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(57) ABSTRACT 

A computer ?le naming technique employs content-speci?c 
?lenames (CSFN’s) that represent globally-unique identi? 
ers for the contents of a ?le. Since ?le references incorpo 
rating the CSFN’s are not location-speci?c, they offer 
unique advantages in the areas of ?le caching and ?le 
installation. Particularly, Web browsers enabled to recognize 
CSFN’s inherently verify the content of ?les When they are 
retrieved from a local cache, eliminating the need for 
comparison of ?le data or time stamps of the cached ?le 
copy and the server copy. Thus, ?le veri?cation occurs 
solely in the local context. The invention includes caching 
and software installation systems that incorporate the ben 
e?ts of CSFN’s. 
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CONTENT-SPECIFIC FILENAME SYSTEMS 

[0001] This application is a divisional of pending US. 
application Ser. No. 09/447,787 ?led Nov. 23, 1999. 

TECHNICAL FIELD 

[0002] The invention relates to systems, including meth 
ods and apparatus, for generating computer ?lenames. The 
invention also relates to ?le caching and softWare installa 
tion systems. More particularly, the invention relates to 
systems for creating content-speci?c ?lenames and systems 
for using content-speci?c ?lenames, including ?le caching 
and softWare installation systems. 

BACKGROUND OF THE INVENTION 

[0003] Web broWsers are softWare applications that enable 
users to doWnload and vieW ?les from the many servers that 
make up the distributed netWork knoWn as the World Wide 
Web. Generally, ?les are requested by specifying a Uniform 
Resource Locator (URL), Which includes a particular ?le 
reference and a particular location (domain and path) on the 
netWork. 

[0004] State-of-the art broWsers provide ?le caching fea 
tures Which store recently doWnloaded ?les locally. As a user 
visits many different Web pages or “surfs” the Web, hun 
dreds of ?les may be cached. Some Will be dynamic ?les that 
contain Hypertext Markup Language (HTML) that repre 
sents a Web page that is frequently updated. The majority of 
?les on the Web, hoWever, are static ?les, Whose content 
does not change. Examples include ?les representing 
graphic images that may be referenced by HTML ?les, for 
example, the banner advertisements that appear on various 
Web pages on the Web. Cached ?les are stored locally under 
random ?lenames, assigned by the broWser, Which maintains 
a mapping ?le to map each ?lename to a corresponding 
URL. If a URL that corresponds to a cached ?le is again 
requested by the broWser, the ?le can be retrieved much 
faster from local storage Without resort to the netWork. 

[0005] URL’s are an example of location-speci?c ?le 
referencing techniques, Which are used in virtually all 
knoWn ?le retrieval systems. Location-speci?c ?le referenc 
ing systems specify ?les by their location, rather than by 
their contents. Since location-speci?c ?le references provide 
no speci?c indication of ?le contents, ?le referencing tech 
niques that employ them must verify ?le contents by infer 
ence. This imposes limitations on the ef?ciency and depend 
ability of ?le retrieval systems. 

[0006] In broWser caching systems, for example, since 
?les are speci?ed by their location, a broWser is incapable of 
determining Whether a cached ?le is current Without com 
paring the cached ?le, or at least the attributes of the cached 
?le, to the netWork copy of the ?le. To ensure that a ?le is 
current, broWsers typically perform some type of veri?ca 
tion that the contents of a particular cached ?le are identical 
to the contents of the ?le currently existing at a particular 
location on the netWork. In knoWn caching systems, veri? 
cation is usually done by comparing the time stamp of a 
cached ?le With the time stamp of the server copy of the ?le. 
In Web broWsers, this results in increased response times and 
netWork load. 

[0007] Some efforts have been made to improve ef?cien 
cies of ?le caching systems, especially With regard to 
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Internet broWser applications. These efforts are exempli?ed 
in US. Pat. No. 5,864, 837 to Maimone and US. Pat. No. 
5,864,852 to Luotenen. 

[0008] Maimone discloses methods and apparatus for 
verifying that cached copies of requested data objects are 
up-to-date using content-based signatures associated With 
cached and latest version (server) copies of requested data 
objects. The respective signatures are compared to deter 
mine Whether the content of a cached copy of a data object 
is the same as the content of a server copy of that data object. 
Maimone suggests using checksums, message digests or 
hash functions to generate relatively unique numbers that 
de?ne these signatures. Maimon’s method of ?le veri?cation 
requires the additional steps of generating, at both the client 
and server, content-based signatures. Thus, the operation of 
both the server and the client must be modi?ed to incorpo 
rate Maimon’s technique. 

