and
each el enent procesding devige hasmeclogk [gaiEnC ?Jél it able search problem
when the | ogi gof HDEId000OR: LiSed aabh pedcatisbh habvieg pini avierageinfu@icyioni &ycke
equal to f' appri etween the object x an _each. & snents7h hillibn As stated
in Stolfo & atime &f hbBdbl- OHERhRAROCTAISPE *6F ™55 “Snsweri ng ‘a query about a
set F. can beirﬁs@ﬁwggg'pepyemmbi ning the queries applied to arbitrary -
subsets of F. The problemis in other words partitionable and well-suited

for rapif exequll on. By # ik rapeia clhoeselFuind fatindiioged in a

nunber of- arb equal to the nuIrIIber. of avai l agg_% iPLpgessors.
_The prim tivepatetionaplé datanprocessind BEPRIAMSar aF 1BH12BRE e5tH dg[%_r océ%ssor .

bet ween t he unkpnown.. ' LS PBh Sslkedatoh arbblenoces berdefined. as and t he
local |y st oredn&r%ﬁg)ép%lﬁﬁfﬁe}\?g 1 i

conbi ned in parables whgrd agarI @tﬁ{y[t Eﬂag{c}gx %?tsi\?e:zé érﬁaﬁagqecglxg&gd Eg@:ﬁ)ha et set
comput azgfpzs%gg#ﬁoﬁﬁ fr?rjb mé}&fa&%i iise of a pbmamji\ﬁahd atsdvedtge péAdEMed and
20 poperzlto?brwhicgrhag anci(aggtlftty? Lhd ~finitive §HrER qBErPh QARERAE S
applied between a new object x and each element f in the se.t F. Onc? has th.en
a partitionable search problem when the logic function OR 1‘s cqmbmed with
. ) the primitive query “is X equal to " applied between the objec_t‘.\: an each
element f in F. As stated in Stolfo & al.. a problem which consists of
answering a query about a set F. can be answered bv combining the 'ql.leries
applied to arbitrary subsets of F. The problem is in other words pamt.lonable :
and well-suited for rapid execution by parallel processing. The set_F xs. .
partitioned in a number of arbitrary subsets equal to the number of available
processors. The primitive query q is then applied in parallel on each
30 processor between the unknown x which is communicated to 2ll pxi'oce:ssors e
and the locally stored element f in the set F. The result is then arbitrarily
combined in parallel by logaN repetitions of the operators b, a number of
computations on N/2 adjoining pairs of processors first being performed and
then a corresponding number of computations on N/4 pairs of processors.
35 with the results from the first computations. The operations are thus moving __

during the processing to overlying levels in the binary tree, in other words
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nmoving during the processing to overlying levels in the binary tree, in

ot her words 2 3 MAR 2006 -WO 00/ 29981 4 PCT/ N099/ 00344 from chdngsimasasor s
to the par W@ 00R9%88essor etc. and are repedted in parallel on each |eve
Frominternational patent application PCT/N®9/00308 which belongs to the
present applicant. there is known a digital processing device which is
suited 5 for processing digital data signal structures. where. the data

signal str “Ct ur esgﬁﬁ@ro'cigscfr‘?%tthf 'pé?ecr%?%@é‘é%%? andifd arempedteddnparaltel

Thi s process frRE § énera figured as a regular tree with n+l
| evel s SO, g eacﬁneaah of degree k. This architecture provides a nunber

of advantages conpared with that which is disclosed in the above-nenti oned
US patent NopsiRadedthatiithal Qafemt dp @lx@ﬂﬁo@@@'ﬁm@%/b@nQﬂswiiltﬂbbelpéﬁfi I2ihfg a

mul ti processor architecture based o e g2 or
a super bi nar presest apficgBhriBerBIK “va%é‘ré ﬂ]a} grg%%?‘%?%‘g@?ﬁﬂ;égfgé‘?eat er

than 2. suchg, %‘@{o&:ﬁﬂ@ﬂ@ltﬂ@ati sRaaf srruciurss awdershid deavienah SUHERER 4.
8. 16. etc I

nary or. superbina Bekivg dk
i ey € ocomPTiStateRALiY %ﬁﬂ%ﬁﬁ%%%%@ﬁf“*&”%@%@%omip"@‘: %‘ ‘é‘ﬁél .
Itoﬁ”' ti O”a?' g Sﬁfxfamypé@@ttienﬁed as amegﬂaemecwuhn%:hé?w she mﬁf’ :mof i
€ presen I nven .S u I §0¢ &mn w I C
with basis i .degﬁ%cb ﬂ-&‘%?r‘{hjﬁ&‘%eﬁg@\gﬁsﬁa a;‘r gﬁ?qée}ctﬁtjraggﬁ@ r\g;c%%%ﬁﬂ g t he
applicant's apgvehiEntd disedosed ier thatabonatmpatieneddd Pate| a3

realized with a pultipro P ide hitect
above- mefit i ofeal i Qéﬁeedﬂﬁgé ént"ﬁ%eﬁngéogfﬂcrgegg% 2! rﬁ\ﬁ%l;ﬁéc r architecture

search ocessorz. Bﬁ gfry
si nul t aneouslyasa o Wirkbulse babimy tree pf 692TEE A OF o SYRATPEIAIHGE LSS %r PR

devi ce econony than. tha t nt Ruthehfer aljesbinarotesdor as
di scl osed inVY %‘t@na( pklowfsg%%%ef J}@a&?ﬁ%ﬂ‘ﬂer X is an oﬂb elﬁ of t he
or

i nvention to msm\mcdewdl beye dBeidagras 4 to-whic it bda'ﬁ"’b%r W& real i zi ng

a mul tipr ocessob ggi\.}re'cﬂf@11?Eﬁ#&@lms%ﬂﬁﬁwtocﬂhrecwat pr@m:teéﬁn‘lébi paeny
perform sear H 9 arison o atterns rl nal | sgn gﬁf PRl ect of
the i nvasti omﬁéﬂlﬂbbc(ﬂélat@é\aﬂé Eﬁré‘é‘@élée S%"?rrc se ar chi tect ure not

only allows i I‘ﬁ andle bi nary partitionable 30 search problens with
appropriate f A |o'nality, but also lends itself to inplenentation with

varying degr e%b%lﬂafll‘g‘% %Sgltké%%ré’g%gpﬁwcg ald aRlseo Iﬁ-b{,méld s@@tmprmssor

known in the roni cs articularly it is.in
circuit which with basis in the general mulnprocessor architecture as

disclosed in the applicant’s above-mentioned international patent application
20 can be realized with a multiprocessor architecture which avoids the
above-mentioned disadvantages with dedicated search processors. but which
vice
simultaneously also will be able to provide a far better processing and devic \
economy than that which is the case with the parallel processor as dlsclosed

in US patent No. 4860201.

25 Further it is an object of the invention to provide 2 processing circuit which
can be used for realizing a multiprocessor unit in a search processor circuit
and effectively perform search by comparison of patterns.

Finally it is also an object of the invention to provide a search processor
circuit whose architecture not only allows it to handle binary partitionable

30 search problems with appropriate functionality, but also lends itself to
implementation with varying degree of integration by means of available
circuit solutions known in the field of microelectronics. Particularly it is in
that connection the object that it can be realized in the form of a



that connectionh the object that it can be realized in the form of  a 23 BARVEGS
2006 | WD 00/29981 5 PCT/ N099/ 00344 nmicroel ectroni c conponent inpl enent ed
as a so-call fybsded; programmable gate array (FPGA) or an PCT/N099/90344
application-spécific integrated circuit (ASPC). The above-nentioned objects
and ot her features and advantages are achieved according to the present
invention with a processing circuit which is 5 characterized in that ‘it
conprises an interface with inputs and outputs for data which respectively

are configuring.and, operation fQrasth&-c PIIQCBS R pehocameabte the
configuring pa‘?’éﬁ@lgéq(ﬁm&éé ﬁﬁ”gdf&gﬁu{ grgﬁkgﬁ?%[ee _agsrac_)%)egsll ng ci rgL?i't t’ga
unspeci fied orggtedireat (P @A) wWrsan applivationtspave Iniggeate arcEBr Aallk)f or a

gi ving processing task and the operational data which are 10 processed by

execution of {hg QbYOR REACES BictasdndBING feankinuauadyaritagustarcohioncd
output fromth f) cessing circul't via specified rezr&e;c.tl ve | nE’t‘FJtS and

out puts of theadaﬁre@'rrfgimelheamelswsl@"'@)@iéo‘P(éYir‘i’éIa PPeTEsEs FreHU SR By m of a
conpar at or, uni L, r%@ﬁﬁ&[%ﬁﬂﬁrtﬁﬁp[t dgr&lﬁriﬁ‘giﬁﬁir%?fﬁ&@d/ifrpinpaw bugputswior dat a
Funi e

wor ds. ané a IB%? connec th_the conparator, unit, the |e@gic_unit
15 conpri si ng damuhichl rgpecitvrinaes é@lnﬂlg’elﬁ“@h@dfﬂq"éwi’??g AP ETY ﬁoqttﬁg
interface- a seguential. dafia | ofring trlegdrs dRen®IPplietpatthe a
sequential fIPp? P%Bgicﬁgﬁlé PR oRring barameers i

" a sequential result jnput from.a, preceding
processi ng ci r prodessing Geapienia wnspesifgd of ﬁlﬁétcaferdo‘rﬂpéltss‘&‘q[gééafeﬁga? ?’gégssi ng
circuit. a par gha%r Qﬂtfp a1 d1DiHe pRcBiaL etk dre wepperatipnl, data perich ke
flip-flop input,” a para fel“ resﬁjﬁ)&] 20 lgput on_a_pre edi.ng RLAGESHIP thput
circuit arfl a peecessed by sxareliphbinoRIVED BIRFEEHDE ﬁﬁﬁ(p?%EEss[ ng_ clrcult;
and with the felLpyuffiGHémUhe drocdsBing tirteir azespeaifiglitespect or ingusedrebt ed
data val ue, an output for.a selected docupent ' t frar a
sel ected flip- PRERY QF Ghe “&ﬁr@ﬁf-‘pﬂﬁe?%ronaf s@“éé?decg??ggﬂltﬁytfg&g 0pgr'ecedi ng
processi ng ci r ghidpasatdr aniouipuomperaisehaitring gdepted|tor £QMRaENE VR deHYy
processing circuit: a first. D f.lips ' kdr amit,\WhE ¢beic unidapt ed
to delay a posifqrge ﬂ%%#%\?a&ﬂékgﬂéﬁgd 5‘?‘6@%%8?%5? L%rinr'ne .urﬁts; a
second D {4 i p- tbeiprisins equehgdexerrangiectad #1WnihgHollg Wakk RIS ¢ Mo moni t or

and control a conparLs i {dhuthe sequp@iAtdycuttieht inpnda aequeasial t
sel ect or Michl?%paﬁgp?ga&gﬁ{tgﬁr@i edbt ' reguLt val ues .fromother, 3Qcuir, .

processi ng ci r dliptBopinmpithaseauariial 1684 éé"E‘B'r”st,rofnh%lf’retcﬁgméo%ara of unit is
connected w th QUL wt rekQr iapEefreat edudetedivalpuecassing aruduil. pl ravalielaaa

. addd
\(/;Motngecflega\t,ft ﬁlfégﬁtt alpnarglrl]gl clic?guerrrlgrﬁcxgpu da faytratlllg?ﬁip-%painbﬁﬁ% paraHEpPietult
20 input on a preceding processing circuit and a parallel result input on &

succeeding processing circuit; and with the following outputs in the
interface: an output for a selected data value, an output for a selected
document value, an output for a selected flip-flop value, an output for a
selected result to a preceding processing circuit and an output for selected .
result to a succeeding processing circuit; a first D flip-flop; a latency unit

25

B -which is adapted to delay a positive binary value with a given number of time
‘units; a second D flip-flop; a sequehce control unit which is adapted to '
' monitor and control a comparison operation in the comparator unit, and a - - |
result selector which is adapted to combine two result values from other

30 ;processing circuits or other result selectors: that the cornparator unit is

' connected with an output for a selected data value on a multiplexer and with
a data output in the interface and further has a result output connected with a
first AND gate and an equalityoutputconnected with a second AND gate, that
the first D flip-fiop is connected with an output for a selected document



first AND gate and an equality output connected with a second AND Latzg’MAR 2006
that the first Dflip-flop is connected with an output for a selectée
docunment WO 00129981 6 2 3 MAR 2006 PCT/ N099/ 00344 val ue opcign99/00344

mul ti pl exeiy@odvss a reset output which %ia a reset line is connected
respectively with an input on the first AND gate, an input on the second
AND gate, and an input on the latency unit as well as with a docunent

input in the interface, that the second AND gate has an equality 5 output

inthe interface, that the |aten phtead Dewheeh wid b rebet bue fut on t he
first AND gavelumen Wi ﬁmgnp 5 h48'h'redet RRPY

<Gt ¢ { th bt thd hat
e second” D iehopsp famnpm'ea?f’% wggpﬁésr@%gﬁﬁg@iﬁ??ghﬁggﬁ e h%
- op an respe Ve a -, t RGh 1 ap Wl t on the

P P (5 r‘?ﬁ%ba%a‘éleﬂd &AS Huﬁ’dt% tQY IE’Eéhc?‘ if b3 P

sequence contseepn a th aflip-flaop put _ kn.the.d yface,
that 10 the $eaueNGe ispot irotheunterfacs, YGARRRIEP 'f*ﬁ‘}t{’r@%u‘h@éuﬂm_ SR

sel ected flip-1] Of)' val ue, aq,%icet IE}?atQEE Patbné@inR isebaatertdresthl thef QWRHAOD
precedi nfy pr cuEBY Hbt e ‘on the nult’i pl exe an%u\é/hw ke Wirdie, ithaut on
a precedi ng pLeGRSSANDcgateand Witha TPBELIPRBGE IR FRE™ imt erfac&' and
that the result sel ﬁé%rﬂihﬂl&poﬂrt%ﬁh@&edwith thesgmeetaurpliyon the st Pesul t
I'hput

i nput, a firdhedse S, a fLrst equalit oy : Sec e result

i nput, a secoﬂﬁ;ﬁkmpuar@teﬁpngﬁu‘f%lyén@lpéhggg’ te%hd;ﬁilém }lml?}tl indhe

i nterface and 1 espegt yeloy yiilas well aswiith adlipuiop auitierne BHFA > B4k an
equal i ty out ptR9Y CEIFMINY er ace. In an acﬂvag{ﬁ,%ﬁ&@u@q@p@gméme@fﬂipkﬂop
processijg cli fieuidqueaceconirg! BBt HEONRGRIEH 4! e conparator unit quit
conprises a fi rg{ r,g%{%tgﬁt whigh idle@ad tesdfroms @ preAe@INEPIGRFIR idat'E 'h )
the form of avAMCAVHHE S"and respect i vgl.% itsm{;?Eﬂgggfﬁﬁg%ﬂd&e%i@lgtcarduipm :
and a data oubpuhe mukmdexes M‘é‘g‘l"ggé’rre\ﬂ’\ AP cThtdins a data word a i ch
the data word x igs‘htg%uf[%ﬁﬁh hegietfate, and that bee resodpsHleati FIEOPAS el | as
.one or nore ISBPJ gat es. ‘and mul tilﬁ"ﬁﬁﬂﬁraf&?@&'@&ﬁm@ﬂt W, tahferst egusief s
for executi ng vetioespectiysh &bEsFEr 3 MR Sut'But 25 on t he, mul EEH{i% Bhlity
conpri si ﬂ? the é&tsly decontpetuloinpunea sennmar GV ErHi pufAith 8 265341 aéeous
enbodi ne of P e’proce,ss‘iacrgg%::i r&wﬁpeﬁ?&nﬂ(’%iﬂgatr@SﬁlhQJUIPWGndDmmbOUtp“I

| at ency unit ooppy InsEe |t ot ‘Ch respect input is connected with the
out put of the asrﬁpgfpgq@mmxg@npuamdth@i1ateéif3§écond input with the reset line,
the counter being connected with a latency register 30 mﬂiacqrég?gﬂﬁgatiron a
configuring |atenc et iofgheprocasputg ke esul t
out put of the “a?‘éﬁgg%ﬁj%g?{)ﬁ%mgﬁ&adv(ﬁ E@ egus-sgggoﬁ'gﬁetzis@&'Wheckpﬁroeesksi ng
“circuit accor difvgntiontthe coOmpasHor 9Ak @ gaﬁ‘@ﬁlce control Sunit conprises a
first ANlaogat e.SQNGGLRH input data in the form of a data word x and respectively 15~

d with a data input and a data output. 2 second register which
ord a which the data word x in the first register is to be

i oic gates and a multiplexer )
compared with, as well as one or more logic g .

7 . . g .

connecte
contains a data w

s embodiment of the processing circuit according to the
rises a counter which respectively via a first

ut of the second AND gate and via a second
register

In an advantageou
invention the latency unit comp
input is connected with the outp

the reset line, the counter being connected with a latency

e con nd having an output which

30 which contains a configuring latency parameter, 2
is the result output of the latency unit.

processing circuit according to the

prises a first AND gate connected
put on

In an advantageous embodiment of the

invention the sequence control unit com

. . . { out
with a result input on 2 preceding processing circuit and a resul



with a result input on a preceding processing circuit and a result ogtyoNAR 2006
on 23 MAR 1006 WO 00/29981 7 PCT/ N099/00344 the latency unit, a first OR

gate connected respectively with an output of the first AND gﬁéﬁNﬁ%@l&
out put on thwoversssd D flip-flop, a second7AND gate connected Wwth the
result output of the latency unit and the result input on a succeeding
processing circuit, a second OR gate connected with the result 5 input on a
succeedi ng processing circuit and the output on the second D flip-flop. a
-third AND gate connected with t result : D8y BHBNGY outdt bf &
with an out putholatene mtg%tbé“ (ggrogaée ﬁﬁp?‘?%kggg?gé;%&megt od resp ﬁbl vel y
with the resul stoﬂwtzaﬁ’f afdian loatpnon tei secoad Bulipuflopn aeEERNEFANPhERIAND

-gates and the'first OR gate, the result.] r Henge st iBpECES 2 NQ
Cirouit and t leennegiedrvich LRSIt GHPY QMR e T
out put of the JeOLeREE ppisEiRlg dindulit, facseriongd @Regat@scmrxne@&ﬁcgwfb? errRgult

processing circurt. Ih an advantageous e i EoRMBE8sSdIWDCI rcui t
accordi ngdt o tihput QheSHEF IP%QFQ%SSEI'IHF cémg?g?qég%"}t%eg a first, AND gate

connected wit f‘mbbﬁo%Sa §1iiF 6 1A DUt tynnegied Vet the sesds ONEPERAIRG Bneut . a
(0]

second AND gate’ cohnegted with the fd e hapsblexad cbhgesed ond
result input, YnitaRd ! o4& Oggﬁﬁed(): Z&@téﬁ?rﬁdta pig

the first result input @nd
the second equakpddtivetputith ehe neeIlt guputcfimecRERNGH YAl AR OLERBhe! 8§°3‘a?| ty
input. a fourtE Q“@nga&%éa%'lﬁ?%?td%g% el IR SRePNthpie W 4 preqadingnd t he

out put on the e rrst ate connected respectiv Wi th the
first andothe sreeesingairahittand thagflip; flap SVERMIOR Sg&cseﬁﬁ%a{ﬁ%é?;; chftule
respectively with the fi $0T ARt foraiaki thy resplitqutput b OR gate
connect ed resp@bPPWé’ltff\Xf‘?%eﬁﬂe Ct&r}{%é‘ut of the third and the forth AND
gate, a nultippexessingrmeatited respectively with the first result input,
the second result input, the first equality input. the second 25 e%y lity
i nput, the out Bi'bn LEQURta@EBES Enbeltiiméme(The siroanss s @i AREF &1 1 Hifd
with the outpul fromrespectively the f] , nGi@ednhbied OB gad e,
a fifth AND gatréfeél@@ﬁé@f:éﬂs?léﬁggﬁr\?gfnyr\{/\n&%hﬁ. FE% ?‘?ﬁgt' and seﬁ nd _docunent

i nput  and, g t h g hee flagirergutcindThe secondequalier e, 24°8PRE MANEYat e

¢
connect ed Tespectively Ww.th the f i Rtiepua of thirst AND
out put 30 Onppﬁ@nq,ﬁjpgivﬁ}tbi}grHgﬁgg{uﬁ{e‘fnrpglst a]h'a%fe JdchnaNesgrtiapun a

ul t OUtpkixt in the igﬁ.wrfn%gl ,gand a
seventh AND gatgﬁtecmmtaﬂwmhtt&nerfaspeeéuitv@wt £RE MErROARISIAt'S dhd a
second output Quthe miltl plexespmRkbnadufitedphi. yfqurtipdtiD zathe

interface. The €d obj ects and ot her’ features ant.ages
are also connected with the second result input and the Gutput on ﬂ{Edezﬁ'fe,g
20 first OR gate connected respectivelv with the first and the second equality

: input. a second OR gate connected respectively with the .ﬁrst and the second
). equality input, a third OR gate connected respectively w1;h thet output' of the
third and the forth AND gate, 2 multiplexer connected r.espectlvely with the
first result input. the second result input, the first equality input. the second
25 equality input, the output from respectively the first and second AND gate,
and with the output from respectively the first, the second and third OR gate,
a fifth AND gate connected respectively with the first and second document
input and with the document output in the interface, a sixth AND gate
connécted respectively with the output of the fifth AND gate. a first output
30 on the multiplexer and the result output in the interface. and a seventh AND. . .
oate connected with respectively the fifth AND gate and a second output on

the multiplexer as well as the equality output in the in;ertace.

The above-menti'oned objects and other features and advantages are also .
achieved according to the present invention with a search processor circuit ;
: . . : v
35 which is characterized in that the multiprocessor unit is provided on the leve



achi eved according to the present invention with a search processor ?jﬂm fUUE
35 which is characterized in that the nultiprocessor unit is provided o

the level 2 3 MAR 2006 WD 00/ 29981 8 PCT/ N099/00344 and a logic__ S 9}%?%4
forms a rootwﬁgﬁgﬁ?grp the tree and conpri sesg an interface | P" uPrﬁTt’Nqé), at

r

t he nearest ying level S , conprises ' 2mcircuits P'., which are
provi ded nested in the nmultiprocessor unit P' and formthe child nodes
thereof. each of the circuits P'_i having identical interfaces |P'-1 and 5

conprising a corresponding logic unit E. that the nultipr ocﬁessi)r ugit g'.'c on
an underlying Jevel .S .. o E 4 In2he wed and Lorgprieenibh ynietiapt 188 314S!
circuits P'_mn WAL A PR er face | Pn. g and corresp_ond'gm%. | 091 6 URiHigh and
provi ded nest IEgtﬂiifthﬁfﬁ'eai&stomdelnb/mg(éﬂe)l'iSmg GPMBUSES 5" CYEY 1@5%21
circuit circurts P, yam P". 0 [ QYR drfd R thecihilduiodss P . g,
that a zeroth dre\PéPV‘fC)é% ﬁ@tﬁw?ﬁahe: ol%zc?éleﬁgﬁ 'fngr, t he mtjl ti gr ocggsor uni t

P' for q = n 5,8R4708R¢H $€3he tiromi@h, - navieg i¢eri k@& NRETI4GFSCReISOr s Pc whi ch
form conparator units in the ?rnin"11. processing.ci i: Rss@munitiPe, beavel
S,, that sach @Hmprisimgsa;icngreépﬁaéﬁiﬁnt"sm%ﬂ? u%%rthgggh% ?“3}%‘3’5 "to am

conparator units and each i nt gré ares. hp.l lardnecalty esppridend I%P@:‘S
units. that ge%?ﬁijﬁ}yléﬁ 182'??(%&1‘*{5 P? : Ig®

B P on the. 45:%ided
5,:...5" have pdendaicaavithnneartaces |y , = FP, Tp = I.rand t hat
et | noetenfho g0 5 s
‘each logic unit conprisesn@-hesult | ect,qrn@hvarhveekene! Sahl 6 eaen ©rqf
col l ecting thengsedin éh%f‘z a s&dt Fsgiepi‘é‘f*néioﬁcgkrll, o &’ conpar | SﬂEleQ/@Pfo‘?ti on
execut ed by thph_g.r,QQﬁﬁﬁis ngvel caxoptising 208ire ks PoweN&12 2§7R"h i "advant ageous
enbodi nent _of t seargh.pr [1F5hdes aGCOR T MOfdra = 20= tSheoMAERT | on
35 2 pRefTER TS pfliiphces ol

each proct®si n§ cfirc nprises 2m conpara idig.ingHEN
that the nulti gr@sedsor @ Hernebpmg:eairprérﬁ’mé&h@@dg%}qﬂé?@ag{at%%erlﬁi nary

tree. that a preeassind GirewtuR prmpﬁ[h& lel€IcSj tthBy each phprocssuRg Gir fgtts
level with a fa[a"tct or pF&gBSgM: gfrgdut ?16,1,1;“ %enr_}eral Y aL%i B{fléiﬁ{:h BRs Shiefadesdp bmdel
S8 105 { Fponien o el St GRRE Busr g T,

_q,, recursively wth th t loeneddlly SU G duIBLE L Be.. Bl Par :
super bi nary tré@?re.SPg%ﬁn(Fhloc_Féﬁﬁ gﬁr.g{smg?ﬁge?i_r'cg h P, inh each ¢ase] qadphises
a fromthesl evel,. S,..c%, heecidesiticalyngamscar S4B at{p15r Psupsrbitnary tree.

