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AN | NTERNET CACHI NG SYSTEM AND A METHOD AND AN

ARRANGEMENT | N SwGldo/4y78&YSTEM Technical field of pbrussensi on
The present invention refers to an Internet caching system and
to an arrangenent and a nethod for serving 5 requests for Internet
information files in an Internet cachi ng system

Background art The Internet and its currentli nost used feature, 10
the Wrld Wde Wb (WMWY, has in recent years devel oped into an
enor nous source of information. Anybody can pro- vi de any

information, such as tBX{INTHRNEUr GACHINE]SY¥SAEM AND A METHOD|AND ANon t he
Wrld Wde Veb where it can beaRAfREBMENT IN such '£igvis@¥fid by users anywhere

in the world as |long as they I5 Nave access to the Internet.
The major problemfacing the Internet is the grow ng demand for
communi cation capacity as users access infor- mation from ~

anywhere in the wopb@nnidai $i83hi HRUSL Eaﬁggtion the World Wde Wb
traffic already ex - nal telephone and facsimle
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getting to be caching system.

Background art

The Internet and its currently most used feature,

10 the World Wide Web (WWW), has in recent years developed

into an enormous source of information. Anybody can pro-
vide any information, such as text, pictures, audio and
video, on the World Wide Web where it can be easily

retrieved by users anywhere in the world as long as they

15 have access to the Internet. . .

The major problem facing the Internet is the growing
‘ demand for communication capacity as users access infor-
mation from anywhere in the world. It is estimated that
- the World Wide Web traffic already exceeds all conven-
20 tional telephone and facsimile traffic on most inter-
national communication lines. More transmission and
switching capacity is continuously added, but it is a
slow and expensive process and demand continues to
outstrip supply.
25 The content of the World Wide Web is getting to be
K " - unmeasurable and probably comprises several hundreds of
' Terabytes (as of summer 1998). However, a relatively

A fee small subset of all this information accounts for a huge

- - portion of the information actually being accessed.

" Therefore, in order to minimize bandwidth used and
latency involved when accessing information on the
Internet, different caching techniques are currently in
use for limiting the amount of information that has to be
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bandw dt h used and | at ency i nvol ved when accessing information on
t he Internet, different caching techniques are currently in

use for limting the amount of information that has to be WO
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retrieves it fromits cache rat han nma over
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this scheme a Cf(?he J:ées[gnaacsgr@ic@][ W&r Qﬁthon ﬂﬂg. %lg coulwé ?Onurrber of

nei ghbori ng users are r exanpl e
be a server I ocﬁ?‘é’if-eé’tesaiﬁoﬁ’ﬁ%)ﬁts\/\ﬁéﬁ 8 WMW&'-] tBﬁP Taking porageesks a
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sends t he caching method, another form of client side caching, can

15 be used. In this scheme a cache is placed at a WWW proxy
node to which a number of neighboring users are con-

' nected, such a proxy node could for example be a sexrwver
located at a company. When a WWW client wants to access a

. WWW server on the Internet, the client sends a http

20 request to the proxy node, or WWW proxy server, rather
than sending it directly to a server on the global
Internet. Instead it is the proxy server that sends the
request to a WWW server on the global Internet, caches
the response and returns the response to the client.

25 Thus, the first time an information file is requested it
is transferred over the Internet and stored in the cache
of the WWW proxy server. Subsequent requests for the same
information file from any client connected to the WWW
proxy server can then be resolved locally, rather than

30  making http requests to a WWW server over the global
Internet. Proxy server caching can alsoc be used outside

v the premises of a company, or some other organization, by
~ implementing the scheme described above at a regional
- Internet cache server to which a number of clients are

35 directly or indirectly connected.

Depending on the size and homogeneity of a user
community using a cache at a server, about 20-40 Giga-



request to a WAV server on the global Internet, caches t he response and
returns the response to the client. 25 Thus, the first tinme an infornmation
file is requestggobdnrss 1S transferred over the Internet andeciusoszizisn t he
cache of the WAV proxy server. Subsequent requests for the sane
information file fromany client connected to the WAWV proxy server can
then be resolved locally, rather than 30 nmaking http requests to a WW
server over the gl obal I nternet. Proxy server caching can al so be used
outside  the prdytsssobfcarheomparige otildoderaingrliHBganedurs dihe by
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i the end user community, currently several hundreds of
. 15 thousands. The reason is that the larger the end user
community, the larger the probability that someone else
within the community has previously accessed a requested
file, especially if the users share some common interest.
Installing a large cache is easily achieved by
20 acquiring the appropriate computer and the appropriate
disk capacity. However, it is also required that the
¢ cache is able to handle all requests from the partici-
pating end users. Using current technology, it ‘is.not
possible for one single processor computer to serve the
25 requests from several hundred thousand end users. Hence,
several systems have been presented to deal with this
problem, here outlined under the names of their major
proponents. .
Cisco Systems, Inc. proposes that the end users are
30 connected to a backbone router which is programmed to
transparently redirect all WWW requests to a group, or
“Farm” of dedicated cache appliances, or “Cache Engines”.
- Bach Cache Engine handles a subset of all origin WWW
_sexvers, based on grouping of the IP (Internet Protocol)
35 addresses. The solution scales up to 32 Cache Engines in
parallel, which corresponds to serving approximately
500.000 subscribing end users.
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' end users. These local caches communicate with a central
15 cache using the Internet Cache Protocol (ICP) when a
cache miss occurs at the local level. If the requested
file is present in the central cache, it will be trans-
ferred to the local cache and then forwarded to the end
user. If the requested file is not in the central cache
20 either, the central cache will make a request to the
.ofigin server and forward the file to the local cache,
which in turn forwards the file to the end user. The
central cache thus handles ICP requests from the local
caches and communicates with the origin server in the
25 case of a cache miss at the central cache. For scale-
ability, there can be several central caches in parallel,
each handling a subset of the origin servers. This means
that the local caches are able to.address each reguest to
the correct central cache server. Since this protocol is
30 not standardized, it means thay all local caches have to
be delivered from Network Appliance, Inc.
All of these solutions have the drawback that a
central cache server needs to handle extensive communi-
--cation in one way or another. This results in low utili-
35 zation of the server’s capacity and.difficulties in
serving hundreds of thousands users, which is required in
order to obtain a high hit rate. By adding more servers,



500. 000 subscri bing end users. However, having several conputers
accessing the sane di sk storage system adds conplexity and requires
managenent, i.e. WOMK76¥ the 10 capacity of each conputer i sPERUSIRRAE abl e
for processing requests. Net wor k Appl i ance, Inc. proposes a
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Yet another object is to‘provide a cache server
solution which is able to cope with the growing numbers
of information files being provided by the Internet and
the World Wide Web.

20 Yet another object is to provide a solution for
obtaining a high hit rate percentage for information file
requests directed to a caching system with a minimum of
cost. .

Yet another object of the present invention is to

25 provide a scaleable caching system which is scaleable in
a standardized way.

The above objects are achieved by an Internet
caching system and a method for serving requests for
Internet information files in an Internet caching system

30 in accordance with the appended claims.

According to a first aspect of the invention, there
is provided a method for serving requests for Internet
information files in an Internet caching system, which
method comprising the steps of receiving, at a local
35. Internet cache server, a user request from a user for an

Internet information file; in response to the received

request, making a query for said information file, if



5 . the systens are nmade nore expensive and nore conpl ex. The

conpl exity of the systemadds to the overhead and, hence, to a | ow
utilization of W g;ﬁgt i vel y expensive resources that tpggaseyrusis
represent. ummry of the invention An object of the
present invention is to overcone t he drawbacks wth the presently

known techni ques for caching information_files on the Internet and to
provide 10 a solution for caching informatio% files in a cost-

effective way. said ind0ehbeloRdiqe! n gé A b%iéséﬁhéd‘)é?”ééf&‘ 1gcd1o Pro-
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information file .Intemmptedhformniteiredilosa hzsclsamg Iyfirveatibn hfHlen ni num

of - cost. t 0 f vept o 25
provide a scal eable %%h@ @%B éng}f:#aﬁ Flg %%:ra}f e P‘E\eang £ J:Q%éfsr%jl zed
way'. The ab®\iish; é&?sréﬁl‘%ﬁ%hﬁé%d@ﬁﬁr&ﬁ e seever f°’éa?ﬁi“r g

system and a net hodmmnmliwnnguequesb&déﬁrto deckaass nHe Loddromtsaid fil es

in an Internet S 3 accordance with the appended cl ai ns.
According to a f@ {: asl?gc?qg% Qﬁe‘h%nventlon t here IS provided. a

method for serving requdSCOTASRT| R & econd asnecsy nle%sh 18 PEQVided pn
| nt ernet cachi ng syateingementhin an Meite@det odgdhinigngystwn,stapd Sfstem

receiving, at a loc@énr\#é.si'n tEE”?é?é@%gx% §8£A’frcacﬁe“§ﬁverre%83£tL:[e?a[@@ user

for "an | nt er net
request, naking a qoRe ce¥radafile Fsede i beth iafewhigh servers stores
: 15 cached Internet information files, which arrangement, for

decreasing the load on said central file server, includes
a Feeder communicating with said local cache server and
with said central file server, wherein said Feeder
includes first means for receiving a request for an
20 Internet information file from said local cache sexrver;
second means for deriving a query from an alphanumerical
string received from said local cache server; and third
means for querying said central file server for said
Internet information file using said query derived by
25 said second means.
According to a third aspect, there is provided an
Internet caching system, which system comprises a set of
local Internet cache servers, wherein each local cache
server is arranged to receive requests from users for
30 Internet information files;_at least one central file
server included in a central cache site and storing
| cached Internet information files; and feeder means
interconnecting said set of local cache servers with said
central file server, said feeder means including at least
35 one Feeder, which Feeder comprises means for communi-
cating with at least one local cache server in accordance
with a protocol used for communicating between Internet



WO 00/ 17765 PCT/ US99/ 21248

6 said information file has not been cached by said | ocal

server; in resporgsei9éd reply to said query, nmaking a flnawwmguest
for-said information file, wherein said file request is directed to a
feeder nmeans if said reply 5 indicates that a central file server, storing
cached - Internet infornmation files, has-said information file
cached; and querying, fromsaid feeder nmeans in response to said file

request, said centr atachel seseexemandomesns dfor retrihéumminberiet enfiommarder

to decrease the |oad i $2iés é&np%aaaaéeﬁﬂaq $ei¥Cerver using da%acgagsng
ment 1N an nt er net

to a second aspect, there is
cachi ng system sai FU&FdEM T ere oﬁ'ﬁFF%‘i‘??g“gaFgFeg%‘?qde(ﬂ‘?est@aq’e't%ﬁe fiikver

and at | east ormexvextral file server, both of which servers stores 15
cached I nternet 'snformat ‘rHQ {ﬁx}e%&mﬂhig%éé BBSHEEHe EQE of co&%‘é&ﬁﬁ%
the | oad on said centr rver I ncl u conmuni cat 1 ng
with said |l ocal cac ? %. cated ﬁPT?PEﬁﬁstheﬁt?%ﬂtxPilEl%ﬁﬂﬁﬁﬁver'

wherein said Feeder or centmel uchmshd isesvenpestorfiog Imominetngnformepiest for
an - 20 Internet infofgld Oﬂeiééﬁref rt%”hﬁé' &edaaa! c&@t‘?é“”se%%)éerthese adggsond

nmeans for deriving a query from an al nuner| cal trin recelve from
said |l ocal cache ser%é%na LaROMRHig%P are f éﬁgif%w@ﬁﬁﬁﬁ§ylﬁbes dcaded al
file server for 19ai ccomputerat@reetrranfed med idecreake tim lgadaod ttheery

derived by 25 said 6924 BEMS server b%gpef%‘fﬁiﬂé%ﬂehﬁ {:!tfé reh gapect

there is provided an I nt ernet cachi Syst en1conpr|ses a
set’ of | ocal | RAFRALY hanfled pyckhe Qﬁﬂﬁﬂéﬂnc%ﬁhﬁ1ﬁe6ﬁaF L. In
server is arranged tithirsegaivehe epntshl Eache weekvsrfiy able totsgmel the

informatjon files; aio(gaqaaacﬂ@es%&gaboﬁﬁé&ed to S WehebDE! MG N3

central cache site an
. 15 rather connected to the central server via the dedicated

computers, in a fast and cost-effective way. Maximum use
is made of the expensive hardware forming the actual
central file server and its file repository in which the
files are cached, while specialized inexpensive machines

20 around the file server perform time consuming and time
critical tasks in parallel.

