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Abstract: A Web walker for he Hypertext Transfer ProtocolHTTP) implements a constraipbsting
control arditecture The Web walker uses declaratve ard extensble vocabulary of constraintsto
characterze traversals ofWeb structuresStarting from a root resourcthe walker recursiely follows all
hyperlinks whose associatkresource satisfiebid constraints gding the walk. Constraints are sorde
accoding to efficieny classbefore gplication to cawlidate resourced his constraint adering conseres
computational ad nework resourcesAs the walker traverses he structure iperforms @erations hat are
specified in adeclaratve ard extensble actionvocaulary. Taken togeher, a set of constraints dra set of
actions corprise anactivity, which canbe name ard reusel.

SeveralWeb-accesdile goplications usetis constrairfguided framework:

e Web Mapper: Hyperlinks from a root uniform resourcedicator (URI) are folloved ard
displayed in Hypertext Markup LanguagéHTML).

e Web Document L ocator: A Saltonstyle statistical retrieal algorithm is gplied to TEXT or
HTML documentswhich are rgorted to the usemwhen teir score gceels a treshold.

e Web Archiver: Regions ofWeb structure are treersel ard transferre to a localdisk drive.
Hyperlinks within the structure are rerpped to preseve link structure intie nev location
The Web walker was inplemente&l in CommonLisp as a faciliy for the CommonLisp HTTP Server.
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1. Introduction

As the World Wide Web has grevn, Web walkershave settlel into wo general pplications site
maintenance ahhigh-volume irdexing. In these rolesthe walkershave been tund for specific
actwities tat are pplied uniformly over Web regions This paper intraduces a n&
constrairposting arbitecture fonVeb walkers hat yields greater flgibility as itdecowles control
of Web traversals from actionspglied to Web regions The goal is to facilitate reuse ésharing of
both control anl action dstractionsard thus, to goen te way for a nav generation of
reconfigurdle Web walkers hat allov pecple or intelligent agents topower browse' the Web.

The W4 ConstraintGuided Web Walker is a secahgeneratiorWeb walker interded for traversing
well-specified regions of he World Wide Web ard performing ary variety of actions Control of
thewalk is gecified with an etensble vocabulary of constraintshat limit enumeration oiVeb



resourcesActions gplied to eat acceted resource arepecified by an extensble action
vocabulary. Conditional brandhing in constraints ahactions miespossble adaptive reponses to
Web topology. Most inportantly, constraintard action aostractions enforce agaration of control
from action ashey encourage reuse of controldeaction dstractionsThe W4 Web walker
enploys an arhitecture isomaphic to one originalf developed for a grgh walking system for
knowledge reresentation ine RELA TUS NaturalLanguageSystem(Mallery, 1997). W4 builds
on abasicHTTP client hat isdistributed with the CommonLisp Hypermedia Server (Mallery,
199%). W4 exterds the dstractions ofhis sewer ard basic client to accessinyeb resources ah
walking Web structures

. Control

The W4 Web walker is an intgoreter for grah structures comprised by resources accest via the
Hypertext Transfer ProtocBernersLeg et alia, 199%). A web traversal corrggonds to te
application of an actiity to a root uniform resourcedicator(URI) (BernersLeg 199,
BernersLeeet alia, 199). As hyperlinks are &tractad from resourcewith relevant contentypes
-- sud asdocuments usinghe Hypertext Markup LanguagéBernersLeg et alia, 19%) -- a
filtering procesrunes out all cashdates hatdo not satisf formulae in he constraint language
Actionsare henperformed on successful caiidates All the information reguired to guide a
particular traersal ad perform actions is stoden a namd activity object

A . Interpreter
An actvity executeshe following logp at eab st in the traversal of a structure

1. Enumerate URIs: The body of anHTTP resource is scanthéor URIs ard these
are returnd, possbly ordered by an goplication-defined predicate

2. Apply Constraints: Constraints areplied to filter enumera@URIs ard
produce cadidateURIs for actions

3. Order Candidates. URIs satisying the constraints are insedte1to a tak
gueue possbly ordered accoding to an aplication-defined predicate

