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Methods and systems for dynamically training a web crawler.
The web crawler maintains one or more categories each com-
prising a set of words. The method includes selecting at least
one hyperlink in response to a query received from a user. The
method further includes determining a hyperlink score for the
at least one hyperlink based on a category score associated
with each of one or more categories. The category score
associated with each of the one or more categories is updated
based at least in part on the hyperlink score. The updated
category score is compared with the hyperlink score to select
a category from the one or more categories. The set of words
associated with the category is updated based on content of a
web page pointed by the at least one hyperlink.
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SYSTEMS AND METHODS OF WEB
CRAWLING

TECHNICAL FIELD

[0001] The presently disclosed embodiments are related, in
general, to a web crawler. More particularly, the presently
disclosed embodiments are related to systems and methods
for training the web crawler.

BACKGROUND

[0002] Web crawler is an internet bot that browses through
the World Wide Web (WWW) for indexing one or more web
sites. Some of the web crawlers browse through websites
having specific content (e.g., healthcare, technology, etc.).
Such web crawlers are usually referred as focused web crawl-
ers, or focused crawlers.

[0003] Typically, the focused web crawlers are trained on a
sample or seed websites prior to browsing through the WWW.
During actual crawling through the WWW, the focused web
crawler utilizes the content learnt from the sample or seed
websites to browse through the WWW. As the web crawler
only utilizes the content learnt during the training phase,
therefore the scope of browsing of the focused web crawler
may be limited. This may lead to a decline in the efficiency of
the overall crawling process.

SUMMARY

[0004] According to embodiments illustrated herein there
is provided a method for dynamically training a web crawler.
The web crawler maintains one or more categories each com-
prising a set of words. The method includes, in response to
receiving a query from a user, selecting, by a processor, at
least one hyperlink based on a set of words. The method
further includes determining a hyperlink score, by the pro-
cessor, for the at least one hyperlink based on a predetermined
category score associated with each of one or more categories
and a membership value of the at least one hyperlink for each
of the one or more categories. The predetermined category
score associated with each of the one or more categories is
updated based at least in part on the hyperlink score by the
processor. The updated predetermined category score is com-
pared with the hyperlink score to select a category from the
one or more categories by the processor. The set of words
associated with the category is updated based on content of a
web page pointed by the at least one hyperlink by the proces-
SOr.

[0005] According to embodiments illustrated herein there
is provided a system for dynamically training a web crawler.
The web crawler maintains one or more categories each com-
prising a set of words. The system comprises one or more
processors operable to select at least one hyperlink in
response to a query received from a user based on the set of
words. The one or more processors is further operable to
determine a hyperlink score for the at least one hyperlink
based on a predetermined category score associated with each
of one or more categories and a membership value of the at
least one hyperlink for each ofthe one or more categories. The
one or more processors is further operable to update the
predetermined category score associated with each of the one
or more categories based at least in part on the hyperlink
score. Additionally, the one or more processors are operable
to compare the updated predetermined category score with
the hyperlink score to select a category from the one or more
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categories. Further, the one or more processors are operable
to update the set of words associated with the category based
on content of a webpage pointed by the at least one hyperlink.
[0006] According to embodiments illustrated herein there
is provided a computer program product for use with a com-
puter. The computer program product comprises a non-tran-
sitory computer readable medium. The non-transitory com-
puter readable medium stores a computer program code for
dynamically training a web crawler. The web crawler main-
tains one or more categories each comprising a set of words.
The computer program code is executable by a processor to
select at least one hyperlink in response to a query received
from a user based on the set of words. The computer program
code is further executable by a processor to determine a
hyperlink score for the at least one hyperlink based on a
predetermined category score associated with each of one or
more categories and a membership value of the at least one
hyperlink for each of the one or more categories. The com-
puter program code is executable by a processor to update the
predetermined category score associated with each of the one
or more categories based at least in part on the hyperlink
score. Additionally, the computer program code is executable
by a processor to compare the updated predetermined cat-
egory score with the hyperlink score to select a category from
the one or more categories. Finally, the computer program
code is executable by a processor to update the set of words
associated with the category based on content of a webpage
pointed by the at least one hyperlink.