[0009] Luotenen describes a proxy server caching mecha 
nism that generates a ?ngerprint based on an input URL. The 
disclosed system provides a Way of organiZing a cache using 
small entries that contain enough information about the URL 
associated With each cache ?le that the actual cache ?les 
need not be opened to accomplish discriminatory cache 
cleanup. 
[0010] Mogul and van Hoff, in their publication entitled 
“Duplicate Suppression in HTTP” describe a technique for 
reducing the duplication of content; i.e., logos, backgrounds, 
bars, buttons,. etc., in retrieved HTML and text documents 
on the Web. Using the technique of Mogul and van Hoff, any 
response Whose message digest is equivalent to the message 
digest of the requested resource may be substituted. Aproxy 
may check its cache to see if a cached instance of the 
resource has the identi?ed message digest and, if it does, 
returns the cached resource to the client. To accomplish 
duplicate suppression, Mogul and van Hoff introduce an 
entity tag,—“SubOK”—to be used in an HTTP “GET” 
request. The “SubOK” tag modi?es a standard “GET” 
request such that a response Whose message digest is the 
same as that speci?ed in the “SubOK” ?eld may be substi 
tuted for the resource speci?ed by the “GET” command. 
Thus, the technique proposed by Mogul and van Hoff 
requires a transfer protocol that is a modi?ed extension of a 
standard protocol that must reside on both the client and 
server. Moreover, their method requires the additional step 
of determining the message digest of the requested resource 
before substitution can occur. This additional step prevents 
back-compatibility of the technique of Mogul and van Hoff 
With existing softWare. 

[0011] Despite past efforts, such as those of Maimone, 
Luotenen and Mogul and van Hoff to provide ef?cient 
caching systems, knoWn systems still suffer from many of 
the limitations imposed by the use of location-speci?c ?le 
references. It Would therefore be desirable to provide ?le 
referencing systems that do not inherently possess the limi 
tations imposed by location-speci?c ?le references. It Would 
further be desirable to provide caching systems that over 
come the aforementioned inef?ciencies associated With 
location-speci?c ?le referencing systems. 

[0012] Like knoWn caching systems, conventional soft 
Ware installation systems also suffer from the aforemen 
tioned limitations imposed by location-speci?c ?le referenc 
ing systems. SoftWare installation typically involves 



US 2003/0033286 A1 

copying a large number of computer ?les from a source 
medium to a target medium. Some of the ?les on the source 
medium may already exist on the target medium from 
previous installations of earlier versions of the softWare. 
Thus, some ?les may be unnecessarily copied during the 
installation process. Moreover, some previously installed 
?les on the target medium may have ?lenames that are 
identical to ?lenames on the source medium, but the respec 
tive contents of these ?les may be different. Installation of 
the neW ?les may therefore compromise the function of 
existing softWare that depends on the overWritten ?le. 
KnoWn systems address this problem by comparing time 
stamps or other readily available parameters. These circum 
stances lead to inef?ciencies in knoWn softWare installation 
systems. It Would therefore be desirable to provide a system 
installing neW softWare ?les in such a Way that eliminates 
the potential for overWriting ?les that are necessary to the 
function of existing softWare. 

[0013] Another problem that characteriZes knoWn soft 
Ware installation systems is the necessity for a user to knoW 
in advance of the installation procedure, Which features of a 
softWare application he or she Will require. If a user later 
desires features Which Were not installed, he or she must 
re-install the softWare application and select those desired 
features. This requirement stems from the location-speci?c 
characteristics of knoWn installation systems. For example, 
under the “WINDOWS” operating system, When a softWare 
package has been installed on a user’s computer, the com 
puter’s Program Manager or Start Menu is provided With 
links (or shortcuts) to various components of the softWare 
for the purpose of starting execution of the softWare When a 
user selects an icon. In addition, numerous internal links are 
stored by the operating system to Dynamically Loadable 
Libraries (DLLs) and other ancillary ?les essential to the 
operation of the installed softWare. These ?le links are 
typically represented internally as conventional textual ?le 
references, i.e. ?le path and name. They are therefore 
location-speci?c. Because operation of the softWare is 
dependent on the stored links, and the stored links are 
location-speci?c, any change in the location of the softWare 
?les Will render the softWare non-functional. Since links are 
Written to the operating system registry during softWare 
installation, a user must predict at installation Which features 
of the softWare Will be needed in order that the installation 
program may Write the appropriate links to the operating 
system registry and make local copies of all ?les that are 
necessary for these features. If at a later time the user Wishes 
to use other features of the softWare, or remove certain 
features in order to free local storage space, it is usually 
necessary for the user to re-install the softWare so that the 
operating system registry is updated to include location 
speci?c links to the neWly added support ?les. 

[0014] It Would therefore be desirable to provide a soft 
Ware installation system in Which a user may access to all 
features of a softWare application, Without having to initially 
install all of the softWare ?les on local storage. In particular, 
it Would be desirable to provide a softWare system in Which 
a large-capacity (but perhaps sloWer) storage location such 
as a remote server is used to store all of the softWare 
application ?les and provide for automatic caching of those 
?les in local storage as necessary When a user desires 
selected features of the softWare. This Would permit the user 
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to have access to all features of the softWare Without Wasting 
local storage space on infrequently used ?les or ?les that are 
no longer used. 