4. Perform Actions: Actions receie the goportunity to goply themseles to eaa
URI in the tak queue

B. Computational Complexity

Walking aWeb structure is a gpin walk in Web space A Web walk is isomophic to a
treedescentwhere starting from an initial rle, inferiors are recurgely enumerate (stgs
1 ard 2), ard possbly visited (step 4). Although treedescent algoriims are gponential in
form, here constraints nysbourd the @solute nurber of URIS enumeraigard visited.
Thus the conputationalwork required to conplete awalk is givenby the guding
constraint formula ahthe actual tpology of the region traerseal. In practice neivork
factors lke HTTP regponse lateng ard transfer ratewill contribute significant constant
factors to lhe time rguired to execute an actity at eab visited node.

A god set of constraints nams the scge of he Web walk to the URI's of interest agh
produces a more tradtie walk than midt be the oberwise be atieved using conentional
Web walkers Thus the goal of constrairguided Web walking is todevise a constraint
formula hat generateshé smallestbut conpete set of cadidateURIs, ard sg performs
its actvity using he minimum corputational ad netvork resources



Asdiscussd below, declaratve constraints calpe odered for goplication inways tat also
conseve conputational ad netvork resources as daply selects casidateURIs

C. Constraint Types

Constraints are instancesamnstrainttypes. Constraint ypes seve as terplates goerning
the behavior of constraint instance$hey hold generalpurpose functionalit governing
their instancesvhile their instances storgoscializing parameters

There arewo general classes of constraiyyes

o Ordinary Constraint Typesare he staard class of constrainype. They accept
argumentdut none of lheir arguments cabe oher constraints

o Circumstance Constraint Typesare gecial constrainthat goerate on
collections of constraintsird thus, they accet argumentsvhich are constraint
structuresAmong oher things, these constrainypes inplement logical
operations ad corditional brandiing over constraint structures

D. Constraint Instances

Constraint instances arpexialized into sibclasses accding to conputational efficieng.
A sortbasal on efficieny subclass seres as a firspass for otlering constraintsThe
ordering is intexed both to prune cadidateURIs as fast apossble ard to do sowith
minimum conputation awl netvork accessThe current set of efficierycclasses for
constraints ppearbelow in decreasing ater of efficieng.

o Context Constraints select &JRI basel on state information irhe Web walker
without the neel to first generat®&RI cardidates No netvork access is agiired.
The currendepth of the walk is an eanple.

o URI Constraints involve conparisonsbetween cormponents olURIs or
predicates onhieir identity. These rquire generatindg Rl cardidatesbut they do
not involve further netvork accessin particular, they do not reuire lodkups in the
DomainNameSystem Constraints onhe subdirectory of URIs are &anples

o DNS Constraints require lodkups in he DomainNameSystem for heir
resolution Constraintshat limit the URIs explored to gecific hosts are xanples
because canonichbst names are gaired to m&e relidble host conparisons

o Header Constraintsrequire goplication of he HTTP HEAD metod to the
resource forheir resolution Constraints onte contentytpe of a resource are
exanmples

o Resource Constraints require the gplication of HTTP GET mehod to dotain the
content of he resourceSearding the body of adocument for a dastring is an
exanmple.

E. Ordering and Applying Constraints
Constraintsets bundle collections of constraint®perations on constraints aggoically

donevia operations on constraint seBefore a set of caldateURIs canbe filtered by
the constraints of a constraint sibse constraints nd¢o be oderead for conrputational



efficiengy. Constraint sets filteRIs as follavs:

o Order Constraints: Sort all first level constraints inhie constraint set sbdt the
most efficient constraintwill be gplied first. Ordinary constraintgrovide an
efficiengy sortkey directly. Circumstance constraints recwely examine he
constraintshiey contain to corpute an efficieng sortkey, which is the most
expensie constrainthiey scqe.

o Apply Constraints: Once constraints aredarad from most efficient to least
efficient, they canbe gplied to filter enumerai@URIs. By the time more cosl
constraints are rebed, more efficient onebave reduced the nunber of URIs
remaining uder condileration

Constraint sets are @ered only once thereafter hey canbe gplied to enumerat@URIs
without further reoderingbecausehe efficieny characterzation is irdeperdent of he
actual resource®©f course if new constraints aredaled to a constraint sgit requires
reordering

