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Abstract— A web site usually contains a large number of con- concept entities relevant to the user query. Imagine a graduate
cept entities, each consisting of one or more web pages connectedstydent who wants to know about the field of Information
by hyperlinks. In order to discover these concept entities for more Retrieval (IR). Expected concept entities include: an IR course,

expressive web site queries and other applications, theeb unit h ialized in IR h d related f
mining problem has been proposed. Web unit mining aims to researchers specialized in IR research, and related conferences.

determine web pages that constitute a concept entity and classify However, in the hypertext environment, a concept entity is
concept entities into categories. Nevertheless, the performance ofsometimes represented by a set of connected web pages instead

an existing web unit mining alg(_)ri_thm, iWUM, suﬁer; asitmay of a single web page. For example, a concept entity of a
create more than one web unit fncompleteweb units) from & r5fessor includes not only his/her homepage but also other
single concept entity. This paper presents two methods to solve s . . . s
this problem. The first method introduces a more effective web P29€S .descr'b'r"g his/her resear(.:h interests, tF{aChlng activities,
fragment construction method so as reduce later classification OF curriculum vitae. Concept entities widely exist in web sites
errors. The second method incorporates site-specific knowledge such as company web sites hosting staff web pages, university
to discover and handleincompleteweb units. Experiments show web sites publishing courses, faculty and research information.
that |ncompletgweb units can be remoyed and overall accuracy Recently, Sun and Lim [1] proposed the conceptsveb
has been significantly improved, especially on the precision and . . . o
1 measures. unit and web unit miningproblem. A web unit is a set of
web pages that jointly provide information about a concept
entity. For example, the set of web pages describing a professor
mentioned previously constitutefaculty web unit.
Web unit mining consists of two sub-problems, namaebb
|. INTRODUCTION unit constructionand web unit classificationIn the former,
web pages representing a single concept entity are identified so
as to form a web unit. The latter involves assigning web units
As the World Wide Web grows exponentially, search ercorrect concept labels. Sun and Lim [1] proposed an algorithm
gines have become important tools to access web informaticalled iterative Web Unit Mining (iWUM). iWUM carries out
A large portion of web search activities aim to locate a set @feb unit construction and web unit classification in an iterative

Index Terms—Web classification, Web information organiza-
tion

A. Motivation
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. . . . http://course-path/CS100/CS100.html ——» KeyPage
manner. In this approach, web unit classification results affect .= o - cs100/1ecture-prograns. henl

web unit construction, and vice versa. Unfortunately, a web  nttp://course-path/c$100/instructors. html
unit classification error may cause errors in the next step of iﬁ?’ﬁ?iiﬁii:pi’éiﬁﬁiiﬁiﬁiﬁiﬁ?ﬁ?iiiﬁﬁ A
web unit construction. One possible problem is that it might htt§; / /Course_iath/cswo Pessiinfouslin
create more than one web unih¢ompleteweb unit) from http: //course-path/CS100/programs/prograni . html
a single concept entity. Eacimcompleteweb unit contains http://conrse-path/C5100/prograns/progran2. htnl
incomplete information about a concept entity.

In order to address thiecompleteweb unit problem and to
improve web unit mining accuracy, we propose two methods
to enhance iIWUM. In the first method, we aim to improve the . ) .
web unit construction before the first classification step. fit: €ach of them is regarded as atompleteweb unit.

the second method, we aim to discover and hairdlemplete 0" €xample, the CS100 web unit contains a set of eight
web units produced by IWUM. web pages, which are denoted@asp, - .., ps (according to
their listed order in Figure 1). If three web units are created

from them, sayu; = {p17p27p37p4}1 Uz = {p5ap6} and

Fig. 1. An example web unit for course CS100

B. Contributions us = {pr,ps}, they areincompleteweb units. Anincomplete

We summarize our contribution in improving the iterativaveb unit contains incomplete information about a concept
Web Unit Mining (iWUM) problem as follows: entity. It does not comply with the definition of web unit,

« Enhanced web fragment generation which requires a single concept instance to be represented by

A new web fragment generation method is proposed @e web unit. Note thahcompleteweb units are outcomes of

replace the one used by iIWUM. It reduces the numb@€b unit mining and considered as errors.

of web fragments created so as to reduce possible error§he existence ahcompletenveb units does harmful to using

in later classification steps. As a result, the chances WwEb units to other applications. One important application is to

creatingincompleteweb units have been greatly reducedallow search engines to index web information at the web unit
« Knowledge-based web unit optimization level instead of the web page level. For example, the CS100

Incomplete web units are distributed in a web sitecourse entity can be indexed as a single unit (if the CS100 web

with some discernable patterns. A web unit optimizatioanit is successful constructed). However, if thiseomplete

method is proposed to detect and remove thmsem- web units are created from the CS100 course entity, we need

pleteweb units created by web unit mining. to index three units although all of them represent CS100.
We also find out that these two methods can be integratéds not efficient for search engines. Even worse, since each
together and deliver even better results. incompleteweb unit contains incomplete information about

CS100, it might cause search engines to fail to retrieve them

for some user queries.

. ) . ) The web unit mining has two sub-problems, nameligb
The rest of this paper is organized as follows. In Section Wyt constructiorandweb unit classificationiWUM addresses

we give a detailed discussion on the web unit mining problefRese two sub-problems in an iterative manner. It first groups

and explain howincompleteveb units are produced by iIWUM. ¢jgsely-related web pages (based on hyperlink connectivity)

Related work in web unit mining is surveyed in Section Illinig small units (web fragments), which are then classified

In Section IV and V, we propose the enhanced web fragmefiiq merged with one another to form large web units. This

construction method and the kWUM method. An integratgassitying-merging procedure repeats until there is no change

method is discussed in Section VI. Our experiments andl category labels assigned to the web units. The rules of
results are presented and discussed in Section VII. F'”alrlbferging allow a singlelabeled web unit to merge with

C. Paper Outline

we conclude this paper in Section VIII. neighboringunlabeledweb units, but notabeled web units.
A labeled web unit refers to one that has been assigned a
[I. BACKGROUND: WEB UNIT MINING category label; otherwise it is called amlabeledweb unit.

