SYSTEM AND METHOD FOR CONNECTI ON OPTI M ZATI ON FI ELD OF THE | NVENTI ON [ 0001]
This invention relates generally to conputer networks and rel ates nore
parti cul aybyodemsgrasyst em and net hod for connection opti wczaishes/oBiraa
client-server network. BACKGROUND [ 0002] In sone circunstances, the

useful ness of the Wirld Wde Wb is |limted because of poor performance. A
web client, for exanple a web browser, nmay find that an individual web page

or other object tak t ey be
acceptable in sone ﬁ%@%éﬁgb&%@rﬁﬁu ne sgdoppzrng at hone), in
some business applications where client productivity is inportant such a
delay in retrieving an object |owers efficiency. [0003] A web client
comuni cates with a web server usj e of protocols that
general |y includes the Internet *Pr 6§B+ﬁ%&¥§gkﬁﬂ¢%h is a connectionless
low | evel protocol for single packet del i ver The suite rotocol s al so
general |y i ncl udd008] This iyt telaips gensrally S & mp”é‘?fé’ﬁt‘%ksf’r“aﬁ@f%?%‘é‘f’lgn Cont r ol
Protocol (TCP), that uses IP to create transport, connections A transport
connecti n Xppiealegy for Biemeandangthod{ar qomaectign geifmization Ma GligH-SELeidIe Y g
stream of data, where the transport protocol provides reliability and

sequenci ng. Transport connections are opened by one side, typically the
client. Establishing connections

BACKGROUND
[0002] In some circumstances, the usefulness of the World Wide Web is limited
because of poor performance. A web client, for example a web browser, may find that an

10  individual web page or other object takes many seconds to retrieve. Although this may be
acceptable in some situations (e.g., 2 person on-line shopping at home), in some business
applications where client productivity is important such a delay in retrieving an object lowers
efficiency.

[0003] A web client communicates with a web server using a layered suite of

15  protocols that generally includes the Internet Protocol (IP), which is a connectionless low
level protocol for single packet delivery. The suite of protocols also generally includes a
transport layer protocol, such as Transmission Control Protocol (TCP), that uses IP to create
transport connections. A transport connection appears to the client and the server as a way of
sending a stream of data, where the transport protocol provides reliability and sequencing.

20  Transport connections are opened by one side, typically the client. Establishing connections
is somewhat costly in both time and bandwidth. Maintaining connections involves costs as
well, for example memory usage, so connections are typically closed after they have served
their purpose or after some delay.

[0004] The HyperText Transfer Protocol (HTTP) is the standard protocol for

25  retrieving web objects. HTTP provides a way for a client to request an object, identified by a



is somewhat costly in both tinme and bandw dt h. Mai ntai ni ng connections

i nvol ves costs as well, for exanple nenory usage, So connections are

typi cal | ywol2ossmd1at er t hey have served their purpose owpcafusesosssngs del ay.
[ 0004] The Hyper Text Transfer Protocol (HITP) is the standard protocol for
retrieving web objects. HTTP provides a way for a client to request an
object, identified by aUniform Resource Locator (URL), and a server to

provide a r nse that typic i ncl udes, the.re ) [=To)

i ncl udes a 3%&@FH§ﬁ§W§ﬁ§ﬁ% 8r§gpﬁim@ﬁ@mHgﬂgﬁﬁ“ﬁ%ﬁ%%§§%%%P%B@§&¥hgﬁ§é¥%er
(or group of servers), wher e obj ect, resides. The h L cal

i dentifies éheprﬁﬂ‘{eﬁt(?g P@%\A@S‘Ugﬂjlﬁﬁ °f B 4PmeiR 0p1R andhP atﬂﬁzhéee&roé{e%ﬁ " e\y/veb page
is generally a structured collection of nultiple objects. er Text