With the exception of resource constraintsonstraint classesisuld almost alvays involve
algorithms with goad conplexity properties typically algorithms linear in e nunber of
URIs, or better. In contrastresource constraints mapply any algorithm to he resource
body, ard consguently, may require secodary ordering to ensurenat dheg resource
constraintgrunedown the camlidateURIs to a minimumbefore more gpensve ones are
applied. Additionally, the conputational cost of resource constraintsyrdepend on he
actual content ohe resourceNeither secodary ordering of resource constraints nor
constraint odering informel by their contenhasbeen inplementel.

. Search Process

Web walking is a seattprocessThe currenWW4 implementation kamines aVeb region
depth first with sorting of cadidateURIs at eah level, but not gldally. Extensions for
breadth-first, bestfirst, ard other gldoal searb options are irprogress

The current inplementation runs in a singleread. Multiple cogerating hreads exploring
different parts of he searh space is also wter consileration

. Defining Constraint Types

New constraintypes aredefined with DEFINE-CONSTRAINT-TYPE. In Definition 1, the
secom argumenprovides he constraint efficiencclass ad the documentation forhe
constraint The third argument istie lanbda listpassé to the body during constraint
application.

Definition 1: Defining aheader constrainthat only passes &RI whenWeb robots are
allowed on te site

(define-constraint-type
header-robots-allowed
(:header

:documentation "Succeeds when robots are allowed on the URI host. )
(constraint activity url)
(ecase (robot-exclusion-status activity url)
(:excluded nil)
(:allowed t)




( :unKnown
(let ((exclusion-url (robot-exclusion-url url)))
(multiple-value-bind Cheaders status-code)
(get-resource-headers activity exclusion-url)
(case status-code
(404 (note-robot-exclusion-status
activity Chost-object url) :allowed)
t)
(t (note-robot-exclusion-status
activity (host-object url) :excluded)
nil)>>>)))

3. Actions

Eadh actvity contains a set of actiortsat are pplied to URIs that have passd its associat
constraint setActionsare instances @fctiontypes, whosebehavior is parameteded by their
argumentsTwo general classes attiontypes are currentt defined:

o Primary Actions are he basickind of action Theseperform some peration on aJRI.
An exanple is an actionhatwritesHTML descrbing the currenURI to the client stream

o Encapsulating Actions surroum primary actions ad allow the action to gecify when
ard whether the encasulatel actions runExanples include actionshatwrap anHTML
ervironment aroud primary actions hat generatiotiTML output for the client(e.g.,
enumeratioh

A. Defining Action Types
Action types aredefined usingDEFINE-ACTION-TYPE. In Definition 2, the secod

argument gecifieswhether the action is grimary or encgsulating actionThe tird
argument ishe lanbda listpasse into the body during action gecution

Definition 2: Defining an actionHat writes he headers of he URI.

(define-action-type
trace-headers
(:standard
:documentation "Traces the headers of accessed URIs.™)
(action activity url)
(let ((*headers* (get-resource-headers activity url))
(stream (report-stream activity)))
(when *headers*
(fresh-1line stream)
(print-headers stream))))

Although the constraints uskby the actvity to enumeratehe Web region mg cover the
correctresourcesit may not m&e sense topgply actions to edtURI. Conseuently,
actionswill often test he URI against lheir own set of constraints to selebetcorrect action
to goply to aURI, or to t&ke no action at alln these caseshe scee of he Web walk can
be wider than te sce of particular actions

4. Activities



Activities collect a set of constraints to daiaWeb walk ard a set of actionsat areperformed on
visited URIs. A Web walk is initiated by gpplying the generic functioWALK to aURI and an
actiity. One canhink of anactivity as a comlex argument to a functigrrontaining a nuiver of
interrelatel parametershiat are ivoked in differentways during a recursie processRather than
pass all hese arguments garatey, here hey arebundled into name objects hat canbe reusd.