SUMMARY OF THE INVENTION 

[0015] The invention introduces the concept of content 
speci?c ?lenames (hereinafter “CSFN’s”)—?lenames that 
uniquely characteriZe the ?le contents. A CSFN is a char 
acter string that represents ?le contents in a unique, or 
practically unique, manner. Since CSFN’s are globally 
unique identi?ers for the contents of respective ?les, they 
facilitate ef?cient veri?cation of ?le contents and therefore 
ef?cient use of netWork and computer resources. The fol 
loWing description of exemplary systems according to the 
invention Will utiliZe the terms “?lename” and “?le refer 
ence.” The term “?lename” is intended to describe a string 
of characters Which are an attribute of a ?le stored on a 

computer system and Which functions primarily to permit 
the computer system to distinguish betWeen ?les for access 
and secondarily to permit human operators to associate a 
descriptive name With the ?le. The term “?le reference” is 
intended to more broadly describe any information that 
speci?es a particular ?le; possibly by specifying a device 
and path in addition to a ?lename, for access. Thus, a “?le 
reference” may contain a “?lename.” 

[0016] One aspect of the invention contemplates systems 
for generating CSFN’s. A message digest module, Which 
may operate as a hash function, is applied to the variable 
length string de?ning the ?le contents, yielding a message 
digest. The message digest is preferably a long, typically 
160-bit, binary number that uniquely characteriZes the ?le 
contents. The message digest is then processed through a 
text encoder module to convert the binary number to a 
character string of predetermined length, Which represents a 
legal ?lename that characteriZes the ?le contents. A pre?x 
may be provided in the character string to denote the 
?lename as a CSFN. he message digest and therefore the 
CSFN, have the property of being practically unique to the 
?le contents. That is, the possibility of the same ?lename 
being generated for different ?le contents is so remote that 
it is practically impossible. Thus, in a given computing 
environment, each CSFN provides a globally unique iden 
ti?er for the contents of its associated ?le. 

[0017] Another aspect of the invention contemplates ?le 
caching systems that utiliZe CSFN’s. An exemplary caching 
system in a distributed netWork is con?gured to request ?les 
by specifying a CSFN. A ?rst request for a ?le is made by 
an application by specifying a CSFN that is practically 
unique to that ?le. If the requested CSFN is not found in the 
local cache, it is retrieved from the ?le server and copied into 
the local cache. Since the CSFN is practically unique to the 
?le contents, there is no need to verify the ?le contents When 
the ?le is later requested. According to another feature of the 
invention, caching systems may be con?gured to utiliZe 
CSFN’s as Well as conventional, location-speci?c ?le ref 
erences by applying data veri?cation techniques When 
appropriate. 

[0018] Another aspect of the invention provides softWare 
installation systems that utiliZe CSFN’s. Exemplary systems 
provide for the copying of ?les designated by CSFN’s from 
a source medium, Which may be a ?le server, to a target 
medium, Which may be a local storage on a client computer. 
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During the initial installation of the software, the operating 
system registry is provided With a listing of all of the 
CSFN’s associated With the ?les required for all features of 
the application. When a user invokes the application at 
run-time, the operating system searches the target medium 
for the CSFN’s associated With the ?les necessary to provide 
the particular features of the application that the user desires. 
If a particular CSFN is not found on the target medium, the 
operating system requests the ?le identi?ed by the CSFN 
from the source medium and copies the ?le to the target 
medium. Thus, When a user desires to access particular 
additional features of an application or to remove ?les 
associated With particular unused features, the user does not 
need to re-install the application. The use of CSFN’s in the 
exemplary softWare installation systems of the invention 
provide an added advantage of eliminating the potential for 
identical ?lenames for different ?le content. Thus, such 
systems eliminate the potential for reference to outdated or 
incompatible ?les When an application is executed. 

[0019] CSFN’s and the inventive systems that incorporate 
them, offer at least tWo principal advantages as applied to 
caching and installation methods and systems. First, only 
?lenames, rather than entire ?les or time stamps, need to be 
compared to determine Whether the contents of tWo ?les are 
identical. Second, tWo ?les having identical contents, but 
originating from different sources, i.e., servers, Will have the 
same name. For example, in existing broWsers, When a user 
enters a Uniform Resource Locator (URL), the broWser ?rst 
searches the cache for a ?lename associated With that URL. 
Typically, the broWser Will also verify that the cached ?le is 
the same as the source ?le (the ?le originating at the 
requested URL). This veri?cation takes additional time 
because it requires a comparison of the contents of the 
cached and source ?les. 

[0020] In contrast to these knoWn systems, a Web broWser 
utiliZing CSFN’-s could quickly determine Whether the 
cached and source ?les are identical by simply comparing 
their respective ?lenames. Moreover, if a CSFN is requested 
from a given source, but Was previously cached from a 
different source, the CSFN-enabled broWser Would avoid 
unnecessarily doWnloading the ?le from the different source. 
Thus, unnecessary doWnloads and therefore netWork load, 
may be reduced. These advantages ultimately increase the 
performance and reliability of ?le caching systems, espe 
cially as CSFN’s propagate throughout a given distributed 
netWork. LikeWise, the ef?ciency and dependability of soft 
Ware installation systems are also increased by the use of 
CSFN’s. 