Mar kup Langd‘é“é‘é‘ﬁ?ﬁ-ﬁ#‘f\/ﬁe}v% g‘j’regﬁ?uﬂfgﬁer?@ﬁ)e‘?’]éfi’i%@e Bﬁ&trre%%ﬁseﬁg ?aAﬂf“ g%lp%@ﬁ%rrpl e

i mges, frames, and code objects. A web browser at, the cli.ent can downl oad
such ref er erideatifieye pangrala 36t SBiceidhal resiflss o MFSERST HEWEDRES ISEWGI2LY &cr een
that is presented to a user. The need to downl oad nultiple obj ct%.to
produce & sisHustarepagflectian ¢fauliplgsbicess- AbPewieht Yakip Fangiess (}1[1{5@]6)‘3(] Jefhe
nunber of domains related to a particular web page can |nfluence the nunber
of concur r ermdyyefgrace etheabioctsofes exampde imagese @GR Andgods QPISF-of\ h 1efEteheen
the client and the server. An increase in parallelismcan somewhat inprove
| at ency but at theichert bgn ddvadoddrseeersieencederdmhsddadeobiecis@pd comppse M2  and

t he networ k. SUMMARY [ 0006] A system for connection optim zation includes a
client, a sesingbrscreamthatisrasesited to a user. The need to download multiple objects to produce a

single page is one cause of poor web performance.

10 [0005] The number of domains related to a particular web page can influence the
number of concurrently used connections, i.e., the level of parallelism, between the client and
the server. An increase in parallelism can somewhat improve latency but typically also

increases load on the client, the server, and the network.
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assigner configured to assign referenced objects to additional domains to

i nfluence the client to open additional connections. The client opens a

t ranspor twoenewastisen to the server to request a refer enecmgseisesias hat
includes a plurality of referenced objects. In one enbodinent, the domain
assigner is configured to dynam cally assign the plurality of referenced
objects to additional domains when the referencing object is requested. The
web browser software at the client se the referenced objects are
assigned to the additional domai ns and opens additional transport

connections to r st the referenced abjects. T d I i

assid_gn. t he pl urﬁqué %FysFeérf‘éof é?fg’g‘&lo&bﬂpgg}ﬂzs%%?‘glnglgggsﬁ %ﬁgﬁ’g %%n%; %sraea[)dé)ggy on
conditions in_the network, h | oad d i | gbl e bandw.dt h, .
Cabod mant , RHECTEREH b LA et A gnreg i shE R R s Bidlo e

of a referencing objﬁect wherein the referenced objects .of ch version are

e

aﬁ si gned t o fPFoREAdHenal GoREstions t Thesligntpens g EAngThy edian &h@? ST P esi de at
the server or at an internediate device in_th et work, . The_addi ti onal
connect i &ns reaagstisacivgpEng ehiech hatbelpdes %R%‘értall'éféﬂ? F%@F’é“d’dt"h@c?e?’e@@nci ng
object, if that server is capable of delivering the referenced. objects, or
may be made embodiment the dpmaingssigner sepplgusediagypiracally agept he Pty A
referenced objects. [0007] A nmethod for connection optim zation includes
est abl i shi ngefarcoeadrpbistts tmaddésioneledomains avha thegpigreaciag phiggt is yegessiedi e web
request for an object that includes referenced objects, determning a

desi red nuniberwsef sefiwarren thieotisntisedsithss thetrhsreneqd jeckriee shigned todl additional

domains and opens additional transport connections to request the referenced objects. The

10  domain assigner may assign the plurality of referenced objects to additional domains based
on conditions in the network, such as load and available bandwidth. In another embodiment,
the domain assigner is configured to create multiple versions of a referencing object wherein
the referenced objects of each version are assigned to different numbers of domains. The
domain assigner may reside at the server or at an intermediate device in the network. The

15  additional connections may be made to the server that delivered the referencing object, if that
server is capable of delivering the referenced objects, or may be made to one or more other
servers capable of delivering the referenced objects.