A web unit is a set of web pages that jointly provide$lote that thoseunlabeledweb units are intermediate results
information about a concept entity [1]. It consists of exactlpf IWUM. They are expected to merge with neighboring
one key pageand zero or moreupport pagesConsider the labeled web units in the next web unit construction phase.
courseweb unit shown in Figure 1. The first page is th&Vhen iWUM stops, those remainingilabeledweb units are
course’s (CS100) homepage and the others provide supgliscarded, onlyabeledweb units are returned. In other words,
mentary information of the course. The homepage is the enwgb unit mining results are aldbeledweb units.
point to all information about the course and thus the key page;An example of how iWUM producemcompleteweb units
the others are support pages. Similarly, fdaeulty web unit, is given below, still considering the set of web pages consti-
the key page is a faculty’'s homepage; support pages includéng the CS100 web unit. Before conducting the first classi-
those pages about his/her research interests, teaching activifieation, iWUM groups them into a set of web fragments, say
and so on. fi ={p1,p2,p3}, fa = {pa}, fs = {p5,p6}, fa = {p7,ps}. In

If a set of web pages that jointly provides informatiororder for iWUM to successfully mergé,, f», f3 and fsinto
about a concept entity is constructed into more than one wabsingle web unit, say, the following two conditions are
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required: One major task of web unit construction is to identify the
1) The web fragment containing the key page wof f, key page of a web unit. This is related to the home page
in this case, should be classified to one pre-defindi@#ding problem [16], which is a special type of web search
category. problem. There are studies on web features separating home
2) Web fragments Containing 0n|y support pageng"f]fQ, pages from others. [17] divided URLSs into four types, nam6|y
f3 and f4 in this case, should not be classified to an{Pot, sub-root directory, andfile, and argued that web pages of
pre_deﬁned Category buinlabeledinstead. the first three types are Usua”y home pages. [18] mentioned
If f5, f, are classified to some pre-defined categories, th} ti_n-links anchor Words_and web page names are_al_so useful
cannot be merged into. Instead, threéncompleteweb units, in this task. Those techniques are helpful in identifying key

u1 = {p1,p2,p3,pa}, u2 = {ps,pe} anduz = {pz,ps}, might pages of web units. . .
be created. In our enhanced web fragment generatiomethod, link

As a result, an error in web unit classification will leadtructure has been extensively explored. Link analysis, which
to errors in web unit construction, resulting incomplete Studies hyperlinks among web pages, is a very important re-
web units. The more web pages of a web unit containgéarch topic. [19] showed that link-based metrics, either sim-
the more web fragments are created during iWUM, and i in-degree or sophisticated HITS, PageRank, are effective
higher the chance of classification error, therefore the mdpeidentifying high quality web pages, which could be used by
likely incompleteweb units are created. Our initial experimenf€arch engines to improve their ranking strategies. Hyperlinks

showed that among the web units mined by iIWUM, 15% &€ created with many different purposes. [20] divided links
them wereincompleteweb units. into different levels such as page level, directory level, host

level and domain level and argued that best performance is
achieved when links of different levels are assigned different
weights. In this research, hyperlinks are used to find closely
One sub-problem of web unit miningyeb unit classifi- connected web pages that possibly form a single information
cation is related to the web classification research, whiaknit. We analyze hyperlinks within a web site (hierarchical
aims to categorize web objects into pre-defined categoriggucture) and divide them into different types.
Depending on what are defined as objects of interest, web
classification can be carried out at different levels. Web page
classification [2], [3], [4], [5], [6], [7], which attracts most IV. ENHANCED WEB FRAGMENT GENERATION
research efforts, considers each web page as an object of
interest. It utilizes both content features, e.g. title, body text, Motivation
and other features, e.g. hyperlink structure, to conduct classi-
fication. Meanwhile web site classification [8], [9], [10], treats First, we discuss the influence of constructed web fragments
an entire web site as a single object of interest. Different frof Web unit construction. If a web unitis initially divided into
these previous work, web unit mining conducts classificatid© web fragmentsy, can be successfully constructed when
at the web unit level. the two web fragments are correctly classified. However, if
In both web page and web site C|assiﬁcation, the objects|§)|n|t|a”y d|V|ded intO four Web fragments, |t requires a." the
be classified already exist: a web page could be determinedeW web fragments to be correctly classified. It is obvious that
a URL and a web site could be determined by a domain nanh@e second situation is more prone to classification errors and
However, this is not the case for web unit. Therefore anoth&€ompleteweb units are more likely to be produced.
sub-problem of web unit miningyeb unit constructionis to In iIWUM, the web fragment generation step computes a
construct a set of web pages into a web unit. It is closegpnnectivity indexscore for each web folder. If the score is
related to the hypertext research that explores ways to groupigher than a threshold, web pages in this web folder and
set or a subgraph of web pages into an information unit [11{$ sub-folders are constructed as a web fragment. However,
[12], [13], [14]. Botafogo et al. [14] proposed to utilize grapihis method does not take into consideration different types
theory to analyze hyperlink structure and identifypertext hyperlink structures. It favors those sets of web pages that are
aggregatefrom them. In [15], hypertext are divided into con-fully-connected by hyperlinks. Furthermore, we also find that
nected sub-graphs based on content-based similarities. [thi$ method is unlikely to construct web fragments with web
introduced the concept afompound documentsnd argued pages from multiple web folders. However, such multi-folder
that information retrieval techniques are better suitable foteb fragments are desired in some situations.
working oncompound documenthan individual web pages. One straightforward approach to solve theompleteweb
Although different definitions and approaches are used umit problem is to reduce the number of web fragments
these research, they are all based on the same underlygegerated from the set of web pages constituting a web unit.
assumption: in hypertext environment, a complete unit ¢fhagine an ideal situation that we are able to generate one
information is often presented by a set of web pages insteadaoid only one web fragment for a web unit, theompleteveb
a single web page. This assumption is also adopted by the watit problem never exists. However, this is too good to be true.
unit mining research. A notable difference between them ahvertheless, if we could generate web fragments closer to the
web unit mining is that information units are not associatezbrresponding web units, the chances of creatimupmplete
with concept labels while web units are. web units will be greatly reduced.

Ill. RELATED WORK
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« Isolated
There does not exist any hyperlink between any two
pages.
« Partially connected
There exist some hyperlinks to connect a few web pages,
but cannot find a way to connect all web pages.
A web folder may satisfy more than one connection pattern.
For example star and linear patterns can be satisfied at the
same time. To make it simple, when analyzing a web folder,
we examine connection patterns in the ordefudlf connected
star, linear, hierarchical isolated and partially connected
B. Web Fragments (from a more specific pattern to a more general one). If it

What isweb fragmer® According to [1], a web fragment is satisfiesfully connectedwe stop; otherwise we move on to

a set of closely-related web pages, which could be a potenf€ckstar, and therlinear and so on. As a result, for a web
web unit or a part of a web unit. Since web fragment@'der satisfying bothstar andlinear, we simply regard it as

are intermediate outcomes during iIWUM, there is no cle&fa" _ o
definition about its size and scope. Just like a web unit, If @ web folder contains only one web page or satisfies any
a web fragment also has one key page and zero or m(g_,i‘ethe four .conne(.:tlon patterns., namélyly connectegdstar,
support pages. The main difference among them is that edifgar, or hierarchical we consider |t_asrvell—connectedln
web unit has a concept label to indicate its category whilefaWVell-connectedweb folder, there exists one entry page by

web fragment does not have. We believe that the concept'¥fich any other web page in the web folder (if existing) can be
web fragment is similar teompound documerft 1], logical accessed without navigating through intermediate web pages

domain[12], logical documen{13], andaggregate[14]. putside the web folder. Such (_antry pages cou_ld_be any node
In order to construct web fragments from a collection dif fully connectedcenter node irstar, first node inlinear, or

web pages, we mainly rely on two structural evidences: tigot node inhierarchical Those entry pages are very likely

hierarchical structure reflected by URLs (web directory) arf@ Pe the key pages of web fragments.

link structure.