I n an advant ageous enbodi rent_ of _t.h b0 &R SSigok-ep-tale unideior di ng t o
e i nvent T on vieehdp Rt s g igg § FES feledld 05

rises a |latency .ynjt dof
sequence 30 camfifectingnhe rasulelof aass2aEch QBT(fﬁH[S’-"‘t%rb?éomﬂyaflggbﬁg@f}oai C unit
additionally executed bv the processing circuits P, on the level 5. _

ircul ing to
In an advantageous embodiment of the search processor circuil according

i ircui ises 2™ comparator
20 the invention each processing circuit on the level comprises 27 comp

units. such that the multiprocessor unit P, forms an unreduced binary or
supefbinary tree, that a processing circuit Py maps a circui-t leon. the .
overlving level with 2 factor r = 2f", and that generally a cxrcult.P.,.q on th |
leveI'S,,.q for qe {1.2,...n-1} mapsa circuit Pp.q.1 oD the overlying level Sp.g-i

i i =27 i r superbinary tree .
25 recursively with the factor r =27, such that the binary or sup

i i i evel S, on
which configures the circuit P, in each case comprises 2 from the level S,

recursively generated binary or superoinary 1ree.

i ing circul rding to
[n an advantageous embodiment of the search processing circuit accoréifi
. it and a sequence

the invention wherein the logic unit comprises a latency unl .
Je unit, the logic unit additionally

3 it as well as a look-up-tab
0  controlun e

1 a
comprises a first AND cate, a first multiplexer, a second AND g | t
¢ it i t outpu
second multiplexer, that look-up-table unitis connected with a resu P
. atelv underlying level, the first

on each processing circuit P,., in the immedi -

AND cate with a document output o1l each of the said circuits Pa.1,



conprises a first AND gate, a first nultiplexer: a s-econdAh D a ga?ﬁemﬁngﬂﬂﬁ
second nultiplexer, that | ook-up-table unit is connected with a resu

out put on each processing circuit P'_, in the inmediately un j ohgvel,
the first 00/%g81 W th a docunment out put n each of the sai gﬁﬁlprég%s
P'.,, the 2 MAR 2006 WO 00/29981 9 PCT/ N099/ 00344 second AND gate with

. the output of-the first AND gate and the output of the |ook-up-table, the

first nmultiplexer with the output on the second AND gate and a second

.result output on a |ast one of said circuits_Pn_, the | ittofMhé h
| 20N aite TG S

the output ogeddid ANDigaAbIDVightihe OUHRILRLfHEHES! ; B e
out put on the | atency,unit. r IlexttWith taBcbuaphl ompidd £95 004Gt a
ofoalghi-Br b ey TRaNpleg :

.first one . resul t input | 0Gi toEnand a
11 p-110p ounaata sewandieesiiseutpibona Baf BE o odid STBHIS Padiye ety Bnt

nul ti pl exer wi.th a ip- DRatd)ehs sggecte cutelomiunih and
W%omlgtémpe PRSIPANTD RS q

respectively"(/%it and a second flip-fl g irét ofd t
and further \uspuespent laengy (i@ r§ﬁﬂgfb“8§‘c%‘h§8f¢ﬁe’pﬂh’%gt%dl}?’ du?gi i th the

first of Onep?fﬁ' a?d %grrcglwétpn_ﬁ.a Asplieheot ed thetoglicnusit %odnd( wéliBdRRPUIPY

processor ci according to the. ijwenti i i8] edle e WiENd
managenent urdrt thenkist Angicd %’1‘8§Erz§“btﬁt#p;dt %é%(%%gg@g(ti ggﬁ&‘?

th i
the sequenti a} ﬁgpt(l;[ﬁ Raoal thelsedatnace npotrobnnitrad mP?qtb‘fe&Er@Z‘g%?{m\/&%, Vs

. a
and via a doculfent Tout puf is connegt L {,Rd IS@aHeREdpRctideufest and
i nput on the ars¢adnst BierdeR ‘%Rﬁttorb?neg&,g\r{\eepggl%}ﬁit ﬁ% sear ch Firaﬂocessor circuit

accor di (r}% to §J}%ni§1nﬂ?ﬁ1ﬂdﬁ10@ﬂp‘ms watinprei §esg of gnecsaid EaRCHLS P[r1)rfxslnagement units

provi,ded “connected with ‘respective result outputs and docunent outputs in

circuits PlI, each At ef;ﬁggggl toftihletse¥tdh Bracessort ciroiptaceuiing Wdifect ed
redenrt 0 i

with respecti “outputs in the interface af. oul 4R OAERARIOT
unit P. Addi timl“oaxltid‘rﬁammpex§earﬂcﬁ%ﬁﬂ%‘?ﬂté&é’éa%er@e%\/ﬁ@é’%htctﬁgvn%g}éhe renat:}?ﬁi ng

appended dependent._gl.gi b&ivel ené kequerhidllandove parabkg) dLH RPY P g Eat er
detailes in cﬁﬂﬂ%%cttfgn‘@ivt\nﬁ?ﬁs_a-exe lary embodi H?Bﬁgnuft% e csapanat heuni t s
of the processiuigpcoeessor #msPg Yty e PRe Phvent I’F(t)ﬂ: “and exanpl es of
enbodi nent s t : ANgb AumesAInPut pnaheIBvItIATIOCEEROF WLt fo-a mul ti processor
uni t basgﬂ onggélg%{etggi ng ci rcunicﬁtms of this kind. and with ref_erenlce to the
drawi ngs, wherein fig, .l Ee bt RericRicacdorting wehre ahvglgdesdsér
circuit accordith rtabg-t Hée-sé;\&\%ggtﬁtrgn? 30 fig. .2 a COHP@ES‘&;?JctéH‘WithaS used in
respective result outputs an . _
ment unit via a result input being connected with respective re

d document outputs in circuits P,.,, each hit

sult
manage

20 outputs in the interface of the multiprocessor unit Py.

) Additional features and advantages are evident from the remaining appended

dependent claims.

The invention shall now be explained in greater detailes in connection with

exemplary embodiments for the separate units of thfz processing c1rc1:ins
25 according to the invention. and examples of emb?dlments there.of an. a |

search processor circuit with a multiprocessor unit I?ased on pr9cessmg
circuits of this kind, and with reference to the drawings, wherein

fie. 1 shows the principle of the search processor circuit according to the
invention,

' ' invention.
30 fie. 2 a comparator unit as used in the present in

{1Q

. i i ent
3 the principle for how a character pattern 1 compared in the pres

fig
invention,



fig. 3 the principle for how a character pattern is conpared in tHe piemgnt
i nvention, WO 00/29981 10 2 3 MAR 2006 PCT/N099/00344 fig. 4 the '

principle for how a second character pattern is conpared in th r
i nvention, wiogo28981he principle for how ajpattern of two char%‘gpgg)g%@%
conpared in the present invention. 5 fig. 6 the principle for how
repetitive patterns of varying lengths are conpared in the present
invention, fig. 7 a sequence control unit as used with conparison of

repetitive occurrences of character patferns in the pre ' i on, |
fig. 8 the sefigehdbe psHcible ﬁihp“i?-ns?‘ipfﬁ! gh%’&ﬁ}?éc&aé‘ﬁ“?éﬁgﬁﬂ‘i’r&g\n&,t‘?’ﬂh{“ﬁe 10
conpar at or uni[,rtesgﬂ fiv@ndionfig. 9 the principle for how character strings

where the pattern is arbitrary are .conpared in the present invention, fig.

10 a first epggd%’{ggééﬁgﬁiﬁbebitd?%Wv Qgra?tcf’ﬂ S HyBWHaPaktb#eR ddthpaRdlidithe

processor ci i 0 the present invention, 15 fig. 11 the

i npl enment at i opreeémthsldnitimty data distribution tree in fig. 10 and wth
use of the connection shown in fig. 8 fig. 12 a second enbodi nent of a

bi nary data dizst giiRetgriitibleeforiheiv feprrisbarpditerns ademsyingcliengths argccor di ng:
to the present “inventjon, fig. 13 a third enbodi ment of a binary data

di stribution €PERAFH 11 H?:F E?gF%thm:‘eméﬁn‘processor circuit according to the
present invention, fig. 14 the principle for, the result_.sel ector as used
in the presenfigi Meestquance Fongol BBitasaused; ‘Hl:tf‘[ﬂ%nﬂﬁs%?flé‘?ﬁ Y'¥%sults from

the processing. cireiidss WslePPafi@idl in pelpRes@itinaentom oyed in the
present inven f%dnﬁg%égs. of%haé' fou?th enbodi rrepr?t of the binary data

distribution tree for the search , 25 es;s ' ithh@epr esent

i nvention, fi &_g. %7‘5’15 SEALERCE FRTEP HERE ri)ﬂ(i)?fg_[ ﬁeé)éparfeggﬂj: gqgr}?%%ﬁv(l)n tree in the)
search prpcessempa¢eitoewrdit acfigrlddi ng to the present invention, 2 3 MAR 2006
WO 00/ 29981 11 PgT/ NO99/ 00344 fig. 18 the principle for how a positive

result of a ceppariagsyihSiplRtdtwetaracter strings where the pattern is arbitrary are

compared in the present invention,

fio. 10 a first embodiment of a binary data distribution tree for search
processor circuit according to the present invention,

15 fig. 11 the implementation of the binary data distribution tree in fig. 10 and
with use of the connection shown in fig. 8,

fig. 12 a second embodiment of a binary data distribution tree for the search
processor circuit according to the present invention,

fie. 13 a third embodiment of a binary data distribution tree for the search’ - )
20 processor circuit according to the present invention, '

fig. 14 the principle for the result selector as used in the present invention, .

fig. 15 the principle for gathering results from the processing circuits by
using result selectors as emploved in the present invention.

fig. 16 a fourth embodiment of the binary data distribution tree for the search
25 processor according to the present invention,

fig. 17 a fifth embodiment of the data distribution tree in the search processor
circuit according to the present invention,



for a certain number of characters, after the conparison in the prl@sift2006

i nvention has taken place, fig. 19 the basic operating principle for how
patterns are conpared according 5 to the present invention, pegnodInbiae
principle YO WA i fferent documents withl the use of tags for each
docunent are managed in the present invention, fig. 21 the principle for
how t he nunber of hits in a match is limted in the present invention, 10
fig. 22 schematically a data distribution tree for handling several queries

si mul t aneously, .0 f rése atisdr iymaintained
" processing ?‘&?f%&?%ﬁgglég&tﬂhﬁa&qﬁﬁ g&Fngf\ov?/@.g% edL% tion in the
number of hi tfer eaertaen nuREIEs O SNBEACF Sa2 ek PeSURPRHZPR 4R EF@&%WH he

.search proceqﬁ% Gbh a4k takebplaggording to the present invention, fie. 24
t he enbodi nen o? a conparator unit in the processing circuit according to

the present invention,. £ e i FdPetw Qhat@rid hid BofpPed Betdieling
processi ng cif?%uﬁ Itké%h%{l!a:%ﬁagd?%l':hﬁﬁg ?éggent ‘}l ven'flg%on, 20 fp?g 26 the ~
enbodi nefit oftoahk atreseny invéntidm the processing circuit according to the
present invention, fig. 27 the enbodi-ment of a docunent managenent unit in

the search prgpcessene ghh@%ﬂlé feciowdiffgrém dovenmenes evith itne @ne icdriags for. 28
schematically the enbodi nrent of a I.ooﬁ- uE-taFl e in the search 25 processor
circuit accorefichglaQiment 35¢ SR AT 4RE PEFEIF Y58 he operating princi pl e

for how sequence control units are used together with processing.cijcuits
accordi ng to fige2 prksenincipie éor how, the ingmbzy Otfﬁlétsekfb@dﬁl%l‘éhtlsgfm&egéal}éﬁce
control unit | ns%%[eif%r gﬁgqsi ng circuit .according to the present invention,
2 3 MAR 2006 RIE> Ty 29§ 2 PCT/ N099/ 00344 fie. 31 the principle for how

the character _strings are compared.with t @l in the
search pPocestsr 273isggﬁmﬁnﬁéigggiiaﬁagdil\s%lll&ﬁ[é&g#éggﬁ{ %%Pgr\i@éﬁt%eg%?!ll?%gqgsz the
enbodi nent  of sigilesidous Bt iviierdin thtikeafmodes somprider ¢ pleradiy fdrrgessng o
the present invention. fie. 33 an enbodi nent of the processing circuit
according to $HEUT-esent

fie. 23 the principle for how a reduction in the number of hits can be
implemented on a data distribution tree in the search processor circuit

15 according to the present invention,

fig. 24 the embodiment of a comparator unit in the processing circuit
according to the present invention,

fio. 25 the embodiment of a D flip-flop in the processing circuit according to
the present invention,

20 fig. 26 the embodiment of a latency unit in the processing circuit according:

to the present invention,

fig. 27 the embodiment of a document management unit in the search

processor circuit according to the present invention,

fig. 28 schematically the embodiment of a look-up-table in the search
25 processor circuit according to the present invention,

fig. 29 the operating principle for how sequence control units are used
together with processing circuits according to the present invention,

fie. 30 the embodiment of a sequence control unit in the processing circuit

according to the present invention,



invention. fig. 34 a block diagramw th inputs and outputs for the”MARZUUﬁ
processing circuit in fig 33. 10 fig. 35 an enbodi nent of the searc

pr ocessor cui t _according to the present invention realize

mul ti pr oceégétoo’%?r?ﬂ inthe formof a dataliree with eight pr OCES(S)?%ng“
circuits, fig. 36 a hit managenent unit as used in the search processor
circuit according to the present invention, 15 fig. 37 the search
processor circuit in fig. 36 realized with the use of a docunent
management Uglt ; g%hggpwe‘gl@fa ovzﬁ'xea&%ﬂh{errﬁﬂﬁg?%@%%tréd%th ghowe i n
fig. -)6, an 2P erne rocessor conprisrn arator unit and a
sequence coof reshiustiectooinre searrth]ero‘éséppaﬁsrpuaraqwrdm WelidrpIEEeNini t s
and circuits; Mggﬁ nare disclosed by their Verilog codes, which are given
in respectlve tables Al-Al3 in a separate appendi x of the description. -
As will be knpowp_, to persans ski Ver i def.ined i,n
Standard 1acHer8dsht SREaATReR! phacrrpllssiestan du i e dang T e Ger g
Har dwar & Desgd thetpreBentdhvemuigniage”) . There shall now be given a detailed
di scussi on of the search processor circuit according to the invention.
Operational | .t &8 o 1é emdgfRen@s shown
infig. 1. Ahgt ?gé%ea?sﬁﬁé%&ﬁs sh?fq}ggeﬁgﬁ?bﬁéxﬁ%’gt %wwgig?’ﬁﬁ ang i-n each
step the dat i@V@MLIER- currently are in the circuits, are 30 conpared with
sone pattern of other. This pattern is coded as a bit string which is
witten to tig. iirachliock diaeratnumdamenges andi ¢utpnts for thegrobegsingessoit i2 3
MAR 2006 P NO99/ 00344 WD 00/ 29951 13 circuit shall be assuned to be one
byte and thi$8xRte will usually represent a character. This is. hovvever..")
not of essenti al |rrportance on this level and can. easily be cha ed. A
sear ch kﬁocef@op @i gupedizeeryaf g Sear¢hBro¢RASAT Fb’ﬁulfsa%‘ﬂi' 1tn-v\ﬁ°tt a large

> nunber ﬁ?és@ﬁ{ 1ri%ﬂ%§%@5ﬁzéd‘a§ faemhmm@fesmm@ﬁe #8ithof Bé@h tree
corrparator Its Is shown in he register X here only contains the

byte" x: whi cthﬂuFlﬂ@ﬁPF?Feﬁé’%h‘ilfg‘é‘éFto the conparator and the register A
contains the byte a which.x shall be conpared to. As evident fromfig. 2
four conparifieod$ xhi maegepien airgt ARINS G dDLRE yearchiprocessor GICWY > a, X

T8 XS aa@@cﬂ'dmg 10 the present invention,

EEE

15 fig. 37 the search processor circuit in fig. 36 realized with the use of a
document management unit as shown in fig. 27 and hit management units as
shown in fig. 36, and

fig. 38 a kernel processor comprising a comparator unit and a sequence
control unit. ' ) ;
20 For further explanation of the separate units and circuits these are disclosed_" i

by their Verilog codes, which are given in respective tables A1-Al3 in a

separate appendix of the description. — As will be known to persons skilled in.

the art Verilog is defined in IEEE standard 1364-1995 (”Standard

Description Language Based on the Verilog Hardware Description

25 Language™).

There shall now be given a detailed discussion of the search processor circuit
according to the invention. Operationally the search processor circuit as 2
whole is rendered as shown in fig. 1. A stream of data is shifted through the
circuit and in each step the data which currently are in the circuits, are

30 compared with some pattern of other. This pattern is coded as a bit string
which is written to the circuit. The fundamental unit in the search processor



10 ”'] . . _ _ ZHMA#ZUUB
e result is obtained on the output of the conparator unit. Wth a
i nterconnection of kernel processors. i.e. conparator units as shown in fig
2, it will be possible to conpare or match sinple character PEENC®Y#H34* For
i nst ance wWwoI00GRISts connected as shown ini3fig. 3 match the string "abc",
i.e. an -'a", directly followed by a "b" which again is followed directly
by a "c". 151t wll. however, also be of interest to conpare a pattern
consisting of an "a" followed by a "b". directly followed by a "c". This
shall in the following be witten as_the »al;; Mheepreserarat or .
units in fi g:ir@ihﬂ‘rﬁlbgecﬁﬁé%éﬁ oAl héf‘ {)ﬁ ghqggp{t%glgegﬁglrlhe by
providing a iapgéttg-_bfﬁisﬁg,nﬁdswevéheldmidfes’shali?éiimplmtmeaﬁsﬂghéﬁ’ei6 ¢ gan
el enent whi ch2hatches "b" and indicates if a 20 "b" was found before the

last shift. dasrlyherehanea is necessary to enploy some sort of sequence
“control such that the conparator unit wll only indicate. a ﬁﬁtﬁg
I™i

. jf the
next or succgadhf® SQIERSEGH circuiniztcardigiashe imandion Hy !t Y %% hat a
final result is obtajned fromt didok .uni®. Blagit connecti on
it shall5 be WE?TSPngIQﬂﬁrofﬁsé%E%kﬁglﬁ%?%?@%?%.ﬁ{&a. e.o tuhe. ker nﬁ% ﬂ%e'i
processor U”&ém%%a@épuhdeds suewntihaf 2 t hel MhiegiohesreferaO R AT HEE! irst are
shifter is denoted as "the firsti:; i nRgrdihAhnd e redister dont ai ns t he
| ast char ack¥eX Hhf"hréCﬂgfpgyﬁgts%flt%&;ﬁ%%&?yg?t'r' [uni ? cgnt & Qf'} Ehes fih st
character ineonhiie thatt e wHovh % siatlc aemarred e st FYETR B ef'n'ta:ggs

pl ace, can be described by jh : LeudiQl ow. Vik Eh, keberence 1 5 & s,
4a-e. Fig. A8CTPAHSOLs CFQB{%l{ﬁ ﬁaé:goillﬁ%&g%ceufi'rst conpar a ?VitH'lint' None of
the coppar aty &sshdw abtamtedon e guUIpA Of the CEMPAEAIOR U i and st zé; Ll
there is no match. . ) QRERZR982. ddmPeratdbDanItOe3440ERdN 2,
anot her "b" ?%teéﬁ‘ﬁnptgga%;%fﬁﬁflhg\%m I asil uni ﬁgcﬁ@ég a ﬁ{&{qs. pehile the
first unit daewilhbe.possihipéo CREIAUECTIARIS $ER S ¢h Xhi's now requires
that the uni :L'és[éﬁ@é il SR b&snridtedd ahissowatiatfignismaveh #d FFHIEn&dCas! fong as
the m ddl e uni as_a match. even though, the, - 1§ \weaesretl: bhavecbne. 5
Fig. 4d - seworai. db"°§ﬂéirf§ﬂ§h‘ie1dtké¥jai ?P g\r\{alctmhaec—‘la?rﬁabéﬁalléwrrgi ni al ned. as.. .
descri bg? f 9f Wil enode~ et faléa1bt fdTinciT@E B MBS Hpalier CORSIYH (?ft%rbbl nt o
the middlre unit, the matches. woyl, hayve -Reen, ol aanerh ki fellodeng ba "c"
is shifted i iPHOTRE FY Bop uﬁlffcﬁﬁ"_gfmt%?}eg Eni ts are r}ocyv3sg#n §Ochaneed

i ndi cated a rmtigkn 24 thattaeern Ghbthe f bRt OEBREXOR S8 \AdW 'heen Found. . TO | f
this method shall. beysed tQ g&lf’@ﬁﬁecﬂJ@Tytﬁbnﬁiiﬁ@raséisgiengitomern@f?ell’l“hEH a

suc oF :
therein being assigned 10 the element which matches "b” and indicates if a

20 *p™ was found before the last shift. Furthermore it is necessary (o employ.
) ol such that the comparator unit will only indicate

some sort of sequence contr H
a match if the next or succeeding comparator unit also has a match. This

implies that a final result is obtained from the last compérafor unit. _In that =
connection it shall be understood that the comparator unit. L.€. the kernel
processor unit is provided such that the unit whereto a character.ﬁrst are
shifter is denoted as “the first™, this meaning that this unit contains the lést )
“the last” unit contains the first character in,

(1)
h

character in the pattern. while

the pattern.

How a matching of a repetitive pattern takes place, can be descnbgd by the

30 example below with reference 1o figs. 4a-e.

Fie. da — an “a” is shifted into the first comparator unit. None of the

comparators show a match.

Fic. 4b — a “b" is shifted in and still there is no match.

Hs]



single character. the nmenory nmust be connected with a group: of conﬂa}rMRoznusJ
units matching the pattern. This shall be described below. In order that a
met hod as ¢aseeidegd above shall all ow thel4matchi ng of repeapetyNOSLOIdENCeS
of patterns which are | onger than a singl’e byte, for 15 instance of the
length nit is necessary to keep track whether a match is found of each of
the n possible starting points. This can be achi eved by connecting n
flip-flops and letting the menory bits be shifted thereto as new bytes are
shifted intofFihecunhhstheFhd aytshifted imand te tvastast unjts fHawp awnlakcht, hehile

i ndi cat whet™h .Not tech . it . |
whor o 50 payie st gif GaeEndP AT URCAN [P uRiR B3k R snis iy gEFEETP L ©
E[i]" is thethaacheiahits shalltrefremberttbattnparatslomist BEimdinjained thdongsal t
fromt g[ei feixghet rglg&m@fﬁi%ayg'trham#ﬁ.egvémhau@ngﬁgg%lmtg goe ggatrol .

new r-esu ere repeate hing 1s allowed 1t the

-signal m is_set. ‘The signal sc jndicate et her .t he .seque
api's aBEshitiedaR B¢ Teeh

T < (ﬁmedcocntr%ol
shoul d Rave beeritdseaveralap s abgshifted in;an rRich if FRAIRTINET AY I5FC1HRFY i pl e
patterns wl foQb. $@Ke anotleer chdratter behidet dbDevasahified éntoaheaniddibaniengt h

- of the patterns Wwhich shgw]g h&ﬁ$%\&e€ted. a schene |like the one shown in

fig. 6 can bEUESIEhessyR e §183168ed  for selecti ng the out put

after the i th flip-flop, where i is the length of the pattern to match.
The use of tRig 4eethott visIshiftadweipethe first umé andrdbBUEy UNBO 256ERW BFLsOwi | |

be descri bed; bal 4y ARl AHGrh BRLEITRI D - A0Ec SRAURAG DeeAoAl. necessary

to achieve I'ng repetitive occurrences of patterns is shown in fi_.gj
Corpar dor Uk s Eransf BR8N Pk ORUBPED foniS8esers hed RS B8
necessary nusiigie ofhafactdri phd hogrsoryTnesnhd ¢oneexeat Wit aigeshint of demipagai@iiet her
can ' be deschnpsaracnis RSt ShFasqried NS FT 2% GouM From
Speci 11 6e. whie merer ibal S apRdabser B ahar Shll AUesuinemaBgiRE BLa T n a

P][ ec?adi n-?hse?éeﬁ&'ﬂed bf:c@rl‘?ehé;esS@f partér@s Uvith avé ldngeRharOh indle pase.tfore resul t
if also the n

Fesul ¢ XS om SianGmpt t [4neg i i BRCHERRI oMM IRK DRBEE SRR Epe e
mat chi ng wi | hfrath B the n possible starting points. This can be achieved by connecting
n flip-flops and letting the memory bits be shifted thereto as new bytes are
shifted into the units. The output from the last flip-flop will then indicate
whether or not a2 match occurred » positions earlier. An example where
20 patterns of two characters are matched is shown in fig. 5. Here E[:]" is the
actual result from the comparisons. E[i-/] is the result from the next )
comparator unit used for implementing a sequence control. while E[/] is the - ’
new result where repeated matching is allowed if the ;ignal m; is set. The
signal sc indicates whether the sequence control should have been used at all.
25 If sc is not sef, the matching of multiple paiterns will not take place. If it '
should be possible to vary the length of the patterns which shall be repeated.
a scheme like the one shown in fig. 6 can be used. Here a multiplexer is used
for selecting the output after the i 'th flip-flop, where / is the length of the
pattern to match. The use of this method will. however. not be necessary,
30 such this will be described below.

A unit which implements the sequence control necessary to achieve matching
of repetitive occurrences of patterns is shown in fig. 7. This unit can be
supposed to be placed together with a set of comparator units and the



allowed. res[i-1]: The signal res[i-|I] takes the result fromthe nextzgjmﬁtzﬂﬂﬁ
and is wused to inplenent sequence control. ffOL1[i]: The signal ‘fjQ 1[I

t akes the %5’&}%99H0mthe last flip-flop .15 through which therhRimPoysits
pass. The signa ,,, 1S to be given as the input to the first flip-flop

t hrough which the nmenory bits pass. res[i]: res[i] gives the new result
fromthis unit. If the sequence control is not used and sc is not set,
then this will be equal to 20 res[i]', otherwise. it will be set if

T |e|S[i - é] ! fS r]ge]{dtesa ngurhésf of D P?p-ﬂldpse,Tlmrm'TL{llripso%ti i‘i:t i13eed ltbaietcedm%eﬂﬁr ]
~all owed. | " 1] 1S set. ul [1+ . e |+ nput qives the
out put f romrPHg“Pféi %échrgﬁwsceafoftqul ten%.? %ee%ipﬂbveéjl' rpézﬂfli’mﬂﬁnb thﬁl?é'ép'ﬂ? Can
_possi bl e to modesmibedapdolddws: units for matching repetitive patterns with
"varying lengths. 25- In fig. 8 the sequence control unit is shown together
with the co rat-or uni j 1'O¢io Ik : aracter
mat ched _by ?%g[ onpar at-IE)hre M&Am.mﬁéragfga Z{:%‘gﬁr%ﬁﬁﬁi& 65???)%9(?“35)3@% réto _
represeft the nenory affPegrabde Patteri.p-flop i s hence set if the follow ng
conditions are true: Repetitive occurrences of patterns matched by these
units shall he 30' .al Theed signdlepecifesawbiethil meaeyerreicoRtifodshildibe unit
and the following. 2 3 g@[R 2806 %0.0/29981 6 PCT/.N099/ 00344 All bytes
shifted into this unit 3% & Se5RE 95 AN DRESTUHARSEEHRN HECOM Y the TR
belen_ mlatches. For thi sw;fcilcbdé@ygivd heositivautesul o ilb@tltmhéxtwgiinhs@hbp\as ]
mul ti ple occurrences of .t.he nat ng.pattern., nmust us to indi.cate the
results for both this B?lslltwg faﬂbi?-t éngPQEEEﬁInéh%ﬁ%s.u“I ﬁoﬁrtﬁésru?%wd H&r al i ze
the fundtion, sequenceimdeptndént frsmatheaythens addtregerddnes maichinglillinolt e
pattern matching, as V\@i \ggacri bed above. The unit will in other words
only give a positive r WtSf the precedi ng one al so does. In addition to
the matching or_repetitjve. pa terPsUas described in the 10 preceding
sections. iteshitlAl so bBe signanretidst/ taseadneeseitifiRa hinee e War 8R4 6% t he
pattern is optional. Thisd Mmodhsliehte sehaegcé doaftodnal og manner .and can be
described by the follow ng exanple with reference to figs. 9a-c.