DESCRIPTION OF THE DRAWINGS 

[0021] The present invention is illustrated by Way of 
example in the accompanying Figures, Which should not be 
construed as limiting, in Which: 

[0022] FIG. 1 is a schematic diagram of a conventional 
general-purpose digital computing environment that may be 
used to implement various aspects of the present invention; 

[0023] FIG. 2 is a block diagram illustrating an exemplary 
process for generating content-speci?c ?lenames according 
to the invention; 

[0024] FIG. 3 illustrates an exemplary ?le caching system 
utiliZing content-speci?c ?lenames according to the inven 
tion; 
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[0025] FIG. 4 illustrates an exemplary ?oW diagram for 
?le caching using content-speci?c ?lenames according to 
the invention; and 

[0026] FIG. 5 illustrates an exemplary ?oW diagram for 
installing computer softWare using content-based ?lenames 
according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] Although not required, the invention Will be 
described in the general context of computer-executable 
instructions, such as program modules, being executed by a 
personal computer. Generally, program modules include 
routines, programs, objects, components, data structures, 
etc., that perform particular tasks or implement particular 
abstract data types. Moreover, those skilled in the art Will 
appreciate that the invention may be practiced With other 
computer system con?gurations, including hand-held 
devices, multiprocessor systems, microprocessor-based or 
programmable consumer electronics, netWork PCs, mini 
computers, mainframe computers, and the like. The inven 
tion may also be practiced in distributed computing envi 
ronments Where tasks are performed by remote processing 
devices that are linked through a communications netWork. 
In a distributed computing environment, program modules 
may be located in both local and remote memory storage 
devices. 

[0028] FIG. 1 is a schematic diagram of a conventional 
general-purpose digital computing environment that can be 
used to implement various aspects of the invention. FIG. 1 
and the folloWing discussion are intended to provide a brief, 
general description of a suitable computing environment in 
Which the invention may be implemented. 

[0029] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a conventional personal 
computer 20, having a processing unit 21, a system memory 
22, and a system bus 23 that couples various system com 
ponents including the system memory to the processing unit 
21. The system bus 23 may be any of several types of bus 
structures including a memory bus or memory controller, a 
peripheral bus, and a local bus using any of a variety of bus 
architectures. The system memory includes read only 
memory (ROM) 24 and random access memory (RAM) 25. 
Abasic input/output system 26 (BIOS), containing the basic 
routines that helps to transfer information betWeen elements 
Within the personal computer 20, such as during start-up, is 
stored in ROM 24. 

[0030] The personal computer 20 further includes a hard 
disk drive 27 for reading from and Writing to a hard disk (not 
shoWn). Also included are a magnetic disk drive 28 for 
reading from or Writing to a removable magnetic disk 29, 
and an optical disk drive 30 for reading from or Writing to 
a removable optical disk 31 such as a CD-ROM or other 
optical media. The hard disk drive 27, magnetic disk drive 
28, and optical disk drive 30 are connected to the system bus 
23 by a hard disk drive interface 32, a magnetic disk drive 
interface 33, and an optical drive interface 34, respectively. 
The drives and their associated computer-readable media 
provide nonvolatile storage of computer readable instruc 
tions, data structures, program modules and other data for 
the personal computer 20. Although the exemplary environ 



US 2003/0033286 A1 

ment described herein employs a hard disk, a removable 
magnetic disk 29 and a removable optical disk 31, it should 
be appreciated by those skilled in the art that other types of 
computer-readable media are contemplated by the invention. 
For example, media Which can store data that is accessible 
by a computer, such as magnetic cassettes, ?ash memory 
cards, digital versatile disks, Bernoulli cartridges, random 
access memories (RAMs), read only memories (ROM), and 
the like, may also be used in the exemplary operating 
environment. 

[0031] A number of program modules may be stored on 
the hard disk, magnetic. disk 29, optical disk 31, ROM 24 or 
RAM 25, including an operating system 35, one or more 
application programs 36, other program modules 37, and 
program data 38. Auser may enter commands and informa 
tion into the personal computer 20 through input devices 
such as a keyboard 40 and pointing device 42. Other input 
devices (not shoWn) may include a microphone, joystick, 
game pad, satellite dish, scanner, or the like. These and other 
input devices are often connected to the processing unit 21 
through a serial port interface 46 that is coupled to the 
system bus, but may be connected by other interfaces, such 
as a parallel port, game port or a universal serial bus (USB). 
A monitor 47 or other type of display device is also 
connected to the system bus 23 via an interface, such as a 
video adapter 48. One or more speakers 57 are also con 
nected to the system bus 23 via an interface, such as an audio 
adapter 56. In addition to the monitor and speakers, personal 
computers typically include other peripheral output devices 
(not shoWn), such as printers. 