E Web folder D Web page

Fig. 2. URLs and Web Folders

D. Link Structure
C. Web Directory With the introduction of the web directory concept, we

Given a collection of web pages from a web site, togethéan divide hyperlinks into six different types. We analyze
with web folders extracted from them, a web directory is #e relative locations of a link's source page and target page
tree structure with web folders as internal nodes and wébthe web directory. Letf, and f; denote the web folders
pages as leaf nodes [1]. Note that a typical URL follow&ontaining a link's source page and target page respectively.
the syntaxtype://hostname [:port number] [/path][filename] Note that here we are only interested in hyperlinks within the
Web folders can be extracted from thestnameand path Web directory. Those hyperlinks involving web pages outside
components. As shown in Figure 2, two web folders athe web directory are ignored.
extracted from apath component/courses/cs101/namely « From-parent links

coursesand cs101 wherecs101is a sub-folder ofcourses A link that f, is the parent folder of;.
Similarly, three web folderscourses cs101 and examare « From-ancestor links
extracted fronYcourses/cs102/exam/ A link that f; is the ancestor folder of;.

A web folder is usually created to contain a set of closely- « Sibling links
related web pages. It is interesting to analyze how web pages A link whose source page and target page are in the same
in a web folder are connected with each other. We identify web folder.
six connection patterns of a web folder. Note that here we ares From-child links
only interested in those web folders containing at least two A link that f, is the child folder off;.

web pages. « From-descendant links

« Fully connected A link that f, is the descendant folder gf.
There exist hyperlinks between any two web pages.  « Across links

. Star A link that f; and f; does not satisfy any of above
There exists one web page that has hyperlinks pointing ~conditions.
to all other web pages. The first two types of linksfrom-parent linksand from-

o Linear ancestor linksare mainly created to access web pages in
There exists a linear hyperlink path to connect all welower levels of the web directonsibling links connect web
pages. pages in the same web folder. They account for the largest

« Hierarchical portion of hyperlinks within the web directory and are used to

There exists a hierarchical hyperlink structure to conneahalyze the connection pattern of each web folBem-child
all web pages. links and from-descendant linkare mainly for theback to
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homepurpose. Unlike links of previous types that mainly helglgorithm 1 WebFragGen

navigating web pages organized in a hierarchical structurdnput: web folderf

across linksare more likely to indicate relationship between Output: web fragments) 1

web pages. A typicalcross linkis a link from a student's 1: for each sub-folderf; € sub(f) do

homepage to one of courses he/she takes. It is obvious that the if f; is unvisitedthen

student’s homepage is not the common start point to access WebFragGeny;)

the course (except for the student). This link indicates ther@: end if

is a kind of relation between the student and the course (the end for

student takes the course). An interesting observation is that flag := false

the target page of aacross linkis often the entry page of a 7. mark f asvisited

set of related web pages. When a student creates a link toga if sub(f) == 0 then

course, he/she tends to point to the homepage of the course if f is well-connectedhen

instead of other web pages. This observation is also reportgsl construct a candidate fragmefitag with pages inf

in [11]. 11 flag = Is_Fragment(frag)
Each type of link has different clues for identifying webi12: end if

fragments. For example, if a web pagés pointed by many 13: else

from-child links p together with web pages in its sub-foldersia:  if f is well-connectedhen

are likely to form a web fragment. Web pages(s) inveall- 1s5: construct a candidate fragmefitag with pages in
connectedweb folder (connected bgibling linkg are likely subT(f)

to form a web fragment. A web page pointed by maayoss 16: flag = Is_Fragment(frag)

links is likely to be the key page of a web fragment, but7: if flag == false then

unlikely to be a support page of a web fragment. Furthermores: construct a candidate fragmefitag with pages in
in a set of web pageg,p»,...,pn, if there exists one and f

only one web page; that is pointed by manycross links  19: flag = Is_Fragment(frag)

P1,D2,---,Pn IS likely to form a web fragment ang; is 20 end if

the key page. Otherwise, if there does not exist sugh,a 21: end if

p1,P2,---,Pn has no well recognized entry page and it might2: end if

be a part of a web fragment (need to merge with others); i&: if flag == true then

there exists more than ope, p1,ps, ..., py, islikely to contain  24:  addcf to wfl

more than one web fragment. 25.  remove sub-tree of, subT(f), from the web directory
26: end if

E. WebFragGen

After discugsing the web directory and hyperlink structurgy \yep folder f, subT(f) denotes the subtree rooted at web
we characterize the web fragments we want to construct frgg)ger £, including #, its sub-folders and descendent folders.

three aspects as follows: The web directory is traversed in a bottom-up manner. A
« Locality web folder will be examined only after all its child web
A web fragment contains a set of web pages located neglders have been examined or it has no child web folder
each other, in the same or neighboring web folder(s) algorithm 1, Line 1-5). If a web folderf has no child web
the web directory. folder and iswell-connecteda candidate web fragmerftrag
« Internal connectivity is created with all web pages ifi frag is then checked by
Internal connectivity studies hyperlinks between wef function nameds_Fragment, which determines whether
pages within a web fragment. A web fragment has a kejqg is a web fragment or not (Algorithm 1, Line 8-12). Once
page, through which all other pages in the fragment caB_Fragment returnstrue value, frag is added to the web
be accessed, either directly or indirectly. fragment listw I and f is removed from the web directory
« External connectivity (Algorithm 1, Line 23-26). If the currently-visited web folder
External connectivity studies the hyperlinks that cross the has some child web foldersub(f), it indicates that web
boundary of a web fragment. We use the notaégternal fragments are not found isub(f). We first create a candidate
incoming linkto refer to a hyperlink from a web pageweb fragmentfrag with all pages insubT'(f) and test it. If
outside of a web fragment to a web page inside the w@bfails, we construct another candidate web fragménig
fragment. If a web fragment has a large number externglth all pages inf and test it again (Algorithm 1, Line 14-
incoming links, most of those links should point to the1). Note that we gradually remove web folders(together with
key page, not to other web pages. their sub-folders) from the web directory once web fragments
We propose a new web fragment construction algorithrife constructed.
as shown in Algorithm 1. We create a web directory and run When constructing a candidate web fragment, we also
WebFragGen(root), whereroot is the root web folder of identify one candidate key page based on the connection
the web directory. Note thatub(f) denotes the sub-folderspattern of the corresponding web folder. Here, center node
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TABLE |

in star, first node inlinear, or root node irhierarchical is the
FEATURE SETS OF WEB FRAGMENT CLASSIFIERS

key page. Foffully-connectedwe cannot find one based on

link structure information. Therefore a heuristic based on the Classifier Type Feature Set

name of the web page is utilized: a web page with the name | Single page | inlinks

such as tefault, "index, " home and "welcomé is the key web fragment classifier ggg't?‘ks

page. For a candidate web fragment of pages from multiple inLeafFolder

web folders, we search the key page in the top web folder. single folder multi-page| external inlinks of the key page

