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(57) ABSTRACT 

Various methods of caching Web resources include caching 
in accordance With a number of times accessed, a frequency 
of access, or a duration of access. One method of caching 
Web resources includes the step of accessing a ?rst Web 
resource. The ?rst Web resource is cached, if no other Web 
resource is accessed after a pre-determined period of time. 
Another method of caching Web resources includes the step 
of accessing a ?rst Web resource. The ?rst Web resource is 
cached, if the ?rst Web resource is subsequently accessed 
more than a pre-determined number of times. Another 
method of caching Web resources includes the step of 
accessing a plurality of Web resources. The accessed Web 
resources are cached as cached Web resources in accordance 

With at least one of a number of times accessed, a frequency 
of access, or a duration of access. An apparatus comprises 
storage media containing caching logic for caching Web 
resources. The caching logic includes instructions to cache 
selected Web resources as cached Web resources in accor 

dance With at least one of a number of times accessed, a 
frequency of access, or a duration of access. The selected 
Web resources correspond to a subset of a plurality of 
accessed Web resources. 
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CACHING WEB RESOURCES USING VARIED 
REPLACEMENT STTRATEGIES AND STORAGE 

FIELD OF THE INVENTION 

[0001] This invention relates to the ?eld of computers. In 
particular, this invention is draWn to caching Web resources 
obtained from the Internet. 

BACKGROUND OF THE INVENTION 

[0002] The Internet is a WorldWide netWork of computers 
and computer resources sharing a common communication 
protocol to facilitate the communication of information 
betWeen computers that may have different hardWare and 
softWare architectures including different operating systems 
and ?le systems. 

[0003] The Internet uses a client/server architecture for 
exchanging information. A client computer requests 
resources from one or more host computers someWhere on 

the Internet. These resources may include ?les or services 
such as information retrieval services, search services, com 
munication services, and recreational services. 

[0004] A subset of Internet host computers provide mul 
timedia information services. This subset of host computers 
support a protocol Which permits sharing hypermedia docu 
ments betWeen computers having different architectures, 
operating systems, and ?le systems. These hypermedia 
documents can be vieWed or accessed using a “broWser” 
application program on the client computers. 

[0005] The World Wide Web is a Wide-area hypermedia 
information retrieval initiative aiming to give universal 
access to a large universe of information stored in computers 
that use different hardWare and softWare architectures. 
Hypermedia is similar to multimedia eXcept that hypermedia 
contains “hyperlinks” or simply “links” to other information 
including teXt, sounds, images, movies, etc. The information 
may be embodied in the form of a document. The “Web” is 
virtually formed by these hyperlinks. Thus the “Web” refers 
to a body of information or abstract space of knoWledge. 
Physical access to this body of information is frequently 
accomplished using the Internet. A hypermedia document 
vieWed using a broWser is often referred to as a “Web page.” 

[0006] Web pages often contain links to other Web 
resources. For eXample, a Web page may contain a link to 
another position Within the same Web page, another Web 
page located someWhere else on the Internet, or links to 
initiate other services such as searching or ?le retrieval. 
These other Web resources, for eXample, can be ?les 
designed to produce sounds or movies. The link destination 
is identi?ed by a Uniform Resource Locator (URL). Every 
WWW resource located anyWhere on the Internet can be 
identi?ed by a URL. 

[0007] Using these links Within documents, a user may 
navigate to various Web pages located throughout the Inter 
net by folloWing a chain of links. After folloWing a chain of 
links, a user may need to return to a common page to select 
another chain of links to folloW. This may be the case When 
exploring a Web site or When searching the World Wide Web 
for sites related to a given topic. 

[0008] For eXample, When a client computer issues a 
search request to a host computer, the host may respond by 
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creating a Web page containing links to sites containing 
information relevant to the user’s query. This Web page is 
referred to as the common page. The user may choose to 
folloW a given link from the common page. After revieWing 
the Web page associated With the selected link, the user can 
typically return to the common page to pursue another link. 
For eXample, the user may return to the common page in 
order to pursue links to other Web pages that Were indicated 
as being relevant to a search request. 

[0009] One disadvantage of current broWsers is the lack of 
sophisticated heuristics for caching Web pages and other 
resources. In one caching scheme the broWser caches Web 
pages on a ?rst-in-?rst out basis. The number of Web pages 
cached is dependent upon the resources (i.e., storage require 
ments) of each Web page as Well as the amount of storage set 
aside for caching Web pages. If the common page is not 
cached, the Web broWser must access the host’s search 
engine again in order to regenerate the common page. 

[0010] This caching technique has a number of disadvan 
tages. One disadvantage of this technique is the inef?cient 
use of the host machine resources. In particular, the client 
computer Wastes host computer time by requesting the host 
computer to regenerate the common Web page each time it 
is accessed. Another disadvantage of regenerating the com 
mon page is the time Wasted by the client Waiting for 
regeneration and retrieval of the common Web page. Yet 
another disadvantage is the increased Internet traf?c asso 
ciated With reissuing the saved URL and retrieving the 
generated common page from the host machine’s search 
engine. press Mail Label: EM 531554887 US 3 Attorney 
Docket No: 42390.P4101 

SUMMARY OF THE INVENTION 

[0011] A method of caching Web resources includes the 
step of accessing a ?rst Web resource. The ?rst Web resource 
is cached, if no other Web resource is accessed after a 
pre-determined period of time. 