Thus, the inventive feeder means, or Feeders, are
realized by machines being separate from any machine
realizing a central file server. This will decrease the

25 1load on the central file server, which then is able to
dedicate more processing time to the actual retrieval of
cached information files. Hence, the central file server
is able to serve a large community, of users in an
efficient way. Since user requests, via requesting local

30 cache servers, are served more effectively, the number
of user requests served can be increased, which in turn
enables the central file server to obtain a higher hit
rate percentage for its cache.

e According to an embodiment of the present invention,

35 the feeder means communicates-with the local cache
servers, on behalf of the central file server, in accor-
dance with a protocol used for communicating between



cached Internet information files; and feeder neans I nt erconnecti ng

said set of |ocal cache servers with said central file server, said
f eeder neans ingbWgh#gs at | east 35 one Feeder, which Feederpecrugrrpes
means for comuni - cating wwth at |east one |ocal cache server in
accordance with a protocol used for comruni cati ng between | nternet
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cache servers and neans for retrieving Internet infornma- tion files

fromsaid central Ihtkenstrysthe Sdigetdsl ariiRArrent Gl &isk@Sprdttiodbys

decreasing the | oaéq_&ggrz?’i‘g frﬁpéz{n%lt Eél:ﬁe P%&§§é¥eé%°9&2ar the ‘g&gei nvention

I s based upon the connect i ng ) I'caled conputers to
a central file se@igest, buprcqud bgl an¥cotheseporyentdonal ner |fntarget

i nf or Irmtion , fiﬂz@ﬁzlocaﬂﬁ&é&’efdzothbesﬁl_!}éltﬂugbg_géiphﬁﬁg B9 plddiege tnddi -
tional conputers ar conput ers. dedj cat e conputers are
arranged to de rea?%kt ﬁg %gg%p?)’h g('h(?“a reglgyﬁtn a#ota%%e«fl?gr?fg)ﬂ% perTorni ng
some of the tasks requegdsnfer yinkoriesdonyfiles dnrmachinescheing separateel f .

I'n this way thaoneRheateffdle HakV8brvér LRI, I Eokdl®n thel OCal
cache servers connec%g centr al aerver connected to

d,t .%he . 0r 15 atgr

the central server*SA aa'hgl BT Tt += e%%?ﬁf&fjef"%‘}s% 8 iyiSt and
cost-effective way. MaRhemnaubecal cacbensekvesf retelvespensequestafonm a
Iﬁr m ng ]Ehle aq_bua|userhfgenéﬁa?lt.nfdﬂnﬁtialfx}/ﬁi]aéwd:hi&ﬁ fﬂeehaepxﬁé& tuére\ésai n whi gh

e I1es are ca | Specliall zed |l .nexpensi ve nac nes roun
the file server pé"ralcg‘neﬁm ?F}Argh%g]n% Halofad-3110d tqhﬁeigcgfcsrqrtvfﬁa?éﬁéﬁglﬁzﬁ
paral | el . making, at geeryvioxn ithatf EEber Incang, emhodisenterthe guery
realized by machi nas d3ekBfed @l AtAPIRY MbANNALTRBALEE being’ EAtd A0 t8,

central _:fl le serveorr. d-J[.@egtWylclsorgr?eccrte%SgoE hﬁme local sexver. If said table

15 indicates that the éueried file is cached by the central
file server, the local server will request the file from
the feeder means, or Feeder. This queryihg and requesting
is then preferably performed in accordance with the Cache
Digest protocol. However, as with the request from the

20 user to the local server, the request from the local
server to the Feeder may be in accordance with any layer
three protocol, for example an HTTP request.

In another embodiment, the query from the local
server is directed to the Feeder. Included in the query,

25 for example an ICP query, is the URL of the queried
information file. The Feeder derives a gquery number from
the alphanumerical URL of the received query for an
information file, which query number then is used by the
Feeder for guerying the central file server for the

30 information file. The Feeder queries the. file server for
information files.using a standard SQL query (Structured
Query Language). If the queried file is-present at the
central file server, i.e. if there is a cache hit, the

~queried file is transferred from the central server, via

35" the PFeeder, to the local server. To have the central file
server initiate a file transfer as an answer to a SQL
query, rather than as an answer to a query, such as an



25 load on the central file server, which then is able to dedi cate nore

processing tinme to the actual retrieval of cached information files.
Hence, the centr alwdbsdnereser ver is able to serve a large co s%%%&s
users in an efficient way. Since user requests, via requesti 8} 30
cache servers, are served nore effectively, the nunber of user requests
served can be increased, which in turn enagbl es the central file server
to obtain a higher hit rate percentage for its cache.
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communi cates w th t Q%lta%é’ﬂacﬁ?c‘y‘%avmg§eétv%% cQﬁ‘t:.tﬁh%Jleogei@@r central

file server, in accor r ot ocol d for catin
bet ween v[)oo/177%%¢ernatzvmﬁy, é%éjquery n er is derggnglfrom sagd

PCT/ US99/ 21248 alphbmimeristalc HRheasdrizmms a plact caff e hebgien sid qumat-ocol
s -, either thg | aighnehe (R 18" 0L0E HudelycPin s pgm G2CERe headd:0eSt,

but coul d be any ot hér. conventi onal use
same .purpose. Thus, iBFopratisp al@t%@’éﬁ%%%’bt‘t”r@"“&ﬁamﬂéﬁ \ili®g to,
queries and/or - originakbtieduenstienf of smtdxample ethe amgabgedse hiss ng

separat e fromt *ﬁ% Bgntér?ébl 3 'getﬁérc‘!dé‘r{t%‘i%ﬁ@ ' sdfifed &%drggpcf W in o che

central file server &c ease consi
server receives a réﬁﬂ@§§a$??nﬂ¥§h1@hh§e$P§Q%'1§nlﬁﬁﬁ¥ﬂ4ﬁ%9P0nTh?IQ§33Wh|ch
file has not bead numbaeheskmispohdihgced mcin€ormition ddak $§rdﬁafiv§dabys

\élv: trgct ed '[rgkian'?agl glﬁ%["xgdat%t}%?g Bhbﬁf’ﬁ%ﬂ}?g gregg?ggiﬁ;&ntg [ rex‘ﬁsh
connected to, the | 34GPTEEMMYer . f said table 15 indicates that the querled
fileis ¢ached by the ceniritle emboliihentsamesie, théeldmlalseresy ataks lan
request the file frqgkernal query for the information file, the Feeder
15 derives the guery number from the following request
directed to the Feeder by the local server. The alpha-
numerical string used for deriving the query number is
the string included in said request, for example the URL
of an HTTP request. The query numbex is then used by the
20 Feeder when querying the central file server for the
information file, preferably using an SQL query. Again,
it is advantageous to also include at least part of an
header information field of said request as the basis for
deriving said query number.
25 In order to decrease the load on the central file
sexrver even further, the Feeder preferably includes a
table storing information relating to each information
file being cached by the central file serxver. The table,
for example, being a memory resident MD5S indexed hash
. 30 table. By searching said table, the Feeder can conclude
whether or not a gueried information file is cached by
A\ - the central file server, without having to query the
server, and, hence, a faster reply may be given by the
~- ‘Feeder to the query from a local server.
'35 According to another embodiment of the present
invention, the Internet caching system further comprises
updater means, or an Updater, for updating the set of



the feeder neans, or Feeder. This querying and requesting is then
preferably perfornmed in accordance with the Cache D gest protocol.
However, as w t@q&aﬁﬂsgquest fromthe 20 user to the |ocal yefiessniidee
request fromthe 1ocal server to the Feeder may be in accordance with
any | ayer three protocol, for exanple an HITP request. In
anot her enbodi nent, the query fromthe | ocal server is directed to the
Feeder. Included in the query, 25 for exanp}% an | CP query, is the URL of
the queried | nfy &mﬁbﬁ 'ﬂiqesT@@iJFge%%heg%ym RefltEsy fuber from

t he al phanuneri cal URL of the receijve ueré ILnformation file,
whi ch query number SEHRERT} sTRR PIFFLRG Proced é@d@nwsqa&%%s S 108N fr al
file server for theop§ of nd ofiim icanhéd |t aTheckkestenvequeni Else tdemtinale

server for ' YelERbl0mild | EanUpL it 1310814 AR WHEEN, (o 1o o
Query Language) the querie resen Ile
server, i. e. tt?@ﬂBePgeaP%zfcﬁéchPtmlst%ét the ?ﬁi@rrlaédsFFY%rl‘éhec“r ansTerred
fromthe cent _raI sejueeyinygi for3Thieh€ifecdais, beontretdievald Seoweits barigdve
the central file ser3gEVEy il hioghe ?e:.ft}elrea}xaaﬁ% Fhedh BRcANE a Q.
query, rather than as an swer a query, suc an 0/ 17765
PCT/ US99/ 21248 same. | CP query, fromthe

| ocal cache server, neabsusporttiedegntral ﬁihleeseﬁqaml oy sautngb adchehe
central file S%"e server Ca?e%ék:tteigééif’ @%ri&@? Qﬁnlc% rfi]f%o%‘?{d ‘i%d

fromsaid al phanuner roma par hea r nA-

tion included i n s&hgrgfiery nombyrger twigh ﬁﬁé’lh@a%ﬁ“ake 3 ﬁ?@#%ﬁi% itéh an
contains specific wydgihnserved ifor af il becaudé i @ff alcachgUess<wheror

exanpl e, the |anguaQe 86y 5 10ca1lehlfe SRR "InifiLeMhER! thd I Reafver to
respond -i n
' evaluates a query from the local cache server for an
15 information file, and concludes that the queried file is
not cached at the central file server, the Feeder directs
a reply to the querying local server, indicating that the
file is not available, and then orders the Updater to
update the central file server. Upon reception of the
20 reply, which thus indicates a cache miss, the local cache
server retrieves the file in question from its origin
server. Upon reception of the order to update the central
file server, the Updater requests a copy of the file from
the local server and transfers the thereby received file
25 copy to the central cache server where it is stored. The
transferring and storing procedure is preferably per-
formed at a time when the overall load on the central
file server is low, and when the local server has been
given enough time to retrieve the file from its origin
30 server.
' However, should the local server be located behind a
\ firewall, the Updater will request a copy of the file
from its origin server, which copy then is stored in the
- central cache server. In this case, it is preferred that
35 the Feeder does not order the Updater to commence the
updating procedure until after a certain number of
queries for the same particular information file have



accordance with this specific information. The query 10 nunber
cqorresponding to an information file is derived by usi ng any hash .
al gorithm prefe™®PU7%Si ng an MD5 hash al gorithm PCTIUS99/11248
enbodi nent where the | ocal server nakes an internal query for the
information file, the Feeder 15 derives the query nunber fromthe

foll ow ng request directed to the Feederlby the local server. The

St Ting incl uded i nKosry PR REE” Fe cTidet Bl IS AHSEn il ¥ibm Jogar ("¢

request. The query SRFVSES Psingidiwcgted hphimdefPrevaldsd@refipesbliretfieng t he

central Afi | e servergddatelhes realize@rvptd l@d&chih@ibdgrn@f gepdiatelFirofl 8Re SQL
query. gJgal n, It 1 aavan us 0 S Lncl ude ,at a [ n
header information '?"‘}cgli egf g?s%f%%%gqﬁ St eaeggtrﬁé %sas?fle%ilf %% ebe%lgggre F’??%Ejgsai d
query nunber. 2% from ppyofile sesvdeorachimerhBhinds an adrantager SANER| e

server even furt h?rfiltethEﬂég_@é, Foef 8{:&@% iH@Q,# edts, td HHigigt ori Ny
information rel ati nscgto each inf,ormati o