[0007} A method for connection optimization includes establishing a connection

between a server and a client, receiving a request for an object that includes referenced

20  objects, determining a desired number of connections between the server and the client,
determining a domain assignment for each of the plurality of referenced objects to influence
the client to use the desired number of connections, assigning each of the plurality of
referenced objects to one of a plurality of domains according to the domain assignment,
modifying the object to include identifiers for the plurality of referenced objects in

25  accordance with the domain assignment of each of the plurality of referenced objects to



determ ning a domai n assignnent for each of the plurality of referenced
objects to influence the client to use the desired nunber of connections,
assi gni ngweaods/mi7sghe plurality of referenced objects tecons@bosepsurality
of domai ns according to the domain assignnent, nodifying the object to
include identifiers for the plurality of referenced objects in accordance
with the domain assi gnnment of each of the plurality of referenced objects

t oproduce a nodified qbject, and sendin di fi et t . client.
In one errboé’i‘?fjg‘ﬁ??Wﬂ%@?@ﬁdtb@ﬁd‘é@g‘}gﬁi&’%ﬁwg@dg@‘r@r%titon%gscg'lpﬂgﬁh%le%nte%f%gﬁlﬂ%é{é
determ ning a nunber of. domaj ns. based on.network conditions sueh as | oad
and avai | abl®e femAReEERmBRA WWC@G%WW ?\fegnnlfeéf}ggﬁmﬁse 1is
a bl ock diagram of one enbodi menf o C ter network, in accordance with
t he present ﬁ@éﬁﬂ?ﬁﬁ?kf%ﬁﬁ@TsﬁF&?S%mgémgg%ﬁﬂﬁ?bﬁ§%§$%n1of one enbodi nent
of an object including referenced objects; in accordance with the
invention; and [0010] FIG 3 is a block diagram of another enbodi nent of a
conput er network, in accordance with the invention. DETAI LED DESCRI PTI ON
[0011] FPG 1 is a block diagram of one enbodi nent of a conputer network,
in accordance with the invention. The network includes, but is not limted
to, a client 112, a network 114, and a server 116. Cient 112 requests and
receives objects fromserver 116 via network 114 using software such as a

web browser. The objects may include HTM. objects, such as web pages. To
request an object, client 112 opens a transport |ayer connection, for



exanpl e a TCP connection, wth server 116. Cient 112 then sends a request
for the object to server 116 over the connection. [0012] Sone objects
stored atweensa31ug6 reference ot her objects. A referenecmgsodjsssisss ncl udes
identifiers, such as Uniform Resource Locators (URLs), of the referenced
objects. An identifier of a referenced object includes a domain where the
referenced object is |ocated. Wien a referencing object is received by
client 112, the browser sof ’tﬁi Riuest s t he referenced
obj ects according to the |(§§e]¥n@{:ﬁ]5§?sﬁi) ac O%f %@ﬁ?‘é"?er enced objects is
capabl e of being I 1o . than one d in. [-0013] Server, 116

i ncl udes, but is [@;@E ?Rﬁﬂﬂéab@ﬁgg Onaion® grgg?(grﬁlee?to&iﬁf)m t%jieﬁvoélé’é?gner 118
is configured tqQ assi.gn referenced objects to a domain. Wen a referenced

obj ect is cragstreapee Withithe e ePyAYEPY an initial dommin that is usually the

domai n of the referencing object..In the FI enbadi nent ,. mai n assi gner
118 dynamical |y J%Q%%G%e‘ﬁéllbg’ﬁ]tég’&g@ﬁj {}@pg C%Bocémfﬂ‘tt?? at E’%W&Cﬂ%&gﬁi ns and
nodi fies the identifiers in the referencing object when the referencing

obj ect i 9 r dgisEReEhetgEts M @ﬁ?rd%??,‘”ltbrﬂ%ﬁfﬂﬁ‘?“%@n?e?ngrodi fied referencing object.
Server 116 then sends the nodified referencing object to client 112. Domain
assi gner 118 assil@H9] FEF.crianblogk dipwe of apgthensanhordiment pkacogiuigs AEIVAL: oo

