; e3ezFwW @TFLV * rch engine with two-di mensional linearly scal able
paral |l el archi tecumamﬁmmﬂlmm!esent i nvention concerns a search enging WGVhZUUZ
t wo- di nensi onal | abl e parallel architect I hi ng a
collection of text 5 *@®mements D, wherein the docuﬁewmﬂlmmlfm@rfw ded into
a nunber of 1 8 NO V 2002 partitions dl, oiz, ... dn, whegein col l ection
of docunents D is preprocessed in a text filtration syste?ﬁ'@hch that a
preprocessed docunment collectjon .i's obtai.ned and coyrespondi,n
preprocessed faf¢3HC ‘&ﬁl",‘"tb&‘f(’.'. !“'&ﬁﬁ}owre]?'é‘?%?&ﬁc?{?@ii%fregﬁpbe

gener ated fropréRRe&@Geent collection D such that for each 10 previous

preprocessed partition dpJ, dpz,.., dp" a corresponding index il i2,... in
i s obtained, rei i: il : : T I tion D
takes. pl ace' wilE BeputaRl EROH sBupdid HaRoR e AR ncABREr |

sear ch engi nelivearlyissekabdaparabted aestsitengurmfarsseanihihg faocatlesian of taxddes

connected in I C i 1 | ar ge
data set d5and g%%ﬁ%l\éﬂﬁ%%hhar%ﬁﬁ&ﬁﬁdéﬁnﬁgg ﬁgﬁ%r%vf@ @Zgra\é@%}z%\fmgger, )
searching is papiiens dongbl.d, deherepn thesellaction obdeaymants Dhisspreanacesaed be
d Uit _ : . g
ooy oe Boeh B B3R ARRESlh BIOBhEAE 8 AR QRS BhePETnEiinribes
processors cofbidnediand caoraspoading piepracesecdupakitiony dicdpar| gons SdrazRiman
can be regar dagicass gabbeqeePAEd HdRAALI R ARt RpACEHSH 19 sRER A Tor 22Eh
hence a binary tree net I'S used_ for establishing a rruFtl processor
ar chi t ectr e BiRsHious pasRreressed Hastitionstanée. i i3 (ParesPONMNE YgBR0! L2.-..
(Stolfo & al.) @nshthied We‘r@irx‘naéeagﬁ{iﬁ taZQMiti&ﬁH o &Gl Q8RS vAIsh

bel ongs to the appl.icant and here I ncor porated by referenc

.eby, 1 b e. The
present appl i B mHage &é%ﬁ@ﬁwl%m'@ﬁpﬁ@@%watééﬁhéﬁ,b@nélswhélfelgé]a? éﬁi‘rﬁg
wi thin regul aéngﬁ%tccﬁﬁgﬂg@maa prbessihehnevigicRSomesets 8f nbas€doRAe@ed
search system and a ré%hod for “'searching as described in international
patent appl i cHt FEIBOIN099/ 00233 whi ch bel ongs to the applicant and hereby
i's incorforat ed by reference. The search systemis based 30 on efficient
core seatth aMmstipriorsansearichregines woekl with ddrge slasa sét anbemple pomdirfig t o
t he i nvention WeME o ¢ [ T URVATE ke f.or a
gr ow ng nurrbe?oo d,OCt}ggrﬁr g&?r(?)t eg_és%lgg}rl 'cﬁg%peg’%y%a}s/%ﬂlgg(_}%tea%f@%%l g%fl%ﬁae an
i ncreased traPfecespiggdproblem, amd thigfBet cat bgueed ée pgrtitier acyearehprobleny |

be processed ﬁVcotah&rgé gﬁﬁ%éi*ht?es?%éﬁm quériss agﬂ’%tteeﬂcchmér?%e%ﬁidcieg%d 0

handl e a | arge numnbe qgueri si mul't aneoysly on p essor IevSL, inplies
that a sear chSERYitaREOUSTY gn REPIHEASYradH HYS %@fiHFBP%?r@Fﬁ E8NDESRC AR

ar chit ecaqure pﬁ’u&ﬂle@ﬁh @VﬁethPPﬁftﬁJh@:iﬂl sééﬂ&ﬁ@ﬁg é&r@bé%g&ﬂcﬁédie{s 4 Bhhary
di nensi ons, viz.. to t dat a }/lol ume,and the gerformance,

both . with regard
oS b | PR AhlE itk B erging bt har By (s BEmROTS
Consi deri ng t hsedévedstpbisitingfa mbipicessdiVatehitédtur@ssctabaldiddldsedstar obl em

oresontly i o RCENA HodS BAENLior aPs02 AP Esfetre RORL, md PGl artei, o

t he nunber of apskeatian PIENOA¥ 00208 Whichrbedongswathehappiiyiané asdlherelonss f or

I nt ernethqre Lo . I .S S
ach eveddn altesipbfut R By Gelefod A pRcehY SoptiO e S ObEr
engi ne syst enfacdnalogies for sdaechingwhhimregtlar texit dosuorentimt Bhasedeehnologeesy

ft th t :
Craffic, a dory | ooipdfits Sofith ySia it Mol (MBI Moctibd in
costs. Furt heitsrratignal mﬁéﬂnﬁ'@jpphcahoerPr(éT/I‘é@QQ&OZérg?thhBél pelosgato yher e
based on ver i I ; i r:
conmputin fo?aﬁgﬁ%}graﬁcﬁggggﬁ%iﬁgg%ﬁﬁggﬁ V%E?lﬁng?ggi&%g%%ggﬁ%&@ﬁyggses ow
server tilt nar onrdficreandioresearch algeridpns wichmaynbe ased ipths persch fmgine

tol erance etcgyod: @iﬁg’%ﬂfgﬁ%}xﬁoﬁ?‘” e.g. be neasured as the anount of
hardware required to I npl enment a search engine solution or the actual

aggregated price of t system 20 It .is; t.hus in object of the present
o ron b Hey e, Bk Feredsind Biu et ol e St G RUABED
parall elism sfidbctmentd &rlgessarthekandfalsat@beabldw kaatlehadinetédseidanaffic
and very fast, by, a | arge nunber. of .users sinultaneously. Particul.arly it is
2 further obj KRS o TRERHIVERS! aleriss dih sredd WLl bstarkretdd s ror
i mpl enerii ng searehrsybteandline, apdrh feormthe iabee todednall@adafgennombeaibf

arallelism o T :
P queries simultaneously on processor level, implies that a search engine



