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(57) ABSTRACT 

A method and a System for maintaining the freshness of a 
Search engine Server's database. A popularity parameter is 
defined, and a popularity value is assigned to each link in the 
Search engine's database. The most popular links are 
Selected for updating the contents Stored, or associated with, 
the Site to which the links refer. In one embodiment, popu 
larity is based at least in part on the Search results generated 
by the Search engine in response to user queries. 
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METHOD AND SYSTEM FOR UPDATING A 
SEARCH ENGINE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention generally relates to systems and 
methods for updating a Search engine in a computer net 
work, Such as the Internet. More particularly the invention is 
directed to a System and method for improving the freshneSS 
of linkS identified by the Search engine in response to a 
Search query. 
0003 2. Description of the Related Art 
0004 Computer networks have become convenient and 
popular means for the exchange of information. An example 
of Such computer networks is, of course, the Internet. The 
Internet is a vast, decentralized public computer network 
that allows communication between millions of computers 
around the world. The large volume of information on the 
Internet, however, creates daunting challenges for those 
desiring to identify and locate specific information. 
0005 For example, a part of the Internet known as the 
World Wide Web (“the Web”) consists of millions of com 
puters that Store electronic files that may be accessed via the 
Internet. The computers and electronic files are respectively 
known as “web sites” and “web pages.” Web pages are 
created to present all kinds of information, from commercial 
catalogs and advertisements, to Scientific literature, to gov 
ernmental regulations, etc. It has been reported that there are 
already more than a billion web pages, and the Web is 
expected to grow to 100 billion web pages within two years. 
Without the appropriate tools, finding specific information 
Stored Somewhere in the billions of web pages amounts to 
the proverbial task of finding a needle in a hayStack. 
0006 A search engine is one of those tools that facilitates 
locating the desired information in a network Such as the 
Web. A user usually accesses a web site that hosts a “search 
engine' and Submits one or more Search queries related to 
the information Sought. Generally, a Search engine is a 
computer program that, when queried for information, 
retrieves either related information or pointers to the loca 
tion of related information, or both, by evaluating its data 
base. In the Web context, when a user Submits a query, the 
Search engine usually responds with a list of linkS pointing 
to information resources, typically web pages hosted on 
other web sites, that are derived from matching entries in the 
Search engine's database. AS used herein, the term “link' is 
generally any representation or symbol (e.g., an address) that 
points to the location of an information resource, Such as a 
web page. For example, typically a link on the Web is a 
pointer found in one file which references another file. The 
link on the Web commonly refers to a Uniform Resource 
Locator (URL), the global address of documents and other 
resources on the Web. 

0007. However, because web pages, or the URLs point 
ing to them, may be modified at random times by their 
maintainers (“web masters”), often the Search engine 
responds to the user's request with URLs from its database 
that are outdated. When a webmaster changes the content of 
a web page, including adding or removing content or delet 
ing the page altogether, a Search engine database does not 
immediately reflect these changes. A typical Search produces 
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a large number of links that either point to a web site that 
does not exist, or to a web page that has been modified, 
moved or deleted. Consequently, when a user clicks on the 
outdated URL provided by a Search engine, an error results 
and the user is unable to access the intended content. For this 
reason, Search engines Strive to keep track of the ever 
changing Web by continuously finding, indexing, and rein 
dexing web pages. AS used here, “indexing” means the 
Storing of linkS pointing to information resources, as well as 
Some-or all-of the data associated with the information 
CSOUCC. 

0008 Most, although not all, search engines utilize com 
puter applications called “spiders” or “robots” to index the 
myriad of web sites on the Internet and gather content 
information for their Search engine's databases. The term 
“content information” as used here means either a URL or 
the data on the web page associated with the URL, or both. 
Inherently, a Search engine robot indexes a Significant num 
ber of all the information resources (e.g., web pages) in the 
Internet. For example, it has been reported that the Search 
engines maintained by Inktomi Corporation and Google Inc. 
index nearly 500 and 200 million web pages, respectively. 
0009. Usually a robot updates the links in the search 
engine's database in a Sequential manner, i.e., Starting at the 
first link and continuing to the last, then Starting over again. 
The cycle time of most Search engine robots, that is the time 
between Sampling the same web site and incorporating any 
changes into the Search engine's database can be a signifi 
cant period of time-as long as Several months. Moreover, 
if a particular Site is not accessible when a robot comes 
around to examine it, the robot will not indeX the web pages 
on that web site until Some future time. In the worst case 
Scenario, the URL pointing to the web site (including any 
URLs to any of its web pages) could be excluded from the 
Search engine's database entirely. AS more web sites come 
online, the amount of time for a Search engine's robot 
operation to cover the entire Internet continues to increase, 
requiring additional computing resources. 
0010. It is clear that the time-delay between indexing and 
reindexing any one content resource, e.g., a Web page, leads 
to information Stored in the Search engine's database that is 
stale, e.g., outdated or not “fresh" URLs. Currently, over a 
given time period, an equal amount of computing resources 
are dedicated to refreshing each link Stored in the Search 
engine's database. However, given the large number of 
dynamically changing Internet resources to monitor, and 
only limited resources (bandwidth and storage) available to 
do the monitoring, there is a need in the relevant technology 
for a System and a method of deciding which resources 
should be updated first and when. 