2

web fragment classifier| external inlinks of support page|
internal inlinks of the key page

s depth

F. Web Fragment Classifiers “ [E)ages

In the WebFragGen algorithm, we propose a systematic _ inLeafFolder
way to construct candidate web fragments, identify possible V”Jgt')t'}:ggﬁrem classifier gﬁz:ﬂg: :2::2&2 8; ;Z%'gg?’t ’;zgees
key pages, and test them. Howevéiow to determine a internal inlinks of the key page
candidate web fragment is a web fragment or,wahich is the depth
function Is_Fragment supposed to handle, is not discussed zg; et
yet. This is a difficult task. It might depend on many factors depth of folder sub-tree
such as external connectivity, internal connectivity, the location max fan-out of folders

in the web directory, number of pages, folders and so on.
It is hard to design explicit rules or mathematical formula
make a judgement. Therefore we adopt the machine learnifi
approach: classifiers are trained by learning from a collectidf ©f @ web fragment. _
of sample web fragments and then they are used to determiné* Single page web fragmewbnsists of only one key page
wether a candidate web fragment is a web fragment or ngf!d ZET0 support pages. The feature sets are rather simple:
Note that they are binary classifiers, only 1 or 0 returned. ¢ Inlinks: number of incoming links to the key page.

The number of pages in a web fragment varies. One could® Outlinks number of outgoing links from the key page.
consist of only one web page, while another may consist® Depth depth of the web foldey (which contains the key

of web pages from multiple web folders. We divide web ~ P2ge) in the web directory. _
fragments into three types. « InLeafFolder 1 or 0 based on whethgfi is a leaf folder

in the web directory { has no child web folder).

A web fragment consists of only one web page. Single A single folder multi-page web fragmenbnsists of one

page web fragments are usually constructed from tho§Y Page and one or more support pages. The set of web
web folders containing only one web page. pages can be treated as a whole and some features based on

. Single folder multi-page web fragment its internal and external connectivity can be extracted.
A web fragment consists of more than one web pages,® External inlinks of the key pagewumber of incoming

Bich reflect thanternal connectivityand external connectiv-

« Single page web fragment

all of which are from the same web folder. links from web pages outside of the web fragment to the
« Multi-folder web fragment key page. _ .

A web fragment consists of web pages from more thane Externalinlinks of support pagesumber of all incoming

one web folder, usually a sub tree of web folders. links from web pages outside of the web fragment to all

support pages.

Different f r n Xtr from differen . . L
erent feature sets can be extracted from different types. Internal inlinks of the key pag@aumber of incoming links

of web fragments. For example,single page web fragment ¢ t o the k
does not contain any support page. Therefore we can extract rom support pages to the key page

the number of external incoming links to support pages for the® Depth same ES th?t dell;lned mngle—rp])_age V\t')e? fragment
other two types of web fragments but not &ingle-page web  * T’E Ili’angzlr:jum erorwe rf)aggsf!n td IS _vvel _ragment.b
fragments Furthermore, we could even extract some features® nLea er same as that defined isingle-page we

based on folder structure feonulti-folder web fragments fragment ] .
In order to improve classification accuracy, we create three | '€ feature set of thenulti-folder web fragment classifier

classifiers, namedingle page web fragment classifisingle Ccontains all features used by trengle folder multi-page web
folder multi-page web fragment classifendmulti-folder wep fragments classifieexcept the last oneinLeafFolder It is
fragment classifietto classify the three types of web fragment@PVious that the key page of multi-folder web fragmenis
correspondingly. Although these three classifiers serve thgt in a leaf folder. As a result, we ignore it. Sincemalti-
same purpose—to determine whether a candidate web fragn@lffér web fragmentontains a sub tree of web folders, a few

is a web fragment or not, they are trained with different featuféiditional features can be extracted as follows:
sets and by different training datasets. « # of folders: number of web folders in the web folder

sub-tree.
« Depth of folder sub-treedepth from the root of the sub-
tree to the lowest web folder.
Table | lists the feature set for each type of web fragmente Max fan-out of foldersthe number of child web folders
classifier. The features are mainly based on hyperlink structure, f,, has, wheref,, is the web folder in the sub-tree that

G. Feature Sets
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has largest child web folders.

There are several features that count the number of links,
such agnlinks, outlinks external inlinksand so on. Note that
we divide links into six typesrom-parent linksfrom-ancestor
links, sibling links from-child links from-descendant linkand
across links We also argue that links of different types have
different hints for identifying web fragments. Consider two
single-page web fragmentgrag; and frags, both of which
have 5 incoming links.frag; has 1from-parent linkand 4 T webolder (3 webpage
from-child links while frag, has 1from-parent linkand 4
across links The 4from-child linksmight indicatefrag,; needs
to merge with some pages in its child folder to form a large
web fragment; meanwhile the dcross linksmight indicate
that frag, is a good web fragment. Therefore if we co
only the total number of inlinks, the difference betwegtag,
and frags is ignored. In order to keep this difference, whic
might be crucial for the classifier to make a correct decisior}/,
we count each type of links separately. As a result, we us
six features instead of one. The inlinks ffag; and frags
are then represented as 1, 0, 0, 4, 0, 0 and 1, O, O, O,
respectively.

Fig. 3. A multi-folder web unit

Naturally, single-page web unitare positive training samples
un1tor thesingle page web fragment classifisp aresingle folder
multi-page web unitsmulti-folder web unitdo the other two
pes of classifiers.
The negative training samples are not web units, but subsets
Fweb units. They are extracted fromulti-folder web units
0Figure 3 shows anulti-folder web unitonsisting of web pages
b1, Dp2,---,Pe. From this web unit, we extract seven subsets,
which are used as negative training samples:

« Negative single page web fragments
H. Normalization {pa}, {ps}, {ps} {po}-

These three classifiers are constructed base ore Negative single folder multi-page web fragments
SV MUight[21], which is an implementation of the Support  {p2.ps} provided thatf, well-connected,
Vector Machines (SVMs) — an accurate classifier widely — {ps,p7} provided thatfs; well-connected.
used in various classification tasks. Sin€ M9t requires ~ + Negative multi-folder web fragments
that the value of each feature ranging from [0,1]. The {P4,Ps,p7,ps} provided thatf; well-connected,

normalization of some features is required. {ps,po} provided thatf, well-connected.
. Normalization of link count Suppose that ouW ebF'ragGen will constructpy, ps, ..., pg
For link count, we adopt a non-linear functioount,, = into a web fragmentfrag. During the construction process,
1 — e—count/2 where count,, is normalized score, andWeb fragment classifiers will examine these seven subsets,
count is the absolute link count value. testing whether they are web fragments by themselves. Only
« Normalization ofdepth if all these tests return negative results, cofildg be eventu-

An average depthiep.,. is calculated from positive ally constructed. Therefore, these seven subsets are naturally

training samples. We measure the distance away frdiggative training samples for our web fragment classifiers.

depaye- The functiondep,, = 1 —|dep — depaye|/depmas

is used, wherelep,, is the normalized depth scordep V. KNOWLEDGE-BASED WEB UNIT MINING (KWUM)

is the absolute depth value, adép,,.. is the maximum In this section, we propose a different approach to solve the

absolute depth value. incompleteweb unit problem. We are interested in analyzing
« Normalization of other attributes web units constructed by web unit mining. We aim to discover

For all other features, we adopt a simple linear normalizincomplete web units (if existing) and conduct web unit

tion functionz,, = (zn, — Tmin)/(Tmaz — Tmin), Where optimization to handle them. In this approach, site-specific

z, is the normalized score; is original feature value, knowledge about the constraints of web unit distribution in a

Tmaz and x,,;, are maximum and minimum values ofweb site are utilized.

the feature.