Yet a‘further object of the present invention is to provide a paraIIeH 8 NOV.2007
architecture which is linearly scalable in two dinensions, i.e. with regggd
to both data vol une and perfornmance, that is the query rate. 30 The
above-nenti oned objects and further features and advantages are provi ded

with a search engine according to the i nveAti on which is characterized in

that the first set of nodes conprises a dispatch nodes, a second set of

nodes conprises b search nodes, a third set of nodes coré;pri s%s qui r]dexi ng
nodes, and arshewdd bedmmlementedswithgm atsdetectigghptaldows Aoy preerguy (neprg

NOV 2002 3 ”%ﬁ?abiﬁ In %dos o!'&fn%?ﬁifgt?@tﬂ%@'%tl%ﬁﬂ? 8846%hé Aath Pdllulhé aue!

configuration int net wor K, L search nodes are grouped in, v
col unms whi cHhgmerfumanseeéei thepahitity & hapdlena Vet lasek nBBBRE O QUsEISE RPat ch

nodes and an deadgyi g%nﬁ‘ﬂﬁ?ii?gtﬁh%tdetvléﬁo;?%g@laéffh%% WideaWRB! agchmb@nﬁpgss

search queries 5 and search-answers, search queri es heing di spatche

! . ) q .
further Po alBrobéeindn thegearchrrngine arahutechercawil bsiaxiteemey d B ofFant Rt
present, the pead ?hss%ﬁﬂ?ﬁié%naern%rﬁl%wgﬂg‘é{rtﬁ%ttehi% tRRAL GRintRGest deiraémii ned
therein to a fipal searth result, th t he search nodes each are adapted to
cont ai n sear ciGBte jERaer phusens thedadiemgt nodes are adapted for generally
generating indexes i for the 10 search software and optionally for
gener ati ng paftiot arinsedegieenigine sodttdormefar Inperket arcsaklech seatte® aerthin

oresent. ¢ heoBvEl SUATRRECANRA i in AMet SER TR GRY e sairRRemabi st
sim | ar 100 t hacredsetdfehdisepahcéngine spstandrelatipe ¢al thogramthhier datg veolvmerer t o

search querie t i f t ieving the
ai epat cn nodel Btaffits el o' Rtond Bl s L e sl Mg ple

scal es with twdummbethentraffigaa doublong ofithe daka volpmenthusilegdiagdeal i ng of
the data vol t u I i h
node colum s adergB v%dtﬂgger%we?%fs ﬁngpg{ eg{n %égélel(s:[flgdﬁfﬁro g? gﬁnfﬁaﬁ?&?ﬁﬁgﬁ@

i npl ement i ng ReSRHLY AtF basqsern JERhPRRENSIIRPYBYT toctmojomastitecapepliedgiithe 20
docunent] scol | 1ekd eAmput r@é-%?@rd’&c‘h@s %na'd&%ﬁxg%ﬁi’é&ﬁit’ho&ii‘%aﬂ@élﬁhggs 9féh of
the partition-dependent data se dp, kand al |l search nodes in a se&r h node
col um each c@ntlamhseryer Banereund, sediiremsntsqisspaeisd hardwarstosprpyige fault

According to tolérahBy @fd. I ThHe §/seerBAORN AEOUS b¥ hBSUFEd kb ey 8B or@plifgur at i on
of the dispat,ch nodes and he.oB i onal ac gf]smlon odes n%\é\orgﬁqrow ded

by 25 hi er ar cHITERIATE FeQiged (R impleanent iyseareh foeing 3RIUN0R ithg#citalon of t he
optional acquigdregavedmaiesof the digrerreferably a mrror image of the

mul tilevel configuration of the dispatch nodes, the hierarchical tree
structungs Priefesmbl ¥ nbh b BNA the reSeriihVEAHER 2 pACRREW Br chBfhe

i nvention each, of the searc odes ddvant ageously 30 conprises a_ search

. n . ()
sof tware moduVih ﬂ]‘r“t“lﬂ@rv,el dataornd ﬁgiqtmah@amiwém,owcatth%b?ggey ngf othe
sear ch nodes &AARAKIRSscdkrchaPeffi QBftIFadl G TaSeY & MarigeGRBABE ofBskike, each
dedi cat ed sear.ch %tr’i]locessor nodul e being realized wth one or nore dedi cated
processor chiPBUERCOHsYs adapted for parallel handling of a number of
search queries. 35 In this connection it is preferred that the dedicated
sear ch procesBanticubdrps itase furthed akject\of2beZnzeption tadedovidetaparadlat ch
processeis no J aé}.[g ] r r chips
and bei nS co%ﬁggﬁgg&\ﬁtfﬁ{ gﬁ_ﬁ%ﬁﬁ{%yg?rf@cm 1@@3&;{}{%@@@%&%%%?3%%“ gned
to the procesi@ctignaliparalledismdi ng to the invention an increase in the
nunber of partitions can 5 preferably be acconpani ed by a correspondi ng

increase in tYiet adokker ogjdd't spaiie prazedemwndion R t63H8vidRl $patrdlidlhe nunber
i.ona increase in th

of acquisition podes, a pt |y by, an nunber of
"hdex nodes. ABRErtre JaHCRRS LBt e Rlab T BLLTP BRI b BB ko o
sof t war e nodwbath(datdWolime apdrgorforpierdependdnthelguiarysesteonl y conprises the
index i k. 10 Wherein one or nore search nodes conprise both a search

ft d : : jieat dul
(M, " ndpart | 1y ARoYGRRHIA Bt R SRl Pl SRR ar e ecced

partition dP preyideewddr 2 sepshdinging aceording tethinvgntioniwhigbdsr ding to the
| nvention advairagRpyedifdhat (A€ fHSPEEAY n@@&ec&tﬁgﬁ%ssamtbﬁ nbfBS gfrent ed

over one or nore workstations connectedp|n a da _ ,
second set of nodes comprises b search nodes, a third set of nodes comprises

g indexing nodes, and an optional fourth set of nodes comprises e acquisition



communi cations network. The search engine according to the invention shal
now be described in terns of non-limting exenplary enbodi nents and WiBWDVZMZ
reference to the acconpanying drawi ngs, in which 20 fig. 1 shows a general
overview of the architecture in a first enphodi nent of the search engi ne
according to the invention, fig. 2 a generdal overview of the architecture
in a second enbodi nent of the search engine according to the invention,
fig. 3 schematically a search node with search_ software and d%gicated 25
har dwar e searkedesaitihad theidispaich m@dpwweome%e@ﬂ%@ll@u[ﬁﬂewlecw gt 11
chips, fig. , C@l [ 4 [ ; h chi p,
fig 6 sche@%@éﬁ?’%ﬁi@%ﬁ%@?ﬁgﬁ‘é?%O%ﬁep%??étﬂ%néc@fﬁ?%}gﬁg FruRARE