[0012] Another method of caching Web resources includes 
the step of accessing a ?rst Web resource. The ?rst Web 
resource is cached, if the ?rst Web resource is subsequently 
accessed more than a pre-determined number of times. 

[0013] Another method of caching Web resources includes 
the step of accessing a plurality of Web resources. The 
accessed Web resources are cached as cached Web resources 

in accordance With at least one of a number of times 
accessed, a frequency of access, or a duration of access. 

[0014] An apparatus includes storage media containing 
caching logic for caching Web resources. The caching logic 
includes instructions to cache selected Web resources as 
cached Web resources in accordance With at least one of a 

number of times accessed, a frequency of access, or a 
duration of access. The selected Web resources correspond to 
a subset of a plurality of accessed Web resources. 

[0015] Other features and advantages of the present inven 
tion Will be apparent from the accompanying draWings and 
from the detailed description that folloWs beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention is illustrated by Way of 
eXample and not limitation in the ?gures of the accompa 
nying draWings, in Which like references indicate similar 
elements and in Which: 
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[0017] FIG. 1 illustrates a client-server architecture net 
worked computer environment. 

[0018] FIG. 2 illustrates one embodiment of a client 
computer. 

[0019] FIG. 3 illustrates a Web page and hyperlinks to 
other Web resources. 

[0020] FIG. 4 illustrates navigation Within a Web page 
having hyperlinks to itself. 

[0021] FIG. 5 illustrates one embodiment of a method of 
caching Web resources such as a Web page. 

[0022] FIG. 6 illustrates an embodiment of another 
method of caching Web resources such as a Web page. 

[0023] FIG. 7 illustrates a method of caching a ?rst Web 
resource such as a Web page after a request to access a 

second Web resource is received. 

[0024] FIG. 8 illustrates retrieval of cached Web resources 
such as Web pages. 

DETAILED DESCRIPTION 

[0025] FIG. 1 illustrates a netWork environment 100 
including a communication netWork commonly referred to 
as the Internet 150. The Internet includes a combination of 
routers, repeaters, gateWays, bridges, and communications 
links With computers spread throughout the World. The 
Internet facilitates communication betWeen computers or 
other devices connected to the Internet. 

[0026] Some of the computers are referred to as host 
computers because they provide services upon request. The 
computers issuing the requests are referred to as client 
computers. 

[0027] NetWork environment 100 includes multiple (N) 
client computers (110 thru 120) and multiple (M) host 
computers (130 thru 140). 

[0028] In one embodiment, computers may use an Internet 
Service Provider (ISP) to gain access to the Internet. For 
example, clients 110 and 112 use ISP(1) 160 to access the 
Internet. Client 120 uses ISP(X) 170 to access the Internet. 

[0029] Host computers such as hosts 132 and 140, for 
example, can be directly connected to the Internet. Alterna 
tively, a host computer (e.g., 130) may use an ISP (e. g., 162) 
to gain access to the Internet. 

[0030] The host computers (e.g., 130) and client comput 
ers (e.g., 110) can be entirely different architectures, hoW 
ever, they can communicate by using a common communi 
cation protocol. In one embodiment, this protocol is the 
Transmission Control Protocol/Internet Protocol (TCP/IP). 

[0031] FIG. 2 illustrates one embodiment of a client 
computer architecture. Client computer 200 includes pro 
cessor 210. Input devices such as mouse 220 and keyboard 
230 permit the user to input data to client computer 200. 
Information generated by the processor is provided to an 
output device such as display 240. Client computer 200 
typically includes random access memory (RAM) 260 
Which is used by the processor for executing application 
programs. 

[0032] In one embodiment, client computer 200 includes 
nonvolatile memory 270. Nonvolatile memory 270 is used 
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to retain programs and data even When the client computer 
is poWered doWn. In one embodiment nonvolatile memory 
270 is an electro-mechanical hard drive. In other embodi 
ments, nonvolatile memory 270 might be a solid state disk 
drive or a ?ash electrically erasable programmable read only 
memory (?ash EEPROM). 

[0033] Mouse 220, keyboard 230, RAM 260, and non 
volatile memory 270 are typically communicatively coupled 
to processor 210 through one or more address and data buses 
such as bus 250. 

[0034] The client computer can request services from a 
host computer. Hosts typically provide services such as ?le 
retrieval services, search services, communication services, 
and recreational services. 

[0035] For example, Gopher provides information 
retrieval services. Popular search services include Archie. 
Veronica is the name of another search service typically used 

in conjunction With Wide Area Information Servers Communication services include electronic mail, UseNet, 

Telnet, and Internet Relay Chat (IRC). An example of a 
recreational service is a Multi-User Dungeon (MUD). 

[0036] A subset of Internet host computers provide mul 
timedia information services. This subset of host computers 
permit physical access to the abstract body of information 
referred to as the World Wide Web and are referred 
to as WWW hosts or W servers. 