BRIEF DESCRIPTION OF DRAWINGS

[0007] The accompanying drawings illustrate various
embodiments of systems, methods, and other aspects of the
disclosure. Any person having ordinary skill in the art will
appreciate that the illustrated element boundaries (e.g.,
boxes, groups of boxes, or other shapes) in the figures repre-
sent one example of the boundaries. It may be that in some
examples, one element may be designed as multiple elements
or that multiple elements may be designed as one element. In
some examples, an element shown as an internal component
of one element may be implemented as an external compo-
nent in another, and vice versa. Furthermore, elements may
not be drawn to scale.

[0008] Various embodiments will hereinafter be described
in accordance with the appended drawings, which are pro-
vided to illustrate, and not to limit, the scope in any manner,
wherein like designations denote similar elements, and in
which:

[0009] FIG. 11is a block diagram illustrating a system envi-
ronment in which various embodiments can be implemented;
[0010] FIG. 2 is a block diagram illustrating a web crawler,
in accordance with at least one embodiment; and

[0011] FIG. 3 is a flowchart illustrating a method for train-
ing a web crawler, in accordance with at least one embodi-
ment.

DETAILED DESCRIPTION

[0012] The present disclosure is best understood with ref-
erence to the detailed figures and description set forth herein.
Various embodiments are discussed below with reference to
the figures. However, those skilled in the art will readily
appreciate that the detailed descriptions given herein with
respect to the figures are simply for explanatory purposes as
the methods and systems may extend beyond the described
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embodiments. For example, the teachings presented and the
needs of a particular application may yield multiple alternate
and suitable approaches to implement the functionality of any
detail described herein. Therefore, any approach may extend
beyond the particular implementation choices in the follow-
ing embodiments described and shown.

[0013] References to “one embodiment”, “at least one
embodiment”, “an embodiment”, “one example”, “an
example”, “for example” and so on, indicate that the embodi-
ment(s) or example(s) so described may include a particular
feature, structure, characteristic, property, element, or limita-
tion, but that not every embodiment or example necessarily
includes that particular feature, structure, characteristic,
property, element or limitation. Furthermore, repeated use of
the phrase “in an embodiment” does not necessarily refer to
the same embodiment.

[0014] Definitions: The following terms shall have, for the
purposes of this application, the respective meanings set forth
below.

[0015] A “web crawler” refers to an internet bot that
browses through WWW for purpose of at least indexing one
or more websites, validating html code, and web scarping.
Some example of commonly known web crawlers may
include, but are not limited to, focused crawler, path-ascend-
ing crawler, an academic-focused crawler, etc.

[0016] A “hyperlink” corresponds to a reference to data
that a reader can follow. In one example, a hyperlink may
correspond to a link to a website. In an embodiment, the
hyperlink may include text content commonly referred as
hypertext. Further, the hyperlink includes an anchor that is
representative of a location the data.

[0017] A “Hyperlink score” refers to a measure of rel-
evancy of a hyperlink to a semantic. For example, two hyper-
links for a semantic “healthcare” possess the hyperlink score
0f 0.8 and 0.4. The hyperlink that has the hyperlink score of
0.8 is more relevant to the semantic “healthcare” in compari-
son to the hyperlink having a score of 0.4.

[0018] A “category score” refers to a score associated with
one or more categories corresponding to a semantic. In an
embodiment, the category score is indicative of relevancy of
a category to the semantic. In an embodiment, the category
score is further indicative of relevancy of a set of words
contained in the category to the semantic.

[0019] A “firstreward score” refers to a measure of correct-
ness of a decision to select a hyperlink as being relevant to a
semantic.

