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i nformation access over networks, and specifically to the automatic

| ocation and eval uati on of rel evant infornation avai l abl e over public or

private networks frominformati on SGkkasas se to user queries.
10 fistorit N vcogagiential growth of
private intraNets and t he public as produced a daunting :
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manage, accessrespmhseesmnuséﬂnqnenﬂés;nat|on : Each utility has a
different and often unique interface and 25 set of commands and
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information sources. One problem is simply the increasingly
large number of available information sources that are beyond
the comprehension of a single user. A second problem, along
with this growth in available information and information
sources, is a commensurate'growth'in software utilities and
methods to manage, access, and present this information.
Each utility has o different and often unique interface and
25 set of commands and capabilities, and is appropriate for a
different set of users and a different set of information
types and sources. Thus sheer diversity of available
utilities creates problem for users comparable to that
created by information explosion. Users are now faced with
the twin problems of which tool to use to inquire at which
information source.

In the past efforts have bgen made to.provide users with
automatic, computer assistéd services that can help solve
these twin problems of the network revolution. For example,
Al researchers have created several prototype software agents
that help users with e-mail and netnews filtering (Pattie
Maes et al., 1993, Learning interface agents, Proceedings of
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Markup Language ("HTML"), this language merely defines the
format of information display, making no attempt to hint at
its meaning or semantic content. Currently, no accepted
"semantic markup language® for the Web exits, nor is one
25 likely to adopted universally. The Internet can be expected
to pose even greater problems.
Thus, the advent of intranets, the Internet, and the
World Wide Web have posed several fundamental problems for
the automatic services or agents designed to assist users to
30 find relevant information. First, no one such service has
heretofore provided sufficient additional value to replace
the use of a Web browser having access to existing
directories and indices such as Yahoo or Lycos. Second, such
services have not yet been able to understand gnd competently
35 parse relevant information from the responses returned from a
wide variety of Internet and Web information sources. Third,
existing services and agents have not been easy to adapt to
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20 would be advantageous even if such a facility were 1im.ted to
groups of sources with response formats selected accordinq to

certain constraining principles.

3. Y OF THE 1 N

25 It is a broad object of this invention to solve these

fundamental problems by a method and system that pfovide a
personalized network robot, called a "netbot."™ A netbot
acts as a user’s intelligent assistant by tracking available
network information sources, knowing the relevant information
30 and features of each particular source, and upon user request
determining which sources are relevant to a given query,
forwarding the query to the most relevant information
sources, understanding the responses returned from each
source, and integrating and intelligently presenting the
35 query results to the user.
The netbots of this invention possess several
advantages, including the following. First, a netbot returns
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only the nost relevant information to the user. on the one hand, each
user query is forwarded only to the primary .information sources . 3
det er m nedwiopghgsgiost relevant. on the  other hand, infornggppEefRidce
responses are parsed and 5 understood so that only the relevant data Itens
are extracted for user presentation. Duplicate, stale, and irrel evant
information itens are discarded. Second, a netbot is fast. Since it
aut omat i cal | pndy¥atbreposherelédeantt informatico e dhe userpar anl ¢he bhecan
resent info I O | eturns a
p h&?ﬁd Baéﬁ et kiery diét‘lﬁ‘%énzcsbéﬁéé:ﬁ%nlﬁfs 53‘3 ?; f:.

response. Deipl gpglng con formati on
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a new and g %ha&e&h&e&éngfea&é {édr%n é{g d@t' rfast':.
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therefore is SdQGq ¢ mﬁmﬁtﬁﬁﬂ*h’ searches cthe 1'-"’31*3"31"14'Ii'lé-’r ,SQ“H-‘C@ﬁe
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the 1or| ofthg ks $48a05, hkge <8 n%séri‘ P o NesifiHe R ng

the infor menditions sbdchocause| disfierentt to:quti,on raquYaes e a
description qflmﬁé“ﬁ{ Spkkdn Soﬂéﬁg?tf @gi- aﬂHﬁHya £A8C LI ng
to this description nmanner sulta ornatlon source and

transnitting ’qatﬁtrﬁft é@“&'&&ry FS“SGQFhEhﬁﬁuF@ée ‘P%c’e‘?fﬁ‘mﬁ? ¥ph&es from
t he i nf or mat immurwsa quer&oaoeaeh smuwceneUﬁderSchh r!gaarmbtfhaﬂ actl ng

the rel ev i 3 4 ord w0 e r ‘
presenti n?ﬁ jf‘l"?'gej‘a set” e r"g%g’ anlt!ngaxf“a %‘?’g‘ﬁ%’ £ gaélﬁy écg%tg source in
an intel | i gertheravey-ingreasing numbereof| natsoz;k informrtiomources
Advant ageous|yitl f@cﬁéz-ﬁlﬁ?@iﬁ@eres onge’ Qamtsn PREEHOEE weilise M GRdwSt

ext ent possi bl at | eas es arge tr

to all gﬁ novel dégiarﬁgive language. %or deﬁ@?ﬁé#@%S%& ormé&fn1tted

PCT/ US97/ 1713Rources s el k\soircen lascriptionoiscehort and addsilyi t hout -
vaiting foge uhddfEveiidiid Ssh' thieretore is' Bad1eyGEs8ERRChnaNE T Nvention
conprises a conputer

maintained.

Therefore, in one aspect the .invention includes a method
for efficient access to information sources on a network
compricingy preferabkly one or more of the following steps:

25 receiving a user query for information, determining the
information sources most relevant to this query; retrieving a
description of each information source; formatting the query
according to this description in a manner suitable for each
information source and transmitting the formatted query to

30 the source; receiving responses from the information sources;
for each source, understanding and extracting the relevant
data fields according to the retrieved description; and
presenting to the user the relevant data from each
information source in.an intelligent manner ranked by an

35 estimate of its relevance. Advantageously, these steps are
performed in parallel to the greatest extent possible. 1In '

particular, at least, all queries are transmitted to all
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system and apparatus for performng one or nore steps of the 5 nethod of
thi's invention. The user has a presentation device attached to a network
to which i s“A¥288% ached a plurality of information sour c®ST/GH17132
presentation device receives user queries and displays netbot responses.
Further, the presentation device perforns one or nore of the steps of the

10 nethod of this invention. e or_nore of, those_ steps, not perfornmed on
this device cartHiAN &g&’&m’%&é‘ mﬁe&noﬁaraﬁgﬁioW(tﬁ?‘PﬁcWW tkar
server conput eintemrening emspanges. functional requests fromthe user
device. Optionally, tHEET ' a r LSkl es -hel d
termnal, to 15 a Pt(é %}oo a V\oar%?t\e[éé?ﬁ%t P’gﬁ{aﬂgggksgg#glr.gﬁéé & éM?‘F a.
further aspectSYS$kem ARt aRRATAHMSF (£63s PRTAoRming gngueycuone stepsiaef the
Idrrpl e_rretn_t at i srt?éaﬁfaca 'tt_it?ﬂsﬁ thntm{.eafm@nu?ail lﬁagnaelafelﬁéneiticn device
escriptions of,jnfor ion soyr ces. ortan , IS nguage
recogni zes r el BEEANeMA ﬂ)qqtéﬁfg‘&t‘? whdg §§saﬁ§¥uPﬁgﬁcF?€ngiﬂf\b?ﬁﬂbn
sources and i sof infgradtiar sources. nThel presehthtibrsdevice heeeeides r ed
enbodi nent t hi i ent egul ar
xpr essi on coreironfrecfed i AR HetbotRhsbaBARE" purell Meie’
features for cPeesentatinn davice pexforms one @ssmerpt PEnthefstepsief the

expr essi onsy o f REtHbA BHAXhis Virivertiitn.! Odnﬂeoi'oinbﬁét o8ULh&EEI & &seni zed
rmatl o urce or

during pattern_match to esponse of an i nf S

perforning ar b?ﬁ%?’?‘%\%t?’bﬁ?éﬁ]dfﬁ‘b’!?%%ﬂ@ FH“ﬁ'EYt | Rerformed op o
bi ndi ngs, and hetwerk Attached auttbatr lsever somputensi,t whiichf respemnd rémgs
wher e possi bl I s OF, N

These and of hzu?%sm?e’é,ﬁ%%%%%,”f%ﬁﬁ%?&%?%é?‘é?%-he°5€'%‘?§£%¥f he

i nventi on wi | | USR% ARVHER (2AN FRRIQ TFRR By & fcband-heldhterminadbat® ng
drawi ngs, fabl 8VEog B8s&reEkucivrl, an@pReFdednc! ai s, where: s

FLo- Dillustrates gong' fthdr "Sipsde Yne' TnventiSh' Lohprises 2 naw 17150

Figs. 2A-B il | language candplanguage rinpitementadionf to femhditatatthef the
netbot of Fig.cjeation ana 'ﬂﬁn&ﬂiﬂé@_téﬁgﬁ%ﬂ%@%ﬂ@’6%”5!(%&5%:10:1
conmponent s of the netbot of FIg. 1; an :
_ sources. Important]c:ly , this langquage recognizes relevant data
20 fields in responses returned from information sources and is
capable of extracting all such fields. In the preferred
embodiment this language has an action statement component
and a regular expression component. The regular expression
component has novel features for &r¥eating modular
25 hierarchical descriptions of regular expressions, for binding
variables to the correct sub-strings recognized during
pattern match to a response of an information source, for
performing arbitrary action language statements with multiple
variable bindings, and for specifying backtrack free
30 recognition of sub-strings where possible.

4. BF SCRIPTION O WINGS
These and other features, aspects, and advantages of the
present invention will become better understood by reference _
35 to the accompanying drawings, following description, and
appended claims, where: :
Fig. 1 illustrates generally a netbot of this invention;

-5—



5 Fig. 4 illustrates alternative hardware enbodi nents of t he net bot
of Fig. 1. For clarity of disciosure, and not by way of '
limtati onwoldgibgse detail ed description of a netbot of thi Sl'ti‘lﬂﬁf’ili% S
presented as a nmethod or process for network information access, as a
system or apparatus inplenented to performthat nmet hod, and as a novel

| anguage designed to assist in I npl ementing this nethod and system 15
In the follow ng Fiigs.st2anB didustratef exempdarypuser bhterfadss iofention is
present ed f@ﬂ%eﬁwth@/ngtg%bgvﬁéwail scussi on of individual
conponent s NETBOT ARCHI TECTURE 20 | A
net bot net hod orE%ﬂﬂeﬂn?ﬂlqﬁ§q§tﬁﬁvG#FPBﬁaEUnﬁPP§E§°“31sﬁPPHQ@%?Qﬁqu

har dwar e f acthe tnetbdthaif Fiect ilgnamnaget her in one or nore network

hed f in
et wor k. atfaghed iy of S11UsetatRe aalerpalive Rabfivare haBodRetis SE ) "
general | y 25the Insthott &f tFig.r dl.ati onshi ps of a netbot to a user- and to

net wor ked i nformati on sources. For exanple, user 1 accesses user
conputer 3 through standard |nt erface devices, such as ‘nmonitor 2. In the
course of work, the user needsSienf DETAZLER DEBECRIBTION o/ nuti on sour ces 7,

attached to the uper mnﬁyeroﬂmﬂdms@he\;aamumnebwwyl bk imBtEti.Gis,

can bener 1 Ené §¥¥atieq agadrith il ds @%&ﬁ%ﬁ%@ﬁ%ﬂ%ﬁ%QFeﬁzﬁ{
i nf or mat i on preserted |H A ammdam:e pmqgs@/mcd negworkbdnformatiomhi ch
mai ntai ns anaﬁ&@i@”ea?é é)fsgﬁé% b Eh&dr ﬁ%le%:‘én%@tlf Essgéfﬂofweéﬁéé

t hem t hr ough agent

Al ternativel Jethedp AN 3%, RAVSY, J&nguag%q:.}gqegs t@cagfigteinconmputer 3

or/be partlaihpléMeutﬁhiythis method and systen. , - 6- WO
98/ 12881 avras U2 2
distributdd on th& t![" LG ATSF A t'h'“‘u’sqeLr ghrlgééég aspeggs jof

G oups of sotheesnvenﬁwmgi%umr%snw tfsﬂdfoﬂqﬁrorﬁﬁﬂqm‘n by ar éegaabg@d into

conceptual chaseessseh! 6¢ imﬂméprhoﬁmiﬂgws For exanpl e, one domain
can be that of electronic

S.1. OVERVIEW OF NETBOT ARCHITECTURE
20 A netbot method or system of this invention comprises

software and hardware facilities that function together in
cne or more network attached computers to assist a user in
access to information present in network attached servers
(known hsrein as "information sources®). Fig. 1 generally

25 illustrates the relationships of a netbot to a user and to
networked information sources. For example, user 1 accesses
user computer 3 through standard interfaﬁe devices, such as
menitor 2. In the course of work, the user needs information
from information sources 7, attached to the user computer

30 through various network links, such as network links 4 and 6.
Since the information sources are many, the user can benefit
from assistance in finding needed information from relevant
information sources. This assistance is provided by netbot
5, which maintains an awareness of available information

35 sources and queries them through links 6 on behalf of, or as
an agent of, the user. Alternatively, netbot 5 can partly or
wholly reside on user computer 3 or be partially or wholly
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stores for a particular product; another domain m ght include | nt er net
i ndexes ‘co | 0J i nformati on on the”keyword content of ' ,}Ngrl d
Wde Wb (" lI3’%a1ges. In a preferred enbodi nent, t*?ﬂﬁgi@b 1325
conposed of 10 three major functional nodules: a user interface, an

I ntegrator, and an 1/O manager. Briefly, the user interface nodul e

I nteracts wt hs to necei Vv VY] erl Lpfo ols ad;to
format and pr%{s’ée‘rtlifeil n odrma itgl(r;e rné:"g'-'ponsesa‘q‘l‘i E‘F%%‘é"%%éd”?’r %%Ltﬁgg%e%?'ﬁ&‘
attached i nf ok#%i%n sources. 15 Advantageously,-the user interface is -

adapted to the spesidugs of igthiided i0haldHy Bikd1Ae 86£e8S68E inB6rmation
romthe_user .interface nodul e,

I ntegrator nodul e ac ts a user .query

sel ects re?%%aﬁmF?ﬁ%Sprﬁfﬂ-(ﬁPW . Glassess cpiled, iptermakion .

]Er ans m'hssi 05 domzind. r Foxv axanplie, 6td omdin ¢an becthuesofOelesPPoRis
romthese so ' S a S e, el eyant
portions of t%é&fe%ss p%%%%%%%ﬁoe&%?&r %?’r?ftgre f aggmﬁgguﬁgg#‘grim?ﬁ#%y

to the user. Inkerner indexesy@ontainingdnformationdenr theokeywordg system

and net wor kofReést fof vdX i Wdrld Widd Welks Qiaing pagasand 25

I nt egr at or nodul eszpéo%ié\x?t Eor% nﬂ a EIEt b%: e?lgfgft%ro%nhg ggg%rscﬁj\é@r?eﬁ '

pl atforns, operati : e chan :

wel | - nodul 30i thrlee axjor functional pwodules:am asesr iatey€acepl anent ati ons,

ei ther or h [ r t I e d be
30 absent. Fo%Rgégtn%f%%'&%@%%pﬂ%réﬁg% 'esg%%gmgriﬁggkfgge%eargﬁ%ady
per formed by Befuleobekexagts Wikth khe Haskhos regeive neepoauerieseferovi de

only one or nbhfoPhatiénf afid itd Sformat Hid lpiedént in@ormBtevhndire8pehsess.
For exanple, in_s

ne enhodi nents, a .nethot i,s useful, that preforns
Guery rout | ngTSCSSVER ofEom T, HEferis v iachad, Shseamatien, BREERES | - ot her
enbodi ment 35 Adwahbagecasly, rthe dserbintpridces 1anadaptedniier £handpecific
responses. Fu [t S
res o 5@?%@%‘?9&5 A n BANS Sa B, The Aintegratgy mpgule . .,
present in ora3geerEScl Bgem grexytfrem the agax interface mgdulgpdgrieshs be
present whi chrglevafiesihformattdn Osohbfcds fdrmats2 U0 Folr feitkiorkhe

fo those of skFpheatsBfth o San reltyhiE ibtaiichy slitfe') pelRitdei ou
modul es  RAyresponsedcfron thesecsources; amdaxstandss these xespgnses, .
greater or |e§ﬁ§rpHH§Q§rtﬁ@ PR3t portions of the responses back to the
user interface module for display to the user. The I/O
manager module performs hardware, operating system, and
network specific interfacing for "the user interface and
25 integrator modules so that porting a netbot to different
hardware platforms, operating systems, or networks requires
changes only in well-modularized code.
In particular alternative implementations, either or |
both of the user interface or the I/0 manager modules may be
30 absent. For example, the functions of these modules might be
already performed by other operating system componehts. A
netbot can be provide only one or more of the facilities
disclosed without providing others. For example, in some
- embodiments, a netbotjis useful that preforms query routing,
35 alone or in combination with relevance ranking. In other
embodiments, a netbot can simply format queries and
understand responses. Further, additional modules may be
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In the absence of specific preferences, the processes of this invention
can be inplenented in conplete procedural 10 :»programm ng | anguage, such as
C, or a ceppb@imspbj ect oriented progranm ng | anguage, I¢AUHINHEsE, ON

t he di scl osed har dwar e confi gurati ons. THE USER | NTERFACE MCODULE
In nore detail, the user interface nodul e has both | mpor t ant
functionality that is comobn to netbot user I nterfaces, whatever the

i nf or mat i onpges@nt in obisdcessddilyy a netboti.r eFoedexanplel sa bearning

adapt ati ons e réd Lo | ogaLN .0 rLicC s et bot .
Turning ¢ rapRulaCefibe Wedkent VNG WHOVAREEOFRE a*helnBl EbCHeqLrE
ability to autematieally the charachenigtdes.f a hewr BetWREKwi th a net bot .
Such renenbgpedrRaLishcss@scd NClpHima1ly ¢ 3F Khownebhehose ofNgkPPi is to

fetch pages,in order to_calgulate their rel evance itself, he puober N
or - rel evafit iPnFBPnﬁFFOnthESE‘é‘EaJ‘Ff%‘ES t%eqﬂmé &YS&%&yd@ﬁgﬂ’Pf’ rPeang?_ ‘etc.
A second magubk ddwidedfoncirouped imakrexmativé fashjons ambongmation
recei ved fr eLy. + 9 &iﬁiﬂ causes a net bot to
consul t rrangpleﬁag%e%e%&lgﬁform |%lr11§£éé?1r ces,é'y results are often
recei ved at wi defp ¥heyphgenceref specifif RLRKSXANAASKy e BYPFERFBROOE| v

recei ved regnliks jnQehtéion canuse ﬁﬂ?ﬁeﬁ@ﬂﬁﬁd rap| conp et pracedaraan flicker
or di sorienting,rearrangenent of, al %e%\dy di spl a

at a.
| ncr ementt® PECIFRIAAGC jages, sBA 3% On P h FORIS®T °%j(?é’§ res to view
i nf or mat i on oyientied programmingeclangeagéansych s (Ber, ¥ ithes disclgsed

conpr ehensi %8 \éﬂ' 8 of N -information, sorted according to
rel evance. e”lcohe1ghERELYAE. -8- WO 98/ 12881

PCT/ US97/ 17132 The increnental di splay strategy preferably

provi des onmﬁm\_@@ﬂgﬂe user's screen with several defined
views of the query satistactiqn process_alQ ' : | n user
control s,*%uch as™ (ﬁ%“t?u‘faﬁ'cns,“‘Fo?lsgrnéﬁ?%ﬁg%%gn‘gg#‘%%e%avﬁ ngovvs. I n one
wi ndow, the importantifarctieonaddtye thassdst compenstofnetRot HaRMat i on

sour ces bq%%t ggxg\ﬁédare%ﬁ'& 1A¢beRatIBROALRALA Ve b P ESE Hetbots

for exanple, ress, an_icon,. or anot heﬁ?cgh act een
o)

represent at ¥ dieected, AndAdfS has adaptatdons particular

information domain of a particular netbot. Turning first to

20 the preferable common functions, one such is the ability to
remember a user’s preferences for interacting with a netbot.
Such remembered preferences include, for example, whether a
netbot is to feﬁch pages in order to calculate their
relevainice itsel:, the number N o;"relevant information

25 sources to quety, display characteristics, eté. A second
such common function is incremental display of information
received from a query. Since each query usually causes a
netbot to consult many independent information sources,
results are often received at widely varying times.

30 Immediate display of asynchronously received results would
cause such undesirable effects &s screen flicker or
disorienting rearrangement of already displayed data.
Incremental display accommodates, on the one hand, user
desires to view information quickly with, on the other hand,

35 user desires for a comprehensive view of all received
information, sorted according to relevance.



10 particular source, its associated gcreen representation changes

appear ance, wo®si288yY changing intensity, changing color, etperdséfizian
di splayed is a count of the total nunber of uni que information 1tens

received currently. Optionally, clicking on the screen representation of .
an information 15 source opens a further window with either information

about thi s inforhat increment:) displayt Strmtedfy prefeeapdysprovidéscahyed

fromit, or agge o) | nf ' Vi t LKe:€tG.

one of the co%%oﬁaggnY%gﬁq%&?s&%redeﬁ%n% %%r?g{ntw é'ﬁ‘ ha%%;éwc)g%ﬁea :
show me- but t oNieWgt Ofihkhe ;quex¥sariafadion yrnasesst alongnwikbr certadm i n.
which a |ist cbmibh GHéFCEbMYréBELisifth as Sl Sutiton! egeet ed ranked

according tqQ their estinmatgd rel evance o the qu . Anot her conmmon
control is Sr E‘Pgﬁﬁﬁiﬁizingiﬁb?%?re%@%’ a %@%W'n fi YSPLtter wi ndow
t hat when 25 dnterfiaed, modukbe spresetitep|kists off Ithe iimforartiohegsupeeged
wth items ne egel | 1. nd LSRL A% ! n _
received i temg eéf‘é 8@*%@%‘:%[%%2&% (#@S%Oe{# % Wﬁs“'&‘:%é’rl XePSBFePSF‘geénEE:
and di stingui §REdekRBRLeF | drnetwonk pdaress oar iaen,c ot Aoother compact
intensity so LbpbehhPepfesendt £éh AV OFEeISC HY i) alswelr ikC¥ec@i9el: from a
Optional ly clltxz_léln on a datg item opens still further mfgrmatlonal
wi ndow gi vit@gP2 éFﬂF@F §ﬂ|ér¢§%w1§’es i qr#eéﬁ]sc&'e(ﬁnsmegfegpnpﬁg PBsponse
contai ni ng t hehanhges appearancepve/qihdnahandging intensdty;e changinghe
item etc. 35 I ddi §4 [ n t a
net bot user | r?toé‘roFécgtrarf)du %?gr%?s a y&g@@éﬁ% s?g;m |§°%Qadé§*n%ﬁ§, of
formatting, ad®ifmel dnformatien items aregs tquxrently. Optionally,

- 9- V@l&%&iﬁ§8én the screen representation of an information

For conpar SSH-EROPRFRG FreSmeith JFHRATS P iidhaiHliee JeeiPaion AbPREee.
on the Internéhicadnfiorsationrsourtey omterdisplay wishe responsest ai ni ng
| abel ed i el d$-olavREOSEER 18 Cor aécﬁ%jell.o ﬁ-ﬂ%’ ﬁ{f]‘cﬁ%at%nt eem%.aegva@nd a
net bot for access to an infornmati on domain of online Internet I ndexes can
have an i nt &heaBeEWPEK f BECels | abel ed with el enents derived fromthe
query. In one BEt BRé coRAch EoMtrolStid WirdferxblyndmplenentedOas
e e " B 1Bl EH-ASLETE S il VS SRR coud ¥ BBy 8
another window in which a list of all currently received
responses is presented ranked according to their estimated
relevance to the query. Another éommon control is preferably
implem=nted as a more-button in this latter window that waen
25 activated, causes re-display of all prior data items merged
with items newly received since the last window display. The
newly received items are merged into the display list in
order or relevance, and distinguished from prior items by,
for example, their color or intensity so that the user can
30 avoid scanning prior items again. Optionally, clicking on a
data item opehs a still further informational window giving
either the source of the item, a display of the response
containing the item, or access over the network to the source
of the item, etc.
as In addition to such common functions and controls, a
netbot user interface module preferably implements specific
designs, formatting, and fields suitable to the information
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Internet with the Wrld Wde Wb protocols utilizing a web browser, such
as Netscape. In this case the user interface * builds HTM. formatted pages.
whi ch are wosarssit ed over the 15 network by the |/ O managepcriosoiniid
generally illustrates the user display froman exanple of such an
enbodi nent, which Is further directed to the information domai n of
onl i ne, el ectronic software stores. The netbot display of Fig. 2Ais
di vi ded i nt domaiecfeectwhdon. iGeiti aesigned. a Fort |axngsld om rﬁi:mnebgl l'y

d d by ,
Shopgot | RoREaEdRen” ERBPBIG Inl BA"LhEpLERE G qondiil It T
Section 12 storest ont tbe Interpetotannhave atparticuiarrirternsfaicey consul ted
[ opr eSent od praseitakhBi UHYAIAIRESIEReI S il Fdr WL i PI OV de