[0032] The personal computer 20 may operate in a net 
Worked environment using logical connections to one or 
more remote computers, such as remote computer 49. Each 
remote computer 49 may be another personal computer, a 
server, a router, a netWork PC, a peer device or other 
common netWork node, and typically includes many or all of 
the elements described above relative to the personal com 
puter 20, although only a memory storage device 50 has 
been illustrated in FIG. 1. The logical connections depicted 
in FIG. 1 include a local area netWork (LAN) 51 and a Wide 
area netWork 52, Such netWorking environments are 
commonplace in of?ces, enterprise-Wide computer net 
Works, intranets and the Internet. As depicted in FIG. 1, the 
remote computer 49 communicates With the personal com 
puter 20 via the local area netWork 51. The remote computer 
49 communicates With the personal computer 20 via the 
Wide area netWork 52. 

[0033] When used in a LAN netWorking environment, the 
personal computer 20 is connected to the local netWork 51 
through a netWork interface or adapter 53. When used in a 
WAN netWorking environment, the personal computer 20 
typically includes a modem 54 or other means for establish 
ing communications over the Wide area netWork 52, such as 
the Internet. The modem 54, Which may be internal or 
external, is connected to the system bus 23 via the serial port 
interface 46. In a netWorked environment, program modules 
depicted relative to the personal computer 20, or portions 
thereof, may be stored in the remote memory storage device. 
It Will be appreciated that the netWork connections shoWn 
are exemplary and other means of establishing a communi 
cations link betWeen the computers can be used. The exist 
ence of any of various Well-knoWn protocols, such as 
TCP/IP, Ethernet, FTP, HTTP and the like, is presumed, and 
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the system can be operated in a client-server con?guration to 
permit a user to retrieve Web pages from a Web based server. 
Any of various conventional Web broWsers can be used to 
display and manipulate data on Web-pages. 

[0034] FIG. 2 illustrates an exemplary system 200 for 
creating CSFN’s according to the invention. The system 200 
may be implemented on a personal computer 20 (FIG. 1) 
described above. An arbitrary-length stream of data 212 
de?ned by the ?le contents 210 is processed through a 
message digest module 214 to generate a message digest 
216. It Will be recogniZed that each computer ?le 208 has 
attributes Which include the ?lename 206 and the ?le 
contents 210. The message digest 216 is a ?xed-length 
binary number Which is further processed through a text 
encoder module 218 to generate a CSFN 220. As illustrated 
in FIG. 2, the CSFN is noW an attribute of the ?le 208. 

[0035] Message digest module 214 produces an output 
number or message digest 216 based on an input stream of 
data 212 de?ned by the ?le contents. Preferably, message 
digest module 214 performs a hash function. Hash functions 
are Well knoWn in the art of cryptography and offer the 
advantage of making it virtually impossible to derive the 
original input data stream given only the output hash value. 
Hash functions are characteriZed by their ability to transform 
any length input string into an output string or number of 
?xed length. It Will be recogniZed that hash functions Which 
are strongly collision-free are best suited for generating 
CSFN’s according to the invention. Collision-free hash 
functions are those for Which it is computationally infeasible 
to ?nd any tWo input messages that yield the same message 
digest. Conventional hash functions such as “MD5” proto 
col, Which yields a 128-bit message digest, or “SHA” 
protocol, Which yields a 160-bit message digest are suitable 
for generating CSFN’s according to the invention. These 
protocols are merely exemplary and those of ordinary skill 
Will recogniZe that other functions, including other hash 
functions, Will be suitable for implementing the invention. 

[0036] Due to its length, the message digest 216 must be 
modi?ed to a character string of predetermined length. Text 
encoder module 218 accomplishes the task of encoding the 
message digest into a ?lename of ?xed length. In a simple 
form, text encoder module 218 may convert the message 
digest into a hexadecimal number and truncate the resulting 
string to a predetermined length. The predetermined length 
Will be governed by the applicable ?lename restrictions of 
the operating system of a particular environment. For 
example, under the WINDOWS 95 operating system With 
Long Filename (LFN) support, ?lenames can be up to 255 
characters long. In Unix, the maximum length of a ?lename 
is 256 characters. Linux alloWs ?lenames to be up to 256 
characters long. 

[0037] Those of ordinary skill Will recogniZe that one 
encoding scheme Which may. be used to implement CSFN’s 
according to the invention Would involve a hexadecimal 
representation of the message digest. This uses the 16 
characters “0123456789abcdef”. Thus, each four bits of a 
message digest could be represented by a single character 
and a 160-bit SHA digest encoded in hexadecimal Would be 
40 characters in length. It Will further be recogniZed that, by 
using a greater range of ASCII characters, it is possible to 
shorten the generated CSFN someWhat. For instance, using 
a 32 character range such as: “0123456789abcdefghijklm 
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nopqrstuv” Would provide a ?ve-bit representation scheme 
that encodes a 160-bit SHA digest into a 32-character string. 
In general, if a binary string of length L is encoded using C 
discreet symbols, the encoded digest Will be a string of 
length: (L log 2 )/(log C). 
[0038] Preferably, the ?lename generated by the text 
encoder module 216 Will include a standard pre?x, for 
example, “% %” to permit CSFN’s to be distinguished from 
other ?lename types. This distinction Would permit various 
applications, such as Web broWsers, to recogniZe CSFN’s 
and perform different ?le retrieval processes compared to 
processes for retrieving ?les having other ?lename types. 