nui til evel diepeestedhidparadlet inthaneoromkadeestesn the siispatoh modes 30dsan uct ur e,
? 8 NOV 20p; ' ' f [ -Pf WA ;
erbodi ment of e 10 eds, WalR M pHCh padi3, AL AIEDREL U Brkiesd sbEA queries

i ndi cati én of ancheegseh aoppees., fthe searshaiuasins kaiag dispatrhed lamther iqall gearch

overvi ew of thejar gy frﬁ&és‘értﬁsﬁcﬁ%isﬁﬁﬁﬁ : d‘%%?@hgfﬁhs‘e%t}ﬂh@ SEAAIIF ndweRai ne

according to the invention, Vv an indication, principle for
t wo- di mensi ongfle IEHMRAGo the distatelynadesrgd combiaed therest 1o Adepligarth
docunents is @s{ijtgfax tHé%@éﬂcﬁ'nécPeg!%acE%e %%'ﬂgﬁ:'?l BNGoneriAGeRFH fftivard Bat

i nvention enploys parallelismon different vel s as shall be discussed in
the fol | owi ngthelipdexiegsredesnremstante hirosanichglly genaratigeidisxes niehthon

sear chesj(a d%}éﬁ&*@l‘i‘%oﬁﬁ)a&@ﬁhﬂ%tﬂna@l ﬂé?%’éhérd%n%Tﬁﬁrtﬁﬁﬁpﬂéﬁéﬁd&ﬁrﬂéw séisvi ded
into n partitions dl gg ach docune col l ection D,  or Hartltlon

, dZ, . .
d of a docurmefut ota2eeh nedes whish CAPPEISSacAah PEPCersar MPdllfaidldR £28@ Xt

filtering sysi®uisition ndtddsane HresarteiiRRt ade bynaecieddhedmhdidwar e | i ke the
applicant's so-g¢

|l ed 15 Pattern tchin i PMO),.which is disclased in
The appl | cant SR ERTBHATR SR MCHUPERF TANE teo R o (G Cishek a8 drbas ALARTS
hereby is i ncforppathérénlg Byswefseresemech dherips apd eaepsethgdo finmbnesudotheredt,on
e RN e S
systens requi nedacoliuntexs@érewithethefmonbéhe of pautitohs cothecimpleméktimg adex
5, oot ORI HOGHES oot ARSI e S SRPARIGP RS Bl
for sear chi ngsearglanbie icoturdn atalesevidb annestimatetl oz abipentdd traffic ddddhtbhe
partition-regu . 150N oo f nly
Byst em (Sw sy pRlphRiinREL b LR oF BRFRESIRGE N feBly im e (B Bpg 1pelL
har dwar €0( S Weamenit erhigctionh? tdkeapket witba singleuskesch hedprleddingessedf
docunent col | gGtd parkl il j t r 1R ; L i ere 1
kS, The e LBNLBRIIdperBBnf Rat il 1, | ARa S8Y ScBE PP ROLBT 1 A SR HrcH nod
pr epr ocessi ngc@UTEhedcd ¢Haindag igenties qaratioscdrnemdenhinia w985 dp .
*(D)~*(d,,...,d, ~--~*(dp~,...;dp, ~-~d~, k, where *(D) denotes a partitioning
operation on Ahkeoidipgto Ehe fr(vdintion ardrgdvantddeoasiyntheopaititevahcorfiguration

et whieh | roaedplechab R YRR hlopHfiGE oLt BRIGICRAT R,
25 hierarchical tree structures, and the multilevel configuration of the optional
acquisition nodes is then preferably a mirror image of the multilevel
configuration of the dispatch nodes, the hierarchical tree structures
preferably being binary tree structures.

According to the invention each of the search nodes advantageously
30 comprises a search software module.

Further, according to the invention at least some of the search nodes
comprises at least one dedicated search processor module, each dedicated
search processor module being realized with one or more dedicated processor
chips, which is adapted for parallel handling of a number of search queries.
35 In this connection it is preferred that the dedicated search processor chips are



1 8 NOV 200Z 6 A search engine is inplemented on a cluster of workstations

t hat are connected using a high perfornmance interconnect bus. The not1sghmnggz
wor kst ations then constitute the server of the search system (search

server). The workstations inplement nodes of the search server. The nodes
performb5 different tasks and are accordi to the invention inplenented as
set out below. The nodes can be regarded as virtual nodes distributed anong

t he workstations, Qut [n a SWHWsearch ine the dedi cated search,

processi ng hRFevge lﬁﬂhF SBRLC I*RF@iCE%ﬁqrynt‘g]gér’lfﬂ i RFOS B8O PRBS RACHNE 1t 7

order to suppedrichlftoktBssohahiypagd Beandcsmaicedd mﬂﬁéndaa@%&aamlac@i@@aiata
software may .then 'still be distributed. Al so, sone search nodes in SWHW

search engi ndlGRy? BEMATY 285129eEIartac PAPGESSRhaT i onal |y be di stri but ed
over nore than one workstation. Dispatch nodes Na~,...Naa handl e incom ng
queri es and gemdrding oetheahvegtionw aalihctdase sedhe humbee of peiratidnspanch nodes

The cearth v SCeier s Aol b91g, bR HRERTp SRAES L AU BoRBRERED L i G

nodeshi n ;he da'as;:;md:hshbﬂemanmlciﬂ cesegelsohia the auntbaresfidaquisition raodelgnamd resul t 3
S N , | i . A
Sear i nodes ohRsualy RRP 19 aBelRE s gl R FIbEe pbe L 0P, A e

t he above-nentioned PMC nodul es for hardware searchjng. |ndexi pg nodes
NY1, ..., Nrg JYbereir sapkiohitke searchdinsieat(Npg onhoeQ@PTises asearelbhitWasY search

software on fydUITERS VY, (REPhENiORIRpenfiBht ddig SEMIPEMhBRises liR: indRA|.ng

node Nr also filters and preprocesses the raw data.” Acquisition nodes

Nsl, ... e optional ly be provided far gatheri t d
vor g no! Ohe Selp b w88 Fribort B e s oBimgt e Wit Wadolh SRLRUNT GRS o
node Na, of ¢BW)sand baenelmeneedkditatiedescacdupicessor madklesAM),rtke enbodi ment
of the searc gL ne i t he i I I i L. : re
Che search noACLoRGUsBERGER Mag® foe spHREE: BBy} i BRUtobdhsriardtigh
connect ed i napdrthelcerrdspondisng indexdi.spat ch nodes Na and the 30 indexing
nodes Ny. The arrangenent of the dispatch nodes Na is shown schematically,
but in pract iFQ@aIW@MsV&'ébﬁHihg tprehviigeehtich advadthgéRyethabitles s¢pdrheahode
arrangepent. 1 8,NQ V 2002 7. A second enbodiqr}%n{aéof t he sear.ch eag{ane
accor di hy t o SEeSacthS AMPIFDPRISH VST §THF PF BLOT9 W RKS AL OIS FANSEETed iy Ns
are provi dedcomrausicatibas netwarlgenent as that of the di spatch nodes,
relieving the latter of the acquisition task. 5 It is to be understood that