25 further |nf ormati Qn or, direct access I n“sectlon t hose

sources wh B04edve aRd; pXdGer PNy kbE ghRRY ?%%%I%s“eth"%r?%l%qe&sl FO an
repr esent ed infexmattich3dpmainnbg bh2inesDhtérnet imdexescarp Have ey matt ed

e o nag el i e UE  abe) ol VELHTLL SRR UL IVRE S B (1

exanpl e it eduedy. S formatted Wi th product nane, price, and an address

for the ori giriAiondd ﬂe‘&ia%'t”%hb%&ﬁ@ﬂi:cemobﬁ ft'ih'néti&i& AR i) (? |
i nformation display is con Eolled W th the W nd X\éscro i ng cont rol

faciliti e magide on, naty aftaghed s?ﬁ?’?"ﬁs@ KR uger f%&‘@'-’f%es
i npl ement ed mMmctdIVL Farmexheghlesgeher astednay access Neilstboterowir ahk

transm tted 44 She o'l i WWaCWorld wide Web protocols wkilizing a veb 0 -

WO 98/ 12881
Fig. 2B gendiAWser,| |suahy aseNatscapeer dnsthis easen therwser intenface of a
web- br owser -MgiSRiE UHML ifrdiaftied patjEisOUhiBR! ardhtslnsRitted v thdé

directed to a |nforrrat|on domai n of exes or arg¢ es. This
display i¥® B X Beddie 1/P HANageT - %rhféegﬁﬁﬁ’t"?i& g‘é‘ﬁ%hﬁ
di spl ays a t'lthé ausey dieplayt fxiom sociexample ofsphelsahhembodiménts, athide
t
curren Searﬁé‘s aﬁg%eif%i% ted ?é Fi[ntf %mati?ﬁrﬁ £§ﬁ“ Soni{\-bémre

detail, the section €s a IS ne

st andi ng f oreleFbrgnig saftuare é%-ch@?@n%theg W’N’%E&r%ﬁ Bigi RA 18
al so known aaivizwéa ciretd eulﬁ:ee afubtivtig .0l Selctionceisiscat ditle seotiem

f eodback FoqREhd Al foxe ﬁi%ﬂ*‘% %fagi%ﬁéﬁﬁdﬁgrefﬂ?ﬁ%f%?Erear ch
engi nes be|ngeth#|ﬁgr shopping, a "ShopBot." A netbot preferably also
has a specific input query screen. Section 12 presents the
list of online stores currently being consulted represented
by tnei* WWW addresses 15, which are selectable to provide
25 further information or direct WWW access. At 16 in section
12, those sources which have already returned query results
are similarly represented. Section 13 presents the results
received so far formatted in accordance with this particular
information domain into sections for the major PC operating
30 systems. Each individual item returned, for example item 16,
is formatted with product name, price, and an address for the
originating information source. In this implementation,
information display is controlled with the window scrolling
and control facilities built into the web browser. This user
35 interface is implemented as a HTML formatted page created at
a netbot server and transmitted to the web browser.
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15 identified by their comon names, the status of the current query in

general and gkgysear ch engi ne, and' conmon user controls. GCenerally
pi e-chart |con sumari zes that 7 of the 8 search engi negca'(}@”{’é'ﬂ%ave
al ready responded to the guery. At search engine 75, known as "Lycos,"

the check mark 20 indicates that a response containing information items
has al r eady beenpmcQwe;hneﬁanqarlqhu@wwasmneku%% 3§.s lay! BEOEM

th k t

has al ready beB HOMMEE | SRapdit | e"‘*"e%“?wgwsaga&aseeapeéraag?%g”%‘qég”k'noﬁm”sas
"Gal axy," is vembeRimenmt diwhighyuin thdsf case, hdsodlirectedr tb anginesri®tion

i ndicate that gomain G Wi MRlexedrs %@qrhﬂ Ep‘% &gg T%l;@g 8QE§?Q¥,C%M rols

of section 72 |£cl ude nore- button 79 to request °t

arrived sear8h2+8Q gererahly MM@M%@?OEGGGIOHSBO Seqtmen hlnew or
modi fi ed quer ydbepheye . amny,fdmtn%on&mayse&aaﬁt vsnaié lggéueﬁ‘é the

information ite retu fromthe search .engi ne rmat i1 on
itemis displayeires éné?eatc ezﬂr?d chdegnpl FgEtBPn aésé?ﬁa}?ﬁ’é thet 82

i f avai | abl se¢anch 1'¢£m311$3- wilrh more detadf,t tbewdlispige bﬂrsébtson 71t em
and the esti rraiﬁéxﬁ&é@@%&&&ﬁﬂ&dé gﬁ;gett NaydHCEtandinfepgy 10007 The

itens are sorted for i S descen ues o i mat ed
rel evance. ’5@/‘%’0&'1 er?s% chogen, e&eumgseeﬁshoeggimmm by

}:?;—?-/ \Glgl;??rl(;\ggalsa' ksown as t'%ﬂ%:m&ks," anclt cgntrols to accelsstcertain.
er.jnte € S ment ed as.a,Java e

downl oaded ~ fTHRTE® ;Ji?‘%%it pfeﬁg? ?é@g‘f‘é'&sby spgh (‘/'véﬁ Hﬁggg’é?‘?'l?’h home

this manner, tPage ardfuser (ﬁeﬂﬁhacm@ag@soapmleedd’spgayabersecthdmrm:t ivity

than that of Fificlddes FO{st*ATRE trd s%a&ca%hﬁ Pebaihgogugl ng rofor

current seargh t at u1§ apd updat.e t he stat us y W thout
user action®® idertifieq by Fhels Fommom neregeet F’§ 8 §‘6FFb€§ Bhe newrrent n

terms of w ndoqnenyldnbtgéml @ard @it Fadh slearbheeﬁgtinw | An@ &ofBER a@fhat

éllh!sgl nggPt : (rjlpoél?ra | ont gn rnpu ]tci erp# Sgg‘gﬂcé%?gnagdl t‘éggﬁi%‘? di ‘?ger
i nterface nodutke c@nsearcyranginash qusniiede havecedrandyprespanded apdn i tmé
T T AT S R Db o e Sy
pr ogr anmi ng p ning AngSprpatieR.itengy has _
-wi ndowi ng funclrear&y Peen neasdioreshl e Atnsleareh anigdneug6s khewrdaas | anguage
t oget her W i Pk f6ni 2 e Mo RHE 3k ifdicat®s BHATPLCreEbBASE AN tHARP:
any information items has already been received. On the
other hand, search sngine 77, known as "Galaxy," is visibly
25 distinguished from the-other search engines to indicate that
it .has not yet responded to the query. The common controls
of section 72 include more-button 79 to fequest the display
of newly arrived search results, and inodify-search-hutton 80
to request a new or modified query be sent. Latly, the
30 display of section 73 includes the information items returned
from the search engines. Each information item is displayed
s'eparately and includes title B1, descriptive text 82 if
available, and line 83 with the URL of the web page for this
item and the estimated relevance of this item to the query,
35 here "1000." The items are sorted for display by descending
values of the estimated relevance. The displayed itenms are
scrolled using controls provided by the web browser. ' This
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Java In A Nutshell, OReilly & Associates, sections 5 and 19. 20 THE
| NTEGRATOR MODULE Fig. 3 illustrates the preferred functional .

nmodul es, wo@gizmspases, and their functional interrelati ongigpusshnaasbot

30 in-general and of an integrator nodule 37 in particular. 25 The :
I ntegrator preferably consists of three functions: a gquery router 39, a
wr apper dat abase 40, and an aggregation engi ne 38. These conponents are
i ntroduced heer imterfaciesiy iivglementeidaias andJaka appleti dgwnlbadeduser
query 31 iye NTEYCTS ' 4 ne.. r at first
30 calls qugggkr%u{'%&é{gcggo rankéﬁgé’zne meﬁ%ynggr%rrgﬁboﬁrggérggés th known
to a net botthisollm%uf the dnberfagel af Fig,uRrB dFecapable gfegrentennt

solur Cesi NexhtéeP8ct v EEy Niin eidt éﬁ/ﬁe%ﬂdle d}o. | %?ﬁr aRaspief, oitt \%ﬁp'\?@ﬂ
rel evant souyces om W apper al apase ese W er ar e
hoser ot i SnEhg; RekBSTALRRRE o o kdTK Hearen Ataths,aPRoREARsE khe
witten in shatus disppyys aEsmrdinghn withptyeser @letdonavention. The
[earz' _e"ed Wa%eégy%gﬁ% s Q99 ¢k YW diSciipeld bRlimarily in

PCT/ US97/ 17tezms of windewswand Houkkens, one ofoskdlle dogtheearty widdn .
i nf ﬁr _mi]E i Onrte_cSEH&Q& tﬁ&gsﬁﬁwn%véﬂfiwﬁiﬁtﬁ&t tdlfld Rio0othierO ?i%@tl.tﬂyned by
each i nformation,sour in e[ _to glipminate extranequs or, i ng

i ter and BOTAOLIBACERRE PEOVEIR BT FRRITN S ARF BRI ShARERY o
formatted i mfonseri comnandsen Boyrezanple, thel ysersdaterfiace medulencenf ace
nodul e for hakhan t u gfgég | . C lvacr enment al
di spl ay net %&i%%%hgﬁﬁ%g? %?{s.g gyéﬁg so,r?:%n r%‘ﬁigjﬂb?iss?%r eyt}cus'er' '
pr ef er ences withons interventken Reindowing BYgheR«yehaved netbot shoul d

preferably use saieC@ser BAtéRticBomndailiéhisnsiréférentiadlly Saplemented
processi ng r.gg_q.ur ces

ces . in_a.conpetent and efficient er,
whil e at Thé>Ts 3, RPIECHe HAETS HsREPPRY™ a4 ﬁ%@%%ﬁﬂéﬂe%vi or
m ni i zes r esidlr e alasge LibrdryhprovdAingewindoving sfungtionsper ffor mance,
both for th féﬂfﬂlﬂ@|i\%§%§ﬁhtﬂ%§oﬁ°£rxﬁéél' the F&¥R0isnduklyd i€utidther

si nul t aneou

{ t tant t
achi evi ng t HAERSRR IVaraVisepAGkagRr Srfy  COF HEXRERYDY FIATASHRY AR s

only to Java A Nutshell, O’Reilly & Associates, sections 5 and 19.
20
EG (o)

Fig. 3 illustrates the preferred functional modules,
data bases, and.their functional interrelationship of netbot
30 in general and of an integrator module 37 in particular.
25 The integrator preferably consists of three functions: a
query router 39, a wrapper database 40, and an aggregation
engine 38. These components are introduced here and
described in detail in the following. - Given user guery 31
delivered from user interface module 34, the integrator first
30 calls query router 39 to rank the network information sources
known to a nefbot in order of relevance and to return the N
more relevant sources. Next the integrator retrieves the N
wrappers for the N most relevant sources from wrapper
database 40. These wrappers, which are descriptions of the
~ 35 information source and its requirements, are written in the
wrapper description language of this invention. The
retriéved wrappers are used by aggregation engine 38, first,
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I nformation sources likely to have information relevant to a query. From
.a user quer e query router determ’nes the rel evance of_each

i nformati on%g% P@g}o t he given query and returns the N noStM PRI
sources. N is a paraneter 25 controllable at user preference and can be as
smal | as 1. This relevance determ nation is preferably over inclusive

i ormat i on oG SRS, HNECIBFY ABCR, SOFMY KeSoshERE I AR iMfsmAon
source. Furt hejourice,i arm «sfeebaldl,etBOunaerstahd théeynfmaﬁm detairned by
qui ck to Co”p:%%g rmta}'j'ﬂ% %bﬁ%c‘éC’?S' xnpf,i?&géswgeifmmwe&qmeous In

a preferred e uery rou

rel evance ranltqmad?énmﬂ l@é?&l?r ﬁﬂér kot Pok ther received informafian inte a
sour ce’ f rlelse\eaml n EaTﬁnastal cqirzlzahl QBrh&t%@dbiﬁférﬂﬂti&@ ﬁfrﬁxﬂéﬂ azi egated
"conceptual classes. ce_is vance
with the conc@Rd, Rass e‘@*ﬁ’s?@? P&Pr\/\ﬁf‘gﬁg??’?sm?g\li ah?T WF%F

router nmaps to the user according to preferredlSnerementaLMﬂiEbIH&Nhgthod
PCT/ US97/1713 e A% 1\%)({ g %‘iQBeBBH'ELoFiéésﬁf cfi”lisézot 'hte

~and finds in orna I'on source hconcept ua asses” share
query. The napxeferenees; 8.y to its conceptual classes S preferably

done with gdash function. 5 AGGREGATI ON ENG NE The aggregation
engine is the coordinati ction of the integrator nodule. It
receives the . he user interface nodul e and requests the

guery router to ]IJANHBAIkbebaved neithelte shoudfioprafevably mse ssearce
rel evant to P o @i%ﬁeﬁo Ee fﬁé@@@i ffﬁséﬁﬁédg

i nformati on sources ron1 e mmapperx% t abase. | appers.

t he aggregat i obh engronpetenis and efific ‘(ﬂ!\é’f ?nﬂnlfG“gaﬂ-hEag-BﬁEes‘[’
accept ed by;gagdmoOfcike )bésilfaﬁ{éﬁﬁ:mg JéidipwgéeSqaa t.rasaénraeme-ﬁ-

requests to the, I/ Q nana net wo ns l.on, urces,
the query nay'T&Pféi zes ékFQQﬁQﬁu ﬁﬁgﬁd %bﬁsbgcpzfv?ﬁeaggéﬁéﬁggafgsponse
is recei veobértnmc:eu‘ droth i for ghe dandividuadgneghotoandnfoncall again

ided by th d
Blaces i1 intorotprts Auictlaeiy) ﬁﬁiﬁﬁ‘i"c@”a{w anﬁg"&m ;;;Sponssaﬁn
the particul ar |nfd¥HEIHYﬁFY x rﬁs(iﬂﬂ Fanty, £o 5@ PUSF? ﬁsﬁ@e

assigned a poipétdyse it permits the netbot to send requests only to

information sources likely to have information relevant to a
query. From a user query, the query router determines the
relevance of each information source to fhé'given query and
returrs the N most relevant sources. N is a parameter

25 controllable at user preference and can be as small as 1.
This relevance determination is preferably over inclusive
rather than under inclusive. Occasionally including an
irrelevant information source is preferable to missing a
relevant and important source. Further, it is preferable

30 that this relevance determination be quick to compute, not
requiring costly processing techniques.

In a preferred embodiment, the gquery router calculates a
numerical relevance rank value for each information source
that estimates the source’s relevance. This calculation is

35 based on the concept of "conceptual classes." Thus each
information source is tagged in advance wWith the conceptual
classes for which it is relevant. Then the query router maps
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order using a nethod appropriate to the particul ar I nformati on domai n.
Finally when the increnental display 25 rmanager requests data to present to_

the user, werdsanssti n response to a nore-button request, hpgat i on
engi ne passes the tuples to the user interface nodule, sorted In
priority order if a priority is determ ned For exanple, if the

information domain relates to 30 Internet online software vendors, then the
t upl fes opt i oeath yquery s ahe Sonkteptinalaelabsesdpedavahbdtet iOAGha

manuf act urer . | rat i S equi red, price,
oo an oxorfiads HedARIG SeihcRltn QRREAPLAS) CUTRSELL S P 00
del i very der&? Prexy herThea MAPP1Rg @fcp gueryr $acdtsigonceptual cldaseser

exanple, if jbhephéférdRiy GortORAIth 2°halshS funckof¢r | d Wde Veb ("WW)
search engines, which index i nformati on pages avail abl e generally on the

WA then Phe - 14 - WO 98/ 12881
PCT/ US97/ 1718CGREGAT ionally contain such relevant fields as title

I
of t he i ndexed e i\er esqu I “URLY . __that
page, relevance §€%€e%g§5%#n}[°¥ﬁgé§nié{er ;%agt?’%n c%%%?%éahﬁgdgéﬁgéb%ec’ o the
e et Bt oL e AT Aol o A adirs EECLHGOREY DD 6
t he query, I?steﬁeinet bﬁ; doeqs ot retrjeve tﬁs:?%dgggdy aSu‘?:& e?ﬁen it sums
t he nor matPzBECViAR,\ 2 tist L] rFQPeéi f’ﬁ’ré‘ﬂ'ﬁ@im’r EONEFEE Bﬁgg reteyant, tRd
from each of theegieanciqueryi ndtheri(t fretriewvesh thegNnerdppersoforcthé N a
rel evance est] ' I ne vanceg, .
estimates ar %m atfon S6pRES, %@fﬁ%ﬁ*&;ﬂ;@ms ?ﬁ%%%ﬁ?%?%é%@%s |
to have a BoWRBRPRER: nthe AggredaticsymEng translakes thei qyeryt ©
rom 0 to e e e, by SAdA MY, InESERit1ohand! N0
bertl oul aisi APOFARS: SO CEEARRES TR, the }f Gretlnants &0 tha 340 moRagsEageE. |
caln be det er meriw t_drhytranpnbssiml Fqe rsames asourdest,hcehen uergt ma? btewtlne'zg
rel evance : : an S o]
retrieve t hetg‘a%ggg?hggragrﬁﬁ)%e#‘?sb%vr% re ee\/dz}ncg&%gf?ngfg.gsnggl ggan
exenpl ary enS8FeAvRd frep ancintarnabiensouraee the agaregatien: aewine, al |
query words @igain gajdedeby thédsppidriateintdppcr, extiacts dadabfrom

o) R ABnaR Ehh Wohdks 4 "UEETe ik BRI g
results in tlee apigpformat, relevant to the particular information
dorain. Optionally, each tuple can be assigned a priority
order using a method appropriate to the particular
information domain. - Finally when the incremental display
25 manager requests data to present to the user, perhaps in
response to a more-putton request, the aggregation engine
passes the tuples to the user interface module, sorted in
priority order if a priority is determined
For example, if the information domain relates to
30 Internet online software vendors, then the tuples optionally
contain such relevant fields as product name, manufacturer,
software version number, operating system requifed, price,
etc. An exemplary priority order of the tuples can be by
price, by delivery delay, or other factor at user preference.
as For a further example, if the information domain relates
to World Wide Web ("WWW") search engines, which index
information pages available generally on the WHWW, then the

- 14 -



maxi mum r el evance val ue. For queries requesting the presence of a
phrase, the I s determ ned, for exanple, by subtracting fromthe
comon WBX|n§ﬁ§ggﬁ%$hallzed sum of the square of the di st a2
page of each word of the phrase 30 fromits successor word in the phrase.
Thereby, if the phrase appears contiguously in the page the relevance is
hi gh, whereas if the words of the phrase are w dely F E rated on the

h

page, the rel efHReS SRLFRENALLY contain; seh }'9198?“ 34823 tiftle of
i nfor mati on dormiewsmddsmd’s@aqe,oruw iR sal éahemaemoéae&a(*m@w HEe

co tation, rch ne a weyve for certain
dog:Jns Isuch a}%rﬁ |pn%é F\é@gv‘éa Sh ST §%I %ﬁgﬁ@}ﬁgﬁﬁgr}/ggﬂtmn of é‘I

- 15 -. WGrelexess prge to the query, descriptz.ve text, etc. an

PCT/ US97/ 17139 exemfpm-ys IgHlof 348 %rfqdied:a&{ iy bhseaabﬂealefz_}%g% Fgnore

numeri c flelds 0

the %es gnsé tuples E WRAPPER DA
The preferred REFRAL &%rjr‘”@r qf, e kelsvanse efsthe jindexed rpage to
capabilities, itheapdml azs Hﬂlé rietdigt fdu’e@ih&taﬁdtrléeépﬁﬁéeixf@éi@i Pages,

o Docomeact B 3 56 350l G 53R Rt ReR peELRRE SR ERS g o
sources, the | cmmnsthm a;.fe ttetwamned o eaphedEr theyseangiacengines.
requiring 14 ¥ " BERRdh %d?jﬁ&e dded e te%h%ﬁeanﬁ-lé’lé{}%ﬂéﬂ‘i&é%i%” @S
Format . easy MATRBHACE NS ditiiePhies e, GRAIeS TelpRRBRE oAt inRTAR LS
y c r s a ,
decl arative desthemwtramalizsid dsy cﬁirseﬁﬂwwﬁhxstipqochduretuﬂﬁécrq;ﬁﬁm to
or apper o can b ia, o SPIBEE maxidih BE, o4, TOBD, anl i ¥ Lfhing
havi ng suf f |%h%mdinsmllmms Y A confidencnorfasten-u n‘l‘blm@@ﬁidence
tsﬁur?el | in ajg efﬁ%ﬁ,r )ﬁr@iﬁ%}@ nﬁ‘Em oqocc?%?h iy @%@d&@&%ﬁﬂﬂfoﬁ%%“@tﬁes
address of ¢ he the TELITkIT ot 3 aaFtisalar shtornatign. SREESRs W scs of
t he source; 25 ﬁele\ﬁamhssoasq:inmm tier reyample,f iemcanebe determined ey g.
words or phrasegralfsdd ! ifpd s ddice R tHe THYordatiBRdsource’s relevance
estimates.. Alternately, the user can request the netbot to’
20 retrieve the page in order to do its own relevance estimate.

- In an exemplary embodiment, for queries reguesting the
presence either of all query words or of any query words, the
estimate is determined by scanning the page and counting the
number of query words actually present, and then scaling the

25 count so that the presence of all words results in the common
maximum relevance value. For queries reguesting the presence
of a phrase, the estimate is determined, for example, by
su.btracﬁing fromr the common maximum a normalized sum of the

' square of the distance in the page of each word of the phrase

30 from its successor word in the phrase. Thereby, if the
phrase appears contiguously in the page the relevance is
high, whereas if the words of the phrase are widely separated
on the page, the relevance is low.

In summary, for the majority of information domains, the

35 priority order is determined from a relevance computation, as
in the WWW search engine example. However, for certain
domains such as online software vendors, a priority order can




formused to interrogate the sour ce (|nclud|ng site support for
any, all, phrase, or proximty queries); 4. A description of the f.ormat
of the quewpssﬂzqsmse or 30 HTM. page | ayout that enabi’mmmlmg of
rel evant i nformati on fromother informati on and extraneous
formatting matter. At least itenms 3 and 4 are advantageously witten in
t he wr apper description | anguage of this invention. 35 A net bot
can retri evepdl SpRply aeteruines fFomane values ofobfecoPofibf@NAuméric

|nfornat|on égﬁiégté% g#% f@gbéﬁggﬂﬁﬁﬂféﬁf own wrapper upon request from

a netbot. - 16 - WO
98/ 12881 ' PCT/ US97/ 17132
enbodi nment , pde its own wrappers in vari ous nmanners..

For exanple ‘n;..;;.' San ':iﬁ] in the netbot itself, especially where
t he netbot5access~§eoHF9f§Fre¢éWFﬂWﬁEN?ﬁﬂqQ§F§§95ﬂﬁé§n qruat lﬂga§BBF§e§an be

stored in a anhoehReidatapabflitiés) He Mﬂmﬂhd thieidequedy’ Fofnats and

centralized database. p eqeri ei nafter
referred t 5SSPOPRE TQFRATS Pg h'fﬁé? %é‘? 4‘1(31 Q%giiﬁgaégﬁént ic
descri ption diesgudptdonsf cakied mcappers. bySinge® aleﬁ.@ﬂem acrcess from
descri ption h1! Bahate tgeﬁaﬁ %@siﬂd&ﬂof W BFHatidi gohteed!, the

expre55|ons re . an exanple descri n | . anqguage i.s resen d A
CaPirT o a8 AeBSEiBRP0e S oERR SOCPRS TS RECLOMRIN, Caads, Teay
conventi ons langsmimam REsetotragki | | Farthér, asinde mew criformetibn gbamass

por | 0 et | At e?@-e%%?&°@§‘ﬁas§39anﬁc%’ai% ing SYddy shbithepicdy Chilfige
Conpi | ers Pr maipn Sormat, TeasNi qaegteamcefo@f sSOukRR ARsARRtdEns i#S shing

Co., section jmpobtantl a moé&l&*?ﬁ&&éﬁrd@ﬁ@él&ésmpﬁm ms&awwcal
page returned fron1an WAV rch en

i nter pr et &% HEPPYAR BRapedyz: rFﬁFFGFrPgPBarE%"g{\B %h%e%rﬁi“fqb NEEDANCE *any
speci fied act:r.mrb:ﬂé anbodimentNofe thiist ihventidn, wrsppelrsasmxveh;é deagnied t he

WL that mat S 120 28! 4Bl t Poh Eolbidal K e1oe of 2

mandat ory f ol D= st "<dl >"
<itemp* . *$ sufficiently regular formats.

For each information source, in an exemplary embodiment,

20 each wrapper advantageously includes the following

~information: -
1. The Universal Resource Locator ("URL") address of the
information source;
2. The conceptual classes of the source;

25 3. A description of the mapping from query arguments, e.g.
words or phrases, to fields of the query or HTML defined
form used to interrogate the source (including site
support for any, all, phrase, or proximity queries);

4. A description of the format of the query response or

3o HTML page layout that enables parsing of relevant
information from other information and extraneous
formatting matter.

At least items 3 and 4 are advantageously written in the
wrapper description language of this invention.

3s A netbot can retrieve wrappers in various manners. In

one embodiment, the information source itself can supply its
own wrapper upon request from a netbot. In an alternative

- 16 -



<itemp::= stuff "<dt>" stuff '—\ " (stuff) "\"><strong>" 30

(stuff) "</ Skr </ a>" stuff "<dd>" (stuff)

out put ( $0, @é’gé%‘wm } Thi s descri bes a page nade uprgfms%wﬂﬂ}
ot her data, a sequence of zero or nore itens. In detail, a page is 35
specified to consist of stuff, then the string <dl >, then zero or nore

itens, then e a s (h." . Ren . ' e of the
g 18 gener&pe P HAERES dan provilg"its Luﬂa{&xpwfs_fg?_ _
WO 98/ 12881 Vvarious manners. For example, wrapperp(gansbe/built in the

| nol udes U oo dibaes, UepeeIAIAIORALETLiY hkubE) agBbasek BRIy oF 10 |

sequentially nan item is recognized

nd )
out put by thefz L&?ER éﬁ SOMTERS - | ALSodcWERPPELH FFBnP?ss§5€E¢f+%dPto
consi st of stwéaltdmhm Erstcamwd‘ommhdednanedeﬁaﬁﬂ frémnat he string

"="', then th interest later referred to by $0, then the
string " '><st§%ﬁ§é§if%?§ é%ﬁ%?:ﬁ??ond field of interest later referred to

by $1, then the stThewrappan degsription Rangnsge (hersinaftesnrefiersedi ng

t;gd;t y tngen tbcas hineé 'fmﬁl'q G %Qxis”tﬂv%ﬂ:ihﬁt Q&c...ﬁﬁétéd {:Heb¥e§2ntié‘e”

<pr>" CtIO statenment w t:h ra his case
speci fyi ng 3 eseTiRt iﬂ t 'e§9595'$f“da939$§ &Ftﬂskﬁg Bi ndi ngs when -
an <itenr 16 dAstlarative deennﬂpﬂioﬂuﬂcnmaththeennbmbinesetegnuredfrom THE
NETBOT SYSTE E&Eﬁh al ctur n an be
assigned to sgé?en1ﬁaf%ﬁ£re conpo%gﬁ S m%%noﬁ%rrg aff ExQLg?e g 9#%&
preferred alt iption language: i puesentedon ﬁhﬂsﬁaailpécaessnletmn is

function aChiQéﬁsfértﬁipiﬂ d SHS Setition. I eyntaxduge@ogbllbvg. 4 generally

il lustrates exe net bot_ hgardwar e enbqQqi,ment s, and_gptions_in, |em10f
the """ pr ovi oHSPUBREIans JBEUR il SHORE G ARAadss thRcart” Eof " Spedityfiy

interrelatEsnghanmafsusemcruﬁﬁngeregﬂxxnnﬁxpﬁéhsﬁﬁnsnetSeek a5g57,
information s c f+ 9 er 51
BbeEe 000, Rt Mg, URELY ageoctiol TS

is a user conpl , var | ous ached
peri pheral s. Shéﬂtﬁ§r7bh%¥Qu%$ alqﬁuﬂﬂﬁﬁye~%mx u-31~‘ » . ot her device

for user echni nd To . Addxson Wesley Publlshing Co., section

3.3
20 An exemplary description in WDL of a typical page
returned from an WWW search engine follows here. The WDL
interpreter uses the page description to parse a page and to
execute any specified action statements. Note that "stuff®
is a reserved word in the WDL that matches any character
- 25 string up to the first occurrence of a mandatory following

string literal.