. fil hed
central file serverSSETRESt RBY ctake un%?é}e%%ge?ﬁ%%ﬁg%gcﬁﬁﬁ@ y’é‘g‘ggent
MD5 i ndexed hash 30LeadalleanBynpresichile doad calthe mapnbireaenforming

concl ude whet heghedlreg@bsts JURwe®dr ] M aMBEeTE fildde sy St aed sby t he
central file s ' server nce, a

faster reply rvgéjogﬁvg&%ﬁgg °Pﬁ%@%§é€bg@d¥ﬁ%gg{fbﬁ?% el éﬁalcglg'g‘fesgg?ver.
35 Accor di ng theosgnohheh xesiddentie Rsfedeie, prlidenstill hedpantion, the
| nt er net pachi ng SYSSép%ff‘aftErEP&ﬁ zﬁﬁWEéﬁéf‘él fileUPSRiH mEBR{e. @n @R Updater,
L(C)Z[I'/ ldggg; |22% 4%he Seetmb%fd:i.ment whe:cwg %gé 1n7u.=?c:6hsines imp]le@\enting the Updater
i and the Feeders interconnects the local cache server with
15 the central file server, without the machines themselves
being included in the central cache site together with
the central file server, the separation of these machines
from the central file server machine is evident.
Certain Internet information files are not suitable
20 for caching. Such files are sometimes called dynamic
information files, the term dynamic comes from that these
¢ files are continuously updated at the origin server,
examples of such files are files with stock quotes,
weather reports and so on. One preferred way of treating
25 the existence of dynamic files is to uphold a list of
known uncachable files in either the Updater or in the
local servers. In this way the communication in the
system, as a result of a user requesting such a file, can
be minimized.
30 According to yet another embodiment of the present
invention, several central filé servers are included in a
central cache site, each file server caching information
- files associated with original host names, IP-addresses
. or derived query numbers, within a defined range. Based
35 upon either the originai host name, IP-address or the
derived query number of a requested information file, the
Feeder addresses the query to the file server caching



information files being cached by the central file server. The updating
procedure consists of transferring a copy of a file cached at a | ocal

server to the cepig@lirres server. The transferred file is a fi as
a con- 5 sequence of a cache mss at the central server mher?l&’dg/gyrﬁa’s

querying for the file, has been retrieved fromits origin server by the
| ocal server and then been cached by the 13ane. Thus, the
central file server, or central cache 10 server, does not itself retrieve
a non-cached file fAdessin the lappebprintwoirabae dein whis snalieahle ocsokike a

request to an @4 bAl @aéuerﬁqre %@Evé‘r fﬁdseilﬁﬁcé\#&ﬁ@:l.@fc @&%ﬁxhetﬂwsnmen
serving a | ocal cache,server Fee evaluat S a

when t
query fromthe | ocﬁ‘llzéﬁﬁh%ves"'é}% %B?ggﬁfnfge'l Nolmiss F%Jn BPE, s’aﬁ%l
concl udes that thesgadedkele fwith tbird pardty fithereryers Heecsaser of ¥he e

Se(rjvert thet Eetefﬁte[] s@lahegféned p%'O'i:SEbYsttl%etghSqu%)éhﬂQ | ocal se{xer ét

i ndi cating tha e e is vai | a n o rs e at er
to ° update the cent rﬁ? ‘?ﬁ"}% ;_g téﬁ n?%%%‘p‘ini %ﬁg%?er} %g 2BeRYS

whi ch thus indicat #ile sexver ramss thehtow codl compiters, iser tde Feedeés/es t he

file in question foq tha Spddlidks, tods ist, bk 18G8HA Womphtbbesor der o
updat e the central

servel, the Updaf er %ﬁits a cop¥ of the file
from the | ocal %@F?E?b]alﬁocqr’rn&ﬁgF@rE" Fﬁ’é?’éy B FRAIFT PY S copy
to the central 10ackdE sededicadest @iire, | sltmatidvellihe if thereamgkesevexplhnd
storing procedure ig;gr E%Efé’flé,\’ Hfieans of U BEGidica hbtouiemntbeioperal |

| oad on the central server rver has

been gi ven eno¥grkt HFe® 1E;‘errel"‘r Péi‘rﬁaftﬁé’rf Bl B“tfvil Ff’g%ﬁ gpné server.
However, shoul d thdatteal caseyveat Reabboedmd ofebhenchedwork dapesidill st he

Updater will reque 2eRhYy Ofedeifebil ksr the EE&H&ﬁitc%t%hgix{‘ RRE¥E6n . \ml ch
copy. then is store

central che serv hi s".ca
preferred that185 thﬁenFEEﬂ%’F YRS CABr OF RRTERe %ﬁ? L’@r 8 (RPY (Foﬁ%rsm% the

updatl ng procedur e Inmteirhetf t ks inert nom-dudibetedfway. Thecripes ofoeorhe sane
part i cular infor rmtrie%;f:h'@sw‘i?etween the central file server and the low
b end computers is very much dependent upon where the low
end computers, or Feeders and Updaters, are located, at
20 the same site as the central file server, or, at a loca-
tion being different from the location of the central
file server.
Moreover, it is preferred that the central cache
site serves a defined set of local cache servers, which
25 set in turn serves a linguistically and culturally homo-
genous user community. This will further increase the hit
rate percentage at the central cache level since it is
more likely that the same information files are requested
more than once.
30 Using the present invention, an operator of an
- Internet caching system, handling information file
requests in accordance with the present invention, is
able to provide a fast, cheap and effective way of
-. serving a large number of subscribing customers. These
35 customers preferably being different Internet service
providers, companies or other organizations connected to
the inventive central cache site, or inventive Feeders/
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11, been received, where these queries originate from |l ocal servers
bei ng | ocat ed behWVR@¥W¢ewal | s. Preferably, the Updat er i sp¢9adobgnes by
a machi ne being separate fromthe machi nes realizing the Feeders, as
wel | as being separate 5 fromany file server machine. This is an advant age
si nce file requests, for exanple HITP reddests, to origin servers
may take unpredictabl e anbunts of tinme and, thus | ead to an

unpr edi ct abl e | oad YAFEERES neihithdheder BYRi kRFal cachp SegygE&( LT HBRNEr, in
a sinplified systensdnnecsedOapasldienite to & enlstzn éfcongadatsg the wheleane
machi nes as th ' i egﬂgr , 14| e ' '
separate from any g?ﬁaeﬁgfggi%ﬂléﬁg&gﬁgghl ne.eﬁl ﬁ%ﬂe éhg%]égﬁn%%t wher e

t he machi nes i npl erfdfter ngnehedigg Fiegders ang@n Hrdikardepadi HieraooRssted the
| ocal cache séryger Midal tachéesemnivisal Ofi toursey, Ver custidreauinay heeryaeiallhes

t hensel ves bei L.ngluded: | e : I ds o AL O N g B

the ‘central file sérkfi-'\#gr ?Etlgﬁeg{éﬁe%é% gtgie%neﬁ?fl[lhtg%ggﬁa% hgllglggg %lol\%n%he
central file servercomg@rtad direchlyeip. the inventivergyvgtem, phkihe@ large

i n}‘ ?rgaéi on files ajdmpany sgiimz?eloséﬁﬁi@@%gﬂdeﬁm f:'bbe&? afee Someti mes
calle ynam C 1N . the term

t hese files ar e°p(:e(§(r%%%%%;Efrg‘}el?%ggfeay?ﬁer? ﬁ”@ %{F]?rgz:‘ﬁ‘ s%g%% ,{h%ry liDIe%;é?rpl es
of such files dfe faonaechpdhtetpich gusystem beingeapératedebyraretdied so on.

Onﬁ F(rj efelr_red W?y qfarft&eathﬂﬂlé’ﬁnhorh:)esﬂﬁ%étﬁ_{éce.n%r#dw&a@éﬁﬁiﬁd afysitent £s )
R IR it Loy .
of a uset request i Agpcsdchiaghe  $ervezanand cenptnalnFide &erveds from anycor di ng
to yet another enboginwgattafet EarPbRSEAEluded {RVERE | YBtehENSI RingCRt I al
fil e servers ﬁ‘r}[% i r&leléged {:goé‘ols ar%ent ral ‘t&ﬂ‘f'he' s! te, each file server
caching infor I on PFPERas S& a ook ori ginal host nanes,
| P- addr esses Within the scope of the present invention a local
Internet cache sexrver is to be interpreted as a proxy
node, preferably a WWW proxy node, retaining a cache for
the users, or WWW clients, connected to the proxy node.
20 Items cached on a local Internet cache serxver or a
file server at a central cache site are any non-dynamic
files which are accessible using the Internet and con-
taining any type of information. Thus, a number of
different type of files and different namihgs of such
25 files are included by the term Internet information file
used in the present invention, such as binary, text,
picture, audio and video files, HTTP (HyperText Transfer,
Protocol) files, WWW files, PTP (File Transfer Protocol)
files, WWW pages, WWW objects, an& so on. Besides files
30 Dbeing accessed using the HTTP or FTP prqtocol, any file
being accessed over the Internet in accordance with any
| layer 3 protocol is also included by the term Internet
information file. A further example of a protocol that
-. can be used is the WTP protocol (Wireless Transport
35 Protocol) used within the WAP (Wireless Application
Protocol) standard.



or derived query nunbers, within a defined range. Based 35 upon either the

ori gi nal host nane, |P-address or the derived query nunber of a
request ed i nf or rewo am7¥esl e, the Feeder addresses the quer YR gl e
server caching WO 00/ 17765 b9l

PCT/ US99/ 21248 12 files in the
appropriate range. In this scal eable sol u- 14tion each file server has
its own disk system thus mni- m zi ng overhead. Furthernore, the

central cache site is Acsendiggblte wai foutrth rabpeatt y£f file psesent Snlvenause

of the 5 standardi zg¢nr @hec - er for
t he communi cati on bet ﬁen theﬂ%:i?nr%br%%g‘ gxcg#‘??%ééss:ravg?mpu g ﬁég?%gv#end

conputers, i.e. the whighy ishateped ene o5 5315%rafla§9mp‘é'%ﬁih PXew end

conputer is pr efgrass] pfcmsmmiohe foe cmntdmiseter£l geneesl povposas 10

of a dedicated, wgr e’caﬂgheéan.@t 'c‘!&ﬁéﬁ{.glkgt ﬂ@&ﬁs s %Engfﬂeq Sﬁldf&Le oY s %gas
twor k

by means of a dedi cat rrvaee

a public network. |PeM§&a+ compitigss @QSBerﬁ?nFé'éset Speps @#Sciﬁée‘ﬁe‘tm
capacity is pr efappendgdr ebeineed 007t he communi cation in question. 15
The .network used can, Of% Qb'ité:ﬁleg q:lfpsg ?ff@hpﬁr#ec%f okNGhe PTE %Q\At:rﬂﬁr .al so

I n a non-dedi cated way | On USe en
central file server %'tﬁﬁelwentl%ﬂnﬁ%ﬁﬁ?@%°ﬁ§ e rsevateh ngéfﬁd'ent
upon where the 10w storagd dewindsicontainfredwie oandetieill eeguerdded loFcat ed,

at 20 the sane si t%r&'ﬁ.ﬂ.\ 216801 '@y fOPh o§e§%(w%ﬁal°gen$ﬁl Plggﬁé‘s? com-t ! ON

being different fromt ocati'on of e cen

Moreover, it is prefyeEd.t fe¥ ReFLxBAnPathe a4aps disglasedsénvide a defi ned
set. of |ocal cache sppeatsd ebiins 25~ 38t in turn-serves a linguistically
and culturally hono-

The above mentioned and further aspects and features
15 of, as well as advantages with, the present invention,
will be more fully understood from the following descrip-
tion, with reference to the accompanying drawings, of
exemplifying embodiments thereof.