A. Defining Activities

Activities canbe defined with DEFINE-ACTIVITY or they canbe creatd on he fly with the
macroWITH-ACTIVITY. In eat casetextual Pecifications for constraints dractions are
passe to routineshat allocate corrg®nding dbjects usd during the walk. Definition 3
shows how an acwity is defined to display the headers of all resourcesithin two
hyperlinks from a rootJRI. The actionWALK-INFERIORS is abuilt-in action hat
reinvokes he intepreter on e currenURI to explore the net level of the searh space

Definition 3: Defining an actrity to trace resourcd®alers to adepth
of 2.

(define-activity
trace-walk
:documentation "Traces the Web Walking activity."
:constraint-set ((no-cycles) (depth 2)

(header-robots-allowed))

:operator "JCMa@ai.mit.edu"
:actions ((trace) (trace-headers) (walk-inferiors))
:report-stream *standard-output*)

5. Applications

Several sinple goplicationswere inplementel to test he W4 framework for constrairiguided
Web walking. These aplications are ideperdent useful ad conprise a start on aldrary of
actions

A. Web Mapper

A simple gpplication walks Web structures uter a set of constraints @displays the
resources tneersal. This Web mapper is useful foviewing the link brandiing structure
associatd with aWeb document ad for testing constraint formulae to sebatweb
region ey select This link mgpper is invoked via a form aerHTTP ard reports its
resultsbad to the Web Client. Figure 1 shows the form tat invokes he Web mapper.
Someparameters for seeral stadard constraints are péured via form input fields,
whereas morepecialized constraints arpassé in via the constraints fiel. In Figure 1, a
conditional constraint is ugkto syppress ag HTML resourcesvhich were create before
Januay 1, 199 (specified in secons sincel900). Consauently, the results sown in
Figure2 contain nAHTML resources nubfied less recenyl thanJanuay 1, 19%.

Figure 1. Form to pecify mgpping aWeb region

Show Web Link Structure

Trararae 0. Web stouctore displadne she link stnoctor:.

TR T. [farhae vt -



mrmmar geanaangg, pnsg
|'I:||.'.-t-:|:|: Aimilsan.al . nik . edw/el-htEplel-http, htpl

Show Headeys [display headerinformation: O Yes @ Mo
Depth [mesdnmon steps evploved [ |3_

Gz Host Only [explore o other secvers]: 8 Ves ) Mo
Oy Suhdivectordes: ) Yes @ No

Hastz [Fniit walk to sexszas]:

MlivEsndze DINS [non-canondeal host names]: @ Yes O Na

Reggect Mo Rofote: ) Yes @ Mo
Constrainds [specfy o list of constrmings]:

(fif {fheader-content—type (:texk chimd))d
{(header-losk-nodified » 302946120077
fdly]

Figure 2: Client displays results & mapping a Web region.
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B. Web Document L ocator

As an eanple of the kind of gpplication that canbe rapidly developed using his
web-walker, we developed a constrainguided seart tool. This tool performs a local
bestfirst seart on he area oftie Web satisf/ing the ecified constraintsThe searh
enploys the Salton(1980; 1991) algoritim for classiying documents accdng to
keywords, adocument score is cqmted by summing normaked frequeng counts for
the keywords. The algorihm is quite sinple, as follavs: given aURI, the correponding
document is scork(if text) ard returnel if the score islaove a hredold. Then a score is
computed for all of the documentspointed to by links in he currendocument These
scores are ugdo order the links for traversal The processhen continues untilhe
applicable section ofWeb-space is ghaustel (typically by a constraint orhe depth of the
searty).

Figure 3: Form to gecify aSaltonstyle searb over aWeb region
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One of he most inportant apects to notelaut this goplication is he relatve easavith
which it was developed. Leveraging he substrateprovided by the chhttp sewver ard the
elegant constraint structure betwalker descrbed herein the cale for his goplication is
minimal beyond the actual scoring c ard somepretty-printing toprovide a forms
interface(see figuredvelow). Using his sibstrate it should be clear hat abitrary searb
methodologies emloying amitrary document scoring algohims carbe implementel
rapidly ard easi,.