[0037] World Wide Web host computers support a proto 
col Which permits users having computers With different 
architectures, operating systems, and application programs 
to share multimedia enhanced documents. In one embodi 
ment, this protocol is the Hypertext Transport Protocol 
(“HTTP”). The multimedia enhanced documents are often 
referred to as “Web pages.” The application speci?c to a 
given hardWare platform that permits vieWing the Web pages 
is often referred to as a broWser. 

[0038] Hypermedia enhanced documents typically pro 
vide links (i.e., hyperlinks) to other resources in response to 
selection of an anchor. The anchor is typically a Word, group 
of Words, image, or some demarcated area of the document. 
For graphical-based broWsers, the anchor is generally acti 
vated by pointing to the anchor and clicking a selection 
button of a pointing device such as a mouse. For text-based 
broWsers, the anchor is generally activated by using cursor 
control keys to select the anchor and pressing another key 
(e.g., <ENTER>). These anchors and links are de?ned using 
a language such as hypertext markup language (“HTML”). 
The broWser interprets an HTML ?le to display the Web 
page. The HTML ?le also determines What resource is 
accessed in response to activation of a given anchor. 

[0039] Uniform Resource Locators (URLs) provide a 
standard Way of referencing Internet resources including 
Web resources regardless of Whether the resource is a 
document, an image, a movie, a sound, or another Web page. 
AbroWser, for example, can access a host machine identi?ed 
by the URL and then retrieve the resource speci?ed by the 
URL. A uniform resource locator (URL) is a description of 
an item including the location of the item that is to be 
retrieved. For example, the location might be the local disk 
drive or another ?le at another Internet site. The URL is not 
limited to other World Wide Web sites and may in fact refer 
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to other Internet protocols and services such as Gopher, 
WAIS, UseNet neWs, Telnet, or anonymous FTP (?le trans 
fer protocol). 

[0040] A URL identi?es the protocol as Well as the loca 
tion of the item to be retrieved. For example, consider the 
following URL: 

[0041] http://WWW.intel.com/intel/product/index.html 
This URL identi?es the protocol as “http” (“Hypertext 
Transport Protocol”). Other protocols include “gopher” (to 
initiate a Gopher session), “ftp” (to initiate a ?le transfer), 
“?le” (to retrieve a local ?le), “Wais” (for accessing a WAIS 
server), “neWs” (for reading UseNet neWsgroups), and “tel 
net” for initiating a Telnet session. 

[0042] The portion “WWW.intel.com” is an Internet host 
address or symbolic representation of an Internet host 
address. Thus “WWW.intel.com” identi?es a speci?c host. 
The portion of the URL identifying the speci?c host is often 
referred to as a Web site. 

[0043] The remainder is a UNIX-style path for the 
resource that is being accessed. Thus “intel/product/in 
dex.html” instructs a broWser to retrieve the ?le index.html 
from the directory path “intel/product” on the Internet host. 

[0044] Often a user may simply provide the protocol and 
Internet host address such as “http://WWW.intel.com” With 
out explicitly identifying a speci?c resource. The server 
softWare executing on the host machine, hoWever, provides 
a default resource in response to such a request. In one 

embodiment, this might be a ?le named “index.html” or 
“index.htm” for machines having ?le systems that do not 
support longer ?lename extensions. Thus the use of the Web 
site alone implicitly identi?es a default resource. For Web 
pages, this default resource is often referred to as the “home 
page.” Alternatively, the home page may be explicitly 
de?ned. Thus the URL either explicitly or implicitly iden 
ti?es a speci?c resource, protocol, and host machine on the 
Internet. 

[0045] A given Web page may be formed from a number 
of resources identi?ed Within the Web page’s html ?le. For 
example, “index.html” contains instructions for generating a 
hypermedia document for the client. The client’s broWser 
interprets the html ?le in order to produce the corresponding 
Web page. The html ?le may instruct the client’s broWser to 
access any number of other Web resources located on the 
host or elseWhere including bitmap ?les, ?les for producing 
animated video or sound, etc. Each of these resources is 
identi?ed either explicitly or implicitly by a URL. 

[0046] FIG. 3 illustrates one example of using URLs to 
access other Internet resources. Web page 300 includes 
anchors 302 and 304 for accessing other Web resources. 
Anchors are often identi?ed by highlighted text, an icon, or 
an image on the Web page. In one embodiment, the Web page 
is de?ned using hypertext markup language (“HTML”) to 
describe the text, icons, images, etc. of the Web page. 

[0047] The highlighted text, icon, or image is associated 
With a URL. This association is the hyperlink. Often the 
terms “hyperlink” or “link” are used synonymously With the 
term “anchor.” Thus “anchor 302” is equivalent to “link 
302,” or “hyperlink 302.” 

[0048] Selecting an anchor effectively selects and folloWs 
the hyperlink to the resource identi?ed by the associated 
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URL. Selecting anchors 302 or 304, for example, Will access 
other Internet resources that may be physically located in 
various host computers throughout the Internet. The selec 
tion is typically accomplished With a pointing device such as 
a mouse. 