<page>::= stuff "<dl>" <item>* ,*$
<item>::= stuff "<dt>" stuff "=\"" (stuff) "\"><s‘l:rong>"
30 - (stuff) "</strong></a>" stuff "<dd>" (stuff)
"<br>" { output($e, $1, $2, 500) }

This describes a page made up of, among other data, a
sequence of zero or more items. In detail, a page is

35 specified to consist of stuff, then the string <dl>, then
zero or more items, then zero or more characters ("."), then
finally the end of the page ("$"). In general, an item

- 17 -



I nteraction, network attachnment 54, optional hard disk 30 storage 53, and
so forth. Conputer 51 can be alternativeky a net wor k devi ce_w t hout
per manent woog/ea381 a PC, a wor kst ation, or nore povverftl#cmmuez I t
is preferred that conputer 51 be a PC or a workstation running one of
t he W ndows operating systens, the Macintosh operating system or 35
UNI X. Present in the nenory of user conputer 51 is, anong ot her

sof tware, | ogRéludédothised t fibe i panrklevaicesy denoted byoptusP) sand. The

| ocal  net bot api 1y oL PLEUENFfHP 8 $0, $1, and $2, that wpan an tten
nore of the hetbecogunizedare qutpuboky Hhetoutawkldfeptatement. i nERude,

for exanple, qgeueh Dafvbein is: speciPlédito TorABt o BLule| VERknthE -
plurality of at fached | rﬁ(nrmglon S s 58,  which are _fgn

optional | y%ﬁBﬁBﬁpFﬁSﬂyﬁ?‘és&?‘F’?eﬂt LR L NG AR A nf&‘ﬁﬁt?’b‘ﬁ
domeins. In gipsef eiesd eﬁbmtewst lftmrieﬁa?rr}cu ttee byul$i0i, c thehnthenet or
a private |nt anet he s c

Subh ueer | OBEFLRN,! HERRERLRGe!Doulgh the Yoohnd 'es el el ifieBrekll 14EaRO
sour ces are rsfeerEGoﬁpubBr5110thﬁnchhﬂeﬁeriMQl?<éﬁQﬁQR9H€dPBPnaFPGH nore
avai | abl e usispgretneR’ eheCQ{:ﬁiﬁgppeaafd bynéwettms erfika $dehdl BEor mati on

can include databases, of periodica ers,,. etc, |nf tion on
or producad® S? B&PFlC&P&FrcgﬁﬁﬁFEPé k3 b%d a?ﬁkﬁﬂﬂthﬁns %gg *of
OrganiZatiOnmhbaebkﬁbhestEGEméﬁteWEthinnbracesnezne#his(nase specifynnguch a

network, a net %&‘&%& Qﬁ\ée B'.'l'.ﬁs ngfd'gﬁﬁ'@ &M'\:t?é“ﬂi?@ P%

enbodlnent unc I oNns ocal net bot
user conputemn‘<1$§m>wﬁﬁcnatﬁh§ﬁusiEWBGGpﬁﬁﬁF vher each ikaw ig ent

processing 2@ lZ@gage capabilities. In alternative enbodi nents, one or
nore of the disclosed netbot functions can be distributed on ot her

net wor k atdfched conput ers. For exanple, conputer 59 is a wapper
server for THE®NBIBOM SYSTEMsts for downl oadi ng wrappers fromits w apper

25 dat abase. The %}t Systemﬁgls%gﬁgt@engmyn&w can HesSk

using any data nmanage storin d retrieving
conpact text rBsigmed 4R ek eﬂjﬂﬁﬁ§;93q66°P§°&e“tsqbﬁrYaE%QW%r for
perform ng quertermutivids by ML eidferred @lternativd intanyicase Mependsst

Sbout whi oo 1on wieh RGNt 4 Prd I Kohigved’ o "LEGLE: %ﬂwkﬁﬁ"d
reasonable cost. Fig. 4 generally illustrates exemp ary
netbot hardware embodiments and options in view of the
previous general description. It illustrates the
interrelationship of user computer elements 5;—56, network

25 57, information sources 58, and netbot server computers 59-
61. Computer 51 is a user computer including a processor,
memory, and various attached peripherals. Such peripherals
include display device 52, or other device for user
interaction, network attachment 54, optional hard disk

30 storage 53, and so forth. Computer 51 can be alternatively a
network device without permanent storage, a PC, a
workstation, or more powerful computer. It is preferred that
computer 51 be a PC or a workstation running one of the
Windows operating systems, the Macintosh operating system, or

35 UNIX. Present in the memory of user computer 51 is, among
other software, local netbot software 55 and local system
components 56. The local netbot software implements one of

- 18 -



performng the integrator nodule function by accept i ng user gueries and

returni ng seawohsngsul ts, perhaps using the facilities of wpepRRYyEsRVEr
59 and query server 60. Wth 35 these network servers, |ocal netbot

software preferably only supports the user int erface, whi ch nmay be
del egated entirely to a web brovvser Alternately, it can further include

t he more of ‘I:he netbot f %\ﬁﬁ Ch‘l‘he Y028/ égﬁ%ém Fﬁgp°%%fﬁ%§t s

PCT/ US97/ 17132 aggregati on engl ne kes query rout
to query servepnsin S HRFeR%ATRISt 3 Web\PEPWERTser ver 60. Furt her,

it catn i ncl ]tgde onebqgemsfk o7 tdiﬁﬁb%é %triyegxetwf:!-kcbiﬁﬂsa Eﬂbaue{r'effs
conmputers of a ngfbot sy e provide erfornng
Che et hods of FRFSSReR ARICREACIEN MATeg, SBs MHEER. RERIEANCPReOPEAORAbLY
| oadi ng acr os8 aoncept\mlky d]ka&siﬁne&hthyonsubéeedtapaahbt intondnformgtidn C
and optic nedj . .
5.2. THE 1/ 0 MQ af“ddr??ﬁ/ manager Fﬂ@" PO ks Shat Bubpe public
oper at i ng sySnteynehOn & R ivais dntranet; @P&@Fﬁéﬂgo?;hﬁhgcl’ﬁf-@gﬁ'ai@ of
modul e.  Net wor kpt8t8&b26€] nﬂzélrtﬁiﬂﬂae%ddnﬁds@&kaeohsg&étaeoié agqmt SHPPS,
recei ving responsgs frg V\ﬁé} wche I nf ormation sou

i nportant appl i 88¢i 8 Pre %F?“Fﬁ?&nFFSnSPEVFB ?ﬂ'f‘B\‘Fﬁ’F? on
retrieval ovid which make cthesir stoxdd dnformationoavalidabl® usingethes

responsi bl e % {poogaiénﬁiﬁﬂé%)éd‘%x ‘i-{e‘%‘%%: 379t 0ggbh %ffa?ﬁa her,,

20 FTP, Interne 't _can tenporari cache pages
and other data iRCdpderdatabagas,Rf mymnewspapers@gpg”ng system

I n% er]faCI ng Id nlcﬁ.ﬁdegmihﬁoﬁaﬁf a: pYddifted hymyag&tqaguhrf ebminbecmaﬁ; -
i nterface nodul e an S 10 al aRas
Preferably, the ﬂ“?? @g'r N %tg'ffﬁ r%eé%{% &lﬁganlggﬁ.gpcl 2 ﬁéfiﬁ??aﬁ?’é

pr ot ocol staﬂ.kselecnﬂomngcdmﬂnme,esgtc. such as the Java.awt package, and

other tools. In somey ggglg ]pnsd HBHR Ok a'neﬁiv‘éf vhggohéo manager
functions can be e or med er system corrponen s on the_network 30
attached conput SP.b°€)g¥'PBﬁ5+ | yIn t% ?‘?@Wadﬁcﬁ epboAdment, all nggbot

scal abl e to nul gupteishshreside tin Mdcd X fidtbdtYdfitware S5hoaadedrotomputer
reentrant COde’sﬁwaﬁQcReiﬁréﬁibFﬁﬁﬁé&iﬁ@ﬁﬂ“ﬁnst n3¥eS siedikient processing

20 and storage capabilities. In alternative embodiments, one or.
more of the disclosed netbot functions can be distributed on
other network attached computers.

For example, computer 59 is a wrapper server for

accepting requests for downloading wrappers from its wrapper

25 database. The wrapper database can be stored in memory or on
disk using any data management system capable of storing and
retrieving cambact textual descriptions. Computer 60 is a
query server for performing query routing by accepting
queries and returning the N most relevant information sources

30 from the many tens or hundreds of thousands about which it
stores information. Computer 61 is a netbot server for
performing the integrator module function by accepting user
queries and returning search results, perhaps using the
facilities of wrapper server 59 and query server 60. With

35 these network servers, local netbot software preferably only
supports the user interface, which may be delegated entirely
to a web browser. Alternately, it can further include the
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PCT/ US97/ 17132 _ 5.8. THE AGGREGATI ON ENG NE ‘ :
In the preaf@obgemsenbodi ment the functions previously i depei/Usem7inY t he
aggregati on engi ne conponent of this i nvention are perforned by the
foll ow ng process. Searches 5 of the information source proceed in
paral | el because all requests are transmtted wi thout waiting for any-

responses. | usSgls Qu r e L N8 ul e;
2 bert or mATEPIAT ndib, VlicH akel QlkEyCrUaginl"t Bbaces WS 5
rel evant to mﬁﬁr‘fﬁ}‘e%ﬁ and yrapper rgaNests: ke WERPPeYaferVaF offmt i on

sources, do:pyrther, # carRefridlRide idie Wrapdth bEr thbke lateegntion source
(for exanpl frcqgéhe source itself or froma local or. renot e

e

wr apper daté%%%%S, B. CGuided by the wapper, format the user query
into s the Tive nvaxridus ncamputers ef lay neftbotnEysten cansber perovided

C. Transf e e t u : :

transm ssi on{’?‘%ﬂt%‘?%?n% ﬁ%’%& %%45{3 nit !ogl it?é'st ﬁ.xewkﬁg% o0 -
responses t oepthenpfrom gomputen)readable medige orr b¥d lopfdng; Acrops a

reached, do:petwork. Arhis Viyoverttidrf O NfdsptaKiel ker knoupo Ragnetdchana
recei ved by thg | / O gpdul e %$d trg@ ferred tot CD-ROM I ntegrator, then
i . Qui ded bJPFLE WP PerSHSR 25 LFKE o TARSD A ’ sour ce,

parse
t he respoaee to understand the i nformation returned, discard
the site-specific frgatti t her irrelevant matter,

and ‘gat her relevant fiéld ii. Add

each tupl e to t heThesi/@fmanager module performs hargiwane, SReXatingg
priority rankyagem, Hfli idgtRork specific imtérfavine Torcithe integratok:

(ot Lor L heahabne .~ HOERSey, tnfar spBEad  Bioldlnd e YadiF YE bl 10

exanpl e, 218 requests and receiving responses from network attached
information sources. An important application of the netbots
of this invention is to information retrieval over the
Internet. In this application the I/0 manager is responsible
for implementing the relevant protocols of the WWW, Gopher,

20 FTP, Internet tools, etc. Optionally, it can temporarily
cache pages and other data in order to improve response time.

Operating system interfacing includes the task of window_
management for the user interface module and access to the
wrapper database, if present.

25 Preferably, the I/O manager is constructed from
commercially available protocol stacks, windowing libraries,
such as the Java.awt package, and other tools. 1In some
implementations, more or less of the I/O manager functions
can be performed by other system components on the network

30 attached computer. Optionally, the I/0 manager is designed
to be scalable to multiple machines, to not require multi-
threaded or reentrant code, and to be cross platform and
persistent. '

35
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35 user activation of the showrre button or nore-button

controls. 98/12881 - 21 - WO 98/ 12881
PCT/ US97/ 1719 When multiple informati on sources arBCHUSIHIAS2 ¢
S preferable in step 6 to present to the user interface nodul e, and

thereby to the user, a single nerged list of tuples extracted fromthe
responses and sorted according to an 5 esti mate of the significance or
rel evance of each tuple to t5ee3 AGAREG A $:} & preferably nade

according to et Mﬁdﬁhéppﬁéféﬁré@ é&iﬂﬁ&@lﬁi&@i&é PV idud! QF
net bot is di rﬁﬁ?ﬁﬁ#ﬁé‘i ertain donains,,a signficance estimte cdn be
v

nmade directly Pr.cthe ageregakion engipg companent of thisp es.
For exanpl e, inventidoni arefpertormed doy ctivd oyl Yuwirgy pridcess\ce Seatrdhes

related onl g g tnariﬁfoeﬁaéf$¢vssafréét oS8 {lf Phd Pl 1 accoragilng%gge For

nost donmi nS, however, a sl i cance eTs
rel evance of TREVLEEEr AEE Fﬁ?@%ﬁt@ﬂ WMQ}#: mxmimg tﬂ,ozu@mr Mespbnses.

exam ni ng the responses from each sour ces. In a preferred
enbodi nent of ,such_a rel evance det erm natioon, the user has the choice of
whet her or nof*to Recﬁgvg R hBSRE | MY LR CNE USSR SMERTEAPS Apdtileise f .

If the 20 useR.so Phuferm, quéryrredetvimgcto dekdmminecthdW tinforidtiion
according 4§ BoHPERE "MABECEEL ﬂe'&&%ﬁé’ O hudp domin . of

i nformati on queries, an exeng mﬁe '|.nds t he nunber and
| ocation of qdery RBFd€afFh et’FEtEr Vanﬁ"etlpﬁﬁma on saurges, @@sries,
re|8p0ns§s \émth Hnra.keynetﬂieeé Bhe SRRppér hfcsﬁe@ifé iﬁﬁﬁﬁiﬁbds% teﬁ

rel evan or phra ries,, responses, hav, wor ds. 0 e
phrase nore cl ozgf"y' ghane ge'f Fom, the 8 W%nbti%ifg?ﬁefe’fﬂn &y PGat or

conti guous sequenctemgte wWpapper| databaseé); ot her donai ns, appropriate
Anal yze fungtions gre p chaa; he
net bot exa%gne th eQ &gﬁgﬁggg Bgl'ﬁe net%%é felies %n reﬁ'r;svancqg&éhi\‘&tc’t
retur ned from t kBe; ﬁP n@Fi Earuat Eequired Dby fhe cdinfarmaticn spyxse; -

not return a rel evence ﬂ.'t_anﬁﬁéﬂ the ltE@hslat@d Usoiand &b the Godule
mil 15l od by a cofPraSReReRaRRERE FacERF IheGraieich SRR o factor
rangi ng from @-to Enipéa&;ze the list of responses to be empty;
20 5. Until a user specified time limit is reached, do:
A. When an information source response has been
received by the I/0 module and transferred to the
integrator, then:
i. Guided by .the wrapper for this information
25 source, parse the response to understand the
information returned, discard the site-specific
formatting text and other ifrelevant matter, and
gather relevant fields into fuples:
ii. Add each tuple to the list of tuples,
30 cptionally performing priority ranking, duplicate
elimination, etc.;
B. Wait for the next response;
6. Deliver the list of created tuples to the user interface
module on request, which can be due, for example, to
1] user activation of the show-me-button or more-button
controls.
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predeterm ned estimate of the rellablllty of a particular
- 22 - WO 98/ 12881

PCT/ US97/ woles12881 i nformati on source's own reI evance est ipgai97118s
exanpl e, it can be determ ned by practical experience with the source's
estimtes. Wiere the sane tuple is returned from tw or nore sources, the
rel evance values fromall those 5 sources are conbi ned. Optionally, the

rel evance estima ds r
uniform distri gﬁél on{)'lﬂ:f#'gg lﬁj?%?@% 0 on rang zees éaréwifér%i a%ﬂg | cuI ar -
det ai | ed enbsefgrable: insstepch ntepresent o ﬁéﬁ oisan intenfagey M\I]-IQQ

fol I owi ng prae.ae%ﬁerasyetoqﬁﬁéyué& { ﬁa}( é%l?%i@imfﬁié& mmﬂ %@(Lﬁﬁ]aég[ hX
O an rne elr

i nformati on sourc sou zd

confi dence ex%gﬁggedc FIAR EﬁeE’éﬁﬂpB'f‘s?ﬁe% TNe fRA%d,

¥eturned mFspmdmase ﬁﬁdthelsigniﬁicanéeronire&eVamﬂeﬁnf edchp/tamplevty e | is
roml to a e e user'

preference for net&E %ﬁcﬂ ¥§|Sgi#§?%eg%r1€’é%fl n erfls% caw%gg%% The

vari abl e . methods s@ppégéﬁt ot khecinferration| domain e oighytheple ¢

the vari abl eaettbw&"seaq%etbarepreﬁeaéﬁtam d@k&ﬂﬁé‘?% sﬁﬁif‘f’ééhé@t ur ned

frominformati gn source or .the,res S hat t was extracted
from qgﬁima e can Ee made recgg gr he vaﬂf of one or more

10 data fields in the tuples. For example, in a domain of
electronic shopping, significance can be related only to
price or delivery date, according to user preference. For
most domains, however, a significance estimate is made
according to relevance of the returned information, which

15 must be determined by examining the responseé from each
sources. '

In a preferred embodiment of such a relevance
determination, the user has the choice of whether or not to
have the netbot examine all information pages itself. If the

20 user so chooses, the relevance is determined by the netbot
according to a domain specific Analyze function. 1In a domain
of information queries, an exemplary Analyze function finds
the number and location of query words in the returned
response. For keyword queries, responses with more keywords

25 present with greater frequency are more relevant. For phrase
based queries, responses having the words of the phrase more
closely spaced, for exanple in one sentence or even in
contiguous sequence, are more relevant. In other domains,
appropriate Analyze functions are provided.

30 If the user chooses not to have the netbot examine the
responses, the netbot relies on relevance estimates returned
from the information sources. If a particular source does
not return a relevance estimate, a default value is used.
These estimates are then normalized to be between, e.g., 0

35 and 1000, and multiplied by a confidence ranking factor.

This confidence factor, ranging from 0 to 1, is a
predetermined estimate of the reliability of a particular

- 22 -
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PCT/ US97/ 1743%s/1288; | NPUL : Li st of K sources with their ?'H'ﬂﬁ%ﬂ!fmk

pairs source_k, crank_k), obtained fromthe query

routing system K ordered lists of tuples, tuples k, of length
| engt h_k, obtained fromsource 5 source k; and the verification
flag V (Bool

3?”%5’? obt ai ned from user %ief erences Qut put: -
Merged |ist of? TRatipn SQURGR S IR dieleyance estimptes. oEprnexample) F (Vv
is true) THENtOcan bé@RAfmined by lpractical exper@enéeHwitnl ené in.

tupl es_k source’s estidttds " tvﬁaee:l'em\a.qeo oreQ—i’,& F‘%ge%p g? SE%OELSE/

downl oaded i f° necessary
V is fal se */two or mOX®wrgmr¢es ~ the grelevance valumsr gfrpmzaddotheseupl es

k) 5 sodftes ! Bysbsiht{netd) e%ﬂ‘ﬁionally , the relevance est:.mates
Adj ust BySerV| ceRankl ngé agl es k) 20 [ * rge resul b , - 1'nto
MERGED LI ST &A@t TR @ACH RPUFGR, ARA iaddushed, 1oc a¥EoPeunil QB e,

fromthe diksts‘::mesonemrmd rhmiéuzaﬁiwm&talm Isour ces, h-
t.sourcescore_Kk; t e r t e [ as
its composite scoré i n%@riﬁ?&f&% éﬁﬂ?%,{ e%osr,&oiﬁnreé‘% SCSFE FF&#@SB%ESBUrce

*/ FOREoerformed a@eording to thq:mlﬁ\gpMOFePﬁ t ujere, kquery
IFt is noio'ﬁuﬁﬂﬁnm[héi%ﬂ_ﬁ@‘a list of K informat:.on Addrkeky the
MERGED LI ST 30 coxe = ur ce c%Be

source_k with k from an re eir confidence

ranks, crank k. Each of these sources has been queried,
returned responses, and K lists of information tuples,
tuples_3j where j is from 1 to length_k, have been extracted
15 from these responses. The user’s preference for netbot
analysis is recorded in verification flag V. The variable
t.score represents the composite relevance score for tuple t;
the variable t.sourcescore_k represents the relevance
estimate returned from information source k for the response
20 that tuple t was extracted from.

25

30

35
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PCT/ US97/ 17132 ELSE"- . : t.score

t.score + WwodBMEEBESCOre_k ENDI F ENDI F Sp&figSemifasat up! es
t by t.score and discard duplicates OQUTPUT sorted tuples EXIT /*
finished rel evance ranking */ [* Subroutines */ SUBROUTI NE

Nor mal i zeScores (tuples k) 10 /* If information source k returns rel evance

eshlnates Ingmtﬁgl;zaisheattn gettrces wimhrtug&rfédﬁuihéncéuﬂahk ﬂ?irf "
ot herwi se, use a defa an t t t he t
i nformati on source's L‘?F’&%@ % §§?§ﬁ Hm gbtélol?e?h%r? rﬁfe on the
list of tuples.from smn&éng system; K ordered 115t$0ft1m93€§$. :

k[ 1] . sourcescore k uples' k,(3£=IeflgedHEbhgtn X, o%tainécf £t spurce t..

i nfor mati on source reruPaeoe soor os erefore use
20 5 FOREACH ﬁ?b‘lrget- inapgpFhe yerification flag Vv (B%%ltﬂaéﬁsvcor e k
= 1000 ELSE obtained froncahenggfezénéneeéooo 0/ 5; . :

FOREACH 1 UDIGrdpdet ' UMleRelt 41st of all typles! LEoeked foféalé\vanvg\n F

t. sour cescor& P
ENDSUB SLBRMI!\IE'MI{M ByHei ght (t upl es_k) 30 /* Adj ust the source

scores to h Q’ fﬁ}r,.{apwtlle distribution; for exanple for 10
tuples, the rst_tu S source score is adjusted to 100% of its source

score, thao se&ﬂﬁi&% k= Isoffr ce score is adjusted to 90% of its source
score, etc. */ FOREACH tuple t in tuples k

page = the HTML page that tuple t points to,'
downloaded if necessary
t.score = Analyze(page);
15 ELSE /j* V is false #/
FOREACH k = 1..K _

NormalizeScores (tuples_k)

AdjustByHeight (tuples_k)

AdjustByServiceRanking (tuples k)

20 /* Merge result tuples, t, into MERGED_ LIST and -
determine a composite relevance score, t.score, from the
scores returned by the information sources,
t.sourcescore_k; the same tuple returned from multiple
sources has its composite score incremented by the

25 source score from each source */

FOREACH k = 1..K |
FOREACH tuple t in tuples_] k
IF t is not in the MERGED_LIST THEN
Add t to the MERGED_LIST
30 | t.score = t.sourcescore_ k

35
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PCT/U897/171 percent step = 100 / Length k; N ercent of f
= 0; é%ﬁéﬂ&#‘%um e in tuples k t. sourc_:esc% RITATIS2
t sourcescore_k * (100 - 5 percent off) / 100;

percent off = percent off + percent step; ENDSUB  SUBROUTI NE

Adj ust BySer vi ceRanki ng(t upl es k% /* Each Service is assigned a percentile
ranki ng i ndicating 10 the co nce given to its returned source scores;
this ranking is used to scale the.sedrs rect Suome 4 Misturicescerehk

tuple; for exanple a 9096002é¥§f€fe ranking means that each source score
I s scal ed by O. F tuple t in tuples k 15

t.sourcescore_ ENBIF sourcescore k * crank_k ENDSUB ne of

skill in thesaghpyl hnr ggasze bPot. 4865 and RIGRISIE Q! ﬁc%%gaab' eto

routine alterations and enhapcenents that performthe same functions in
t he sane maRREPYT $ArEed: PUBL8$ ot her val ues for the normalization

range and defagkurvahueiﬁmshéaerenéﬁaﬁ@é|funxxng rel evance  estinmates
can be used. This gﬁégﬁEiRQ | udes such routingq’ alterations. These
processes are ? nted in 25 C++, but can alternatively be

i mpl enent ed |nsaﬁQOpwbusdupamalizesc@neec(twpleauhaj programmi ng | anguage.
5.4. THE OURRY /RO¢EERnto at o;{hgogy@é r SAhctS detilatdsyser
query 30 exg;laessed i?‘ g 1 goilgs %]ﬁ lﬁée%zl\%x}gd??nd rect%tsjr ns astas out put
a list of N inPGFRattéH ﬁ'f"c‘é? 3 the irange frqm 0,80 10007ance to the
i nput query. Detherwise| ousefatdegsault relevamie &Esm:mees:ﬁ s optim zed for
speed and over

. /% ¥s* is the k’th information source’s relevance score
for the first tuple on the list of tuples from source k
s *f _
= tuples_k{l].sourcescore_k'
IF (s == 0) THEN
/* this information source returns no scores,
therefore use default */
20 FOREACH tuple t in tuples k
t.sourcescore k = 1000
ELSE |
scaling_factor = 1000.0 / s;
FOREACE tuple t in tuples k
25 t.sourcescore k = t.sourcescore_k *
scaling_factor;
ENDIF
ENDSUB
SUBROUTINE AdjustByHeight(tuples k)

30 /* Adjust the source scores to have a uniform percentile
distribution; for exanpie for 10 tuples, the first tuple’s
source score is adjusted to 100% of its source score, the
second tuple’s source score is adjusted to 90% of its source
score, etc., */

35
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I ncl usi veness. Occasionally including an irrelevant 35 information source

Is preferably to omtting a rel evant sour ce. . .
- 26 - WO 982888/ 12881 : PCT/US97/17132
PCT/ US97/ 17132 The preferred query router is based on the

principl e of assigning relevant concepts to information sources and query
words. I n advance, a set of concepts is chosen to describe t he

i nformation SOUYCﬁr@énﬁ.:}?ﬂ@—- Qfo0"F Lerfe® Gt i on 5 domains to which one -

or nore netbots are diré%t ._ For each information source in the domains,
the rel evance of XF&TSH & Q% each of the chosen concepts-is judged.
Furt her, each VEOREACHttuple dppiaartuplesoksi bl e queries is examned to

det erm ne whi ch of thetgg%weems__ a\__r.e\sor‘@ceé\é%gre;%egggﬁbg word. Then,

upon receiving the words yWor s of a query pts associ at ed
with theseSwords are JRRRPSRBREL)anH 100% hen t he i nformati on sources

rel evant to these conCcgefderit Soff = Pe¥bent) DEAIKpdricaneYaeep;0f each
source is de#ﬁﬁﬁéged by conbi ni ng the individual releVances of -the

source to al 15 concepts of the query. The case of phrase based

queries is SUBRGUEINBI AdjustByseiyicrenicirigituples Xe data for this query

! 2 : : U O e S a4
{3t es cont af b BB SCEULES 1STASEENAL L bdhodnbiled sy UhigiBRRing 0
to be sond@hEheprgpEidence given €9 its returnedisourse wsoresshihisan

appear in pogahRifrgq¥sraséd €oiscale (fife Hutined ShRTR scoreaPicor aRenS | S
t he nunber o |n£ornat|on sourc§§*|r1t££§|nforna i.on domai n
a

VORD2CONCEPTETPRE? PR FPEAMR LGy \ 2 TOF CHE a9 T feans ihat; each;

the vector fepunceosdoredisasealedcbyod.2 ey C concepts are relevant to

that word. CCNCEFEﬁﬁgEﬁKE{ﬁiLS{ ig Eﬁﬁ}e ¥y S table. For each of the C
t he n

concepts and S sources, corres ITmg entry of this table contains
the rel evafice val ueteoPORRGEESSRTeck Tt (sRUreanRans k focrankygf e, if .
entry 30 <i,ENpgyUBals 5, the j-th information source has a rel evance
weight of 5 with respect to the i-th concept. CONCEPT2SOURCE[ ] [3] is
used when searching by words. For searching by phrases, the table
CONCEPT2PHRASE] | [ Pnei of| 8ki)l inrthetact coitlprecagnize et thesel | v,

DEFAULT- RELEWphcEEked5 abasaseflsbtel tof S&OANS Ca M tidril frrh of the S

|nfornat|%% enhancements that perform the same functions in the same

' manners. In particular other values for the normalization
range and default value for the information source relevance
estimates can be used. This invention includes such routine
alterations. These processes are preferably implemented in

25 C++, but can alternatively be implemented in any procedural

or object-oriented programming language.