[0020] A “contribution score” refers to a measure of con-
tribution of each of the one or more categories in selecting a
hyperlink.

[0021] A “second reward score” refers to a set of points
allotted to the one or more categories based on respective
contribution scores associated with each of the one or more
categories.

[0022] FIG.1 is a block diagram illustrating a system envi-
ronment 100 in which various embodiments can be imple-
mented. The system environment 100 includes a web crawler
server 102, a database server 104, a network 106, and a user
computing device 108.

[0023] The web crawler server 102 receives a query from a
user of the user computing device 108. The web crawler
server 102 determines semantics of the query. Based on the
semantics of the query, the web crawler server 102 browses
through one or more websites. In an embodiment, the content
of the one or more websites is relevant to the semantics of the
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query. The web crawler server 102 maintains one or more
categories, where each of the one or more categories includes
a set of words. While browsing through the one or more
websites, the web crawler server 102 updates the set of words
based on the content of the one or more websites. The opera-
tion of the web crawler server 102 has been described later in
conjunction with FIG. 2. The web crawler server 102 may be
realized through an application server such as but not limited
to, Java application server, .NET framework, and Base4
application server.

[0024] The database server 104 stores the set of words
pertaining to the one or more categories. In an embodiment,
the database server 104 may receive a query from the web
crawler server 102 to retrieve the set of words. The database
server 104 may be realized through various technologies,
such as, but not limited to, Microsoft® SQL server, Oracle,
and My SQL. In an embodiment, the web crawler server 102
may connect to the database server 104 using one or more
protocols such as, but not limited to, ODBC protocol and
JDBC protocol.

[0025] A person having ordinary skills in the art would
understand that the scope of the disclosure should not be
limited to the database server 104 as a separate entity. In an
embodiment, the functionality of the database server 104 may
be implemented in the web crawler server 102.

[0026] The network 106 corresponds to a medium through
which content and messages flow between various devices of
the system environment 100 (e.g., the web crawler server 102,
the database server 104, and the user computing device 108).
Examples of the network 106 may include, but are not limited
to, a Wireless Fidelity (Wi-Fi) network, a Wireless Area Net-
work (WAN), a Local Area Network (LAN) or a Metropolitan
Area Network (MAN). Various devices in the system envi-
ronment 100 can connect to the network 106 in accordance
with the various wired and wireless communication protocols
such as Transmission Control Protocol and Internet Protocol
(TCP/IP), User Datagram Protocol (UDP), and 2G, 3G, or4G
communication protocols.

[0027] The user computing device 108 transmits the query
to the web crawler server 102 for retrieving the one or more
websites that are related to the semantics of the query. Some
of the examples of the user computing device 108 include a
personal computer, a laptop, a PDA, a mobile device, a tablet,
or any device that has the capability to transmit the query to
the web crawler server 102.

[0028] FIG. 2 is a block diagram of the web crawler server
102, in accordance with at least one embodiment. The web
crawler server 102 includes a processor 202, a memory 204,
and a transceiver 206. The web crawler server 102 is
described in conjunction with FIG. 1.

[0029] The processor 202 is coupled to the memory 204
and the transceiver 206. The transceiver 206 is connected to
the network 106.

[0030] The processor 202 includes suitable logic, circuitry,
and/or interfaces is operable to execute one or more instruc-
tions stored in the memory 204 to perform predetermined
operation on the web crawler server 102. The memory 204
may be operable to store the one or more instructions. The
processor 202 may be implemented using one or more pro-
cessor technologies known in the art. Examples of the pro-
cessor 202 include, but not limited to, an X86 processor, a
RISC processor, an ASIC processor, a CISC processor, or any
other processor.