[0049] For some applications (i.e., searching) users often 
re-visit Web pages previously visited. For example, the user 
may have used an Internet search engine to generate a Web 
page containing the results of a search. This resulting Web 
page may contain a number of links to other Web pages. 
Users typically select links one at a time from the resulting 
Web page. After folloWing a given link, the user returns to 
the resulting Web page in order to folloW another link 
suggested by the search engine. Thus the Web page resulting 
from the search may be visited a number of times. 

[0050] Referring to FIG. 3, Web page 300 provides hyper 
links generated as a result of a search. Web page 310 is 
accessed by selecting hyperlink 302. From Web page 310, 
the user can access Web page 320 by selecting anchors 314 
or 312. Anchor 312 is an example of using an image or an 
icon as an anchor. From Web page 320, the user can select 
anchor 322 to return to Web page 310. Thus the user can 
folloW or navigate a chain of links by selecting the anchors. 

[0051] After perusing Web pages 310 and 320, the user can 
return to Web page 300 in order to folloW another link 
identi?ed by the search results. For example, the user can 
return to the search results Web page 300 in order to folloW 
the chain of links starting With hyperlink 304. Selection of 
anchor 304 accesses Web page 330. From Web page 330, the 
user can access Web page 340 by selecting anchor 336. The 
user can return to Web page 330 by selecting anchor 342 on 
Web page 340. Web page 330 also contains hyperlinks to 
Web page 310. Thus the user can access Web page 310 by 
selecting anchor 332. 

[0052] Web page 300 may be referred to as the “common 
page.” Web page 300 is the common link to all of the other 
links contained Within Web page 300. For example, Web 
page 300 provides access to the chain of links beginning 
With link 302 and the chain of links beginning With 304 
regardless of Whether or hoW those chains might subse 
quently intersect. 

[0053] In order to facilitate folloWing links, broWsers 
typically save the URL of the most recently accessed Web 
pages. The user can navigate “forWard” and “backward” 
among their most recently selected Web pages even if the 
Web pages do not contain speci?c links to each other. Thus 
for example, Web page 330 provides a link to Web page 310, 
but the converse is not true. The broWser provides means to 
navigate “backWard” and “forWard” among the most 
recently selected Web pages. Thus, for example, if Web page 
310 Was accessed from Web page 330, the user can return to 
Web page 330 by navigating backWard using features of the 
broWser. This type of approach may be necessary in order to 
return to search page 300 after folloWing a chain of links. 

[0054] FIG. 4 illustrates an example of folloWing hyper 
links to another location Within the same Web page. Web 
page 400 can only be vieWed a portion at a time due to the 
actual siZe of the display as indicated by outline 420. In 
addition to text, Web page 400 includes anchors 440 and 450 
to other resources. 

[0055] In the illustrated embodiment, anchor 440 is an 
icon that indicates that selection of anchor 440 Will access a 
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movie. In one embodiment, the selection of anchor 440 
accesses a ?le identi?ed by an associated URL. The broWser 
recognizes the ?le as containing data for generating a movie. 
The broWser either plays the movie in accordance With the 
data or provides the ?le to another application in order to 
play the movie. 

[0056] Anchor 450 is an icon that indicates that selection 
of anchor 450 Will access a sound. In one embodiment, the 
selection of anchor 450 accesses a ?le identi?ed by an 
associated URL. The broWser recogniZes the ?le as contain 
ing data for generating sound. The broWser either interprets 
the data to generate the sound or provides the ?le to another 
application in order to generate the sound. 

[0057] Web page 400 also provides an index to other 
locations Within the same Web page. Selecting anchor 410, 
for example, repositions the Web page 400 Within the 
vieWing area of the display so that the user might see vieW 
460. Due to the physical limitations of the displayable area, 
the broWser typically provides a method of scrolling (e.g., 
scroll bars) so that the user may navigate Within the same 
Web page by scrolling. 

[0058] The process of accessing a host machine and 
retrieving the speci?ed resource in accordance With the URL 
may take a considerable amount of time. In an effort to 
decrease the time spent Waiting to doWnload Web pages, 
broWsers typically have a cache feature for caching Web 
pages. When a URL speci?es a Web page that has previously 
been cached, the broWser may retrieve the cached version of 
the Web page instead of accessing the host machine again 
When re-visiting the Web page. 

[0059] One caching mechanism attempts to cache every 
Web page accessed. Web pages are cached on a ?rst-in 
?rst-out basis so that the most recently accessed non-cached 
Web page can be cached. 

[0060] One disadvantage of this method is inef?cient 
usage of the cache may result in excessive storage set aside 
for the cache. For example, Web pages that are not likely to 
be re-visited are cached. Due to siZe constraints of the cache, 
frequently re-visited Web pages or Web pages With a high 
likelihood of being re-visited, such as common pages, might 
be ?ushed from the cache in order to permit caching the 
most recently accessed Web page. In order to provide a 
greater likelihood that frequently visited Web pages remain 
Within the cache, the cache siZe may be increased. Increas 
ing the cache siZe, hoWever, consumes computer resources 
that could otherWise be allocated for other purposes. 