SUMMARY OF THE INVENTION 

0011. The invention disclosed here seeks to overcome the 
problem of Stale information in a Search engine's database 
by providing a System and method of improving the fresh 
neSS of the contents of the database. In one embodiment, the 
invention provides a method of updating contents of a Search 
engine database comprising a plurality of links each asso 
ciated with a resource. The method may comprise determin 
ing popularity of each of the plurality of links based, at least 
in part, on the frequency of retrieval of the link by the Search 
engine in response to a Search request. The method may 
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further comprise determining whether the popularity of the 
link exceeds a predetermined popularity threshold, the 
method may further include updating information associated 
with the link, provided that the popularity exceeds the 
popularity threshold. 
0012. In another embodiment, the invention provides a 
System for updating contents of a Search engine database 
comprising a plurality of links each associated with a 
resource. The System may comprise a first module that is 
configured to determine the popularity of each of the plu 
rality of linkS based, at least in part, on the frequency of 
retrieval of Said link by a Search engine in response to a 
Search request; the first module may further determine 
whether the popularity of the link exceeds a predetermined 
popularity threshold. The System may further comprise a 
Second module, operationally connected to the first module, 
that is configured to access the Search engine database and 
the resource for updating information associated with the 
link, provided that the popularity exceeds the popularity 
threshold. 

0013 Another aspect of the invention is a system for 
updating contents of a Search engine database comprising a 
plurality of links each asSociated with a resource. The 
System of this embodiment may comprise means for deter 
mining popularity of each of the plurality of linkS based, at 
least in part, on the frequency of retrieval of Said link by the 
Search engine in response to a Search request. The System 
may further comprise means for determining whether the 
popularity of the link exceeds a predetermined popularity 
threshold. The system may further includes means for updat 
ing information associated with the link, wherein updating 
information is performed if the popularity exceeds the 
popularity threshold. 
0.014. In another embodiment, the invention provides a 
method of updating contents of a Search engine database 
comprising a plurality of links each associated with a 
resource. The method of this embodiment may comprise 
determining popularity of each of the plurality of links 
based, at least in part, on the frequency of retrieval of Said 
link by the Search engine in response to a Search request. The 
method may further comprise updating information associ 
ated with at least one of the plurality of links, wherein the 
most popular link among not-yet-updated links of the plu 
rality of linkS is Selected first for updating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The above and other aspects, features, and advan 
tages of the invention will be better understood by referring 
to the following detailed description, which should be read 
in conjunction with the accompanying drawings, in which: 
0016 FIG. 1 is a block diagram showing a typical 
computer network that utilizes one or more Search engine 
SCWCS. 

0017 FIG. 2 is a block diagram that illustrates the 
interaction between the Search engine Server and the content 
Server of FIG. 1. 

0.018 FIG. 3 is a flowchart depicting a process of deter 
mining whether and when to update one or more links by the 
Search engine. 
0.019 FIG. 4 is a flowchart that depicts a process of 
updating contents of the Search engine database of FIG. 2 in 
accordance with one embodiment of the invention. 
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0020 FIG. 5 is a flowchart illustrating a process of 
obtaining user input for determining the popularity of a link. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. The following detailed description is directed to 
certain specific embodiments of the invention. However, the 
invention can be embodied in a multitude of different ways 
as defined and covered by the claims. In this description, 
reference is made to the drawings wherein like parts are 
designated with like numerals throughout. FIG. 1 is a block 
diagram showing a typical computer network that utilizes 
one or more Search engine Servers. Typically, the network 
100 provides communications among at least one network 
terminal 102, at least one search engine server 108, and/or 
at least one content server 104. As illustrated, the search 
engine server 108 and the content server 104 may also 
establish bidirectional communication via the computer net 
work 100. The network terminal 102, search engine server 
108, and content server 104 communicate via the computer 
network 100 in a manner that is well known in the pertinent 
technology, such as in accordance with the TCP/IP commu 
nication Standard used over the Internet. 