i nfl uence the nunber of connections, or level of parallelism between
client 112 ageordancy gvithiheginyedes] For exanple, a referencing object may be
identified by a URL "www. site.comindex. htm,” and reference twenty
referenced objects. The referenced objects



may be initially identified by the URLs "www. site.confimageN.gif for N =
1-20, which belong to the same donein as the referencing object. \Wen
client 1hMoneeussus the referencing object, domain assi goerusidsosymsan cally
assigns the referenced objects to different domains to cause client 112 to
open additional connections with server 116. In this exanple, domain
assigner 118 assigns one half of the referenced objects to one new domain,
"ww2.site.cominmageN.gif for N=1, 3, 5, 7, . . . 19, prior to server 116

sending the referencing object t ept 112 will recogni ze
that ww2.site.comis a differ en@EgorrIgplfﬁnD%%% ﬁIWt hen open additi onal

transport connections to request the referenced objects fromthe different
domai n. Since nost web browsers are configured to use two connections per

dormt . el &0t L1l b Y58, LR 0RSE T DR PSR S S 2

referenced objects to a predetern ned nunb i.ns. m cal |
det er mi ne arfcepgneRPitA the HYFREER- Gfe NFEHR ﬁlﬂﬁ%gﬁt lﬁ)ﬂattlﬂlgt ﬁﬁ?‘ftﬁ‘e 1eqmges::?edy
connections, or |evel of parallelism W|th client 112. ref

erbo e, WO 1ass tieiriie BUELIK s hnd P otigel % aftvgp 16 VA

paral l el i sm based on | oad, priorit or. ot her_factors t

a nunmber of ngbypak Akt ‘#Séﬁga“@ﬁi""évegufﬂhégt/a vehiapwesr Bhe aliecdy lin@fﬁnclluh ﬁﬂg&eob% g nes
enbodi ment, domain assigner 118 determ nes_ the appropriate nunber. of

domai ns bas estichoss wibseges: dil regresiancohlset plisat bl2 asps ransaet lyercgmpgstipn, for

example a TCP connection, with server 116. Client 112 then sends a request for the object to
server 116 over the connection.

10 [0012] Some objects stored at server 116 reference other objects. A referencing
object includes identifiers, such as Uniform Resource Locators (URLSs), of the referenced
objects. An identifier of a referenced object includes a domain where the referenced object is
located. When a referencing object is received by client 112, the bréwser software at client
112 then requests the referenced objects according to the identifiers. Each of the referenced

15  objects is capable of being assigned to more than one domain.

[0013] Server 116 includes, but is not limited to, a domain assigner 118. Domain
assigner 118 is configured to assign referenced objects to a domain. When a referenced
object is created, it is assigned to an initial domain that is usually the domain of the
referencing object. In the FIG. 1 embodiment, domain assigner 118 dynamically assigns

20  referenced objects to a plurality of domains and modifies the identifiers in the referencing
object when the referencing object is requested by client 112, producing a modified
referencing object. Server 116 then sends the modified referencing object to client 112.
Domain assigner 118 assigns referenced objects to the plurality of domains to influence the

number of connections, or level of parallelism, between client 112 and server 118.



many connections per dommin client 112 actually does open. In another
enbodi ment, donain assigner 118 determ nes the appropriate nunber of
domai ns baeedoscus1aspr edi ction of client behavi or accor dipog/useodshsg4ds owser
type used by client 112, which the browser used by client 112 nmakes known
inits request. Donain assigner 118 may al so deternmine a desired nunber of
connections with client 112 based on the bandw dth or | atency of