US 2015/0026152 A1

[0031] The memory 204 stores a set of instructions and
data. Some of the commonly known memory implementa-
tions include, but are not limited to, a random access memory
(RAM), a read only memory (ROM), a hard disk drive
(HDD), and a secure digital (SD) card. Further, the memory
204 includes the one or more instructions that are executable
by the processor 202 to perform specific operations. It is
apparent to a person having ordinary skills in the art that the
one or more instructions stored in the memory 204 enable the
hardware of the web crawler server 102 to perform the pre-
determined operation.

[0032] The transceiver 206 transmits and receives mes-
sages and data to/from various components of the system
environment 100 (e.g., the web crawler server 102 and the
database server 104). Examples of the transceiver 206 may
include, but are not limited to, an antenna, an Ethernet port, a
USB port or any other port that can be configured to receive
and transmit data. The transceiver 206 transmits and receives
data/messages in accordance with the various communica-
tion protocols, such as, TCP/IP, UDP, and 2G, 3G, or 4G
communication protocols.

[0033] In operation, the processor 202 is operable to
receive the query from the user computing device 108 through
the transceiver 206. Prior to receiving the query, the processor
202 trains the web crawler server 102 using a sample data.

[0034] In order to train the web crawler server 102, the
processor 202 extracts the sample data from the memory 204.
In an embodiment, the sample data includes a set of seed
hyperlinks and corresponding hyperlink scores. Based on the
hyperlink scores associated with each hyperlink in the set of
seed hyperlinks, the processor 202 determines the range of
hyperlinks scores. Further, the processor 202 divides the
range of hyperlink scores in one or more sub-ranges of the
hyperlink scores. Each of the one or more sub ranges of the
hyperlink scores corresponds to a category. Based on the
hyperlink scores associated with the set of seed hyperlinks
and a sub-range of hyperlink scores associated with one or
more categories, the processor 202 categorizes each of the set
of'seed hyperlinks in the one or more categories. For example,
the set of seed hyperlink includes four hyperlinks having the
hyperlink scores of 0.2, 0.4, 0.6, and 0.8. The processor 202
may divide the hyperlink score range (i.e., 0.2-0.8) into a first
sub-range (i.e., 0.2-0.5) and a second sub-range (i.e., 0.5-0.8).
The first sub-range and the second sub-range correspond to a
first category and a second category. The processor 202 cat-
egorizes the hyperlinks having score of 0.2 and 0.4 under the
first category and the hyperlinks having score of 0.6 and 0.8
under the second category.

[0035] For each ofthe one or more categories, the processor
202 determines a category score based on the hyperlink
scores of the hyperlinks categorized in the each of the one or
more categories. In an embodiment, the processor 202 uti-
lizes following equation to determine the category score:

1 1
QP = 5 ) 0W) .

L ueP;

where,

[0036] Q (P,): Category score of i category; and

[0037] Q(u): Hyperlink score of hyperlink categorized
under i category.
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[0038] Post determining the category scores, the processor
202 categorizes words from the web page/hypertext pointed
by the set of seed hyperlinks in respective categories such that
each of the one or more categories includes a set of words. In
an embodiment, the web crawler server 102 utilizes the set of
words to select new hyperlinks. In an embodiment, the pro-
cessor 202 may utilize one or more parsing techniques such as
top-down parsing, and bottom-up parsing to extract the words
from the web pages.

[0039] Similarly, the processor 202 trains the web crawler
server 102 by creating the one or more categories for multiple
topics. For example, the processor 202 creates the one or
more categories and maintains associated hyperlinks as the
set of seed hyperlinks for a topic “healthcare”. In another
example, the processor 202 creates the one or more categories
and maintains associated hyperlinks as the set of seed hyper-
links for topic “electronics”.

[0040] Post training of the web crawler server 102, the
processor 202 receives the query from the user computing
device 108 through the transceiver 206. The processor 202
may determine the semantics of the query using one or more
techniques such as RDF path traversal, keyword to concept
mapping, graph patterns, and fuzzy logic. Based on the
semantics, the processor 202 determines whether the web
crawler server 102 has been trained on the determine seman-
tics. If it is determined that the web crawler server 102 has
been trained on the determined semantics, the processor 202
extracts the set of seed hyperlinks and the set of words per-
taining to the one or more categories associated with the
determined semantics from the memory 204.