0022. The computer network 100 may be any distributed 
computer network Such as, for example, a local area network 
(LAN), a wide area network (WAN), or other connection 
Services and network variations Such as the Internet, the 
World WideWeb, a private computer network or intranet, a 
value-added network, and the like. The network terminal 
102 may be any processor-based device configured to access 
the computer network 100, including terminal devices, such 
as personal computers, WorkStations, Servers, mini-comput 
ers, main-frame computers, laptop computers, mobile com 
puters, palm top computers, hand held computers, Set top 
boxes for a TV, or a combination thereof. The network 
terminal 102 may further include input devices such as a 
keyboard or a mouse, and output devices Such as a computer 
Screen or a Speaker. 
0023 The search engine server 108 is typically a proces 
Sor-based device that is programmed with instructions to 
receive Search queries and process them using algorithms 
that compare terms of the Search query with the data 
associated with each link stored in a database (see FIG. 2 
and accompanying discussion for further details). The con 
tent server 104 is usually also a processor-based device 
similar to the search engine server 108; however, the content 
server 104 is configured to store data and to forward some, 
or all, of that data in response to requests made by, for 
example, the network terminal 102 and/or the Search engine 
server 108. The data stored in the content server 104 is 
typically in the form of a electronic files (e.g., web pages 
built with Hypertext Markup Language or HTML) acces 
sible over the computer network 100. In one common 
Scenario, the location of each web page Stored in a web site 
is associated with a unique URL. 
0024. It will now be explained how the network 100 
provides Specific information Sought by a user. Typically a 
user Seeks to acceSS Specific data Stored in one or Several 
content server 104. However, often the situation arises 
where the user does not know which content server 104, or 
even where within a specific content server 104, the data 
resides. To identify the location of the desired data, the user 
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will usually request a search engine server 108 to identify a 
Set of links that are relevant to the user's desired informa 
tion. To accomplish this, the user utilizes a network terminal 
102 to establish a communication Session with a Search 
engine server 108 via the network 100. Having established 
this communication Session, the user then inputs a query into 
the network terminal 102, which transmits the query to the 
search engine server 108. The search engine server 108 
processes the query according to any one of a number of 
well-known algorithms and transmits to the user a list of 
linkS pointing to information resources, e.g., document 210 
(see FIG. 2), that may be relevant to the user's query. The 
links are usually retrieved from a database Stored in, or at 
least accessible to, the search engine server 108. From the 
list provided by the search engine server 108, the user then 
Selects at least one link that appears pertinent to the infor 
mation she desires. When the user selects the link, the 
network terminal 102 makes a request to the content Server 
104 associated with the selected link to transmit the docu 
ment 210 stored in the content server 104, and to which the 
link refers, to the network terminal 102. In brief, the user 
employs the network terminal 102 to access the Search 
engine server 108 in order to obtain a list of links that point 
to the documents 210 stored in the content servers 104. 
Having obtained these links, the user access the information 
stored in the document 210 by clicking on the link that 
points to it. 

0.025 FIG. 2 is a block diagram that illustrates the 
interaction via the network 100 between the search engine 
server 108 and the content server 104. The content server 
104 is the same as described with reference to FIG. 1, except 
that the electronic files it Stores are now shown as documents 
210. In one embodiment, the search engine server 108 may 
include a controller 220 in communication with a memory 
230, an indexer 204, and a robot 206. The search engine 
server 108 further comprises a link database 202 in com 
munication with the indexer 204. The link database 202 may 
conveniently reside in the memory 230, or it may be located 
in another memory accessible by the Search engine Server 
108. The indexer 204 is in communication with the robot 
206. In one embodiment, the robot 206 also communicates 
with a queue 208 which may reside in the memory 230, for 
example. 

0026. As further described below, the controller 220 is 
configured to coordinate the functionality of the link data 
base 202, indexer 204, robot 206, and queue 208. The 
controller 220 may comprise any commercially available 
processor, such as a Pentium Pro, any processor in the 680x0 
family of processors manufactured by Motorola, etc. The 
memory, conventionally connected to the processor, may be 
in the form of a cache memory for rapid access to the cached 
(i.e., Stored) information, or other type of memory, Such as 
a dedicated hard disk, or a combination of both. 

0027. The link database 202 is configured to store infor 
mation typically obtained from, for example, the web site or 
web page associated with a given URL or link. One example 
of a link stored in the link database 202 is the URL 
http://www.hostsite.com/index.html. This link represents the 
global address of the web page “index.html’ hosted on a 
content server 104. The link is associated in the link database 
202 with data (e.g., text, images, etc.) stored in the web page 
“index.html.” The link database 202 may be implemented 
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with a Standard database management Software Such as 
Oracle's database applications. 