Figure 4: Client displays results of &alton-style searb over aWeb region
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Later inprovements toltis goplication will enable better scoring tdmiques han he

Salton algoribm aswell as inproving on he searh control becauselte descent sorting is
local, the current algoriim presumes a faiylhigh degree of informational ¢eerence onhie
site(s) beingwalked. It would be better to sorthe links fordescenbasel on the score of
the brand of the walk tree hat link belongs t¢ a gldoal bestfirst searb.



C. Web Archiver

The W4 ConstraintGuided Web-Walker canbe configurel for use as &Vorld-Wide

Web archiving tool. When the walker processes a e, the artiver storeshie URI content
on the local filesystem creatingdirectories hat mirror te URI hierardyy. HTML
documents arpasse through aparser hat remas hyperlink information to e
file-system allowing the user to nagate he structuravith a corventionalweb browser.
Hyperlinks pointing toURIs on oher hosts arereseved, allowing a seamless transition
bad to the web when a resource is not mirraréocally.

The artiver actvity is guded by a fairly simple set of constraintgonsisting of a
URI-host allowed contenttypes am a maimum depth. When mirroring a sobtree on a
large site a maimum depth setting is inportant sincelocuments often referendeettqp
node of a siteGiven an initialpathname onhe local filesystem the ardiver creates a
directoly whose name is a ujue rgresentation forite targetost The URI hierardy is
then mirrorel beneah this directory.

The data from a cdwed HTML document igpassé through a strearbasel
parsefremaper before being ouput todisk. If a BASE element is foud, its originalvalue
is storel and a local filepathnameput in itsplace If no BASE reference xsts one is
createl. Since mosbrowsers fail to correcfl parse a file reference inBASE elementthe
pathname can oglbe ecified up to the directoly representing lhe remotehost Any path
information from bhe originalBASE element mustdded to eat individual hyperlink
referencelf an ésoluteURI referencepoints to a location orhe hostbeingwalked, it is
parsel to a relatve URI. If it points to a location on art@r host the full URI is retainel.
Once he BASE element ad all hyperlink referencesiave been rempped in this mannera
HTTP browser can successfulhavigate he file structure omlisk.

An ardiving walker has sgeral immeliate gplications

o Resource Retrieval: The artiver canbe configurel to fetdh particular ypes of
resources from bost sud as images or aiio files.

o Disconnected Webfor Mobile Computing: The ardiver provides he aility to
archive a region oftie web, ard then browse itwhile disconnectd from the
nework.The ardiver maintains dad-table of documentheaders so hat
individualdocuments cabe refreied as neded when a nework connection is
reestalished.

o Historical Snapshots. Another gplication ishistorical artiving of web sites
This is epecially important for transient sitesud as hose containingolitical
information orpertaining to garticular &ent aswell as sitesvith ahigh
turn-over.

o Asynchronous Notification: By obsewning changes in resource rdification

dates ad comparing sources to an diged copy, the artiver coud alsoprovide
an altering sefice for resources of interest

6. Future Work

The present inplementation laks a nurber ofdesirable featurestiatwill be incoporated over the
coming monts.



o Search Control: Activitieswill be &le to select amfully customke the searh process
usal to expand the Web structure

o HTTP 1.1 Compatibilit y: The base clientvill be efhancel to sypport persistent
connections ahother agpects ofHTTP 1.1 that improve performance ashreduce
consunption of netvork resources

o Multi- Threading: Activitieswill be &le to ecify regimes tgartition the searh space
among seeral cogerating hreads.

o Robust Operation: The nework is an unrelible place aul there are manHTTP
implementations oflubiousquality, not to mentiorbad HTML. Exception hardling will
be exterded to m&e W4 robust in te face of biquitous error

o Libraries: As the user communjtdevelops, we hope tat $ared constraints athactions
canbe collectel ard distributed with W4.

7. Conclusions

A flexible constrairfposting arbitecture for grah walking from the field of knowledge
representatiornas been transfergeto the domain ofWeb walking. The arditecturedefines an
interpreter hat accets declaratve constraint formulaghich it uses to enumeratéRIs towhich
declaratve actions arepplied. The constraint lbstraction miespossble sorting of constraints
accoding to heir conputational efficieng. This not ony allows the Web walker toproceel at a
fasterpace but more inportantly, it allows irrelevant structure tbe ignoral. Declaratve actions
allow multiple tasks tobe performed in singlewalks, which therdoy reduces utilzation of netvork
resourcesBoth constraints ahactions cate collectel in namel actuities tat canbe recalle
when needed again

W4 provides an evironment for creating ahreusing astractionshat descrbe regions oftie
World Wide Web ard perform actions wer them The initial vocabulary provided with W4 canbe
exterded to sypport intelligent agentperforming resourceiscovery on he Web.