20 Brief description of the drawings
Exemplifying embodiments of the invention will now
be described below with reference to the accompanying

drawings, in which:
Fig. 1 schematically shows an embodiment of an
25 Internet caching system according to the present inven-
tion;
Fig. 2 schematically shows another embodiment of an
Internet caching system according to the present inven-
tion;
30 Fig. 3 schematically shows a flow chart of the
operations performed by a local cache server in Fig. 2;
_ Fig. 4 schematically shows a flow chart of the
operations performed by a Feeder in Fig. 2;
- Fig. 5 schematically shows a flow chart of the
35 opgrations performed -by an Updater in Fig. 2; and



gehous user comunity. This will further increase the hit rate
pefcentage at the central cache level since it is nore likely that the
sane informati opofobhfes are requested nore than once. 30 PCT/USY@¥hg t he
present invention, an operator of an I nternet caching system handling
information file requests in accordance with the present invention, is
able to provide a fast, cheap and effective 3@y of serving a | arge nunber
of subscri bi ng custoners These 35 custoners~preferably being different

| nt:ernet service Q?Pdegcaéﬁ% Sggéf§ (§hdwéh§§t0££§¥ﬁé?a¥h?9§1ﬁ9@9q£éed

to’ the inventive cen I nve

007 17765 an Internet caching system acqespingoby sthe present

13. Updat ers, wisventient own | ocal cache servers, or, being

connected as clients to a system enconpassi ng the whol e i nventive
caching systemforned by the central cache S|te i ncl udi ng Feeders and
an ‘Updater, and 3t sDetadded: dgscrip pfe enbogimentis se, a cust oner

may; very wel | al so wetn ﬁeﬂfﬁ&d&eb enasmctdkt diggRani sitive YHV¥Cq en,t
connected directly Lo %&?a&ﬁ&ﬁ@téf’ GreY g&%%nﬁ“'ﬁ%ep%lgﬁﬂgﬁl be A2YREEY

| nternet service provi nventirve SYS em on
its own rather thanIbdigy 102 %%ﬁe‘btoédlpsa%mpt@ sesvers bdhagrepehaved by

anot her part y Thisshabral ese Brd1Ge 100eakay afild theCaabe RSy ebaAREBed
bui'l t around St EQ fe%%eBrREQSQ'ﬁo Sﬂggeaéxém%:&?gdturer Feeggé' 1£¢che

ser.vers and ce e server can uded
in the system as I o"ﬁlge aumbsr of Eqedaxst 348| and rtdes nypber Rf local c"=1“=hWt hin

the scope of the preepnirsi noeniaditaredodal Fig. 1 MisehBeblpanhexaRpye) &sdto
be_lntenpreted aS 3Rl Uhodiment is not restricted to these nmumbers.
} However, regardless of the number of Feeders, each
15 Feeder is in this embodiment connected to one single
central file server, In Fig. 1 Feeder 110 is connected to
a central file server 130. This central file server
includes a storage medium (not shown) on which Internet
information files are stored, i.e. cached, and is imple-
20 mented by a high end computer, such as a Sun Ultra Sparc
or DEC Alpha Computer. Each Feeder 110 on the other hand
is implemented by a low end computer, such as a conven-
tional Personal Computer, and constitutes a front end
machine which handles the communication between the local
25 cache servers 100 and the central file server 130.
The Feeder 110 communicates with the local cache
servers 100 using the Internet Cache protocol, which is a
message based protocol used for communicating between
_ cache servers over the Internet. Hence, the Feeder 110
30 «replies to an ICP query for a cached Internet information
file, the query being received from one of the local
cache servers 100, with an ICP reply. This ICP reply
indicates either a cache hit (ICP_OP_HIT) or a cache miss
-- {ICE_OP_MISS).
35 In accordance with the Internet Cache Protocol, the
ICP query received by the Feeder includes the URL of the
queried information file. From this URL the Feeder 110




node, preferably a WAV proxy node, retaining a cache for t he users, or
WAV cl i ents, connected to the proxy node. 20 Itens cached on a |ocal
Internet cache wolo¥eFedr a file server at a central cacheCwEU$®2E4® any
non- dynami c files which are accessible using the Internet and con-
taining any type of information. Thus, a nunber of different type of
files and different nam ngs of such 25 filei are included by the term
Internet information file used in the pr gent I nvention, such as

DI P SO 1y Bt gy Rl Mareed ot
: rhé‘? %&s Being jan MD3o0 a%laﬁﬁ°§&8@§se‘ﬂ5% Me

pages, WWV obj ects,
HTTP or FTP prot occnqeramyumbé:e, a mehberygrexicdess MDD \imdeixed haslertadtle n

accordance with anyiis isl 84k stacBbACOInd FuddlSen! «;&FA %@%ﬁehyq@ 3 & Ry

| nt er net _infornmgiion further. e r.ot.0co can
be ‘used is the WPM@&C?%‘? demeryy r%gﬁr phigh 9898?‘? Lfs"’l;&ewjishl n
the WAP (W rel ess Apipinedat The indexPdotaichd )11St antiprikes an enti¥p Y BAARS

PCT/ US99/ 21248 c%uer y number corresponding Jto_an Ix%iﬂernet informate ding to
a fourth aspect of e present Inven- e I nvention enconpﬁ ses

a conput er - r eadabl ef1le cagped Ah B8 GRRERRY sflé"Fo?%’a"%é-38r SRIEFRANE FRBut er
pro- grans of imbsxedctables X1Gr comprbsesseseau:ehnggertﬂ:mlenpnim%r

comut or s to patk orfe e apaEe uag Joeh¢ etided Qosinper. FELLT,
17. Accord*?ﬁfhﬁﬁgaq??¥¥l¥ EEC%S0#°%ﬂ4e15r%§ﬁn€%hlﬁveﬁbls 15 8n,
the invention enconpailizationetiat thecyabrsddnforiitici @idgeisevacexl by
containing one or SEYLIRhtIEHUECPSePber 130, and, as a consequence, the
| ICP rely to the local server 100 will indicate a cache
15 hit. Correspondingly, if a matching query number is not
found in the table 115, this indicates that the queried
information file is not cached by the central file server
130, and, as a consequence, the ICP reply will indicate a
cache miss.
20 The means for deriving the query number using the
MD5 hash algorithm and for searching the indexed table is
a microprocessor 120, together with an appropriate soft-
ware module, included in the Feeder 110. The micropro-
cessor executes the software module; which execution
25 results in derived query number and in a search of the
indexed table 115. The implementation of this software
module is straight forward for a person skilled in the
art of programming.
If the reply from the Feeder 110 to the local sexver
30 100 indicates a cache hit, the local server will request
the information file from the Feeder using the HyperText
Transfer Protocol, which is a protocol used for accessing
WWW objects over the Internet. That is, an HTITP request
--is transmitted to the Feeder, which request includes the
35 URL of the requested file.
When communicating with the central file server 130,
the Feeder 110 uses common SQL queries. Upon reception of



I nstructions, for one or several general purpose com puters, for

performng the steps disclosed in the appended clainms 1 - 17.

The above nentiweatnaed further aspects and features 15 of , PEEUNRRI# s
advantages with, the present invention, will be nore fully understood
fromthe foll ow ng descrip- tion, with reference to the acconpanying
drawi ngs, of exenpl i fyi ng enbodi nents t hgreof. 20 Brief description
of the draw ngs Exenpl i fying enbodi nents of the invention will now
be descri bed bel ow yh¢ HTITEf eequest t ahehFeadeoiddyragrieve gdhawiuesyy in

whi ch: Fi [ I [ f t er net
cachi ng system accg?‘gh%cpgﬁ?&e&% ggﬁ?gﬁ?\%mewggt EP&& e B8R %o Il’—llh% 2

i “tIon; :
schematical | y shomC%ﬁﬁﬂP@Pdé%oqur&f hiternatigelyndihec URhi ¢fy est em
according to the prepmntrequest-is useld @or Sfkce againFdegrivdngchreaduexst |y

h flow chagt [ | 4 h
shous 2 11 ow cheg . alnidee e, SOEIEL L9 BEL] DBl gl icgre sorve

in Fig. 2 schena i art. o

oper ati ons perf or neSt#fAard-8RYcguesy digecped 4q fhescerpiatafilal $85 % Hows a
flow chart of the 3ks apareaponss, paid wentdabyf e YedaeerisnwElY. t2insTed
PCT/ US99/ 21248 WO Oy 17765

Fig. 6 schematically S HOWS ya l?ixrl]o%jhleer lé}nﬁ%%?tnliec"rﬁ tgtthe Feaercllefﬁ?%aor'n&hicn
cachi ng syst em accok®i iy $repsefereddier information file to the local
10 server 100 that issued the request for the file.
If the reply from the Feeder 110 to the local server
100 indicates a cache miss, the local server will make an
__— HTTP request to the origin server (not shown) of the
requested file, cache the then received file and transfer
15 a copy of.the file to the requesting user (not shown).
The means for implementing the execution of the
Internet Cache Protocol in the Feeder 110 is the micro-
processor 120 included in the Feeder. The microprocessor
also implements the means for receiving an HTTP request
20 from the local server 100 as well as the means for
querying the central file server 130 using the SQL. The
: operations to be performed by the microprocessor are
controlled by appropriate software modules, being part of
the abovementioned means. The implementation of these
25 software modules would be well known for a person skilled
in the art of programming and being familiar with the
protocols in question.
Another embodiment of an Internet caching system
according to the invention is described with reference to
30 Fig. 2. The system in Fig. 2 differs from the one shown
in Fig. 1 in that the Internet caching system comprises
an Updater 240, i.e. updater means, being connected to
the central file server 230, the Feeder 210 and, via the
,internet, the local cache servers 200. Thus, Fig. 2
35 illustrates the inventive arrangement encompassing an
Updater 240 as well as a Feeder 210.

b



I nventi on. 5 Detailed description of preferred enbodi nents

Wth reference to the bl ock diagram shown in Fig. 1, an enbodi nent of
the present invewbiogrryres || be descri bed. In Fig. 1 a nunb@éT,gggg,lzﬁg@I
~cache servers 100 are shown. These | ocal servers 100 are, via

Internet, connected 10 to feeder nmeans 110, here exenplified mnth a Feeder
110. The nunber of Feeders 110 and the nunier of |ocal cache

servers 100 indicated in Fig. 1 is nerely an éxanple, and t he

enbodi ment i s not restri Gesddes wlktaselsnbafbﬁgsdescrﬁbed beldAMR¥gE rdirRP ahdl 355
of the nunber of Feeg Feeder n thi nt . connecte

to one single ce%%n}nt?aﬁg éig veér3 q’ Eferﬁ ritnggd§+gl%|UnS§Vﬁ%%rfé‘?ﬁr§d to
a central file servefPORSEnaTRIEMeRYR iy FF»EF s@pggate and dotedact aimst orage

medi um (not shown) oscedrdaincenizetiathat habnﬁaﬁéxfﬂﬂuls(l? ﬁéér@%e@&@xﬁé@rvﬁ%h i

cached, and is il ni ed epd c as a

Utra Sparc rg) &%e%enh% %:g E.:liﬁ/e Ea%ﬁe%ereedegghou& #ﬁguﬁ?ﬁe‘? hrand
i's inplenmented by a ‘F}&ﬁ/?eeﬁée@éﬁ’éﬁt@rmgsQéhreﬁse*@n@@ntemhe embbdiment Per sonal
Conputer, and constiilfwstratédopy mid 2 arge@ydﬂbmlm&,andl es the

connunlcatlon bet ween th Io che server the,central file
server 130. Theq‘ ggé %% z(i@nﬁﬁn’f%%ﬁ"é‘?iﬁi? hfqﬁélpflﬁﬁb?g e
servers 100 using th%tql?‘?tg@r mpediancinotpsbpenblasagiciiehed swith thenesstagd based
protocol used fao commmiseawéﬂgzwtmannew c&&fé@xﬁ%ﬁ@éﬁoﬁveilw? As

| nternet. Hence, the L4l 0] an uer,y for cached
| nt ernet information gﬁ&q’?eﬁ %9};}?] re{l?%% e?% $Cacdt '5% r%’ﬁ] 8ﬁﬁaajofseﬁ¥§r
| ocal cache ser &% reggivasta mhlecmsepiry anTEICB rgRy dpbpm the Feeder
i ndi cates either a czmhea@ b LSRR b ar ?eﬁaﬁﬂ&elﬁPséaer EOPLAP dMme3) - 35

ry r I ved
by the Feoder | ncl uda® CRESLRECEEY %Zw”" 85 2P remonse ciey e Siten
th|s URL t he Feéébr qQI;ts origin sexrver (not shown). The requested file is
then received and cached by the local sexver 200. After a
predetermzned time, as a consequence to the reported
cache miss in the ICP reply, the Feeder 210 will instruct
. the Updater 240 to update the central file server.
20 The Updater 240 receives, from the .Feeder 210, the
URL of the queried file and the identity of the local
server 200 which queried for the file. An HTTP request
for the file is then made from the Updater to the
specific local server. Upon reception of the requested
25 file, the Updater stores, i.e. caches, the file at the
central file server 230. When the file has been stored,
the Updater instructs the Feeder to add the query number

corresponding to the file in question in the indexed
table 215 stored in the RAM area 216.