5.4. THE OUERY ROUTER
The query router receives as input a user query

30 expressed as a list of words or keywords and returns as
output a list of N information sources ordered by their
likely relevance to the input query. Determination of these
information sources is optimized for speed and over
inclusiveness. Occasionally including an irrelevant

35 information source is preferably to omitting a relevant
source.
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sour ces. _ - 27 - WO 98/ 12881

PCTY US97/ 17132 The preferred inplenentation perforns the

foll owing WOPHNSEL 1. For each of the S infornmati on BOUP8YATIRet

RELEVANCEE[J] 5 = DEFAULT- RELEVANCE[ | ]; 2. For each word in the

user query, do: A Comput e a hash function on the word obt ai ni ng
nunber, bet ween zero and W Any suitable hash

functlons i s adaptﬁ pcPreferred AURkY sronker xisphased 9n the mringiple: iogh

is found in Saggeyhikg +89€vart geonédPtsi to informatiorEburues bile
Publ i shi ng Co,

CRD2CONCEPT] HPZ88°" Th dRvances 858t 48 FEREUERE c® (BT S %”ﬁafe&ﬁo

inVto thet hoformavioncsources cof nthe neneomrme:emﬁgrmxfm mng: 15

E(g? J' f_r om @ Egggingoto which one or'ﬁo{-é ﬁé‘t L,‘ rééEd%/e%ég TH'%%:' each
al

CO\ICEP'T'ZSQJRCEPFEOHWQQW’ SOUNBﬂo%BnFB‘al ¢9m#e$e arelavancs QA Hdat han

"+" can souke0 tbe el6RJof OtR@NEhoSeh 'SohBEbYs dwlj Pt Further,
rel evances into flngltkg eva relevances f or

all the words wer: °ﬁ§e?pﬁﬁ%?y}nf8?sﬁigﬁgl%P?Ei%ﬁi F£Aapifed to
toget her. 25 feterminehwhicheofftheachbsen bgnpepaseaxethievantuﬁqxthz

A. Concatygn al | e
Comput et hd 1¥\Wctad | ThUR, WBbeA PechlGiHgCEnd Fo¥al héf’lsfemcﬁ%s Iﬁf query,

function on SEN
the C bit vectt¥e PopgeRts 88500 agfﬁ[ﬂ CEpepg) wordg are det enéﬂﬂﬂrn@"{%e
rel evances forhan thee ingoenatiohnsdutes relevanthmrﬁimrméé;rtd ia&-e

: Pf ?Ir n?}]' glnt s%as b)ﬁ'}%)e;:?ﬁﬁﬁflo & ngelevance of eacthéﬁfe _i)mé)% d§)§y
RELEVANCE[ J] <ccobioind2rhrASEALvifinal relevasces ofif themsowrce o cdsl Heed
on their REFVANCGLta"ds the query. The case of phrase based queries is
preferably handled by generatlng separate data for this query
type.
The preferred implementétion of this process utilizes
four tables containing relevance information. In the
20 following, W is chosen to be somewhat bigger, e.g. 1.0%, than
the number of words that can appear in possible queries; C is
the number of chosen concepts; and S is the number of
information sources in the information domain.
WORD2CONCEPT[] is a table of W vectors of C bits, where the <
25 bits of the vector for a word indicate which of the C
concepts are relevant to that word. CONCEPT2SOURCE[{][] is a
C by S table. For each of the C concepts and S sources, the
corresponding entry of this table contains the relevance
value of that source to that concept. For example, if entry
" 30 <i,j> equals 5, the j-th information source has a relevance
weight of 5 with respect to the i-th concept.
CONCEPT2SOURCE[ ][] is used when searching by words. For
searching by phrases, the table CONCEPT2PHRASE([](] similarly
relates concepts to sources. Finally, DEFAULT~RELEVANCE( ]
35 has a default relevance weight for each of the § information
sources.



return the N npst rel evant sources. - 28

WD 98/ 12881 ' , PCT/ US97/ 17132 One
of skill iwobdissrt will recognize that this process is  PgafcEheEES
routine alterations and enhancenents that perfornms the same functions in
the sane manner. This I nvention includes such routine alterations. 5
This process is preferably inplenented in C++, but can alternatively be

i npl ement ed i n afheppreférrald dmplbmentationrpentarng rtigy Sfulileringnguage.
In the case Qfoasguery router whi ch maintains information on a | arge

nunber, e.g.”, tens of t housands, of information sources, the query router
Is 10 preferably inplenmented as a server process on a server conputer to

Fequi remont & 2? SoLesicll UF LG SHeRhat on e e T "
ui S X y structi :
tabl e %‘F%&% hﬁ\ﬁvﬁﬁcﬁgékel ection of concepts to characterize

the 15 inf dz.mat |Rm.' @ach word iimt €hesuserdguérygeder ni nation of “words
and phrases |1 ke, L0 hfided B agh SURELESy GR' eREore SIEERINg °

foll owi ng acti ons are rases. assoc ed-with

t hat concept or tmmmrohn.h@e@@mzero apfaWes &ME sittaplal hash he string
arrays KEYS[] anceuidiidrdSHal aqaptabieheo ehisvy ESc@éé’.CeS& 'e%éﬁéfdz‘iﬂ OUt

FOR i equals 1t of, el ements in
the previdlsly ugwqhaé]ﬂ‘% fl"b“’%E‘s?‘ ngewu:k 1990, —M@ﬁ-ﬁiﬂh a
nunber between OQ,nd\dﬂi%im—-Wesley Ptﬁl‘:’.lshliagbt:b.nacntptg:tm current

concept in T Se OBHRONGBH W ey to w&@@%@yﬂ-tb the

nunmber of el errents in % he
previously used Hash f%#‘!ﬁ Kgelgvances for all the congepliin (V Lo

nunber between O el M¥levance for thek Lrfdemlitiofbb6lrogs bf perf@&ing:
concept i.p g\l PIIM. These actions are
r epeat ed #3r each chosifF Cbrm atively, concept information can

be stored along with Ift (e-th rbity omﬁbrﬂmtflldr) THENNg either open or closed
hashing, FOR j = 1 to S DO
RELEVANCE[J] = RELEVANCE[j] +
_ CONCEPT2SOURCE({1,3] , g
20 Monotonically increasing function other than "+" can
also be used to combine the individual concept
relevances into a final relevance;
D. Combine the relevances for all the words in the
user query, for example by agding then together.
25 3. In the case of searching by phrases, additicnally do:
A. Concatenate all the words of the user query phrase;
B. Compute the hash function on the phrase and
obtaining M, and set the C bit vector V equal
WORD2CONCEPT [M] ;
30 C. Combine the relevances for all the concepts in V to
the relevance for the information sources by performing:
For i from 0 to C, do:
If (i-th bit of V is ’1’) THEN
FOR j = 1 to S8 DO
35 RELEVANCE{j)] = CONCEPTZPHRASE[i 3)
4. Sort information sources based on their RELEVANCE, and
return the N most relevant sources.
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in order to preserve accurate string to concept matching.

- 29 - 12881
PCT/ US97/ 17‘!%1%1 This section first presents intrSGF87A7132

material on the use of the WL in wappers. Next, the two principal 5
conponents of the V[L - the action | anguage and the regul ar expression

| anguage - are des I.b t ail 1y, an ex I enbodi nent of
the WL is pr® kf¥£ (giﬁméiﬁp@Fqﬁsr§°&8§éFﬁpFﬁgﬁ gggﬁonﬂFﬁfﬁa%ﬁon
source and &munabltﬂtnﬁraﬂtﬂﬂajahﬁeta&dbnwiahdienhhncpnentsutaathOM/to 10

];]gregat Or ?g?gféé%f&#}# I Cl ent%mw% gadthgsggﬂaeiabhousan h&s NetBots

i nformati on sineentiom inglysies SPWWBr°“tﬁﬁﬁeﬁé&?Féﬁ19P§sents tmo

requirenentg: fi rﬁnze%mésssti@ %&eferae&yaxﬁgae&eatbaniaf cam | ghe'r 8&h1 ON
source usi ng a 15 I‘E{){)ESEM at1,0n .enco econd use of

this descrabternativehn s LRt q'te%f &moﬁrgﬁﬁab‘é'a CAFrehiegE~ " for
exanpl e, netbottemtnﬂipxngzmnxngeiangnageto Instheceasedof at qupeysroutet ul

i'nformtion fp g{% BR0End Sk dlon U o 190eC fulilek® LIBOTT Blng o

irrel evant forna on sour ées Békore
functi onal , nth@k&%ﬂ JI°fm*ﬂf°rm§§iqaw§9§§§eﬁnt@h&cﬂﬂ@ﬁy Fouserodsl ex than

sinple reqme%referésﬁp difdrited Haeraefsewe 55 dRdat Bervek

preferably have, t f ol feat descri pti.ons are easy
to wite, easF%Fp?ﬁﬁﬁ ?cﬁ°98?3§éﬁﬁﬁ ﬁ|§¥§9+ TﬁﬁgL atgﬁgabecause
new i nf or mat i structures cmd drhe @mmmgammm&senfsquegysrcuttag.

change their fogel téahs 1RAIdeY tnl %%lib&r %ﬁﬁbkabﬁﬁé can
be automatically, generat |ne ear ni ng techniques 1n
~information dbagins Wk %‘Peﬂ%s‘iﬁﬂ%@s’»%# &wmm ChﬁFéGé"Fé'F-ﬁFnEBe

f ﬁr mat . F'ZXuzéﬂ'ﬁﬂﬁﬁm d@asairptduf) rtxﬂf&e?smlalnddweg deterfinatidh ae wo::as
ransm 1 ed f RO BRERSeR LERELY (ke Hiitus! i wbeth RISl | Eor ey bver a
sl ow net wor k conuept;obhe(ﬁmllmndngracﬁibnsﬁananﬂanﬁonme@nce@heawordppayd
their own wapRerSeQNakEddfsted with that concept or to which the concept
relates are assigned to the string arrays KEYS[] and
20 PHRASES[]. Then the following process is carried out.

FOR i equals 1 to the number of elements in KEYS{], DO
Apply the previously used hash function to KEYS[i)
to obtain a number between 0 and W

25 SET the bit-matching'the current concept in
WORD2CONCEPT{M] .
FOR j equals 1 to the number of elements in PHRASES([],
0o _ .
Apply the previocusly used hash function to KEYS(i}
30 to obtain a number between 0 and W
SET the bit matching the current concept in

WORD2CONCEPT[M] .

These actions are repeated for each chosen concept.

35 Alternatively, concept information can be stored along with
the string information, using either open or closed hashing,
in order to preserve accurate string to concept matching.
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PCT/ US97/ 17132 3) WDL description$ can' be automatically conpiled
into fast wooedrizsss e state automata that quickly parse the irdTwsyanre
returned by information sources. 4) Using wappers with WOL permts
netbots to adapt to new 5 types of information formats and new types of
I nformati on server interactions in the future. The wr apper
description preferably specifies.at |east t wo processes: first,

requesting information fsr magn._ ] _how to.fetch
the appropriate HTM. 10 “f0rnmattee——F . qrd-second, how to
par se ret ur n@iipagestionefiratt preselms emttoMryr anqjmﬁn]mdrh &he

_f| rst procesg tofietl@-wb?.ciﬂdﬁé é?eégt | Oﬁekémgtﬁgetﬁ@wop perfovvhl chis

an extenS|bIe anguage of expressStons an tat ene rmthe
second prckéwpomabme i KaeyWBEL -1the acklen,langhage;apd e regular
conponent, iﬁ?o&nlanguaébensare aggdcrinea ﬂﬁaaat&ilsffﬂaﬂa%nyg Ta@gul ar
expressi on ern ¢hin c alternative
|nplenentat| SFg%E i P ? the hsglfﬁrﬁﬁf?ﬁﬁtﬁgttern mat chi ng

facilities knownu orapper &5 a’2@eskriiptiont b€ ant informatbom|squntde amyyul ar
expressi on “é’q’?%‘i-{i:%'% sﬁB d 'Elﬁt&ﬁ-ﬁlcﬁcf‘:@!tw e aiﬁoﬁif'é%cﬁiff ,{ﬁ;{g@ge

speC|f|cat|on IS case enent afl can
fol | ow t ebhnfoERAt M‘Fsﬂ’-&r too st PR Pﬂnﬁ 5p upAgretand regpomses fron o
exanpl e YACG t HowaitBotsivieed ms1nlcb&act25fmgmént1yxwienshmdms etton

mat ching i s pref red becau ai ghtf eci tion and
Tapi d execu by csabHE SE fMrormatinh RakRedoh g HALERTO ML |
Regul ar exprm&mci:iame presemtsg dves requitementsinfirst, compachsteragéc
i nformation 6?%”&&'%1:5{;%%}&?% ‘o UriFdrdtion sBAKEECEsiAgear cOUl ar

expreSS|on conponent nments priqr ular expreSS|on

mat chi ng +&cFePresantation encaded j-H’o e Mﬂer“?d Fr’F i, BSB P
progranmn ng desci'iplgwxgetd amddrstand fthehdnformatibangoagee. €. gur:sent]anpnt s

Fecoon ze0 RO vPFHREe; MEEIRHE Gecd b 'SiaY SLHeELS' €6° BarPrEPe 2ne
r ecogni zed dupupgrsmeusgﬁnkuinﬁqmmgpiqn<ﬁrom the pages returned by th
source while ignoring irrelevant formatting information. As
20 information sources become more functional, netbots will need
to process interactions more complex than simple request-
response pairs.. Therefore, wrappers and the WDL preferably
have the following features:
1) WDL descr‘ptlons are easy to write, easier than, for
25 example, in C++. This is important because new information
sources are created frequently and existing services change
their format frequently. Optionally, wrapper descriptions
can be automatically generated using machine learning
techniques in information domains where responses have a
30 reqular, predetermined format.
2) Wrapper description are small. This is important so
they can, for example, be stored locally in a database or
quickly transmitted from a server to a netbot running in a
client, even over a slow network connection. Optionally,
35 information sources can supply their own wrappers on request.
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PCT/ US97/ 17433 Second, the ‘preferred-inpl enentation corﬁlﬂ. % “?gil ar
12881
expressions 1 nto conpact and efficient finite state automata. 16397

encourages the efficient and intuitive expression of conpl ex regul ar
expression in a nested manner. And 5 fourth, it possesses an efficient

backtrack-fre pad%ﬂg escrﬂ?é:.otrﬁé can e auéﬁmgéggghg‘%yc%gﬁffga %RJ:%O ast

which is suita Ie for an _net rrratlon sear
witten in théi\mn;e state: agxtgmaﬁaacaam &11684!! parspoﬁhesleimahm| n
comments, 10 whitalrridd K inferdation soburcead " /* A list of

i nput ‘query words is passed to the a egation -
engi ne, which 4k e g ¥rappers with Q&iﬁ?ﬁ&“#ﬁr nFﬁB&ﬁfB%%& 2Bk SeumeE.
The argv() fmmpém df5 informatiidre foxtuats andgnage typesaofsinformatidént he

I nput g%g; ds = argv(2); - /*
The request to se%&%ﬁ‘u{io ormat %oﬁ%ce s 20 cal cul at ed by
concat enati ng, indi%he evg:quqmélescription preferabdy spechfiestabtnleast

Ia]pguagte thr e@a&%@é@séé-r 'ﬁ]g:fsril:, reqtue.-.lt%h% J.h'f%rhﬁ!:ibﬂtefrbﬁl—aﬁddf ess of
i nformati on sopr e initia er strin

query wor ds to’L'j f"manti%’éaﬁwc%{n(f‘t%r'e@ oW %&.9 Féﬁﬁ?‘nggF BpPP Fﬂgfﬁﬁgoyﬂhgﬁmat
25 string fmattedlpigﬁ Moma source; and second, how$tol parse

"http://sear cg %%;ggg Wr&}f‘xfg&.grt%‘y?e‘iﬁvant data. To perform the

$keywor ds . action state
this query thef@c'ﬁt Pr¢¢9$mcﬁh%m inalpsias @amAsHien danguage: AeRPoReRt,

for thﬁhtﬂﬁﬂiéOiﬁﬁéﬁﬁﬁhéiﬁlﬁﬂlﬁhgdiée of exprégadens anfiet ch(O
1 dii ng rEbprepenst ol el PLIRUOES JecSl Re doRk}, | BpfhDEd RL00el ™
($page, <pagd@>d;regular expression language component, which is an
extensive and novel means of specifying regular expression
pattern matching facilities.
In alternative 1mplementat1ons, netbots can utilize
alternative pattern matching facilities known to those of
20 skill in the art. For example, the regular expression
component could be replaced with a context free language
specification ("CFLY). In this case, implementation of the
WDL can follow techniques known for construction of compiler
compilers, for example YACC. However, where possible,
25 regular expression pattern matching is preferred because of
its straightforward specification and rapid execution.

e Of The Reqular Expression Compone
Regular expressions are édvantagecus for describing the

30 format of the information returned from many information

sources. The regular expression component of the WDL

augments prior regular expression matching facilities in

several novel manners. First, it permits programming

language facilities of the action language, e.g. statements
35 and expressions, to be executed when regular expressions are

recognized and with variable bindings as determined by

partial matches recognized during the overall recognition.
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PCT/ US97/ 17132 /* An response:*fromthis exenplary source .
consi sts owo®»s/12881 page containing Zero or nore infornatt Qﬁﬁﬁﬁn Thi s
S hi erarchically described in the regular expression

| anguage by expressions for <page> and <itenp, where 5 <page> refers
to <itenps. In particular, a page I ncl udes a chunk of text

fol l owed by gdgord, it g&:@%@&&a -mplemeh@ﬁ'&?.?ﬂdcomp 1%&%% 3 dwed by zero

t * | ked
Or TS 1 e prdaations intePAlgpct aR edrinient Finlta totn SitIL of
i rrel evant t'E!xi:d,HﬁM_encourageson:hetblflf@c&&dtsandnﬂntei'eﬂwatexb&ébéidﬁCls

;rnger red to seq%il a'fjwll 0@&&@&3&@ gﬁeghhgsggéeﬂ;méﬂ el d al ong

with the nBnfRRrtdno rmsmsgeﬁ an gffigient backtrapkrfree padding'
statenment of gddg) Jon | anguage is execut ed upon recognition of an
<itemr. The particul ar meani ng Qf. the d f|n|t|on of <itenr will

becone apparent AR eXemplary,yrappersiollgys whigh is suitable fer .an
stuff ' <hr>' Isterfret seareh-'engine and is written in thd Mpif f)

E;taEF;T,;/fThésﬁi&ﬁffiéﬂﬂﬁé of each portiqp is exP1?§6£H$$n géﬁﬂ%ﬁﬁ%ze_'

} END
25 10 which maxre jsunyoyndedrbyN "ojl'!'*rﬁed\/\t}E/@:mvmeNTs This |
section describes the preferred features of the - action |anguage and the
regul ar expressiop, c onents .of the WDL. Thi,s invention js not |limted
to the descriptio&%‘ggBH$% JIPUtyauery, ¥oras, is,pasqs tﬂsth
nmet hods for defron hthey aggregatdon rerigitieng whdghl ds expcatinQHSheand one

of skill in the piaghdl £GCOHY Anedilat iG] ool ine aslbY BhhaLidn

equi val ent descrl Such equi va esCri ptions
not limté& to, SEP?eﬁﬁﬂ%qquf§¥99§iﬂnq¥§¥§ﬁﬁﬁgatHé“&egﬁrﬁbéd&§9%¥act|c
el enents or fron1quenpphmnng leyown grammatical transformations to the

present ed {Skeywords =  argv(2); - 33 -

/* The request to be sent to the information source is
20 calculated by concatenating, indicated by the "."
operator of the action language, three separate strings:
one,_the Internet URL address of infqrmation source and
the initial query;format string; two, the query words to
search; and three, the remainder of the query format
.28 string for this information source; and */
surl = "http: //searcher.source.con/searcher.cgi?query
=" ., $keywords . "&onlyrr=o0";

/* The fetch action statement transfers this query the
30 I/0 module for network transmission, and then waits for

the HTML formatted response. */

Spage = fetch (0, $url,’’);

. /* The HTML formatted response text is parsed using the

3s following regular expression grammar. */}
$result = parse ($page, <page>); }

- 32 -
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syntax. Thi on conpr ehends al so these substantially e U|valent
descripti ong’dg%%#he Acti on Language Component 5 The a i age
includes certain preferred base- | evel features: an assignnment statenent;
sequenci ng statenments such as "if" and "while" constructs; a tuple

out put statenment; string and numeric expressions; string, nuneric, and
bool ean operators /&ndnc xespppsiuifrem this exemplary. S¢mrml¢ottsismpamerd

tegwt Cgfgn?f szlr(rlalnlt [ pagbh%@thlnlhbahle??bagembﬁﬁekgonstar)ﬂjé% ed w E gr’rl g st Ilys
di ff erent ch0|ce§iﬁFaF%§9 chigﬁé g“ gﬂ% b PR %n%ﬁﬂﬁﬂﬁﬁlqRUIbe
replaced by a goLolaJngtxalmby eﬁb&e&ehbﬁa Eaﬁgupﬂ@esomndﬁeﬁﬁ ﬁihé:@ S

i nvention cquprehe q ons of the

semanti cs discl ose%gglg% %&g@gﬂt«a Q&é?@% ﬁbgﬁ%%t& T i Fﬁﬂqﬁ erred.
base-| evel featureénﬁ%RGGS Eecaug#enﬁe&exttﬁOE&Q“edthttkﬁnﬁtﬁinglﬂnasut;s

addi ti onal sequgakhitgedt. at, @rIE&hénS!shlaﬁede{r zE8Fo0 'SEMfGte 1tAARS: 4per
20 defined functions; addltlonal %&g% r|c and nglean
foa‘ﬁﬁ“

expressi ons and opélp s *$lch as ﬁscrﬁf' ranked B¥nhal
built-in functions; and array var kdltlems. * ENDh addi tional features can
be added t &rmepreferred base-| evel | anguage i n known manners. See,
e.g., Aho et al., 1986, 25 Conpilers Principles, Techniques. and Tools,
Addi son Wesl ey oo Eash A§emo consists ofhérrehewantftext, FFB¥er r ed

base-level action |syigsagn da‘él% ,VandD¥ellBOaht! 4akh NBidIdEaITIRX P €Ssed
in a standard nOt%Eﬁ%&t ata fleI%s are enclosed in.parentheses and
referred to sequentially by $0, $1, and $2. These
35 fields, along with the number 500, are output as a tuple
when the "output" statement of the action language is
executed upon recognition of an <item>. The particular
meaning of the definition of <item> will become apparent
in the next section. #*/

20
<item> ::= stuff ’<hr>’ stuff ’<center><b><a href="’
(stuff) ’"’ stuff />’ (stuff) ’<ja>’
stuff ’<font size=-1>’ (stuff) ’</font>’
{ output ($0,. $1, $2, 500); } END '
25 '

5.5.1. ESCRI ON_OF THE L_COMPO:

This section describes the preferred features of the
action language and the regular expression components of the
WDL. This invention is not limited to the descriptions

30 presented. These descriptions make use of known methods for
describing grammars, including regular expressions, and one
of skill in the art will recognize that there are many
substantially equivalent descriptions. Such equivalent
descriptions include, but are not limited to, those resulting

35 from renaming the described syntactic elements or from
applying known grammatical transformations to the presented
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PCT/ US97/ 17132 Statenent ::= ‘$Vari-abl eNane "=" EXpr essi on 'i; "
"if" Expreaognaggiat enent ["el se" Statenent | "whi | E:Tl%ﬁ’f
Statenent 5 " {" Statenent* "}" | "output” "(" [ Expressmn
{","Expression }* ] ")" ";" Expression ::= ' string-constant 10
| fl oat-constant " $vari abl eNarre EXpI’eSSI on op EXpI’eSSI on
"o Expre55| s ssion
1 ") é}fhtax) %‘hls eL%{é guaeg% sco*&)onen{fe ’13:} erns
of staterrent §%aé£ﬂﬁe§§§6ﬁ§9t#§$atenent can be: an a55|gnrrent
statenent, which assigns a new value to a scalar variable; an if

statenent; a;;ﬂl I!ell oopE a co%oand 20 statenment, which is a sequence of
ot her state }"; or an output statement. Except
for the Sut put Theaetdon, lahguageat inebtdes ucetrtain i préferradmbaguer

as in other é}ﬁd r 9ge or Pascal .
For the if an |:E§%1§P%g?reﬁmggﬁéﬂﬂgi+g ? on&P&}% ec&;%x?ﬁ % consi dered
true i f it | Statements sysbzaso"ifiband "while® n@@namcbsr iamduplee. | not
thfe errpty st rdmgp't'" stE't%mentQEeﬂnQ]E aﬁ&nsﬁﬁeﬁﬂ]; CdRpReds SOWNE] é&tl ﬁrn

i nfornmation mat.ch in onses fr or spurce to the

net bot nodul J"‘E’}&F&ﬁ'l rﬁ'dt Hg @Faﬁps erg g?rﬁk $ °e$%£’&&’ Yol he

st at ement .10 ciunqetticre.g It will begapparentiste theseupfeska.lk.a:txg the .art
arg n> to be ¢ é”i‘%éer- %&ea%iaﬂeiahguéag of 3&69’9%% ent S?emantéﬂ:

expression can a string constant s a F o |
sur rounded bye’EPRﬁ%ﬁlr"(ﬁﬁ ﬁh&&l@&,’f san| ba: cApshEnatedswithbelightly dififerente,

which is a nagRoifesiiof HedRlres. PFogcdREmpYe? €RE! WhiléJPta€émén¥ ican be
operator appléé%&aceé‘%% a goto statement. The action languggg companent
15 of this invention comprenends such known aquivalent
formulations of the semantics disclosed. Further, in
optional embodiments, the preferred base-level features can
be augmented with such additional features as: additional
séquencing statements such as "for" or “repeat" loops; user
20 defined functions; additional string, numeric, and boolean
expressions and opérators such as are found in C or C++;
additional built-in functions; and array variables. Such
additional features can be added to the preferred base-level
language in known manners. See, é.g., Aho et al., 1986,

25 Compilers Principles, Techniques, and Tools, Addison Wesley
Publishing Co.

The syntax of the preferred base-level action language

is given by the following grammar expressed in a standard
notation.