[0061] FIG. 5 illustrates a method of caching Web 
resources based on the length of time spent broWsing the 
Web resource. In the embodiment illustrated in FIG. 5, the 
Web resource is a Web page. 

[0062] The method of caching Web resources begins With 
step 510. A?rst Web page is accessed in step 520. If no other 
Web page is selected after a pre-determined period of time as 
determined in step 530, then the ?rst Web page is cached. 
OtherWise the ?rst Web page is not cached and processing is 
completed in step 590. 

[0063] In one embodiment, the ?rst Web page is automati 
cally cached after the pre-determined time period has 
elapsed, if no other Web page is selected. 
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[0064] In an alternative embodiment, the ?rst Web page is 
cached only When a second Web page has been selected after 
a pre-determined time period. 

[0065] FIG. 6 illustrates another method for caching Web 
resources based on the number of visits to a given Web 
resource. In this embodiment the Web resource is a Web 

page. 

[0066] The method of caching Web pages begins With step 
610. A?rst Web page is accessed in step 620. If the same Web 
page Was previously accessed a pre-determined number of 
times as determined by step 630, then the Web page is cached 
in step 640 and processing is completed in step 690. Thus 
after the initial access, the ?rst Web page is cached if it is 
subsequently accessed more than a pre-determined number 
of times. 

[0067] Various techniques may be used to track the num 
ber of times a particular Web resource is accessed. For 
example, a table may be used. The table entries are indexed 
by a unique key such as the complete, explicit URL for each 
Web resource. When a Web resource is accessed, the table is 
scanned to determine if that Web resource already has a 
corresponding entry in the table by searching for that Web 
resource’s URL in the table. If the Web resource has not 
previously been accessed, then a neW entry in the table is 
created using that Web resource’s URL. If the Web resource 
has previously been accessed (as determined by scanning the 
table) then a count ?eld associated With that Web resource’s 
URL in the table is incremented to re?ect another access has 
been made. 

[0068] In one embodiment, a resource such as an html ?le 
might instruct the broWser to generate a Web page from a 
number of other resources. In such a case, an entry is created 
in the table for each Web resource accessed. 

[0069] In one embodiment, the count ?eld is incremented 
only if the subsequent accesses are interleaved With accesses 
to other Web resources. Thus if the Web resource being 
tracked is a Web page, consecutive accesses that merely 
reposition the Web page Within the display do not increase 
the count. Visiting another Web page and subsequently 
returning to the ?rst Web page Will, hoWever, increase the 
count. 

[0070] In one embodiment, the table and cache are erased 
and re-initialiZed upon starting the broWser application. 
Thus Web resources are cached based upon the number of 
times accessed Within a given broWsing session. If this is the 
case, then the table is effectively a frequency table. In other 
Words, the Web resource is cached if the same resource is 
accessed more than a pre-determined number of times 
Within a given broWsing session. Thus the Web resource is 
cached based upon frequency of access. 

[0071] In an alternative embodiment, the table and cache 
are erased and re-initialiZed When requested by the user. 
Thus Web resources may be cached based upon the total 
number of times accessed independent of the number of 
broWsing sessions. 

[0072] In yet another embodiment, the table provides for 
tracking the relative age of the cached Web resource. If the 
resource has remained in the cache beyond a pre-determined 
period of time, then the table entry for that resource may be 
invalidated and the resource may be ?ushed from the cache. 
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The relative age may be tracked in the table by providing an 
additional ?eld and storing the date and time that the 
corresponding resource Was cached. Alternatively, the ?eld 
stores a value that permits determining in What order the 
resources Were cached. 

[0073] Some broWsers “cache” resources as they are being 
doWnloaded from a host. The methods described above may 
be applied to determine When and if resources should be 
?ushed from the cache as opposed to Whether they are 
cached. In other Words, the methods described above can be 
used to determine the persistence of resources stored in the 
cache. 

[0074] For example, consider a broWser that caches 
resources as they are doWnloaded. In one embodiment, the 

methods described above are applied to determine Which 
resources should remain in the cache When a triggering 
event initiates ?ushing of at least a portion of the cache. 

[0075] In one embodiment, a triggering event is When the 
broWser starts. In another embodiment, exiting the broWser 
application is a triggering event. In another embodiment, 
?ushing of at least a portion of the cache is initiated When 
the cache reaches a pre-determined siZe. In yet another 
embodiment, ?ushing of at least a portion of the cache is 
initiated Whenever the cache has less than a pre-determined 
percentage of available space left. 

[0076] Thus “caching” in the context of cache persistence 
means alloWing the resource to stay in the cache. Applica 
tion of the methods described above to cache persistence 
permits applying the rules described above across multiple 
broWser sessions. 

[0077] For example, a resource that is accessed infre 
quently during a given broWser session may persist in the 
cache under the total number of accesses rule, if a suf?cient 
number of accesses occur before a triggering event ?ushes 

the resource, even if the accesses are accumulated over more 

than one broWser session. In one embodiment, the count 
?eld associated With the URL of a given resource is incre 
mented each time the given resource is accessed. If the value 
in the count ?eld is less than a pre-determined value When 
the triggering event occurs, then the resource is ?ushed from 
the cache. 