Jouwli]: The signal f7,,,/i] takes the output from the last flip-flop
15 through which the memory bits pass.

have

fin: ~ The signal ff, is to be given as the input to the first flip-flop
through which the memory bits pass.

resfi]: res[i] gives the new result from this unit. If the sequence
control is not used and sc is not set, then this will be equal to
120 res[i]’, otherwise. it will be set if resfi-1] is true, and res/ij'is
true, or if repetitive patterns are allowed. if ff,,,/i] is set.

Sowli+1]:  The ff,,[i+1] input gives the output from the flip-flops of the
preceding element. This makes it possible 10 connect comparator
units for matching repetitive patterns with varying lengths.

25-  In fig. 8 the sequence control unit is shown together with the comparator unit
in fig. 2 and allows repetition of the character matched by the comparator
unit. Here a single D flip-flop is used to represent the memory and this D
flip-flop is hence set if the following conditions are true:

. Repetitive occurrences of patterns matched by these units shall be
30 allowed.

e There is a simultaneous match for this unit and the following.




Fig. 9a : An "a'' is shifted into the first unit. None of the units havzengRms
match. 15 Fie. 9b - A "c" is shifted in and there is now a match on the
first unit.wobggeggyddl e unit shall now remenber this. 20 Fi g.poONo9liB44
characters are shifted to the right and there is now a match on the | ast
unit. Since there also was sane match on the mddle wunit one character
ago. the units have now matched the string ac. In order for this to take
pl ace the sequence control nust function in opposite direction than which
was the caseswhah bwepsatefiedalo ehissunieaBentdtecrediodkhesmalisbak Ibesomihe
described a treg, st |str|but| ng data to the conparator units.
As a data distrf B%tlii%{?]et P%g%tnglicch%rrpl ete bal anced binary tree 25 as shown in
fig. 10 is used. On each |nternal ode in the tree 3 a multiplexer decides

whet her two $@BHRISES WREK{ the QUIRWLrPRthe it Wi eh éllewﬁéﬁagltmemrmces or

whet her t hey ohpé hlit@ﬁﬁmlpatftd‘tﬁ gheBetses equedichal t.'h)é reéuﬁs ¢ Both this unit
i npl enmeng ation .0 re 10 i s sho in

Lthe qudta |stra|but|0n g

(1. T “309nd he PiEsrBens: B Pt IR DRGHIRE e dURCHPD: REARRCE Sl
occurring r emgtalmvsexr:]sahob@khqmpadh majlnpnmpanam Bashihpess ahevdescribed
processi ng ci CUI t own us neratin tree’
structure in 'liﬁe %H‘Vﬂlébféaﬁbe& \g%r&s?rﬁ M’#@ 28’(98 S Eﬁ%ﬁbg‘%‘ﬁ?

PCT/ NO99/ OOSMecaﬂngm gab deenns shal | now be matched on several levels. In
order to sinplify this. it will be assuned that this only will be allowed

for individugy adan%@%%@ rrfh'icﬁlﬁﬁr otrhe amb@ hft%sggz delicriped Iataaeof ei ght

pI’OCGSSI ng circuits. Th ere are no S| X ferent nodes of
operat i ¥ f oPre¢Rding s5g6ti08s. INGA 9 Hﬁﬁlt%ro matehpiringsawhernhpare bl ts )

of each fromgé ghitermi06 §1|1zﬂg'1'ﬁlsrﬁUhIdSta@{ferlh@éjﬂpEﬁ‘dQélIoc mi2nakh aB8AUA e
control is usged _befgg efp esult fro the pracessing circuit O will be

used and t hi ST 193‘%@&@ e'aTVI”he"e HENES DAt A" Units  have

mat ches. 10 Repetitive natches are allowed for one or several of the
conpar at or uriigs9a  Ski-ppedams thifleddnt dd HrsdinioNareeobrhesuniss davefa t he
conparator units. Repefitive matches are allowed for the whole tree.

Ski pped matches are allcwed for the whole tree.

15 Fig. 9b - A "c” is shifted in and there is now a match on the first unit.
The middle unit shall now remember this.

Fig. 9¢ - The characters are shifted to the right and there is now a match
on the last unit. Since there also was same match on the middle
unit one character ago. the units have now matched the string

20 Tac”, : ‘
In order for this to take place the sequence control must function in opposité | )
direction than which was the case when repeated patterns 'we_re matched.

There shall now be described a-tree structure for distributing data to the
- comparator units. As a data distribution tree a complete balanced binary tree

25 as shown in fig. 10 is used. On each internal node in the tree 3 2 multiplexer
' decides whether two subtrees shall receive the same data elements in parallel
or whether they shall receive the elements sequentially. A simple
implementation of the binary data distribution tree in fig. 10 is shown in fig.
11. ' '
30 It is now possible to take another look at the matching of dcéurring repetitive

and skipped patterns. as described above. The processing circuit shown in
fig. 8 is used for generating the tree structure in fig. 11, and repeated and



The first of the above-nentioned points are handled by the processi ng3 MAR 2006
circuit 15 as shown in fig. S. the fourth by an anal og el enent for

ski ppi ng paficksdresiThe |ast two, howeverjgrequires that anotPET/NOYIBAEe
control unit, as showmn in fig. 7, is used for the whole tree. As can be
seen in this figure. the correct nunber of flip-flops nust be avail able
for this unit. The nunber of flip-flops which shall be used nust be equal
to the nunber of characters in the pattern. 20 which shall be repeated, but
.this may varskipped padetns sbplmovtiepapairhed 6n sevrealdsleisgln &Fﬂ%ﬁnt%mrﬁ

~multiplexers gl qb»ﬂﬂfaenﬁ%u&q@ethamis 6\15«0Jvm 'b@rhllo'i:l/éﬂ e8¢ iddividione in fig.
6 is evident, but th r"ﬂ?ﬁg ranm ng . the circuit. nore
€ tf§§ ‘t’ @

.conpl i cat ed aﬁ%’tﬂrﬁ@ﬁeés @TF forthF) rﬂﬂ?éé-‘rts@lf el ghaPERCESS BAHITH S s to

be repeated essentially is set twice, once in the 25 definition of the tree
and once in thkeradreimpvekesicalty six diéfezentsmoles néopletatidm dor thie toaerr ect -
flip-flop. Fortunately a nore el egant solution can be obtained by using

the flipsflopg I &h BH d fhet FesshorLeichii ts in the
tree. As t he nu%ge hﬂ)‘% Cﬁggg%tareﬁs |§§)§dhe treeeﬁg?ggny gl venotl rrle is given

by the data fl oWwroesssIngPrGuIseaer8derrndeaie used for data distribution. 30
can al so be used for routing the menmory bits through the correct nunber of
- flip-flops. A0 ipmBinesegnendd contad] it ised i-sordlaie result ifrppm 1Re prodesssng hercsane

be 5 3 WAR 2686%%%;&zgs%%efiéﬁllé"”?kﬁ@@%‘é%@%"@ﬂ??sé& S4B Foplefaft gt °

| evel s at a timhavktmabhed.d be remarked that repetitive patterns on
several levels sinmultaneously will not be possible by using this mnmethod in

- any c’asef%) as { h%%ﬁ@ﬁ frchfeareCNERL BPKS: SH& bPde Yirlal o‘f@ﬁé’coﬂﬂ%rﬁﬁir unlts
io T eac

conplica nis processing circult requires results fromthe

R R e e e e e v e A

structure. As shown in fig. 13 a total nunber of 32 kernel processors or
~conparator unét Répetusednaicienteomtowed et e wheleowea: singl e processing
circuit, on a group of eight processing 10.circuits. or onthe whol e tree. -

The sane reasgniqig &ﬁma@cﬂﬁk'a@‘@aﬂ@ weldefor $ké P01 tefe. patterns. Basically it
is two practical V\B s of collecting the results froma data gathering tree

Aot her b rar JBE bt bR EDARREpRRFEE! Ry HNEnERYegI e brdcRerhd N
node. This, haswehewn ihdsg. &. mmﬁ:eml'obvanm\l!%uelsﬁgnsnt 130:4 skupmrgegatmms
last two, however.. requires that another sequence control unit, as shown in’ _
fig. 7, is used for the whole tree. As can be seen in this figure. the correct.
number of flip-flops must be available for this unit. The number of flip-flops
) which shall be used must be equal to the number of characters in the partern. '
20 which shall be repeated, but this may vary from one to eight depending on
the configuration of the multiplexers which defines the tree. A solution
similar to the one in fig. 6 is evident, but this will make the programming of.
the circuit more complicated and more error prone, as the number of
characters which is to be repeated essentially is set twice, once in the
25 definition of the tree and once in the multiplexer which selects the result
from the correct flip-flop. Fortunately a more elegant solution can be
obtained by using the flip-flops which already are present in the processing
circuits in the tree. As the number of characters in the tree at any given time
is given by the data flow, the multiplexers that are used for data distribution.
30 can also be used for routing the memory bits through the correct number of
flip-flops. An implementation of this is shown in fig. 12, and as the same
flip-flops are used for repetitions on two possible levels, the pattern can be



i npossible to performcertain operations such as requiring that a dekd HA&HUE
nunber of processing circuits shall have matches. |If the nunber of

processi n%‘?“@?fﬂt sis relatively small 8t wi || be possi bl eedoNnOSR084

| ook-up-ta This will. however. bé probl emati ¢ when repeated 20

mat ches are allowed, as matching is not defined for a part of the tree.
These- two nethods shall be described in the sections below, followed by a
di scussion of their advantages and di sadvantages. First shall be descri bed
how resul t s repeatgdibhemech fitht Hevels atsetigie.dtishnaid/be remariGd/ dat repetitésul t s
fromtwo prq n i i I n to
peror m one Fap e Eeieaafegels sishuRtaRutiflo ffiothe BUsABIE LY \othe MR
advant ageousn¢thothén ab}/ 8asey @éh@dﬁﬂﬁm pidshe rgmeatthbler%sugt\ylléﬁani dather t he
ot her. A uni t fo and shal |
in the foll c?torwlc%nogg% : Ch%r%cg?%@?’oérﬁag&§%®§g¥\§tqgésggrsl f?i%l\?v g conbi ned
in a bbnar 3prt¢@enandmpamlbdéna 6 prfles todouplerens e sequanseofoniiadcluylsi ng
circuits, 3Qhﬁsxvﬁh8¥\”ae§cf}1ge'dgb?l%5v It will also be possible to use a binary

tree for conparing stri ngs phabetl cally or nunerically, something which

wll be des ribed in r e ich i ti.0 above,
nanel y obt ai h;%x@o\ngssxﬁaz t ?XIS \g'tﬁ%‘% %8?7%3& g%rlfi V\A?‘r?wr&hlirfg?ér gjgglore and
after the onﬂmlnfarrtg'Mloﬂesbptbct@ssbfseocuonmmrammsgsngedmtdmltows:an now be

et ot ELEst oy R A 00h HO0 15 BT LB Bty The

necessar given “tine, as
"t he matlohi ngixfuitepdhon etmewﬂwdie et sﬂlpmedrnpatammszcaémepp es tqoﬁxef or ned
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the right ops and-for provi results from
look-up-table LLT Th1s will. however be problematic when repeated

20 matches are allowed, as matching is not defined for a part of the tree. These’
two methods shall be described in the sections below, followed by a
discussion of their advantages and disadvantages. First shall be described )

how results are gathered with the use of a binary tree.

Given the results from two processing circuits it is a natural way of-

9
W

combining them to perform one of the logic operations AND and OR. It may .
also be advantageous to be able to select only one of the results and ignore )
the other. A unit which performs this operation is shown in fig. 14 and shall

in the following be denoted as a selector. Such units can now be combined in

a binary tree and provide a single result from a group of processing circuits,

30 as shown in fig. 13. It will also be possible to use a binary tree for comparing
strings alphabetically or numerically, something which will be described in

the following. The problem which is mentioned above, namely obtaining the
result of the comparison of the character before and after the one being
processed by the current processing circuit. can now be dealt with. Firstly.
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requirements to the d1fferent processing circuits, including counting the

20 number of matches. and as long a reasonable small tree is used. the size of -
the look-up table LUT shall not be too large. With eight comparator units it
is necessary to set 2% =256 bits and this will be manageable. A possible |
implementation of the darta distribution tree with LUT is given in fig. 17. The
main disadvantage by using this method is that repetitive occurrences of

25 patterns cannot be matched unless this takes place on the level of a single

processing circuit or for the whole tree. This is due to the fact that with a

LUT there will not be defined anv combined results for a character which is

examined by 2» units, but this is necessary in order that the sequence control

shall work. |

30 In certain situations it can be desirable 1o maintain hits for a longer time
period, i.e. when a match has been found. the positive result will be
maintained for a certain number of characters after the actual match. This can
be used to perform searches where matches for several patterns shall be
found within certain distances of each other. A simple implementation of this
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Textual data are often divided into a set of non-overlapping documents and
when searches are performed on such documents, it is usually undesirable to '

20 retrieve matches that span several documents. It is hence necessary with
some method or other to avoid this. Ignoring the data distribution tree. ﬁ_g. 19
illustrates the basic operation of a search processor circuit for matching of - )
patterns (“Pattern Matching Chip™ (PMC)). Each processing circuit is here .
supposed to work with only a single character in the text. The document

25 separation can now be handled with use of the setup shown in fig. 20. Here a -

special pattern-matching unit placed at the beginning of the data path
searches for a tag which indicates the beginning of 2 new document and a
signal which indicates this, is passed along together with the data to each
processing circuit. Given this signal, the processing circuits can reset all

30 latencies which may be set. This signal is also passed further onto the result
selectors and the look-up tables LUTs which gather the results, such that
positive result are accepted only when they occur within the same document.

Given the pattern matching capabilities which are described in the above,
there are still two problems that must be solved.
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only one hit per document is reported, then this count will be the number of

documents with hits.

20 Now shall the management of multiple queries be discussed. It can be a great
advantage if the pattern matching chip (the search processor circuit) is able
to handle several simultaneous queries. As the number of processing circuits
which is necessary for single queries likely will vary greatly, it should be
possibie to configure this individually. One practical way of doing this is to

25 let a part of the data distribution tree set up an individual query. The problem
with this is that a very large number of results, 2n-1 for n processing circuits,
must be returned to the receiving system, i.e. for 512 processing circuits the
number of possible results will be 2-512-1=1023, something which usually is
regarded as too large. The most natural way of limiting this number is to set a

30 lower limit for the number of processing circuits, which shall be used for a
single query. A reasonable choice is here 16 and with 512 circuits this gives
2.3 -1 = 63 possible results, which is an acceptable number. Fig. 22 shows



The prncessing circuit or the search processor circuit includes a c il AR A
the 20 Verilog code for this clock is shown in table A of the appendi x and
the clock signal CLK is in any case given to respectively tHerRopmmsat or
unit and wbeomsBiip-flops in the procesd¥ng circuit or to all conparator
units and D flip-flop in the search processor circuit. This is trivial and
the provision of the clock and the clock signal lines is hence not shown.

25 The kernel processor or the conmparator unit i.s shown in fig. 24.. It ,
of course, correspopds to the.kernel. pr 0L [CRENEHat Gevdlrgftthen fig.
2. The regiséhféﬁa%caég‘hﬁh‘isﬁgoé?Dieefeg‘ragst ﬁgqﬁ§t%§&>'<9\/?ﬂi ch presently is shifted
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outputs is eERFAIFEGNY abl e 2. Table 2 Paraneter Paraneter type.

O dLhbert TTIIOEA/I apgeia?%jeée%tcirig?iglnIor}-laDg}oaceisQﬁlliqt ci?gﬁi%%@fdiiﬁ@% e iahaoaut put
15 shall be given. The processing circuit can be regarded as a.module of'the
search processors and hence be described as search module.- The detailed
description will refer 1o Verilog codes for the separate units, as these codes

as mentioned are given in tables of an appendix appended to the description.

The processing circuit or the search processor circuit includes .a clock and tbe

20 Verilog code for this clock is shown in table Al of the appendix and the.
clock sienal CLK is in any case given to respectively the comparator unit and
the D ﬂ;p-ﬂops in the processing circuit or to all comparator units 'fm.d D |
flip-flop in the search processor circuit. This is trivial and the provision of |
the clock and the clock signal lines is hence not shown.

25 The kernel processor or the comparator unit is shown in fig. 24_: It,of
course, corresponds to the kernel processor or comparator unit in fig. 2. The.
register 6 contains as before the byte x which presently is shifted into the \.zmt

| an-d the reeister 7 contains the byte;a which'x shall be compared with. As 1t
can be see;1 from fig. 25, four comparisons can be performed, viz. x =13,

30 X >'a,x #a,Xx ﬁ-’a The resul_t is given to the output as res. [n addition I'he

| signal eq givesx =2, and this can be used to compare Strings alphabetically
and numerically, such this will be described in more detzil below. The |
" Verilog code which implements the kernel processor or the comparator unit
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shown in fig. 26 and is used for delaying a positive binary value res_ for
a certain nwabaeo2%d1 cycles. The register 9scontains the | atengyr/moshdoba
counter 8 is used for counting dowmn fromthe time when a positive result
Is registered. res gives the nodified result signal and the 15 signal

reset resets the counter to 0. The Verilog code which inplenents the 2 3
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C Configuring In |2 Input for comparison operation; 0
means <, | means >, 2 means #, 3
means =

5 A D flip-flop is shown schematically in fig. 25. The Verilog code which
implements the D flip-flop is shown in table A3 of the appendix and an
explanaiion of the interface given by its inputs and outputs is evident from

table 2.
) Table 2
| Parameter | Parameter type | I/O | Width | Definition
n Operational In |1 Data input
out Operational | Out | | Data output
_.rcset Operational In |1 Resets flip-flop when 0
10 I

The latency unit LAT is shown in fig. 26 and is used for delaying a positive
binary value res_ for a certain number of cycles. The register 9 contains the
latency and the counter 8 is used for counting down from the time when a
positive result is registered. res gives the modified result signal and the

15 signal _reset resets the counter to 0. The Verilog code which implements the



Tabl e 4 Paranet er Paranet er typel/ ON dt hExpl anati on d Operational | n?%@ﬁmﬁ
I nput d -o Operational Qut 8Data out put doc Operational Qut 10 when be '
docunents %@W g ngl n8Paraneter of the first Al conparator pef/No99/00344
1Confi guring Hreter of the First co ator unit o In Paraneter of the
second Confi,urtna _I8conparator unit P C2Conduring In 2Paraneter of the
second firm _conparator unit A3Configuringl n8Paraneter of the third
conparator unit C3Configuringln2Paranmeter of the third conparator unit

Par anet er of lta’ﬂﬂldya\irﬂEIM'Dnﬁ ghoduﬁqafmswmgjmhe ?a?ge@@lx d m@xﬁl%ﬂamsh(?#‘f
mnus 1 f 1 i DGConfi rlngH | Shal.l be set equal be used The

| ook-up t abl ghgnnterf: i3 PR S j2g scH'BRWSl i§ i ntzfeomrtéé ed-ves t he
result. The Verilog code for the |ook-up table unit i.s given in table a6 of
the 5 appendiXablhBl e an expl anati.on of the interface given by its inputs
and outputs is evident fromtable 5. 2 3 MAR 2006 WD 00/ 29981 Table 5 26

Parameter | Parameter type |1/0 |Width |Definition

res_ Operational IIn 1 Data input (original)

res Operational ‘Out ] Data output (modified result)

_reset Operational In |1 Reset input, 0 gives reset

L Configuring In |W Input for latency parameter; 0 means - )

no latency, L=t means latency of t

time units, L=t=2%"!_ means infinite

latency
W - | - |n/a Latency width
5 The document management unit DOC is shown in fig. 27. It is used for

letting the search processor circuit keeping track of various documents. The
three comparator units or a suffix thereof are set to match a tag indicating a
new document and the signal doc is set equal to 0 when this tag appears. The
figure is slightly modified, as when less than three characters-are used in a

10 tag, the comparator unit or units farthest to the left shall not influence the a )
result. The latency shall be set equal to the number of characters in the tag, '
viz 1 to 3. The Verilog code which implements this unit is given in table A5
of the appendix and an explanation of the interface given by its inputs and
outputs is evident from table 4.
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reports a nat

ch before allowing the current to report a match. 10

Al'l owi ng mat chi n%qg patterns where certain parts of the pattern nay be

m ssi ng. A 1D

may be repeélt ed. The sequence contrpl urit SC.i pl aced together with a

processi ng ci

unit or a grd

"nunber of fli

the processindg circuit.

SC can hence
and val ues fr
a new result
specifying t

conbi nat ori al|.
forward sequensé cont rjoConbgeRMgr d

patterns and
tabl es 6-10

METCNIAg fof  skipped patterns are I eBpechdwebf tehbom | " t he
PCTI ND9S/ 0034aCHes res | WPPOSUTBEr ¢ (K es| © 11 olf SRR ¥ st i
Parameter of the second
A2 Configuring In 8 comparator unit
Parameter of the second
C2 Configuring In |2 comparator unit
_ Parameter of the third
A3 Conﬁguring In 8 comparator unit
Parameter of the third
C3 Configuring In 2 comparator unit
| Parameter of the latency unit,
number of the tag bytes
L Conﬁguring In |2 minus 1
Shall be set equal 1o 1 if
D Configuring In 1 DOC shall be used

matching of patterns where certain parts—ef—the—pattern

rcuit S | € el g@f Or conparator
Hpime i (R ERlBeS) 0O' 4 WEER E‘iﬁﬁﬁéﬁ of 11ip-1lops. [The

N-. flf\pC 1 achal l

Aa-H—b tHenunbe ciraracters nat ched by
5W3§’°F§l sho:\;ﬁl infig. 2 D R WPNlence controlunft

o !l e”%%@ﬁu@ﬁaﬁhow Oun |f§ 9. 30 Dbiesreunphr ee result val uges

om -t he present—and evots—f+p=+ are =g FRyEs and
widae s OQP%WIOHH |sr’98 duite s %Y:}"\F PSERISE eH bty
penaviour of the 20 s[quence cont [ Phraueter slthehiich is purely

Truth taples for five|gcases, viz.|no seg control,
ﬁ’h ke cont f%rpparrkg? ﬁﬁlr[m of repeatkd

The look-up table unit LUT with 8 inputs is shown in fig.-28. res gives the
result. The Verilog code for the look-up table unit is given in table A6 of t§e
appendix, while an explanation of the interface given by its Inputs and

outputs is evident from table 5.



Table 7 - Forward sequence control res_res im jres_ipiff inres j 2) m [R]
Ixx 1x0 X 1x0x0 Ix 1X 11X (1 I X 5 Table 8 - Backward sequence contr I3 2006
res res im |ff inres ff out x Ixl X 10 I Xx0 x 11 j

- Mat chi ng %é%ﬁ%dﬁg ted patterns res_ res 5&1 res iplff inres }?ng@%ggﬁ IxO
0 1 x000 i0 1X01 ~1 1 1X1.01 1 1X111 i1 Table 10 - Ski pping of patterns 10
res res imresipiff inres ff out x0x00 !0 xOx11 'O 01X00 11 01111 11 11XX1
11 2 3 MAR 2006 WD 00/29981 28 PCTI NC99/ 00344 Even if it is not shown in
t he tabl es, t’Ihfblé)St put ff out in the first three cases shall be set equal
to the out pur—fronmrthe T p-Tops—T a previous—precessthrg—eret-t—For
allowing flip-flop valjues to flow through parts of the system Based on
t he appended| Paramketen| URanasteterstypehel/€) mbWidzthf of Expidvaneni n table 5 11 afe
easily derived. The resulting sequehce control upit is shown in fig. 30
and the nult Qiexer hqrepeﬂmoﬁ@ls bef ween|y opera [ (T Rfgs, nunbered from

right to | ef p—arnt—fron Y UIULLUIaS 5-HE At
Synbol i ¢ expf ESsi ons rléQPFraligpalng shQMEnEd cont r bREsBIX

S Configuring In 256 Specifies which input values
’ shall be accepted, taking the
first input value as the most

significant bit

The sequence control unit SC is used for realizing the following three
possibility:

5 » Requiring that the preceding or a succeeding processing circuit or -
comparator unit reports a match before allowing the current to report a
match.

* Allowing matching of patterns where certain parts of the pattern may be
missing.

10 » Allowing matching of patterns where certain parts of the pattern may be
repeated. '

The sequence control unit SC is placed together with a processing circuit )
which can be a single kernel processor or comparator unit or a group of .
processing circuits as well as a set of flip-flops. The number of flip-flops

15 shall be equal the number of characters matched by the processing circuit.
This is shown in fig. 29. A sequence control unit SC can hence be
implemented as shown in fig. 30. Here three result values and values from
the present and previous flip-flops are used as inputs and a new result value
is output. It is now quite simply a matter of specifying the behaviour of the

20 sequence control unit SC which is purely combinatorial.

Truth tables for five cases, viz. no sequence control, forward sequence
control, backward sequence control, matching of repeated patterns and
matching of skipped patterns are respectively shown in the tables 6-10.