35
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surroundlnqwawg pressions; a sub-expression, which is enﬁbfﬁﬁgni C("

and ")"; acall to a built-in function. Furt her, e lang

provi des operators standard in procedural progranmm ng | anguages,

including the following: 5 arithmetic operators ("+", "-",6 "*", "[");
numeri ¢ conpari son operators ("<" B "<:", ">_", "1=") ; string
conpari son opSkatement ii= "eq", . "gt", "le", "ge" e"); a string
concat enati on opergy&ridble ﬁam@n&-b(m&ﬁeéhsmﬁ{ at-ours (" &&" "| | ™, "!")
These operators haye, ol | owm n senmant.i

performthe indi catYed g %mt?%l%bé?’o%ﬁ‘?wm "els(?n tﬁ?@%ndl ng
expre55|ons 2) 1 “whileﬂnﬁ&pxnsﬁxnnrﬁtansmenandlng strings; 3) ==,
<=, >=, <, g, peth O gk ed nuneric 15 conparison of the
surroundrng nunbers &d %E&%#ﬁ??ﬁ?iﬁ%ﬁ floating point values 0.0 or 1.0
accordi ngly; Bautpet” oB(" 1§ Expresaion it Expnassiondi}¢aded) " ;"
character-by- character conpari son of the ASCI| codes of t he
surroundi ng SEFIH s _and return the floating point 20 values 0.0 or 1.0

accordi ngly;

XPEPSSIPN. 21/t urn 1 if argunent is the nunbér O or the string
, otherw se retushrmng-coﬁstanﬂ&_ evaluate the first argunent, if the

first argu flohf-&6hSe&ht” "+ stop and return that value, else 25
eval uate the seconé argupent an return the latter val ue; 7)

|| : evaluate the #i PYBTA3BLMARe if first argument is nei t her zero
nor "", stop and r¢t gikpréSsionbpECExpression medi ately; el se evaluate the
second ar gument anq 2 return fﬁ@ | atter val ue. These operators
have the fol I owing'pr ceﬁﬁﬁf@s§n°%r r from  highest to | owest: 1.

any expressi on i nsijdfupationianes” (Mi [jhExpressionlcfftNExpression )& 35“3" +,
18 == <= >=, <, >, 1= ne, eq, le, It gt, ge 5. !
(boolean not ) 36
Thus, the action language component is defined in terms

of statements and expressions. A statement can be: an
assignment statement, which assigns a new value to a scalar
variable; an if statement; a while loop; a compound
20 statement, which is a sequence of other statements enclosed
by "{" and "}"; or an output statement. Except for the
output statement, the statements function in the same manner
as in other procedural programming languages, e€.g., C, C++,
or Pascal. For the if and while statements, the conditional
25 argument is considered true if it is either a non-~zero number
or a non-null string, i.e., not the empty string "". The
OUTPUT statement allows a wrapper to return information
matched in responses fror the information source to the
netbot module executing the wrapper. For example, executing
30 the statement "“output (arg_1, ..., arg _n)" causes the tuple
<arg_1l, ..., arg_n> to be returned from the wrapper to the
netbot.
An expression can be: a string constant, which is a
symbol string surrounded by quotation marks; a floating point
35 number; a variable name, which is a name or an integer
preceded by a dollar sign; an infix operator applied to two
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&% (bool ean and) 7. Il (boolean or) (lowest precedence) Al . §
oper at or s Wwodshsdsi - associ ati ve. No variabl e decl aratp sPhgdaeeded.
First, all 5var|ables in the action | anguage are distingui shed by being
preceded by a "$". Those special variable denoting sub- strings matched
by regul ar expression consist of a "$"  followed by an integer, e.g., $0
ord$f1|. Se_condur&buha&ngi mb-expuéesﬁbhs, tawe?slm, ketieneRsst ri ng

an oati ng nam c an.oper at or ects a
number  but eg’gtlgts& é df ‘Z)X q %%f#ve% & A &3 . :

calling the C i bFaryhﬁuncthenlanQﬁQQe ptmtid-mpana:drlse sta&ﬁ@rﬂ in
representati g%%gﬁ:&'i”? i-%ﬂih%sla é@é@%& iﬁéﬂﬁi indd Thd 1lowing:

represent atl t?g Ftor expects tring argunent but ge
nunber, it Su@gdthmetdc PBPEF?}W-'S Ukt '(Sh"ep'FT f't/"); npmenic &FJ‘WGFPSPD to
a string. Th|dp¢ratorsef(eker;ced"yaﬂ>abl eg=t NaN>Lmy o grmt) jy&trigRpn assi gned

anguage compBRERELeh ERoRREPPRL MRty » 0BV LA Lo Ten . "m0 PR T 8

preferred bastringlcopgatenation pperatons("."); and ]:)oolargc:(@gra&cg-s()
when a net bot wpgacul s‘..a W!aﬁlger‘rhese' ERELBES Sk ﬁﬁémld%}ﬁgo m)re
argunents. These Usu epr eésent qﬂery par anmet ers, query words,

query keywd M“éﬁﬁpl ied by the user. These argunents are accessed from

within the wimpper,l anguggy hky peltoknntheoifidicgtéd avitmietic ropedatidnme
nunber of argument%%ses%%r%%uhgﬁggr%%?geﬁﬁggﬂmcargv(n) whi ch returns

the n-th argunent tion preferably
i nterfaces wiah 30 theacatenatecthe snunonnding sstringsiont ai ning the

network  adfessebf Q) iyaf OITELI ON=SQUEEPFaPH Ofé ARPLCHUEY Ml TR e S
over a networkK to the a dressed L Af or mat T on . sour ce accor di ng to the

proper protbcol , AFERaRIRGTs of e ﬁ&rESHPQF-HFnB“’P?@’s and, 7R he
i nf ormat i on sour cef 1dMtape pointe vallues3d.buset Lo0 dccop®inglyf or mati on

d | I Thi
Function taked SRR ey Jy g be FOPREESRR (AP LARQIIERT] T2 70 ThI ¢

expr essi on character-by-character compagison of the ASCII codes of
the surrounding strings and return the floating, point
20 values 0.0 or 1.0 accordingly; .

5) ! ¢+ return 1 if argument is the number 0 or the string
"", otherwise return 0;

6) && 3 evaluate the first argument, if the first argument
is zero or ¥", stop and return that value, else

25 evaluate the second argument and return the latter
value;
7) || : evaluate the first argument, if first argument is

neither zero nor "", stop and return that value
immediately; else evaluate the second argument and
30 return the latter value.
These operators have the following precédence in order from
highest to lowest:
1. any expression inside parentheses (highest precedence)
2. *,/
35 3. +, -, .
4. ==, <=, >=, <, >, l=, ne, eq, le, 1t, gt, ge
5. ! (boolean not)
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corr espondi ﬁ@p gi ven <nonteim nal > as defined by the r
expressi on :%g?lgﬁége conponent of the WDL. This function ret{u‘lr"ﬁg&’i"qu

the match was successful, or "0" if the string did not match the regul ar -
expression. Wappers 5 use this function to parse the response of an

I nformati on source. An exenpl ary w apper includes the follow ng
sequence of Get i Ob& | athprgarst@@dPnents. First is a series of statenents

using argc() apd argy() g&l(ggrpld})t ngu,gg& BEEE:&dBﬁE:@ ters 10 and to
|n|t|aI|zeastr|n$%ﬁvar|able rl%l.f W ring containing the
URL of the apphd t-asspedp YPon source together with an

appropriately for Mo echnahjm@ec]]&tatiohbeaaesngéaaat SFireepnall

stri ng 15 vari B ERbhes B ighe, AR daldfalH, el BIBRIAGRBRHEA' By balng "

par se($ht m _t eprecpded by & "&bt s ‘mmmspbcﬂhé vardabdd Henbtingt sub-vm t h

the regular eXE{:fi;ﬁ?thaécEl?éae%g a1 o3 3apragR LA consIBUIBE RO6En 20
elipy

The Regul ar on Lan e _reqgular expression &
conponent of t by eﬁq”l'ngsgagaﬁﬂs?rr &dul aPeERpdesyd oﬁBn Fllnﬁas

]E)een ; ound ahabmaeml type quraRisitms3l beeweuan sertingo aﬂdsﬁlbgﬁihﬁepoint
ormat o 0] r J of sSour ces
Lonouer ¢ nEOPEVBES, " £ AONE dVilBaF T 3R08n bpeBbRbl Rl BaoER ROHRRRR:
thi's informati bnts@etaaa suinga.ntttta Staring wanowecxedatped humbenoby
rapid and m)recﬁi?ﬂwlﬁe' Lﬁrar y fuiiticaN akbeqy , '%&Eﬁgé fﬁgiltéyéh&ms

such as AWK or _Per The re expressi on corrpqnen I NC es novel

facilities 30 PRGEL SEERECTREAIAN OF vnumber; dnte, At Agtersadns, and
t her eby, perm floasiugepbjmt\eztépnesentation. AT ani operatofaekpetysahl ows

t he specificat S| 0 e N0 in a
rmnner | S8 kPRI aroudGitl e HES S Aikbell, B8 WeBEORnbTeo1RbEREY . T
35 by a set of fmpﬁsonospnmfeem N1 ¥")n tzme:ogwmrit $oca stripgg. K Th| det

al ., 1986, @”Ebhéfénséﬁnﬁéﬁﬁles'" At HRe n@%dyet beedl Sssﬁﬁbﬁoaﬂé‘é§éﬁy
PubllshlngCO ecgtion 4. 2.

Wit | n
38 - §P§2 ggault values 0 &' q"', as appropria.te. PCT/ US97/ 17132
The action language component has several built-in

20 functions. The following are preferred base-level built-in
functions.

1) | arge(), argv(): when a netbot executes a wrapper,
it can pass the wrapper one or more arguments. These usually
répresent query parameters, query words, or query keywords

25 supplied by the user. These arquments are accessed from-
within the wrapper language by the functions argc(), which
returns the number of arquments passed to the wrapper, and
argv(n), which returns the n-th argument.

2) fetch(): This function preferably interfaces with

30 the I/0 module to transfer a string containing the network
address of an information source and perhaps query parameters
‘over a network to the addressed information source according
to the proper protocol, and returns a string containing the
response of the information source. Wrappers use this

35 function to query information sources and retrieve pages.

3) parse (<string>,<nonterminal>): This function takes
a string and attempts to match it to the regular expression

- 37 -



single regul ar expression to represent the format of a page from an

I nformati on source, as is required in prtor systens, often results in a.
very | ar geycrogh28sanber sone expressi on, one which is diffipetaidsotndsite,
understand, and maintain. To 5 solve this problem of existing systens, the

reg- exp comnponent specifies a regular expression by a set of rules for
conponents of the regular expression. These conponents are | abel ed by
nont er m nal orf@ipeRaingn teom.heaa;twba <noﬁ€8fﬂ%ﬁai$§ea§rméii py@neet - of

rules in the reg-éexp 10 on nt are not all d ve or

it ual | y- 1 oREIAF. xpy 2GengopPRSRE  of “tng kL

nont er m nal mmumtordrrre@urlnp ('!rl"i i |thet mptehf wast successtul ; westothiidh
refer to th ?@ke h Q%&Eﬁ es the
use of a se ét}ll g@ anéi] non erm rl?a Segu%\a-fr S’q%’g\%% i\%lg%t erm %!ré
defining ah uselﬁhkﬁwﬁﬂﬂ cme§§bm@gieaﬁh§eresponse of an

<head> <it enggurdeél | > END. whi ch specifies that the response is a page

t f head II d b iten fall d
LT 20 The Koy FaemmIsRy. WaRpas, dnstydse Ehe, ol Touknd addfitned & ...
nonterninaIsaétnﬁﬁmiangﬂugdusthtnmtnﬁg RHF{xstf ishasseries| ef stataments
<item, d < def d>
< e, 209 fhd IS A ) i elo¥\83r query perepecslie?
\n" ENEP and £o initialdzg |a string vagiableo Pe§u|-t§vﬁl ENiEh 2 19

execut e thesetfmg%oﬁmﬂmg%mwterﬁrxeswzatespagéu attesei nto the
RHG of <pagez

h | f head Th
result is as*P °ﬂ§'_%%p$%“r€%r€ esg}%dd[q}:al%:ra??rob%ngt Rg%;%gé%es?te ©
top-level ruffeery. Next, the gssignment staﬁ%nanﬁ:§$Otm9gﬂﬁx§ear§ﬁt¢h"

(" Dat a: ($url)" fetches thecﬁ$éf#3reé gk?%ﬁkhsh tﬁ@? striagt he
nonte

second-| evel cont al ne m-nal heir RHSs t he

conpi | er Mul’érééﬁ%?nu% Fuki PRtBhOFEHRY | at%i’l‘?a‘-]é’ubé:ﬁec L’;H“&Fré°&nt| | there are

no nore nont @&ﬂ‘hé%ﬁtﬁn tégt Rffage> pf at benpiues iatchulthel retulrae@ontihkyvel
rul e. Becaus

98/ 12881 e xL Eh the regular expression, pﬁgﬁfusaqy%gﬁg?scribe¥[¥he

sought page.

20 e Reqular ressi Lan

The regular expression ("reg-exp") component of the WDL
matches strings against regular expressions. It has been
found that regular expressions are convenient to describe the
format of responses returned from a wide range of informatiom

25 sources. However, the reg-exp language of this invention is
capable of matching this information so that relevant fields
can be extracted in a more rapid and more convenient manner
than can prior languages and systems, such as AWK or Perl.
The regular expression component includes novel facilities

30 that solve the problems with prior matching systems, and
thereby, permit its use by netbots.

A first novel facility allows the specification of
regular expressions to be broken into pieces in a manner
similar to a context-free grammar, which specifies a language

35 by a set of rules for nonterminals in the grammar. See,

e.g., Aho et al., 1986, Compilers Principles, Techniques, and
Tools, Addison Wesley Publishing Co., section 4.2. Writing a
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| ack of recursion or nutual recursion,,this substitution t er m nat es.

A second nowebogmraskity permts skipping groups of characte I ng
wi t hout backtracking. In prior 5 regular expression natching g???é%?ﬁqﬁ1

gui te common requirenent is inplenented in a manner that requires the
storage of many backtracking points on a stack and can Iead to extensive
backtracki ng. For exanple, the prior art Perl idiom".*" which natches
.any nunber of S&RgLPeRegylar amreasMrmtmpr@enme:merﬁommmf R peje d,

whi ch mat ches grbm anoRndbghatbarS66LEs, Uk t0s téﬁ;&ixreﬁ ﬁpiriﬂ'b‘i“%&‘rs%mé

et 1 ci ont andReT BPEPAFGED. ScTHEE. 14wk AR GHimbebRsne, exPrensipn, bone

rapidly parsedwhisbeisedgffinhhhrtq wiDes, unﬁarstqnduid%aﬂmarﬁtaih||yT&

Associ at e n h r e

coﬁpohentslnérggaggsegﬁg Zobiﬁm é¥igﬁfhgwﬁigééﬂ 8 XEBFBRPSnt

stuff "literal smepilﬁées a m@barsexpresséora by semeki Qﬁ)ﬂ:dlle%t &bt i s

defined to mat ebmﬁenahhscbﬁrﬁﬁéefégﬂ&fné 81! %@s@c%hpt IAQ,,&Q ng
e

not i ncl udi g ﬁ ﬁ Llrst ccu q& t he strln strin
whi ch must be ; betfig |P8 IRt Qﬂq99ﬁ¥§§tbﬁﬁpact
efficient, backenkektf-free grammazsmntha|sntcﬁftﬂukesxﬂnﬂmnea&é g-arpr t ant
i diom 25 14 AchBbhEnBOXEb ﬁ@f'iiidw@é'@é{"sbé ki fialg fields to be

extracted from ar gltrarl % | ex regul ar expressi ons. Action | anguage
statenents can®BEuaii¥gyeqursi Yﬁe s okher wordsy &he gmler Sorerecuti on

vvnenev?r E hat aﬁggémaﬁl nbﬁtermmér f‘@éh:%@fd!{:iél%ﬂ@e dtfarmafikﬁc'&hgdkﬁﬁér to
current at eac oGeurr 0 at_nont erm nal e case
of the prelFBEE 5§£ §R£$h r%£§$m¥ r%ﬂ??(ﬁa:SQ rcaenterminaldy ended
as foll ows: The|f9h$°wing ©cenplif bdsifthe 'Uuse' of auisett c$0rulesEARS
henever < ASTHohSaERAAEH, S8 L otiui? ABRGhiA Wity i 1) ST "

t he parent hesi he outgut st at enent execu In this

h
case, $0 gets EBE RHaF%%EPnﬁ d?%%t?ﬁs follomed 'Data: " and

preceded the new i ne chakpayes. t= <head> <item>* <tail> END. - 40 -
WO 98/ 12881 RPCT/ US97/ 17132

Prior systens, PtheigechiﬁﬁWFgﬁﬁ the respenas ihd aQEUEﬁnélﬁgépﬁlPﬁ a
Al t hough they beadet foggpugﬂelgy zexd o Wire items, followed by a tail.

20 The keyword "END" denctes the end of a rule. The second-~
level nonterminals on the right-hand side ("RHS") of this
rule, <head>, <item>, and <tail> ‘are defined by their own

rules:
<head> ::= "Results of your search:\n" END;
25 <item> ::= "Data: ...\n" END;
<tail> ::= "No more results\n" END.

To execute these rules, the reg-exp component compiler

substitutes into the RHS5 of <page> the RHSs of the rules for

<héad>, <item>, and <tail>. The result is as if the wrapper
30 contained the large, cumbersome composite top-level rule:

<page> ::= "Results of your search:\n" ("Data:
eee\n")* "No more results\n" END

If the second-level rules had contained further nonterminals:

on their RHSs, the compiler would continue making appropriate
35 substitutions until there are no more nonterminals on the RHS

of the composite rule for the top~level rule. Because of the
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$1, etc., they do so only after matching the single conposite regul ar
expressi on defining <page>. In order words, t'he 5 entire page is matched

bef ore vaw$t/r2881are set. Therefore, in AWK and Perl|, i ®CTUSS®IT32 nor e
than one <itenr on the <page>, the relevant data fields in all but the
| ast <itenp are lost. The reg-exp conponent of the WDL solves this

probl em by all ow ng specification of actions that are 10 executed nmultiple

times, once yac %&C'&e&%&%ﬁl 82 miBhal, recui-sion] M Huparitaidiondi ndi ngs
each time. Turning now to the description of the reg-exp |anguage,
it includes ‘ieé?"tiéﬁ’r"eﬁr'ef erred base-level features: definition of

nont er m nal regulparse@qmemwensfaem&ﬂmpgrnttsoskimggrdlfpstqﬂ enents in
regul ar expr a° r al t d¥ and
repetition; %‘?\#q% er al §l’st r ?%th %:Lizﬁhut Pgéﬂf'féik%parﬁl to those of
skill in th@%gulamaxpre%iemmmnﬁa%smméb this capite RARARN of

equi val ent PPt q.@ﬁﬁtiﬂ'eﬁén%ﬁﬂ' ihi aSmaAfleP cthdd Skdqeires vitd a 20

slightly different choice o r and.the reg-e

conponent ofs'?‘PFéa%Lrg) %’?ﬁf c%g'PP 8 °“eﬁu?€%‘lﬂe %@%%Qelead
particul ar, tdsleexmﬁqa | ot kdocp r elrem-dexampie; i 'ehéeprimamr@sl’%mti
known grannat 4 rans EobUhES In
opt i onal enbb%f nt sﬁ %t ﬁ;eﬂ pra;{efﬂear%r%g&sb g b%f%rge{s:?cg% %@8%%) ment ed W th
such addi 10 opbarackexy cr fhe &’eﬁ;eé%cm " (AN NSy i Which patches allijon

for an arbi tﬁéﬁé‘diﬂi@%iaractéﬁﬁ Qp rtﬂ: ttheC lFdrat! ebcni:ﬁenee ofogadligit ng
nmenory; and anc

ori act.er addl es ndar d
30 with the ERBeHRYTR %’?t?'}é{ cjﬁ ttﬁ%f Eﬁlﬁg {égﬁs es‘ilflfs %é
listed alterineffikcient bmdrmqmmsﬁmmawe@iﬂcp é,gfpmatlost responses

parsed, the Lhbaidabb kagidiY gardi o S NG.g. Sehuabeg, h.§9§9”i.é§§f;1n§he
regul ar disj unc I on al ter natl e in.the sequence
backt r ackit&gPerdy | O5ReiL1Y: ok AFSOGIALRE, ﬂ*@'add’l%é‘l Treatfr §918§n

added to gbebhaﬁ(? tBé cheySag AgSmpINAITO Vim tFvauTes. sSan.eeagd direct
Schwartz, 1993

a1 - &2k ngsggfsréam%ﬁeiéiah.& Associ ates, |nc.

PCT/U897/17132 Ahgtuffal'litensb-sting ers Principles. Techniques. and -
Tool s, Addi sQme¥es '"Qqu!N ig8hangesbrvedopsr®f t stufd is defineadtet matcho
Automat a Eﬂ?%ﬁﬁ.chig c rs f%gg erUtatent 'character, up to but not
including, the first occurrence of the string
"}jteral-string," which must be a string literal. This
construct allows a compact, efficient, backtrack—-free
implementation of this common and important idiom.
25 A third novel facility allows relevant data fields to be
extracted from arbitrarily complex regular expressions.
Action language statements can be embedded in the RHS of a
nonterminal for execution whenever that nonterminal is
matched and with the variable bindings current at each
30 occurrence of a match of that nonterminal. 1In the case of
the previous example, the definition for <item> can be
extended as follows:
<item> :3= "Data:" (stuff) "\n" { output($0); } END.
Whenever <item> is matched, $0 is set to the string matched
35 by stuff in the parenthesis, and then the output statement is
executed. In this case, $0 gets bound to whatever characters
followed "Data:" and preceded the newline character.
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Addi son Wesl ey Publishing Co. 5 In a further alternative enbodi nent,

decl arati on
per f or mance

@Mﬁm be added to ‘contriol backtracking in ordel,r('.ltngssl7 pve

e regul ar expression matching. If a certain port of a

rule were known to require no backtracking, that portion can be bracketed

with declarations instructing the 10 conpiler and interpreter to generate a
finite state machi

ut _an rvi.si Thrs ermts
t hat portion of '?’% °rrulsy;t%8mﬁé #&@ RER™, Rg‘?ej“@#f ?Qﬁk%?% rf‘°t (ﬂ & wi se.
The syntax of sueh @& eﬂa@rlrléd:Ybasélltbmlgha&hﬁvndbaﬁgbag@rlﬁoles. guam asy $ithe

foll g\r/]\nogge?%an@g_fl;&&,"m 'dga %o’sbi‘ﬂ?aﬁfter ﬁﬂEéﬁiﬂ& the single: sit
.'.i " Sequence YPEPHAT expx defmmg spggggt, tfgnqrder wordgye tion

n +ll

= Term "?"s entire page is matched lbefore variables are set. Therefbiie)

String In Doub’lre %ta&d Pele T%.fmtggxe is I&:@ than ?ﬁefﬁitev on the

| Regexp 'dpage>, the relevant data fieldﬁ;orinealrinhﬁb the last <item>

Action

arule specrfres a rtrc

arfie it The reg-exp c ol ogge,r;eggnxcge"%L solves thibriefly,
u .<nonferm o

al ni ze particul ar

regul ar expr eREWR ‘?Ye@}llé‘}‘“ng s(S"BﬁS’tirgé'ﬁa&"r‘i-“"E‘aFffr ﬂEFﬁ H?%Y-L#Rﬁ i ons
("I'"); sequey casscwrd midtipleimespende @oF each) nonneminanbrmtch,

repetitions ("gigy fﬂq.‘ rent’ Yak i

literal
stuff;

(" . Ternms can be:
strings Bncosed by b%n%inmgtsr 8%8hrrar L t he special synbol

Turning now to the descrzipta.on of thg) rey+exs 1language,

PCT/ USO7/ 17132% ¢ §nc R datizied 3o HaERS1008Y AREHAEET B Siniid)
nmust be defined another rule; qf statements witten_i.n the actiaon

| anguage.