30 The means for requesting the information file from
the local cache server 200 and the means for caching the
received information file at the central file server 230
is a microprocessor 260, together with appropriate soft-

=~ ware modules, included in the Updater 240. The implemen-

35 tation of these software modules would be well known for
a person skilled in the art of programming.



WO 00/ 17765 PCT/ US99/ 21248

16 derives a query nunber, corresponding to the queried

information fil gqdeabse® an M5 hash al gorithm Using the PQUASY 212G her |
a nenory resident MD5 i ndexed hash table 115 is then searched. Included
in the Feeder 110 is a RAM 5 (Random Access Menory) 116 in which the

I ndexed table ts stored. The indexed table 115 conprises an entry for
each guery nunber corresponding to an Int€rnet information file

cached at the central fiAlnee§i§%%f Oogf’sghfgg%fggir&st Erformécﬂ?ﬁxﬁd%é@%’iee 115

conprises searching the entr er er natc rived

. . nu I g
query nunber. |f a.caCh?n§ﬁ5NPﬁgzﬁ%éFytﬁ&nﬁ@?°¥§“¥6uﬁ§ Fﬁgtﬁéwﬁéhlﬁ?thﬁs is
an i ndi cati on td&esctibvedquitherkigtfeneants othd ifllew shaxchad Fiy 3. the

central file server 130, a n NCSene he
| ocal server 100 w || igﬁfggfg gp@écgki§g¥§i€. .Ergg%%ndﬁﬁg%§FX?%ga%_

mat chi ng query runbEfIResthfor an Inrprpetninfernafbios file £4a0s 3 gdieates
that the queried setvddbyathenpditizularndbcahdathebyetver . caioweabrfitle

server 130, and, ased SUNBRAENGEY ey HEPrbeBlvedidrbn! AL el 240£a0he

mss. 20 The teans rderrving t uery, nu using t, D5
hash al gorithm and VhickopegRtag imaGoegdange twihhe the describblepopr ocessor
120, together with gefeppmePtbartgsd.t The lot&l eaBhdubervénalhetedni atépe
Feeder 110, The,qn C&B’i”é’%archescfﬁ%oc%ﬁ%&généé‘efﬁ%fst%@:Eetr{?‘};t'l@ whi ch
execution 25 resultS tn derived query number “and i'n a Search of the

i ndexed tabl e 115. T¥aguestsdendft & i Gindsf thei Eikef tther £ile istagnsfpgred
strai ght forward fotoatieneemeskihy astiehtt Be to th¥ UpBhter @tgMhig. is

If the reply fromt esd | ocal server 30 100 indicates a
cache hft, t he Ioca?gggrveﬁfﬁ#%ﬁ %gﬂ%g@?' the information file fromthe

Feeder Using the Hyper Tes& the lopghGashepsgrven |20 wipes pet £imdotheol used
for agcessing 15 VW¥¢edstad £ioeedutitry thieckagich,THak.i §t s HBEPcaehedst

- is transmtted to fhe foadets WRILh feUUSRInL 0N IeEp! 863 it the

request came from the Updater. If this condition is true,
a message is returned to the Updater in step 304 indi-
cating that the requested file is not available. If the

20 conditional step 303 is false, i.e. if the request came
from a client, an ICP query is sent in step 305 to the

) _ Feeder 210. In the next step 306, the local cache

receives an ICP reply from the Feeder 210 indicating
whether or not the central file server 230 has the

25 requested file cached. In step 307 the ICP reply is
evaluated. If the reply indicates a cache miss, i.e. the
requested file was not centrally céched, the local cache
server 200 makes a HITP request for the file directed to
“the origin server of the file. If the reply on the other

30 hand indicates a cache hit, the local cache makes a HTTP

request to the Feeder 210 for the file, this is indicated
with step 309. In the next step 310, the local cache
server receives the requested file from the Feeder.

-+ Fipally, in step 311, the file is transferred to the

35 c¢lient which requested the file.



35 URL of the requested file. When communi cating with the central

file server 130, the Feeder 110 uses commobn SQL queries. Upon reception
of WO 00{6,1573;; PectS921238 248
17 the HTTP request, the Feeder will retrieve the query nunber

whi ch was previously derived fromthe URL of the correspondi ng | CP
query. Alternatively, the URL of the HTTR request is used for once
again deriving the query 5 nunber. The Feedé® then uses the guery nunber
ina - standard SQ sideeyerdtiRntopt foiiiy S?”Eﬁ@'?ée'de‘% 866 VM the AS 2

response, the central er 1 transf nf ormatl on
file in question toe’PI?f’éJ e?g eé(? g/n?'ﬁlfmw delerg.Beql, ‘f’r"&'n§F§?§e¥‘Fﬂe to
information file tdthéleflloecehamo irs®iger4100 that issued the request for

the file. | f ”iﬁ ge%yz;dor %H]et R 4823 %éQefkest & &eﬁﬁﬁ.@%{vef

100 indicates a cache | oca server w | equest
to the origin-set ve¥eg("’rﬁ5’rm§h ntepngf einformatdgasfite ff11‘l°é‘ apYcP® ¥Rt hen
received file and tleowslf eachd serwagy200 Héind haadled thie theqresdeny Meer

(not shown). f WPl Erqg;' e.ﬁ?ﬁ f

I nternet Cache Prot %%&?ﬁg?ﬁgéieﬁ{g bﬁ? ‘g % Eﬁewgd L‘J"K“hggmgefsis:ic])éra 120
incl uded in the FecBe™ thig HRE s 5'66§§6r21° 1“als§6P|‘h% (Q‘Pé'hffgstﬂeq‘ﬁ%@hs
for receiving an HTHﬁnHaqusith& MDISonhkh%igmﬁJthﬂerMﬁc}ﬂ.@Qe&y M&hlbeﬂ&s‘. he

nmeans for ﬁ%‘é’dr t:.'ﬂesff:gﬂ whieh®s S£F M8 (?1%9 fﬁ&&%&c glg’tss%f

operations to be per e m Croprocess
appropri at e softmar’ée#ﬁﬁjlﬂeééde%@%tbarﬂe@?rY 216t g€ B \RaSERE 8h%d means

The inplenentation of ti1€sehe5Snuni@frt VI eotOEingS dubithgl 4R wehkcknbavtHer a
person skill ed hlst Rp3k! Pl AR "Gl 080500 AR e’ rdbiy the
1 indicating a cache miss back to the local cache server
15 200 from which the ICP query was received. In step 404
the Feeder 210 then orders the Updater 240 to retrieve
the non-cached queried file by passing the URL of the
queried file to the Updater. In step 405 the Feeder 210
adds the query number corresponding to the queried file
20 in the indexed hash table 215. This is done in response
to that the Updater 240 indicates to the Feeder that the
: queried file has been transferred from the local server
' 200 and stored in the central file server 230. The
operation of the Updater 240 will be further described
25 with reference to Fig. 5.
If the Feeder 210 in the conditional step 402 finds
the query number during the search in the hash table 215,
it will in step 406 send an ICP reply indicating a cache
hit back to the local cache server 200 from which the ICP
30 query was received. In step 407 the Feeder then receives
an HTTP request from the local.cache sexrver 200 which
. previously issued the ICP query. Similar to the ICP
query, the HTTP request includes the URL of the requested
--information file. In step 408 the Feedexr 210 retrieves
35 the previously derived query number corresponding to the
file. With this guery number the Feeder in step 409
queries the central file server 230 for the requested



protocols in question. Anot her enbodi nent of an Internet caching
system according to the invention is described with reference to 30.
Fig.. 2. The systwaan7#sg. 2 differs fromthe one shown | pcliuges2iagsn
that the Internet caching system conprises an Updater 240, i.e. updater
means, being connected to the central file server 230, the Feeder 210
and, via the Internet, the |ocal cache s#@rvers 200. Thus, Fig. 2 35
illustrates the inventive arrangenent enconpassing an Updat er 240_as
wel | as a Feeder 2ipformation \i@?gol}qj:,!%g standard 5QL query. In step 410
PCTLU599/§1248_b dtge Feeder asd; response receives th8 cached infobmatiles what
i s being describe o] rdi € s [ i»Q.

el enents of Fig. ZFlzgvﬁ%%ﬁg%¥%g€gkégl :%%Sn%%hgﬂg?éﬁéﬁggfﬁ% ﬁﬁs.ﬁggtoperate

and interact in  stepcébidddec ramneestadacaghed pinterpet|infssratdeacFibed
with 5 referegce jk0tkhfsfelrrednerah AR reBlyr 1219 toatne aquksting "t hese

el ements being of rele ance etos thergpg(?odi ment illustrated by Fig.™2
are ‘descri bed bel o®®3+ € efﬁ% dter 240 is responsible for updating
the’ storage medi unfiiecwrerabivns asyformeddynithn Ppdatesn2dql inothej| e

server 230 W th newngaaigéht HOFIR] i PAsl hbRSdefribed wiles leifeednset Bo

reference to Fig. %Hlm%gn t%ﬁ%ﬁ ocaIFsergﬁr . 200 receives a cache m ss

inan ICP reply fr Pt he®¥e F i 1H10" as a response to a previous |CP

query to the safe, In (ateapoSAP, seves Spdater RAleseapi verTRIY ogdest £XQR the

file 15 toits Oritﬁ'bnf'éédé’xerzmnﬂhdﬁi%%?- thbe 4 pawesterhs ifiael should then
v.er

SRR R R N e
the Feeder 210 wil Ireignestedtby the lé¢werlUsdshers@a@rt 800pdaute thige Feederal
file seryer. 20  foundhenddddeCterdfhY ReRhYCServerOnBb NeadeRACEadhBa t he
15 the file. The order includes the URL of the file as well
as the address of the local cache server 200 which
requested the file from the central cache 230. The
Updater will then, in step 501, check the requested file
of the order against a list of known uncachable files. If
20 the list contains the requested file, the order will be
discarded. If the list does not contain the requested
! file, the order is put on a hold by the Updater 240 so
that there will be time for the local cache server -200 to
retrieve the file from its origin server.
25 At a time convenient to the central file server 230,
i.e. at a time with relative low load on the central
" server, the central server sends a message to the Updater
240 stating that any pending order should be executed,
the reception of this message at the Updater 240 is
30 indicated with step 502. In the next step 503, the execu-
tion of the order starts with that the Updater requests a
copy of the file, which now should have been retrieved
and cached locally, from the local cache server 200 from
.. which the file request originated. A copy of the file is
35 then received from the local cache server in step 504. In
step 505, the received file copy is transferred to the
central file server 230 to be cached by the same. In the