A. Web Unit Distribution

. Training Dataset Construction We are interested in analyzing the distribution of web units

The training datasets for these three classifier are extracvéthin a web site. Therefore a web directory is constructed
from our manually-constructed web units. In order to mak#ith web units and web folders extracted from them. Un-
constructed web fragments close to web units, we simpif¢ the web directory mentioned in previous section that
use those web units as positive training samples. Here gfhstituting web pages and web folder, the one constructed
concept label associated with each web unit is ignored. Ndigre consists of web units and web folders. An example web
that we can also divide web units into three tym@agle page directory is shown in Figure 4.
web unit single folder multi-page web uniaind multi-folder o Observation 1. Web units are not evenly distributed in
web unit by the same rule we use to divide web fragments. a web directory. Instead, most web units are distributed
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invalid parent-child concept pairs varies from web site to web
site. Consider university web sites that contain three categories
of web units,faculty, student andcourse Faculty-facultyand
faculty-studentoncept pairs are invalid concept pairs as it is
unlikely that a faculty or a student puts his/her own home
page under another faculty's home page. For some specific
university web sites, more invalid parent-child concept pairs
may be specified. If a university web sit&; has dedicated
web space for course materials, it is unlikely that course web
pages are stored under the web folder assigned to faculty. As

] weooser (I s roer © webunt a result,faculty-courseconcept pairs is invalid foit;. We
assume that this site-specific knowledge about invalid parent-
Fig. 4. Web directory and web units child concept pairs of a web site is provided by a domain

expert who is familiar with that web site.

under a few hub folders. A hub folder is one that ha .
many sub-folders containing web units. 8 kWUM Algorithm
For example, a university web site will give each faculty, The details of kWUM are given in Algorithm 2. kWUM
student, or course a folder to publish their web pages. Thd§duires three inputsa collection of web pages from a web
folders are often located near to each other, likely underS§& @ set of category label@nd the parent-child pair validity
common parent web folder, which ishaib folder Sub-folders table that represents the site-specific knowledge.
of a hub folderare the most likely places in a web directory : i
to contain web units. In Figure 41 andh2 are two example Algorithm 2 kWUM Algorithm
hub folders. Most web units in this web directory are locatednput: A collection of web pages from a web site,

. A set of category labels,
in the sub-folders ofi1 or h2. Parent-child pair validity table

. : . Output: ~ Web units
« Observation 2. Incompleteweb units are likely located generate an initial set of web units by applying WUk}

in lower-level web folders under sub-folders of a huke: buid a web directory with web units ifu}, root as the root folder
folder 3: hfl =FindHubFolderstoot)
' 4: for each hub foldet f € hfI do

The key page of a web unit is usually at the highest-level Weg)_ for each subl-_folldesm € _sub(.faf) ?10 o
folder compared to support pages. Siifeompleteweb units  7: g’:;f’gvg’,gj;?ig;;?;hf)”“ within the same web folders unciebT'(sh;)
consists of only support pages of a web unit, they tend to lge end for

" end f
located at lower-level web folders. end for

« Observation 3. Incompleteweb units are either located , S .
We first utilize iWUM to create a preliminary set of web

in the same web folder or formvalid parent-child pairs. ) . .
A set ofincompleteweb units that solit a sinale concent entit units (Algorithm 2, Line 1). We then discover and handle
: P uni Pl Ingle C P e mpleteweb units based on web structure and site-specific
are located near each other. Some are even in the same

- . . ledge. A web directory is built with web units produced
foIder.t Or;[_r;:j-:‘rs are 'Il'n dlfferte)nt \(\t/eb foIQer é’mq fonm/falld by iWUM (Algorithm 2, Line 2). Web folders whose sub trees
paren _Ct |h_|ga|rs_. th‘r’] we bu?llfj, .9 ?n_ uj, can O”l: contain many web units, ohub folders are discovered by
%Izirregr-gelscepn?jl;rl]t foel d\(lavreof ?hee;vggnfggér:gc;;i;; g- FindHubFolders (Algorithm 2, Line 3). A hub folder is one
This parent-child web unit pair is denoted pe(us, u;). In that has many sub-folders possibly containingompleteweb

Fi 4 d t-child web unit units. We then discover and handlecompleteweb units in
igure 4,pc(uy, uz) andpe(us, uz) are parent-child web uni eich sub-folder of the hub folders (Algorithm 2, Line 4-9). For

{oalrs. B?sed or: V\;?Ej umté’ ca.ttegor.y Iabelﬁ,év&:e Ihave dlffereg ch sub-folder of hub foldersh;, we first merge web units
ypes of parent-chiid Web unit pairs suc Ulty-COUrSe \ithin the same web folder undewbT (sh;) (Algorithm 2,
pairs, faculty-faculty pairs, and so on. We then divide the

: o i . ) ... Line 6). The key page of each merged web unit is identified
Into two groups.yahd or mva!ld, based on the Slte'Spec'f'cbased on filenames and hyperlinks. Then we carry out the
knowledge described in Section V-B. removal of invalid parent-child web unit pairs (Algorithm 2,
Line 7).
B. Site-specific Knowledge As shown in Algorithm 3, hub folders are found by travers-
Given a web site and a set of concepts relevant to the wiglg the web directory in a breadth-first manner, where web
site, there are some constraints on how the concept entitiesfatder root is examined first, followed by its sub-folders and
located in the web directory. We model these constraints dasscendent folders. For each web folgel( f) is calculated
invalid parent-child concept pairs and call thesite-specific as defined in Equation 1 (Algorithm 3, Line 6). Note thé&f)
knowledge Each invalid parent-child concept pair suggestdenotes the number of labeled web units undeT’(f). We
that it is highly unlikely to have an entity of the child concepset a minimum threshold,,,;,, such that web folders satisfying
be found in the sub-folder or descendent folder of the web(f) > E,,;, will be determined as hub folders. [fis a hub
folder containing an entity of the parent concept. The set filder, it is inserted into a hub folder lish,fi (Algorithm 3,
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Algorithm 3 FindHubFolders (Algorithm 3, Line 15); otherwise the web folder containing
lCr)]Stuptut Y;l;bo?ﬂ%rrfomer cuj, is inserted into a queugfl (Algorithm 4, Line 17-18).