[0041] For example, the processor 202 receives the query
“medicines” from the user computing device 108. The pro-
cessor 202 identifies the semantics of the query to determine
that the query relates to the topic “healthcare”. Thereafter, the
processor 202 extracts the set of seed hyperlinks pertaining to
the topic “healthcare”. Further, the processor 202 extracts the
set of words pertaining to the one or more categories associ-
ated with the determined semantics (i.e., “healthcare”).
[0042] The processor 202 is operable to browse through the
one or more seed hyperlinks and the websites pointed by the
one or more seed hyperlinks. While browsing through the one
or more websites, the processor 202 may encounter a new
hyperlink in one of the websites pointed by the one or more
seed hyperlinks. In such a scenario, the processor 202 ana-
lyzes the hypertext in the hyperlink to determine whether the
hyperlink is relevant. In an embodiment, the processor 202
compares the hypertext with the set of words in the one or
more categories (extracted by the processor 202 for the deter-
mined semantics). Based on the comparison, the processor
202 determines a membership value of the hyperlink in the
one or more categories. Further, the processor 202 assigns a
hyperlink value to the new hyperlink using the following
equation:

O()=Zp cpQ(P)*(P;lu) @

where,

[0043] p(P,lu): Membership value of the new hyperlink in
each of the one or more categories.

[0044] Thereafter, the processor 202 determines whether
the hyperlink score of the new hyperlink is greater than a
predetermined threshold. In an embodiment, the hyperlink
score is indicative of relevancy of the new hyperlink to the
determined semantic. If the hyperlink score is greater than the
predetermined threshold, the processor 202 downloads the
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webpage pointed by the new hyperlink. The processor 202
analyzes the content of the webpage to determine whether the
content of the webpage is relevant. In an embodiment, the
content of the webpage include, but are not limited to, anchor,
header, and title of the webpage. Based on the determination
of the relevancy of the content of the webpage, the processor
202 assigns a first reward score to the new hyperlink using the
following equation:

r(u)=F*(1+0(u)) 3)
where,
[0045] r(u): First reward score allocated to the new hyper-
link;
[0046] F: Scaling value; and
[0047] O(u): Relevancy score of the hyperlink (“0” if not

relevant; “1” if relevant).

[0048] Since the new hyperlink is selected based on the
hyperlink score and the hyperlink score is determined based
on the category score, the processor 202 determines a contri-
bution score of each of the one or more categories in selection
of the new hyperlink. In an embodiment, the processor 202
utilizes following equation to determine the contribution
score:

_ Q@) =pPilw) “
O(Py, u) = —ow
where,
[0049] (P, u): Contribution score.

[0050] Based on the contribution score, the processor 202
determines a second reward score for each of the one or more
categories. In an embodiment, the processor 202 utilizes fol-
lowing equation to determine the second reward score:

Py 1)=D(P,u)*r(u) ®

[0051] The processor 202 updates the category score for
each of the one or more categories based on the second reward
score. In an embodiment, the processor 202 utilizes the fol-
lowing equation to update the category score:

QP)=QEP)+MZ, e H(P,w-1*Q(P)) (6)
where,
[0052] A: Learning rate, where A lies between 0 and 1; and
[0053] v: Discount factor, where y lies between 0 and 1.
[0054] Similarly, the processor 202 updates the hyperlink

score of the new hyperlink by utilizing the following equa-
tion:

Q()=Q)+N e ()1 QW) @)
where,
[0055] A': Learning rate, where A' lies between O and 1; and
[0056] v" Discount factor, where y' lies between 0 and 1.
[0057] Additionally, the processor 202 is operable to

update the set of words contained in a category from the one
or more categories. The processor 202 identifies the category
based on the updated hyperlink score associated with the new
hyperlink and the updated category score of each of the one or
more categories. In an embodiment, a category having the
updated category score closest to the updated hyperlink score
of the new hyperlink is selected for updation of the set of
words. In an embodiment, the processor 202 utilizes follow-
ing equation to select the category:

Parg min|Q'(u)-Q(P,)| ®
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[0058] For example, the one or more categories include
three categories having updated category score as 0.2, 0.8,
and 0.9. Further, the updated hyperlink score for the new
hyperlink is 0.7. The processor 202 utilizes the equation 8 to
select the category having the updated category score as 0.8
for the updation of the set of words.

[0059] Post selection of the category, the processor 202
updates the set of words contained in the selected category. In
an embodiment, the processor 202 selects a second set of
words from the website pointed by the new hyperlink for
updating the set of words in the selected category. In an
embodiment, conditional probability of the second set of
words belonging to the selected category is high in compari-
son to the rest of words in the website.

[0060] In an alternate embodiment, the processor 202
selects only those words from the website that are not present
in the set of words contained in the selected category.
[0061] A person skilled in the art would understand that
scope of the disclosure is not limited to updating the set of
words contained in the category. In an embodiment, the one or
more features of the website (pointed by the hyperlink) or the
new hyperlink can be used for updating the selected category.
[0062] FIG. 3 is a flowchart 300 illustrating a method for
training a web crawler, in accordance with at least one
embodiment. The flowchart 300 is described in conjunction
with FIG. 1 and FIG. 2.

[0063] Atstep 302, the query is received from the user. In an
embodiment, the processor 202 receives the query from the
user computing device 108. The processor 202 selects the set
of seed hyperlinks in accordance to semantics of the query. At
step 304, the hyperlink is selected. At step 306, the hyperlink
score for the selected hyperlink is determined. At step 308, the
first reward score is determined for the selected hyperlink
based on the hyperlink score. At step 310, the contribution
score of each of the one or more categories in selection of the
selected hyperlink is determined. At step 312, the second
reward score for each of the one or more categories is deter-
mined based on the contribution score. At step 314, the cat-
egory score for each of the one or more categories is updated
based on the second reward score. At step 316, the updated
category score is compared with the hyperlink score associ-
ated with the selected hyperlink. At step 318, the category is
selected from the one or more categories based on the com-
parison. At step 320, the set of words contained in the selected
category is updated.

[0064] The disclosed embodiments encompass numerous
advantages. The web crawler server 102 is trained on the
sample data. While training the web crawler server 102, the
web crawler server 102 maintains the one or more categories
containing the set of words that is used for selecting the new
hyperlink. While crawling through the new hyperlinks, the
web crawler server 102 updates the set of words in the one or
more categories. Updating the set of words leads to more
robust web crawler server 102 that may select new hyperlinks
that may not have been selected by the conventional web
crawler server.

[0065] The disclosed methods and systems, as illustrated in
the ongoing description or any of its components, may be
embodied in the form of a computer system. Typical
examples of a computer system include a general-purpose
computer, a programmed microprocessor, a micro-controller,
a peripheral integrated circuit element, and other devices, or
arrangements of devices that are capable of implementing the
steps that constitute the method of the disclosure.
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[0066] The computer system comprises a computer, an
input device, a display unit and the Internet. The computer
further comprises a microprocessor. The microprocessor is
connected to a communication bus. The computer also
includes a memory. The memory may be Random Access
Memory (RAM) or Read Only Memory (ROM). The com-
puter system further comprises a storage device, which may
be a hard-disk drive or a removable storage drive, such as, a
floppy-disk drive, optical-disk drive, and the like. The storage
device may also be a means for loading computer programs or
other instructions into the computer system. The computer
system also includes a communication unit. The communi-
cation unit allows the computer to connect to other databases
and the Internet through an input/output (I/O) interface,
allowing the transfer as well as reception of data from other
sources. The communication unit may include a modem, an
Ethernet card, or other similar devices, which enable the
computer system to connect to databases and networks, such
as, LAN, MAN, WAN, and the Internet. The computer system
facilitates input from a user through input devices accessible
to the system through an I/O interface.