0028. The robot 206 is a software module that accesses 
the documents 210, stored in the content servers 104, 
identified by the links stored either in the database 202 or the 
queue 208. The Robot 206 gathers the data stored in the 
documents 210 and forwards it to the indexer 204. Software 
modules Such as robot 206 are well known in the relevant 
technology. Robot 206 is also known in the relevant tech 
nology by the names Spider, crawler, wanderer, or gatherer, 
for example. In one embodiment, the queue 208 contains a 
list of links, e.g., a Subset of the linkS Stored in the link 
database 202, which the robot 206 uses for updating pur 
poses. The queue 208 may be, for example, a file which is 
preferably Stored in the memory of the Search engine Server 
108. 

0029. The indexer 204 receives data (e.g., web pages) 
retrieved by the robot 206, and extracts some portion of that 
data that is used to associate a given link with the informa 
tion on the file to which the link refers. For example, usually 
the indexer 204 identifies individual words from the text of 
a file or, in the case of a web page, the indexer 204 retrieves 
the text stored in the “keywords” or “description” fields of 
the web page. The indexer 204 then, for each document 210, 
asSociates its link with the extracted data and Stores them in 
the link database 202. Indexing programs that perform the 
functions of indexer 204 are well known in the pertinent 
technology. An example of an indexer 204 is the Ultraseek 
Server'TM indexer produced by Infoseek Corporation. 

0030. In one embodiment, the robot 206 uses the links 
stored either in the link database 202 or in the queue 208 to 
access the documents 210 stored in the content servers 104, 
and optimizes the freshness of the links displayed in 
response to a user query. The robot 206 then forwards some 
or all of the data associated with the document 210 to the 
indexer 204. From this data, the indexer 204 extracts any 
data it needs for association with the respective link that 
identifies the document 210. The indexer 204 also stores the 
asSociated data and link in the link database 202. In one 
embodiment, the indexer 204 may compare the data already 
Stored in the link database 202 against the new data gathered 
by the robot 206. If there are any discrepancies in the data, 
the indexer Stores the appropriate updates in the link data 
base 202. Otherwise, the indexer 204 concludes that the 
webmaster has not modified the contents, or the link, asso 
ciated with the document 210. In the latter case, the indexer 
204 does not modify the contents of the link database 202. 
In another embodiment, however, the indexer 204 may 
simply inspect that the link is still valid. That is, the indexer 
204 only verifies that the robot 206 was able to access any 
data by using the respective link pointing to a given docu 
ment 210. Thus, in this manner the robot 206, queue 208, 
and indexer 204 collaborate to refresh the contents of the 
link database 202. 

0031 FIG. 3 is a flowchart depicting a process 300 of 
determining whether and when to update one or more links 
by the search engine server 108 according to one embodi 
ment of the invention. The process 300 is one way of 
constructing or updating the link list in the queue 208. The 
process 300 starts at a block 302 where the link database 202 
is to be updated at least on a periodic basis. At a block 304, 
the controller 220 selects a link from the link database 202. 
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In one embodiment, the controller 220 selects the links on 
the basis of a "popularity parameter. The popularity param 
eter is explained in detail in the discussion of block 308 
below. Hence, the controller 220 may select a link from a 
group of links in the link database 202 determined to be the 
most popular linkS. For example, the controller 220 may 
select the 2,000 most popular links to determine which of 
them will be the 1,000 links to be placed in the queue. This 
example assumes that the queue 208 has been limited to 
1,000 links by design choice. The skilled artisan will rec 
ognize that any number of desired linkS may be chosen for 
these purposes. In other embodiments, however, the con 
troller 220 may select the link from the link database 202 on 
a random basis, or in alphabetical order, or based on any 
other design parameter relevant to the function of the Search 
engine server 108. 
0032) The process 300 then proceeds to a block 306 
where the controller 220 determines the “age” of the link 
Selected. In one embodiment, the age of the link ("link 
age') is simply the difference of time between current time 

and the last time that the robot 206 updated the contents 
asSociated with that link. For example, if the current time is 
Aug. 24, 2001, 4:00:00 p.m., and the last time that the robot 
206 updated the contents associated with the link was Aug. 
20, 2001, 3:00:00 p.m., then linkage is 5,700 minutes (95 
hoursx60 minutes/hour). Of course, it will be apparent to a 
person of ordinary skill in the art that the choice of units for 
link age is a matter of convenience. The parameter linkage 
may be conveniently stored in the link database 202. 