//



URL of the queried file and the identity of the | ocal server 200 which
queried for the file. An HITP request for the file is then nade from
t he Updater to theoggrmspecific | ocal server. Upon reception of the
requested 25 file, the Updater stores, i.e. caches, the file BEVPHE21248

central file server 230. Wen the file has been stored, t he Updater
I nstructs the Feeder to add the query nunber 2 corresponding to the file
in question in the indexed tabl e 215 stored in the RAM area 216. 30

The rreaggof ordr eﬂueﬁhw ?b@pisn‘egr lﬂlbi%ﬁdéﬂéxeszOI_ﬁstdrup{:?etﬂeOQ‘_aédS?Ci_ €0
server and t he an cachi ng the recei v nfar on e, at
the central file serq\geﬁa§3gﬁe UGty é“ﬁ’%‘ﬁ o?F&Egé%%#/l%%b,o ﬁbegg%&c%&‘%%d
appropriate soft- atwshe eerfnads filmcsenterar 280t tre thedandexeybasirhkable
i npl emen- 35 tatiomial, these software nodul es woul d be well known for

a person skilled.in the f__prQaranmng. 00/ 1776 ,
PCT/- USQ9/ 21248 - 5 @ﬂé c9pezpat1 hadE ik centrallgf\i\?e server Eg\% ﬁ(arrple of
t he operations perf @tredgbly forwars. Basiealdiyeitedors toothingsheitnbodi nent

gf Fig. 2w : ! n?w l&gngwefﬁ dmrd\#&qeﬁﬂhﬁbﬁ afrRr @g%%aztso 2ibeny |tQ’é’n§béi:Ei'iﬂd‘t Fig
: n step .1 oc che server recei ves, a reques

for an Internet inf (ﬁaﬁg‘FFoﬁli?"T 3‘? %Fﬁ“a %’#’er’ff’ smrefeP%lerf“ﬁgiﬁ%rt i cul ar
| ocal cache server. fddweevan, itheache, f which djdestarmitrahsfenredr beeived from

the Updater 24030 frohi gﬁemﬁgaﬁészua.accor dance with the description
referring to Fig. 5. The_|

_ _ b 962 cache sEryver t he intst p 1%%01 g arches
itsocally cached fil esPPrPeh&EXSFPaitying &{‘g@g{‘%ﬂ‘. f’? R FiRE8the file,
the file is transfergashing systemaocceydiny itey tbeiprrsent invantdoppéiateew 240,
this is : i ndi cat eghseiriBedt ®Pt1¥02ference to Fig 6. In Fig 6, the system
; differs from the one shown in Fig 2 in that the system
15 has more than one central file server, here being exemp-
lified with three central cache servers 630. Also, Fig. 6
includes two Feeders 610, each of which is connected to
its own set of local cache servers 600. The Feeders 610
and the Updater 640 are arranged together with the
20 central file servers 630 at a central cache site 6%0. By
means of an Ethernet network 680 arranged within the
central cache site, the Updater 640 and each Feeder 610
are connected to all central file servers 630.
The additional number of central file servers in
25 this embodiment enables more files to be cached and even
more SQL queries to be answered by the central file
servers in comparison with the embodiment of Fig. 2.
Since the system is completely sc_aleable, any number of
Feeders, Updaters or central file servers can in theory
30 be added to the system. )
The basic difference of -the operation of the system
\ in Fig. 6 to that of the system in Fig. 2 is that a
Feeder 610 need to select one server, out of the plurali-
= ty of central file servers 630, to which an SQL query
35 should be directed. Each central file server 630 caches
information files within original host names within a
predefined range. Therefore, the selection of one of the



If the local cache server 200 does not find the 15 requested file during
the search, i.e. it has not cached the requested file, it examnes in
step 303 if thewgogni®§uUest cane fromthe Updater. If this cecluss®4gs
true, a nessage is returned to the Updater in step 304 indi- cating
that the requested file is not available. If the 20 conditional step 303 is
fal'se, i.e. if the request cane froma clLent, an ICP query is sent in
step 305 to the Feeder 210. In the next ep 306, the |ocal cache

receives an | CP reehmfaprﬁl@ s%%d% @%d&d&ﬁaééé&dmevmthh heOhofPt the
central file server 230, 4efde {x st ed f|| azseg 307 the
ICP reply is ef)ﬁ?‘ﬁai"é u f"ﬁet %S‘? J??ﬁe&’él? &Eﬁel% Server: ¢ he
requested file was efibher emt el dty of agh eXliP tduerioonl ac palte of ans&r¥er 200
makes a HTTP reque%g&e&tt Rhrl '°?’8dh L Lt ral fﬂ@esgﬁ{,&g Hag! peenof the

file. If the reply o 3& Icates a
cache nakes a HYTPS® ec?%‘a 5t hFo Bf e‘f’eéﬂ\% SR oIRGY f"PiEhf‘?qee eFFI?’§d| s
i ndi cat ed wi t hgeeep B@fbexrt dst Héreestad s:toephaﬂoseltefmeetiotﬂle catker.

server receives the r eqi‘\?sise‘iimfd'ekrﬁtéégr&ar{etﬁgmg St ructibh rlﬁ)éi ¥Hnl:?1:?r§ ep

311, the file is transferred requeste
WD 00/ 17765 of the elements described withpaqﬁg;gg\gnggéf:gxe drawings

20 The opetalibesonse rdppatedt bfoit thoseedkil A0 inntidart.
enbodi nent of Fpg. 2 'SEMN%%%QB' BRQ 7 ehesShRED (ochOdsscriil® bok chart

in Fig. 4. In ste [ecelves an
regarding an Inter ﬁ&'f-eFﬁ‘P |s(5‘ﬁ°f‘-ﬁ'% qwmlaﬁylm Et"}lFlS’dm“m""q'0(‘,“éF‘31'cache

servers 200 being kialﬁﬂéednt)yaltﬁutafééede.r moldificationeand the Uddke whi2lURL of
t he quer_' ed infor mGkofefidgarent £6EOMILU Sulithel N FREUISEL 250 Beslep 401
derl ves }a query cribed embodiments are therefore not intended to linmit
15 the scope of the invention, as defined by the appended
claims.

oo



nunber using an MD5 hash al gorithm which query nunber is 10 used in step
402 when searching an i ndexed MD5 hash table being resident in the
menory 216 of t{edggeder 210. | f the nunber is not POIMHSPIGIRE ng
the search in the hash table, the Feeder in step 403 sends an ICP reply
I ndi cating a cache m ss back to the | ocal cache server
the 1CP query was received. In step 404 t?ge Feeder
Updater 240 to retrieve t he non-cached qdéried fil e Him mﬂ”m
of the queried file to the Updater. In @fs 405 the Feeder

the query nunber corresponding to the quert le 20 in the indexed hash
table 215. This is done in response to that the Updater 240 indicates
to the Feeder that the 1. Aguesthml forrl sebhabnd aequeses Hoar Irtkefrteam t he | ocal
server 200 and s5ieQ r | r nperation
of the Updater 240 WI| gti%rfﬁéée té‘sg{rll %h%&g%% }55%1?]1%}%2 %-g%?:e {0 Fig. 5.
If the Feeder ‘2P0 iBFisABICERRi $FeR®ICLst ep 402 finds t he query nunber

during the search in theebabhid@mblat 31ldocal Irterwet|cddheskepvekf)6 asesdran
| CP.reply indicati egim?fom a dlée Qg%k 1‘.%&{&%::13%0@:1?1%%82?0&% I, 200

fromwhich the ICP gquery was receive eeder
recei ves an HTTP reﬁﬂe%?sﬂqftﬁﬁ Fﬁetbécﬁ?cﬁé’éﬁergﬂ% %bi%,acﬁuery
previously issued tiexr s@Rdgivfyrmalivn gilep iheai@Pinforngutey, £ilee hdSTP

request includgg ”}FotugleeQSC%%?eé %gﬁgdloéffs(&ggyon file. In step 408

t he Feeder 210 retrieves ousl erived query nunber
corresponding to the 3imf FF%P"‘Wec Fot Ri §ea%bér’-§9 ﬁéi‘rﬁe‘i""ﬁ?{e raking & ﬁléﬁep

409 queri es t heretpeistafoti s®&iddnfermaBlod AFilehewh@mpinstaiid file VO
ggl 17765 request is directed to a feedé?:cyey§g 9:(1213%41% reply

indicates that a central file server, storing cached

15 Internet information files, has said information file
cached; and

querying, from said feeder means in response to said

file reguest, said central file server for said informa-
tion file,

20 in order to decrease the load on said central file
server.

2. The method as claimed in claim 1, wherein said
query is performed by said local cache server in accor-
25 dance with a protocol used for communicating between
Internet cache servers.

3. The method as claimed in claim 2, wherein said
protocol is the Internet Cache Protoceol (ICP).
. 30
4. The method as claimed in claim 2, wherein said
\ protocol is the Cache Digest.

=+ - 5, The method as claimed in any one of claims 1 - 3,
'35 wherein said query is directed by said local cache server
to said feeder means, which feeder means as a response

returns said reply.



information file using a standard SQ. query. In step 410 t he Feeder as

a response receives the cached information file fromthe central file
server 230, and waooddressnext " step 411, the requested cachcRFIURYUHAMS;

i nformati on file-5is-transferred fronrthe Feeder 210 to the requesting
|.ocal cache server 200. e operations perfornmed by the Updater
240 in the |

the flow chart® :
order from the Feeder® 210 indicating that a particular file should

be requested. The file | est | S Vi ous. uested by the
| ocal cache server 200, bu?g? h%e%egdgrs gianf‘%%rf@y Pha?“t‘ﬁfgs&é‘ﬁtg‘a %td%e
server 230 had not ehdiesdving, tafe saide feTHer onetns,i Achuekss nuhbetRtoxtet he

mgﬁﬂmll lllrlg 2 is now d ribed with reference to
In step 5 t he Updater 240 receives an

file as well asgpdmiingieessa i rinaesbn oﬁq@ebeeﬁgeéon%%%w' £ said
requested t he fg%e fromthe central cache 230. The Updater w Il then,
I n-step 501, k THEY requested file of the order against a |list of

known uncachable files. If 20 the list contains the requested file, the

order will be di Sca"ldeﬁhe'ﬂe’éﬁ&i lalsS &1 8965 NG} GCOGﬁé’féint Q‘il&e%%xf%ﬁ% y

file, the order is put on t ha
be tine for the |oc 'fePcé’(?WBr%%??/ ’?glmﬂ)%hﬁogerw‘?étqr“FEVener PPEPfromits
origin server. 25 querying saidneerdomlefiidnt sexverhdoresaidilinforpatiower

230, i.e. afga ¢iye Wth relative low | oad on the central server,
the central server sends a nessage to the Updater 240 stating that any
pendi ng order shoul d be executed, the reception of this nessage at the

Updater 240 is 30 indi 6at¥devinethad ez 502imeéd irhelnimt 6,5twhersis, satk
execu- tion of \Ag&@ﬁfb%hﬁééréé ﬂ\#h*&ghﬂéhé&le SYRYAL eLsdRd é&swftcfm
now s

copy of ghe file, nretrieve cach
| ocal |y, ff rom t he |33 iniprmat ?Ibér}l?()o sPEBn?trm%HP?:ﬂgt‘Pﬁ?df PReSREGuest
originated. A chpy stfep b Hekiving 3nid lgperyansibexd fromthe | ocal cache

server in step 504. In step 505, the received file copy is transferred
to the - central fl e serggrmegh J%sb%lg%%e q b%la?n% gam?xeren.n said

alphanumerical string is a Uniform Resource Locator {URL)
and said query number is derived from said URL and at
20 least part of a header information field of said query.

A 10. The method as claimed in any one of claims 1, 2
or 4, wherein said file request providés an alpha-
numerical string associated with said information file,

25 said string being used by said feeder means for deriving
a gquery number corresponding to said information file.