1 create an empty key folder lidt 1 In this way, all invalid parent-child pairs with as the parent

2: create an empty folder list! web unit are removed. We then pop up a web folder frim

3 {,ﬁﬁ’g‘fﬁbicﬁ(gg“) and repeat the same processing. Finally, wfiis empty, all

51 f=fl.pop-front() invalid pairs undersubT(sh;) are removed.

6: calculateE(f)

7. it E Ermin th

8: I k;zf.;;;h,back(ﬁ VI. INTEGRATED APPROACH

ooese sub-folder.; € sub(f) do We have discussed two different methods to address the

}% élfpushfback(cfi) incompleteweb unit problem. In Section IV, we propose a

13 endit more effective web fragment construction method to reduce

14: end while the number of web fragments, so as to reduce later classi-

15: retur 1 fication errors. In Section V, we propose KWUM to discover

and removenvalid parent-child web units pairs from web unit
) ) ) ) mining results, based on the observation tihabmpleteweb
Line 8); otherwise, all sub-folders of are inserted into a hits often forminvalid parent-child pairs.
queue, f, in order to find hub folders among them later Note that these two methods are used in the different stages
(Algorithm 3, Line 10-12). Note that sub-folders of a huby ihe web unit mining process. Trenhanced web fragment
folder will not be further examined. This is because we assUPBneration methods applied before the first classification
that no hub folders should be found under another hub f0|d%r-conducted known as pre-classificationstep. Meanwhile
Finally, when f1 is empty, all hub folders are stored k¥l  |\yUM is applied after the last run of classification is finished,
known as arpost-classificatiorstep. The two methods can be

N(cfi) N(cfi) i indivi i i
_ chi@ub(f) ﬁ * log, Ngf) used elj[her_ |r_1d|V|duaIIy or combined together to improve the_
E(f) = if f has sub-folders (1) web unit mining results. Therefore the integrated approach is
0 otherwise to first use theenhanced web fragment generation mettod
improve web fragment generation step and then use kWUM to
further improve web unit mining results. Sineahanced web
Algorithm 4 RemovelnvalidPair fragment generation methodnd kWUM handleincomplete
Input:  Web foldersh; web units from different perspectives, we expect the integrated
1: create an empty lisf! i
2 7l oush back(eho) approach to deliver even better performance.
3: while |fI| > 0 do
41 f = fl.pop-front() VIl. EXPERIMENTS
5: get web unitu contained inf i i .
6: get the set of web unit§cu} such thatvcu; € {cu}, pc(u, cu;) In this section, we conduct experiments on a dataset called
7.  count number of valid and invalid parent-child pairsym, andnum; UniKB to evaluate theenhanced web fragment generation
8: if num, < num; then . X
9: if exists categoryat for web unitu such thatnum,, >= num; then methogd kWUM, and the mtegrated method. Web units pro-
ﬂf ey g e fo categonyeat that maximizesaum., — num; duced by incorporating these methods are compared with the
12: endif _ original iWUM results. Note that experiment performance are
ﬁf for each web unicu; € {cu} do measured by a variant of precision, recall, and F1 measure, as
: if pc(u, cuy) is invalid pairthen . L . . .
15: mergecu; and its descendent web units with defined in [1] (described in Appendix A).
16: else
17: get web folderf; that containscu; .
18: fl.push_back(f;) A. UniKB
19: d if L - .
20: eni“for' Web unit mining was originally evaluated using the WebKB
21: end while dataset WebKB is a widely used dataset for the web classi-

) . ) . fication task, containing 4159 pages from four university web
The detailed removal procedure is shown in Algorithm 4 ollected in 1997.

We take a top-down approach to examine each web fofder o yever, WebKB is a small and relatively old dataset. The
in the sub-tree ofh;, subT'(sh;). Let u be the web unit in gna number of web pages in each web site cannot reflect
/. all parent-child web unit pairs with. as the parent web yregent web sites of complex structures. Therefore, we create
unit are examined (Algorithm 4, Line 5-7). We conduct & ne\ datasetJnikB. In early April 2004, we downloaded
majority voting between the number of valid pairs and invalig),op, pages (HTML, HTM, SHTML) from two web sites:
pairs, num, andnum;. If num, > num;, the category label \\\\\, cs.washington.edand www.cs.utexas.edThose two

of u is assumed to be correct. Otherwise, we try to assigihy, sites are also used by WebKB). Web pages of the
another categoryat for u such that after re-computing thefollowing types were then removed:

number of valid and invalid parent-child pairsym, — num;

is maximized and non-negative. If suck@ is not found,u’s
category label is not changed (Algorithm 4, Line 8-12). For
each child web unit o, cu;, if it forms an invalid parent-
child pair withu, it is merged intou, u's key page unchanged !http:/iwww-2.cs.cmu.edu/ webkb/

« Web pages of restricted access
Web pages that contain error messages such as “HTTP
403" and “credentials required”.
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TABLE I

UNIKB DATASET OVERVIEW

TABLE Il

PARENT-CHILD VALIDITY TABLE

10

Concept course faculty student other Washington Texas

University u p u p u p p Parent unjt Child unit Parent un| Child unit

Washington | 989 16833 | 65 1307 | 201 2441 | 4941 coursg faculty studerjt coursg faculty student

Texas 243 4236 | 62 1994 | 173 2276 | 3599 course 1 0 0 course 1 0 0
faculty 0 0 0 faculty 1 0 0
student 0 0 0 student 0 0 0

« Dynamic pages
Web pages whose URLs contain a “?” followed by a lisfaculty-courseNote that in Table I, 1 denotes a valid parent-
of parameters. child concept pair and 0 denotes an invalid one.

« PowerPoint slides
Web pages that are converted frdrowerPointslides, B \web Fragment Generation

containing only images and no text content. They are .
unusable for web unit mining due to a lack of text. In prder to evaluate_: the enhanced web fragment ge_neratlon
. Email archives algorithm proposed in Section IV, we ao!opt two dlfferen'_c
Web pages that contain only email archives. me.thods to construct web fragments with web pages in
. Reference documentations UmKB. I_n method I, web fragments are constructgd by t_he
Web pages that contain stand-alone documentations S&gpmal IWUM .W.eb .fragment generation 'st.ep, Wh!Ch relies
asJava Documentatioand Ant Manuals on the connectivity index an_d a few heuristics. This method
could be regarded as a baseline method and be used to evaluate
After removal, a total of 25,522 and 11,105 web pages rgjathod 17, Note that in the original iWUM approach, each
mained in Washington and Texas respectively. This coIIectl%‘but web page will be eventually associated with a web
of web pages is named &miKB. Entities of three concepts,fragmem_ On the contrary, W ebFragGen, some web pages
namelycourse faculty, andstudentare manually identified in are not associated with any web fragment. In order to make
UniKB and web units are constructed accordingly. First, the ¢.:. comparison, method thus takes a mixed approach:
homepage of.each course, faculty, and student is identifixﬁgst’ web fragments are constructed by tHéebFragGen
Then web units are constructed as follows: for a homepaggithm: second, the remaining web pages not belonging to
like [domain]/home/allen/index.htmweb pages starting with 5 \weh fragment are fed to the original IWUM to construct
[domain]/home/allenform a web unit, say.;, with the home- web fragments again.

page as the key page. There is only one exception: if there ex-
ists another homepagglomain])/home/allen/cs101/index.htm
web pages starting witfdomain])/home/ allen/cs101are no
longer part ofu;, but form a new web unit, say,. Method | WebFragGen | Connectivity Index | Web fragments

The statistics of manually-labeled web units in UniKB are f P f P f
shown in Table Il, whereuw and p refer to the number of I - 15331 25522 15331
web units and web pages respectively; ander refers to ! 2223 208 2434 SE
those web pages not belonging to any web unit. A web unit
in UniKB has 16 web pages on average while a web unit in
WebKB has only 4.