0033. After the controller 220 determines link age at 
block 306, the process 300 moves next to a block 308 where 
the controller 220 determines the “popularity” of the link 
("link pop”). The parameter link pop may be conveniently 
stored in the link database 202. The controller 220 may 
determine link pop in a number of ways. In one embodi 
ment, for example, link pop may be the number of times 
users have accessed the information resource, i.e., document 
210, associated with a given link. In the Web context, for 
example, the use of a redirector counts ("visit counter”) 
number of Visits to a Selected link by linking to a counter on 
the search engine server 108. A redirection allows the search 
engine to count how many times Visitors visit a Site. These 
Visit counters are commonly used, for example, on Software 
download Sites that link to external downloads So the Site can 
track the most popular downloaded Software. Additionally, 
also in the web context, webmasters maintain a counter that 
keeps track of the number of time users visit a website. In 
one embodiment, Such a counter may be used for the present 
purposes if it is accessible to the Search engine. Thus, during 
the process 400 described below, the robot 206 may retrieve 
the value of the visit counter, and the indexer 204 may 
asSociate Such a value with the resource link. In this 
example, to determine link pop, the controller 220 simply 
assigns the value of the visit counter to link pop. 
0034) In another embodiment, link pop may be the num 
ber of times that a link is Selected by the Search engine Server 
108 as a Search result in response to user queries. In this 
embodiment, whenever a user Submits a query to the Search 
engine server 108, the search engine server 108 selects a 
group of links that are relevant to the user's query. Typically 
the links in Such a group are ordered according to a measure 
of “relevance' determined by an algorithm executing on 
controller 220. In addition to displaying the Selected group 
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of links to the user (see FIG. 5), the search engine server 108 
also increases the value of an “appearance' counter associ 
ated with each link in the link database 202. The appearance 
counter reflects the number of times the Search engine Server 
108 Selects a link in response to user queries. Hence, the 
controller 220 may assign the value of the appearance 
counter to link pop. 
0035) In yet another embodiment, link pop may be the 
value of an "access' counter associated with the number of 
times that users access the document 210 associated with a 
given link after the search engine server 108 selects that link 
as a Search result in response to user queries. In this 
embodiment, then, link pop depends not only on its 
“appearance' as a Search result, but rather link pop is also 
based on whether or not the user actually chooses the link as 
one worthy of further investigation. In this example, every 
time that a user, having Submitted a query to the Search 
engine server 108, actually selects a link from the list 
provided by the search engine server 108, the link pop value 
asSociated with that link would be increased. In a variation 
of this embodiment, the value of link pop may be based on 
a functional relationship with respect to a period of time. 
Thus, for example, link pop may be the number of times 
that users choose the link, after appearing as a result to a 
query, over a predefined period of time. The predefined 
period of time may be, for example, the last 365 days, last 
30 days, last 7 days, year-to-date, month-to-date, or week 
to-date. In such an embodiment it would be possible to take 
into account the “freshness” of the popularity score by, for 
example, Screening out links that have a high “access 
counter number but which “access' counter number 
achieved a maximum in a period of time which is no longer 
recent or relevant. 

0036) In another variation the link pop value may be 
given a higher value if it is the last link that a user Selects 
when performing a specific Search. For example, if a user 
clicks on a link retrieved by the search engine server 108 as 
a result of a Search and Subsequently returns to the same 
search results to select a different link (which is determined 
via a redirector) then the link first Selected is presumed to not 
be associated with the data the user is Seeking. However, if 
the user Selects a link and does not return to the results 
retrieved by the search engine server 108, the link pop value 
for that link would be accorded a higher value. This pre 
Sumes that the user has found the data he is Seeking. 

0037. In one embodiment, the search engine server 108 
may be configured to provide a "revise Search” and “new 
Search functions. The revise Search function indicates that 
the user has Selected links that do not retrieve data the user 
is Seeking; hence, the user is able to revise the Search query. 
In this case the Search engine Server would not increase the 
link pop value associated with the lask link Selected—if any 
link is selected from the results retrieved-since the link did 
not provide to the user the data the user is Seeking. The “new 
Search function indicates that the user has found the data he 
is Seeking and is now looking for different data. By keeping 
track of the Selection of links, whether it occurs in a “revise 
search' or “new search,” the links associated with the data 
that satisfies the user's Search may be given higher link pop 
values. 

0038. Once the controller 220 determines link pop, the 
process 300 proceeds to a decision block 310 where the 
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controller 220 determines whether link pop is greater or 
equal to a predetermined popularity threshold ("pop thresh 
old'). In one embodiment, pop threshold may be an abso 
lute number reflecting any design choice for the degree of 
link pop. For example, using the measure of link op just 
previously discussed above, by design choice it may be 
determined that a popular link requiring update priority is 
any link which, after appearing as a relevant link in response 
to user queries, has been actually selected at least 100, 1,000 
or 10,000 times in the last month. Hence, pop threshold 
would be 100, 1,000 or 10,000 (actual selections in the last 
30 days). The parameter pop threshold may be conveniently 
stored in the link database 202, or somewhere else in the 
memory 230. If at decision block 310 the controller 220 
determines that link pop exceeds or is equal to pop thresh 
old, the process 300 continues onto block 312; however, if 
link pop does not exceed pop threshold then the process 
300 moves to a decision block 316. 