[0067] In order to process input data, the computer system
executes a set of instructions that are stored in one or more
storage elements. The storage elements may also hold data or
other information, as desired. The storage element may be in
the form of an information source or a physical memory
element present in the processing machine.

[0068] The programmable or computer-readable instruc-
tions may include various commands that instruct the pro-
cessing machine to perform specific tasks, such as steps that
constitute the method of the disclosure. The systems and
methods described can also be implemented using only soft-
ware programming or using only hardware or by a varying
combination of the two techniques. The disclosure is inde-
pendent of the programming language and the operating sys-
tem used in the computers. The instructions for the disclosure
can be written in all programming languages including, but
not limited to, ‘C’, ‘C++’, ‘Visual C++’ and ‘Visual Basic’.
Further, the software may be in the form of a collection of
separate programs, a program module containing a larger
program or a portion of a program module, as discussed in the
ongoing description. The software may also include modular
programming in the form of object-oriented programming.
The processing of input data by the processing machine may
be in response to user commands, the results of previous
processing, or from a request made by another processing
machine. The disclosure can also be implemented in various
operating systems and platforms including, but not limited to,
‘Unix’, ‘DOS’, ‘Android’, ‘Symbian’, and ‘Linux’.

[0069] The programmable instructions can be stored and
transmitted on a computer-readable medium. The disclosure
can also be embodied in a computer program product com-
prising a computer-readable medium, or with any product
capable of implementing the above methods and systems, or
the numerous possible variations thereof.

[0070] Various embodiments of the methods and systems
for adjusting compensation for tasks have been disclosed.
However, it should be apparent to those skilled in the art that
modifications in addition to those described, are possible
without departing from the inventive concepts herein. The
embodiments, therefore, are not restrictive, except in the
spirit of the disclosure. Moreover, in interpreting the disclo-
sure, all terms should be understood in the broadest possible
manner consistent with the context. In particular, the terms
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“comprises” and “comprising” should be interpreted as refer-
ring to elements, components, or steps, in a non-exclusive
manner, indicating that the referenced elements, components,
or steps may be present, or utilized, or combined with other
elements, components, or steps that are not expressly refer-
enced.

[0071] A personhaving ordinary skills in the art will appre-
ciate that the system, modules, and sub-modules have been
illustrated and explained to serve as examples and should not
be considered limiting in any manner. It will be further appre-
ciated that the variants of the above disclosed system ele-
ments, or modules and other features and functions, or alter-
natives thereof, may be combined to create other different
systems or applications.

[0072] Those skilled in the art will appreciate that any of the
aforementioned steps and/or system modules may be suitably
replaced, reordered, or removed, and additional steps and/or
system modules may be inserted, depending on the needs ofa
particular application. In addition, the systems of the afore-
mentioned embodiments may be implemented using a wide
variety of suitable processes and system modules and is not
limited to any particular computer hardware, software,
middleware, firmware, microcode, or the like.

[0073] The claims can encompass embodiments for hard-
ware, software, or a combination thereof.

[0074] It will be appreciated that variants of the above
disclosed, and other features and functions or alternatives
thereof, may be combined into many other different systems
or applications. Presently unforeseen or unanticipated alter-
natives, modifications, variations, or improvements therein
may be subsequently made by those skilled in the art, which
are also intended to be encompassed by the following claims.