singul ar wor “I?rfeaéd'ea?‘tﬂﬁ eHBhel d&b?ﬁ%g;toath%ﬁﬁ%ﬁtii&n SNAE ndty BOURSCIBEY in BFms

alternatively nor an-one type nodes. I n other rds, the different
types of nod®§ neaylipatine sxemplanoembedimerts andsveh refergBek§2 M8 ons. Hence

t he archi tectauegm@laﬁy\mgi drafntifigs, ih wAfLR? is inplemented by the whole
cluster, and these figures accordingly do neither show the 10 workstations

nor theygnt fﬁf&qqnﬁgéw?%f%erﬁlgghgsd%?ﬁﬁ 0glhe Q&Wit%?tlﬂ"gsif\hhzﬁ?& dnfbdBhfendeial |

starting w he 'sear ch , are centr sear ch engi ne
accor di ng t othtecinchemgionacoording ththotheeNponol ds as nmentioned a portion
of the entire data set dp. The search node has both a software search

engi ne SW arfth.dpk igenatd]l ovarvienbef thdahiteblursvd ul Reold esbedimwnt iof theg. 3.

The data set for .,a search node Np.js. ;
search engine accorcﬁing t6 the invention,

fig. 3 schematically a search node with search software and dedicated
25 hardware search chips,

fig. 4 the layout of a single module of search chips,
fig. 5 schematically the query handling in a dedicated search chip,
fig. 6 schematically the principle of performance scaling,

fig. 7 a multilevel dispatch node configuration based on a binary tree
30 structure,



gener.ated on an indexi ng node Ny, of which nore anon. A search node nay be
equi pped with a nunber x of PMC nodules Mfor very fast searching, ad GMBAe0?
in fig. 3. Each PMC nodule M has y groups G of z PMCs, as shown in figure

4, where each group G receives data froma5 single 20 nenory chip RAM These
A module Mw Il typically be an individual® circuit board. Each chip PMCis
capabl e of processing q sinultaneous queries, as shown schematically in

fig. 5. A pattern matching i p PMG can pr avolu of t~ bytes
per second. ﬁgs§rﬁ%@vwa@wwrt§hﬁ@ﬁ$we%bmp§§Efiﬁbe@iﬁéypsnbp $%Phng ty
bytes 25 per eﬁ@%@%cb@dlh@QoRﬁEtlﬁ%‘nt”@ﬁ C\bltﬁ%nclh‘ﬂdP@ath\‘péf th?bf A8 feear ch
through the data vol upe T~ byte t~ ty}t he given tine t.

As shown in fWenst I@eESIQﬂ@éSB%ilﬂlﬁ&qumtchl ng Chl ps PMC :are pl aced in nodul es
Mw th y groups G of z chips PMC, where each group G receives data froma
singl e menor figchigm Gfddviandftthe asciziceattird bEaneoond entbigdimenTof tHhieedrohal 30

amount data this np nsearchthr ugh. i W t.h z i fferent
queues. “nenSeinbdtieBboiedndR BiRuldh: W8 Walse e i bifelle Bhr

modul es M catweehimehnsidmadyghlimgy amount of data equal to T,. = TY ~ x= mn {
t~, tY} txy 1 8 NOV 2002 8 since no PMC nodul es search through t he sane

data, the nUS@@rrch%O%? &ﬁ[@ctﬂiﬁeﬁf ﬁrﬁiﬁ%nééﬁt’ dodfinertsys tﬁlghépfiﬁlall%‘}'ery L

rate of the PMC np n a searc can be expresse
nun(r,, ,ry @Ky hﬁeﬂﬁ@rmewmta@ﬁom@gﬂ@ﬂbc igeerdi b pmpko YD & ahlghiem ane

search node BEFERREMAEs §88h 0 WchescReHliAlRE fo@aw that the PMC nodul es M
(or any hardware equivalent) has a query rate o ~ and that the search

ot 100" TR SPRE GRERedlelRRng (R} kB ubve ferkf Sehfes HBLRn =Y
~'r.sH-~Psw ¢@lleathmn efdpsunﬁatmbeghterrk)qmmnmmtcagé)eodwm@ inde mpatidions 1 1 be
executed in gofguar e, Theipahush AbYReAlon PR rir ANOAT 6Rh\dbclptiated at

runtime fromd ¢tatigtic receive all the
queri es, andceleieh mreubxetmeaxlolcesm;i Saransecin nbawskv e texhElgningesystémoton he

different segfelhdof %??leh‘fén"t‘éd& b?"‘d"e%‘?@hté‘{i‘%ahﬂv&?esﬁké bige 4 l@é‘érﬁ? é‘&;‘iﬁﬁe@a

functions as_acqul s ete answer 1S returne he 1 ndexi ng

nodes NY col Péﬁﬁrlﬁm%mschm<w&}t\gﬁmhell§lﬁlﬁftloﬁﬁﬁélkéhae appliead’ L0 search
sof tware on frh@rrfytf(;n%'l ‘fo'ﬁ%erﬁ%ﬁbﬁlaaﬂeﬁieﬁo'\lpcm@/@bg4hWﬁ?&gr}gere gs Ny Can

belncorporate I n searcC nodes p ropriate |Ln exing SOft
in the |attemcomféraﬁ%\cf bm&ﬁerﬁg%a@wmﬁprgewﬁﬂrﬁ’@wm%ﬁ(ﬁ@ keﬁsoaﬁm egote

col | ection oD raéh\& t%%t@)rré%'pbnﬁﬁ{? RIp2REQEea kUM chlleb8bh MarGfioh1e, aaw
data can be 8 |dn :‘na‘? |ndrea§| ng nodes Nr. 2S Concerning the inter cbnnect
eneted Gpredaene

and data tra b observati ons can be nade based on the
foll ow ng consi deratl ons. Different types of interconnect can be used for
connectdthg t heftwaaedaseasearchosmsternn teqsise amindex ggueraied fomshe dpeement

Ethernet wil ofiOdtidfSERGRIXRHeRoted  and the indexes corresponding to the
document collection partitions d,;, d,y,... dps, are denoted iy, iy,...i,

The data set needed for searching a partition d of the document collection D,
is called the partition-required or partition-dependent data set. In a software

25 only system (SW system) the data set is the index i;, while in the systems
with hardware (SW/HW systems), the data set also includes the preprocessed
document collection partition d,; with the corresponding index 7, where 1< £
< n.