Forward sequence controlres_ res_ipl X Backward sequence controlres
res_iml X Matchi ng of repeated patterns Ires_(res_ipl+ff in)res_ (Lr3SMARi 3006 +
ff in) Ski gjpatternsres res inml + ff inres_im 10 The

whi ch i npl Ewng&?s t he sequence control uni 2% s shown in tabl e}/i{‘)ffgg/?&?ﬂe
appendi x and an expl anation of the interface by its inputs and outputs is
evident fromtable 12. Table 12 Paraneter Parameter typel/ONdth i
Definition resCperationallnlResult input (original result) res_im

.1Qper ati onal |"ﬁa b%ﬁl N0| seguente @onpreicedi ng processor (processing unit)
‘res_i p | Oper gtromat——miRestit—Apui-—+oem-succeeding processor (processing
unit) ff inondfaki onall FRLFEM d'ﬁ’.l.%ut f F s | Operc'rre.onal | n1A|ffpodd op
-input froma mecedl ng X)I‘OCGSSI ngxuni t respOperatt onaput tResuit Xi—ut put—F
out Oper at i ongrEut-HrHp—Hep—otifgi—2—3—MAR 2006 WO 0029981 29

PCT/ NO99/ 003 4I Pararreté | nput f;ft sequenceXcontroI 1 X
SConfi guringlnloperation; 1 if sequence confrol shoul dbeused
DConf i guri ngl nl Paranmet er input for sequence control operation; 0 for

forward sequefisblechntFerward §€gudickedigofequence control

MVConf i gur| ncw 1 nnllf for seqlience control oper at i on, | if
r epeat ed/ ski pppé¥L pat t ¢ Mfs_lBlHouI dree gl | owel(yj_‘_l'he resu resSeI ect oru_f@ms used
for combininggwo resylf ValUeS|Rfom progessi Mg crrpHts—or—other—+rest s
sel ectors. The—following operations shal| e SUDDOI’ d: 5 USI.I#G only the
first result.,! Using )mJy the sebond resul{tX Perforpiyng the bdgt ean
operation ANDjon Two T&SUTTS. 1 X 1 X
5 Table 8 — Backward sequence control

res_ | res_im1 res_ip! Jf_in | res  ff_out

0 X X X 0 ' X

! ! X X 1 ;

Table 9 — Matching of repeéted patterns

res_ res_iml res_ipl ff_in res | JI_out
0 X X X 0 0
’) 1 X 0 0 0 ' 0
- 1 | X 0 1 I i1
] X I 0 1 ]
1 X | 1 1 1 i

Table 10 - Skipping of patterns

res_ | res_iml res_ipl ffin res Jf_out
X 0 X 0 0 0
X 0 X I 1 0
0 1 X 0 0 K
0 ] 1 1 1 1
1 ] X X 1 1

10



Perforning the bool.ean operation OR on two results. Performing the ] MAR 2006
operation <_ over a set of processing circuits. 10 Performng the

operation 2, 85)%{71 b Set of processing ci rcu?%s. The first fourpcapehdioosyas
can be handl iTectly, the others are np conplicated. Fig. 31 shows an
exanple of howit is possible to match all strings

al phabetically/ nunerically larger than 1990. To start with selector RS2

if the character which is matched by the rigthnost processing unit and 15
which is the Eeén mbitisdicgishom inieernabiest thhaetpus fheundn thet it dhreescases ger

th 1, thi

ooul t 1 CHIELT B8 skDPhu i HOSUELITRE e AT R A bl hrbbesing 0

deci de. Sel eatioguit Iﬁseatlhueng é'hp-rﬂ'@ wgligsi toyflowsheough pRS of dmczysmgm n

foll h ity,
o ous e Sagiy B Bkl DEAEEA, S5 S8 SR A Lsge UL
i s the résul tlfeoneasly derigsed cEhoresuEBNgFEquERRE SamEE0 T rSeSfcqwmm figapOa
number great &ﬂ?é‘nﬁﬁmﬁlé‘éi; h%r@c%e%%ﬂé@n@Oéﬁ&gﬁén%fghméapﬁ%

been found. For cases ere al phabeti cal / nuneri cal arisons are nade is
res given as mght © kgppad f 1oméa9rt%§>z>ttosasaéoﬁh8wq H\eta%g%nsb features, the
result selector inplenented will look as shown in fig. 32. The mul ti pl exer
MJX4 sel ects t n 5 nodes; selects first result,
sel ects the sge&meequeggﬁgdalxcd %&%}‘Sg’ r?g t he AND operation on results,
perforns the operation on results andegerforns stri ngfqmrparl son Theg
Veril og code Wﬁ%ﬁ(—ﬁ—(—%ﬂﬁf&-ﬁﬁ%ﬁ H—table—AS—oef—the
appendi x and a BREAUENEEI N t he i ntef FSce gi ven by |t§(| nput s _and )
out puts 10 ar «=F@yﬁge@rseaug{aetmkﬁ)113 Thgesdqurﬁgmt SI gndls are now used |

t oget her Wi'th "‘Ui"n’Ei"u ratraget an r-t—to—averd—acqept afce of—restit|s
whi ch cross E‘I‘:‘ rd|5SANERSE CORIERle 13[ T8 dfBeidiipar ameté{'

tonel [ ON dt hDyﬂchiwad@@mememal FdsDoes Mgt £ RpUY rds f gresr@wl fif_in)
sel ect or rest pperatiehaarRestHt—nputT——fFor—resu- ecto

* eql Oper at i onal SKiEEFRY P ABut 1 for |EESuFES_ 3B &ctiol | res_tml
doc2Qper at i onal I nl Docunent input 2 for result selector-

rest Operational InlResult input 2 for result selector

ea20ner ghi onaph 0hEGHA dadd HRith n?nﬁl??nérﬁ?fhé seleiftYonrol unit is shown in

docl Operati on curre output” fromresu
table A7 of the appendlx and an explanation of the interface by its inputs and

outputs is evident from table 12.

Table 12

Parameter | Parameter type [1/0 | Width |Definition ' ')

jres_ | Operational In |1 Result input (original result)

res_iml Operational In |1 Result input from preceding processor
(processing unit)

res_ipl Operational In |1 Result input from succeeding
processor (processing unit)

ff_in Operational In |1 Flip-flop input

ff_iml Operational In |1 Flip-flop input from a preceding
processing unit

res Operational Out | ] Result output

ff_out Operational - Out |1 Flip-flop output




resOperational Qutl Result output fromresult selector

eqQOperational Qutl Equal ity output fromresult sel ector :
RMConf i gur iwg!daabas anmeter input for resul hgsel ector 15 The prreaaecInm34s

circuit accor

sequence cont

Ing to the invention is showm in fig. 33,
| east one conparator unit COM one |atency unit LAT, D
unit SC and a result selector

r ol

al

|t
flip-flops 2,4, a

13 MAR 2006

consi sts of at

RS. A block 2 3 MAR 2006 WO

00/29981 3 1 er-ati-onal—b5—TFable—14—i—versi-op—of the processing-circuit
_with inputs amt out put|$onEISERAEn i nl%ilg. 34. |Pararmeissinnus dorcsaucngsicomtrol
i npl ements the processging circuit ifs gjven ifofesdiidh; 1A9 s@fuehbecappgndi x,
and an explanation of |the interface gijlven by sihEJLsxld quytsd and outputs is
.evident fromtable 14.| Paranmeter |'| Parameter type BW dt h dp ff s
Oper ati onal oe—s—Epergtional—peratiorpt—t+n—{-deep—Operat+onal—Ff—p
Qperational i|%¥n T | PEPALiGYHR 0344hirbe?li niti pret §i5E HRRUA forpeauench Sontrol
Sequential docunment input Sequential flip-fl pyperarjous; OHar Adriveatd skajuanéeput ||
Paral | el docupent inpygt Parallel flip-flop inhput-oPut fo:l'%a'ék@{'ﬁ@%ugn%
sel ected datal value d|i ( Operatiopal doc i ff o ° _
control _
MM Configuring In |1 Parameter input for sequence control
operation; | if repeated/skipped
patterns should be allowed

The result selector RS is used for combining two result values from
processing circuits or other results selectors. The following operations shall
be supported:

e Using only the first result.

Using only the second result.

Perfoﬁnin-g the boolean operation AND on two results.
Performing the booiean operatioﬁ OR on two results.
Performing the operation <-over a set of processing lcircuits.

10 e Performing the operation 2 over a set of processing circuits.

The first four operations can be handled directly, the others are more
complicated. Fig. 31 shows an example of how it is posSible to match all
strings alphabetically/numerically larger than 1990. To start with selector
RS2; if the character which is matched by the rigthmost processing unit and
which is the leftmost digit in the number that is being matched, is larger than
1, this means that the whole number is larger and this will be the result. In
this example they ar equal and the-other processing circuits decide. Selector
RS2 thus returns equality. Selector RS1 once again follows the same
principle. Here the second selector RS2 returns equality, while the first
selector RS1 returns that the value is larger and this is the result from RS1.
Selector RS3 does the same and resturns that a number greater than 1990 has



| res_im _pOperationalln | res_im1 _iQOperationalCQut 1 res_ipl Q)eratz‘}oW@RIZUHﬁ
Operational Out Operational Qut | 1 tOperational | OQut 1 1 Operational Qut
| 1 res imwéoﬁgﬁ,@gtional In Qut for sel eég)ted docunent val ue pEutesioober
selected flip-TIOop value Data output i cunment output | Flip-flop output
Sequential input for result froma preceding processing circuit Parall el

I nput for result froma 't cessing ctrcut preceding pro Qutput for
'selected result to a preceding processing circuit Input for result froma
succeedi ng [heendoandgr i casas twikrs alghRb2GOSl/ NETROI2Y 2B in B 1 G ANOINADO 81 4

res_ipl_ sQoeratlonaI eg ut,for result froma succeedi ng :
processi ng cCi TEL & ‘fenr% § ?35}'46% aqr?gﬁ l1nlParallel input for result from

a succeedi ng processing circuit res_ipl | Operatiagnal QutlQutput for
selected r eSLﬂoacSCtj@nat@L?@Qe‘;‘éch%ﬁj’r?ﬁ é@%g@pl{gse(ipﬂmufnplemented will look as

docOper ati onaheWh! jROGEIMENIT R iriip Ireeémﬂnxw m@é@ﬁé@%&&' :the%'we eration

eqQper ational Qut | Equari tiy outéoti erational | nl Docunent out | for

resul t s&l ectmpdes:; Jelects flrst re ult, se ectst e second result and performs the AND
operation on results, performs the OR operation on resuits and performs

string comparison.

The Verilog code which implements this unit is shown in table A8 of the
appendix and an explanation of the interface given by its inputs and outputs

10 are evident from table 13. The document signals are now used together with )
the document management unit to avoid acceptance of results which cross
document borders.

Table 13

farameter Parameter type |I/0 |Width |Definition

doci Operational In |1 'Document_.inbut 1 for result selector
resl Operational In |1 Résult input 1 for result selector

eql Operational In |1 . Equ_ali;cy input | for relsult selector .
doc2 Operational = |In |1 Document input 2 for result Selector.
res2 Operational In 11 l'R’e.sult input 2 for result selector . . )
eq2 ._ Operational In |1 Equality input 2 for result selector

docl Operational  |Out {1 Document output from result selector :
res Operational Out |1 Result output from result selector -

eq : Opcfarional Out|1 Equality output from result selector
RM . Configuring In |3 Parameter input for result selector

15 The processing circuit according to the invention is shown in fig. 33. It
consists of at least one comparator unit COM, one latency unit LAT, D
flip-flops 2,4, a sequence control unit SC and a result selector RS. A block



restOperational Inl Result inputl for result selector eq i Operati orial MARL2006
Equality input 1 for result selector doc2Qperational | nl Docunent i nput 2
for result selector restQperationallnlResult input 2 for resphi/Nosd/@csor
eq2Qper at i gpabdapbEaual ity input 2 for resul t sel ector

doc_sel Oper ati onal Qut | Docunment out put fromresult selector

res_sel Operational Qut 1Result output fromresult selector

eq_sel Operational Qut 1Equal ity output fromresult selector

MConf i guri ngl nlPar aneter input AConf.i

uri.ngl n8 1ol JHMn iofig. 34.
conpar at or unEtsiéﬁ)@rﬁfthg@wwrSH%F%lH\%?"&h Hr%bl?ﬁ frfdégu”@g?r{pgr,at an uni E%Prl
LConfi guring 2P§rﬁg§; ?5dzi[ QRNEL fiepldnsdmnde processipeincgunk rigVet al Smet er
i nput for seg-n nt&'ton rol unit n%i guri n Equrﬁggg%g é{pgk/;q[sf@pussequence
control unit A9 3f MRagpeslinwende3GIRRNENISN Ol Ipet) §054' I'f1 RV
Configuring In, Pa ter i fiapleSeguence control unit Configuring Iln
Par aneter | n}f}ﬂfi Q%P[lfsgguﬁg{ld%@rgg?otr ,& data tree, i.e. a search processor

circuit PMC according to the invention in the formova nultiprocessor unit:

P" is shbwn iTallegt4 "35. The nultiprocessor wunit is configured as a tree
and consists therein of eight precess: '

oo—) ag—t-ts—P—=3—5a Sequence cont r gl
unit SC, a | APenmyeten|Pammrteniars | FOT WHe d%E0i ™, ) or the data tred
whi ch may be|denomi naled as " Tree8" has—predisety—th N rerrase ad
the processifig ¢ircui {©pemtdonsi s miank t hat éégwnbxiaggae%g&i‘xﬁnlg nreriace ag
tree can be feplaced by a tree of |this kind | suchthat—the—t eecam
consi st of afy AUTDer | opetatioghls. Tin sibgain iSeprersiel AN B2t a tree
shal | . 10 congrise a nynber of nestled ¢ircuitls P, .y, such that—each—etrcnit
on an under Ity g Fevel olu@nes nestedlin a (Seqoeritial dp-fieg 1898 | ying | eviel
S,,.y_i, if tjhe” data|trfee itself [forfrs the highest level namely the—+eyvel

S and q d_p Operational In |8 Parallel data input
doc_p Operational . |in |l Parallel documan input
ff p Operational In |1 Parallel flip-fiop input
d_i Operational Qur |8 Outbut for selected data value
doc_1 Operational Qut |1 Out for selected document value
ff i Operational Our |1 Output for selected flip-fiop value
d_o Operational QOut |8 Data output
doc_o Operational Out {1 Document output
ff o Operational Qut |l Flip-flop output
res iml s |Operational In |1 Sequential input for result from a
T preceding processing circuit
res im!_p |Operational jn |1 Paraliel input for result from a
) preceding processing circuit
res iml_i |Operational Qut |1 Qurtput for selected resulttoa
T o preceding processing circuit
res_ipl Operational In |1 | nput for result from a succeeding
) processing circuit B
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of the interface of the search processing circuit as given by its iB sZ
and output is evident fromtable 15. Table 15 Paraneter Par ameterz MI i)
| Wdt hDefinition d_s Operational | n8Sequenti al data input 099/00344
doc_sQOper alypppobgilSequent i al docunent igput ff sOperational Fﬂ@eauent | al
flip-flop input d pOperationalln 18Parallel data input doc_pOperationallnll
Paral |l el docunent input ff_pOperationallnlParallel flip-flop input
d_1Qperational Qut 8Qut put for sel ected data val ue doc_i Operati onal Qut 1Qut put
for selected docunent input ff iOperational QutlQutput for—setected
flip-tlop vl J_o0R@deuanal Oui m80at a out|furamer MaR! IQ0E MBGGL26881 35
PCT/ N0O99/ 00844 doc_oQper ati onal Qut | Docunent,eut put ff oQperational Qut

1Flip-flop putput res_im1 _sQOpefatipnal | nliSequential input for result
a precedi nglprocessiing unit res—i+d

from
eSs—-m Opet-ati—otrratt it Par at; r

. result from &x\/brecediﬁg‘lﬁﬁrd@@éssirtu umi t res_PiaﬁﬁTF&é?pa%?it%ﬁgls&?gﬁ&%gut f or
selected result froma preceding!processing unit res—p

| Operational I nlResult input froma succeedi ng processi.ng unit

Tes_ipl _sOperational I nl Sequential input for the result froma succeedin

: 9
processing upid, I &3.1Pl_PLReEAHrep&sot ke RParRM@hct owaiing fothe Hevens8ullE from
a succeedi nd processing unit rés_ip | i.Oggrat i.on (IJO#D‘I-%}‘% mfp%cégj'rect ed
resul t fromtaedomoadd mylHPEcEssIanitAn ¢S dRRHPRat Boii

Docunent. out put
resQperati oqﬁli%éﬁmmrtgd%tzp%e%Mn@tsjmﬁe&ran bEqieitiprpcois pRUIdDHE -1,
| peral |Sonal a ?equc%lcjzg%?gtntrlo?%lr{tn éLCf :ricfg?egug?ﬂlntn E%f%ﬁﬁ’ra LUT. The circuit P, or .

the data tree which may be denominated as *Tree8” has precisely the same

interface as the processing circuits and this means that each processing
circuit in the tree can be replaced by a tree- of this kind, such that the tree can
consist of any number of levels. This again implies that the data tree shall

10 comprise a number of nested circuits P,.q, such that each circuit on an |
underiving level S,.q 15 nested in a circuit on th.e overlying level Spg-1; if the
data tree itself forms the highest level, namely the level S, and q
e{1,2.....n}. If the tree is a regular ree, e.g. a binary tree, Fhe processing-
circuit P,., on a level will map the processing circuit Pa.g+) 0D t-he overlyxfxg

15 level Sp.q-1 recursively and in case of a binarv tree of course wn'h a rnlapp.mg
factor of 2. As the general search problem, as mentioned in the 1ntroo'f.1ct:on,.
can be recarded as a binary partitionable problem, it is of course nothing -
against m-anaging a partitioning problem of this kind with for instance .a tree
x\:here the degree is not 2, but 4, g, 16 etc., a circumstance which he;e 1

20 called superbinary. Generally one has the degree k = 2™, where m for
superbinary trees are an integer greater than 1, in other words k > .2. Ina ’
recursive mapping the mapping factor is of course r = k. The tree in fig. 35
mav for instance be regarded as a processor with two levels Sy, Sa, as the first
lev-el comprises the eight processing circuits P, which then again for instance

25 each corresponds to the processing circuit in fig. 33, and consequently
each comprises only one kernel processor or one comparator element
COM.The kernel processors are thus the leaf nodes of the tree and forrns..the
zeroth level Sg in the tree, realized by the circuits Po on the zer?th iev.el in the
tree, while the processing circuit P, comprises a kernel processmg unit Py

30 and 2 logic element E, represented bv the remaining componenfs in tl?e
processing circuit in fig. 33. On the level S, the circuitis identical with the
search prc:cessor itself and this then in addition to the eight processing
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eql Operational InlEquality input | for result selector . '
doc2Qper ati onal | n1Docunent input 2 for result selector resZC@:e[r/ﬁé{?%gM nl

[ Resul t i npwookob@ar result selector eg20peggational I n1Equal ity { for
result sel ector doc_sel Operational Qut 1Docunent input fromresult selector
res_sel Operational Qutl Result output fromresult selector 2 3 MAR 2006 WO
00/ 29981 36 PCT/ N099/ 00344 eq_sel Operational Qut 1Equal ity output fromresult
sel ect or MConfi guri ngi nPar aneter input AConfiguringln-Parameter input for
conpar at or ucirt uitCBnfoingtei lage InS Patsaffectcunpmmm lagie uednpakBSBRUNY t

LConfi guri ngl n- Par er i I j £ fi | er

i nput for seﬁ%@?élé?fgm% QEHE%F B%&SE? #gﬂ?%@gﬂé%ﬁ%ﬁ %Mdﬁglu'{h ?gpagig%uence
control unit LMVCoSddhgdesaried- tharramit processputurfioP, sefigedé decomer 81 uni t

RMConfi guring | n-Paranet.er tor,v L gLk Bl kS gnal
control LI\/IZC%FWF&\WFr?&ldntf%%%ﬁédu%e%}deﬁgéd%?re%fhL%%%#?%& ]PQl nlil}gar anet er
i nput for. sequepesesarsingle camparal®Coniti Jusi hovetEamnatengrgeinsuihat she
sequence control. unit [ | [ Luf0M SefRaG R CONt I Ol
unit LLConfi WFHQ’WHW%#@@M%#F%}I r?%é;gs::%g?téga I?E%%ﬁﬁa%uuri ngl n- Par anet er
for | ook-up- tabtee 8rpoditben the eighs papees sprdHcermibis ¥ oonithst HACEVFLeadal i zed
with respect Lyl 54ig |prBES SomipPu8£BRRL PRr RERSRBY itCan
very wel | bewroe“g%ficgélcﬁgsse é’ﬂtetsé?w PrBE $56e 6t 'omtp ' b .
will be 64 in total. [f the tree is extended with yet a level and regularity kept,
10 the zeroth level
S would come out with 512 kernel processors or comparator tfnits, the first
level S, with 64 processing circuit P, the second level S, with 8 processing
circuits P» and the search processor unit circuit would be made up of the
circuit P; on the level S;. The Verilog code which implements the treeg as
15 shown in fig. 33 is given in the table A10 of the appendix and an explanation
of the interface of the search processing circuit as given by its inputs and

output is evident from table 15.

Table 15

Parameter | Parameter type |1/O |Width |Definition

d_s Operational In |8 Sequential data input

doc_s Operational In |! Sequeﬁtial document input

ff s Operational In |1 . | Sequential flip-flop input

d_p Operational In |8 Parall.el data input

doc_p Operational In |1 Parallel document tnput

ff p Operational In |!I ?arallel flip-flop input

di Speraional |Owt]3 Output for selected data value
doc_i Operational Qut (! Output for selected document input
ff 1 Operational Out |1 Outplut for selected ﬂip-ﬂop value
d_o Operationél Out |8 Data output
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doc_sel Operational Out |1 Document input from result selector
res_sel Operational Out |1 Result output from resuit selector
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If the search processor for instance is realized with respectively 64 or 512

kernel processors, the search processor can verv wel] be realized as a nested

circuit in the form of a regular tree with the mapping factor 8, but can also be

realized directly as respectively a tree64 or a tree512. In any case the Verilog
code for a search processor with 64 kernel processors shown in table A11 of

= 4 hit managenent units HZ8 MAR4006
connected with respectively result out puts and docunent outputs on

nt unit HT via a g@gNbboeuskput



strubture or correspond to the processing circuits on the first Ie\;eaIW\anmi
the tree structure if the tree is a reduced tree. If the reduction is
symetric ar&j 0 tagg]anced on the zeroth levet So, the circuit pPsTaUWPOIPhally
gener at ed QUi vel y on overlying levels Si, ...S, by the processing
circuit P, on the level S, . Such circuits can be inplenented with

particul arly good econony to handle data processing problens wth
arbitrary degree of partitioning, the classical search problem of course,
bei ng a genettad dppenidivar yhparhé Mesilaplcwdedara praoekPspergspr dbitem 2 kema t h

. basis in Halaas & al .. | Pr.0L€eS e formally wll correspond
to the conneBt9%6r°9'A l??8&§Eg§c}aglgn§r*thgs[hlggaﬁz;b%gﬁﬁbn to the. processor
proper the conparator unit COM atency unit LAT, _a sequence, control SC,
t he necessar grhn@mo@ranégempmpumt&ﬁélj 12, 0L Vamdn | feg; -Q}%Q‘PI&LF%" Eishergh’é_ in
fig. 38. For%oeﬁfé}, ﬁBHP%rCf:@P&][thé&?!hte &Mt B8N beXepsPled %R nd2e The Wedlbgded a

sequence control “unit cf. fig,.29. The processing circuit. P, Ltnfh‘frg fig.
33 coul & t husodmwhnéeh imypleernds ithehitBapregBsst bR} %g@WBdeI&PEt Brl 3 Bt
with a | ogi CaH%@é}dif—alﬂH% defawbiidn biehe pitepsReNdl BY bRUPDRIpUES 288 QUERDE
control units™SC. The mﬁerface of acircuit POwith a conparator unit COM
whi ch for nal IS.yC\ilgefﬂ%@ ledrn ko processor proper 17 and a sequence control
unit SC will then be given by the inputs and the outputs of the circuits
such they amabéwident fromtable 17. Table 17 Paranet er Par anmet er )
typel /ON dt hDefinition dOperati onal |l n8Data input docOperationallnlData
out put ff Cperfgi;i-opatdl l?'awmfe{e@nybap&-ll/od_oqoerwnmﬂal Qutiabasm out put
doc_oQperati dnal Qut | Do¢urent out put ff oCOperaftional Oit 1Fli p-fl op out put
res_i m 1Qper gtypmat 11l H%%‘Jl’attio'n@pm Tram a preced ng poeeessaeswdt 3 MAR 2006
WD 00/ 29981 44 _S(Fz’CT/ N099/ 00344 res_ip] Operational I nl Rgsult i nput from
succeedi ng pr =ESSOT ue:b{‘aé%%lniapnaic TResult putrput

Document signal

res Operational Out 1 Result

M Configuring In 2 Hit management method
to be used — 0 means no
hit management, | use

counter, 2 use document

signal
MM Configuring In | width Counter bit to be selected
Tw Configuring Parameter | n/a Width of counter is 2"
10 How respectively the document management unit DOC and the hit

management unit HIT is provided in a search processing circuit PMC in the .
form of a multiprocessar unit P, or a tree8 as shown in fig.35 is evident from
the appended fig. 37. For reasons of clarity is- only the connection between
DOC and HIT and the multiprocessor unit shown in fig 37, while the

15 remaining signal lines have been left out. It will there be seen that the search
processor circuit PMC in addition to the mulitiprocessor unit Py here
comprises 2 document management unit DOC which via a data output is
connected with respectively the sequential and the paralle! data input on the
multiprocessor unit P, and via 2 document output with the sequential

20 document input on the multiprocessor unit P,. Further, the search processor




eqQper ati onal Qut | Equal i ty out put AConfi guringi n8Parameter input forZd MAR 2006
conparat or unit CConfiguringln2Paraneter input for conparator unit

LConfi guri {@l ped@gpnet er i nput for |atencggunit SConfi guri ng PCTN08IHAt er

i nput for sequence control unit DConfiguringlnlParaneter input for sequence
control unit MMConfiguring j InlParaneter input for sequence control unit
In practice the search processor circuit PMC according to the present

invention is inplemented as an_.integrated ciysquit .chip solution and
preferably EHLHIY %N&éfﬁ%éﬂm%‘sﬁs pe "ehbi nér:{/ tT éeh‘\mgar"@gFWgngPBg%ssi ng
circuits P, ( Pﬂ'ﬂlhﬁ c@ng@t&id &ithhespedtiveln resulgloatpaspadalceung@vousdts ant ual
processing (search an mat chi ng operations) then take ace .o i vel .
An i npl enent 1§ BIPSRISIE C“FHGS Ee'ét’r E}th}?%é’&%%ﬂe%?%ﬁﬂll I—@J’r,vxg a.lﬁsﬁllf' 2 gg;lﬁ
formal Iy witbefhd evehectetionins respestiperrbsularontpumenwhe nteoface redtthn searsi 2
processing circuits P, further | : .
xpl o1 T & T onPERoRshEr Elreui ¢t O pERRYEET wiRiSHbARTE HoRSBEe R ANERRREp
Table Al - Cimdlg. 21 BET/d\assebsvdonmeniion tesewirl Kprthenuhpprodsion of ey c;
initial ¢ = Q;,_-_always e, 71T Gl ' ; : 2 3
VAR 2006 wo 6 2aBedenb befh LT S s R B ek e C&&%gwg?gfé{ﬁ% Qscrrét()dul e
ConpEl (d, d_emultipsocessorAira@it @itk)tree structure shown in fig. 23, and there has in
connection with this figure aiready been described how the hit management
10 unit can be used for reporting results from multiple questions. It shall hence
not be treated more closely here. It shall, however, be remarked that hit
management units only are provided in the black nodes, while the white
nodes in fig. 23 distributes their results as shown with the arrows.

It is thus on the input of two of the hit management units as shown in fig. 37
15  provided one respective two multiplexers.

In a practical implementation on a circuit chip th:2 search processor circuit
PMC according to the iu:vention preferably will be realized as a superbinary
tree with & for instance equal to 2%, 28 or 27 and hence appear as a
superbinary tree with a balanced reduction on the zeroth level. This again

20 implies that the multiprocessor unit P, becomes equal to P> and forms
respectively a tree8 with 8 processor units Py, or a tree64 with 64 processing
units P, or a tree312 with 512 processing units P, which in their turn each
comprises a single comparator unit COM. On the zeroth level is hence the
tree reduced. Then also the logic unit E in each processing circuit P, can be -

25 realized with only one single sequence control unit SC, apart from flip-flops,
the multiplexer MUX]1, the latency unit LAT and the result selector RS.