What is claimed is:

1. A method for training a web crawler, wherein the web
crawler maintains one or more categories each comprising a
set of words, the method comprising:

in response to receiving a query from a user:

selecting, by a processor, at least one hyperlink based on

the set of words;
determining, by the processor, a hyperlink score for the at
least one hyperlink based on a predetermined category
score associated with each of one or more categories and
amembership value of the at least one hyperlink for each
of the one or more categories;
updating, by the processor, the predetermined category
score associated with each of the one or more categories
based at least in part on the hyperlink score;

comparing, by the processor, the updated predetermined
category score with the hyperlink score to select a cat-
egory from the one or more categories; and

updating, by the processor, the set of words associated with

the category based on content of a web page pointed by
the at least one hyperlink.

2. The method of claim 1 further comprising determining,
by the processor, a first reward score for the at least one
hyperlink based on a predetermined scaling value and a rel-
evancy score of the at least one hyperlink, wherein the rel-
evancy score is determined based on semantics of the query.

3. The method of claim 2 further comprising determining,
by the processor, a contribution score of each of the one or
more categories based on the hyperlink score, the predeter-
mined category score, and the membership value, wherein the
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contribution score is indicative of contribution of each of the
one or more categories in selection of the at least one hyper-
link.

4. The method of claim 3 further comprising determining,
by the processor, a second reward score for each of the one or
more categories based on the contribution score and the first
reward score.

5. The method of claim 4, wherein the predetermined cat-
egory score is updated based on the second reward score.

6. The method of claim 2 further comprising updating, by
the processor, the hyperlink score based on the first reward
score.

7. A system for training a web crawler, wherein the web
crawler maintains one or more categories each comprising a
set of words, the system comprises:

one or more processors operable to execute one or more

instructions to:

select at least one hyperlink in response to a query received

from a user based on the set of words;

determine a hyperlink score for the at least one hyperlink

based on a predetermined category score associated with
each of one or more categories and a membership value
of the at least one hyperlink for each of the one or more
categories;

update the predetermined category score associated with

each of the one or more categories based at least in part
on the hyperlink score;

compare the updated predetermined category score with

the hyperlink score to select a category from the one or
more categories; and

update the set of words associated with the category based

on content of a webpage pointed by the at least one
hyperlink.

8. The system of claim 7, wherein the one or more proces-
sors is further operable to execute the one or more instructions
to determine a first reward score for the at least one hyperlink
based on a predetermined scaling value and a relevancy score
of the at least one hyperlink, wherein the relevancy score is
determined based on semantics of the query.

9. The system of claim 8, wherein the one or more proces-
sors is further operable to execute the one or more instructions
to determine a contribution score of each of the one or more
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categories based on the hyperlink score, the predetermined
category score, and the membership value, wherein the con-
tribution score is indicative of contribution of each of the one
or more categories in selection of the at least one hyperlink.

10. The system of claim 9, wherein the one or more pro-
cessors is further operable to execute the one or more instruc-
tions to determine a second reward score for each of the one
or more categories based on the contribution score and the
first reward score.

11. The system of claim 10, wherein the predetermined
category score is updated based on the second reward score.

12. The system of claim 8, wherein the one or more pro-
cessors is further operable to execute the one or more instruc-
tions to update the hyperlink score based on the first reward
score.

13. The system of claim 7, wherein the content of the
webpage comprises one or more of an anchor, a header, and a
page title of a web page.

14. A computer program product for use with a computer,
the computer program product comprising a non-transitory
computer readable medium, the non-transitory computer
readable medium stores a computer program code for training
a web crawler, wherein the web crawler maintains one or
more categories each comprising a set of words, the computer
program code is executable by a processor to:

select at least one hyperlink in response to a query received

from a user based on the set of words;

determine a hyperlink score for the at least one hyperlink

based on a predetermined category score associated with
each of one or more categories and a membership value
of the at least one hyperlink for each of the one or more
categories;

update the predetermined category score associated with

each of the one or more categories based at least in part
on the hyperlink score;

compare the updated predetermined category score with

the hyperlink score to select a category from the one or
more categories; and

update the set of words associated with the category based

on content of a webpage pointed by the at least one
hyperlink.