[0078] Thus one method of persistence caching includes 
the step of caching at least one Web resource of a plurality 
of Web resources accessed during a plurality of broWser 
sessions. A count of the number of accesses to each cached 
Web resource is computed. Selected cached Web resources 
are ?ushed in response to a triggering event, if the corre 
sponding count is less than a pre-determined value. 

[0079] Similarly, the table may include a “session” ?eld to 
aid in tracking an average frequency of access across mul 
tiple broWser sessions. Thus each time the broWser is started 
up, the session ?eld is incremented for all URL entries. The 
count ?eld is incremented for a given URL Whenever access 
is made to the resource identi?ed by the given URL. When 
a triggering event occurs, the average frequency of access 
can be calculated 
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(e.g., COUIII ) 
sessions 

[0080] for each URL to determine if the resource identi?ed 
by the given URL should remain in the cache or be ?ushed. 
If the average frequency of access for a given URL is less 
than a pre-determined value at the time a triggering event 
occurs, then the identi?ed resource is ?ushed. 

[0081] Thus another method of persistence caching 
includes the step of caching at least one Web resource of a 
plurality of Web resources accessed during a plurality of 
broWser sessions. An access count of the number of accesses 
to each cached Web resource is computed. A session count 
of the number of sessions a selected Web resource is 
accessed is computed. Selected cached Web resource are 
?ushed in response to a triggering event, if the correspond 
ing average frequency of access determined by dividing the 
corresponding access count by the corresponding session 
count is less than a pre-determined value. 

[0082] The duration of access rule may also be used in the 
cache persistence context. The table may be modi?ed to 
include a “duration” ?eld. When accessing a given resource, 
the length of time spent Without accessing any other 
resource is measured. This length of time is then added to the 
duration ?eld. The duration ?eld thus indicates the accumu 
lated time spent on the given resource. When a triggering 
event occurs, the given resource is ?ushed unless the accu 
mulated time in the duration ?eld exceeds a pre-determined 
value. 

[0083] Thus a duration of access for persistence caching 
includes the step of caching at least one Web resource of a 
plurality of Web resources accessed during a plurality of 
broWser sessions. A length of time spent Without accessing 
any other resource is accumulated for each cached Web 
resource. Selected cached Web resource are ?ushed in 

response to a triggering event, if the corresponding accu 
mulated length of time is less than a pre-determined value. 

[0084] In one embodiment, regardless of the caching rule 
applied, the table entry identifying a given resource is 
deleted or marked invalid once the given resource is ?ushed. 

[0085] Referring to the client computer architecture illus 
trated in FIG. 2, various storage media may be used for 
caching the Web resources. For example, in one embodi 
ment, the Web resource is cached in RAM 260. 

[0086] In an alternative embodiment, the Web resource is 
cached using nonvolatile storage such as nonvolatile 
memory 270. In one embodiment, nonvolatile memory 270 
is a solid state disk. In another embodiment, nonvolatile 
memory 270 is ?ash electrically erasable programmable 
read only memory. 

[0087] When a Web resource is cached it must be mapped 
to its corresponding full URL. OtherWise a “name collision” 
may occur, for example, if resources With the same name 
(e.g., “index.html”) are doWnloaded from different sites. 

[0088] This can be accomplished by caching the Web 
resource and identifying it directly by its full URL. In one 
embodiment, the full URL is expressed as a property of the 
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?le. Thus the ?le can be renamed to avoid name collisions, 
but identi?ed for subsequent retrieval by examining the ?le 
properties of the cached ?les. 

[0089] In another embodiment, each entry of the caching 
table includes a ?eld to identify the name of the resource as 
cached. Thus if the resource must be renamed due to a name 
collision, the name as cached is readily available from the 
same table that indicates Whether the resource Was cached. 

[0090] In another embodiment, a separate mapping table 
can be used to map ?les as cached to their corresponding full 
URLs. 

[0091] The Web resource need not be cached locally on the 
client computer. Referring to FIG. 2, for eXample, client 136 
residing on local area netWork 140 may cache the Web 
resources on local area netWork server 144. 

[0092] FIGS. 5 and 6 effectively indicate conditions that 
determine if an accessed Web resource should be cached, but 
not When the accessed Web resource should be ?ushed. 
Accessed Web resources can be ?ushed as the need arises, if 
they are not cached or have not been selected for caching. 
Eventually, even cached Web resources may need to be 
?ushed in order to permit caching additional Web resources. 
In one embodiment, cached Web resources are ?ushed on a 

?rst-in, ?rst-out basis. In this embodiment, the use of a 
relative age ?eld, as described above, permits tracking the 
order in Which Web resources Were cached for purposes of 
determining the order in Which they should be ?ushed. 

[0093] Thus methods of caching Web resources based on 
duration of access, number of times accessed, and frequency 
of access have been described. Various embodiments may 
combine these methods of caching. In particular, the broWser 
may be con?gured to apply caching rules in accordance With 
the type of resource. For eXample, image ?les may be 
associated With one caching rule. Text ?les might be asso 
ciated With a different caching rule. In addition, once the 
determination is made Whether a resource should be cached, 
the resource may be cached at that time or in response to a 
request to access another resource. 