Note that both Washington and Texas contain a large
number of course web units. This is because there might Method | flebFragben | Connectly Tndex ) WWeb fragments
many different “versions” of a single course. For example, a | - 8656 11105 8656
course likecs100might have avinter 2000version, asummer I 838 351 1042 1189

99 version and so on. Different versions are independent of h ; h h
each other: each version has its own homepage and othefN€ Web fragments constructed by these two methods are

pages describing course materials; each version has its oyWn in Table IV (Washington) and Table V (Texas). As
dedicated web space, e.gourse/cs100/00wfor the winter N Table IV, the total 25522 web pages are constructed
2000 version, course/cs100/99sfor the summer 99version; Nt© 15,331 web fragments by methatl In method /7,

there seldom exists hyperlinks connecting different versiond, ¢vFragGen constructs 2,223 web fragments wizh, 088

Based on the above situation, we treat each version as'§fP Pages. The remaining 434 web pages are then con-

individual web unit. This is the reason why there are gggructed into908 web fragments by the original IWUM.
coursein Washington. In both Washington and Texas, the original iWUM is less

After labeling web units, we analyzed their distributiorfTective af‘t constructing web fragments (less than 2web|pages
in the web site structure and determined the validity &t WeP fragment). As we expecteld/ebFragGen greatly

different types parent-child concept pairs. As shown in Tabi§duces the total number of web fragments constructed.

[ll, Washington has only one valid parent-child concept pair, . )

course-course This pair is valid because two course wels- Results and Discussion

units (different versions of a course) could form parent-child Our web unit mining experiments compared the web units
web unit pairs. Meanwhile Texas has twmurse-courseand mined by four different methods: iWUM, 2)kWUM, 3)

TABLE IV
WASHINGTON WEB FRAGMENTS

23088

TABLE V
TEXAS WEB FRAGMENTS
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EnhancedFragand 4)Integrated The first two methods utilize occasionally removes some good web units. Despite different
web fragments constructed by methddwhile the last two influences inPr and Re, the overall performance, which is
methods utilize web fragments constructed by metlidd measured by'1 value, is improved for the six categories.
Table VI shows the number of web units mined in each In EnhancedFrag, a much smaller set of web fragments
category by the four methods. The last column “labeleds constructed and replace those constructed by iIWUM itself.
displays the number of web units we manually labeled. Note this approach, thencompleteweb unit problem is handled
that < Cat > (W) and < Cat > (T) denote the category by reducing the possible classification errors. Its influence on
Cat in Washington and Texas respectively. Web units mingde web unit mining performances are two-fold and consistent
by the last two methods are much less than those mined foy all the six categoriesPr scores are higher than those from
the first two. iIWUM or kWUM; Re scores are lower compared to iWUM or
kWUM results. Considering the overall performance, for some
categories}'1 values are higher than those from kWUM while
for other categoriess’'1 values are even lower than those from

TABLE VI
MINED WEB UNITS

Category | WUM _ kWUM _ EnhancedFrag _ Integrated Labeled iIWUM. The improved precision scores are mainly because the
E;’g&fs?’w"; 7;? 8§g Gé? 6;321 ggg number ofincompleteweb units have been greatly reduced
Student(W) 776 549 181 187 501 through a more effective web fragment construction step. The
Course(T) 279 198 143 129 243 reduced recall scores are mainly becausehancedFrag
Faculty(T) 78 78 49 55 62 . . . . .

Student(T) 575 166 139 136 73 failed to identify somdow qualityweb units as web fragments
Total 1770 1585 1195 1250 1733 and considered them as part of other web fragments.

During the process of manually labeling web units, we

The precision Pr), recall (Re), and F1 2 value for each notice that our labeled web units are of differentality or
category of these four methods are shown in Table VII, @uthority. Some web units contain more information than oth-
which the highest score of each measure for each categ8F§- For example, a student/faculty web unit could have a lot of
is displayed in bold font. Thé”1 values of the following 3 information about his/her study, research or publication while
methods are compared with those of iWUM (the percentag8other one just briefly indicates he/she is a student/faculty.
improvement is shown in parenthesis). A course web unit of “current quarter” may contain more

Web units are extracted with reasonable accuracies usiffprmation than the same course of “winter 99", which is
iWUM although the performance of different categories variegerely an archive and has become obsolete. It is not surprising
In general, iWUM results in high recall but low precisionthat those high quality web units are more likely to be
For all categories excepfourse(W), Re scores are much linked by many other web pages. Since dimhancedFrag
better thanPr scores. The low precision of iWUM is mainly utilizes linkage structure to identify web fragments, those high
due to the existence aficompleteweb units. Different from quality web units of many incoming links are likely to be
all others, Course(W)has a very highPr (0.875), even constructed into web fragments. Meanwhile those lee-
better than the correspondinge (0.686). We notice that knownweb units are often ignored bynhancedFrag. As a
Washington has dedicated web space for all course materf@8ult, EnhancedFrag tends to mine high quality web units
and the homepage of each course follows a similar style g#ccessfully and ignore low quality ones. That is why its recall
template for its content. As a result, course web units a$€ores have been reduced.
easily distinguished from others by iWUM, which determines In the Integratedmethod, kWUM is used to optimize the
concept labels mainly based on the key page content. ®gb units mined byEnhancedFrag. Just like what KWUM
the contrary, in Texas, course materials are often embeddi@gs to iIWUM results, théntegratedmethod also has mixed
in faculties’ web folders and there is no common style dpfluence onEnhancedFrag results: it further improves the
content in their homepages. In summary, web site structu?eecision scores for all categories excépturse(IV); mean-
and key page content are the two major factors that affect t8ile it improves the recall scores and the overéll scores
performance of iWUM. The iWUM results could be regardeéPr all categories excepf'ourse(T).
as a baseline results to evaluate the performance of later threeomparing the performance of these four methods for
methods. different categories, we notice that highest precision scores