8. Availability

The present inplementation is lout 3000 lines ofCommonLisp cade, not incluling the
applications It runs on he sameplatforms astie CommonLisp Web Server. The source ode
will be distributed with the web sewer in future releases
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Appendices

These aperdicesdescrbe the series of constraints dactions hat have beendefined for W4 ard
useal in some ganplesdescrbed in this paper. Each ently gives he name oftie constraint or
action its type in gjuarebradkets ard any argumentshat it accets.

A. Predefined Constraints

And [Circumstane-Constrain]: (&REST CONSTRAINTS)
Succeadls if all of its arguments sucaethemwise fails The arguments
are aly nunber of constraints or constraint setsl ane @aluatal left to
right.

Depth [Context-Constrain]: (DEPTH)
Succeels while recursve Web walking is lesshan or gual toDEPTH.

Header-Contentl ength [Header-Constrain]: (COMPARATOR SIZE)
Applies COMPARATOR to the CONTENT-LENGTH ard SIZE.
COMPARATOR mustbe prepared to hardle a null
CONTENT-LENGTH.

Header-Contentl ength-Upto [Header-Constrain]: (SIZE &0OPTIONAL

(DEFAULT T))
Succeels if the conterdengh is less han or gual toSIZE. When
contentlengh is unavailable, it succeds whenDEFAULT is nonnull,
otherwise fails

Header-ContentType [Header-Constrain]: (CONTENT-TYPE-SPEC)
Succeelswhen te contentytpe for he resource mates
CONTENT-TYPE-SPEC. ReturnsNIL if the CONTENT-TYPE is not
available.

HeaderExpires [Header-Constraini: (COMPARATOR UNIVERSAL-TIME)
Applies COMPARATOR to the EXPIRES date amul



UNIVERSAL-TIME. ReturnsNIL if the EXPIRES is not aailable.
HeaderL ast-Modified [ Header-Constrain]: (COMPARATOR UNIVERSAL-TIME)
Applies COMPARATOR to the LAST-MODIFIED date amul
UNIVERSAL-TIME. ReturnsNIL if LAST-MODIFIED is not
available. COMPARATOR is aLisp function
HeaderPredicate [Header-Constrain{: (HEADER-KEYWORD PREDICATE)
Applies FREDICATE to the parseal value ofhealer-keyword ard
whether the headerwas aailable.
HeaderResource-Age [Header-Constrain]: (MINIMUM MAXIMUM)
Succeels when te resource age etween(or equal to) MINIMUM
ard MAXIMUM. Fails if LAST-MODIFIED header is not &ailable.
MINIMUM ard MAXIMUM are unversal times
HeaderRobots-Allowed [Header-Constraini: OO
Succeels when rdots are allaved on the host inURI.
Header-Server [Header-Constrain: (PREDICATE)
Applies FREDICATE to the SERVER header. ReturnsNIL if the
SERVER is not aailable.
I f [Circunmstana-Constrain]: (ANTECEDENT CONSEQUENT ALTERNATE)
This constraint alles cortlitional brandiing in the constraint structuréf
ANTECEDENT succeds, CONSEQUENT is gplied, otherwise
ALTERNATE is gplied. The success or failure GIONSEQUENT or
ALTERNATE determine lhe overall success or failure di¢ expression
Each of these corponents catve eiher a single constraint or a constraint
set
No-Cycles[URI-Constraini: (O
Succeels for URIs that have notbeenwalked during in he current
actwity.
Not [ Circumstan@-Constrain]: (CONSTRAINT-SET-OR-CONSTRAINT)
Succedls if its argumenta constraint or constraiset fails.
Or [Circunstane-Constrain{: (&REST CONSTRAINTS)
Succeels if ary of its arguments sucageothemwise fails The arguments
are aly combination of constraints or constraint sétkey are @aluatel
left to right.
Resource-Search [Header-Constrain]: (SUBSTRING)
Succeels when SUBSTRING is fourd in the content of resourcgails if
the content is not &, This is case insensit.
URI-Class[URI-Constrain{: (CLASS)
Succe@swhen te URI is of classCLASS
URI-Directory-Path [URI-Constrain{: (DIRECTORY-PATH)
Succeels when te URI directoly conponents arexactly the same as
DIRECTORY-PATH. DIRECTORY-PATH is alist of directoly
components This is case insensite.
URI-Extension[ URI-Constraini: (EXTENSION)
Succe@s when etension component ofURI is EXTENSION. Fails for
URIs that are not bjects e.g., paths. This is case insensit.
URI-Host[Dns-URI-Constrain{: (HOST)
Succeels when he URI refers to he hostHOST. HOST canbe a list of
primary HOST domain names
URI-Name [URI-Constrain{: (NAME)
Succe@s when name coponent ofURI is NAME. Fails for URIs that
are not tjects eg., paths. This is case insensit.
URI-Parent-Subsumed-By-Directory-Path [ URI-Constrain{:
(DIRECTORY-PATH)
Succeels when he directoly conponents oftie URI's parent are
stbsumeal by DIRECTORY -PATH. DIRECTORY-PATH is alist of