11. The method as claimed in <laim 10, wherein said
alphanumerical string is a Uniform Resource Locator (URL)
30 and said guery number is derived from said URL and at
least part of a header information field of said file
request,

’/

-. . 12. The method as claimed in any one of the pre-
35 ceding claims, comprising the step of creating an indexed
table having an entry for each Internet information file
being cached at said central file server.
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22 final step 506, the Updater 240 instruc l der 210 to add
t he query nunber &@assSR@Nding to the m “ ﬁ t the central file
server 230 to the indexed hash table “ | mt “ he oper GO ¥ 24Bhe

central file server 230 is strai ght forvvard Ba5|cally It- does two
things, it answers SQL queries fromthe Fggders 210 by transferring
cached files to them and, it stores new informtion files inits

cache, which files are transferred to it 10 fromthe Updater 240.

Anot her exenplifying enmb | "R t ordi ng
to the present inventi onelgs m%fthggeés%rﬁbggnted H!. '?f%%gi g‘néexéﬁcf?‘gsg'%%.

Fig 6, the system th%?FFE?s"ﬁromthe one shown in Fig 2 in that the
system 15 has nore than peefexingab &édxcibdnyeaidheidedel BELEXEFGY said

lified with thre c%_q)%?ghﬁgf&pefﬁ%r vg{l% 630. Also, Fig. 6 I ncl udes two

Feeders 610, eac 'S connéc its own set of |ocal cache
servers 600. The Feeder sipdiratingyjpy ﬁ]’éi W&NeFOGWChr%Ieéb'r&‘h@@tﬁq ®Fet her

with the 20 centralndti kaigeinfirmationatiXe GRBt E3ling i€ ny E81i&Xbarh.
means. of an Ethernet network 680 arranged within the central cache
site, the Updater 640 and each Feeder 610 are connected to all central
file servers 630. 14. 1Phe aetihoforsiiclaimedr infane emeapff the Br&vers in

25 thi sterrgodl Nt @mhbea%]msq fwhbles%ﬁ Csd¥et @@bﬁn@r&e@veempnsé@r@l&
ueries to be answer e centra n i s
'?he enbodi nent of Fltg’ %%ructu@#?@ ]l" Stgf%ﬁr?%feé’t @I“ﬁr ‘-?e%{%‘g any

nunber of Feedereentypdafiks aﬂrveénimlsafmd anfernationc £Alen t heory 30
be added to the system The basic difference of t he operation of

t he system in Fig. 6 hat t.he syst.em.i s that a
b A et

Feeder 610 need to sel ectond & Bt Jt?fm\eﬁegﬁl 19 ne of the pre-
. 15 ceding claims, wherein said querying step comprises the

steps of:
selecting, based upon an original host name or IP-
_address of said information file, a central file server
"out of a set of central file servers, each server of said
26~'set being arranged to cache Internet information files
with original host names or IP-addresses within a pre-
defined range; and
querying the selected central file server for said
information file.
25 .
16. The method as claimed in any one of claims 6 -~
14, wherein said querying step comprises the steps of:
selecting, based upon said query number derived for
said information file, a central'%ile server out of a set
Y 30 of central file sexvers, each server of said set being
arranged to cache Internet information files with corre-
\ sponding query numbers within a predefined range; and
querying the selected central file server for said
- information file.
35 .
17. The method as claimed in any one of claims 1 -
16, comprising the further steps of:



ty of central file servers 630, to which an SQL query 35 should be
directed. Each central file server 630 cﬁmmulll ulmmﬂ“ tion files within
ori gi nal host namesomrtési n a predef i or e, PCRAISRAIIMS: | on
of one of the WO 00/ 17765 £ hees o

PCT/ US99/ 21248 23 central file

servers is done in accordance with the host 27 nane included in the URL

received fromthe | ocal server ei ther_as _part of an |ICP query Or as
part of an HTTP reqFeSrieving, gtessid ircadefipths sﬁrpérsﬁﬁa/’éf §'¥’ﬁ8§"been

5 selected by the feser filbefffk igseoyigin serer dof isadd replyjusy paddmber
I's directed to that eﬁ{f%‘iﬁ@c&ké@ é-%%vﬁéid informatidd fideUREeRst QQkniehat
Finctron of the el

the construction an . enents described with reference -
to the drawi ngs atyi $3id eephEahfideeALTY®H? t hose skilled in the art. 10

Even though the § nventi @achasgbesiy daserndeibnniftbe at sadteierxl cashepecific

exenpl i fying enbodi pen S y different alterations, nodifications and
the like wll bREONE ‘apparent for those skilled in _the art. The des-

cribed enbodiments are tUpdREEDE esaist cEREERH S 1L0SPTTRE bys regiesiddifk Bf t he
i nvention, as definggbpyos Baidppefsie@tion £ikd Mrom said .lockD C&Ee 765

PCT/ US99/ 21248 server and caching said copy in said central file server.
10
18. An arrangement in an Internet caching system,
said system comprising at least one local cache server
and at least one central file server, both of which
H servers stores cached Internet information files, which
15 arrangement, for decreasing the load on said central file
server, includes a Feeder communicating with said local
cache server and with said central file server, wherein
said Feeder includes:
first means for receiving a request for an Internet
20 information file from said local cache server;
second means for deriving a query from an alpha-
¢ numerical string received from said local cache server;
and '
third means for querying said central file server
25 for said Internet information file using said query
derived by said second means.

19, The arrangement as claimed in claim 18, wherein
said first means is arranged to operate in accordance
30 with a layer three Internet protocol.

20. The arrangement as claimed in claim 18 or 19,
wherein said third means is arranged to use the
‘Structured Query Language{SQL) when querying for said
35 Internet information file.



24 CLALMS 1. A nethod for serving

requests for Internet ' ' lLes in an Internet caching system

com 5 prisingwouenseeps ”li, @”BE“!E@ mwei ving, at a | ocal PCHUBIRES cache
* s

server, a user request an Internet information file;

I n-response to the received request, making a query for said
information file, if said information file 10 not been cached by said
| ocal server; in response to a reply to said query, making a file

aequeStdfor Sa}d gnforﬁﬁdi(mhd:hkggngﬁﬁﬁﬁﬂ Esséié%ﬁéd €n an 'H%EU8§tciéimsf_l
irected to a fee means £ | ndi cates_that, a,central file
server, storing cagﬁed ?@’ Iv}n eér%gié’t s%’h?o%il?gﬁpgﬁe?:ﬁags ,sgﬁ’a%g $&i &“?ﬂf’%? tion
file cached; adA# said requeghergteiged £oamseaidl flosddreamhenserver esponse
to said file request, said central file server for said inforna-

tion file, 20 in def t ase the load on sajd cegntral file
seryer. 3 2 T ﬁjrehtehga’g‘%g&e St 24 fjnal(f‘feéﬁo ﬁ’f’l?i%’fbﬁ tn¥ %ﬁ'#n
query is perfornedspidsanery deakdeciverdt Srom spid ripbepnrerizalasteing tand

protocol used for @enMIWALEPdrdobeh IRRiRer inkSMtIdh ERENE oFELYEHS.
3. The nethod as clalnggiln cl%p

. wher.ei n_saj d rotocol is the
I nternet Cache Prot&eor-{ICH §g]§t°m said 29°%4ufﬁﬁgfh8ﬁF%ﬁ5'clained in
claim?2, wherein said protocol is the Cache D gest. 5. The

(rjrpt-hod gsbm ai _ggdl in ?m.ohﬁﬂxeoﬁrﬁh@ééfﬁenla as3clBmed\BAr 81dinS 220 EFin S
Irecte y sal Wy & é%faé%%&¥gges a query number, the query number
being derived by applying a hash algorithm to said string

and to said part of said header information field.

15 24. The arrangement as claimed in any one of claims
18 ~ 20, wherein said Feeder includes:
fourth means for receiving a query for an Internet
information file from said local cache server; and
fifth means for providing said local cache server
20 with a reply to the received query.

25. The arrangemeht as claimed in claim 24, wherein
said fourth means and said fifth means are arranged to
operate in accordance with a protocol used for communi-

25 cating between Internet cache servers.

26. The arrangement as claimed in claim 25, wherein
said protocol is the Internet Cache Protocol (I1CP).

30 27. The arrangement as claimed in any one of claims
24 - 26, wherein said alphanumerical string is included
in said query received from said local cache server.

=+ - 28. The arrangement as claimed in claim 27, wherein
35" said queryderived by said second means is derived from
said alphanumerical string and at least part of a header



to said feeder neans, which feeder neans as a response returns said
reply. MD 00/17765

L i o o MM o

sponding to said information file being*cohcérndd #n said 5 query.

7. The nmethod as clainmed in 6, wherein said querying step conpri ses
usi ng the derived query nunber when quesyi ng said central file server
for said information 10 fil 8. The method as clainmed in
claim6, wherein sa¥%¢°rmati°ﬁu%%%;qaPévFﬂE@ quex pResivad ifxem saidnipcal
associated with caclsnisgdrir@at or mation file, said string being used in said
15 ‘step of deriving said query nunber. 9. The nethod as
claimed in claim8, wherein said al phanunerical string is a Uniform

Resource Locator (URL) 29. Themrraagementras mlsdaed|in qdainedss rehexsind URL
and at 20 ‘least @a’ttd Rlrg b@@ﬁqrsebnaoqmy QRimbee| G fRird HAUMbyr —

10. The met hod as Cbgir{? %eEEvé‘&%y"%%prmg a rﬁsas}x a%gorn.thm to said string
and to said part of said header information field.

30. The arrangement as claimed in one of claims 24 -~
10 29, wherein said Feeder includes a table with a copy of
the full index of all Internet information files cached
at said central file server.

31. The arrangement as claimed in claim 30, wherein
15 said reply to said received gquery by said fifth means is
based on the content of said table.

32. The arrangement as claimed in one of claims 18 -
31, wherein said arrangement, for further decreasing the
20 load on said central file server, includes an Updater
communicating with said local cache server and with said
central file server, wherein said Updater includes:
requesting means for requesting a copy of an
- Internet information file stored in a local cache server;
25 and
storing means for storing the thereby received copy
in a central file server.

33. The arrangement as claimed in claim 32, wherein
30 said requesting means are arranged to reguest a copy of
an information file from its ofigin sexrver, if a local
cache server storing said information file resides behind
a firewall.
35 34. The arrangement as claimed in claim 32 or 33,
wherein said Updater is arranged to communicate with said



or 4, wherein said file request provides an al pha- numerical string
aSSOCIated with said information file, sai d string being used by said
feeder means for deriving ﬂmmummﬂmamrespondl ng to said
i nf ormation fil ewo00/17765 11‘ | ai med in FEHYYHI248
wherein said al phanunerical trfng i< a®uniform Resource Locat or
(URL) 30 and said query nunber is derived fromsaid URL and at
| east part of a header information field of ggid file request.
12. The method as clained in any one of the pre- 35 ceding clains,
conpri sing the stepreddear €ati necaivingdenaskrder to redlesthadidgeapy et ry for
each Internet inforgmt eing cached at said central file
server. wé%%é%%.§ékhﬁtion £118¢ PCT/ US99/ 21248
26 13. The nmethod as clained in claim 12, conprising t he
steps of: per f @5wi meaamwgeineﬁm Siclalineld xad angbbse fOF lad ichs5
information file afy._ 34, wher% ? é‘ﬂ%rsihg%\.rlcgég % tﬁséadf'

I on r searc

whet her or not said |nfor was foun ing sa

14. The nethod as URGARBAPLR ipfommasi BP fhiesyr £oreh ’c‘%ﬁlﬁgéeélﬁl?ﬁsm’v\her ein
sai d querying step shwyld aes h6|r§guesteﬂhe Structured Query Language (SQL)
when querying said

36. The arrangement as claimed in any one of claims
10 16 - 35, wherein said Feeder is implemented by a lower
end computer and said central file server is implemented
by a higher end computer.

37. The arrangement as claimed in any one of claims
15 32 - 35, wherein said Updater is implemented by a lower
end computer and said central file server is implemented
by a higher end computer.