The essentially software-implemented partitioning and preprocessing

30 operations can be rendered schematically as
*(D)—*(d),...,dy) =*(dpy,...,dpy) —dp, where *(D) denotes a partitioning
operation on the input D, *(d,,...,d,) a filtering operation. e.g. indexing, on
dy,...,d, and d, x of course is the partition-dependent data set, which in an SW
system only shall be the index iy, and with | <k < n.



the traffic. 1 8 NOV 2002 9 Traffic on the interconnect between thg EnWﬁm
can be divided into two categories: Query traffic - traffic between

di spat ch nodes Na and search nodes Np. This traffic is present all the tine
when searching is perforned. The query 5 traffic is characterized by lowto
medi um data vol unes and hi gh frequency. éata traffic - traffic between

i ndexi ng nodes Nr and search nodes Np. The data traffic is characterized by

hi gh data vol unes .and | ow f.r equenc typi gal | ne batch per day). 10 A
fySicar querd Warsh Engiersrmplemenedoq Bredlited of s karipnt dhatiie na to the
sear ch nodescd¥meclé®sirpea hes pbriopdescdhretddnneePbis. \WTHdnat stesuance of
docunent s matchll(n .the query. tional lX Na,.shall al so be (’ibl_e to g}uay t he
search node Y&F Qtﬁ’éoﬂf’?lt_h%"t P%/rhﬁkt feoﬁletsr?é %e{,ﬁ%&qar Y YtRMs(Sear otV ed
immat erial iThé Mok SRIHs iﬁgﬂémeigt négesT Bﬁtlﬁé mgbﬁfséw&. @getnf@@_eg@)@&fd“mengi ne
25Ty B2 e DR RN  Tk A SERB Rl

per for mance gklggnsi on respectively, Data volune scaling is achieved by

addi ng nore data set partitions d, in other words nore groups or colums S
of search n r . I i odes Ny and
di spatch nogggéﬂgaggﬁggg’%ﬁﬁg? %dgscig gg&r%glgggg%&f%ﬁ%éd;g@)% gqhgndl e nore
data set parwiotksagods, Rerihar SRVEEWVsar¢ngngine the decdidateddeanchtprocessingh
engi ne archi r ' ' rd Ly i

correspondi nﬁﬁ?ﬁk{r%gﬁ%ﬁ ‘tgeoﬁr\gﬁ%lggg?@stgﬁt ?gg?@% ‘bngg{esgﬁf\?pr% ]J\li)xfy&{ar?grt%asgpﬁortt he
nun?ga[_lé)s | |tu sha;hdw?emasedgear@h mg@rs Thesonreh R@iﬂ S@féwk\éaméwv thanztdk o
partitions Y, : b O
t he search n%égqgrﬁgbpgsém%%r ?{O{a?gﬁé Sc}vgiﬁe gg?%ﬁnsn%z@nmﬁ&gﬁglst he
nunber of sestfEWaroarly,andaptipngllylye distibeisdeaveasqnare thenrongmwverkstatione
scaling factor, such that the nunber of search nodes obtained is b, where b
= v~h. The ge olpispatchalades 15py.. DO Haing &sirideen igadicdti e3Gindostarl iss-albn

Np, ~+2, J  h(] -l)spl t%rr%d th c@ﬁu I}Sgﬁ){ Wl}lh th1 %a(¥or1jF =3 az.ddﬁﬁerl 4 &
conpr i s the s&dAlTGarcfsdex g dighich Rgile3 cadcalpo by cottiented %ol une
may cadse the nogbmitiof nodas,cgathedes thp answersyii ey tiopisearels résultsdivatdte from a

di spat ch node r oW ife. e . 2002 1 r.chi ure
solves this pr %Fgﬁgmggﬁga&gé@?}% a??&%’lsst@, glgy%hs Oa(feg#gntga(eés qhgsqilgthi S
is illustratednodd ingrgd theveéarhhreswdts gito hefinalrmsybnent of the di spatch
nodes Na as nodes in a portion of a binary data distribution tree. A binary

data di stribatiseardy 86dEaARG,| Y. & #,%Wi;d hQfor@iohi dTaRk cnét ARtd tdtYd,. A Sédrdh 5
bi nary data distr,i bution tF &é Ki nd %rgﬁtaﬁo?l ready h béen dlbscl ?sed

ee t he
in the applicafCds OSSR sdieamaéﬁ%cha@ PP dsaV PO Rs  num

PCT/ NO29/ 00344 thavb 6 Yie-th &l ARRISPME ntstfl e @ b6 ehardwArt sdirohdhiglal
i npl enentation of the pattern matching chip PMC. The nunber of dispatch

nodes Na in ar binany tr i ~' =~ : ~ =
1005 W of SRR RN | 3%t ORI IR Tof mee e ekEY Ror e
i ncl udi ng a gi dedidagedkeqrehtsihéiveareoma notrbier off searchinodepdtocthaddE in t he
tree. In case i ) r S Skt ,

o for gat hertSEREMARIBORE RN R SISCR R 2% BRedfOHR hoPal R, ||
of a search is nmerqged in the dispatch nodes, the root dispatch node

out putting {ho AGaYAF LiaRcRReCS s s -f}er@ay OPioweliy be prosieed gorlgathéflﬁgr@e

agai nsst hat t haswess shd eNaiiy BRCAAEH GesiPtstiA€o hTYeAtrk it i WhRichBase
the dispatch node N, of course, is relieved of the acquisition task.

ero

A first embodiment of the search engine according to the invention is shown
in fig. 1, where the search nodes Ny are provided in columns or groups S
provided and connected in parallel between the dispatch nodes N, and the

30 indexing nodes N,. The arrangement of the dispatch nodes N is shown
schematically, but in practice they would be provided in a multilevel
hierarchical arrangement.



with a separate data gathering tree connected to the search nodes ang
conprising acquisition nodes Ns gathering and outputting the final SuNaV 2007
of a query on the acquisition root node of the data gathering tree, i.e.