[0039] FIG. 3 schematically illustrates the components of 
a caching system utiliZing CSFN’s according to the inven 
tion. Client computer 310 is linked via a knoWn communi 
cations link to a distributed netWork, including a number of 
servers, tWo of Which are illustrated and designated Server 
1 and Server 2. Client computer 310 executes at least one 
requesting application 312, Which may be, for example, an 
Internet broWser application. Storage for local cache 313 is 
provided on the hard disk drive 32 or RAM 25 (FIG. 1) for 
caching ?les. Similarly, Server 1 and Server 2 are each 
provided With a respective storage 316 and 320 for storing 
?les. 

[0040] Server 1 contains an HTML ?le named 
“File1.html” according to knoWn naming conventions. Also 
stored on Server 1 are tWo graphic image ?les that are 
referenced in the HTML in “File1.html.” These ?les are 
named, according to the invention, CSFN1 and CSFN2. 
They may contain, for example, graphic images of banner 
advertisements that are to appear on the Web page de?ned by 
“File1.html.” Those of ordinary skill Will recogniZed that the 
notational form, “CSFNx” in this example, is used for 
simplicity. The actual ?lenames Will be of the form “% % 
XXXXXXext” Where “% %” is the CSFN-indicating pre?x, 
“XXXXXX” is a character string generated according to the 
present invention and Will vary greatly depending on ?le 
content. The extension “.ext” is a generic representation of 
a conventional extension used to denote a particular type of 
?le, for example, “.jpg” for a Well-knoWn type of graphic 
image ?le. 

[0041] As a result of a previous broWsing session, in 
Which “Filel.html,” and the tWo ?les designated CSFN1 and 
CSFN2 have been doWnloaded, those ?les are stored in local 
cache 313. In a later broWsing session, the requesting 
application, as a result of a user inputting a corresponding 
URL, Will again request “File1.html.” Since this ?le is 
speci?ed under conventional ?le referencing techniques, 
requesting application 312 Will verify, using prior art veri 
?cation techniques, that the cache copy of “File1.html” is 
the same as the copy of “File1.html” residing on Server 1. 

[0042] The advantages of the invention are illustrated by 
the handling of the CSFN’s in the case Where the server copy 
of “File1.html” has been updated since the previous broWs 
ing session. In this case, the requesting application 312 Will 
recogniZe, from a comparison of the time stamps of the 
cache copy of “File1.html” and the updated version of 
“File1.html” on Server 1 that the updated version must be 
doWnloaded. [In accordance With the invention, the CSFN’s 
of the graphic image ?les CSFN1 and CSFN2 eliminate the 
need for veri?cation of these ?les When “File1.html” has 
been updated. The updated version of “File1.html” still 
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contains references to the banner advertisement graphic 
images designated CSFN1 and CSFN2 since the update did 
not change these ?le references.] According to the invention, 
When processing “File1.html”, the requesting application 
312 Will retrieve CSFN1 and CSFN2 from the local cache. 
There is no need to verify that these ?les are current because 
their content is veri?ed by the existence of their ?lenames, 
CSFN1 and CSFN2 in the local cache. Thus, retrieval of the 
CSFN’s from the cache inherently veri?es the content of the 
?les designated CSFN1 and CSFN2. 

[0043] This contrasts With caching systems of the prior art. 
In such systems, if the updated version of “File1. html” 
references graphic image ?les, for example designated 
“graphic 1. jpg” and “graphic2. jpg,” these ?les Would have 
to be veri?ed as being current by, comparing the time stamps 
of cached ?les “graphic 1. jpg” and “graphic2. jpg” With 
their respective counterpart ?les on Server 1. That is, 
because the ?lename is not content-based, the possibility 
exists that a ?le on the server With the same name may be 
more current than the cache copy. In the prior art, in order 
to verify that the cache copy of the ?le is current, the 
broWser must compare the content, or at least the time 
stamp, of the server copy With that of the cache copy. 

[0044] To further illustrate the advantages of CSFN’s, take 
the folloWing tWo ?le references: 

[0045] bttp://WWW.myserver.com/public/ 
$$a84eO2clfb59htm 

[0046] and 

[0047] c:\documents\cache\$$a84eO2c l fb59.htm 

[0048] These ?le references may refer to different physical 
storage locations. Yet both references contain the same 
?lename ($$a84eO2clfb59.htm). Under knoWn ?le referenc 
ing systems, evaluation, i.e. retrieval of the contents, of each 
of these ?le references does not imply that the same results 
Will be produced. Evaluation of the references is time 
variant. As With any prior art ?le reference, evaluation 
cannot be assumed to yield the same results When performed 
at different times. (The ?le may have been modi?ed in the 
interim). In contrast to the time-variance that characteriZes 
such prior art techniques, under the CSFN systems of the 
present invention, it can be inferred that the evaluation of 
both of the above ?le references is time-invariant, since the 
?lenames are practically unique to the contents of the ?le. 