[0094] FIG. 7, for eXample, combines the methods pre 
sented above for determining if a Web resource is selected 
for caching. The Web resource is not cached, hoWever, until 
a request to access another Web resource is received. The 
method begins With step 710 using Web pages as eXamples 
of Web resources. 

[0095] In step 720, a ?rst Web page is accessed. In the 
embodiment illustrated in FIG. 7, this ?rst Web resource or 
Web page is not presently being cached. 

[0096] In step 730, a request to access a second Web page 
is received. In this conteXt, the second Web page is a Web 
resource other than the ?rst Web page. Thus selecting an 
anchor on the ?rst Web page in order to reposition the ?rst 
Web Within the display is not considered to be receiving a 
request to access another Web resource or a “second” Web 

page. 

[0097] After a request to access a second Web page is 
received, the method makes the determination of Whether 
the ?rst Web resource should be cached in steps 740 and 750. 
In particular, if the ?rst Web page Was previously accessed 
a pre-determined number of times, as determined in step 
740, then the ?rst Web page is cached in step 760. Alterna 

Oct. 25, 2001 

tively, if a pre-determined time period has elapsed since 
accessing the ?rst Web page as determined in step 750, then 
the ?rst Web page is cached in step 760. 

[0098] The requested resource, (i.e., the second Web page) 
is not accessed until step 770. Thus the second Web page is 
not accessed until either 1) a decision is made not to cache 
the ?rst Web page, or 2) a determination is made to cache the 
?rst Web page and the ?rst Web page is cached. 

[0099] FIG. 7 thus combines the methods of caching 
based on a duration of access and a number of times the 
resource is requested. The resource is not cached until a 
request to access another resource is received. 

[0100] FIG. 8 illustrates one embodiment of a method of 
retrieving a cached Web resource. In step 810 a request is 
made to access a Web resource, in particular a Web page. 
Step 820 determines if the requested Web page is in the 
cache. If the Web page is not in the cache, then the Web 
resource is retrieved from the Internet in step 840. If, 
hoWever, the Web page is cached, then the broWser retrieves 
the cached version of the Web page instead of the actual Web 
resource in step 830. Various embodiments may permit the 
user to “refresh” the Web page by retrieving it again from the 
host computer instead of retrieving the cached version of the 
resource. 

[0101] In one embodiment, the methods described above 
are implemented as a series of instructions Within a program. 
The program may be implemented in softWare, ?rmWare, or 
hardWare. 

[0102] The ?rmWare or hardWare implementations may be 
particularly suited for systems designed speci?cally to sup 
port Internet tools and applications, and communication 
protocols. These machines are referred to as NC (“network 
computer”) machines. 

[0103] One eXample of such a machine is the NC manu 
factured by Oracle Corporation, RedWood Shores, Calif. 
The NC machines achieve hardWare costs loWer than that of 
a typical personal computer by offering feW capabilities 
other than the ability to “broWse” the Internet. As a result, 
the machines typically do not have standard peripherals such 
as ?oppy disk drives, hard disk drives, or optical disk drives, 
etc. Other resources such as memory may be someWhat less 
than that found on a more versatile typical personal com 
puter. 

[0104] The methods described above may be particularly 
suited for machines With such limited resources. The instruc 
tions for implementing the methods described above may be 
stored Within ROM, ?ash memory, or some other nonvola 
tile memory Within the NC hardWare. 

[0105] The softWare implementation may be incorporated 
Within another application program. In one embodiment, for 
eXample, the instructions may be included as part of the 
broWser. In another embodiment, the instructions may be 
part of the operating system. The softWare itself may be 
stored or distributed on any variety of storage media includ 
ing optical disks, magnetic disks, tapes, etc. 

[0106] The methods described above are also applicable to 
“intranets.” An intranet is typically considered to be a 
netWork used Within a business entity such as a corporation. 
Although the intranet is usually intended for internal use 
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only, the business organization may permit the outside 
Internet community to access all or a part of the intranet. 

[0107] An intranet uses the same communication proto 
cols and tools as the Internet. Thus in one embodiment an 
intranet supports TCP/IP and Internet tools on an organiZa 
tion’s local area netWork (LAN) or Wide-area netWork 

With reference to FIG. 1, LAN 180 is an intranet in 
one embodiment. The intranet offers the ability to leverage 
the availability all of the tools and applications available for 
the Internet for the business organiZation’s eXclusive use 
With its oWn netWork system. 

[0108] Thus, for eXample, different divisions Within a 
corporate entity can create their oWn Web pages to announce 
employment opportunities, neW product offerings, etc. The 
intranet Web page might provide a front-end interface to 
other information systems Within the organiZation. This 
could permit, for example, a ?nance or accounting division 
to retrieve accounting information stored in a mainframe by 
using the Web page as a front-end for accessing a mainframe 
database. The use of the caching methods described above 
may tend to improve response time at each client computer. 
In addition, caching at each client computer tends to reduce 
overall intranet traf?c, thus leaving even more resources 
available for handling additional clients or further improving 
the responsiveness to intranet client requests. 