Finally it shall be remarked that the multiprocessor unit P, in the search
processor circuit PMC according of the invention forms a special case of
multiprocessor architectures based on tree networks of arbitrary degree and
30 with an arbitrary number of levels, such these are disclosed in the

above-mentioned international patent application No. PCT/N0O99/0308
(Halaas & al.) which belongs to the present applicaht and which derives
priority from NO patent application No. 19984746 of 9 October 1998. A

- particular feature of a multiple processor architecture of this kind is that the



i nput (7:0]d; output(7:0),d-0; output res; output eq; A, input(7:0) 3 MAR ZUUE
Input (1:0)C, inputCLK; reg [7:0) X; wire la;, wre lse; wre |ae; V\%I’Q
neq; al waysy&pasagoe CLK) X = d; assign |3g = ;X > A); asSi ¢rTAM0S/00344=

A); assign Ise = -la; assignlae =la |l &F; assign neq = -eq; assign res
=(C===0) ?lse: ((C===1) ? lae : ((C===2) ? nec : eq)); assignd -o
= X; end.'aodule /! ConpEl 2 3 MAR 2006 WO 00/29981 43 PCT/ N099/ 00344 Tabl e
A3 - Dflip-flop nodule Dff(in, out, reset, CLK) ; input in; output out;

_input reset; singlpdataprocessays fonly iapsoyidedian thefzeroth levels in the tree

' “structure or correspond to the processing circuits on the first level in the tree
structure if the tree is a reduced tree. If the reduction is symmetric and
balanced on the zeroth level Sy, the circuit is additionally generated

h

recursively on overlying levels S;, ...S; by the processing circuit P, on the
level S{. Such circuits can be implemented with particularly good economy to
handle data processing problems with arbitrary degree of partitioning, the
classical search problem of course, being a generally binary partitionable
data processing problem.. '

10 With basis in Halaas & al. a kernel processor Py hence formally will

. correspond to the connection in fig.8 and comprises in addition to the
processor proper the comparator unit COM, a latency unit LAT, a sequence
control SC, the necessary number of flip-flops 2. 4 and logic gates 1, 3 as
shown in fig. 38. For each comparator unit COM it must, of course. be

15 provided a sequence control unit SC, cf. fig. 29. The processing circuit P, in
fig. 33 could thus in reality comprise two or possibly more comparator units
with a logic unit E provided with the corresponding number of sequence
control units SC. The interface of a circuit Py with a comparator unit COM
which formally is the kernel processor proper 17 and a sequence control unit

20 SC will then be given by the inputs and the outputs of the circuits such they
are evident from table 17. '

) Table 17

| Parameter |Parameter type [I/O | Width Definition
d Operational In |8 + |Dara igput
doc Operational In |1 Data output

) ff Operational In |1 Flip-flop input
d_o . | Operational Out | 8 Data output
doc_o Operational Out'| 1 Document output
ff o Operational Out |1 .Flip-ﬂop output
res_iml Operational In |1 Result input from a preceding
processor




al ways @ posedge CLK) ff = (_reset == 0) 2 0 : in; initial beglnff”"ﬂmmE
end endmodule // DEf L i MAR 2006 WO 00/ 29981 44 PCT/ NO99/ 00344 Table A4 -
Lat enev uniwogddéss Latency(res_, res, -a@set, L, CLK); par apef/Roomodi =

2; input res_; output res input reset; i nput (width - 1:0] L; input

CLK; reg (wi dth - 1:0] C initial c 0; always t(posedge CLK) c - (_reset)
? (res) ? ((-(&L)) 2 L+1: L) (((c > 0) &&( (&L))) ? ¢c-1:0 ) O

al ways @poscd"" 83 *TN&& 1 e e eS¢ =
((c > 0) &|TESLBl))Y) 19?“8“9 A" :‘,’“ as’S| gn r«%cgmﬁflpéﬂg‘j‘% g“r?& Hee /7
Latency 2 3 MAR 2006] WD 00/ 29981|45 PCT/ NO99p@R8ssrTabl e A5 - Docunent
managenent unit nodule DocMan(d, |d of doc, A, Cl, A2, C2, A3, C3,

(

res Operational Out |1 Result output

eq . Operational Out |1 Equality output

A Configuring In |8 Parameter input for comparator unit

C Configuring In |2 Parameter input for comparator unit

L Configuring In |2 Parameter input for latency unit

S Configuring In ! Parameter input for sequence control |
unit : )

D Configuring = |In |l Parameter input for sequence coatrol
unit

MM - Configuring [In |1 Parameter input for sequence control
unit

In practice the search processor circuit PMC according to the present

invention is implemented as an integrated circuit chip solution and preferably
this is realised as a superbinary tree where the processing circuits P, on the |

level S, has only a single comparator COM. All actual processing (search and
matching operations) then take place on this level. An implementation where. )

Wh

the search processor circuit P, = P, i.e. formally with 3 levels, forms a
superbinary tree with for instance 512 processing circuits P, further provxdes
an extremely good degree of exploitation of the circuit chip.

10



L, D, CLK) ; input(7:0) d; output (7:0) do; output doc; input[7: O ]2A8MAR 2006
input[1:0]d; input[7:0]A2; input(1:0]C2; input(7:0)X13; input(1l:0]C3;
input(1:0)L; input D input CLK; ndl; wire(7:0) wire[7:01lnd2; wire n;

W ren2; w r ewe00R498ENY; W re rest; \Qilre res2; wreres3; W r®ganmg99/00344

wi redunmy?2; w redummy3; ConpEl cl (d,"*rndl, resl, dummyl, A, G, CLK) ;
ConmpEl c2(mdl, nd2, res2, dummy2, A2, C2, CLK); ConpéEl

c3( N2 A®PENTHX3, dunmy 3, 13, C3, CLK) ;

Table Al - Clock

module ClockaLK):
output CLK;
Ieg . ci
initial ¢ = 0;,
always #1 c = ~c;
assign CLK = c;

wendmodule // Clock



I assign m = (L <2) ?res2 : (resi &res2); assignfit = (L <1) ? ;%%RZUUE
- (;nl &res3d) ;. Latency r(2) Iat(errrBlbI L, CLK); assign doc = (D - 1)
?!nm8 : 1; endnodule // DocMan 2 MAR 2006 WD 00/ 29981 46 Tabl & A6 -

Look-up t aiMosowpepgl nmodul e LUT8(i n, r‘?z input (7:0) in; PRSIVNRAY0PT:
input (0:255) S; assign res - S(i n) TSdrmduI e // LUT8 PCT/ N099/ 00344 WO

00/ 29981 47 Table A7 - Sequence control unit nodule SC

(res_,res_im, ,res_ipl,ff_in, ff_out, ffim,res,S,D,M; input res_; input
res_inl; input res ipl; input ff_in; output ffout; input .ff_inl;
outpufag,g;‘ Chi g{.atgrunhnput D input M wrem; wre n2;, wre 1L3;
Wre. - res_im &res ; assign n2 =res_ & res_ipl;

assi gxrbdaﬁe foﬂiasll(dffd_lor) res, eg, A, C, CLK);

input [7:0] d:
output (7:0) d_o;
output res:
output eq:;

input [7:0) R;
input [(1:0] C;
input CLK;

reg [7:0] X:

wire la; .
wire lse; )
wire lae; g

wire negq;

always @(posedge CLK) X = d;

assign lz = (X > A);
assign eg = (X === p)
assign lse ~la

assign lae = la | egq:;

assicn neg ~eq;
assign res = (C === () ? lse

{((C === 1} ? lae : ((C === 2) ? neqg : eq)):
assign c_o = X;

endmodule // CompEl

Ry



assign md - ff_in | res_ipl; assignnb - res_ & nd; assign res - (SZ‘-g-MA@))?UUﬁ
?res_ ((D--0 ?((M0O) ?nm: nb) ((MO) ? m : nB)); assign ff_out -
((S =- 1) &ko(obh9esil)) ? ((D-=10) ?2.nb . res_inm) ff im; endmmdebeossd SC
WD 00/ 29981 48 Table AS - Result sel &tor nodule

ResSel (docl , resi, egl,doc2,res2, eg2,doc,res,eq,M; input docl; input rest;

i nput eci; input doc2; input res2; input eat; output doc; output rest,
output eq; input [2:.0) M wirenm; wren, wrenB, wirem wre nb;

wWre b IR alqogire M8, wire nd; wre ml0; wre nil; assign m -
"~ leqz; = | | eq2; assign nmB - resl & res2; assign m4 = resl |
reSZ;module Dff(in, out, _reset, CLK):
input in;
output out;
input _reset;
input CLK;
regq £f;
éssign out = f£f;
always @{posedge CLK) ff = (_reset == 0) ? 0 : in;
initial begin
££ = 0;
end

endmodule // DfZ



£3 MAR 2006

assign nb = rest & eq2; assign nb =rl &res2; assign n/ = nb | nb;
assign nB = eqi & eq2; assign m® (M3'd0) ? resl ((M== 3'dl) ?res2 ((M
== 3'd2) ? W oodobdd == 3'd3) ? mh : ))); assign ml0 - (M --pPETHQpI/BOA4i
((M==3dl) ?2eq2 : ((M==34d2) ? : ((M3'd3) ? n2: nB))); wre

ndocl ; wire ndoc2; assicn ndocl = (M== 3"dl) ? 1 : docl; assign ndoc2.=
(M3 f%FA-’il-La@Etfcz’urﬁtSSi gn ml - ndocl & ndoc2; assign doc = ml; assign
res = sstgmeq - mMl & mlO; endnoduie // ResSel 2 3 MAR 2006 WO
00/29 4 Loce uits nmodul e PE(cs, docs, ff_s, d p,
Q%#:%egx,atgm:ﬁ% |J,25 §§ét gL cifé _o, ff _o, reg_l m s, res_i m_p,p
res_l M phramdt@e_i pl, resiup;lh_s,z res ipl_p, res_ipi_i, doc, res, eq, docl,
-esl, eqi, doc2, resZ, eq2, doc sel, res sel, easel, M A C L, S, Db W
RM CLKEnput nput [7.:8ds_d s; input doc s; input ff_s; _nput [7:04 d_p;

i nput deetgut input ffesp; output [7:0] d i; cutput doc i;
J.nout reset,
input [w1dth - 1: 0] L;
input CLK:;

reg [width - 1:0] c:
initial ¢ = 0;

always @(posedge CLK) c = (_reset) ?

((res_) ?

((~(&L)) 2 L + 1 : L) : _ ')
(({c > 0) && (~(&L))) 2

c-1":

c)) :

0;

always @ (posecdge res_) ¢ (~(&L)) 2 L + 1 : L;

always. @(negedge res_) c
c -
c;

({c > 0) && (~(&L})); 2

—

assign res = {c > 0);

endmodule // Latency



output ff_i; output (7:0) d-0; output doc o; output =!_c; inputzﬂé‘ﬂﬁﬂimﬂﬁ

S; input res_im _p; output res_im i; input res_ipl input res_ipl_s;

i nput res I\Q,b_da gosUt put res_ipl _i: output doc; output res;pCTONOBVI0ZEA;

i nput doc' input resl; input eal; 45 nput doc2; input res2; input eqz;
out put doc sel out put res sel ; out put ea_sei; input M input (7:0] A

i nput i yankPUt S input Dy input mm  input (2:0]
RM re ndoc; wre nff; wre nres_ im; wre

_nres }npéulePQIérﬁ\JnQQW 093‘é§c, Al, Cl, A2, C2, A3, C3,

L, D, CLK);

input (7:0] d;
output (7:0] d_o;
output doc;

input [7:0] Al;
input [1:0]) ' C1;
imput [7:0) A2;
input {1:0] "C2;
input (7:0) A3;
input [1:0) C3;
input (1:0) L;

input D;

input CLK;

. wire [7:0} mdl;
" wire [7:0] md2;
wire ml;
wire m2;
wire m3;
wire md;
wire resl;
wire res2;
wire res3;
wire durmyl;
wire dummy2 ;
wire dummy3;

CompEl ¢l (d,mdl, resl, dummyl,Al,Cl,CLK);
CompEl c¢2{mdl,md2,res2,dummy2, a2, C2,CLK);
CompEl c3(mc2,d_o, res3,dummy3, A3, C3, CLK);

1l = (L < 2) ? res2 { i
2 = (L < 1) ? res3 : (ml & res3);

]

\ assign
" assign

E]

Latency #(2) lat(m2,m3,1'bl,L,CiK);
assign doc = (D == 1) ? ‘m3 : 1;

endmodule // DocMan



assign and t (M- 0) ? d_s : d_p; WD 00/29981 50 assion ndoc (M ——203)”’\3 1006

doc_s : doc ; assign nff = (M-=0) ? ff_s : ff p assicn nres . g
0) ? res_in¥O &s_inm _p; assign mes_ipl = (M==0) ? resP %99’0034
res_ipl_p; assi on d i - md; assign 4&c_i = ndoc; aSS|gn ff i = nff;
assign res_im _i - cires_inml; assignres_ipl_i = nres_ipl; vvire nr es,
wire geq;,  wjJe mjoc2 wire nres2; ConpEl c(nd, d o, nres, meq, A C CLK); Dff
ffl( £ ogh-up tabl 11aSS|gn nmes2 = nres 6 nmdoc2; wire nres3; Wwre

ffm; wre finR;, reg ESO mm initial mm = 0; Latency #(2)
lat(rFF’SBlZe :‘rP“é%errd%ﬁfz VOLK); Dff ff2(ffm,ffn2, ndoc2, CLK); SC
sc(nres3 I i res_ipl,ffm2, ffm ,nff,res,S,D,M); ResSel

sel (doctuf}uég ;%o idocZ resZ eg2,doc_sel, res_sel,eq _sel,RM; assi gh doc_o
- oc212p@§swrg5§ = ffm2; assign doc = ndoc2; assign eq - ndoc2 & neq;
2 3 MAR 2006 PCT/ " NO99/ 00344 endnpdule // PE 2 3 MAR 2006 WO 0029981

assign res = S{in};:

endmoduie // LUTS



51 Table Al O - Search processor circuit (tree 8) nodule Tree8(d s, d(}@ @AR 2006
ff s, d_p, wiooopesff p, d i, doc_i, ff i, de, dcco, ff_ o, rRGI/NPP9/A0344

res im _p, res_im__| res_ipi, res_ipl s, res_ipl_p, res_ipi_i, doc, res,
eq, doc], res], eql, doc2, rest, eg2, ,doc sel, res_sel, eq sel, M A C

L, S, b W RM LM, LM, LS, LD LM™LL, LLS CLK); caraneter lat wdth

=S, input(7:0)d_s; inputdoc s; I nnutff_s; input(7:0)d_p; inputdoc_p;

i nput ff E outBut(7 OE i gutgutdoc i; output [7:0]d_ o; output

_out putd “ sim s; inputres im _p; cutputres_inmi;

i nputres_i utres i i 58S Bhe e OMiREI £, Mpl _i; out put doc;
TS W T e

out put r e¥° I nputrest; inputegl; inputdoc2; inputres2;
.i nput eq2;

input res_;
input res_iml:
input res_ipl;
input ff_in;
output ff_out;
input .ff_imi;
ocutput res;
input S:

input Dy

input M

wire ml;
wire m2;
) wire A3;
wire md;
wire mS;

assign ml = res_iml & res_;

assign m2 = res_ & res_ipl;

assign m3 = ml | ff_in;

assign md4 = ££_in | res_ipl;
" assign m5 = res_ & m4;

assign res = (S == 0) ? res_
({D == 0) ? ((M == "0) ? m2 : m5)
({M == 0) 2 ml : m3});
assign ff out = ((5 == 1) && (M == ) 2
((D == 0) ? m5 : res_iml)
f££_iml;

endmodule // SC



out put doc_sel ; outputressel; outputeqg_sel; input[7:0)M input(63:0] &3 MAR 2006
i nput [ 15: Omd/{é%'lt [15:0)L; input[7:0)S; input(7:0]D; i nput(7pcyNbe/oo3ds

i nput[23:0 iI"Aput LML; t nput LM2; inputlS; inputLD; inputlLM
input[lat_width - 1:0] LL; PCT/N099/00344 WO 00/29981 52 2 3 MAR 2006

PCT/ N099/ 00344 i nput (0:255] LLS; inputCLK; wire[63:0]nds; wre[7:0)ndoc_s;
wre[7:0]nf f s ; W res63: Olmd_p; wire(7:0]ndoc_p; wire(7:0]nff_p;

Wi re(63: AB ~ R oc i; wire(7:0]nff_i; wre[63:0)nd_o;

wire(7:0)nooc_o; wire[7:0]nff o; vyire;?:o nres im _s;
module ResSel (Gocl, resi,edl,docs, res2, eq ,doc, res, eq, M) ;

input docl;
input resl;
input eqi;
input docl:
input res2;
input eal;
outpur doc:
output res;.
output eq:
input - [2:0] M;

wire ml;
wire m2;
wire m3;
wire m4;
wire mS;

\_/V‘

wire mé;
wire m7;
wire m8;
wire m9;

wire ml0;
wire mll;

leg2;
eql | eg2;

assign ml
assign m2

assign m3 = resl & res2;
assign m4§ = resl | resz;
assign m5 = resl & eqZ;
assign mé = ml & res2;
assign m7 = m5 | mé;
assign m8 = eql & eq2;

assign m9 = (M == 3'd0) ? resl : _
((M == 3'dl) ? res2 :
((M == 3'd2) ? m3 : - )
((M == 3'd3) 2?2 m4 : m7)});

assign ml0 = (M == 3'd0) ? eql :
((M == 3'dl) ? eqg2 :
((M == 3'd2) ? m8 :
((M == 3'd3) ? m2 : mB)));

wire mdocl:
wire mdoc2;

assicn mdocl = (M == 3'dl) ? 1 : docl;
assign mdoc2 = (M == 3'd0) ? 1 : doc2;

assign mll = amdocl & mdocZ;

assign doc = mll;
assign res mll & m9;

assign eq = mll & ml0;

endmodule // ResSel



13 MAR 2006

wire(7:0)nmres_im _p; wire(7:0]lnres_im i; wire(7:0)nres_ipl;

W re(7:01nT gggl s Wre[7:0)nres_ipl _p; wire[7: O)nTeS|p1|,

wire[7:0] mjoc 0}2 7:0]nres; wire(7:0)me qg; wire[7:0)ndoc PCT/NO95/00344
wre[7: O)mesl W|re[7 O)neal; wire[7:0]pgdoc2; wire[7: O)nTeSZ;

W re[7: 0] mneq2; vvire[?:O)rmIoc_seI; wre(7: ]mes_sel; w re[7:0)nmea sel;
wremuxl _1; wiremuxl 2; wirenmux2; wiremux2 in2;c wirelat res; wirenff_out;
wi r el ut ouTable AP FeRutdicessiipccipasts gn nd_s -

{d_s, md_o[63: 56], md_o(55: 48], md 0[47 40], and
o[ 39: 32], WLGFS?L’M_)S rmloqy_[=23ffl6] 01[03:5948]fx_,_p, ass,i gacimlofr_s, - (dog
s, ndoc 0[7] mdocaf 6)d°‘Fufbcf€).[°5] I°5cr%h5®(r¢)_lmij_@c “oys3mimdoc_o[ 2), ndoc_o(1]);

.assicn'nff_s - {é%i%e (i ’d’(llé 6]’ fef_PL 5], 9Pf. G€d) ea. nff o[ 3],nff .
and
1:

2), mff _ofl e ~Felt i F83:558) , ndi [ 47: 40
?%6% 56] ; ﬁ% }%3 £ T31 2 2J?ﬁ ;§§%§§L$5|ghrndoc_é il i

{doc_, mjoc_l_h_zJm nid;Q@J__l [07_]5, mjoc_l [5] nmdoc_i[7], 2 3 MAR 2006

input doc_s;
input if_s;
iaput [7:0] d_p;

input doc_g;
input It p;

output [7:0) d_i;
cutput  doc_i;
output £ i;
_ output [7: O] d o;
} output doc_o;

output if c;
input res_iml_s;
input res_iml_p;
output res_iml _i:
input res_ipl;
input res_ipl_s;
input res_ipl_p;

output res_ipl i;
output doc;
output res;

output eq;
input docli; ’
input resl;
input eql;
input doc2;
input res2;
input eqg2;
output  doc_sel;
cutput res_sel;
,) cutput eg_sel;
input M;
input [7:0] &;
input [1:0) (o)
input [1:0) L;
input s;
input D;
input MM;
input (2:0] = RM;
input CLK;
wire [7:0) md;
wire mdoc;
wire mff;
wire mres_iml;
wire mres_ipl;

assign md = (M == 0) ? d 5 : d_p;



00/ 29981 53 nmoc |(3) mdoc_i (3), miloc |(1)) 73 MAR 2006
f

WO

1,s,ff=(7), 6{# _1(3),nff_i[7), assign nff_p - ;nuxi pcT/MN099/00344
nff i[3],nf ()gb f |[1]} assign nres i:al s = (-es

in1'_s,mes[7) nres_sel[6],nmes[5), nr
set[5),mes(3),mes_se|[2],:nres(1)); dassign nres_ianl = {res

im _p,nres_iml_i(7), mes_im i(7), nres '|(5) nTeS|n1

§C7), o1 gl drdhngoc 1 o8 ey io B)e W espok ;i [1]}; assign nres_ipl -
{nres_i pl_iac6} g @8 _4 Qb_kd D), MreSsTi:pis_ip(2) ,

nmes_ipl_i [thcEH @wed [lmli £ 20y ¥ ©5_1 plsiifll]ls : rasesmi i _i (0),res_ipl); assign
nres_i pl _s zss{dresmreplipd, AT@SE6Y) Nt @8s Sek[A]:, rasespU)p; mes

sel (1), nres(2),nres_sel (0), mes(01); assign nres_ipl_p = (res ipl_p,nres
ipl_i[5], meeslqﬂ‘p]? i[8Fd: nres_ipi _i[3),res_irl,nres |p| i[ij,

res_pl, res2ppign d88si gn"iRfdcl =

(docl , nﬁoc[?Zl?ﬁjéé— F‘éi mdoc[_@ mdoc_sel [5),

mdoc[ 3] , Mg s L2110 i lgﬁSl gn nresl =

(resl, rrres[a7 nres s ['6 rrre§[ ), mmes_sel (5),

mes(3) me,§z§el [thes[l]} assign neal = e

{egl, ui ea( Giréreq_seed:6) , meq(S5), meq_sel [5), meq(3), neg sel[2),meq(1));
assi gn ndoe2re {dosdyczndoc| 6), ndoc_sel[ 4), ndoc[ 4), ndoc_sel [ 1],

ndoc, 2), ndetzsel| Opresdoc(0] ) ; assign nres2 =

(resZ nres(6], nres_sel (41, nres( nres_sel[l),

mes(2) T EgmBRY o dr‘i’t.és?é’gg "‘eq'%& YA ‘neg2 - .

€92, nec(GFfﬁeﬁflééF‘(%)““ (2 MG sel [1], meq(2], meg_sel[0), neq(0)}; )
aSS|gn muxl__1. Q) aNtf ff_p; . assign muxl 2 - (LML 0) ? nf f_out
ff_s; asmﬁﬁlgrnru ﬁlewz szsnﬁ md? 3 mres sel (3] : mux2_in2; assign mux2_in2 =
| ut _out & gpds out; mn@g& gn and-out &ndoc; SC
_sc(lat_reswares_i rrtf_nil(-7) ,res_ipl,nff_of O] ,mf _out, nff _i(7),res,LS LD LM;
wire fim2;

reg [5:0] mmm;
initizl mmm = 0;

lLatency #(2) lat(mres2,mres3,mdocZ,L,CLK);
Dff ££2(ffml, £fm2,mdoc2,CLK);
SC sc(mres3,mres_iml,res_ipl, ffm2, £fml,mff, res,S,D,MM);

ResSel sel(docl,resl,eql,doc?,res2,eq2,doc_sel,
res_sel,eq_sel,RM};

assign doc_o = mdoc2;
assign ff_o = ffm2; .

assign doc = mdoc2;
assign eq = mdocZ & meq;

- endmodule // PE



Latency #(lat width) lat(mux2,lat_res,and _out, LL, CLK); LUT8 2 MAR 2006

Iut(nTes | u ) ; aSSI gn d_i - nd_i(63:56]; assign doc 099/00344
0[7; R%gm gn‘n;3 i (7] assign d o - nmd_o[7:0); _P#C?I'VN 99/ 00344

2 3 MAR 2006 WD 00/29981 54 aSSI gn doc_o = mzloc_o[O); assign ff_o =

nff_o[0]; assign doc = ndoc sel[3]; assign eq = neqg_sel (31; assign

doc_sel = ndoc_sel[7); assign res seI nres_sel[7]; assign eq_sel =

meq_sel (7); assign res_inl i - nres |rr1 _i1(0); assignres_ipl_i = nres

-~'nfj" 7)) g e RD Q'SEhreh( S soFiGfeut: Eifeéa ,md p, ndoc_p, mff _p, md_i, |
oc_1, es_ _S,

m_es 'mmfacmeeméﬁmls%e@ Pt rsrecS,pl PocSp, £f_p, d_i, doc_i,

-nres_ipl_p, nmes_i pk_k, ralec, amees gec, nokschinl_s, res_iml_p,

nresl, negl , noc2, reesdyiTeg2enTies, suls, it es reeliripegsel, M A C L, S, D
MM RM CLK) . endwegdisle:/ oTr &b PGT/%@%/IGeémﬁclwmﬁzggsl 55 Tabel) All
- Search processorreg@r gt CEF;%é 6:?5 ?f‘d ‘b—sﬂeL%4 ? oc s, ff_s, d_p,
doc_p, ff p, (Li, SoB- " % Rl s ICF() s A TsHM S, restim _p,
res_im _i, res 'P re5| | _Sg,res_ipl_p, res ipl i, doc ‘res, eq, docl,
resl, eql. BOCD“®7&8%""8q2" Woc sel, res sel, ea sel, hits, M A C, L,
S, D, MM RM_JMy.okM2, LS, LDg kM LL, LLS, LLML, LLM, LLS2, LLD, LLM
LLL, LLLS, GCheok; doc_s;

input ff s;
input [7:0] d_p:
input doc_p;

3 input tf pi

g output [7:0] d_i;
output doc_i;
output £ff_i;
output [7:0] d_o;
output doc_o;
output : £f_o:
input res_iml_s;
input res_iml_p;
cutput res_1m1 i;
input res_ipl;
input res_ipl_s;
input res_ipl_p:
cutput res_ipl i;
output doc;
output res;
output eq;
input docl;
input resl;
input eql;

) input docZ;

% input res2;
input eql;
output doc_sel;
output res_sel;
cutput eq_sel;
input [7:0] M;
input [63:0] A;
input {15:0] c;
input [15:0] L
input [7:0] S;
input (7:0] D;
input [7:0] . MM;
input [23:0) RM;
input LM1;
input LM2;
input LS:;
input LD;
input LM;

input [lat_width - 1:0] LL;



paranmeter fat-width = 16; input[7:0]d_s; inputdoc_s; inputff s;

I nput (7: 0]
outputffi;
i nputres_i
Il nputres_i
I nputresl;
out putres_
I nput (127:

23 MAR 2006

d _p; inputdoc_p; inputff p; output[7:0]d_i; outputdcgc_i.
‘Bﬁf’?ﬁ%’? foJT)_N?;”"’O-”“

¥:0]d o; outputdoc_o; outputff o; inputres

I nput docl ;

N

pl _p; outputi; res_ipl input_ res_ipl inputres_ipl_s;
pl p; outputres_ipl _i; outputdgf; out putres; outputeq;
I nputeql ; 1 nputdoc2; inputres?2 inputeg2; outputdoc_sel;
sel; outputeq_sel; output(6:0)hits; input(63:0)M input[511.:0]A
Qiéét [C:255] LLS; : .
input CLK;
wire [63:0) md_s;
wire [7:0] _ mdoc_s;
wire {7:0] . miff_s;
wire {63:0) md_p;
wire [7:0] mdoc_p;
wire [7:0] mff p;
wire [63:0) nd_i;
wire {7:0) . mdoc_i;
wire [7:0) mff i;
wire [63:0] - md_o;
wire {7:0] " mdoc_o;
wire [7:0] mff_o; _
wire [7:0] mres_iml_s;
wire (7:0)] mres_iml_p;
wire [7:0] mres_iml_i;
wire (7:0] mres_ipl;
wire (7:0] mres_ipl_s;
wire [7:0) mres_ipl_p:
wire {7:0) mres_ipl i;
wire [7:0] mdoc;
wire (7:0) mres;
wire (7:0) meq;
wire [7:0) mdocl;
wire [7:0) mresl;
wire {7:0} megl;
wire [7:0] mdoc2;
wire [7:0) mres2;
wire [7:0) meg2;
wire [7:0} mdoc_sel;
wire [7:0) . mres_sel;
wire [7:0]) meqg_sel;
wire muxl_1;
wire muxl_2;
wire mux2;
wire mux2_in2;
wire lat_res;
wire nff_out;
wire lut_out;
wire and_out;
assicnmd s = {d s,md 0[63:56],md_o[55:48],md_o[47:40],
) " md 0[39:32T,md_o[31:24],md_o[23:16],md_o[15:8]):
assign mdoc_s = {doc_s,mdoc_o{7],mdoc_o[6],mdoc_o[3],
- mdoc_o[4],mdoc_o[3],mdoc_o[2],mdoc_o[l]];
assi¢cn mff s = {muxl_2,mff_o[7],mff_o[ﬁ],mff_o[S],mff_o[4],
T mff_o[3),mff_o[2),mif_o[l]};
zssign md p = {d p,md_i[63:56],md_i[63:56],md_i[47:40],
~md i[63:56),md_i[31:24),md_i[31:24),md_i[15:8]);
assign mdoc_p = (doc_;,mdoc_i[7],mdoc_i[7],mdoc_i[S],mdoc_i[7],



input (127: O] L input(63:0]S; input[63:0]D; input[63:0]MM input[191: O%HRMR 1006
I nput (7: 0] vedylbor2dggput [ 7: O] LM2; i nput (7:0]LS; input(7:0]LD, WOPEDNRNBIB4SHE 2
3 MAR 2006 PCT/ N099/ 00344 input(7:0]LM input(63:0]LL; input(0:2047]LLS;

i nput LLML; i nput LLM2; i nputLLS2; inputLLD; inputLLM input(lat_w dth- 1:0.]
LLL; ..input(0.255)LLLS; input-CLK, wire{$3:0)nd_s; wre(7:0)ndoc_s;

vmre(? Olnff_s; wire(63:0]and_p; wire[7:0]mdoc_p; wire(7:0]nff_p;
wire(63:0]md_i; wire[7:0]ndoc_i; wire[7:0]nff_i; wre(63:0]nd_o;

Wi re[7:0)ndoc_o; wirefdeQLf asocw PE(™Eo8LdS im s: wire(7:0)nres im _p:

_1{7),mff_i[7],mff_l[S},m:f_i[7],
_i(3),mEf_i[1]};

zssign mres_iml s = !

| -
mres_se€

imi_s ,mres{7]),mres_sel([6], mres(5],
1. m*es( ], mres sel[2] mres([1]};

zssign mres_iml_p = {res_ iml p,mre= iml_i(7),mres_iml_i(7],
mres_:iml ‘[ },mres_iml 1L7] (mres_ iml 1[3]
mres_ Timd 1[3] mres_ “iml _irayyq

essign mres_ ipl = {mres_ipl_ i{6},mres_ipl_i{S5},mres_ipl_ i[4],
i mres_ipl_i([3]),mres_ipl_ 1[ ] mres_ipl_i[l],
mres_;pl if0),res lpl),

gssign mres_ipl_s = {res. ~ipl_s, mres[6],mres_sel([4), mres(4],
) mres se‘[l] mres{2),mres sel[O] mres[O]L

assign mres_ipl_p = {res_ipl p.mres_ ipl_i[5],mres_ ipl_if31,
mres_ipl 1[3],-e< irl,mres_ipl 1[1],
res_-ol, res_ipl}:

acssign mdocl = (docl,mdoc[?],mdoc_sel[6],mdoc[S],mdoc_sel[SI,
mdoc[3],mdoc_sel[Z],mdoc[l]};

a2ssign mresl = (resl,mres[7],mres_sel[6],mres(5), mres_sel([3],
m:es[3],mzes_sel[Z],mres[l]}; .

assign negl = {eql,meq[7],meq_sel[6],meq[S],meq_sel[S],meq[B],
meg_sel[2],meq(1l]};

2ssign mdoc2 = (doc2,mdoc[6],mdoc_sel[4],mdoc[4],mdoc_sel[1],
mdoc{2],mdoc_sel{O],mdoc[O]);

zssign mres2 = (resZ,m:es[6],mres_sel[4),mres{4],mres_sei[l],
mres[zJ,mres_sel[O],mres[O]);

assign meg2 = {eqé,meq[G],meq_sel[4},meq[4],meq_sel[l],meq[Z],
meq_sel [0),meq(0]};

assign muxl_1 = (LM1 == 0) ? mff out : If p:
assign muxl 2 = (LMl == 0) ? mff _out : ff_s;
assign mux2 = (LM2 == 0) ? mres sel(3] 1 mux2_in2;
assign mux2_in2 = lut_out & and_out.

assign and_out = &mdoc;

sC Sc(lat res, mres_iml_i[7), res_ipl,mff_o(0),mff_out,

mff *[7] res,LS, 1D, LM); .
Latency § (lat_width) lat(mux2,lat_res ,and_out, LL,CLK) ;

LUT8 lut (mres, lut_out,LLS):

eassign d_i = md_i[6€3: 56);
assign doc i= mdoc i[7).
assign ff_1 = mff_1[7]
assign d_o = md_o[7:0];



wre(7: O]mes im i; wire(7:0)nres_ipl; wre[7:0)nres_ipl s; wre(7: 0§3.MARZUUE
es_ ipl_p; wire(7:0)nres_ipl _i; wre(7: O]mjoc wre(7:0]nres; q;
wire. (7: 0] n‘ﬂ@ RIWlre(7: 0] nresl; wire(7:0]megl; wire(7:0)ndoc wlﬁb&l@dﬁ
wire[7:0]nres2; wire[7:0]nmeqz wlre( 7: O)rrdoc_sel wre(7: O]mes_sel;
wire(7:0]meq_sel; wirenmuxl _1; wremnmuxl 2; vvirerrux2; W renmux2_in2;

wrelat res; wirenff_out; wrelut out; wireand out; assign and s -
{d_s,nd_o0[63:56),nd_o[ 55:48],nd_o(47:40], and

of 39: 32), nd_o[ 31: 24] mJI _0(23; 16], md_o(15:8) assign ndoc s - (doc

S, ndoc o[7}smocd g 52 3 MAR 2006 WD 00/29981 57 ndoc

o[ 4), ndoc_afFen (1]}; assign nff_s - {muxl 2, nff

o[ 7], nff o l‘gﬁf °°T§ ;g 3 4] nff o[3],nff o[2],nff o[i]); assign nd_p
- 4d_p, rml X 53;rx§1|1 B3ic56ded ;i (47: 40] ,

md_i [63: 56§ ATs24] » Mikes[21124] , nd |(15 8]}; assign mdoc_p -

{doc_p, mjogs.g,(g?,] eqIERC_k[nldq_melia) i (5] .mdoc_i (7) , ndoi [ 3) , ndoc_i [

3) , ndoci ( iksiign res_iml_i = mres_ iml l[O]:
assign res 1pl i = mres :Lpl Ti[7):

: md s,mdec_s,mif_s, md_p,mdoc_p, mff p,md_i,
FE el ﬂméoc i, mff -,md o, mdoc o.mff_o,mres_iml_s,
mIes_ “iml _p,mres_ iml_i,mres J.pl mres lpl s,
mres :.pl p,mres_ 1p1 i,mdoc, mres,meq,mdocl,
mresl,meql,mdoc2, mres2, meg2,mdoc_sel,
mres_sel,meq_ sel,M,A,C,L,S,D, MM, RM, CLK) ;

endmodule // TreeB



assign nff _p - (muxl |, mff i(7),nff_i(71,nff_i[5],nff_i17], 73 MAR 2006

nff i(31,nff_j f_i(1]}; PCT/ N099/ 00344 assign nres_im _S g
im _s, nres] %h&’é@?{gel [6],nres(5); cores PCTINGS00344
sel (5], nres(3],nres_sel[2],nmres(1l]); IF assign nres_im _p -
(res_im' _p,mes_im i[7],mes_im _i[71, __nres
im _i[5),mes.im i(7],mes im i[3], mes.im _i(3),mes in _i[1)); assign
ntes_ipl - {mes_ipl_i(6),nres _ipl i(5],nres_ipl_ i[4],
.mres_ipl i(3),mes_ipl i(2nres_.ipl. Ji(1 nres_ipl_i(0),res_ipl); assign
mes_iplzgﬁ 1do Dearchpige L t'(_eelé 41, nres[4], nres

sel[1),nres 12 nmes_sel ( mresl 0] by . 3881 ONsMeSq 1Pl adt 1,
-(res_ipl Eﬁ?%e]eg._?ﬁ;;éifshyg%ﬁ'ésc_%l?giﬂdcé]nes Ifl. stEes_zml P, '
nres_ipl _i[3),res_ipt,imes, i-plTibl llres_ipeSsi pbs ies d,pl); assign ndocl -
{docl, ndoc[ 7], mdoc ,g&T{0]i "de€] s mdgc ceel [ bdsl, eql, doc2,
mdoc[ 3], ndoc_sel [ 2]resFl0@E2,) kpc_sadsirgn swlesg_sel. hits, M, 2,
{resl,nres[7], nrescsel[ 6], we[ BY, iMes Lé‘;éJ&é] LD, LM, LL,
mes[ 3), mes_sel [ 2[LLAx 8H1) JLt2, akki2g - iRpghlM, LLL, LLLS, CLK)J
{egl,meq[ 7), meqg_sel [.6], meq[ 5] g_sel[5],meq[3], neqg_sel[2),nmeq[l)};
assi gn nﬂoci’alamfﬂﬁcgféufde%f #&gc sel [ 4], ndoc[ 4], ndocsel [1],
mdoc[ 2), ndogc_sel [ P].,ndoc(0]); sign nres2 -

{res2, mes[?ﬂﬁﬁ‘r L-g'_oéel [ 4], e§;[°‘tatf', nres_sel (1],
"mes(2),nre el [0],nmres(0dp 5; assign neq2 -
(eg2, meq[ 6)1:53%;43_?&!0[]4] , meq( 41, meg; sel [1), meq[2], nmeq_sel[0), meq[0O]}.

assi gn muxl jhpue (LLML -- Qoc?pinff_out : ff_p; assign nmuxl_2 - (LLM -- 0)
? nff out :idguts; assign #fux2 - (LLM2 -- 0) ? nres_sel[3) : nux2_in2;
assi gn nux2ocuyupRt| Lit:0dut & @Ad out; assign and-out &ndoc; SC :
sc(lat_res,ee@ytinl _i[7], r¥S_3pl, nff_o[O],nff out, WO 00/29981 58

nff_i (7], e3WS2 11D, LLMEEE

output (7: d_o:

output doc_o;
output £f o
input res_iml_s;
input res_iml _p;
output res_iml_i;
input ' res_ipl:;
input res_ipl_s;
input res_ipl_p:
output res_ipl_i;
output doc;
output res;
output eq;

input docl;

: input resl;

) input eql;

’ input doc2;
input res2;
input eg?;
output doc_sel;
cutput res_sel;

" output eq_sel;
output [6:0] hits;
input [63:0} M;
input {511:0) A;
input ([127:0] c:
input {127:0) L;
input (63:0} -8
input [63:0] D;
input [63:0) MM;
input [191:0) RM;
input [7:0] LM1;
input [7:0) . LM2;
input [7:0) . 1s;

input [7:0) LD;



Latency #(lat_width) |at(nux2,lat res,and out, LLL, CLK); LUTS 2.3 MAR 2006
| ut (nr.es, | %G%r# 4LLS); assign d_i - nd_i[63:56); assign dopcrnodem3id 7
assign ff_i - 9?_i[?]; assign g o - nd o[7:0); asign _do - ndoc o[ O
] ; assign ff o - nff_0(0); assign doc - ndoc sel[3]; assign eq -

meq_sel [3]; assign doc_sel- ndoc_sel (7]56 assign res sel - nres sel[l];
assign eq_sel - neq_sel[7]; assignres_im i - mesim i(J,; assign.
res ipl i - nres ipl_i(7]; assign hits - nres sel(6:0]; TreeS tree8(0:7)

(md s, : ndQgps: Mhfos, nd_p, ndoc @i nff _p, md_i,

nmdoc_i , nf fippuird 6®;a1doc_oLkff_o, nres im _s,

nres_im _pnpeed0i2847), nres i pFhEies ipl _s,

nres_i pl _pineves_i pl _i , md&EM o es, neq, ndocl , :

nr esl , meglinAdoc2, nr es2, gjrrdoc_sel, nres_sel. megq_sel, M A C L, S D,
MM RM LMPPSt NP, LS, L ‘M LL. LLS, CLK) ; Z 3 MAR 2006 PCT/ N099/ 00344
endnodul e ¥PUree64 WD 0 :9981 59 Table] Al2 Search processor circuit
(tree 512)?“@@L{I1§t TheepLl2t s dpes, fd p, doc_p, ff_p, d_i, doc i,

ffd_o, dccQ, fio-s5s;res wolss, res_inl _p, res im_i, res_ipi, res_ipl s,
res_ipl_p,inpt€si pl i-, doerksres, ea, docl, resl, eql, doc2, res2, eq2,
dcc_sel, res_sel, eq_sel, hits, m A C L, S b ™M RM LM, LM, LS, LD
LM LL, LLS8rells®u¢) LLM2, LLS2MEL#D, LLM LLL, LLLS, LLLML, LLLM2, LLLS2,
LLLD, LLLMirELUEgi LLLLS, CLKJ2S°C% .

wire [7 £_s;

wire [63:0] md_p;

wire [7:0] mdoc_p;i )
wire (7:0] mff_p; _ :
wire [63:0) md_1;

wire [7:0) mdoc_l_l:

wire [7:0] mEf 3

wire [63:0] md_o;

wire [7:0] -mdoc_o;

wire {7:0) mff_o;

wire [7:0] mres_iml_s;

wire {7:0) mres_::Lml_}?;

wire (7:0] mres_:{.ml_l: .

wire [7:0] mres_:.pl;

wire [7:0) mres_ipl_s;

wire [7:0) x:u:es_:_.pl_}?;

wire [7:0) mres_ipl_1i;

wire [7:0) mdoc;

wire (7:0] mres;

wire (7:0] meq;

wire [7:0] mdocl;

wire (7:0] mresl; SR
wire (7:0] meql; )
wire [7:0] : mdoc2; T
wire [7:0) mres2;

wire [7:0] meq2;

wire [7:0) nmdoc_sel;

wire [7:0] mres_sel;

wire [7:0] meq_sel;

wire muxl_1;

wire muxl_2:

wire mux2l;

wire mux2_in2;

wire lat_res;

wire mff_out;

wire lut_out:

wire and_out;

s,md_o[63:56],md_o[55:48),md_o[47:40],

ign md s = {d
assis " nd o(39:32],md_o[31:24],md_o[23:16],md_0I15=3]):

assion mdoc s = {doc_'_s,mdoc_.o[ﬂ,mdoc_o[S],mdoc_o[5]:



. | | | 23 MAR 2006
paranmeter lat_width 16; input(7:0)d_s; inputdoe s; inputff_s;

i nput ( 7: 0) dy®pok9dpiit doc p; inputff _p; output(7:01di; _ out put BCTINO99/00344
outputff i; output(7:0]do; _ outputoc c; d outputff o; inputres_im _s;
inputres_im _p; outputi; res im input_res ipl inputres_ipl_s;

I nputres_ipl_p; outputres_ipl i; outputdgq; out putres; outputeq; inputdocl;
I nputresl; inputegl; inputdoc2; inputres2; inputeq2; outputdoc_sel;.

out putres_sel ; outputeq_sel;
mdoc_o[4],mdoc_o[3],mdoc_o[2],mdoc_o[l]};

assign mff s = {muxl_2,mff_o[7],mff_o[6],mff_o[S],
T mff_o[4],mff_o(3],mif_o[2],mff _o[1]);

assign md_p = {d p,md_i[63:56],md_i[63:56],md_i[47:40],
~md i[63:56],md_i(31:24],md_i[31:24],md_1(15:8)};

assign mdoc_p = {doc_p,mdoc_i[7],mdoc_i[7],mdoc_%[SJ,
' ~.mdec_i[7),mdog, i[3],mdoc_i[3],mdoc_i[1]};

assign mff p = {muxl_l,mff_i(7),mff_i[7},mEf_i[5],meL_1[7],
T mff_i[3),mEf_i{3),mff_i({1]};

assign mres_imi_s = tres_iml_s,mres[7],mres_sel[G],m:es[S];
- Eres_sel[S],m:es(B],mres_sel[Z],mzes[l]);
v _ _
assign mres_iml p = lres_iml_p,mres_iml_i[7],mres;im};i[7],
= mres_iml 1[5),mres_iml_i(7],mres_iml_i[3],
mres_iml_i[3),mres_iml_i[l]};

assign mres_ipl = {m:es_ipl_i[ﬁ],mres_ipl_i{S],m?es_%pl_i[4],
- mres_ipl_i[B],mres_ipl_i[Z],mre5_1p1_1(1],
mres_ipl_i[O],res_ipl):

assign mres_ipl_s = (res_ipl_s,mres[ﬁ],mres_sel[d],mres[4],
' T nmres_sel(l),mres(2),mres_sel(0), mres[0]};

assign mres_ipl p = {res_ipl_p,mres_ipl_i[S],m;es_ipl_i[B],
T mres_ipl i[3]},res_ipl,mres_ipl_i[1],
res_ipl,res_ipl);

assign'hdocl = {docl,mdoc[7],mdoc_sel(6),mdoc[5],mdoc_sel(5],
mdoc[3],mdoc_sel[Z],mdoc[l});

assign mresl = (resl,m:es[7],mres_sel[ﬁ],mres[S],mres_sel[S],
) mres[3],mres_sel[Z],mres[l]);

assign megl = {eql,meq[7],meq_sel[ﬁ},meq[S],meq_sel[S],meq[B],
meq_sel(2),meq(1]}};

assign mdoc2 = {doc2,mdoc[6]),mdoc_sel[4],mdoc{4], mdoc_sel[l],
mdoch],mdoc_;el[O],mdoc[0]);

assign mresZ -'{resZ,mres[6],m:es_sel[4],mres[4],mres_sel[1],
mres [2) ,mres_sel[0],mres{0]};

assign meqgl = {qu,meq[G],meq_sel[4],méq[4],meq_sel[l],meq[Z],
meq_sel[O],meq[O]}; '

assign muxl 1 = (LLM1 == 0) ? mff_out : ff p;
assign muxl 2 = (LLM1 == 0) ? mff out : ff s;
assign mux2 = (LLM2 == 0) ? mres_sell[3] : mux2_in2;
assign mux2_in2 = lut_out & and_out;

assign and_out = &mdoc;

SC sc(lat res,mres_iml_i[?],res_igl,mff_o[O],mff_out,




output (62:0)hits; input(511:'0]M input(4095:0)A;, input(1023:0]C, 21

i nput ( 1023%%’ i nﬁut (511:0]5; input(511: 0105, |) nput ( gll:( 0) ] C1- AR 208
i nput (1535 6P BRR®Bhput (63 01LML: i nput (63: 0) LM2; 2 3 MAR 2008CT/N099/00344
PCT/ N099/ 00344 2 3 MAR 2006 WO 00/ 29981 60 PCTi NO99/ 00344 i nput (63: 01LS;

i nput[63: 0)LD; input(63:0)LM input(511: 9% i nput (0: 16383) LLS; ’

i nput (7: O] LLML; input(7:.0] LLM2; input(7790] LLSZ i nput (7: 0] LLD; 1

fuaut (7: 01LLM input[127:"0)LLL; input(0:2047)LLLS; inputLLLML; inputLLLM;
i nput T. T, T.S2 ... J 0pyt LLLD: b Nput fesk, T. M i nput [1at_wi dth - 1:0] LLLL; ’
i nput (0: 2551];':'eﬁy5u1a'%puic€3#$ la\M(ﬁx@(ﬁ?PaDJreﬁﬁdd Sguz., LLL, CLK) ;

LUT8 lut (mres, lut_out,LLLS)’

assign d_i = md_i([63: 56);

assign doc i = mdoc _i[7):

assian ff i = mff 1[7],

assign d_o = md 0[7 0]:
.ass;gngum o = mdoc o[0]:

assign ff o = mff o[O],

assign doc = mdoc__ “sell3):

assign eq = meq_ sel(3);

assign doc_sel = mdoc_ sel(7);

assign res_ “sel = mres sel[7],

assign eq_sel - meq_sel[7],

assign res_iml_ i = mres_iml_i[0]};

assign res lpl i = mres lpl 1[7], : _ j

assign hits = mres sel[G:O];

Tree8 treeB{0:7] {md_s,mdoc_s, mff_s,md p,mdoc_p, nff p,md_i,
mdoc_i, mff i, md o, mdcc o, mff o,mres_iml_s,
mres_. “iml _F.mres_ 1ml i,mres ;pl mres lpl s,
mres 1p1 p,mres_ xpl i,mdoc, m:es,meq,mdocl,
mresl,meql,mdoc2, mres2,meq2, mdoc_sel,
mres_sel,meq_sel,M,A,C,L,S,D, M, RM, LM1,
1M2,LS,LD, LM, LL, LLS, CLK) ;

endmodule // Tre=64



re[ 7: 0] ndoc_s;

re(7:0)ndoc;

re(7:0]
re(55:

)

£ 222222 =

MUX2_i n2; .M { &-bad12ness, do

‘re[7:0]nff _p: W
re(63: %)] r’?ﬁ?&mé&sﬁ
re(7:0]nres_im _p;

wire(7:0]nff_s;
e[63:0] nd_i;
e (7:0)ndoc_o;
_ wire[7:0lmes_inm i
re(7:0)nres_ipl_s; wirel7:0]nres_ipl_pggwi ; i i

: NiTe [7:0)oor es: _ipl_psgwire(7:0]nres_ipl _i;
re[7:0] nresl; wire[7:0]mega; wire(7:0]ndoc2; wire[7:'0]nres2;

wi re(7:0)ndoc_p; 23 MAR 2006
wi re(7:0) nf fpgT/N0O99/00344

_ wire(7:0)nres_in _s;

- wire[7:0]nres_ipl; B

wi re[ 63: 0] nd_p;
wire(7: 0] ndoc i;
wire(7:0)nff_o;

wre(7:0]nmeq; wre(7:0)ndocl;
120 nres_sel; wire[7:0]nmec sel;

2; W renmux2; :
doc_p, ff_)é. ’d_l"PdQQ_’iz,%Bl 61 wire..

c_s, Zf_s, d_p.
ff_i, d_o, doc_o, ff o, res_iml_s, res_iml_p.
res_iml_i, res_ipl, res_ipl_s, res_ipl_p,
res_ipl_i, doc, res, eq, docl, resl, eql, docZ,
res2?, eg2, ccc_sel, res_sel, eq_sel, hits,

M, A, C, L. S, D, MM, RM, LM1l, LM2, Ls, LD,
1M, LL, LLS, LLMI, LLM2, 1lLs2, LLD, LLM, LLL,
LLLS, LLLM1, LLIMZ2, 1llLs2, LLLD, LLLM, LLLL,
LLLLS, CLK):

parameter lat_width = 16;

input [7:0) d_si
input doc_s:
:anut ff-s ;
input {7:0] d_p:
input dec_p:
input £f_pi
output [7:0] d_i;
output doc_i;
output £f_i;
output ([7:0] d_o;
output doc_c:
output £f_o;
input res_iml_s;
input res_iml_p;
output res_iml i;
input res_ipl;
input res_ipl_s:
input res_ipl_p:
output res_ipl_i;
output doc:
output res;
cutput eq.