15

20

25

30

35

of nonterminal regular expressions; embedding actfbn language
statements in regular expression rules; operatory for
expressing alternation and repetition; and literal string
match. It will be apparent to those of skill in the art that
a preferred base-~level reg-exp language of equivalent
semantic expressive abilities can be constructed with a
slightly different choice of features, and the reg-exp
language component of the WDL includes such well-known
equivalents. In particular, the reg-exp language comprehends
variable renamings and known grammatical transformations
applied to the rules below. '

In optional embodiments, the preferred base features can
be augmented with such additional features as: a special
disjunction ("||"); repetition for an arbitrary integer;
matching to character classes; local string memory; and
anchoring characters. Such additional features are standard
with the exception of the special disjunction, which causes
the listed alternatives to be matched simultaneously as the
string is parsed, the first alternative to match being
returned. In contrast, the regular disjunction matches each
alternative in the sequence listed, backtracking until
success is found. The additional features can be added to
the base-level language in known manners. See, e.¢.
Schwartz, 1993, Learning Perl, O’Reilly & Associates, Inc.;
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5 The Wapper Description Language A conpl ete w apper description
can be: W apperDescription ::= Statenment Rul e* Thus the ] ,
preferred ties include a statenment in the actlonﬁﬁ whi ch
is typical Sequence of action 10 | anguage statenents, y an

optional set of rules in t he reg-exp | anguage, which define a regul ar
expression for mat chi ng a response returned frominformation sources.

To execute a conpl ete w_ apper des |t|on the statnt .S executed as
i s descri bedPRRHRe R 147867y Fo8 ers, Pring T ue !

the built=i rrréul_g,t Iméoﬁ Ne(s)ley Pabdlphﬁ.ag( ro. anﬂngcnofmrat eXhe parse()
built-in fungt , : [ urgﬁgém by
i nvoki ng . '
defines a regdﬂasomxﬁbesaw cﬁ\lbllifshlws F@gul ar expr ESSI on-20 match is
.SUCCfSSfU' all tpg écfﬁfﬁhézflr%ltma&%eelapbamentypuealartaetﬂmdcfshw the
regul ar expreSS|on are execu i Ga actiop_statenents
enbedded i n Pevwagded kP GRIHET roi %’%ﬁ*‘g’ “e?E g"nﬂ? PFBY® tines with
the operand perpbfiiance tﬁmrtn'ﬁmlrmmtemeasiencna&hhangat cEf ancextmim5
parse() funct| n e c Ss
none of the Bﬁﬁgaaﬁ Hé %t%&ng%;{gél;ér é‘%o@cﬁ ?&%u'ﬁ{e a::a:ir"lge! §hn%%n
returns the pargdonotan be bracketed with 9ec1arnmieme pekrust
tCO'h VPONENtT§ 3Q:om811£?eaﬁ?eixleﬁéﬁ&é€3¥ HE Yelidrateola tﬁiﬁi‘ﬁELst&tdeﬁﬁéhbﬁd in
is section ynder the foll o i.n par si r
expr essi on rM@"“FZ?"YnPE?m{‘]%? (f cﬁ’%a%?f(eafcgi r'I%I“gr peg'ggk:% that
expr essi ons, pottivnnoti thei mbe ptetle imatalied mangjtﬁ@icéﬁptdysltbns (4)

action Iangu%qt%eg_glg_gegener ation and 35 run-ti-nme interpretation. It is
under st ood t referred inplenentation of the I S exen'gl ary.
It is known t 0 Thieos¥nsaxsef | the preterred (hageleval, a9

- 43 - MO 3% e%Z%%lthe following grammar expressed in a standard
PCT/ US97/ 17132 , _thé inplenment atlon descri bed herein. For exanple, the
‘processes dedtaF®an be I npl ement ed dlfferently, e.g., with different
vari ables and different orderings of the
Rule ::= <nonterminal> "::=" Regexp "END"
Regexp s:= -Sequence ( "|" Sequence )*
20 Sequence ::= Repetition+
Repetition ::= Term "2"
| Term "&w
1 Tern nyn
| Term
25 Term 1= String_In Double Quotes
| "stuft"
| w(" Regexp ")"
| <nonterminal>
| Action
3o Action o= WymW st;atement* nymw

Briefly, a rule specifies a particular <nonterminal> to
recognize a particular regular expression. A regular
expression can include: disjunctions ("|"); sequences; zero

35 or more repetitions ("+"); one or more repetitions ("+"); and
zero or one repetition ("?"%). Terms can be: literal strings
enclosed by double quotation marks; the special symbol stuff;

- 42 -



I ndi vi dual steps. Also, the processes may inplenent 5 alternative

algorithnms to achieve the sane effects for, e.g., string matchi ng. For a
further exanBP@ B described inplementation discloses probeWUey/gIs2
interpreting various intermedi ate codes. Different internediate codes can

be used. For the regular expression | anguage, different types 10 of nodes
are possi bl e including, e.gﬁ, nodes having a variable |ist of successor
states to avoi Paxepthesigesnragilar expressionski nonterminaks s wuehs aust

states. For thgegeitdhed anBEHaECrulBst 80sPhtbhentl SEk O8Esh afjﬂrﬁx%s?}&g%%
e I nter nedl at e
| S

internediate code, equivalently a reverse Polish stack-bas

15 code coul d H&"9¥@Fe-Finally, instead of interpretation, it :
possible to conpile directly to a machi ne | anguage usi ng t he di scl osed
synt ax-di r ect %—deer of this section, a parse
tree node th£ £ 1 tich ta C "d", and has child nodes
"c_1, 20 ,c_n" s ceapdese wyapper: descriptisn canmhber parse tree

nodes can be constr yxagiberDdsceiptenncd ;2 YRNtKRENE RuIdbe art, e.g.
by a pointer tq_a d%ae ar e& cont.ai ni.n PARSTI NG REGULAR

n -dat a. -
EXPRESS| ON RUL B3uss erred; WQPe%“Fggiﬁé pRetude By stakenank 40 dheot
f:orrpi ling a w atdiond danguaiegnwhichaisi typitallyl assedudnee of ragivn
anguage an e | anqu e t {
srop are thad Samhdd Batellentdt, 261180en’BY B optiondlf bk e Auldl Sn
expression to rﬂtecmemdﬁwagﬁowgdcghﬂsfwepai regwnlar rexpressioni£am

the formof a seitcHimplss *esponseeretitfelafzom! infolRatidte sQixrdewel rule
and addi ti onal parse trees for eagh eve

preferred embodi ment”? (Ht# @s?%P&PﬁlegV\w%rﬁglﬁerheéglﬁgW%?%atﬁl%&ﬂ%ﬁ‘?ﬂ‘t
according to a iseExesutediescds descydbedssabsequentliyg tTypieakiy trthe
SO o AL ilag SR e RUILLHR. bl AR
| anguage is and parse(), among others. The parse() builprim fungtion
U ST aT e et & sornd skpins, phoresan oy S
1986, Conpi & er 22 AITTRaAT ARSHRE R it ppereed’ BREE el of pnadll
Publ i shing Co. defines iarregulamexpressdom.ax IS theeregulan expression of
parse trees 3§ O ofk bidbdRe¥ ) 211 the action language statements
typically embedded in the regular expression are executed,
typically some action statements embedded in lower level non-
terminals are executed multiple times with the operand
bindings current at each occurrence of a match, and the
25 parse() function returns the value "1*. If the match is
unsuccessful, none of the embedded statements are executed,
and the parse() function returns the value "O".

5.5.2. ON_OF WDL_CO g

30 The preferred implementation of the WDL is described in

this section under the following headings: (1) parsing
regqular expression rules, (2) intermediate code generation
for regular expressions, (3) run-time interpretation of
regqular expressions, (4) action language code generation and
35 run-time interpretation. It is understood that this
preferred implementation of the WDL is exemplary. It is
~ known to those of skill in the art that alternatives exist to
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In section 5.2. This inventionis not limted to this preferred

enbodi nent. Alternative parsing techniques are known in the art, and
this inve rehends enbodi nment s usi ng such techni as LL ~
or LR par sq?l?gg’ gagplo generally Aho at al. at chapter 4. Th&ﬁﬁ#éz{}?

al so conprehends al ternative techni ques of internediate code

generation known in the art. See generally Aho et al. at chapter 5.

The specification for the syntax-dirgcted an IyS|s 15 includes rules for

t he parse-trgg ge?%“5% ?%d?%ﬁ?ﬁé%ﬁ?(% sYRragxpppdey sthecogni zed

by the parseproEbsseaoﬂeséribedrmnnwharxnpiemqmt@ﬂpdifﬁb&nntmyeSet@B

foll owing gogfgea§f£§g&e%§¥¢%f SUHL R MU e iR hGs BECeRL O °

e <nonterm na

node- f or - r egdR@ividunl sstepshe MAlgr, fthe progesses W@WélmPIEubBted wWthits
nont er mi naj B3¢Brnative af@@?i@hmgﬁétébﬁm&% sﬁdeeree%bb’égsfor @ogle, for
sequence 1, Sequence n>." This is 25 the nad

di sj uncti on FtFl?goFaﬁFPéPﬂatl ?r (3 fichher example, bhe AgRrrAbede test ed
for a match implementdtion diseladestpmndessﬁs:nﬂxintﬁrﬁremnhghvbeiﬁﬂs

returned. 1§ter-§gﬁg§€§ecod£§eat 1EP& N Gin oaggd gaLO e

repetition 1 r epét |on n>. 'S |s
sequence of HégékarFQXpF@SsFBﬁ“bﬁFt€¥P59Q§&9n 1ansuanﬁnﬂdiﬁﬁsregtannesal|y

match. 1% ofRpBAbS! asa obk¢BLE iﬂemum; Faexye.t,l riddbs~haRdng a Node for
ternep." This is I on i, on

or 1 repetiti™ Bﬁ')"agig gfft anﬁP'écg%s?’ép%'ﬁY?%ﬂ%ﬁ a‘Eﬂia/B‘aw@goF°nBPéntai'(‘
repetitions) a backtracking stack of successor statesES-Por the ®WEE28h12881

EFT{g?gFll?laan ag$ﬁliﬁbﬁhgﬁebgogﬂﬂbhfséﬁﬁ%] ?é§{§%§iﬁiaidpqgﬁer§&§igge

strin
Stuff: CreaF@%FheeﬂHégalspGﬂV<§ rPB?rﬁﬁeP9¥%§hw§iPQ%ﬂQP$9d:ﬂP@FFmediate

1t code could be used. Finally, insctead of interpretation, it
is possible to compile directly to a machine language using
the disclosed syntax-directed methods. .
In the remainder of this section, a parse tree node that
has label "1", contains data "d", and has child nodes "c_1,
20 ...',q_n“ is denoted by "l<dj;c_1,...,c_n>", These parse tree
nodes can be constructed and referenced in way known in the
art, e.g., by a pointer to a data area containing node data.

NG RESSION. RULES - |
25 The first step in the preferred implementation of
compiling a wrapper description is parsing the rules of the
reg-exp language and the statements of the action language.
The input to this step are the rules of the reg-exp language
defining the regular expression to match. The output from
30 this step is intermediate code in the form of a set of parse
trees, one parse tree for the top~level rule and additional
parse trees for each lower-level rule.
- In a preferred embodiment, the process of this step is .
performed by parsing according to a recursive descent parser
35 and emitting the parse tree according to a syntax-directed
translator. Construction of a recursive descent compiler for
the previously described syntax of the reg-exp language is
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7. (Regexp) Create the node "Sequence <OpenPar ent hesi s<i >,

node_f or osePar ent hesi s<i >>."" This is the node uses
assi gnnent a gghent ially nunbered variable on a mtch%@ ;B:
The node 10 ™" QOenPar ent hesi s<n>" is a node representing the n'th open
parenthesis that is encountered I n sequential ly parsing the RHS of the

current rule. The rule "C gseParent hesi s<n>" is a node represented the
correspondi ng Welh KRR &0, thase ofs skiddcdanthecartis Bor examples nibals:

Create the nodeiré axbm ediscﬂﬁdsed vﬁ.lﬁmh@iaﬁgl@bnaﬁesuchf €ex8BobRS! a8CEnE el
naQ

nont er m nal ﬁ%éé\ N ]
<node_f or actr%:h fa e-sta 22481 ance of
an action | anghddteen Jeskey mwsmrng m.zatnséetﬁ.on aeﬂr andl 4nguagsyntax

statement r egr&ﬂ?é&éed ”éc% |ti%n ofc %ﬁ’?:sfeo frlld3 igt gﬁ@&:@ﬁ%ﬂﬁ examples

st at enent . rul es, re execut e arser
recogni zes thelﬂoﬁfﬁgm‘hcﬁﬁg r R ri-q" i§yﬁP§x1F-EF-§ed2‘5°c§l!§§ t he

generation of pregesredrasbodient.i s Alarativeparsihg he&hﬁﬂqﬁeseai-d pes

lo:‘ ni(ﬁ_rdsl Brgcégge strgctm Thi %’F@aﬁc‘ treg FI S | ré&g[rﬁé&éubseﬂuEE steps

30 Code geaingtsechi tﬂqmm,eram ashddi wenLR parsdng.t hSee
follow ng thpegenbfREly Aho at all. atoRéfd ﬁerp&epr%&sﬁgﬂqea&%aﬁusisaodes
2. El i mi nati occurrences of nonterm g he top-I1 evel
nont erni nal ; afg@pEenends alternative iteachnigues af: irjermeddntencodep.- | evel
rul e i nt o gehepration tlatewmn Ui rtie raxt .FSAee generally Aho et al. at
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PCT/ US97/ 17132 gg(:égTﬁese steps are, first, gener aIIy descri bed, and
second, descri be@henspecification for Fuhestsyrmaeqvﬂacsgsedganalysw nodes
| S necessaryst Slncln&ééefui@@ f&? ﬂ}{e?f SR Qdifls b2 % SRkatBlhIflef
PSA 5 generatio g FS ot ‘be built for a stuff el epent

ach syn ax ru s recogm.zed by the parser. For each of

the previous reg-exp syntax rules the following nodes,
labeled by the nonterminal of the rule, are created:

20 1. Rule: Create the node "Rule <nonterminal-name;
node-for-regexp>." This is the node for an entire rule
labeled with its nonterminal name.

2. Regexp: .Create the node "Alternatives
<node_for_ sequence_1l, ..., node_for_sequence_p>}“ This is

25 the node for a disjunction ("|"”) of alternative regular
expressions, which are tested for a match in the order
listed, the first successful match being returned.

3. Sequence: Create the node "Sequence
<node_for_repetition 1 ..., node_for_repetition_n>." This is

30 the node for a sequence of regular expression patterns each
of which must sequentially match.

4, Repetition: Create the node "Repetition <type;
node_for_term>." This is the node for a repetition, where

. type is one of "?% (0 or 1 repetition), "+" (1 or more

35 repetitions), or "*" (0 or more repetitions).



alone, it is necessary to build an FSA for the conbination of a stuff
node and the literal string node that nust fol.l ow each stuff el enent,
only open @ifogiagie parent heses can i ntervene between a 5&?;05 and
its followng literal 10 string. To do so, the parse tree is traversed and
each stuff node is nmerged with the followng literal string by replacing
both nodes with a new Stuff And String node. The new node al so accounts
for any interveni renth - . The secqnd st L. Code
generation siBsti ?gfgggaﬁ’—-ﬁésﬁéﬁf%??}ﬁ% s ﬁe?‘ﬁ%%&%"&%%t ﬁg’tﬁ}ﬂgl evel not
term nal witisliteradestripgpel't i ¥higHEs the rode die matwng diterpdsite rule
for t he g\&gﬂbl. regul ar expression. During this substitution, it S
necessary to renunber occurrences of variables in action | anguage

statements. 620 Stuffsr ErepbectheonedecyStuef<r'yfiry the reservedayerd
;.= ("dave's) mgthiglel.) <a> ("dan") { out put ($2); } END
<a> g "oreR"  (stuff "cody" out put ( $O) . END Here, $2 in the
out put st at edent ﬁ%egéﬁ 3 rgﬁ'&Pﬁﬁ)cE@e ﬁﬁ?"gﬁ&*?'l%i l e $0 in the output
st'at ement i n<GpenPerenthegds<i>,( podef for cRegexp, /ClaseParenthesisgd>>i I
ariables in t e gﬂmﬁ‘&%’t\% , écﬂfenﬁ?%

\épalge> vvou: d-ﬁﬁ% t:)i'es e‘b%@a%gggsggiggﬁag\?\s&?é afibl <page§£€i o= (0 &g’%e")
("bill") "or dymbereg Vardgiple on azgatch by "Regexp.'h Tha mgse 1 ("dan") {
out SUt§$2\)I\IA;‘IQ r'opgznplder&f thh@m( t’“f $e achede i_:ep;t{-édayﬁd f'ﬁg Riye:s Qﬁctd holopent uf f
"cody"), il e ef ars uf £ " ") .instead of, . "dan’,). 0

mai n%/ai n cor rpeatﬁe’\fg’ﬁsgtﬁ é.'tb%s?s ﬁ&n ﬁ&&oﬁ%ﬁﬁggd “v%??‘é%‘?’é‘?’e]r’é P&F@e‘%’gm}& be
renunber ed aRHSidfokhe c@3rent rujege>The rule("@losePaxenyihdsis<nofeds a

(stuff "cody'Rode refresented the corre4pBriing) n’th (cTiEde Jpdretithysic?3); }
- 47 - WO 98/.12881 :

PCT/ US97/ 171 @ncountered. The third step in the preferred enbodi ment of the
code  gents &84 on morwrkErmiraiser t Cridatepthecnsdd BMonteymwel RHS into an

the RS of Rt ile-!, (78" Uy, TngkBAclRht o nddGinfGRETEN! ! N0
converted i nt® an Apionhe qreate she node, dAgtioppes of states, nost
i nportant|y: <ndde_gd¥ilad¥iiie MarRfiiitfe) statenenth. 856 PRES | 1 ca THEde TV
an instance of an action language statement in which the
20 node__for_action_language_sfatement represents intermediate

code for the action language statement.

These rules; which are executed when the parser
recoginizes the corresponding reg-exp language syntax rule,
25 cause the generation of a parse tree, which is formed from
the listed node types linked in a true structure. This parse
tree is input to subsequent steps of this process.

IHEEB!EDILEE_QQDELEE!EBAEIQE_EQB_BEQQLAB_EKEB§§§IQE§
ao Code generation in the preferred embodiment includes the
following three steps:
1. Special preprocessing of stuff nodes;
2. Eliminating occurrences of nonterminals in the RHS
of the top-level nonterminal; and
35 3. Converting the resulting RHS of the top-level rule
into a finite state automaton ("FSA") .
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states depending on the current character and advances the current read
position; 10 2. Action: Executes a bl'ock of action | anguage statenents;

3. MNarker: WM the current input string position, plus PCTHSOHHIZ a
certain offset, on a mark stack; 4. Success: \Wen reached, parsing has
succeeded,; 5. Fail: \Wen reached, the current attenpt at parsi ng has
15 failed, and the FSA nust either backtrack to_the prior backt r acki ng
poi nt or fai | These steps: AXek fdTAGe ngenerally; ﬂlﬁﬁF’égbed gnd {RgPNdpyshes a

confi gurati on qeyarived dndet@41st at e and the current input string
position, onto the _hacktracking 20 stack_f cktr k|n Code
Ceneration Step 1: E&’@%ﬁo?&?ﬁﬁﬁegsmg chﬁéutf ﬁ%?ggd % e%e sﬁ?g of
stuff nodes belgiter mse thexpxefexyedr pbstorder ntraviersal t et o FSA
|.e., 25 Seqy m n'&{mn s aﬁs%%i Shhhbe sahsﬁiﬁeqysecs?t £ B Unent,

This is done tot e foll ovmngg% nontermnal
PERFORM a POSTIEmER titaid fgcegsarysto.bui 3ﬁr§§At fex e °°mbmati&n &fch

parse Erﬁe noge Qtuff node and the %ihﬁrél_QEﬂﬂﬁgCﬂéde|that , Mgt )£ ol ok

VWH LE (there is an i <=I,<=n,_ ,such.t

c_i —Sequence<oe§ah ﬁ"c#% leggnt,” orly 8ben and close parenthesgs Ga%ode v

with a new nodint&Srene between a stuff node asdgdtscfollowing literal ,

d 18 ’ 1?/\6‘-9‘%’7 gZ - To do so, the pats® tfek'is travérSeéd and each stuff
PCT/ US97/ 17130de is merged with, the,follewing litgral s¥ring Py Feriacing
by a Stuff Assierbtnodes naickh tahatevalstuffc andnssring hbdef.oITwngv nddée er al

oo o PRTHAERN I e Uichy AEpMRRERAE, T, 01
that "stuff" matchdhe sg¢onsharken dins codengeneratippnsupstitutes il o, but
not  inclugs nH?nﬁé'h?miﬁifé Of WHd O6E o thide tbplhaveInbi.tef@inal U110
i’y open an hgff réiéiﬁtfﬁi*%ééﬂ’éd"&ﬂheraie a single composite rule for
the overall regular expression. During this substitution, it
is necessary to renumber occurrences of variables in action
language statements. .
20 For example, consider the wrapper
<page> s:= ("dave") ("bill") <a> ("dan") { -
output($2); } END )
<a> ::= “oren" (stuff Ycody") { output($0); } END
Here, $2 in the output statement in <page> references
25 ("dan®), while $0 in the output statement in <a> references
(stuff “cody”). After substitution, if variables in the
output statement were not renumbered, the RHS of <page> would
be expanded as follows:
<page> s:= ("dave") ("bill") "oren“ {(stuff “eody“) {
30 output ($0); } ("dan") { output($2); }
Here, however, $0 refers to ("dave") instead of (stuff
“cody"), while $2 refers to (stuff "cody") instead of
("dan"). To maintain correct variable assignment, the
variable references must be renumbered as follows:
35 <page> 3= ("dave") ("bill") "oren” {(stuff "cody") {
output($2); )} ("dan") { output($3); }
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between stuff and the literal string. In the preferred 10 enbodi nent, this

repl acenent is preferably perforned according to the follow ng process

FOR nonter RFORM a POSTORDER traversal of its ree.

At each no‘&b%} &t he parse tree | F Pm%gé’ﬁ"hz

(v- Sequence<c_Il,...,c_n> THEN VWH LE (there is an i,

1<=i <=n, such that C_ |—St uf f<>) DO

Let | be the small est j >i _such that 20 =Stri ngcs>
“for some string sThe third step in the prefmreﬁeegbpgingngugﬁj thermdei gnal -

an generation prodﬁdsp lconverts the processed andFe hfecia!ﬁ!’s

el ement ck (whgre, )
Qpenbar ent helPEO oph 584 'oy bertorning a postordey seavarantnet; the maxe
signal an tree representing the RHS of e top-level rule, during #Hich is

node for tgegghhi f8de’is in turn converte§ into EEﬁEFQﬁpl a‘i‘ﬁen?gﬁs th%h a

new node = ence
Stuff AndStrPRYeEal: tybes of states, most importantly° c _J >, c_j +1,

oo, C 3> 1. Thcﬁaﬁrmﬂm}mﬁf&s‘dﬂé fofn e, pbh%ib'lbeﬁﬁg.c?%ébf‘g nlode
c_j, and any ervenrn aren ses_node e,_single
node St uff ﬁhageﬁ rgq r‘?rﬁg&% q:tqren cha&‘ﬁctler ’and a%vances the

- 49 - cmeatlze&; pmimﬂ/ 17132 Code Generation Step 2:
Subst i t ut iygnaAnd ga&gda_@l % block A'P‘ |t o TRl g}:‘igepﬁéa% fEst N9,
nont erm nal s ont t etop evel eare pr. )é tltbted
and any ac8i-on §P§¥Sﬁerﬁem¢%bm ‘F%‘?Rﬁﬂ?’er inputsgtring, positian, 591‘15

vari abl e rengbainig AreéftabhYofitset, B0 CeMark \Wtagk;wo  functi ons,
EIOMD RECEG 2N BEAR, AT i Sihiog Yild Wk 4T ST DOm0,
5. Fail: When reached, the current attempt at parsing has
15 failed, and the FSA must either backtrack to the prior
backtracking point or fail if no backtracking points
available;
6. Push: Pushes a configuration comprising an FSA state and
the current input string position, onto the backtracking
20 stack for later backtracking.

Code Generation Step 1: Preprocessing
The preferred pre-processing of stuff nodes begins by
expanding or flattening any nested sequences, i.e.,
25 Seguence<> elements nested within other Sequence<> elements.
This is done accotding to the following process:

FOR nonterminal PERFORM a POSTORDER traversal of its
parse tree
30 At each parse tree node v
IF (v=Sequence<c_1,...,c_n>) THEN
WHILE (there is an i, 1<=i<=n, such that
c_i=Sequence<d_1,...,4_m>) DO
Replace node v with a new node
35 Sequence <c_1,...,c_i-1, &1, ...,
dm, c_i+1, ..., c_n>
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S T m———

substitute for RHS nonternminals, starting with a call to the top-Ievel
nont er m nal . wBABRMEPUNT is initialized to 0, and 10 as substi ‘i’@‘!’hﬁ?‘llﬂln

proceeds, it is increnented for each "(" encount ered. PAREN COUNT t
has a count of the total nunber of "("s encountered so far. Then durl ng
substitution, parent heses encountered are renunbered fromtheir prior

nunber to the curre val ue f PAREN COUNT_and varlabuf n 15 actlon
statenents are remaﬂﬁﬁ"edelaﬁ a°CERFECRBRAIPHA f BERF Hrnode G by, A

PAREg COUL\E | S sSeufEeAnhty Sring nodepthRer &1éb catcodrt s ofter lthd leﬂﬂla.wglnhy an
ot (58 "or naiarel BTG S B ARAIEN RS RO Sed O IRRGY, D)
renunbering. TOSSUrpedees ofs "stuffl in prwrappet ynpset fhe ol kowest diyna t o

the foll ow n
FUNCTL ON_ EXpANSLEEEaY, s& tﬁ%ﬁ&éﬁbﬁg{iﬁ&%efegtfﬁ.EWNEtuff“ matches

with renunber e@arPa ers fr e cﬁn'éﬁta??%?%“l‘m R ?’*& t"’f?tnew

var ioabl e nunbermcllud%gg, the fifrst odBurrence3df the following literal

- 50 - 1 .