versi on of the bGP EBrIREAd-GRTE Rk SR TR e g B kD FT0 VVET
these factors. [ i '
S S S s
?ljsefra;gﬁaﬁzfﬁéﬁtﬁgéﬂﬁﬁg?i66ﬂ§?ﬁﬁﬁéﬂﬁgmﬁﬁﬁﬁmﬁﬁﬁﬁg%gﬁﬁg%ﬁ?ﬁigﬁmrﬁﬁ?a
118 can inf |b91@ﬁ&g> th;@i;egigmaﬁb@%ﬁaﬁegﬂ?@gﬁggh%gé’gﬁ@g{)’lié‘rtﬂgz{gq%%é @\7% >t aner
e e i O A RS ey = 1
enbodi ment, donmin assigner 118 creates nultiple versions of a referencing
obj ect, whedefarérs dowdins brreess cHpjidd? & gfen eddfonpbrameriions ¥thEETY r}ég- fnot 18
different nunbers of donmains. Domain assigner 118 creates these nultiple
ver si ons pr iessmple, dosei assigrer 41§ exyisas enefhalfraf e ralgrengefobiagidn opg pevhiomas
requests the referencing object fromserver 116, domain assigner 118
sel ect's t he “wewvel.dta.cof/imhgeN-gf soeNct h@, &1 ectl dhprAr tyserTees 1he pmeme die
referencing object to client 112. Client 112 will recognize that www2.site.com is a different
10  domain, and will then open additional transport connections to request the referenced objects
from the different domain. Since most web browsers are configured to use two connections
per domain, client 112 will use four connections to receive the requested referenced objects
from server 116.
[0015] Domain assigner 118 may assign referenced objects to a predetermined
15  number of domains or may dynamically determine an appropriate number of domains based
on the number of desired conne-ctions, or level of parallelism, with client 112. In the
preferred embodiment, domain assigner 118 determines an appropriate level of parallelism
based on load, priority, or other factors, and then determines a number of domains to achieve
that level of parallelism. In one embodiment, domain assigner 118 determines the
20  appropriate number of domains based on historical data captured by server 116 as to how
many connections per domain client 112 actually does open. In another embodiment, domain
assigner 118 determines the appropriate number of domains based on a prediction of client
behavior according to the browser type used by client 112, which the browser used by client

112 makes known in its request. Domain assigner 118 may also determine a desired number

25  of connections with client 112 based on the bandwidth or latency of connections with client



domai ns for the referenced objects that will cause client 112 to open the
desired nunber of connections. The number of connections desired between
client 1MRoaoes/sersser 116 may be a predeterm ned nunber pon/udesmiosz4assi gner
118 may determ ne the nunber of desired connections based on the | oad at
server 116. Qther nethodol ogies for determ ning a number of desired
connections between client 112 and server 116 are within the scope of the

of 't he rof of haBtF BB R ShUERO b BTl SR RS et BRI { T er o
the ref er enébe S SERRTBRRE S & GBS BE, [0010] Aseigning ef erenced
For exampl e, t ho (U Pk HEPE ASidnRgT KB T/ aure SHPTs '41T B0 et ver
of t ho. domaFRERFeMSHHE SPRPeH b a OB BarS <Al 1 S ERUaTHP AE S8t HEPs! Far ont
(DNS) e bevilbouneniteeraan T OETE Bt T G GRS T BN By ng
mul tiple domains to a single server known in the art are within the scope
of the i nverpinsationsGORG]servar Whea ysing vensiaanhb el e Rt TP orytrel. Yhus dowagynap e of
delivering all of the referenced objects to client 112. In other
enbodi ment s assigrer b8 amiglusndrehe uehws parallelispatsobbkelipnil Ifdyy BEVEBREITET of
delivering all of the referenced objects to client 112, and thus client
116 to respond to a request from client 112 using either version 1.0 or version 1.1 of the
HTTP protocol.
10 [0017] In another embodiment, domain assigner 118 creates multiple versions of a
referencing object, where the referenced objects of each version are assigned to different
numbers of domains. Domain assigner 118 creates these multiple versions prior to receiving
a request from client 112. When client 112 requests the referencing object from server 116,
domain assigner 118 selects the version of the referencing object having the number of
15  domains for the referenced objects that will cause client 112 to open the desired number of
connections. The number of connections desired between client 112 and server 116 may be a
predetermined number or domain assigner 118 may determine the number of desired
connections based on the load at server 116. Other methodologies for determining a number
of desired connections between client 112 and server 116 are within the scope of the
20  invention.
[0018] In one embodiment, domain assigner 118 determines which of the referenced
objects to assign to different domains based on different factors, such as the importance
assigned to the referenced objects or where the referenced objects occur on a web page.