‘ input docl;

) . input resl;
input eql;
Lr‘put resz;
input eqZ;
output doc_sel:.
output res_sel;
output eq_sel;
output [62:0] hits;
input (511:0) M;
input [4095:0) A;
input [1023:0) C;
input [1023:0] L
input (511:0] Si
input [511:0] D;
input [511:0] MM;
input [1535:0) R4;
input (63:0) LML;

input [63:0] LM2;
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wire nff_out; wire lut_out; wre and-out; assign nd_s -
{d s, nd _o[6 (? o(55: 48), nd_o[ 4": 40], and A /00344
(39" 32T, mjev @fi’% md_o( 23 16), nd_o[ 15 8)); .sign ndoc_s A T CTMOMN

(doc_s, ndoc_c[?] ndoc_o[61,ndoc o[ 5) , ndoc 0[43

ndoc 0(3] ndoc 0[2] nmdoc_o[ 1] ); assign nfg s =

{ mux! _ rﬁf 0(7)|ﬁ o(6),nff_o(5],nff_of AT, nff _o[3],nmff_o(2],nff _o[l]);
assign nd p - {d p, |[63 56], nd_i [ 63: 561, ndi [ 47: 40], and

|{((jgg 562mlocm b i[31: 2@]5,rrd i[15:8]}; assign rrdQc_p =
|
ndoc P(?] g

i ) ndogp} [ 5]

oc_i[3), mHpcC |(1]) assign nff -
(mux! 1, nffmF{Jlgsm‘lt_][? mik; i [S5nff _i7 nff_i(3),nff |(3) nff_i[1]}; assign
nmes_im _s sputes:nAB8N es(?}ALﬁ?es_sel[G),n‘res(S] cores
sel [ 5], mes:{rﬁn]utnﬂeQ]se 2), nres ); assign mes_im_p =
{res_im p,nmes i7rﬂ°]|[7] nres_i [7], nres
im _i(5), mé%P“FrW 7], nres |n1i‘_b%~ mes_im _i(3),nmres_im _i(1]); assign
nres ipl ’(’?ﬂ"és |(6) nT es ;i jl |[5] nres_ipl _i[4), _
nres_ipl |f3i° gg _i(3}gnres_ ipl |(1 nes_ipl_i[0],res_ipl); assign
mes im_s ;. |zgf s, nres[ 6LLpges_sel [4],nres(4), nres
sel [1], nTes u,,_.rrTes sel [O)LLmnes(O)) assign nres_ipl_p -
ires_ipl_p, pigs_i pl_i [5), mee:ipl i(3], nres_ipl_i[3],res ipl,nres_ipl
i[1], res_ifpurres_ipl); a&8Iyn ndocl -
' {dOCI nﬂoc[i?l)pwdoc sel [ 6] Li#Ryc[ 5], ndoc_sel (51,

mdoc( 3l rrdot-:nl-'s!él mdoc (I sign nres| - ' )
{resl, nTes( ‘tgggtté) f:ls["g? res_sel [5], nres[3),nres
sel (2) mesi {eql,:neq[7), meq_sel (6], meq[ 3], meq_sel (5)
, meq[ 3), seI (2), meq[ | }; assi gn ndoc2 -
{docZ ndoc[@lremglppﬁel [4), mdockd)smdoc_ sel (', ndoc(2], ndoc
sel [Q, ndoc{Dde) 17:83S1 gn nNres2 mdoc_s;
{res2, mes[ﬁﬁzme-,sn]sel (4), mes(nﬂLsn'r es_sel[l],
nres(21, n’reensael{f.’{ﬂpJnTes[O]) md_p;

3“’_’“'

'L

wire (7 mdoc_p:

wire [7: 0] mff _p:

wire [63:0] md_i;

wire [7:0] mdoc_i;

wire [7:0) mff i;

wire [63:0] md_o;

wire [7;0] mdoc_o;

wire [7:0) mff_o;

wire [7:0) mres_iml_s;

wire [7:0] mres_iml_p;

wire [7:0) mres_1m1 i; : :
wire [7:0) mres_ipl; . )
wire [7:0} mres_ipl_s; :
wire [7:0] mres_ipl_p;
" wire (7:0) mres_ipl_i;

wire [7:0] mdoc;

wire [7:0] mres;

wire [7:0] meq;

wire {7:0] mdocl:

wire [7:0) mresl;

wire {7:0) meqgl;

wire [7:0] mdoc2;

wire [7:0) mres2;

wire [7:0] meg2;

wire [7:0] mdoc_sel;

wire [7:0]) mres_sel;

wire [7:0] meg_sel;

wire (55:0] its;

wire muxl_l:

wire mux1_2:

wire mnux2;
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assi gn meq2y; doR9es: Med[ 61 nmeq_sel (4] nmeq[4) neq_sel [1), meq| FerreshomeddO |
meq[O 1); assignmuxl-lI - (LLLMO)? nff-Qutff-P; assignnmuxl-2 - (LLLMO)?
mf-Qutff-s; assignmux2 - (LLLM2 -- 0)nres_sel[31: nux2-in2; assign
mux2-in2 | ut-out and-out; assignand_OUJ @doc; & s c j I-p- t
res,mes_im i[-71,res_ipl,nff 0101, nff-Qut, nff
i[T),res, LLLS2, LLLDpLLLM ; Latency #(lat_w dth) |at(mux2,|at_res, and -
-out, LLLL, Gk, LUT8 | ut ( mues dn2t-out,'-'LLLS); assignd - i - nd-i[63:563;
assi gndoc_jgymdoc - i[71; assjigps:Af _inff-irll; assignd_ond-0(7:0);
assi gndoc_wurdoc o( O ; asgif§pdytionff-JIf0l; assi gndocndoc - sel [3);
-assi gnegnedireel [ 33; assi gido®€el - ndoc - sel[7); assignres sel - nres -
sel [ 71; asdirgneq sel - néﬁfs@Ff7l; - assigns-iral-i - nmes-im-i[Q; r;
L[7); ipl J1 0 MTeS L o ng o[63:56), me_ol55:48),md_o[47:40],

assign et ;?59:32T,;d_o[31:24T,md_o{23:16],md_o[lS:B]):

. assign mdoc_s = tdoc_s,mdoc_c[7],mdoc_o[G];mdoc_o[S],mdoc_o[4],
~-mdoc_o(3),mdoc_o[2],mdoc_o[l]};

assign mff_s = {muxl_Z,mff_o[?],mff_o[6],mff_o[S],mff_o[4],
: T mff_o[3),mff_o(2),mEf_o(1]};

ign md p = {d_P,md_i[63=55]lmd_i[63’56]!md—i[47f4°]'
assig -pmd i(63:56),md_i[31:24),md_i[31:24],md_i[15:8]);

] : = i i i{5],
assign mdoc_p = {doc_p,mdoc_-[7],mdoc_}[7],mdoc_?[ _
* - mdoc_i[7],mdoc_i[3],mdoc_l[B],mdoc_l[ll);

assign mff p = {muxl_1,mff_i[7),mEf_i(7],mEf_i[5],mff_i(7),
T mEf_i[3),mEf_i(3),mEf_i[1)}):

assign mres_iml_s = (res_iml_s,mres[7],mres_sel{G),mres[S],
= Hres sel[5],mres[3),mres_sel(2],mres[1]};

zssign mres_iml_p = (res_iml_p,mres_iml_i[7],mres_im}_i[7],
= mres_iml_i(5),mres_iml_i[7]),mres_iml_i[3],
m:es_iml_i[3],mres_iml_i[l]); :

assign mres_ipl = (mres_ipl_i[G],mres_ipl_i[S],m;es_%pl_i[4],
= nmres_ipl_i(3],mres_ipl_i[2],mres_ipl i{1],
mres_ipl_i[0],res_ipll;

assign mres_ipl_s = ires_ipl;s,mres[sj,mres_sel[4],mres{4],
~ " mres sel[l],mres(2),mres_sel[0),mres(0]};

assign mres_ipl p = ires_ipl_p,mres_ipl_i[5],mres_ipl_i[3],
T mres_ipl_i[3],res_ipl,mres_ipl_i[1],
res_ipl,res_ipl};

assign mdocl = {docl,mdoc[7],mdoc_sel[G],mdoc[S],mdoc_sel[S],
mdoc [3] ,mdoc_sel(2],mdoc(1]};

assign mresl = {resl,mres{7],mxes_sel(G],mres(S],mrés_sel[S],
mres[3),mres_sel(2] ,mres[l]};

assign meqgl = {eql,meq[7],meq_sel[S],meq[S],meq_sel[S],meq[S],
meq_sel[Z},meq[l]};

assign mdoc2 = {doc2.mdoc[6],mdoc_sel[4),mdoc[4],mdoc_sel[l],
mdoc[Z],mdoc_sel[O],mdoc[O]};

assign mres2 = {resz,mres{6],mres_sel[4],mzes[4],mres_sel[l];
mres (2] ,mres_sel[0),mres(0]};
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jsm%_nt_[§5azE]rep - assign hits '

I mhits[55:49],nres_sel (6),mits[48:421,nres_sel [5), mhits(41:

. _ : ; : _ : 1:3-53; -

), Irrhl t  s[3MORIMIes_sel [ 31, mhi ts[ 2% 7: 211, mesgs)el [ 2], m("li ts%%%ﬁﬁ’e?‘glsgél
Sﬁﬂ(l],nhltS(13: 7],vtres-sel (0j,.-nhits[6:0]j; Tree64 tree6410: 7]’

(md_s, ndoc-s, nff_s, nd- P, ndoc_p, nff_p, nd_i ndoc - i, nf f-i, nd-o0, ndoc-o

|
nf f-o, nres-in-s nres-inl-p, nres iﬁﬁz' ' '

, . . , , - “i, nres_ipl, nmres_ipl_s, '
1_p, nres_ipl_i, ndoc, nres , neq, ndocl, nres 1,neql, mjoEZI,o ﬁreszm(ransaaép

ndoc sel, nres-s el '
LS, LD, LMssigr :Egcg'?’ - ?glq_[a hils o) Areqta] lneqSet) MM RM LM, LM,
, LD, ! L ik 2101510 RKF AN .
/] TreeSl?2 WO g’g(i inﬁ.a el {0) {0k , LLLS, CLK); endnodul e
(res . doc 00/ 29 3"Tabl'e Al3 - Hit management unit nodule HitMan
doc- - out aisrireg%’ M1 MM EK) = oparareber weslth - 5, input res_; input
din. v PLL < RS mux i T2PMt (1 de0l=M) 7 npfibug wi @f1p:- 1:01 MM input CLK wire
n, W rea%, mu¥d =€ (TOLM2 W= @) 1= mrepegpef P3Iwi dv¥2-i08501 C initial c - 0
al ways @ pes em@tKjing = lot_deut; s DM e (dln, dout, 1'bl ’ CLK) :
assign and_out = &mdoc; ’ ' ' '
sC sc(lat_res,mres_iml_i[7],res_ipl,mff_o[O],mff_out,
mff_i(7), res,LLLS2,LLLD, LLLM);
Latency #(lat_width) lat (mux2,lat_res,and_out, LLLL, CLK);

LUT8 lut (mres,lut_out,LLLLS);

assign d_i = md_i(63:56]; .
assign doc_i = mdoc_i[7]: .
assign ff_i = mff_i[7); )
assign ¢_o = md_o[7:0]:

assign doc_o = mdoc_o[0];

assign ff_o = mff_o{0];

assign doc = mdoc_sel[3];

assign eqg = meq_sel[3]}:

assign doc_sel = mdoc_sel(7];

assign res_sel = mres_sel[7];

assign eq_sel = meq_sell7];

assign res_iml_i = mres_iml_i[0]);

assign res_ipl_i = mres_ipl_i(7}:

assign hits = .
{mhits(55:49],mres_sel[ﬁ],mhits[48:42],m:es_sel[S},mhits[4l:35),mres_sel[4],mhit
5[34:281,mxes_sel{3],mhits[27:21],mres_sel[Z],mhits[20:14],mres_sel[1],mhits[13:

7] ,mres_sel[0],mhits[6:0]}:

Tree64 treebd[0:7] (md_s,mdoc_s,mff_s,md_p,mdoc_p,mff_p,md_i,
mdoc_i,mff_i,md_o,mdoc_o,mff_o,mres_iml_s, _
mres_iml_p,mres_iml_ilmres_ipl,mres_ipl_s. S
mres_ipl_p,mres_ipl_i,mdoc,mres,meq,mdocl, : )
mresl,meql,mdoc2,mres2,meg2,mdoc_sel,
mres_sel,meq_sel,mhits,u,A,C,L,S,D,MM,RM.LMI,
LMZ,LS,LD,LM,LL.LLS,LLMl,LLMZ,LLSZ,LLD,LLM,LLL.

LLLS,CLK) .,

endmodule // TreeSl2



assign nm- ciMM assign m- (M-- 0) 21 : ( (Massign din - (dout &3 MAR 2006
(-res_)) assignres - res_ & dQut; endnodule // H=tMan -- 1) Pbﬁmfﬁlm:
doc) ; WO 080298®Bl164 2 3 MAR 2006 PCT/ N0O99/ 00344 PATENT CLAI . 8\
processing circuit (Pi) for recognition and conpari son of conplex patterns
in high-speed data streans. particularly f% use in search engines for
search and retrieval of data stored. in structured or unstructured

dat abases. 5 and where-in the processing circuit (Pi) forns a node in a
.network of such processing circuits, characterized in that the processing

circuit (PhhpfeiB 1 H§SmasdzdmdrRitb@#Ce Wi th inputs and outputs for data which
respectivelly are conrirguring and operational paraneters for the

< processi Ngmodulk CHiitMaf Rek) , doae.resconmf MYuUrdLBY; paraneters being supplied to
the processing circuit (Pi) via 10 unspecified or dedicated inputs in the

i nterface onceramsgefor all- FB9%& Fi%ing processing task and the
operational data which ar e_Rr ocessed by execution of the given processing
task being cﬁfﬁnuously i t"to or output fromthe processing circuit
(Pl) via spegjIiRd respectdede i nputs and outputs of the interface at |east
one kernel prigeasgero)(PO) is raglized as of a conparator unit 15 (CON). the
conpar at or unhput( ¢kchbei ngjamapt ed for conparing two data words. and a

| ogi ¢ unit (Bppwonnected WLKh the conparator unit. the logic unit
conprising a nultiplexer (MJX 1) connected with the follow ng inputs in the
interface: a“s&uential d&& input. a sequential docunment input, a

sequenti al f’E‘fjJ-f | op i npm,fJ a sequential result input froma precedi ng
processing cijtfdlit, 20 a g@guential result input froma succeeding
processing circuit, a parallel data input, a parallel docunent input. a
paral |l el fliped l(opwidgtput,i:alparallel result input on a preceding
processing circuit and a parallel result input on.a succeeding processing
‘circuit; andipdtdRltche following outputs in the interface: an output for a
sel ected data, val ue, an oué%t cfgr a selected 25 document val ue, an out put
for a sel ect 8¥%¥Fi PPPPETFvarte” arf out’put for a selected result to a

precedi ng praeLast N nClduzlh th1, 2fieh ,an out put for selected

assign mm = c{MM];

assignm = (M == 0) ? 1 : ((M == 1} ? mm : coc);
assign din = (dout & (~res_)) | m} |

assign res = res_ & dOut;

endmodule // HitMan



result to a succeeding processing circuit; a first Dflip-flop (2); ;;3 MAR 2006
| atency unit (LAT) which is adapted to delay a positive bi nagyyaloeostt h

a given nunb¥P 008198t i ne units; a second Dsdlip-flop (4); a sequence control
unit (SC) which is 30 adapted to nonitor and control a comnparison operation
in the conparator unit (COM, and a result selector which is adapted to
conbine two result values fromother processing circuits or other result
selectors; that the conparator unit (COM is connected with an output for
a-selected data value on a 2 3 MAR 2006 WD 00/ 29981 65 PCT/ NO99/ 00344

mul tipl exer (MJXI ' a data output in the interface and further has
a result outh‘?Jﬂ-E%gﬁggéleé\agvx,ith a first AND gate (1) and an equal ity output

connected with a second AND gate &?3)), that the first D fli BI‘F’E%IF
connected wifth am ptéqussinforireuis @ O BEECQEBIUMRMEN] SPBE2HTO P15 exer

(MUX1).and 5 has a resef  out j [ b 3@ i Zeatch engimestfed
respectivel y RAUHDAHT ﬁﬁ '%@ﬁ&t‘%}g@ﬁg‘t&&ﬁlﬁﬁgﬁﬁeté’ﬂf?, ‘an ia put_.on the
second AND gaje@rdhdnd endiesal ofmiatSIde-tlhéEﬂUéilgﬁéWrLHﬂSTtru%HWa ‘{Jﬁa[?/@el" as
with .a docunent ipput in the lnterfacep {hatm eGpacthaAND rgatfesucB) has
an equal Pty o%ﬁdpﬁpgricﬁnt(}ﬁceppt?cr?tsgelrﬂfgcélfec,%&ﬁ?é{ the§ Iggltognc uni t..%gL)A'I(')) [Sce
connect ed Wi tﬁnrotcbﬁimgjthunimmhamaﬂerﬂi@%tn wat M\DPQ%‘%EéS‘(%)C‘M[ P APRET ¢

i nput on the sequence contisal I Jhieh sepentdvely kiep-fl op (4)
is connected wﬂHer Pee \rfvz extn%gltﬁgﬂcf ofpHls fdrithita WHIRh y&peDtiv

put on the first D fli.p-flop. a
respectivel y eodfiduptifg apd optrationahpammeess| gp thwmcea-ﬂggr%féo%ég%@nggc'

control .unit (SQ  as i & shibbiRed {0 eoptiqeetsindnciroeit AP eriiace,
that the sequ‘é?&uég}ﬂy\?%{mgﬁfg t%eg%f)' S{I_ﬂgb[connec ece)%kt Wi gskll t he Qut ﬁ#ta Lofind
sel ect ed 015 Chhgpetiftad omtiedicaitd PREISIALPEINERH2CE Qisk apE 487 PRS2 FronTa

precedi ng prgp&g%mg 144K St theOspdrigomall daiphvien afvbbdicks sasubyiexhcutipeAl] t
i nput on a pfecedi ng processi ng,Ci rocui t.a es Lterb Rerh
interface, anthetgi®en Pﬁ‘éﬁesﬁ’é@utlaflggﬁ’lrb’c?%‘rm%%g)s{?i g cutéﬁérzg{:thgD%nftrh e
respectively ?chiﬁs%g rc@ubt (P npid speaified stspedoeenepuls ARG QUIPESFG & e

equality inpu second resulf | o - > WERNE ompREtior @Rtk a
second equal i t%}e%ﬁfﬁutmilﬁasﬁﬁgci {‘&géé‘sgﬁg?f@g%%ﬁhe y W t.hﬁa reaul"t

out put. & docpem). ok putnparatoanni@dGAIND peng Piefh (@ MPAT BRI C2E, A
processing circuit (R 1 ' edi.tid th€bamaetaesd gei. thre tdeac uniie
interface is d&Ffhé db%/)(%ﬁ%&?g[m%obgg&confi ur' ngr:%g, gllarxgi'ﬂ%ti?ﬂbﬁ Afthe

i nputs and outpmipsising 2 rhatipprxeat MIMRI) FERRAFREEE MG EdP °ng =t o the _

Fol Tow ng tablge Ahe { Lélential Ui iebut. heseqabheapivtument ispdbroP ARG  of

the parameter ’ﬁipﬁﬂeopsien%%?, a gé)c{uuerrrxr[lx af pc?su t%%@?h%rm tayﬁ@c&ﬁné SEPESsivE L cuit,

20 a sequential result input from a succeeding
input, a parallel document input. a parallel flip-flop input, a.pamll_el result |
input on a preceding processing circuit and a parallel result m}:.mt on.a
succeeding processing circuit; and with the following outputs in the
interface: an output for a selected darta value, an output for a selected

document value, an output for a selected flip-flop value, an cutput for a ;
selected result 1o a preceding processing circuit, and an outpur for selecte

| result to a succeeding processing circuit; a first D flip-flop (2); 2 latency unit
n number

processing circuit, a paraliel data

(™
w

(LAT) which is adapted to delay a positive binary value with a give smb
éftime units; a second D flip-tlop (4); a sequence control unit (SC) which 1s

39 adapted to monitor and control a comparison operation in the comparator unit

(COM), and a result selector which is adapted to combine two result values

. - . . t
" from other processing C1rcuits or other result selectors; that the comparator

unit (COM) is connected with an output for a sefected data value on a



operational or configuring, the third colum the paraneter respectivzajn ?U[]ﬁ
an input or an output paranmeter, the fourth colum the width of the I Hﬁ

.or the 30 output in bits, and the fifth colum a closer definitionisithe
paranmeter i{o @wasdi on: 2 3 MAR 2006 WO 00/ 2998166 Par anet er Bar anet er type
/O 1 Wdth ngoerationaI In 8 doc_sQoera%onaI In 1 ff s _-7-Operational
In | d p Operational In 8 doc_p Qperational In 1 ff~ Operational In1 d_i
Qperational Qut 8 doc i 1 Operational Qut | ff i OperationalQut 1 d_ o
-Operational Qut 18 doc_o Operational Qut | ffo' OperationalQut 1 res_ iml _s

o) Rk R IO ALl mcesi
gCT/ N099/ OOS?éguPﬂnilﬂSJu&ic@ﬂnﬁﬁawehtH afirsatd D gpte (1Segdeatt 'F%_qla él%_ i nput
cquential clogr;ectgd \\I./irt] uatselggrrlflAll\ﬁﬁ g%?é {33)', BRHhe first D flip-flop is connected
with an output for a selected document value on the multiplexer.(MUXil)- and
5 has a reset output which via a reset line (3) is connected respecuvelﬂy with an
input on the first AND gate (1), an input on the second ANI? gate.(a), and an
i“nput on the latency unit (LAT) as well as with 2 document mp‘ut in the
interface, that the second AND gate (3) has an equality output in the |
interface, that the latency unit (LAT) is connected with the Outpl'lt on the’ first
10 AND gafc (1) and with a result input on the sequence control unit (§C), that
' the second D flip-flop (4) is connected with the reset output <?__n the first D
flip-flop (2) and 'respectivel'y a flip-flop outpur and flip-flop Tnput c?n the
sequence control unit (SC) as well as with a flip-flop output .m the interface,
that the sequence control unit (SC) is connected with the output .for a selected
flip-flop value and the output for a selected result from a precedlmg
processing circuit on the multiplexer (MUXI) aqd with a result inputon 2
preceding processing circuit and result output in the inte'rface, a.nd thgt the
result selector (RS) is connected with respectively a first result input, a first
document input, a first equality input. a second result input, a second |
20 document input, and a second equality input in the interface anfj respectively
with a result output. a document output and an equality output 1n the

interface.

2. A proc-essing circuit (P,) according to claim 1. o
characterized in that the interface is defined by inputs for the conﬁgunr%.g
25 parameters 2nd inputs and outputs for the operatiorm? Rarameters aCCf)rcu.n.g
to the following table, the first column of the table giving the denc')mmat?on
of the parameter, the second column the parameter type as respecn-velly
operational or configuring, the third column the paran?etcr respec.twe v ast;:
input or an output parameter. the fourth columnlt}'wt width of the input o.r
30 output in bits, and the fifth column a closer definition of the parameterin

question:



Paral | el docunent input Parall el

flip-flop i
val ue p i nput Qutput for select t
?ﬂlr@g il

val ue D&;pgbtf(&[ sbgl ected docunent value Qutput for selected flip*
result from a pprecegillggnltorggteggit ngl |Cp-f I QF (F))ut put Sequential input for
: . _ _ i rcui arallel in T 3
Sr egggfﬁdlwg)%ﬂgﬂss' ng circuit 1 Qutput &or selected r2§L| I@fo{?%rop Hrom
g processing circuit Input for result froma succeeding processing

circuit i i

Par al | el Sﬁﬂgﬁ?t:‘glr Irggﬂ]ttf?:O;nesul t froma succeeding processing circuit
. a su i i i - : .

q)el’ at | Onal F~p L1t Ir‘\_l t_for seleeted Cce-edl ng pr ocessi ng circurt res_l $ I

! : Serett . t T : -
el et RIS I o | ur il G
%g;gt : 822: ‘:i-rf’l I” gglc Cﬁfﬁ*‘ﬁ‘:bzgl 17y 1| Soc2 QJ%CI’ :Bg%yll&?ﬁ%p#tgq;els '

doc_s - Operational In |! Sequential document input

ff s Operational In |1 Sequential flip-flop input

d _p. — Operational In |8 Parallel data input

doc_p Operational In |1 Parallel document input

ff p | Operational In |1 Parallel flip-flop input

d_i Operational Out |8 Output for Sele%:ted data value /

doc_1i Operational Qut |1l Ourput for selected do’curnem.va.lue

ff 1 Opcrational. Qur |l Output fof selected flip-flop value

d_o Operational Out |8 Data output

doc_o Operational Out |l | Document output

tf o Operational Qut |1 Flip-flop output

res_iml_s Operational In }1 Sequential input for result from a -

preceding processing circuit
)
res_iml_p Operational In {1 Parallel input for result froma )

preceding processing circuit

res_iml_1 Operational Qut | 1 Output for selected resultto a
preceding processing circuit

res_ipl Operational In |! Input for result from a succeeding
processing circuit '

res_ipl_s Operational In |1 Sequential input for result from a
succeeding processing circuit

res_ipl_p |Operational In |1 Parallel input for result from 2
succeeding processing circuit

res_ipl_i Operational Out |1 Output for selected resultto a
succeeding processing circuit




A 67 1 Docunent output 1 Re '
for result sel ectorp sul t output 1 Equality output Document ou

res2 ' . I
sel ector Equality input 1C$g;atlona.|11 In 1 Result input | for'resu?§$hR2W5

result selector Doc [
sel unent i nput
sel gg% 8; %@@ldb/599bppm 2 for result sel ecg? | Equality i nButpé’PB%/@gi“ﬂ: :

Operational | Qut 1 | Document output fromresult selector

Qperational Qut 1 Result out

( put fromresult selector eq_sel '

IOOE?uaI ity output fromresult selector M Configuring I ﬁ Conf 903;?';1' olnal ot
. iguring In Configuring 1 In Confiquring 11 8 Paraneter o o—

Inr\l-l-

co —t = ot f
fogp?;fl;g(r: c X gé‘f%h%hal NputOfgn conpdCxcomenhPyPER | Par arre?er i put
. cont?/o ar amet er i hput| for sgquence control 1 | unit f se
. ||| -| | ng | Par a .
tion b 1 et |t un
i nput for sedéence conPFYI Earg (ol ng Il ne@{lll{é)%tarre![t Loparameer
result sel ector Caonfiiagur—Pao et . ot er 1 nlet for
eq ‘ OperauonaT‘ “Out [T Equality output
docl Operational In |1 Document output | for result selector
resl Operational In |1 Result input | for result selector
eql Operational In |1 Equality input | for result selector
| doc? Operational In |1 Document input 2 for result selector
res2 Operational In }1 Result input 2 for result selector
eq2 Operational In |1 Equality input 2 for result selector
doc_sel Operational Qut |1 !Document output from result selector
res_sel Operational Qut il Result output from result selector
eq_sel Operational 1Out | 1 Equality output from result selector
M Configuring In {1 Parameter inpui
A Configuring In |8 Parameter input for comparator unit
| C Configuring ilIn 2 i Parameter input for comparator unit
L Configuring E|In 2 ‘Parameter input for latency unit -
S Configuring In }1 Parameter input for sequence control
unit
D Configuring In |1 Parameter input for sequence control
unit
MM Configuring In |1 Parameter input for sequence control
unit
RM Configuring In |3 Parameter input for result selector




2 3 MAR 2006 W 00/2998] 68 PCT/N 099/00344 3. A processing unit (P,)

according to claiml1, characterized in cov
( ( . ( that the conparator unit 13 MAR 2006
conprises a first register (6) which in each case contains i npu'g data in

the formof a data word x and re [ '
spectively is connected w t RCINRIEPO
and a dat a wotopaeysia second 5 register (7)©%&hich contains at rd‘;atéta V\ofpd?‘t:pm

which the data word x in the fi : \
as well as one or more | ogi g ;:51':2; a%gm Zterl 56) Is to be conpareded wth,
the registers (6,7) for executing a co amJ | pl exer (MJX2) connected with
mul ti pl exer (MJUX2) conprising the nmpari son operation, an output on the
3 A brocessi iy ol rrboePINE Ebod) RILTE Y S B e o on i ey
t [ . ’ . I , cterized |
(he e Tace g4 e somarmonamonptanuis (oifheatetsFuiiEt g 1D
paranet o accomityin exdneseo i AU g R O PR Tl e
i i _ e, . iV
denom nati on Oleshbey pavagRoanectsonibamastoop Y Adats ARl RS0 1
e e et FeohitP S Ap L a0 ord' sy réma it s o
Gf e | UL ofcdi8x08) Bt b contparcdrdinitic o w2t O o mOTE B ddtEs Wl D
) ar amet ¢ i i T ' .
Wath | Dot i ni eironiip e LR e pe gl iR rgeer %ﬁg AN
| operational g . : %{: . iia e
word a) RompaeRbngiyeragotont oytputri theanpltERIEX§T (ﬁ%t a%ﬁﬁgﬁt @(&'C}imgt 9
result output of the comparator unit.
10 4. A processing circuit (P,) according to claim 3, )
characterized in that the interface of the comparator unit (COM) is defined
by inputs for the configuring parameters and inputs and outputs for the
. operational parametér according to the following table, the first column of
the table giving the denomination of the parameter, the second column the
15 parameter type as respectively operational or configuring, the third column
the parameter as respectively an input or an output parameter. the fourth
column the width of the input or the output in bits, and the fifth column a

closer definition of the parameter in question:

Parameter |Parameter type 'i|1/0 Width | Definition
d Operational iln |8 Dazta input (data word x)
| ! . N
d_o Operational iOut |8 Data output (data word x) ~ )——
res Operational iOut |1 Result output for comparison
eq Operational  |Out |l Equality output
A Configuring In |8 Data input (data word a)
C Configuring In {2 Input for comparison operation

20 5. A processing circuit (P,) according to claim 4,
characterized in that the comparison operation is one of the operations
<,>,=, and =.and given by the configuring parameter being input as

binarv 0 for <, binary | for >, binary 2 for=, 08 binary 3 for =.