PCT/ US97/ 17132 p et¥ing " Cbn1y OPEBC-ANA RAPRE PARERFNSFRE Gan intervene | o
parse tree fdetweenReaSust ande ther literal string. IPEOPefRREGRDER

traversal Ofyol embodiment, this rep1atemBnB0ds YreteiiSPy lperformed
according to the following process:

FOR nonterminal PERFORM a POSTORDER traversal of its
parse tree.
15 At each node v of the parse tree
IF (v=Sequence<c 1,...,c_n>) THEN
WHILE (there is an i, 1<=i<=n, such that
c_i=stuff<>) DO
Let j be the smallest j>i such that

20 . c_j=String<s> for some string S.
IF there is no such j THEN signal an
error. '

ELSE IF (any element ck (where i<k<j) is
NOT either an OpenParenthesis or
25 : CloseParenthasis) THEN signal an
. error
/* ¢j is node for the string */
ELSE replace node v with a new node =
Sequence <c_1,...,c_i-1, _
30 stuff And String<c_j; c_i+1l, ...,
c_j=1>, c_j+1, ..., c_n>

This process merges the stuff node, the literal string node,
c_3j, and any intervening parentheses nodes, ... ¢_j-1, into
35 the single node Stuff_And_string<the-string; c_i+1, ..., 'c__j-

1>. '
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5 | F (v=OpenPar ent hesi s<i >) THEN

new nanes[i] = PAREN COUNT; . REPLACE node v, with
OpenPar en REN COUNT> PAQ‘E%%M -
PAREN Cw&é%ﬁ,ﬁgﬁ ELSE I F (v- C oseParent hesi s<|2>)
THEN REPLACE node v with _

Cl osePar ent hesi s<new nanes|[i] > ELSE I F

(v--Nont er mi nal <x>) THEN . . . . REPLACE node v WI th
EXPANDREGEXPESHe 1§ eneration St hstitutiic A Nl e Rensa

REPLACE node v w Havixg bbhpYatdd\(ps e-processing, nonterminals on the RﬁQW

anguate st a%n%HF”@%?ﬁ‘a%% ‘s Roransiany elfbayithcd Sha"pl",

renunber ed vacitapnestatement variabXiee-grenunbarecRDERubsbisdatibnoandhe parse

tree T. ag:. le fentRbér Y Soreferably use a PEQSS éf ha¥ifdg"ekss
vari abl e nane an 1 nteger
REPLACE node fRng Rnﬁv n&HP: EXP g¢and EXPAND_ACTION and a glpbalaced by

$(new names| ivariable SAHEN COUNTS | CEXPAND REGEX®dis REA A & ﬁ'lebﬁrSEﬁété

onerat fon cPubpsiuErbLERt BAET LR RLEL o dethaip YR Shysofs dB
regul ar expr &op~devel| nno'ggmangbn t PAREN_ (ROUNT cis dnitiadizedr$os Oar and
known, they '&%V%d%tti'l:ﬁtibﬁ PPSéeeds P LV 'iiﬁ’diﬂ@féﬂéﬂﬁ&ffd‘rorea%awhe for

enbeddl ng action | anguage_statenents i'n such FSAs. Accord| n t he

fol | owi ng 35 SRESUMLETeds COUNT HERRS RAF ra A Qf ferred
enbodi nent ofnundes plfo@ews éhebunterédrssteari o 'nmpcnﬁnm substitution,

- 51 - 1

pCr Uso7/ 171 5 TeREneBEE sncountered are zenumbered from Pedr BEISF oa e

of the regwqral’\'@l&gé current mlwsmﬁwmmm rand pﬁmeﬁ ant s
its executimadtion Htatembhes &fat feibhberSdi PRUA SOHFésPorfiing Tashlont.art

gﬁogegnfe;ngﬁ%ﬂftrln aq?éghgggﬁgnggéﬁgtisexecute oqf of Si X basi c
OpenParenthesis<2> node is replaced by an OpenParenthesis<8>
node, and an output($2) statement is replaced by an
output ($8) statement. EXPAND_ACTION performs action

20 statement variable renumbering. These processes are as
preferably performed accordinq to the following:

GLOBAL: VARIABLE integer PAREN_COUNT;
- FUNCTION EXPAND REGEXP( <nt> : nonterminal) : RETURNS a

25 parse tree with renumbered variables
/* an array of integers with new variable numbers
*/

30

35
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procedures set a new current state and typically effect one or nore of
the' data structures accessed by the FSA. The six - types of states and
their proceWAWA2le 55 fol | ows: 10 (1) Char branch<nex®PCHGRT32 . . |
next state 255>: When the current state is a char_branch state, the next
state I's selected according to the ASCII value, i, of the current I nput
character as next state i, and the input pointer is advanced to the next
character in the i nput BOCARMGVAREABLE néw)namesg) <num open/close fl ag,

offset, next state>  p¥fief Lhgaguil 8Pbe SEGE i Mg WK 1Y 20e <@Arsecord
I S pushed on a run-tpne stack known as the nmark stack that contains the

character position of aPFRFeR¥NRsPREGRRERtEARFSAL (9fe T-nput string plus
the indicated offset and an Avdeachi nodefvvdptthede A0 this parenthesis is

open or close, and the next -state.js,S€e 0 Xt . exenpl ary

mar k can pu%h a record I ndi cachg(?ﬁé\?e%%r?’?nﬁf?i?p%%p hesi s

occurred at the current input posithew names(i] = PAREN COMNTGnpil ed

action statements, next_state> 25 Wieppbilfcs Widdd v %33&'1%19 is an action
ed by

state, those action | anguage statenents represent conpi | ed
acti onst at ement s are executed and the ne%e%?%ﬁ@#bﬁ%iﬁ<%e£m3?e.
(4) Success<>: Wen the current state PARENSCOUNT 65 PARENIODUNT & aliri ng has

been succesggful |y matched and thi ﬁ%Eréfgﬁo(@é{%é'%ﬁéntgmé&g%i&)é%mt he

Push<st at e,” next state>: When the Cu nt *sta
current configuration of the FSA is puBBRHACE nede wwikh tine stack known

as the backtracking stack, and t'he next éi@éép&%ﬁﬁ{eé&dg@gmﬁﬁgg?’]?ﬂe
TR

FSA configuration is 35 a record containing Identi icaﬁi on
current state together and theBEFEr LRt (POienterminakaR); string.
Push is used to support the non-deter NnREPEACE nodetv ueith iEXPAND REGEXP (X)

- 52 - 98/ 12881 . (oAt ]
PCT/ US97/ 17132 . t he regul ar e%ﬁ?&& orgv-l.'éﬁﬁh%%%’.p’Ar?ueE)?enpl ary non-

deterninistic construct is the di sj uncREBBACE cpode ov iwitly GXPAND AGTION (x,
which is matched by an FSA that, first, pushes Rame tracking state onto
t he backtracki ng stack. _the wo, 5 attenmpts tO run e F correspondi ng
to reg-exprl: if t/XNCTIPY; E&?AFPQRGF'PHgEk?racR%r%H%% %Qtft%nﬁéplﬁ’e run
the finite state nmachlasguagecstateémept;onewgnamespP] ) : RETURNG a parse
Fai l ure<>: Jghen the CU”\:Q-EL Ei%efeiuhﬁ‘érgﬂi YiESap1sd at e, a backtrack
record i s popped off the backtrac mg
PERFORM a PREURDER traversal of the parse tree T.
At each node v, )
IF (v denotes variable name $i (i an integer)
THEN : .
25 REPLACE node v with a new node with $i

replaced by $(new_names({i)).

Code Generation Part 3: Creating A Finite State Automata
The final step in the preferred embodiment of code

30 generation creates an FSA representing the substituted and
processed regular ’expressibn. ' Although algorithms for
creating such FSAs are known, they have not in the past
provided facilities, for example, for embedding action
language statements in such FSAs. Accordingly, the following

35 description focuses on those new features of the preferred
embodiment of this process that are directed to supporting
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10 stack and the next state and current input pointer are set to t he
contents of the backtrack record. If the. backtracking stack is enpty,
the FSA h to match the input string and term na

Creation o O[ﬁhkégA for an input regular expression is 15 d%ﬁ’é’"ﬁ%’i"ﬂb”

postorder traversal of the previously produced parse tree. As the parse-
tree is traversed, to each node v Is attached a finite state nmachine
that matches the sub-expressi gn represented by the sub-tree rooted at v.
Thi s at t aagbaon| Ihangucgatstmm iand Ithes aitheronovied featabés ¢
v. machi ne. Tgﬁef*_.g QM%.'Q&&C Is the FSA that is attached to the root
of the parse tree tA}u reatl on process conpl et es. Duri ng

the traversal, ceH"aF'ﬁAf eutprt Sfrom this) Drosess. stargs: jtsdexecutiondimce
wi th nmet hods aﬁ| fagdfalnstaté owilosen Cinpift :iieirltern gete t ehelBRaSL"BENI Nes

recogni ze gt & ession Cc ructs a d can be constructed
by known 3 b%ga%(%*ﬁgiﬁ? ?‘é%e te% SRR 4}(‘! e 9Ensi
st andard fi nbreict procedunescaccondinty tdteitfs)ldtnmerg: sddadteet Thesé., 1974,

The Design S Oﬂwt r é}_rgs

Publ i shi %g C%@oéaa{ﬁé%h sQ{;: i E&fﬂwfé a@rﬁersﬁlﬂﬁzglsg one
Techni ques. &ﬁdm‘PBGI of mﬁlgéﬁa\/ﬁgmueqblﬁﬂQ%%% the F$deer Be six
Hopor of t et &hrpeslaf9statebn&ﬁﬂdu@éiﬁrpﬁdbd&ﬁﬁﬁifa’teﬂwrﬂbllmguages and

7056 35 Ayori ¢ nid); SRR REANCRITGES AT crrry TOKE SHRES dfSTs
Further the @hedbetbhedicurrentdstatet ts cereham branghnstata, dhermexbdstatat

can advant aggauslyelteaNaBe8gdiflg to the ASCII val , -
WD 98/ 12881 fig to the value, i, of the curriﬁt

alternative dRPYE Fharacksr éiaﬂﬁ?‘ﬁ,s?%%e-n’actﬂ% the S;g?ﬂé‘:?erﬂq e; At er al
string can badvantied ticcthecnexti cfjatacter hin Beyer it estmimj her string

et o r od B ocess () HerkerEnlin,, SRERIHL 636 I Netade) sbre staldS: o
At each node WhemDghe current StatPFiﬁv&@%ﬁm staksi sxrgcond-Ns] pushed
SET v. machi nen aVihifitihe s®ACR knBwn as the mark stack that contains the
character position of a parenthesis encountered in the input
string plus the indicated offset and an indication of whether

20 this parenthesis is open or close, and the next state is set
to next_state. An exemplary mark can push a record
indicating that the fifth open parenthesis occurred at the
current input position. _

(3) Action<compiled_ action _statements, next_state>:

25 When the current state is an action state, those action
language statements represented by compiled_action_statements
are executed and the next state is set to next_state.

(4) Success<>: When the current state is the success
state, a string has been successfully matched and this FSA

30 terminates. '

(5) Push<state, next_state>: When the current state is
a push state, the current configuration of the FSA is pushed
onto a run-time stack known as the backtracking stack, and
the next state is set to next_state. An FSA configuration is

35 a record containing identification of at least the current
state together and the current position in the input string.
Push is used to support the non-deterministic constructs in
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Success<>> ELSE | F (v CIoseParentheS|s<n>) THEN

SET . rrachl‘gs %i ker<n, "close", O,° P&Qﬁ%’%@ <>> 15
98/1

ELSE | F (v= Acti on<node for the actlon | anguage_’s

THEN SET v. machi ne =

Act i on<conpil ed action statenments, 20 Success<>>

ELSE | F (v=String<literal strin >) THEN SET len = Iength

(the-string) the regular expresqmgg,language. t 4n exepplary non-

branch State[déterﬁlhﬁéﬁiﬂ“ﬁbﬁétﬂhcﬁsih the disjunction "reg-e§P reg-- -
s 255>, where_all ﬂi'“r6<>

EXCEPT the s _?"%%'r t?#:lgx 3 matchea by an FSA that, fufrh% Rushes a. ¢,
the i'th backtracklng state onto thehhagktrackinghstack) nchewmitwo, s

Success<> 3¢ T
Cbr anch. state FS pts to run the F3A dbr?%%%b&ﬁiﬁg“%gEr afe%?e&ﬂ t

35 s, then it backtracks ands/c) attemp@599¢1g@31the finite
PCT/US97/17133tate machine corréﬂdﬂﬁdﬂﬁg to reg-exprz(V— St uf f
AndString<the-strin ?pl‘?%iall 3 e[r%) & tt‘ is th

/* m1 can be consf?l Qﬁﬁﬁ)th the,frgent state is the fallyre
disclosed in Shetprealhaskgrankenbcord is popped off théebenkhsa&kipg

SET m1 = iofEE?&ﬁ §£@I€hénﬁikﬁ“éﬁiﬁg atid? Thrrent input 301ntert5fb

string for the tirst occurrence stri g ops
as soon as it tB8ngententy of the hacktrac&ﬂﬁ?ﬁ9¥9°ofIFhFQefP?§¥ %ﬁ%ﬁ#qiﬂce.

FORi =1 to kthék is empty, the FSA has failed to match the input string
and terminates. :

Creation of the FSA for an input regular expression is
15 done using a postorder traversal of the previocusly produced
parse tree. As the parse tree is traversed, to each node v
is attached a finite state machine that matches the
sub-expression represented by the sub-tree rooted at v. This
attached finite state machine is the value of the variable
20 v.machine. The final FSA output is the FSA that is attached
to the root of the parse tree when the creation process
completes.
During the traversal, certain finite state machines are
created in accordance with methods already known to those of
25 skill in the art. These machines recognize standard regular
expression constructs and can be constructed by known
methods. General references for the creation of such _
standard finite state machines include the following: Aho et
al., 1974, The Design And Analysis Of Computer Algorithms,
30 Addison Wesley Publishing Co., chapter 9; Aho et al., 1986,
Compilers Principles, Technigques, and Tools, Addison Wesley
Publishing Co., chapter 3; Hopcroft et al., 1979,
Introduction to Automata Theory, Iandquages, and Computation,
Addison-Wesley Publishing Co., Section 2.5; Sedgewick, 1990,
35 Algorithms in C, Addison-Wesley Publishing Co., chapter 16.
Further the process disclosed adopts certain _
construction methods that can advantageously by changed in
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SET pari.machi ne = marker state appropriate to

parenthesis par i and ' ) havi ng an offset of 15
-Iength(t ). SET v. machi ne = MAK (m1,
par _ H&%{W par k. machine). ELSE | F ';cgw%%

(v= Sequence<e|enent_1, ..., elenment_K>) THEN 20

FORi =1to k DO SET el enent 1. machi ne = machi ne
constructed according to this : process for

el ement _i alternative embodiment.mERFnexampier SROUIBEETS

(el ement 1. Fadidint. qg a literal strin caﬁ' nétfﬁﬁ%&d“@coording t

/* a d|SJunct|on | " év Alternatjves<elene ?

: eIenent_ﬁ?F oyer-noore orHokhey str ng mat hing pjgorithm,  Seepo ~

SET el enent ¢.gwnCISetyewitk: aithehapter 19. . constructed
?cggr?lrm)go th'agfi§§§ferred process is: process for. elenment i 35
PCT/ US97/ 17132 SET v. machi ne = el ement k. machine

FOR i = k-1 downtgegplrdi®t a POSTORDER traversal ¥£ "BRé| fpee, Push<v. machi ne,
el enent _i . machine> 5 vype is "?", "+", or "*" */

ELSE I F (v= Repetltloné‘ilp?éc%m%t %) POTHEN SET

el ement . machi ne = nacknruxvuupﬁnpaﬁAhthesis<n>) THEN according to
this procgss for el enent chi apfinite state
machi ne Igé SET ¥, YeoRS Fﬁ%ted accor Ha %ggnethoﬂs

di scl osed in the previousl| ysugqess<>>
ELSE I? (v=CloseParenthesis<n>) THEN

SET v.machine = Marker<n, "“close", 0,

Success<>>
15 ' ELSE IF .
(v=Action<node_for_the action_language_ statements>)
THEN

SET v.machine =
_ Action<compiled action_statements,
20 Success<>>
ELSE IF (v=String<literal_string>) THEN
SET len = length (the-string)
FOR i = 1 to len DO
branch_state(i} = Char_branch <s_0, s_1,
25 «es, S_255>, where all the s_j’s are
Failure<> EXCEPT the s_j where j is
. the ASCII code for the i’th
character of the-string which is
Success<>
30 ~ SET v.machine = MAKE SEQUENCE
(branch_state[1l], ...,
branch_state{len}]).

35
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references for this type of repetition

el ement . macRigvan 5 This process uses a MAKE SEQUENCE f i t
builds a - conpgssai]lte machi ne froma series of sub-nachines. %;edsgﬂr}ng‘
conposi te machi ne executes each of .the sub-machines in ., sequence until
one sub-machine fails, in which case the conposite machine also fails,
or all the sub-nmachi neagﬁ%%s]&tcceed, in which case the conposite nachine
succeeds. In ot her ,"the eonposite machine runs the first sub-
machi ne; if that succee(esStuff Arg tStringshhe-stiringgpar_1succepae, k»j run
the third, and so on. dygany sub-machine fails, i.e., reaches a. _
Fai |l ure<> state, then conposite 25 machine also fails. _
FUNCTI ON MAKE_SEQUENCE ( nachihde sk canbe constryctied according to known:

RETURNS macli ne. methods Ekclosed in $he Freviously cit8R I = 2
to k DO efe'l;:[eaversse*/t he states of new_m and repl ace
any Success<> states with m¥ ence RETURN new m 35 “Thi s

concl udes the preferred consSETidjborr & fipdte state machinegthaguseans
expressi ons 1om the reg-ex G YHAHE dring #8:5 ' ¥kt ok unkioES?

execution is descri bed. . :
98/ 12881 the~string and stopsp@s 599n ag1ip comesREpL TI VE

| NTERPRETATgON OF REGULAR EXEHESHAONTE this fivstd decaireened.enbodi nent, the
FSA representing a regul ar.exps essj Q. i.S ecuted by interpreting the
structure created in the pll': iods to e)b@?ération steps. The 5
interpreter preferably accesses SRERrpar_damachinec=umagker steteadi ng t he

current state of the FSA, a pointer t%ﬁﬂieopr&a%érw a%?gg%gg_%hggﬂ_ii QRa Of

the input string, a backtracki ng stack and a markeéer
backt r acki ng stack contains recor dPAHRABARQLLSSF Ofe state of 10
interpretamson of the FSA and is used +Xemyti(tRi-dtidweg)i.n the art to

i npl enent backtracking, in CERf @.%géﬁfﬂ@tgm_SEQUEHCE (m_1,
par_l.machine, ..., par_k.machine).
ELSE IF (v=Sequence<element 1, ..., element k>)
| THEN | |
20 FOR i = 1 to k DO .

' SET element_i.machine = machine
constructed according to this
process for element_i

SET v.machine = MAKE SEQUENCE

25 ' (element_l.méchine, ves 4
element_k.machine)
/* a disjunction, "|" %/
ELSE IF (v=Alternatives<element 1, ..., element k>)
THEN
30 FOR i = 1 to k DO
SET element_i.machine = machine
constructed according to this
process for element_i

35
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partial match of the input string fails. Configuration records include
the current state and the current input -+ posttion. In an alternative .

enbodi ment wopegsi2gsit at es can be 15 avoi ded by inplenmenting SperRgemM7iR a
| i st of possible next st at es. The preferred inpl enentati on of

t he novel variable bi nding and action statenent features of the reg-exp
| anguage of this invention utilizes an additional stack, the mark 20

stack. The semantics of theggpf@abdbgsnd SUUL]Endrtt k. MAchin@Cti ONS be
i et ¢

executed until the entire re&tzjl ar expression I Ng process succeeds.
Upon success, all actions afeR 1 ThHENl LAWMERA BQ h t he variabl e bi ndi ngs

t hat occurred during par si ng.vJikachifens psH<w mickdne, vari able, e.g.
$1, can 25 have different bindings in %he s€ma actﬂion >statemant whi ch _
can be executed nultiple tines on rrat% CRER _er.sn_!ac ne This semantics is
i npl emente® in the prefértype iscWBB¢i heh; osi'h tye mark stack in the -

foll ow ng manner. t \ ed st ' -aWiono
state, the 30 action Y\gﬁgﬁagg g%?éﬁ%ﬁ%e%gﬁﬁeﬁ?'m%ﬁaﬁqﬁﬁ)execut ed.
Rat her the action statenment SEBdelementspaghing 7~ machine conssirpcked
Simlarly, when the current statgccéraif@ltostiis procddd Edor lensntt s a
parenthesis in the regular ression. defipition, the infornation
present in the mark state-i g@S"pﬂéﬁ@&“ﬁnt oatﬁienjrﬁﬁ k“ﬁmfcl?‘.a

informati &® pernits finding t congtructed accordingiia methads of t he

begi nni ng or endi ng of a curr - Lab Wafel ; execution
of U1 825c1BRRANIR ChE prigh oy it ©X

PCT/ US97/ 17132 action | anguEBEeSLRERFLAPE TS RS &Ff FsRetdtdonyi| ed
attenpted partial match, the marllemeak.nachfheecd to an appropriate | evel
when the FSA backtracks. Thus, the nmachine configuration and the

configuration record on the 5 backtracking stack further includes the
current pcdition This processkusesck MAKE SEQUENCEnfungirny chat tmiddss aar e

execut ed UpOfb&ﬂﬂbﬂiﬁ@h@&hin%“Qi%_s ab¥e§ié§“bﬁgsﬁﬂ3m&@iih§§.ac kg Om bot t om
totop. In thlsszi%[an, v%(ri_:ngble bi ndi ngs are_set as i ndi ed by mark 10
state recor dCURPEIHS RS gxecutes rachngf the SN 8 I ate

records. |n czespericeraniilf aneusab-machdiheofalilaguinewhiclstaasstites are
execut ed. compod #tdHattife? al1507 Fa3TROILER A1 1 Ofnd NGub Ll SH {5
20 succeed, in which case the composite machine succeeds. In
other words, the composite machine runs the first sub-
machine; if that succeeds, it runs the second; if that
succeeds, it runs the third, and so on. If any sub-machine
fails, i.e., reaches a Failure<> state, then composite
25 machine also fails. '

FUNCTION MAKE_ SEQUENCE (machine m_1, m_2, ..., m k)
: RETURNS machine.
newm=m_l1;
30 ' FOR i = 2 to k DO
| Traverse the states of new_m and replace
any Success<> states with m i
RETURN new_n

35 This concludes the preferred construction of FSAs
representing regular expressions from the reg-exp language of
this invention. Next, the FSA execution is described.
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i mpl ement ation functions as follows: 15 GLOBAL VARI ABLE current

state = inicpegnzsss to the initial machi ne stat

GLOBAL VARI ABLE input pos = initialized to the address anmmn"g?zth
begi nning of the input string 20 GLOBAL VARI ABLE BT STACK =

initialized to an enpty stack GLOBAL VARIABLE MARKSTACK =
initialized tgmalpHe h sUNTIL one of the

foll ow ng cl auSes exi CAS purren

Char branch<state g% .2 Pr%ﬁ%ﬁ??@ﬁﬁﬁh° iment, the FSK reprgeephingtate =
state (ASC | w&@u&arﬁex§EEsslon is executed by inteipretingnghe sbaieelrs)

i_nggt —Pos = ﬁ%ﬁ%;ﬁ the pilevious ¢t¥e generation steps. The

PCT/ US97/ 178 3interpreter preferably accesses several data structures
Mar ker <num opgré @it 4108, @ik Séie Nevdtd Hethe FSA, a point r }:? t%’ t
of f se onto

("mar k", nunopen/close  fl a npu pos
MARKSTACK | Current charaétes; Pesitiomqf the inguk &5

Act i on<conpi | paicleetackingdstamexand i amdrker stack. 'rhe bacnusacﬁﬁqt ion",
conpiledactiogtg

A
current state = %’g %oﬁeéfns records chaﬁ;u %eggtzglrg ﬁgét g{ gK>pf10
push (stat&0 inperpretatien @f (WReIFSHN/m4 )is used in a manner knownoimo BT

STACK the art to PHpIERENE PEcKtrHRNFA! §n case an attempted
partial match of the input string fails. Configuration
- records include the current state and the current input.
position. In an alternative embodiment, push states can be
15 avoided by implementing states with a list of possibie next
states.

The preferred implementation of the novel variable
binding and action statement features of the reg-exp language
of this invention utilizes an additional stack, the mark

20 stack. The semantics of these features reguire that no
actions be executed until the entire regular expression
matching process succeeds. Upon success, all actions are
then executed with the variable bindings that occurred during
parsing. This means that a single variable, e.g. $1, can

25 have different bindings in the same action statement which
can be executed multiple times on match success.

This semantics is implemented in the preferred
embodiment using the mark stack in the following manner.

When the current interpreted state is an Action<> state, the.

30 action language statement is not immediately executed.