[0019] Assigning referenced objects to different domains does not usually require

25  additional servers. For example, the virtual hosting facility of HTTP allows a single server to



112 may open the additional connections with servers other than server 116
to request the referenced objects. [0021] FIG 2 is a block diagram of one
enbodi nrenvoebocais1alj ect 200 i ncl udi ng referenced obj ect cTiUS2@060814d8NCE
with the invention. Object 200 includes, but is not limted to, referenced
objects 212, 214, 216, 218, 220, and 222. Each of referenced objects
212-222 may be a text object, an image object, an audio object, a video
OPhert s yon R ARELE SRk it (RASnON Bfiles 08 oy ondh Bt BB domeBls BIMG |

ot her type o ceives obj from server

client 112 then r ests each of. referenced jects, 212-222 [ 00 .n the
Fla 2 enbodb AR BEEk A o e et e S eard Cpf gl
domai n of object 0, referenced .obj s 216 and 218 ar sj gn to a
second donai ?O%ﬁé%?g@@?@ fgﬁPgihg&ééﬁw dm%gQSgW%g%E@géﬁ@%-gﬁﬁﬁ third
domain. Wien client 112 receives object 200 fromserver 116, client 112
recogni zes tFRFIGEEOT RALERS linélttlglef@Fr{aF’éF‘é? SREE FTEH;<Be YR mihg 28 3% WFm e o ¢t he
second and third domains. Client 112 opens at |east one transport |ayer
connecti @n iFeRs of thedpYedHok apabl e of servicing the second and third donains
to request referenced objects 216-222, for instance server 116. Since nore
than one ref er end®0bhj e ¥IG.d embofigrat seyeredéns Gpallpef deliveraeatiofdsnai ns,
client 112 may open nore than one transport |ayerconnection for each of the
di fferent donfsiansed ohiingts to pléant § Bque sthenemberiments p¢ pigote Ofhst envastinglsf ek s
212-222, client 112 may use six parallel connections (two per domain) with
server 116. 1By mayibegapable af delirspog ell ebihn cafereaned obigets topatientf 1 12wand thysichisgt 112

recei ves referenced
112 may open the additional connections with servers other than server 116 to request the

10  referenced objects.

[0021] FIG. 2 is a block diagram of one embodiment of an object 200 including
referenced objects, in accordance with the invention. Object 200 includes, but is not limited
to, referenced objects 212, 214, 216, 218, 220, and 222. Each of referenced objects 212-222
15  may be a text object, an image object, an audio object, a video object, an animation object, a
code object (e.g., Java applet), or any other type of object. When client 112 receives object
200 from server 116, client 112 then requests each of referenced objects 212-222.
[0022] In the FIG. 2 embodiment, referenced objects 212 and 214 are assigned to the
domain of object 200, referenced objects 216 and 218 are assigned to a second domain, and
20  referenced objects 220 and 222 are assigned to a third domain. When client 112 receives
object 200 from server 116, client 112 recognizes that the identifiers for referenced objects
216-222 point to the second and third domains. Client 112 opens at least one transport layer
connection with a server capable of servicing the second and third domains to request
referenced objects 216-222, for instance server 116. Since more than one referenced object is