0039. At decision block 312, the controller 220 deter 
mines whether linkage is greater or equal to an age thresh 
old (“age threshold”). As discussed above, link age is the 
period of time between the current time and the time at 
which the robot 206 last updated the contents associated 
with the Selected link. The parameter age threshold may be 
conveniently stored in the link database 202, or somewhere 
else in the memory 230. Having determined that the link is 
popular, Since it equals or Surpasses pop threshold, the 
controller 220 now determines if the link is old enough that 
it requires updating. In one embodiment, for example, 
age threshold is chosen Such that the controller 220 places 
a popular link in the queue 208 if its associated link age is 
greater or equal to an age threshold of 1440 minutes (i.e., 
one day). That is, at block 314, the controller 220 places in 
the queue 208 any popular link that the robot 206 has not 
updated within the last day. If, however, linkage does not 
exceed or equal age threshold, then it is considered that the 
contents associated with the link are “fresh,” and conse 
quently, the controller 220 does not place the link in the 
queue 208 for updating. In such a case, the process 300 then 
moves to block 316. 

0040. At decision block 316, the controller 220 deter 
mines whether there are any remaining links in the link 
database 202 that need to be examined for copying into the 
queue 208. If so, the process 300 returns to block 304 where 
the controller 220 Selects one of the remaining links, and the 
process described above begins again. Otherwise, the pro 
cess 300 ends at a block 318. 

0041. It should be apparent to a person of ordinary skill 
in the relevant technology that the process 300 need not be 
performed in the same Sequence as described above. More 
specifically, the functions of blocks 304 and 306 may be 
interchanged such that the controller 220 determines link 
pop before determining link age. Similarly, it need not be 

the case that decision block 312, where it is determined 
whether link age is greater or equal to age threshold, 
always follows decision block 310. For example, by moving 
decision block 312 before decision block 310, it is possible 
to screen out from the queue 208 a fresh link (i.e., one 
updated recently) regardless of the link's popularity. 
0.042 Moreover, it will be readily recognized by the 
skilled artisan that the process 300 of building or updating 
the queue 208 may be accomplished in other ways that 
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generate the same result, namely producing or updating 
queue 208-for updating content associated with the links 
stored in the link database 202-where the decision as to 
which links to place in the queue 208 depends at least in part 
on the popularity of the linkS. For example, a variation of the 
process 300 may be carried out by determining an “update 
rank” for each link in the link database 202. The controller 
220 may determine an update rank by, for example, multi 
plying link pop by link age (i.e., update rank=link popx 
linkage). With this approach those links that are both the 
least fresh and the most popular would be ranked the highest 
in the queue 208 for updating purposes. For example if for 
a link A link pop is 100 (accesses in the last 30 days) and 
linkage is 15 days, then update rank for link A would be 
1500. Now, if for a link B link pop is 50 (accesses in the last 
30 days) and link age is 20 days, then update rank for link 
B would be 1000. Hence, link A would have a higher update 
priority than link B because it has a greater value for 
update rank. In this case, the controller 220 would serve 
link A to the robot 206 for updating before serving it link B. 
Since the popularity of any one link changes dynamically as 
millions of users Submit tens of millions of queries to the 
search engine server 108, the queue 208 would be revised 
dynamically due to the continuously changing update rank 
of the links in the link database 202. In this example, the 
robot 206 would just simply update the highest ranked link 
on the queue 208. Or, alternatively, the controller 220 may 
instruct the robot 206 to continuously update all links having 
a rank above a predetermined rank threshold. 
0043. In one embodiment, the search engine server 108 
may also be configured with a Second robot to Visit links 
based Solely on linkage. This ensures that the Search engine 
server visits substantially all links on the link database 202 
at Some point. Performing this function allows, for example, 
the removal of links associated with websites that no longer 
exists on the network 100. 