[0049] Another advantage of the use of CSFN’s according 
to the invention is also apparent from FIG. 3. Server 2 
contains thereon a second HTML ?le named “File2.html” 
and containing pointers to tWo CSFN’s; CSFN1 and CSFN2. 
These ?les are the same banner advertisement graphic image 
?les contained in the ?le “File1.html.” In the case Where the 
requesting application 312 doWnloads “File2.html” from 
Server 2, the invention eliminates the need for repeated 
doWnloading of the graphic image ?les CSFN1 and CSFN2 
from Server 2, since these ?les already reside in the cache 
313. Since requesting application 312 is a CSFN enabled 
broWser, When the HTML in “File2.html” is processed, 
CSFN1 and CSFN2 Will be speci?ed in the HTML ?le and 
therefore retrieved from the local cache 313. Inherently, 
CSFN 1 in the cache 313 is identical to CSFN 1 on Server 
2 because both ?les have the same CSFN. The same can be 
said for CSFN2. Thus, the unnecessary doWnloading of 
CSFN1 and CSFN2 from Server 2 is eliminated by the 
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exemplary caching system according to the invention. This 
example also illustrates hoW propagation of copies of ?les 
designated by CSFN’s amongst large numbers of client 
computers ultimately results in less netWork load and more 
ef?cient distribution of ?les. 

[0050] Operation of the exemplary caching system of 
FIG. 3 Will be explained With additional reference to the 
How diagram of FIG. 4. Upon the requesting application 
312, such as a CSFN-enabled broWser, issuing a request for 
a ?le reference, the broWser ?rst determines, at step 410, 
Whether the ?le reference requested contains a CSFN. This 
may be determined by an examination of the pre?x of the 
requested ?lename. If the requesting application 312 deter 
mines that the ?lename requested is not a CSFN, then the 
process branches to step 412 Where the contents of the 
referenced ?le are doWnloaded from the location speci?ed 
by the URL, for example. If at step 410 it is determined that 
the ?le reference requested contains a CSFN, then the 
process branches to step 416 Where a determination is made 
as to Whether a ?le With the referenced CSFN exists in the 
local cache. 

[0051] If at step 416 it is determined that a ?le With the 
referenced the CSFN does not exist in the local cache, then 
the process branches to step 412 Where the contents of the 
cached ?le are retrieved from the netWork by doWnloading. 
The process then proceeds to step 419 Where a determination 
is made as to Whether the contents of the retrieved ?le 
require veri?cation. If not, the data is stored in the local 
cache as a ?le With a ?lename attribute equal to the CSFN 
and the process continues to step 418 Where the contents of 
the cached ?le are returned to the broWser. If, on the other 
hand, it is determined at step 419 that the data requires 
veri?cation, at step 420 a CSFN is generated for the 
retrieved data content. The process continues to step 421 
Where a determination is made as to Whether or not the 
calculated CSFN matches the CSFN contained in the ?le 
reference. If not, the process returns an error message at step 
422 and then terminates. If the calculated CSFN and the ?le 
reference CSFN match, the process stores the veri?ed data 
in the local cache at step 414 and proceeds to step 418 Where 
the cached ?le contents are returned to the broWser. 

[0052] FIG. 5 illustrates an exemplary softWare installa 
tion process according to the invention. The installation 
system provides for the on-demand caching of various ?les 
from a source medium, such as optical drive or CD-ROM 34 
(FIG. 1) or removable disk 33 (FIG. 1) to a target medium, 
such as internal hard disk 33 (FIG. 1). The exemplary 
softWare installation process is equally applicable to instal 
lation that occurs over a distributed computing system or 
netWork, in Which case the source medium may be a storage 
device on a ?le server, such as host computer 20 (FIG. 1) 
and the target medium is may be an internal hard disk or 
RAM on a remote computer, such as remote computer 49 

(FIG. 1). 
[0053] The exemplary installation process begins With an 
update of the operating system registry With links to all of 
the ?les required for each and every feature of the softWare 
being installed. Such links may include ?le references that 
are location-speci?c and ?le references that contain CSFN’s. 
After the target computer registry has been updated With the 
necessary links to ?les on the source medium, run-time 
retrieval of the application data and code may proceed 
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according to the logic illustrated in FIG. 5. When a particu 
lar application is invoked, the operating system examines 
the registry of the remote computer for a listing of the data 
and code ?les necessary for execution of the application. 
Such ?les may include DLL’s and other ancillary ?les 
necessary to the operation of the application. At step 508, the 
registry is examined for the next ?le to locate. At step 510, 
a determination is made as to Whether or not the ?le 
reference in the registry contains a CSFN. If the ?le refer 
ence does not contain a CSFN, then the process branches to 
step 512 Where the contents of the referenced ?le are 
retrieved from the source medium. 