38. The arrangement as claimed in claim 37, wherein
20 said Updater and at least one Feeder are implemented by a
s single lower end computer.

39. An Internet caching system, compriéing:
a set of local Internet cache servers, wherein each
25 ' local cache server is arranged to receive requests from
. users for Internet information files;
at least one central file server included in a
central cache site and storing cached Internet informa-
tion files; and
30 feeder means interconnecting said set of local cache
servers with said central file server, said feeder means
\ including at least one Feeder, which Feeder comprises
means for communicating with at least one local cache
“server in accordance with a protocol used for communi-
35 cating between Internet cache servers and means for
retrieving Internet information files from said central



central file server for said information file. 15. The nethod as

clainmed in any one of the e- ceding claims, wherein said querying
step conprises the steB!I'm“mum“lm ml el ecting, based upon _an orj.gi nal
host name or | PWOOWITH8Idr e tion file, a centBCa{US ??’*@8
server out of a set of Central fileé servers, each server of said 20

set being arranged to cache Internet |nfornat|on files with original
host nanes or | P-addresses within a pre- 3defi ned range; and

guerying the selected central file server for said information file. 25

16. The nethod as didenEarver apingndatd hass ayesies, theraby deondasisw d

querying step conpriheesobBcorsiAd Béntral file s&H¥&LLI Ng, based upon said
guery nunber derived for said information file, a central file server

out of a set 30 of central file servers, each server of said set being
arranged to cache Inter#@¢ The Gvsten o¥s faladmedi im Cadme3s, whenedmdisad dquer y

nunbers within § predabingsbiange; irdthded in salal&rwtlrag thens o i ed-
central file server for said information file 17. The net hod

as claimed in any one of clains 1 - 16, conpr|3|ng the further steps
of : WO 00/ 17765 41. The system as claimed in clap@s/ BRSOy XMR4&here~

20 retri QY Bhcndbr Sl kOedbs GRHA I8EVMes SAplutaffy of  MaLion
'le fromits ori glsn garr\s/,ereallch S%I sa:r.g@'e}/ecfer 1n£erconnect1ng a subset of
10 said set of local cache servers with said central file

server.

. 42. The Internet caching system as claimed in any
f one of claims 39 - 41, wherein said central cache site is
15 arranged to serve a defined set of local cache servers,
which set in turn serves a linguistically and culturally
homogenous user community.

43. The Internet caching system as claimed in any
20 one of claims 39 - 42, wherein said protocol used is
either the Internet Cache Protocol or the Cache Digest.

44. The Internet caching system as claimed in any
one of claims 39 - 43, wherein each of said Feeder
25 includes a table with a copy of the full index of all
information files cached at said central cache site.

45. The Internet caching system as claimed in any
one of claims 32 - 44, wherein said central file server
30 includes cached Internet information files having
original host names within a predefined range.

46. The Internet caching system as claimed in any
..one of claims 39 ~ 45, further comprising updater means,
35 interconnecting said central file server with at least
one local cache server of said set, for retrieving a copy
of an Internet information file form its origin server or



guery indicates that said informationm fitetsmnot pached at said

central file server; 5 cachi ng file at said | oca
cache server; and updat i ;ﬂ'[mumj ile server by
requesting a WQ)W'IISS sai d i nfor mat kone S i d | ocalpcrarsypei24s
server and caching said copy in said central file server. 10 18.
An arrangenent in an Internet caching system said system conpri sing at
| east one | ocal cache server and at | eag2 one central file server, both
of whi ch servers stores cached Internet information fI|eS whi ch, 15

arrangement, for dggemasaind athdehstcbrenlogall caaber gpryey @nd £or  gfQEing

i ncl udes a Feeder %QQH”E%ﬁ%h%nPQaﬁﬁt5bﬁ¥¥di koralserver, cache server and with
said central file server erein sai d Feeder includes:

first means for receiving a request for an Internet 20 information file
fromsaid | ocal cache server; second nmeans for deriving a query
froman al pha- nunmerical string received fromsaid | ocal cache server;
and third neans for querying said central file server 25 for
said Internet information file using said query derived by said second
nmeans. 19. The arrangenent as clainmed in claim 18, wherein

said first neans is arranged to operate in accordance 30 wth a | ayer
three Internet protocol. 20. The arrangenent as clained in claim
18 or 19, wherein said third means is arranged to use the

Structured Query Language(SQ.) when querying for said 35 Internet
information file. WO 00/ 17765

PCT/ US99/ 21248

[



28 21. The arrangenent'as clainmed in any one of clains 18 -

20, wherein said al phanunerical string is included in said request
received fromsaid | ocal cache serwver. 5 22. The .arrangenent as
cl'aimed in clai mPQOITErein - said query is derived from saf@EUS99/21248

al phanunerical string and at | east part of a header information field
of said request received fromsaid | ocal cache server. 10 23.
The arrangenent as clained in claim22, \Mé;g i n said query conprises a
guery nunber, the query nunber bei ng ﬁled by appl ying a hash
algorithmto said string and to said part of said header information
field. 15 24. The arrangerment as clained in any one of clains 1 18
- 20, wherein said Feeder includes: fourth means for recei 1g Q\

gquery for an.Interng formation file fromsaid | ocal ca erver;
and fifth niﬂ&alfor provi di ng said | ocal e server 20 wt
reply to the recei vegagiHg V. 25. The apfangenent as cl ai ned

claim 24, wherein sal d flurth meaps a d flfth neans are arr ed
to -. operate i n/aLE8&V&hcd With a pf $ %t or conmuni - Cating
bet ween | nternet fpagche servers, 26. The| arrange i med
in claim25, wherkih saijd Nrotocol iy'the | nt ef net Cachesdpitpapcolf (1 CP) .
30 - 27. The Arfangenentf_as\cl ai nped{in aj of clai 24 26,
wher ei n sai d 40 hmeri cal {strfng is|includdd_ in said d@@el?\(&f i ved
fromsaid | ocal cdcpe serverf. 28. angenej din
claim 27, wherein

- S
_ -
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35 said queryderived by said second neans is derived from said

al phanunerical string and at | east part of a header WO 00/ 17765
PCT/ US99/ 21248 29 information field
of said query recwow®t¥74sr om sai d | ocal cache server. PCT/US99/21948 The
arrangenent as clained in claim28, wherein 5 said query conprises a query
nunber, the query nunber - bei ng derived by applying a hash al gorithm
to said string and to said part of said header information field.

30. The arrangenent as clained in one of nTs 24 - 10 29, wherein said
Feeder includes a table with a copy of the full index of all Internet

eg~central file server. 31.

The arrangenent as cl ai me( .nstaaﬁ m 39, wherein 15 said reply to said

received query by said fif s based on the content of said

t abl e. 32. The arrangenent as clained in one of clains 18 -

31, wherein said arrang decreasing the 20 |oad on said
Fé%%{vse ﬁﬁé Qi\{g comuni cating with said |ocal

central file e e
cache server :‘SQ wi t h saoan clienté terill e server, wherein said Updater
i ncl Gdes:

information files cached

301 yes

transfer file to
client/Updater

Y
(end)

»| Teturnanot- | ap4
available messege

Y
( end)

requested file
cached?

303

request received
om Updater?

- 305—~_|send ICP query to
Feeder

Y

306 ~_] receive ICP reply from
Feeder

308
miss a

307 .
evaluate ICP repl request file from origin
| server
HTTP request to Feeder
\ - ¥ ( end )
| 310P>—
. Jreceive requested file from Feeder
311> -
transfer file to client

1G.
( e:d ) | F 3




requesting neans fo
stored in a local c
t he thereby receive
arrangenment as clvd
arranged to request
server, if a loca
behi:nd a firewa
32 or 33, wher e
30 Feeder for

I nformation file.

claine 5 32 - 34, wherei

uncachabl e i nf or mat
request ed.
10 ,16 - 35, wherei

400

401 —~—

402

406 —

r requesting a copy of an
ache server; 25 and storing neans for storing
d copy in a central file server. 33. The
pasf7ésn cl ai m 32, wherein 30 said requesti rECTImEsan3I2e8 e
a copy of an information file fromits origin
cache server storing said.information file resides
1. 35 34. The_arrangenent as clainmed in claim
in said Updater is arr d to communicate with said
receiving an order to request said copy of sai d
arrangenent as clained in any one of
r includes a list of known -
ion fil®& ch files a copy shoul d not be
36. The -'rangenent as clainmed in any one of clains

n Sdl'écéﬁfé’?CP aurém enent ed by a | ower
from local server

Y

derive query number

Internet information file

> 403
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end conput er

end conputer.

clainms 15 32
conput er and
conput er.

sai d Updater

end conputer.

and said central file server is inplenented by a hi gher
37. The arrangenent as clainmed in any one of
- 35, wherein said Updater is inplenented by a | ower end
sai svaemntmwsl file server is inplenented by a porgssv2izmd
38. The arrangenent as clainmed in claim37, wherein 20
and at | east one Feeder are inplenented by a single | owner

39. An Internet caching system conprising:

a set of local Internet cache servers, mhﬁzgin each 25 |local cache server

I's arranged to receive requests from

files;

cache site and storing cac

f eeder neans
central file

s for Internet infornmation

at | east one ile server included in a central
ed snaﬁrnet i nf or ma- tion files; and 30
i Nt erconnecti ne =+"0of | ocal cache servers with said

server, said feede I ncludi ng at | east one Feeder,

whi ch Feeder conpris Or. CO ting wwth at | east one | oca
cache servgbd n cJ@Fﬁ%ﬂgggapg @Fg used for communi- 35 cating

between Intern
information files frqmsaid central

eracp.uestmgandnneaohetbf Ie retrieving Internet

check file against list of
501~ Kknown uncachable files,
discard pending order ?

Y

receive message to
execute any pending order

Y

503~d  request copy of non-
cached file

Y

receive copy from local
504 ~ cache server

Y

505 ~_ transfer copy to central file
server

Y

instruct Feeder to update
506 ~ indexed table

Y
T ( end )

502 ~_|

FIG. 5



31 - file server using data base queries, thereby decreasing t he | oad
on said central file server. 40. The systemas clained in claim
39, wherein said 5 feeder neans are included in said central cache site.
- 41. WOP1T68t em as claimed in claims 39 or 40, wh@CBUSS21248n

each of said feeder nmeans includes a plurality of Feeders, each of said
Feeder interconnecting a subset of 10 said set of |ocal cache servers with
said central file server. The Internet caching system as
cl ai-med in any one of clains 39 - 41,éﬁﬁ§rein said central cache site
is 15 arranged to serve a defined set of local cache servers, whi ch set
inturn serves a linguistically and culturally honogenous user
comunity. 43. The Internet caching systemas clained in any 20
one of clains 39 - @gZ—wherein said protocol used is ei ther the

| nternet Cache Protplagalor {he Cache Di gest. 44. The |
caching system as cighgﬁ%i  any-~=--one-of-etarAB-89-~~43~~ i
sai d Feeder 25 incljude tableewth a copy of the f f x of al
information fil es/ca8GBdeht id central cache sitg” 44. ' The
| nternet caching fsy imed in an f cl dicentral: 44

wherein said cent 30 incl pydes cached} | .urfﬂétsféﬂ;éwf n'}iti on
files having orli gi nal hpst \hanmes wi t hi Feedesdef i ped range. ,

46. The | nt e pd i n any bng of clainf\§9 - 45,
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further conprisi updat er
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The present invention refers to an Internet caching system and to an arrangement and a method for serving request for Intemet °
« | information files in an Internet caching system. The system is built as a twa tier caching system. In order to decrease the load on a central
; cache server (130), an intermediate arrangement (110) Interconnects the Jocal servers (100) of the system to the central cache server (130).
This arrangement communicates with the local cache servers in accordance with 2 protocol nsed for communicating hetween cache servers.
‘When requesting an Intemet information file from the central cache server, the arrangsment uses the Structared Query Language. Thus, the
centrat cache server (130) is primarily devoted to answer plain SQL queries,