0044 FIG. 4 is a flowchart that depicts a process 400 of 
updating contents of the link database 202 in accordance 
with one embodiment of the invention. The process 400 
starts at block 410 after the search engine server 108 has 
built a new, or updated and existing, queue 208 as described 
above. As noted above, the robot 206 uses the link list in the 
queue 208 for the purpose of refreshing or updating the link 
database 202. The process 400 then proceeds to a decision 
block 420 where it is determined whether the links in the 
queue 208 should be updated by the robot 206. In one 
embodiment, the robot 206 may be instructed to update all 
the links in the queue 208 once every predetermined period 
of time. For example, the period of time may be twenty-four 
hours. Hence, if the robot 206 has updated the links in the 
queue 208 within the last twenty-four hour period, at deci 
Sion block 420 the controller 220 does not instruct the robot 
206 to update the content associated with the links in the 
queue 208. In such a case, the process 400 may loop back to 
the decision block 420 until the current twenty-four hour 
period expires. In another embodiment, however, the con 
troller 220 may instruct the robot 206 to continuously update 
the links in the queue 208. In such an embodiment, at 
decision block 420 the controller 220 continually instructs 
the robot 206 to update the content associated with the links 
in the queue 208. 
0045. If the robot 206 should update the content associ 
ated with the links in the queue 208, the process 400 moves 
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to a block 430 where the controller 220 selects a link from 
the queue 208 to serve to the robot 206. In one embodiment, 
the controller 220 arranges the links in the queue 208 
according to any desired design criterion (e.g., randomly, 
alphabetically, etc.). In this embodiment, the robot 206 
Selects a link in order of appearance in the queue 208. After 
the controller 220 selects a link from the queue 208 and 
serves it to the robot 206, the process 400 proceeds to a 
block 440. 

0046. At block 440, the robot 206"visits” the site iden 
tified by the selected link; that is, the robot 206 forwards a 
request to the content server 104 for the data contained, 
usually, in a “main page” hosted by the content server 104. 
At this point, in the Web context for example, typically the 
robot 206 reads the text of the of the web page in the same 
manner that a web browser does, and the robot 206 at block 
450 forwards the data to the indexer 204 for further pro 
cessing. There are different approaches known in the rel 
evant technology as to how the robot 206"crawls” inside a 
content server 104, or between several content servers 104. 
For example, in one embodiment the robot 206 may retrieve 
the information contained in all the Sites linked to the 
Starting point (i.e., the starting link) before following links 
further away from the start. In another embodiment, the 
robot 206 follows all the links from the first link on the 
Starting page, then the first link on the Second page, and So 
on. Once the robot 206 transfers the relevant information 
associated with the first link on each page, the robot 206 
proceeds to the Second and Subsequent links, and So on. 

0047 The process 400 now moves to a decision block 
460 where the controller 220 determines whether there are 
any remaining links in the queue 208 that must be updated. 
If the robot 206 has not updated all the links in the queue 
208, the process returns to block 430 where the robot 206 
updates the next link. However, if at decision block 460 the 
controller 220 determines that the robot 206 has updated all 
the links in the queue 208, the process 400 ends at block 470. 
0.048 FIG. 5 is a flowchart illustrating an exemplary 
process 500 of obtaining user input for use in determining 
the popularity of a link. The process 500 starts at a block 510 
where a user inputs a query into the network terminal 102, 
after having established a communication Session between 
the network terminal 102 and the search engine 108 via the 
network 100. At block 520 the search engine server 108 
receives the Search request from the user. Such Search 
queries are well known in the relevant technology. A query 
may be, for example, a String of words associated through 
designated “connectors, and may look like this: rabbit & 
breeder ~Volkswagen. The connectors being “&” (meaning 
“and”) and "-" (meaning “but not”), this query instructs that 
the user desires to retrieve linkS pointing to Sites having the 
terms “rabbits” and “breeders” but not having the term 
“Volkswagen.” This type of query is also known as a 
boolean Search. Another query may include only a single 
term (e.g., “patents'), or simply a link Such 
as-www.micron.com>. In the latter case, the query means 
that the user wants information related to the information 
resource identified by the link <www.micron.com>. 

0049. After the search engine server 108 receives a 
search request at block 520, at block 530 the controller 220 
queries the link database 202 in order to generate a list of 
“relevant” links, which is called the “search results.” Algo 
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rithms for Selecting relevant linkS in response to a Search 
request are well known in the art. After applying the proper 
algorithm to the contents of the link database 202, the 
controller 220 generates the search results. At a block 540, 
the search engine 108 forwards the search results to the 
network terminal 102 for display to the user. As previously 
discussed, the user may select any one of the linkS provided 
in the Search results in order to access a document Stored in 
a content server 104. The process 500 continues at a block 
550 where the controller 220 uses the search results to 
update the popularity of the links in the link database 202. 
AS discussed in connection with block 308 of FIG. 3, the 
controller 220 may adjust the value of link pop associated 
with each link that the search engine server 108 selects as a 
Search result, or alternatively, the controller 220 may adjust 
the value of link pop only for those links that the user 
actually accesses from the Search results. In either case, the 
controller 220 uses input from the user to determine the 
popularity of the links in the link database 202. Having 
adjusted link pop for the links of the Search results, the 
process then ends at a block 560. 
0050 Although the invention has been described in terms 
of certain preferred embodiments, it may be embodied in 
other specific forms without departing from its Spirit or 
essential characteristics. The embodiments described are to 
be considered in all respects only illustrative and not restric 
tive and the Scope of the invention is, therefore, indicated by 
the appended claims rather than by the foregoing descrip 
tion. All changes which come within the meaning of equiva 
lency of the claims are to be embraced within their scope. 