[0054] If at step 510, it is determined that the ?le reference 
contains a CSFN, then the process branches to step 516, 
Where a determination is made as to Whether or not a ?le 
With the same CSFN exists on the target medium. If not, the 
process branches to step 512 Where the contents of the 
referenced ?le are retrieved from the source medium. If a ?le 
With the same CSFN exists at step 516, the process continues 
to step 518 Where the contents of the ?le stored on the target 
medium are processed. 

[0055] The process then returns to step 508 if it is deter 
mined at step 526 that more ?les are listed in the registry. 

[0056] A ?le veri?cation routine is incorporated into the 
above process beginning at step 519, Where a determination 
is made as to Whether or not the contents of the at step 522. 
If so, the process continues to step 514 Where the contents 
of the ?le are stored on the target medium in a ?le With the 
same CSFN as the referenced ?le. If, at step 519, it is 
determined that the contents do not require veri?cation, then 
the process skips steps 520, 521 and 522 and branches 
directly to step 514 Where the contents of the referenced ?le 
are stored on the target medium. 

[0057] It Will be recogniZed by those of ordinary skill that 
the exemplary installation process described above permits 
?les to be automatically cached on the target medium as 
necessary, thereby permitting a user to invoke any and all 
features of a softWare application Without re-installing the 
softWare. Moreover, ?les associated With unWanted features 
may be removed from the local storage to free up storage 
space if necessary. Since the operating system is modi?ed, 
according to the invention, to retrieve the requested ?les 
using a caching algorithm, all ?les necessary for a particular 
function are accessible from the remote computer Without 
re-installing the softWare application. 

[0058] Another advantage provided by the installation 
process described above is the practical elimination of the 
potential for duplicate ?lenames for ?les having different 
content. Since the ?lenames referenced in the registry links 
are content-speci?c, there is practically no possibility for the 
existence of a ?le reference to outdated or incompatible ?le 
content. 

[0059] Although exemplary systems according to the 
invention have been described above, it should be appreci 
ated that a variety of modi?cations Will be readily available 
to persons utiliZing the invention. The foregoing description 
is not intended to be limiting, but is merely illustrative of 
exemplary adaptations of the invention. Other products, 
apparatus and methods Which incorporate modi?cations or 
changes to that Which has been described herein are equally 
included Within this application. 
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What is claimed is: 
1. A method of caching computer ?les in a distributed 

network having a client computer operably connected to at 
least one server, the client computer having a local cache, the 
method comprising the steps of: 

issuing a ?rst request for a ?le by specifying a ?le 
reference Which contains a content-speci?c ?lename; 

retrieving the ?le from the server speci?ed in the ?le 
reference in response to the ?rst request; 

issuing a second request for the ?le by specifying the 
content-speci?c ?lename; and 

retrieving the ?le from the local cache in response to the 
second request thereby inherently verifying that the 
contents of the ?le have not changed since the ?rst 
request. 

2. The method of claim 1, Wherein the step of issuing the 
?rst and second requests for a ?le further comprise the step 
of specifying a content-speci?c ?lename that is a globally 
unique identi?er for the contents of the ?le. 

3. The method of claim 2, further comprising the step of 
creating the content-speci?c ?lename prior to the step of 
issuing the ?rst request, the step of creating the content 
speci?c ?lename comprising the further step of generating a 
character string by processing the contents of the ?le 
through a message digest module to create a message digest 
that characteriZes the ?le contents. 

4. The method of claim 3, further comprising the step of 
processing the message digest through a teXt encoder to 
create a character string of predetermined length. 

5. The method of claim 4, Wherein the teXt encoder 
provides a predetermined pre?X in the character string. 
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6. Acomputer-readable medium having computer-execut 
able instructions for performing the steps comprising: 

issuing a ?rst request for a ?le by specifying a content 
speci?c ?lename; 

retrieving the ?le from a server in response to the ?rst 
request; 

issuing a second request for the ?le by specifying the 
content-speci?c ?lename, 

retrieving the ?le from a local cache in response to the 
second request, thereby inherently verifying that the 
contents of the ?le have not changed since the ?rst 
request. 

7. The computer-readable medium of claim 6, Wherein the 
step of issuing the ?rst and second requests for a ?le further 
comprise the step of specifying a content-speci?c ?lename 
that is a globally-unique identi?er for the contents of the ?le. 

8. The computer-readable medium of claim 6, further 
comprising the step of creating the content-speci?c ?lename 
prior to the step of issuing the ?rst request, the step of 
creating the content-speci?c ?lename comprising the further 
step of generating a character string by processing the 
contents of the ?le through a message digest module to 
create a message digest that characteriZes the ?le contents. 

9. The computer-readable medium of claim 8, further 
comprising the step of processing the message digest 
through a teXt encoder to create a character string of pre 
determined length. 

10. The computer-readable medium of claim 9, further 
comprising the step of providing a predetermined pre?X in 
the character string. 