directory conmponents
URI-Port [URI-Constrain{: (PORT)
Succeels when the URI refers to he port FORT. PORT canbe a list of
port nunbers
URI-Referrer-Host[ DnsURI-Constrain{: (HOST)
Succeels when he parentURI that refers tdJRI refers to he hostHOST.
HOST canbe a list ofprimary HOST domain names
URI-Satisfies[URI-Constrain{: (PREDICATE)
Applies FREDICATE to the URI object.
URI-Scheme [URI-Constraini: (SCHEME)
Succe@s when he URI refers to he stemeSCHEME. SCHEME can
be a list ofURI schemes
URI-Search [URI-Constrain: (SUBSTRING)
Succeels when SUBSTRING is fourd arywhere in he fully qualified
URI namestringThis is case insensite.
URI-Subsumed-By-Directory-Path [URI-Constrain{: (DIRECTORY-PATH)
Succeels when te URI directoly conponents are saassumed by
DIRECTORY-PATH. DIRECTORY-PATH is alist of directory
components This is case insensit.

B. Predefined Actions

Html-Enumerating-Item [ Encgpsulating-Action]: (STREAM)
An action hatwraps a single enumeration of an item®rfREAM.
Html-Force-Output [Action]: (STREAM)
Forces oytut on anHTML stream
Html-Show-URI-Overview [Action]: (STREAM)
An action bat overviews the URI in HTML onSTREAM.
Html-Trace [Action]: (STREAM)
An action hat traceslte actvity of the Web walker ard ouputsHTML on
STREAM.
Html-Wit h-Enumeration [ Encgpsulating-Action]: (STREAM STYLE)
An action batwraps the enumeration of items @TREAM accoding to
STYLE. STYLE canbe :ENUMERATE :ITEMIZE :PLAIN :MENU
:DIRECTORY :DEFINITION
Html-Wit h-Paragraph [ Encgpsulating-Action]: (STREAM)
An action batwraps aparagrgh on STREAM.
Html-Write- Headers[ Action]: (STREAM)
Write the headers formattd verbatim.
Salton-Check-URI [Action]: (THRESHOLD WORDS WEIGHTS STREAM)
Action for returning a nde if its score is laove the tredhold.
Trace[Action]: OO
An action bat traceshe actvity of the Web walker.
Trace-Headers[Action]: (O
An action hat tracestte headers ofURI accesse by the Web walker.
Walk- Inferiors [Action]: (O
Primayy action forwalking the inferiors of aJRI.
Walk- Salton-Sorted-Inferiors [ Action]: (WORDS WEIGHTS)
Walks sortel inferiors
Walk- Sorted-Inferiors [ Action]: (PREDICATE)
Primary action forwalking the inferiors of aJRI.