What is claimed is: 
1. A method of updating contents of a Search engine 

database comprising a plurality of links each associated with 
a resource, the method comprising: 

determining popularity of each of the plurality of links 
based, at least in part, on the frequency of retrieval of 
Said link by the Search engine in response to a Search 
request, 

determining whether the popularity of the link exceeds a 
predetermined popularity threshold; and 

updating information associated with the link, provided 
that the popularity exceeds the popularity threshold. 

2. The method of claim 1, wherein determining popularity 
comprises determining the number of times, during a pre 
defined period of time, that the resource is actually accessed. 

3. The method of claim 1, wherein updating information 
comprises accessing at least a web page file Supported by the 
CSOUCC. 

4. The method of claim 3, wherein the resource is con 
figured to provide a web site associated with at least one of 
the plurality of links. 

5. The method of claim 3, further comprising communi 
cating with a content Server accessed via a computer net 
work. 

6. The method of claim 5, wherein the computer network 
comprises the Internet. 

7. The method of claim 1, further comprising determining 
whether the information associated with the link has 
changed. 

8. The method of claim 1, further comprising determining 
the age of the link. 
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9. The method of claim 8, wherein determining the age of 
the link comprises determining the time difference between 
the time the link was last updated and the time at which the 
link is being considered for updating. 

10. The method of claim 9, further comprising determin 
ing whether the age of the link exceeds a predetermined age 
threshold. 

11. The method of claim 10, wherein updating informa 
tion is performed provided that the age of the link exceeds 
the predetermined age threshold. 

12. A System for updating contents of a Search engine 
database comprising a plurality of links each associated with 
a resource, the System comprising: 

a first module that is configured to determine the popu 
larity of each of the plurality of links based, at least in 
part, on the frequency of retrieval of Said link by a 
Search engine in response to a Search request, and 
wherein the first module determines whether the popu 
larity of the link exceeds a predetermined popularity 
threshold; and 

a Second module, operationally connected to the first 
module, that is configured to access the Search engine 
database and the resource for updating information 
asSociated with the link, provided that the popularity 
exceeds the popularity threshold. 

13. The system of claim 12, wherein at least one of the 
first module and Second module comprises computer 
instructions executing on a processor. 

14. The System of claim 12, further comprising a memory 
for Storing a queue associated with at least one of the 
plurality of links for updating. 

15. The system of claim 12, wherein the first module is 
configured to determine popularity by determining the num 
ber of times, during a predefined period of time, that the 
resource is actually accessed by a user after the Search 
engine has retrieved the link as a Search result in response to 
a user Search request. 

16. The system of claim 12, wherein the first module is 
further configured to determine the age of the link. 

17. The system of claim 12 wherein the second module 
comprises a robot and an indexer Software. 
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18. The system of claim 16, wherein the second module 
is configured to update the link provided that the age of the 
link exceeds a predetermined age threshold. 

19. The system of claim 12, wherein the resource is 
configured to provide a web site associated with at least one 
of the plurality of links. 

20. A System for updating contents of a Search engine 
database comprising a plurality of links each associated with 
a resource, the System comprising: 
means for determining popularity of each of the plurality 

of links based, at least in part, on the frequency of 
retrieval of Said link by the Search engine in response 
to a Search request; 

means for determining whether the popularity of the link 
exceeds a predetermined popularity threshold; and 

means for updating information associated with the link, 
wherein updating information is performed if the popu 
larity exceeds the popularity threshold. 

21. The System of claim 20, further comprising means for 
determining the age of the link. 

22. The System of claim 21, wherein the updating means 
update information if the age of the link exceeds a prede 
termined age threshold. 

23. The system of claim 20 wherein the updating means 
comprises means for accessing at least a web page file 
Supported by the resource. 

24. A method of updating contents of a Search engine 
database comprising a plurality of links each associated with 
a resource, the method comprising: 

determining popularity of each of the plurality of links 
based, at least in part, on the frequency of retrieval of 
Said link by the Search engine in response to a Search 
request; and 

updating information associated with at least one of the 
plurality of links, wherein the most popular link among 
not-yet-updated links of the plurality of linkS is Selected 
first for updating. 
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