25  assigned to each of the different domains, client 112 may open more than one transport layer



obj ects 212-222 and presents object 200 with its referenced objects to a
user with less latency. In general, when a client wishes to open a

t r anspor twbay@voscmgnecti on to a domain, the client w || pasarsaodsosiusip
system such as DNS to di scover one or nore servers capable of servicing
that domain and will open a transport connection to one of these servers.
[0023] FIG 3 is a block diagram of another enbodi nent of a conputer

network, in accordance w ipyent.io T net f i d
but 15 not " peeruss pusichob e R lYSREO A G LRI ke cEhe g dibed TS0
316, a netwoyk 32 nd.a ver 322. |nternediate devic 16 J; an
Sype of i nt eriearot @ hakas T HalyEan e Lioth ah P oty Cuth B bee 2V
proxy. In one enbodinent, internediate deyice 316 be. enhodi ed as a
dedigate? pé?@o?ﬁﬁﬂ@%“éﬁﬁgﬁ@?ﬁﬂ“ﬁgvpﬁgﬁmﬁ¥gﬁﬂpe 18 ?ﬁéJgﬁ“gﬁégggPﬁygd nodes
are disclosed in U S. Patent Application.No. 09/534,6321, entit]ed "Method
for H gh- Pepbispifahed2uidinieseys phicqiéh @Hﬁﬂféﬁﬁf?mnqﬁa|°Blac‘ﬁ/é°rac‘11r°'e"z‘2ﬁd‘ B0, whi ch
is hereby incorporated by reference in its entirety. [0024] |Internediate
devi ce 316 laterchidésgenpiat, When pelienf FiFheelg ope a‘aa%%?gﬁefa?ggl?e@h‘é‘} 31 8™ Borrai n
assigner 318 is configured to receive a referencing object fromserver 322
and dynani c#id oficaiswsillgie ¢ foskippistem sicd ap BINScie dispeyearng FARY® SHECTREHRYIF Ghal
dormain that is different than the donain of the referencing object as seen

by client 3i@vicing thitidumainand wéll premtadrangroriconrrstion Brige QS BESBYTVERSi ent 312.
I nternmedi at e device 316 sends the resulting nodified

[0023] FIG. 3 is a block diagram of another embodiment of a computer network, in
10  accordance with the invention. The network of FIG. 3 includes, but is not limited to, a client
312, a network 314, an intermediate device 316, a network 320, and a server 322.
Intermediate device 316 may be any type of intermediate network device, for example a load
balancer or web proxy. In one embodiment, intermediate device 316 may be embodied as a
dedicated performance enhancing device. Examples of such specialized nodes are disclosed
15  inU.S. Patent Application No. 09/534,321, entitled “Method for High-Performance Delivery
of Web Content,” filed March 24, 2000, which is hereby incorporated by reference in its
entirety.
[0024] Intermediate device 316 includes, but is not limited to, a domain assigner 318.
Domain assigner 318 is configured to receive a referencing object from server 322 and
20  dynamically assign its referenced objects to at least one additional domain that is different
than the domain of the referencing object as seen by client 312 to influence the number of
connections used by client 312. Intermediate device 316 sends the resulting modified
referencing object to client 312. When requesting the referenced objects, client 312 opens at

least one additional connection with intermediate device 316.

10



referencing object to client 312. Wen requesting the referenced objects,
client 312 opens at |east one additional connection with internedi ate

devi ce 3160[20@2B)746n one enbodi nent, internedi ate devi cec3aB0080budes a
cache that stores content received fromserver 322. Donai n assigner 318 can
dynam cal ly assign referenced objects of cached referencing objects to