Rather the action statement code is pushed onto the mark
stack. Similarly, when the current state is a mark state,
which represents a parenthesis in the regular expression
definition, the information present in the mark state is

35 pushed onto the mark stack. This information permits finding
the position in the input string of the beginning or ending
of a current variable binding. To prevent execution of
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/* exit the REPEAT statenent on final success */ Success<>:

GOTO done 15 : Fai | ur e<>: [ * matchflnallyfalls
i f backt r awbiosy288s att enpt ed and t he backpdrrosormbpik i s
enpty */ | F BTSTACK i s enpty THEN

RETURN "fail" 20 ELSE pop BT STACK
record into variabl es st, I p, nmsh

current - st atactien language statements encounperédsduring 2% failed

pop MARK STAf#¢ &%b azd and hiateh, the marﬁ'\@tgéﬁELs W?%ed to‘é{kﬁ” parsi ng

succeeds, scan execyt actions varl

bi ndi ngs i n(RRRERFIRLY HeVieds wheny the FSA bagktragks. Thugfhe/ macteire
open nar kS[]coﬁmi@'{ land the con®RgRratith re86id0oh 0EhdMRK STACK up to

t op of el ene t rk" ,n m
oBen pod) PR R el oPener R age)siciil ﬁé‘r’ké tioen
-1 F (el ement —\:hmaur:l; rekacks ose" , pos)) THEN - SET cl ose

gﬁrEhs[ nuni = pos action language E-.t(a%ﬁmg sracakeeutegggégdif&éi G Egee) )

PCT/ US97/ 1718Yccess by scanning the gark, gtack fromobottom to tem.tolnhe
posi tions this scan, variable bimdings ape! satr aBgihadeasea b Ymark

<l at enent LRPRAES fagofad Ut dleions are exepupgn B 58LRAEEY BF'ackion
END FOR state necerdsucdéedasennf alatchcraddureecnocdction’ languaye URN
"succeed" gQaEgﬁeﬁggr@,}@ esdbutiEn precedi ng FOR | oop, the binding of $2 is

set to the sub-st of nput strin i nNi en mar ks[ 2] and
ending at cl ose @? éeq:, l,pan enbocﬁm og ge preferg [2]

implementatxon functions as follows:
15 : |
GLOBAL VARIABLE current_state = initialized to the
initial machine state
GLOBAL VARIABLE input_pos = initialized to the address
of the beginning of the input string

20 GLOBAL VARIABLE BT_STACK = initialized to an empty stack
GLOBAL VARIABLE MARK. STACK = initialized to an empty
stack

REPEAT UNTIL one of the following clauses exits
CASE (current state) IS
25 Char_branch<state 0, ..., state_255>:
current_state = state_(ASCII value of the
current input character)
input_pos = input_pos + 1

30

as
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ACTI ON LANGUAGE CODE GENERATI ON AND RUN- TI ME | NTERPRETATI ON 15 ~ Ina

preferre'd e %W action | anguage statenents are conpilp
vari abl e | engp y ecode- type of i nt ermedi at e | anguage t hat %lil,sdsex,{e]'é% ed
at run-time by a byt ecode interpreter. The previously described action

| anguage syntax is parsed by any appropriate known parsing 20 techni que,

for exanple by LL or LR pai&i@Gun Wo&&r %'lﬁgooffkéﬁhﬁéﬂﬁﬁa@éﬁ'
presented with exanples In Aho Pri nci pl es,

er

Techni ques. and Tool s, Addi s&W s‘l SATK™, BUBY, PORRY mie& ﬁ'ﬂ @pter 4. During
parsing all variabl es occurri ng.npuﬁ_lpbsmms@ts aneoanmgnmum gue
nunbers. A 25 preferred such me%g:g%t?%bg %g%gnt lal positive

i ntegers to naned vari abl es, he or der they are

encount ered,% and assi gnshmqﬂmllwn Codﬁb!?g&#§t§§e?he nuneric

variabl es denoting matched put)-@ldcdtishe,© compiida SktidR, cBlE) - ohtl
nuneric variable 30 $i being assi gined the funber -(iF)

I nternmedi ate code is generated by ax-direct ed transl ation
techni ques. Adequate syntax dhvmesirtd staues =anextstatiéechni ques are

presented with exanpl es qt Qhapter 8. The preferred
“internediate code is pre%er}fik} q.L’f':gév‘\;‘ &t hi s presentation,

i nt er medi at¥0| anguage i npuakt (shrteadapute Hos, mre ight {MARKSSTAGK) bn
code, with optional nodifying d,ﬁj&rgqatsm foll owed by zero of nore
- 60 - WO 98/ 12881

PCT/ US97/ 17132 ar gunent SURERLsitate 5 pexhatat® by <var> where var is
t he 2-byte integer codf#gexit ttte REPERT estd!elmﬁn’t/@mlfé.nah sucéésstt/are

encoded as 4-byte intege br E&c@ relative to the current
i nstruction address, i. ééc?%ﬂé) ress o the branch instruction itself,
so the byte¥®de is reIB%&le-?’ 1. Function Calls: Encoding: O

funcode numargs <var_O> <var_j# ddkch fﬁ\@!lj‘lﬁﬂwa‘ backtrueﬁmhegmvaro

[ orostaned the resull of (e JLEiLof ang sne 'WHNILST bk Y0 BlEEy o
built-in function, e. gIFa@l‘@TMIgvj,s emp'l;y @Bﬂ{each oper at or,
RETURN "fail®
20 ELSE
pop BT_| STACK record into variables st,
ip, msh

current_state = st
input_pos = ip
25 pop MARK STACK down to - height msh
END CASE
/* when parsing succeeds, scan MARK_STACK and execute
actions with variable bindings indicated by the marks */
done: _
o LOCAL VARIABLE open_marks{], close_marks[]
FOR element = bottom of MARK STACK up to top of
MARK_STACK DO:
IF (element=("mark",num,"open",pos)) THEN
SET open_marks[num] = 'pas.
35 IF {(element=("mark",num,"close",pos)) THEN
SET close_marks[num] = pos
IF (element=("action",compiled_action code)) THEN
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15 e.g., "+", "-", "=" etc... or the |anguage has its own

uni que i nteger "funcode". 2. Branch Instructions: Encoding:. 1 .
<of f set > <v@bin2881 Meaning: if varOis true, branch lpcyamesataeffset
20 relative to the branch instruction Encodi ng: 2
<of f set > <var o> Meaning: " if varo is false, branch by anount offset
relative to the branch instruction Encodi ng: 3 <of fset> 25

Meani ng: al ways branch by f f.¢€ tlve t

branch instruction 3. E%gg 1Hs?a%? Eo ﬁ i on OSﬁrEB thelgos%¥i°ns

<var 0> <nul | -t er m nat ed- st ri ng3n the “PWEaﬁFﬁgngvh?@l‘F%t%smgned the

nul | -term nated-string 30 open mﬁ&k&tﬁqtand closeEﬁﬁng 5 <var 0>

<fl oati ng- poi nt - const ant > ni_.n ) as ned
f1 oati ng- poi nt-constant RN GEHpd Fﬁs@FgéP ga ement ?ﬁf 6 <var 0>
<var 1> 358§ Meani ng: var O i s kimdiieyst ofn$oar 61, ..., $n

- 61 -- VO 24 1

PCT/-US97/ 17132 out put I nstructions: Encod|ng 7 <var 0>

Meani ng: out put s/ brieatel fusrasded and aldr agtieppeyecuted *fncoding: 8 5
Meani ng: term naREBURMerSuddeddn t upl e, causes it to be ret ur ned
to the netbot 6. Parsing Instructions: Encodi ng: 9 <var 0> <var 1>
<address of the finite state machi ne for <nt>> 10 Meani ng:

varO is asngnedxailpleesin tthe preceding: FOR loop, the bindimg efc$2 disg to
t he regqgul ar PLES n Y ta

| nstructions: £PE6oERE E#Ei?gﬁikg)?f the inpﬁ&asﬁﬁghﬁ &% ggngﬁ current
action |ang8§§éeﬂb¥5§k2] and ending at close_marks 2].

ACTION GUAGE _CODE GENERAI RUN=-T INT 'ATION
15 In a preferred embodiment, action ‘language statements
are compiled into a variable length bytecode-type of
intermediate language that is executed at run-time by a
bytecode interpreter. The previously described action
language syntax is parsed by any appropriate known parsing
20 technique, for example by LL or LR parsing. Adequate parsing
techniques are presented with examples in Aho et al., 1986,
Compilers Principles, Techniques, and Tools, Addison Wesley
- Publishing Co., chapter 4. During parsing all variables
occurring in the wrappers are assigned unique numbers. A
25 preferred such assignment assigns sequential positive
integers to named variables, e.g., $x, $abc, in the order
they are encountered, and assigns segquential negative
integers to the numeric variables denoting matched
sub-strings, e.g., $0, $1, $2, etc., the numeric variable
30 $i being assigned the number -(i+1).

Intermediate code is generated by known syntax-directed
translation techniques. Adequate syntax directed translation
techniques are presented with examples in Aho et al. at

. chapter 8. The preferred intermediate code is presented
35 below. In this presentation, intermediate language
instructions have the format of an instruction code, with
optional modifying information, followed by zero of more
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In alternpative enbodiments, different internedi ate codes or even no

i nt er nedi at n be used For exanpl e, I nst ead of Pr &y

di scl osed asvuc?ess-sglgsed i nternedi ate 20 code, equivalently a %gé"?al i sh
st ack-based internedi ate code could be used. Optionally, no internedi ate
code is used, and action |anguage statenents are conpil ed di rectly to

a nachi ne | anguage. Both hese .alternatjve .cgn, be enent ed usi ng
the di scl oseoaq's%"ﬁ't e‘} % d?;’s'°§§§ by §var3\n§1|g{:e aYyar b the
Executi on of zlwbm;narumngmsaaqgardﬂ)nmed viariabjeef eReddtivechbaniclient in

several stepS,efldid adlBHabde Ad Uliytl [BeeqeRkOr Cadh pyahiAbL Siand

vari abl e val ues SIS - the action
stat enent hawkelaive Fp ﬂat%aimmt vinstamicsdonr addnessal ized, t then

unassigned g addi@éé@ of\®tie Fraiun!Ristrddeilh AEERYE]! &b thel B?Eééédéeﬁst 0

point to the f { fruction of the bytecode to be executed. Then

t he interpret®F+¥ 5{@1% | cop whi ch retri eves the bytecode pointed to
by CURRENT | NSTRUCTI QN, 35 perfornms the coded sinple action according to
t he bytecode reTetaTIEeTo[c0) J ously described, and updates CURRENT

I NSTRUCTI ON tlc') plglL nt ert heér)'i% t he next instruction,

- 62 - WO 98/Enceding: 0 funcode numargs <var_ 0> <var_1l> ...

PCT/ US97/ 14432 <va¥ mebargdeen branch instructions, is nodified by the
of f set value. The inferp rete i ni shes e ion epcoupterjin an
exit instruction. hﬁe n:"m:"'l'h‘éa" é% ﬁﬁ*@ﬁ‘ﬁ% Hﬂfgl ?f gé?u?'éﬂctﬂ‘gn
run-tinme by 5 cal I:l.dnjlti]éié‘dsmy Nt fumeadea’t dro thet argmntbevavnml ed. ;egul ar
expressi on code s %ﬂé@?y We. ., an)
statements are trans 'at S % %frﬂdﬁ)execute exegﬁtc%bagit ecod
instruction code 7EYRFEIRRN €-FardFfe ﬂmvhé“'&atvp@d{ ear fSPFSWéErby a
bytecode 1fsinstrugigop eodp B ha'm £rétd\3l @ the dahgtage! Hakeits. éwn
mar ks the end of the, outp t st at eﬂg 6. SPECI FI C EMBODI MENTS,
Cl TATI ON OF REFEREMREEIe integer ffpuncedels | nyention is not to be linited
in scope by 1B.tBranghkcInstresbbonsent s descri bed herein. Indeed, various

nodi fi cati ons of tﬁﬁcéayﬁagi9n<5ff§@Egt{6gkd§)those descri bed
Meaning: if var0 is true, branch by amount offset
20 _ relative to the branch instruction
Encoding: 2 <offset> <varo>
Meaning: if var0 is false, branch by amount offset
relative to the branch instruction
Encoding: 3 <offset>
25 Meaning: always branch by amount offset relative to the
branch instruction
3. Load Constant Instructions:
Encoding: 4 <var0> <null-terminated-string>
Meaning: var0 is assigned the null-terminated-string
30 constant
Encoding: 5 <varo> <floating-point-constant>
Meaning: var0 is assigned the floating-point-constant
4. Move Instructions:
Encoding: 6 <varo> <vari>
3s Meaning: var0 is copied from varil
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herein will become apparent to those skilled in the art from the
foregoi ng description and acconpanying figures. Such nodi fications are
i ntended twofodlihggyd t hi n the scope of the 20 appended cl ai mSperussmTIa2

Various publications are cited herein, the disclosures of which are
I ncorporated by reference in their entireties. 25 30 35
- 63 - '

o 64 VWHAT | S
CLAIMED | S: 5, but?utAIﬂﬁthﬁdtiaﬁsﬁSSIStlng a user to query for information

avai l able fromi r Lon sources attached to a network, the nethod
conpri si ng: En%o§ihg. L FERE%

_ ng the one or nore information sources
nmost rel evant toMeandpg:qoutputs one item var9 gkorkhe surxenty$uplguery for

each rel evant i nfpadlihg? gource according to a description of each
rel evant information sodrce witten in a mwag

er. description ,
| anguage that coM@anidg:r serminptest bhe SGUEY &'nfg}‘ 'erﬁ%qs@sr d&uftqr be
expression in terns peturnei €eengracnétbheyul ar expressi ons such that, upon

recognition
9 éﬁ ﬁgy%f%% %&%Q%ctions:

Encoding: 9 <var0> <varl> <address of the finite state
machine for <nt>>

10 Meaning: var0 is assigned the result of the parse of
varl according to the regular expression denoted by
<nt>

7. Exit Instructions:
Encoding: 10
Meaning: exits the current action langnuge klock

(1)
(L

In alternative embodiments, different intermediate codes
or even no intermediate code can be used. For example,
instead of previously disclosed address-based intermediate

20 code, equivalently a reverse Polish stack-based intermediate
code could be used. Optiocnally, no intermediate code is
used, and action language statements are compiled directly to
a machine language. Both these alternative can be
implemented by using the disclosed syntax-directed methods.

25 See, e.g., Aho et al.

 Execution of wrapper actions is performed in a preferred

embodiment in several steps. First, mémory is allocated to
store all variables and variable values. The number of
variables is known after the action statement have been

30 parsed. All variables are initialized to an unassigned
value. Next, a pointer CURRENT_INSTRUCTION is initialized to
point to the first instruction of the bytecode to be
executed. Then, the interpreter enters a loop which
retrieves the bytecode pointed to by CURRENT_ INSTRUCTION,

35 performs the coded simple action according to the bytecode
langquage previously described, and updates :
CURRENT_INSTRUCTION to point either to the next instruction,
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regul ar expression of the entire regul ar expression, actions can be

executed w vari abl es bound as of the tinme of recognijl of the
conmponent régﬂlggrlm&pressi on, the actions actually bei héhg&%"wfgd
only if the entire regular expression is also recogni zed;

transmtting the formatted query to each of the relevant information

sour ces; I j . fi.el rel eva t er er
from responses° ¥ St nteadg &ﬁb%td‘#i?&%%@%él#’ g‘log\%dnﬁ'sl Hfagrriﬁ% }'10%&5%6?08@?84
accordi ng to tYRlwescripe iinterpneternr dinishes executighoupani enceuntering

returni ng eachaheSPPRSEhstifttion. presenting the relevant data
fields to the user. he, met.hod of claim 1 further conprising, after

2.
extracting, estinatThRy) RIS ;%‘éé‘ functiog is,gxecutefsat runrkimeshby
query. 3. 5 cdirimpttinal RSA drievpretierr dion intlerpiretgther tbapiledpre§esar

and sol ct i ng Sxbiefbidh code erpdlriiy ‘Whe"¥ibder BedRe mifhter O 07

and sel ecting e-as eva formation
source rel at esOutpehta dbi eridd) shatepents are transdatednandr thewi sting a

user 1o query gRachtdd BRldsituititd PytedddiMingtduERibANcode 7, £3LVEEER

attached to a network, j’he system'conprising:. a_first.
processor rreang"?b?btil*'{e‘%t"ﬂ% YRPYn 4 iFt rﬁﬂ%&q'ﬁ?ﬁ’o%ﬁi bytesafecs

nmost rel evand instrustiomussde 8 that terminatessahenduprenessoplepansef pr
formatting the %?r eaﬁ%l S i nformation source
according to amggg%rl p iéc'(#\éo £ eac Jr"gt} eva%altrﬁnc?rnr?éti on source

witten in a wapper description |anguage, and for transmtting the
formatted query 6. | GEEPIY EMBODIMENTEN! % PASTOR bgn_xf»,p_psnmzst he
wr apper description_| an u%?e \ (“”H”{S'ng acl |b]es gr.speC| éigg an
entire regul ar exprtReBresent JAnyenkion is nqb, to be,limited, in, SEPRE DY
such that, mpotheespgeifiorembodimentsmissrribed hereimgul Indeed), evardousf
the entire reggbaiffggﬁﬁaé%% ﬁ?é | {Hi\re rPeLx?Ya%&%nWtbhtnose described
vari abl es bound as of the tine of recognition of e conmponent regul ar

i erein w come apparent to those s e rom
t he iacti ons actHal Fyrégoing edeser Bt Dot yar%dh _ddteonpuniying Q@Q‘i.x&é's?XpS&&ﬁi on
is also recogni , . [ r SSOl, or,
extracti ng dat BORRERGREREPe e intended dd diad ARERR el BBpkC0s the

returned fr@m appeDGEGVQhaiﬂaf ormation sources, according to the _
description of the ¢gt-e¥as! phBiPedBidns ﬁ&erﬁé@wﬁa&@g eaeh diasiesagesand

a fourth processor ans fo resentin evant data f.ields.,to the
user . P of whggh are Jr.ngorporateg by reference 1in t%exr en n:et&.e_s.

25

30

35
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5. The system of claim4 wherein the first, the second, the third, and
the fourth processor means resrde—l—n—tme—net‘vwr‘k attached conput er,

the conpu i sing T?Qnﬁkﬁh?ﬁhPf
claim4 thg?%il;n e first, the seco iﬁﬁtrﬂsnﬁ elT'lacgdd the fourth

processor neans reside in separate n conputers, each of the
conputers conprising a CPU and nenor system of claim4

wherein the "i‘{?ﬁ Iayq?%%o eans present s the reI evant data fields
by executing a ?if V‘Z “br owser . : The system of claim4
further conprising a first network attached menory neans for storing
Ej he descri pti ons pomdtiHdd Hoaf ra%tm@tmguacaseﬁgﬁof Qﬁeﬁy omﬂlmaﬁmtmn
escriptions uest t secan essor nmeans.
9. A wr apper (?éﬁjrlita&qleo % é"ﬁgé'ﬁ Baq58 Eﬁﬁ?ﬁs?hsa?lg%% ¥ A ng a string
by scanni g nets:mnk,stsaimg medhodd icogprdsdngegul ar expression witten in
a regul ar expressyj on go3ect irdf E4 S%&r"mﬁ%ﬂ“hﬂ%oﬂﬂﬁféﬁ'éﬁh&éﬂwm

capabl e of specifying an entire regul ar expression in terms of
conponent regul arrelgiansittha AR/SF @AWY Jupon recognition of one
conponent regul arp eXpressistititg Sl A quetyuifor exphesaidrakmtantns can
be - executed th v r|abIes bound of . the tal oggi of

sai d conponent ¥VI eesasq S d&%‘%&?%ﬁ@?b&eﬁg
executed maly if saidl mlevant e:gufmation smeesmi&nensial sOWraRR|hi zed.

10. The wrapper 3dese{heide™ Y met hod of claim9 further conprising
the step of execut1 ng, ong statenents witten in

| anguage, sai d acton FEMREmieting saxq:maé: SREEHt \PnGAER° g(ﬁﬁ"(ﬂls of

operators on Varlﬁblmnthmmmfsdurﬁéspns on variables, and

of "t he sequence of stat C
| anguage bei ng further %%géﬁen%fS%g%aégf% }cf ‘fa%kgat?’dtsraggu ger %rr%sl on
| anguage fisr specfigmngesabuaemte‘h‘%rmsl:mlr@mgim el evansg ANEPERABIONR 5

conmponent EBgikas, eéﬂgésékﬁf‘icting according to said description
66 11. A conput er ,r.éadabl d klm con ai ni ‘grl nstructi.ons foi;‘ ggggl ng
one or nore of said relevant 1in on source returning eac

response; and
e. presenting said relevant data fields to said user.
2. The method of claim 1 further comprising, after said
extracting step, a step of estimating the relevance of
said responses to said user query.

25 3. The method of claim 1 where said selecting step further
comprises the steps of:
a. determining one or more concepts to which said user
query relates; and
b. selecting an information source as relevant if said
30 information source relates to said concepts.

4. The method of claim 1 wherein said wrapper description
language comprises facilities for the specification of
an entire regular expression in terms of component

35 regular expressions such that, upon recognition of one
component regular expression of said entire regular
expre551on, actions can be executed with variables bound
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conputers to assist a user to queé.)(i
i nf'ormati onmo”nzsﬁources att ached 1

gl%ret 'ag or tli op avai l abl e from

T y performn &Jﬁfs

Iﬂ”“'] ﬁﬁiﬁmﬂe i nfor m%t | onygg{}%es
tting the user query for

oper ati ons sel ecti rI

nost relevant to a user query;

each relevant information source according to a description of each
rel evant information squrce V{itten in a er desqrj ption | anguage
that conprises facPPiPfecthe Jring L% fSﬁ‘Fﬂ‘?"\Q{F t 9% COmPORENE s EPGR1RR
terns of conprpressicyyl said koo ractualily eiing pxecutedgonliyoi£of

one, comenent oSt AU PSR il LR S 10 YRboRiRRaSel O

actions can be execu of the“tirnme of
recognition of the conmponent regul ar expression, the actions actually

bei ng _exeguseg.onl X kistés ﬁ&iiﬁi%t%’lraf%ﬁtsfd g;ué:q erlot&o infoﬁma];ifﬁ
recogni zed; rapsmitii e formatte r ach o e
rel evant i nformati Bﬁaéﬁﬁpi%sgr‘m in gﬂ?%‘?’? MPYERSE %ﬁ%@&e%&/&nt to the
user query fromreppewoeR, reaid negstemncomprising: rel evant i nformation
sources, according_.to tgefggg‘erﬁgﬁ‘jéggs% ﬁ&fné ef&‘/)aéﬂlectin lieO t'bg.n

source returning efen response; " resenti ng the relevant
data fields to themgrer inforpation sewpoesrnosh dedlevantditina frex ANSEY;

instructioggy for cgysi ng geEoRd ??6635‘50:: néMND UESF SFormatirey Bafilde useirhod

of claim?. 13. The t hod claim wher ei i jon of an
i nf or mati on resour@@emcg‘éﬁeggcﬁ =814 re]l.évaxéﬁ gﬂﬁ?&%@%&{ t%é‘lﬁ%rﬁ or mat i on
resource on the neaoeording to a descriptiiengofit each saithaekevante

conceptual classes ;descrip Lxesgég{:ggrtga?lég}a%og “?Pepe,{: RS tion

a mappi ng of query argunmenis to ] - of 't user quea};‘ as
appl i ed to t Rangwrgenndngnfesytranspifting said formatted queny; £ of
a format falg preseiachdo BAtROREEevanthéntsthatiion ysilnrtesan be

parsed to extract data fields.relevant to_the_u .
nmet hod of claim 1, Sther & ‘Sff*r REPPRESHA: Ee?ﬁgl géﬁ%%ﬁl?%ﬁ%tg -ugs?%rlds
query from r elevant tot saidduBevngubryr fronaresponspsreturnas, fren

further COMPriSes: gaid relevant §RT8RAALYGn' BohPEES)! S40M @beAduLiy M egul ar
expression defined 1n the : escriptign Qf a rel

] e¥&ntﬁje2f or.mat i on
source, executing @cqexidndore gaddodessriphdgn of saiqd yelevant o (equl ar
expressi on gpon t heinRkahtion sourced retarnihg eathvaald responsepramd i on

source, using data {om.a g eb¥anl Aabdol) Gedng’ sbbepkEsaneasy e nd

vari abl es i ncl uded ©onh thae acti
REPLACEVENT SHEET relevant data fields to said user.

6. The syétem of 5 wherein said first, said second, said
25 third, and said fourth processor means reside in one
network attached computer, said computer comprising a
CPU and memory.

7. The system of 5 wherein said first, said second, said
30 third, and said fourth processor means reside in
separate network attached computers, each said computer
comprising a CPU and memory

8. The system of 5 wherein said fourth processor means
3s presents said relevant data fields by executing a World
Wide Web browser. '

T, THIN gee reeefa o L .
o e ] o

1. 22} THIS-GHEET:HAS BEEN

TR0 AR ¢ [z AREPLAGED
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15. The nethod of claim 14, further conprising: converting the entire

regul ars expression . into a figltesto Qen"f{'é Qopta and executing the .
finite staygogyisgimta to extract the el ds r el gangsor@Tishe user
guery. 16. A conbination of conpu oducts, executable by one

or nore conputers attached to assisting a user to
query for information avail able from |nfornat|on sources attached to
the network,gthe o ' R BRANEC ton nsiﬁ@”ﬂrfﬁ'é'ﬂ network a

query router that receives the user uer or nore

and
i nfor mat i on sour AEEARRQd mMeNQXy, mean u§§Pr Bﬂrgh aescr:['ptmns P8 apper
descri ption dat abggid i tibm stﬁ&weaohndnfoi- pnomding Maid

f h, d
anguage - cOMITERRG IR gt elpilet, 8 pri SkaRE by EEE LD

expressi onsSi n t erpmoeessor meamsiponent regul ar expressions such that, upon

recogni tion of one conmponent regular expression of the entire regular
expressi on, actions can be execufed wth %baales boung as of the
time of recodfitidrVEAPPEE Fﬁ°qeiﬁHQHP9€kHP QR fOBPEL8ING he actions

actual |y being exgetbgAr1oDhy afstihingy rscamdngasaddpseringnaceord ing
i zed; ' t hat '
outer the rel evaf & reatiaf SPkETEHSfeh Jpheken 15 o' CGLYEF LiBfuilfodrY

ser query
for each ael evant language;i said regubmwmm Agngyagrecapable ®fon of
each relevant infgpgRie in OHﬁCSntﬂréhFe lar edpeB@ionciar tekhenoglat abase,
and that extracts data g Ievant he user g §by from
responses ret ur neGCPPERLE EGEP Pﬁee¥BF%ﬁ§£ﬁn§rﬁqﬁﬁﬁﬁﬁggﬁ B es

according to the desegnition of bhe cehpoment irdgulmt iexpression Pt sakfng

each respon d, ruggé cutelh with
transmts the for%&tég% gulaFOeégrﬁsg?o fgﬂéne evan?&?hfornarlon
sources Vi the nwawdableanbopndvnaeefthher%éaﬁ) Fecagnrden of saig t he

S35 Ghery |1 { B a0 S aacissanity nc o
conpri si ng: b q g@%@% °ﬁﬁ #gcggﬁg ﬁ?uﬁé%&%elve %g&&? is

query and provi dealiso trmecdgnized. query router, and that receives the

extracted data fields fromthe aggregati on engi ne and di spl ays them
to the user. _ .
20 11. The wrapper description language method of claim 10

further comprising the step of executing one or more
statements written in an action language, said action
language capable of specifying the actions of operators
on variables, the actions of functions on variables, and

25 of the sequence of statements, the statements of said
action language being further capable of peing embedded
in said regular expression language for specifying said
actions occurring on the recognition of said component
reqular expressions.

30

12. A computer readable medium containing instructions for

causing one or more computers to perform the method of
claim 1.

35 13. A -computer readable medium containing instructions for
causing one or more computers to perform the method of
claim 10. .
[
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