[0109] In the preceding detailed description, the invention 
is described With reference to speci?c exemplary embodi 
ments thereof. Various modi?cations and changes may be 
made thereto Without departing from the broader spirit and 
scope of the invention as set forth in the claims. The 
speci?cation and draWings are, accordingly, to be regarded 
in an illustrative rather than a restrictive sense. 

What is claimed is: 
1. A method of caching Web resources, comprising the 

steps of: 

accessing a ?rst Web resource; and 

caching the ?rst Web resource, if no other Web resource is 
accessed after a pre-determined period of time. 

2. The method of claim 1 Wherein the ?rst Web resource 
is cached in a random access memory. 

3. The method of claim 1 Wherein the ?rst Web resource 
is cached in a nonvolatile memory. 

4. The method of claim 3 Wherein the nonvolatile memory 
is one of a magnetic disk and a ?ash electrically erasable 
programmable read only memory (?ash EEPROM). 

5. The method of claim 1 further comprising the step of: 

accessing a Web resource other than the ?rst Web 
resource; and 

retrieving the cached ?rst Web resource in response to a 
subsequent request to access the ?rst Web resource. 

6. The method of claim 1 Wherein the ?rst Web resource 
is a Web page. 

7. The method of claim 1 Wherein the ?rst Web resource 
is a ?le for producing at least one of a sound and a movie. 

8. A method of caching Web resources, comprising the 
steps of: 

accessing a ?rst Web resource; and 
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caching the ?rst Web resource, if the ?rst Web resource is 
subsequently accessed more than a pre-determined 
number of times. 

9. The method of claim 8 Wherein the ?rst Web resource 
is cached in a random access memory. 

10. The method of claim 8 Wherein the ?rst Web resource 
is cached in nonvolatile memory. 

11. The method of claim 10 Wherein the nonvolatile 
memory is one of a magnetic disk and a ?ash electrically 
erasable programmable read only memory (?ash EEPROM). 

12. The method of claim 8 further comprising the steps of: 

accessing a Web resource other than the ?rst Web 
resource; and 

retrieving the cached ?rst Web resource in response to a 
subsequent request to access the ?rst Web resource. 

13. The method of claim 8 Wherein the ?rst Web resource 
is a Web page. 

14. The method of claim 8 Wherein the ?rst Web resource 
is a ?le for producing at least one of a sound and a movie. 

15. A method of caching Web resources, comprising the 
steps of: 

accessing a plurality of Web resources; and 

caching accessed Web resources as cached Web resources 
in accordance With one of a number of times accessed, 
a frequency of access, or a duration of access. 

16. The method of claim 15 Wherein Web resources are 
cached in random access memory. 

17. The method of claim 15 Wherein Web resources are 
cached in nonvolatile memory. 

18. The method of claim 15 Wherein the nonvolatile 
memory is at least one of a magnetic disk and a ?ash 
electrically erasable programmable read only memory (?ash 
EPROM). 

19. The method of claim 15 further comprising the step of: 

retrieving a cached Web resource from a cache in response 
to an access request for a previously accessed Web 
resource, if the cached Web resource corresponds to the 
previously accessed Web resource. 

20. The method of claim 15 Wherein an accessed Web 
resource is selected for caching if the accessed Web resource 
is accessed a pre-determined number of times Within a 
pre-determined time period. 

21. The method of claim 15 Wherein an accessed Web 
resource is selected for caching if the accessed Web resource 
is accessed a pre-determined number of times. 

22. The method of claim 15 Wherein an accessed Web 
resource is selected for caching if no other Web resource is 
accessed after a pre-determined period of time. 

23. The method of claim 15 Wherein the ?rst Web resource 
is a Web page. 

24. The method of claim 15 Wherein the ?rst Web resource 
is a ?le for producing at least one of a sound, an image, and 
a movie. 

25. An apparatus comprising: 

storage media containing caching logic for caching Web 
resources, Wherein the caching logic includes instruc 
tions to cache selected Web resources as cached Web 
resources in accordance With at least one of a number 

of times accessed, a frequency of access, or a duration 
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of access, wherein the selected Web resources corre 
spond to a subset of a plurality of accessed Web 
resources. 

26. The apparatus of claim 25 further comprising: 

a cache, Wherein the caching logic includes instructions to 
retrieve a cached Web resource from the cache in 
response to an access request for a previously accessed 
Web resource, if the cached Web resource corresponds 
to the previously accessed Web resource. 

27. The apparatus of claim 25 Wherein an accessed Web 
resource is selected for caching if the accessed Web resource 
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is accessed a pre-determined number of times Within a 
pre-determined time period. 

28. The method of claim 25 Wherein an accessed Web 
resource is selected for caching if the accessed Web resource 
is accessed a pre-determined number of times. 

29. The method of claim 25 Wherein an accessed Web 
resource is selected for caching if no other Web resource is 
accessed after a pre-determined period of time. 

30. The apparatus of claim 25 Wherein the instructions 
form a portion of at least one of an operating system and a 
broWser. 