Equal i fy out put Result output for conparison ------------------ Dat a ﬂ;@ﬂgfﬂﬂﬁ
(data word x) Data input (data word x) Input for conparison operation .

A processing circuit (P,) according to claimd4, characterizeg-tRdohatssthe
conpari son o e@%lon is one of the oper at6ioons > and =. and given by the
configurin(}j"‘gg ter being input as binary O for <, binary | for > ,
binary 2 for =, og binary 3 for 2 3 MAR 2006 FCT/N099/00344 W 00/29981 69
6. A processing circuit (P,) according to claim1, characterized in that
~the latency unit (LAT) conprises a counter (8) which respectively via a
first input is connected Wi th tF tpedrddic thelasmcbnd AND .. the counter
(8) gate (3.%. andAPHESYLBIN( |lﬁ(ppj?l Wi 1 h%%e) resel: ldnes(gler (8pmigched
~with a lat engéa AT in( Bat wid eROhUR fo CHFYguri ng [at enc%/{)[nélS D
" parameter, and has a, out pui w]iin‘glal i ScdiRcteabulith tistupuopf e st rfég/\]uni t
7. A processirespesiively Vg iy ccordi.ng.to cl a'-ﬂégf, Gharaahesr @gdeimg t hat
the interfacg ofsyded v esegonhinpuf 'A thesreagﬂlﬂ )dy an_input for g
configuring 9 atercy \qa%a”Faﬁ?‘i{c\?{Ef@iétE'IpW)aVﬁm QUL s ¢Qﬂrﬁ%Wén86%tF8ﬁ onal
par anet efs | poasgeiedi WYt A HE -t 01T ow hg Iéabl &1 tieodi S Stheciatetoy wfitt he
t abl e giving ﬁg}gmed@p@frﬁr}msiaomumﬂl M’édb}ir feeel't e 'second col unm t he
paranmeter as ~ respectively operational or configuring, . the LAl Mhet he
paramet er as ; eSpEGLLYElYnaRiicORUP pacamd g i aaar%r?&aéﬁﬁ‘g{‘%é&j%fgﬁﬁ"h
col um the of 'widt e i nput or ﬂ@tdij%u[t) L D epirles bvamd inge florfat eoRfegUARS
- closer defi niirterfacd of tee IBePA BBl i/n” questi on.. Par aneé‘%?g,a{,arg@{reagmt er
type i 1/0 | }thg} Egrfai?mt&i aAd iesuts EPenapwsHar the8PEIAUOEP bjer af i onal Qut
1 Data output a(t% LThe re?LH t\kf d table. the first column of the table giving the
10 according to the TOTOVIRS , h parameter Type as
' L *the parameter, the second column the par
denomination 0% T2 P ' ; hird column the parameter as
respectively operational of configuring, the tir

| e width of
respectively an input or an output parameter. the fourth column th

itl the
the input or output in bits, and the fifth column 2 closer definition of

15 parameter in quesuon.
Parameter |Parameter type | 170 ‘Width Definition 4\
] ] original) J
res_ ‘Operanonal In \ 1 \Dala input (orig
' l 1 (modified result) ‘_\
\ICS ‘_Opcranonal Qut |l I|Da'ca output ( |
{ ' input, 0 gives reset —J
‘_reset '\Qperatlonal \In \ 1 Reset input, 0 g
- L '\Conﬁouring ' i,ln %% '\Inpm for latency parameter J
| ] —
| ’ width !
W “ - \ - |n/a Latency B
2. ‘A processing circuit (Py) according to claim 7.

] =1 g] v 1 time units
characterized in that L = 0 gives no latency. L =1 gives latenc}

andL=1= 2% gives infinite latency.

20 9 A processing circuit (P,) according o ciglm 1.

n that the sequence control unit (SC) com

ult input on a preceding PTOCESSIT )
] connecte

a result output on the Jatency unit (LAT), a first OR gate (1 1)

the
v with an output of the first AND gate (10) and an. output on the
. cate (12) connected with the result

h ized 1 prises a first AND
charactenz

] sing circuit and
cate (10) connected with a res

respectivel |
25 second D flip-flop (4), 2 second AND



"Qperational In 1 1 Reset input, O gives reset 11, W'lInput for |atenZyMAR 2006
paraneter \Configurins Inl _ I - | n/a Latency width S. A processing
circuit (P,) according to claim7, time units and L =t = 2w'_ (i

infinite Iatenq%%g ﬁo 9. A processing circuyit (PlI) according t%cifﬁé’i\si’]ﬁ“f.‘“
characteri z¥¢ ®hat the sequence control~unit (SC) conprises a first AND
gate (10) connected with a result input on a preceding progressing circuit
and a result output on the latency unit (LAT), a-first OR gate (11)

connected respectively with an output of the first AND gate (10) and the

output on 25 second, D.fljp- 1A ea(beyessngect ed an
Wi t E resul t ZUB)UMQ%‘&%%[CQ\% Bhﬁgggg})l) a718d %%i?\%%%%ﬂ RE{BQ?&SLH{ it on 2
latency unit _(4ARinandraic asesand QREME §h3 4 CORBERY i R "Pr ocessi g
circuit. a second OR 8at 3 gg@ci ged ek whtputt die theseddnd Dpllitp-8epd4). 2
succeedi ng pﬁé&‘&?gl% 8952t ang t he  qut put orf th eco (1 R dddvParditop (4),
a third ANDgat e (D4datedhapcomnechid WithEe BRIt OH?H"BL&“ Q‘n Ehe ﬁyat ency unit
5 (LAT) and vvibt )aw&gﬁu%%&nﬁghh%n%emegdt&31)3,),anmdiaantrhniptlt:petre(MUX?r\)lJXS)

I VAR t

connect ed red e result output of .t s U I), an
out put on eacfynaéciedecsNDtiysheyilh .elrf,s‘:’lﬁ)&ém&?toﬁégg ilégb%}%‘;@ éA E)jliagl the
result input on acgrgga@gP&@Am@atﬂg(lcﬁ,nzuiq) ardithenBreIOR-gatep! butthet on
a succeedi ngo"ﬁPlb[c 35 hg circuit. an output. %ittzﬂf‘d FRAHFNER pCOR Lobnuwni t

(SC) 10 for reemgit irysutress & lPFESH P PTYTESP %‘r’g B E T Tt ﬁl ). S]C?)n A
processing circui digE’L;)roé‘éésmgdéi@gJit.OarcbatpmgofMsme@:ﬁm@amo UG he
interface of stuﬁgeseqﬁ n

ce control .ynit_ (SQ): i i.N by inputs for the

confi gunigng peormineg eheresHd QUHPUE of Q}de%e%ltnsgs‘f'%rgm[thgﬂ)bper ational . )
paranmeters. according to the following table. the first colum of 15 the
table giving {fe denppteaiiooiroiit(Re PRAEARSEO AHE decond COléSu(frmh' t&eﬂ Q
paranmeter type as respectiyel i e@mﬁdegwdtfcg,urﬁh, 15 UM
t he paranet erda%’%‘é?ﬁégtm\}}%ﬁy%ggl?ﬁ?lg%ieogﬁhga% gat ar ama(%e[‘ th'?m; th
colum the wdiinak fohehd cqnfigwing RRrABEEEE 2PR 1B LS a0, §UERYES £ col um
a closer defihition Pf 106 PRTRIBEShgl 0 Geesd] | oninPabderaherfirst PakERR O
type i I/0 wa@PFeHATE P natior the second column the.

15 the table giving the denomination of the parameter.

)

parameter Uvpe as respectively operational or configuring, the third column
the parameter as respectively an input or output parameter, the fourth column
the width of the input or the output in bits, and the fifth column a closer

definition of the parameter in quesuon.

Parameter | Parameter type i!I/O Width |Definition

Operational iln | 1 Result input (original result) 3

res_ | - P
res_iml Operational iIn |1 Result input from preceding unit

_ l . ) -«
res_ipl Operational iIn 1 Result input from succeeding unit |
ff_in Operational il'In 1 Flip-flop input
ff iml Operational In |1 Flip-tlop input from a preceding

-processing circuit

res Operational Out |1 Result output
ff out . Operational [Out |1 Flip-flop output
S Configuring Tn (1 Parameter input for sequence control

operation J




erational Oi p res res_iml Operational | In 11 res_ip 1 [

( _ _ _i _ erati onalu

| ff_in Operational in 1 ff im1l 1 Operational In 1 res Ogeratqioonal IgaJ]tMerE
ff out Operational Qut | . Configuring In S|

out _ i | Definitio -
(original regybdeed Result input frompreeeding unit Result i Emfg’?ﬁmpm

succeeding unit Flip-flop input Flip-flop input froma pr [
: : : ecedin
processing circuit Result output Flip-flop output Parane?er inpu? for

sequence control operation . Al 2 3 MAR 2006 PCT/N099100344 WO 00/
.71 D Configuring In 1 Paraneter input for sequence contiol—— 29981

anov.ot. 2
. . . T s 4 T T A\ 1 Ul
MM Confi guri n Configuring In {1l Parameter input for sequenc control
operation
MM Configuring In |1 Parameter input for sequence control
operations '

11. A processing circuit (P,) according to claim 10,
characterized in that the sequence control unit (SC) implements one or more
of the following sequence control operations:

- allowing the comparator unit (COM) to output 2 comparisoh result

W

dependent on the preceding or the succeeding unit outputting a comparison
result,
- allowing a comparison with patterns where parts of the pattern are
missing. '
10 - allowing comparison with patterns where parts of the pattern are

repeated.

12. A processing circuit (P1) according to claim 11.

characterized in that the configuring parameter S is input as binary | ifa

sequence control operation shall take place, that the configuring parameter D
15 is input as binary 0 or binary | for respectively a forward sequence control

and a backward sequence control, and that the configuring parameter MM is

input as binary 1 if patterns with missing parts or repeating patterns are

allowed for comparison.

13. A processing circuit (P,) according to claim 1,

20 characterized in that the result selector (RS) comprises a first AND gate (15)
connected with the first equality input and the second equality input, a -
second AND gate (16) connected with the first result input and the second
result input, a third AND gate (17) connected with the first result input and |
the second equality input, 2 NOT gate (18) connected with the second

25 equality input, a fourth AND gate (19) connected with the second result input
and the output on the NOT gate (1 8), a first OR gate (20) connected
respectively with the first and the second equality input, a second OR gate
(21) connected reSpecti'vely with the first and the second equality input, 2
third OR gate (22) connected respectively with the output of the third and the

30 forth AND gate (17;19), a multiplexer (MUX4) connected respectively with '



| Paraneter input for sequence control operations 11. A processi [ '
(PI') according to claim10, characteri zedpi n that the squence ioz'?rzg:mﬁzmﬁ
(SC) inplenents one or nore of the follow ng sequence control operations:
5 - al | owi ngygBg2eeIparator unit (COM to .autput a conpari son RCIP/00344
dependent on the preceding or the succeediﬁg unit outputting a conparison
result, - allowing a conparison with patterns where parts of the pattern
are mssing, 10 - allow ng conparison with patterns where parts of the
pattern are repeated. 12. A processing circuit (Pi) according to claim11.

characteri zeghi ' i L I )
sequence COnﬁ}%ﬁf“‘?gﬁuwﬁlp‘ﬁﬂ%b%&bﬂ@ rBQUlanNEs el (S fissticapulinampuitaey | if a

5 15"Ts | npaecond BRHANDY HIRSH BReri ot SO FFRRssace X By et POp st P Eatance.
(Ii/(l\)/lnit gol i ﬁggt %g? '}(5/\%&591, §1&g}mﬂﬁ-&1ecmﬁtbmo!frorarr_ds;béwiveﬂmehecﬁm‘tj tjmrs‘cngn(bandr'ret er

; " 1P er W | hNg,;
patterns are th‘dﬁ!(é.goe%a/"feg;;b&folpr')rggi’iasgit.h ‘%3% gag‘? t)‘.’c‘%scgo%:r]m;eétce?;rg ll’a? {’&?fgwgmh
28?& fllsresg ; 0 fu@é iﬂrmA%I%d %Gc@rlitada;:mmlehzécputrartdhwithtthe dossulent vetmutinthg RS)

irs at.e o e | ! : I\l '
and the secohﬂ‘eégqﬁlf_iat “f“héﬁiﬁ =éngg‘g@o%&%%gﬁ%@ﬁ%ﬁ@gﬁﬁgg 88{%1{0 Epg the
1; 1) L f]te . [ eg ul Ftt%@ﬂ]ﬁh ]?)(NDI bete@8pnal firstesutpnt ionphe multiphéxed (MIDXgawad the)
ed wi e first result . ' L '
Gare (18) confsl curtie RGP e Sedrif AREOAle A Ehear il B NOT
( 1?) c(:cimnect edspéditvelpehsdiftnd NBsgdte (2Apand a-secand oubRIIAR g MBHIP $EEINOT
gate , a SN0} i Ry W '
;chtehsteﬁE@](cj_ ecﬁg}gpﬁ{cy?fn%%él asa%:geec ng%hgé{%teﬁq?g??{éégaﬁ:thWeéhr tegge];:!t ir\S/teI ;a/md)_
irst an e second. equal | ' t t. hi OR

connect ed re§¢bcti/?rél_fycﬁﬁstlﬁgFHéaHLfthSJ)lécéﬁg‘p#%%t‘?ﬁ}aﬁﬁjl Lﬂd thgagg ]gng%h AND
gate (17;19), HargtetizRHaxahal Mdiberdoon et tiedrasainmtedive(RS Wist defhed ByAR 2006

WO 00/ 29981 72 PCT/ N099/ 00344 ' '
input, the fiiPBRICERTANESPT }gﬁ:&%nhgepfﬁrle{ﬁéte;segﬁ% {npdiha Ll g6Pnt result

operational parameters according to the following table, the first column of
15 the table giving the denomination of the parameter, the second column the
parameter type as respectively operational or configuring, the third column
the parameter as respectively an input or output parameter. the fourth column
“the width of the input or the output in bits, and the fifth column a closer

definition of the parameter in question:

- Parameter Parameter type |I/O {Width |Definition
docl Operational | In |1 Document input 1 for result selector )
res! Operational In |1 . {Result input 1 for result selector '
eql Operational In {1 - |Equality input 1 for result selector
doc2 Operation.al In |1 Document input 2 for result selector
res2 Qperational In |1 Result input 2 for result selector
eq2 Operational In |1 Equality input 2 for resuit selector
docl Operational Out |l | Document output from result selector
res Operational Out |1 Result output from result selector
eq Operational Out |l Equality output from result selectér
RM Conﬁéuring In 3 Parameter input for result selector




second equality input, the output fromrespectively the first and seqqrmR 2006

AND gate (15;16), and with the output fromrespectively the First,

second and third OR gate (20:21;22), a fifth AND gate (23) Wﬁ@§ﬁ§b344

respectivel WOM®2998 the first and second dgcunent input and with the

docunent output in the interface, a sixth AND gate (24) connected
respectively with the output of the fifth AND gate (23), a first output on

the nultiplexer (MJX4) and the result output in the interface, and a
seventh AND gate (25) connected wi % res ectiv t e fifth AND gate (23)

" and a second ldut pud pepcasEERGEITERBIC x)a?“ﬂ?i [OeUR4S aéﬁ el | as the equality

output in they 'aPﬁ@zET-x%e&m trlél the rREWE 6Bl NG (R I)Ciktiflefieh)s Gecor diong of ahel ai m
13, characterlzed In at .the interface of the result selector (RS) is

defined by |fﬁﬂ@t"§n€d}¥’efﬁé°%nfl guring parameters and inputs and outputs
for the operati Orl?s|m@éh!5\n§tfﬁ’fst3rm¢10(frésng to the following table, the first

colum of 15 the table Vi ng & enO(P t| on of the paraneter, the second
col um the par ané%séfﬁgng CpR ;5 5Fy operational or configuring, the

third colum ~the Wcaﬂﬁgahe@erasmebboheahyAN@ pnphe¢ fiost andt thetsecpad ansuler |
the. fourth col um u 2o ihe
fifth colum -a cl o%*ércuﬂaef‘ﬁ‘ﬁﬁpeé?ﬁ“%'? b?ﬁtétchtpani}}th% ﬁg‘ft&nw{‘pké&n ub?

er
Par anet er Par amet erewge\éggnb/[ﬁ)ewmtrmo@efmmrta SEN odqxrot&smsatur@néﬂ Anl 1

(
Docurment input | for result selector res 1 put | for
result sel ector eHeCPBREt Sr%elrwl”ﬁhuaqxfeff?eﬁpoﬁtpr% ?% {lgrlggﬁﬁltstg Fect or
doc2Qper ati onal I n1Docunent input 2 for resul t sel ector
rest Opei@t i onks. | nl Rewotessing@irciy @h) peeending & eleisyrl>

eq2QCper at | onal E%%%ehtx}{ thiPHe @or{f?iurir%t!!aﬁaﬁQEPRMVfor the result selector

docl Oper ati on curren outg TTomTesul g %
r esOper at | onaRSi} sRereted 2B thit birrasViedaas| &pegetpfe grofach of the operations

eqQper at i onal ol Rt ihbmémsul t sel ector :
RMConf i gurin Yq@%lzr arreeltszeﬁr’{ s?:ﬁ%ut %o? result selector 2 3 MAR 2006 WD

00/ 29981 73 P / NO /00 44{?1{2%?% ?&«?kaﬂg) S&E‘&é)s Ind g’rr) B6fdNedddtoudie rel ai m

14, characteri ts one or nore

of the jfoll O\Mﬁhgtreeefrattmasfor msacrgpmnlh wnd COMmpAriSods ZHDQOFQFIQ§ PEJteEns Mysi ng

only a second %Séjleted(c[aqg streams. particularly for use in search engines for search and

retrieval of data stored in structured or unstructured databases, wherein the
multiprocessor unit P, comprises processing circuits P according to claim 1.
and wherein the multiprocessor unit P, forms a circuit realized as a2 binary or
20 superbinary tree with n+1 levels Sy, S\....S, and degree k =27, wherein m is a
positive integer larger or equal to 1. and a superbinary tree defined by k > 2,
' characterized in that the multiprocessor unit P, is provided on the'level S;
| and forms a root node in the tree and comprises an interface lp and a logic
unit E, that the nearest underlying level S,.; comprises 2™ circuits Py,.; which
25 are provided nested in the multiprocessor unit P, and form the child nodes -
| thereof. each of the circuits P,.; having identical interfaces Ip a and
comprising a correSpondlno logic unit E. that the multiprocessor unit P, on
an underlying level S,. . q €11,2,...n =1}, generally comprises 2™ circuits
P,.q, each with interface Ip . and corresponding logic units (E) and provided-
30 nested in the 2™9°" circuits Pp.q+1 On the overlying level Sy.qv1, €ach circuit
P,.q-1 ON this level compnsmg 2™ circuits Py.q, that a zeroth level for
n - q = Sy defined for the multiprocessor unit P, for g =n= S comprises
from 2™™" to 2™ kernel processors Po which form comparator units (COM)
in the 2™™" processing circuits Py on the level Sy, that each of processing



executing the operation bool ean AND on the first and the second resul § MAR 2006
executing the operation boolean OR on the first and the second result

executing the operation >_ over a set of processing ci rcuitzp I 99/00344
execut i ng wbaoegsr ati on <_ over a set ofgprocessing circuit B f?) 16. A

processing circuit (P,) according to claim15. characterized in that the
configuring paraneter RMfor the result selector (RS) is entered as 3-bit
bi nary val ues specific for each of the operations which the result

sel ector inplements. 17. A search processor circuit &él\/[:) conprising a

mul ti pr ocesg@guith tcdprisks fndmnhorter o€ "s ¢ omgptanat@rfwrity ECOdM) anéﬁa%{hbas

compar son ol SR L~ RALL 84050l dpe 1R SAREFEAat8, Sbeah pRrimuEY
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doc_sel Operational Out |l Document input from result selector
res_sel Operational Out |1 Result output from result selector
eq_sel Operational Out {1 Equality output from result selector
M Configuring In |- Parameter input
A Configuring In |- Parameter input for comparator unit
C . Configuring In |- Parameter input for comparator unit
L Configuring In |- Parameter input for latency unit )
S Configuring In |- Parameter input for sequence control -
unit '
D Contiguring In |- Parameter input for sequence control
unit
MM Configuring In |- Parameter input for sequence control
unit
RM Configuring In |- Parameter input for result selector
LMI1 Configuring In |1 Signal control
LMm2 Configuring In |1l Look-up-table control
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MMConf i gur i ngl n- Par aneter input for sequence control unit

RMConf i guri ngl n- Paraneter input for result selector LM Confi gnal
cont r ol I\/Q’ﬁﬁr?f’? fi ngl n1Look- up-tabl e cofyrol 23 MAR 1006 V\%légfﬁt%)8%31%‘1

PCT/ NO99/ 00344 LSConf I guringlnlParaneter input for sequence control unit
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for | ook-up-tabl e uni { -2 8K ear dh®prlocessd 2RATELER PPYPIE)S e HET6F B?Wlto
claim17. wherein the| logic unit |(E) |[conprijses | atency unit (LAT) and a
.sequence control _unit{(SC) as welll ad a |ogk-up-table unit (LUT), 5

characterized.Ibn that LCbﬂﬁélﬁ’ﬁﬂg: unilh %E) fur ?E&he@&%%hﬁ@? seqﬁénwt:o:ﬁ?@ gpte
bl

(26), a first multiplexer (MIX5),| a gecond |AND gate (27) and a second
mul tipl exer |(MJX6)., that | ook- up-ta e unit Is connected with a
resul t, out put—gr eaeh—processi e} % - A * he—iprediately

under | ying. el , t heCPRIgYTBAD" 140 gdde (2e}°am%ﬂdna@}cﬁ9ﬁéﬁ‘ﬁue@aﬁ BRRIYN
each of the|said circtits P'_,. the second |AND gate (27) with the out put
of the first| AND gate|(26) and the outiput off the |ook-up-table unit (LUT),

the first miign pl exer | ChAR@Iring t h [ihe |gut put] LaRAcY RG mEEHREtAN, gate (27)
. and a second result output on a | gst one of |said " circuits P,,, the |atency

uni t ( LAT) The ouE Jdne [TE 73T AND 1

control uni\?r(%s) W th %@Pjgut crl1hthe Iate%g}fﬁun{ti EE%“&’I’“ i:aégreEEsEEuiH’lmt
out pu anda|||p||UJTJuerL on—a frrst—one—of—sat-t—etretH

i nput on the logic unit E and a flip-flop output on the |last one of said
circuits P, and the second nul tipl exer (MJX6) W|th a flip-flop output
on the sequede cAnteesth preeespaTyirant (Pé4@racdoreing wiclhim I, veteramdthe
second 20 flxlo%éggﬁacrg(}m&mmséshﬁtém ﬁnH@LMﬁ)ndazPQeJdé%l@% n¥o? unit (SC)

respecti vel
P Y as well as a look-up-table unit (LUT),

etHts—P———a—+esul t

5 characterized in that
the logic unit (E) further comprises a first AND gate (26), a first multiplexer
(MUX35), a second AND gate (27) and a second multiplexer (MUX6). that
lbok-up-table unit (LUT) is connected with a result output on each
processing circuit P,y in the immediately underlying level, the first AND
10 gate (26) with a document output on each of the said circuits P,.,, the second
AND gate (27) with the output of the first AND gate (26) and the output of
the look-up-table unit (LUT), the first multiplexer (MUX35) with the output
on the second AND gate (27) and a second result output on a last one of said
circuits P,.;, the latency unit (LAT) with the outpuf on the first AND gate
(26), the sequence control unit (SC) with an output on the latency unit
(LAT), a result output and a flip-flop output on a first one of said circuits
Py.1, 2 result input on the logic unit E and a flip-flop output on the last one of
said circuits P,., and the second multiplexer (MUX6) with a ﬂip-HOp output
on the sequence control unit (SC) and respectively with a first and a second
20 flip-flop input on the logic unit (E) and further via respectively first and
second flip-flop outputs with the first of one said circuits P,,.,.

21. A search processor circuit (PMC) according to claim 20,

characterized in that the search processor circuit (PMC) comprises a

document management unit (DOC) which via a data output is connected with
25 respectively the sequential and the parallel data input on the multiprocessor



second flip-flop outputs with the first of one said circuits Pf1l-, 213 MAR 2006
search processor circuit (PMJ) according to claim?20, characteri-zed in

that the search processor circuit (PMC) conprises a docunen ' t
uni t (DOC) %P%&\?fa a data ouygut is connected with 25 respé’cctillvfe!{ @Hﬁae
sequential and the parallel data input on the nultiprocessor 2 3 MAR 2006
WO 00/ 29981 78 PCT/ N099/ 00344 unit P,,, and via a docunent output iIs
connected with the sequential docunent input on-the nultiprocessor unit P,
22. A search processor, ciycuit accordi.ng to cl imﬁo characterized in that
the search PREJGs2BA Vig @ WWW@}“%H{)?P%@W oiith thesequentizh dopIMmERrent

units (HI T)i,@g\dndgﬁ panimotedonunit P espective result outputs and document
outputs in circuits P,, ,, each hit nmanagenent unit (HT) via a result

i nput bei nrg%%onngcﬁeﬂagfl‘tf“pb&ers?&pﬁ%dii’ﬁcfo?ﬁmé toOE'ltal?x‘ﬁth,i n the interface of

the mul tiproocessor’ unr: R _ |
characterized in that the search processor circuit (PMC) comprises Y2k = 2™

5 hit management units (HIT) provided connected with respective result
outputs and document outputs in circuits P, ,, each hit management unit
(HIT) via a result input being connected with respective result outputs in the
interface of the multiprocessor unit P,,.