t he data acquisition node tree. The ach|§|tion node tree could then be a
mrror image 20 of the dispatch node tree/ The schematic | ayout of a

scal abl e search engine architecture accordlng to the invention is shown in

fig. 8 wth,t rinciple for t nsional scaling illustrated. It wll
be seen thatAtSI‘?éog @hlﬂ%‘é%t S%‘ e R AGCHT am?%mf« PRV eNEONSSar ch

engi ne and rﬂiﬂvﬁnﬁxﬁ‘?fgql,%erw}%?eta@qhm*tl§ﬁ%rc)%s M%e'}ﬂo@ﬂf&d%% 4 eigRilyes the
search results back om.t he sedrch nodes, wherein the actual search of the

i ndexed dat a3t aNGRINERY, dfethat of the despadeh BQ@%lﬁhﬁYﬁnﬂitﬂlPdﬁtt%G&h% are used,
as shown in {dqhisiionfaseh otherwise is simlar to fig. 8 the search
results woul d, of course, be returned thereto. Wth the dispatch nodes Na

hown fi d
30 netur ko8 816 SR RehBphar uBRn B i FuoaB il bRl RS % bR T Ruge of
t he di spat chtypedd rrm:tesmrrﬁy, Jﬂnelﬂemﬁ&weﬁg nticmeltﬂen lotmg)type@émolﬁycsa]rsother

constitute sear |.e a t he
| nt er net angwpﬁ%eiﬁgﬁeﬂg ‘ﬁ%?‘i‘? mg &éﬁ-otblftggcoé’te Elilegﬁéuslgn‘asryogddl ng
search nodeswblmshatloms Hécn@eﬁre(ﬂrchndmrgshuwa is fivge.ilzamd alik ymiphemsetrdch

engi ne scal n r t I it rch node
or search node lt)rgﬁ élgﬁi%élrhﬁhg%%f%f@géﬁﬁsuﬁpﬁ(ﬁﬁ%@pggﬁé%}ggg&? §ﬁpar anmet ers
for a déar chwengstaeogsanor the mtdiwon@oObusl as a non-linmiting i nstance be
given as follows. One search node N~ can typically handle 8 000 000 page

views per dayhé ﬂoae§s1@&1@ngwbé@%aﬁ@mcslrpmw%ﬁl sIfQFtl wethl [l seapgar ch
engi ne each sear ch nc;f e N%@tég g ld hold 5 8 glum ue |ndexed
docunent s, &, Whidhhale ceat 16 dhe Lol angise Breorichg

maintain a 200 000 000 docunents catal ogue. Scaling the perfornance i

i ncreasi ng theeardf hode dypeadids us nienteomis] arpoetionns thé eserr ditamsties. Npewi t h
t he sanme dat m  or
group S cont%ia%a?g :ﬂgg%o u%%f% steg?co}?&%ﬁurm S%ﬁfi d%(si%sne%:'lal&g%]ﬁ ﬁg%:g Np
hence VSl | bef BME rm@dttiamM,eaBﬂlmm umtﬁg Bagdeviansepéor alagarchmodiet Ny 49

col ums hand qt e er day. An additi onal
i nport ant be#r#y?t% forgglls'elgé )ﬁ é&l&d%gghcogg?’gl ngm%%e %ﬁ%ﬁ). nvention with the
architecture scal ghl e as herein disglosed, is, that quer nse tine
is essenti alff\feﬁﬁgb‘@@%@fﬂy BF eqmpredaith guimpster 0&&“@@ 6155}53\4? Ie¥&¥ut ed
in parallel fagtaddkchimy, @d shodasinNig adeh&taPMGQn@a@IeM :g» r®1$1351@ of z

i nherently f nodes I I

t ol t t
ot reoul ! EMICS BRBl i Rabte.d. whﬁgf fadioetdin CrishBieY ol bt ariin
until ©be fembmdryoth RecVe A hdybrie avatuie Mewil htypicaity bbenuntimﬂhethrmmear

Th-a sear ch Qi EaaR e BiRPMCT R ekisian 7 UBRy APl SRENEE B

prior art se?chm#n echgmeticalighar €ign 5t he search cost typically increases
exponentially with the data or traffic volune increase, and wherein the

maxi num capagigayte?h rﬁzi‘t‘éhﬁfg @I‘W)@"M@@% 9?0(%39%”&&%%6%&1@'6%6 \H'y'tés Il%?r reached
at | ow to noderate vol upes. esearch engl ne a tQ the

or
i nvention t KSOBYt ARFpming Hat the memery Hodwlesare; efj fgl lwleeﬁalww at

nost, Q@pen%m&ehuabltue atmhﬂﬂmhlh EHIPPRMCY, 4 PMEaRQ deardt thtodgl by
addi ng SW se nodf BO rch nodes. Fi naI |y the search

nly..qr a se

engi ne accor 13 YO elorf\ﬂeﬁmt%szgf’f BHB {efps Tadl S0 EHE ™Y HRE ‘each node in
practice can be i npl enented with standard | ow cost commercially available -
PCs, but al t&sshowneinyfigieot vihetpattsre neatpbing etepS®NIKI atelpdseet semashdesuch

25\ Soon" SSRGS e Y Z0R S PIR SR BR L O AU ol

scal abl e parsihgks mamarhicheg RAM, famd theasnzﬂwﬁ@lealmmcngcqhupms 3%. Txtotal

{111 ond -, AEOEAELPGASRERRUTAN Parf B f AHAIIE B SR hRLeR

prepr ocessed:]uéﬁi@-text filtration system such that a preprocessed docunent
collection Dp is obtained and correspondi ng preprocessed partitions dpl,

dp2, ... dp", WiMarembdiled Mg proidde Pt AQBEFCAL B8Hd NQMHeRE PcMc;tImieﬂmes M
coll ection D such that for each previous preprocessed partjtio

dp2, ... d-, rfadl sre dyongnig amaent pLdajacqual to 7,5 Tphraitakd, tcvoﬂkg@m 10
searching a partition d of the docunent collection D takes place with a



partition-dependent data set dp,k, and wherein the search engine comrg ﬁg\FZUUZ
data processing units which formsets of nodes (N) connected in a network,
characterized in that the first set of nodes conprises a dispatch nodes

(N1, ..., Na), a second set 15 of nodes cgrrpri ses b search nodes
(Npl,...,Npb), a third set of nodes conprfPses g indexing nodes
(Ny~, ..., Nyg), and an optional fourth set of nodes conprises a acquisition

nodes (Nsl, ... Nse).o.iMhat the dispatgch no are connected in a
mui e evel s BorArComottfesristhal oREhIBe hine teie TR ERSRb0Es (np) are
grouped in woneuuens q(Syiewhs stillage connected in parallel in the network

bet ween the di spatch nodes (N) and an indexi ng node (NY), that the dispatch

Cear oh quer i S barrs o skl ARET BT B 6O iR e AR PP, T

case the acdXpsessedrasnodes (Ns) are not present, the search 25 answers are
returned to the dispatch nodes (Na) and conbined therein to a final search
result,sthat the ,%a;rchﬂnodes (Np) each are adapted to c ny ai n search
software, that thé"indeking nodes (Nr) are adapted for generally generating
indexes i for the search software and optionally for generating

part i ti on- degendent s difhes 4 RENSAARV1hMSGRAGDMROFES SLhR), Hhaeh each
conprises a search processor nodul'e, that i'n case acquisition nodes (Ns)
are present perfrssmanpecanomviedreeeilcnlatedrul til evel configuration.in the
network simlar to that of the dispatch nodes (N) and adapted for gathering