KWUM handles théncompleteveb unit problem by remov- lie in the last two methods ( 5 irintegrated and 1 in
ing invalid parent-child web unit pairs and thus improves th&nhancedFrag); highest recall scores lies in first two meth-
precision. For all categories excePburse(W), Pr scores 00ds (4 in kWUM and 2 in iWUM); highest'l scores lies in
from KWUM are significantly increased compared to thosg€cond and fourth methods (4 limtegratedand 2 in kWUM).
from iWUM. kWUM has mixed influence on recall. It signif- Finally, we measure the overall performance of each method
icantly improvesRe on Faculty(T) (from 0.661 to 0.806), Py macro-averagandmicro-averagedenoted asl/acroAve
somewhat reduceBe on Faculty(W) (from 0.800 to 0.785) andMigroAve. Themacro-averagaveights equally all the Six
and Course(T) (from 0.777 to 0.669), and slightly improvecategories, regardless of how many web units belong to it. The
Re for the other categories. The varied performance is diféicro-averageweights equally all the web units. As shown

to that the web unit optimization method adopted by kwuUND Table VII, for bothmacro-averageand micro-average the
Integrated method delivers the bedPr and F'1 scores and

2F1 = 2% Pr « Re/(Pr + Re) kWUM deliver the bestRe scores.
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TABLE VI

12

COMPARISONS OFDIFFERENTWEB UNIT MINING METHODS

Concept iWUM kWUM EnhancedFrag Integrated

Pr Re F1 Pr Re F1 Pr Re F1 Pr Re F1
Course(W) 0.875 0.686 0.769 | 0.867 0.723  0.788 (2.6%) 0.976  0.611 0.751 (-2.3%) | 0.971 0.667  0.791 (2.9%)
Faculty(W) 0.598 0.800 0.684 | 0.739 0.785 0.761 (11.3%)| 0.778 0.754 0.766 (11.9%)| 0.790 0.754  0.772 (12.8%)
Student(W) 0.438 0.599 0.506 | 0.514 0.634 0.568 (12.1%) | 0.652 0.584 0.616 (21.7%)| 0.670 0.624  0.646 (27.6%)
Course(T) 0.674 0.777 0.722 | 0.822 0.669  0.738 (2.3%) 0.890 0.529 0.665 (-7.9%) | 0.930  0.496 0.647 (-10.4%)
Faculty(T) 0.526 0.661 0.586 | 0.641 0.806 0.714 (22.0%) | 0.653 0.516 0.577 (-1.6%) | 0.709 0.629 0.667 (13.8%)
Student(T) 0.447 0.711 0.549 | 0.747 0.717 0.732 (33.2%) | 0.835 0.671 0.744 (35.4%)| 0.890 0.699 0.783 (42.6%)
Macro ave 0.593 0.706 0.636 | 0.722 0.722 0.717 (12.7%) | 0.798 0.611 0.686 (7.9%) | 0.827 0.645 0.718 (12.8%)
Micro ave 0.680 0.694 0.687 | 0.777 0.710  0.742 (8.0%) 0.877 0.604 0.715 (4.2%) | 0.892 0.643  0.748 (8.8%)

In a summary, both of the enhanced web fragment construc-
tion (EnhancedFrag) and kWUM can solve thencomplete
web unit problem and thus greatly improve web unit minindl]
precision. HoweverEnhanced Frag usually reduces web unit
mining recall as it may ignore somlew quality web units
while KWUM has mixed influence on recall. Furthermore,?]
we explored the combination of these methotlstegrated
method) and show that it delivers even better performances]
achieving highest precisions for all categories and highest
overall F'1 for most categories. 4]

VIIl. CONCLUSION AND FUTURE WORK 5]

Web unit mining aims to discover the set of web pages
that represent a single concept entity from a web site. Mined
web units are usually objects of interest for people who seargh
in that web site, e.gcourses professors or studentsentities
from a university web site. As a result, a major application of
web units is to incorporate them into search engines so as
support better indexing and searching.

An existing web unit mining algorithm, iIWUM, creates
incompleteweb units, with each covering only a subset of!
web pages of a single concept entity. The existencénof
completeweb units does harmful to using web units to index
web information. In order to address this problem, we hav
proposed two different methods, temhanced web fragment
generation method and the KWUM method. Experiments with
the UniKB dataset show that a large portionrmfompleteveb [10]
units could be removed and web unit mining performance is
thus improved, especially on the precision measures. The inte]
gration of these two methods delivers even better results. Trfﬁ
removal ofincompleteweb units make mined web units moreI
useful to web information organization and other applicationg3]

Web unit mining is a new research field. There is still much
room for further improvement. For example, as existing w
unit mining algorithms heavily rely on web site structure tqs)
construct web units and key page content to classify web
units, we need to conduct experiments with other web sitdd]
More research efforts are required to improve web unit miningy)
performance on those web sites not well-structured and on
those web units with key pages of little content. In another
direction of our future work, we focus on utilizing mined wel g
units to enhance web information retrieval. We will explore
ways for modeling web units and develop web unit-based
ranking strategies. [19]
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APPENDIXA - PERFORMANCEMETRICS FORWEB UNIT
MINING

It is difficult to use the standargrecision and recall
measures to evaluate web unit mining performance. A web unit
is set of web pages. A mined web unit could only partially
match a labeled web units. Furthermore, the key page and
support pages may have different importance.

TABLE VIl
CONTINGENCY TABLE FOR WEB UNITu;

Web unit evaluation] Perfect web unitu/
u;k u;.s NU
Constructed| u;.k | TK; SK; -
web unitui Uji.S KSi TSi FSi
NU NK; NS; -

Given a web unitu; constructed by a web unit mining
method, we must first match it with an appropriate labeled
web unitu), also known as th@erfect web unitWe define
u; to be the labeled web unit containing.k and v, has
the same label as;; u;.k can be either the key page or a
support page ofu;. The contingency table for matching a
web unitwu; with its perfect web unit, is shown in Table
VIIl. Each table entry represents the overlapping web pages
between the key/support pages of and ;. For example
TK; = {u;.k}N{u}.k} andT'S; = u;.sNwu}.s. The entries in
the last column and row account for pages that appear either
in u; or u}, but not both.FS; = u;.s — (u;.s U {ul.k}).
NK; = {ul.k} — {u;.k} —u;.s. NS; = u}.s — {u;.k} —u;.s.
Note that|T K|+ |K S;|+|NK;| = 1 and|TK;|+|SK;| = 1.

If the perfect web unit for,; does not existy; is considered
invalid and will be assigned zero precision and recall values.
Otherwise, theprecision and recall of a web unit,u;, are
defined as follows.
Pro, = a-[TKi| +(1=a) TS| @)
' a+ (1L —a) ([KS;|+ TS| + [FSi])
Re, — - |TKZ‘+(1—01)|TSl| (3)
' a+ (1 —a)- (|SKi| + |T'Si| + |NSi|)

To account for the importance of key pagesyeight factor
« to represent the degree of importance is introdupéds the
number of web pages in web unit If o = 1, the importance
of key page completely dominates over the support pages. By
choosing aa value, we can assign appropriate importance
to key and support pages in a web unit mining performance
metric. More information about the performance metrics for
web unit mining can be found in [1].
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