answers to LGaepithatitid BM@ntodulepM {bPan hatdwhre &?thldnhph@@ﬁ,qu%hj@ate
relieving the% di s@ﬁ%naﬁges of this task, 35 tfﬂ'?t e nunber v of search
node col umPi(sy the SERICHS OANKBS, O 2 searchnada\Ng hasa,gveryarate of ¢ i ons
d, thusQi nplrgprite togalaqectdlrhitdr 06 f 4 Rearbat Ro ONY B baskprBsdedtdre nunber b/v
of search nodes (Np) in each search node colum (Sp) scales with an
estimated or expe’ct___erd tlgffi)c+,lo , thus inplenmenting a scali 3? of

per f or mance, wheréby"¥h ar%?” cas¥ 'skarching the docunent colle ?on D t akes
5 place by each of the search node colums (S) hol ding one of the

pa(rj titi f)n- devlesrdendy demates dhes pdm,ehé@tdqﬁtﬂlleﬁwq gthgmwdgbe(d)#g):uteddm search
{. { - ny t
ook, o, A soRyEe The s D ob 955 5 B e bAy bR EEPR LG me oy 3 e

mul til evel octatidtipal amodel. of the di spatch nodes (Na) 10 and the optional
acquisition nodes (Ns) in the network are provided by hierarchical tree

structyses. The dispeAHCHo RAANNPeAG6O M 1hG diRrfdsahill Pescqirilas 66 hAGHei N that
mul til evel configuration of fhe optional acguisition nodes (Ns) is a mrror

i mage of th&cAift NPty chhe patats BRnbthe didferbsearah 1odgs disarenarreed A
search engi BAdAGCIdItRe dishaARhBlds NoRIRA0AE 128 A qhbilipAndRs, AcefmpieR! cal

tree structures are binary tree structures. 5. earch engi ne according to
claim 1, chdPa¥CErs 2&YR4f t hat each of the search nodes (Np) conprises a
search 20 software nodule (SW. 6. A search engine according to claimb5,
char act eri zélthd indehing avdeeNs coenedoéumbptssaat cteateopebui Xipdexepfdirshs at

or oceshr madticl S AR fE P BRRERRt SRRy PGB FR S BG ST

pr %gfsg][ cN,psar2be QIEMEipoMtbdlhn ¢he bearsharajesad, hath m}smpmue Iinaadmdihgg of a
har act or i 2 ST ohere i Bp g e, Fhe b AN ERT A SER RSy B Yyre
provi ded i n cohlectiearaftrapr datasbot somdyireprdddssing andpfiliedagorf treaapsd§tad) |

each can be done in the indexing nodes N,.

25 Concerning the interconnect and data traffic, some general observations can
be made based on the following considerations.

Different types of interconnect can be used for connecting the nodes. For a
lower end system, a regular 100 Mbit Fast Ethernet will for instance handle
the traffic.



30 wi.th z search processor chips (PMC) and being connected with and adaygven(;
to receive data froma nenory (RAM assigned to the processor group (G. 8.
A search engine according to claiml, characterized in that an increase in

t he nunber of partitions d in the scallng9 1 8 NO V 2002 14 of the data
vol une is acconpani ed by a corresponding i"ncrease in the nunmber of dispatch
nodes (Na) and, in case al so in the nunber of acquisition nodes (Ns), and

optionally SO.-by a crease | the nunber nodes. . 9. A
SBar oh engi nbraERyef g R b OB B oo r Bt &I B rodes (o)
only conpri sea;tegoﬁe@;rch software nodule (SW, characterized in that the
partition-dependent data set onl y conprises the index ik. 10. A search

engi ne acoor gl t9,dd ELHIIT h BT R BRDES O TRESesRArEHY oS oo se both

a search softwa one or *nore dedi sear ch pr Focessor
modul es (M, cﬂana@tae”ﬁuczxe@resentt Iaéh thettempavhen bearchimgeisdenfortaed Bt queryk

conpr i ses bOtht{]e{'f?lcpi. aeRAgIEch BT R AR DE160LY apRR] no T ndex

ik, 11. sear ch engl ne accor to claim arac erirzed i hat the
separate node deequepip, Np, NY, Ns) each is 15 inpl emented over one or nore
wor kst ati ons connected in a data conmuni cati ons network.
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cal caiv'(\:/’a] cal %E’céﬁ%&&? geAling efaacéu E&]ﬂgg}rbgair@af éa}%a%tgaaregpe]a]f@]a? @gljléJa] CL
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r iicCii nnnn xsphc” cal,ca] caV] cal ca calcaV]c
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) - I10%& () -replivaing data pef pEtitiond dLmtmmanremw@ng)mcreawm aumber

7110% & () - Shr SRTOR0 oFeS NB, b§§ﬁ@r@a\s§‘xg(t)he number as illustrated in fig. 6. When

25 using replication of data set partitions to scale the system performance, each

search node Nj is part of the search node group S. With v partitions d one
obtains Sy,...S, and the number of search nodes in each group Sz becomes
equal to h which is the scaling factor, such that the number of search nodes
obtained is b, where b = v-h. The group or column Sg; comprises the search

30 nodes Ng, Vj+1, Np j+2, j = h(j-1), and the column Sg; will then for j =3 and
h = 4 comprise the search nodes Npo, Np10, Np11, Npia.

Scaling the data volume may cause the number of search nodes Ny receiving
queries broadcast from a dispatch node N, growing quite large. The
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(3100 ()-y$310% & () | 10U () TRA0% & ()1 $10%&& () - <=>KMi=_=
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| SLOMH(H(& ()1 S100H & ()-5! 'SI0WRE () -s! S0 ()-51 O P Q R }[ WP
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10% - & ()- o FTEBMFERES SpIVeg s PEOTIS TR SR ey ekjeiep s pof djspaich nodes
11f110%& () N 10485 {9 rllusl&"(@d (0 fi 'f#gk 7. which renders the arra gement of the

{I()c%/gy?) ( ? yig 8@1(1% 00 §ggo@ps ﬁ ajml}éy()l)lﬂlfsﬁf b{ o %@&%@&@&}tmﬂvﬁ

180/;{& Eg/SFlO‘(’/%iqgg&dE?a dl@%?bl.(ﬂon 'tx‘e)é%asﬂ?%dv?s ?dr{;?ra %Ll(r)lear scalablhty Similar
S109& ()SZ( 100i@ary d al«glsgr(lgb t10n trees ofthe klntﬂﬁjat already has bgen disclosed in
the applicant’s above-mentioned international application PCT/N0O99/00344,
which discloses the configuration of an actual implementation of the pattern
matching chip PMC. The number of dispatch nodes N, in a regular binary
tree is, of course 2*! on each level A, A = 1,2,3... A dispatch root node is on
10 the first level, and up to and including a given level A there is a total of 21
dispatch nodes in the tree. In case the dispatch nodes N, are used also as
acquisition nodes, i.e. for gathering the answers returned from the search
nodes, the results of a search is merged in the dispatch nodes, the root
dispatch node outputting the final answer to the query. However, there is
15 nothing against that the search engine according to the invention is set up
with a separate data gathering tree connected to the search nodes and
comprising acquisition nodes N gathering and outputting the final result of a
query on the acquisition root node of the data gathering tree, i.e. the data
acquisition node tree. The acquisition node tree could then be a mirror image
20 of the dispatch node tree.

The schematic layout of a scalable search engine architecture according to
the invention is shown in fig. 8, with the principle for two-dimensional
scaling illustrated. It will be seen that the dispatch nodes N, constitute a
front end of the search engine and route the queries to the search node N and
25 receives the search results back from the search nodes, wherein the actual
search of the indexed data is performed. In case dedicated acquisition nodes
N; are used, as shown in fig. 9, which otherwise is similar to fig. 8, the
search results would, of course, be returned thereto. With the dispatch nodes
N, arranged in a tree configuration as shown in fig. 9, the acquisition node
30 network as a back end of the search engine would form a mirror image of the
dispatch node network. The indexing (spidering) nodes N, also constitute a
back end of the search engine and collect data from e.g. the Internet and
index the data to generate a searchable catalogue. By adding search nodes N
or rather search nodes groups S horizontally the search engine scales linearly
35 in the data volume, each additional search node or search node group
containing different data. Typical capacity parameters for a search engine can
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a single column or group S contain identical data. A group or column S of 10
search nodes Ng hence will be able to handle 80 000 000 page views per day,
10 with 40 columns handling a total of 3 200 000 000 page views per day.

An additional important benefit of a search engine according to the invention
with the architecture scalable as herein disclosed, is that the query response
time is essentially independent of the catalogue size, as each query is
executed in parallel on all search nodes Ny and that the architecture is

15 inherently fault-tolerant, such that faults in the individual nodes will not
result in a system breakdown, only temporary reduce the performance until
the fault is corrected.

Moreover, the in principle unlimited linear scalability of the data volume and
the traffic volume which can be provided in a search engine according to the

20 invention, contrasts sharply with prior art search engines, wherein the search
cost typically increases exponentially with the data or traffic volume
increase, and wherein the maximum capacity of the prior art search engines
typically will be reached at low to moderate volumes. With the search engine
according to the invention the cost will scale linearly with the increase in

25 capacity at most, depending actually on whether the capacity increase is
provided by adding SW search nodes only or also SW/HW search nodes.
Finally the search engine according to the invention offers the advantage that
each node in practice can be implemented with standard low cost
commercially available PCs, but alternatively also with more expensive

30 UNIX-based servers such as for instance the Sun or Alpha computers as
currently available.
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PATENT CLAIMS

1. A search engine with two-dimensional linearly scalable parallel
architecture for searching a collection of text documents D, wherein the
documents can be divided into a number of partitions d;, ds,...d,, wherein the
5 collection of documents D is preprocessed in a text filtration system such that
a preprocessed document collection D, is obtained and corresponding
preprocessed partitions d,,), dp»,... d,n, Wherein an index / can be generated
from the document collection D such that for each previous preprocessed
partition d,;, dp,,... dp, a corresponding index i), i,,... i, is obtained, wherein

10 searching a partition ¢ of the document collection D takes place with a
partition-dependent data set d, ;, and wherein
the search engine comprises data processing units which form sets of nodes
(N) connected in a network, characterized in that
the first set of nodes comprises a dispatch nodes (Ngj, ..., Nga), a second set

15 of nodes comprises b search nodes (Ng;,...,Npp), a third set of nodes
comprises g indexing nodes (N,,...,Ny,), and an optional fourth set of nodes
comprises e acquisition nodes (Nsi,...Nse).
that the dispatch nodes (N,) are connected in a multilevel configuration in
the network,

20 that the search nodes (Ng) are grouped in v columns (S) which are connected
in parallel in the network between the dispatch nodes (N,) and an indexing
node (N,), that the dispatch nodes (N,) are adapted to process search queries
and search answers, the search queries being dispatched further to all search
nodes (Np), and in case the acquisition nodes (N;) are not present, the search

25 answers are returned to the dispatch nodes (N,) and combined therein to a
final search result,
that the search nodes (Npg) each are adapted to contain search software,
that the indexing nodes (N,) are adapted for generally generating indexes i
for the search software and optionally for generating partition-dependent data

30 sets d,  to search nodes (Npg) which each comprises a search processor
module, that in case acquisition nodes (N;) are present, these are connected
in a multilevel configuration in the network similar to that of the dispatch
nodes (N,) and adapted for gathering answers to search queries and
outputting a final result thereof, thus relieving the dispatch nodes of this task,

35 that the number v of search node columns (S) scales with the number » of
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2 A search engine according to claim 1,

characterized in that the multilevel configuration of the dispatch nodes (N)
10 and the optional acquisition nodes (Ns) in the network are provided by
hierarchical tree structures.

3. A search engine according to claim 2,

characterized in that multilevel configuration of the optional acquisition

nodes (Ns) is a mirror image of the multilevel configuration of the dispatch
15 nodes (Ng).

4. A search engine according to claim 2,
characterized in that the hierarchical tree structures are binary tree structures.

5. A search engine according to claim 1,
characterized in that each of the search nodes (Ng) comprises a search
20 software module (SW).

6. A search engine according to claim 5,

characterized in that at least some of the search nodes (Ng) comprises at least

one dedicated search processor module (M), each dedicated search processor

module (M) being realized with one or more dedicated search processor chips
25 (PMC) which each is adapted for parallel handling of a number of g search

queries.

7. A search engine according to claim 6,

characterized in that the dedicated search processor chips (PMC) are

provided in the search processor modules (M) in y processor groups (G), each
30 with z search processor chips (PMC) and being connected with and adapted

to receive data from a memory (RAM) assigned to the processor group (G).

g. A search engine according to claim 1,
characterized in that an increase in the number of partitions 4 in the scaling
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1 A search engine according to claim 1, wherein one or more search

nodes comprise both a search software module (SW) and one or more

10 dedicated search processor modules (M), characterized in that the
partition-dependent data set d,, comprises both the preprocessed partition d,
and the corresponding index iy.

11. A search engine according to claim 1,

characterized in that the separate node sets (N, Np, Ny, N;) each is
15 implemented over one or more workstations connected in a data

communications network.