addi tional domains. Alternatively, donmain assigner 318 can create different

versions of a ca ef er encj.ng .obj ect ,. er.e e re jects of
each version ar eﬁ)gggli %‘r?é‘ﬁe Eoc{dting?telpeeﬁiwdﬁﬂ%%"rl%e %1? 2 5%?%?&%&‘51?%&@% e, one
version of a cached, referenci ohject may i ude.ten.referen Jject s
wher e hal f a?nt?ﬂ%éectewgif@w&@ae&r}%ze oglagwgs%né@gﬁéﬁsal %alé}ﬁ’é‘ﬁ%%sﬁ%‘%&grﬁg%al f
are assigned to another domajn._ In anotdher versjon,of the cachaed ssione
r ef er enci ng °Bs§te 6f cachgrrefessncing phieelh AFIEISTY domathsy AFErmal ey IRG R ASHTt hr ee
di fferent domai ns. Domai n assi gner 31% Ciﬂe%ﬁerm ne%_v\,hi @P ver s'%on O(L t.hZ
cached ref eBEhednicasbiistent ruons @f ¢ eAcheq wifrensipg issh NAFITJROI I THEShARES of
connections desired between client 312 and internediate device 316. The
nunber of cohersbiveision ageassigend to difrecahnenieanef dompingn o FEBPetficEE Wefitc e
may be a predeterm ned nunber or donmin assigner 318 nmay deternne the
nurber of desdheétfoomiesetieshmay insbide isn refiengedabicsts whetedtabeliharefer@iice 316.
Q her net hodol ogi es for determ ning a nunber of desired connections between
client 312 ahjctsatesssipatidde enaioniaseardbglf arecasqignddi tp angiber sompin. & another
invention. [0026] The invention has been described above with reference to
speci fi ¢ enbedionftie. cattedwtblencihpebgscsrthe top rafererhed bjepia may ke pesigged among
nodi fications and changes nmay

three different domains. Domain assigner 318 determines which version of the cached

10  referencing object to send to client 312 depending on the number of connections desired

between client 312 and intermediate device 316. The number of connections desired between

client 312 and intermediate device may be a predetermined number or domain assigner 313

may determine the number of desired connections based on the load at intermediate device

316. Other methodologies for determining a number of desired connections between client

15 312 and intermediate device 316 are within the scope of the invention.

[0026] The invention has been described above with reference to specific
embodiments. It will, however, be evident that various modifications and changes may
be made thereto without departing from the broader spirit and scope of the invention as

20 - set forth in the appended claims. The foregoing description and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.

11



be nmade thereto wi thout departing fromthe broader spirit and scope of the
invention as set forth in the appended cl ains. The foregoi ng description
and dr awviwgoewmsi1748ccordi ngly, to be regarded in an il petrnabecsds14as her
than a restrictive sense. WHAT IS CLAIMED IS: 1. A nethod for optim zing
connections, conprising: establishing an initial connection between a
server and a client; receiving a request for an object at the server, the

obj ect refer i ity of referenced objects, wherein at |east one
of the plur a\ﬁwf&r%]g ‘ed objects is capable of being assigned to one
or nore domains; assigning the plurality of referenced objects to a

plurality of domains to influence a nunber of connections used by the
client to request th&»gluraLity of ref.erenced. objects; nodifying the object
to include ident i &8d {O5 oPERES SRPRACHER? GRS Er enced obj ects assi gned to
the plurality of domains, pr.oducing. a nodified object;. and sending the

modi fi ed object t&ablsbmg|anaytial conneglon YeEYe58@ SB‘F"CTC‘J?“QiarﬁhT}t; wherein the step
of assigning the plurality of referenced objects to a plurality of domains
i ncl udes Sassi gni AepetRE Hieanest for §n ereqt afths %ﬁli\’f’édh%@fléw“sfgfteﬁm%g %Eﬂﬁﬁgry f
domai ns depending on the load at the server. 3. The nethod of claiml,
wherein the step of azefeigrdedgbiepta hetaimptileapt ofe of dreghuplity @f referenced objects is

capable of being assigned to one or more domains;
assigning the plurality of referenced objects to a plurality of domains to influence a
number of connections used by the client to request the plurality of referenced
10 objects;
modifying the object to include identifiers for the plurality of referenced objects
assigned to the plurality of domains, producing a modified object; and

sending the modified object to the client.

15 2. The method of claim 1, wherein the step of assigning the plurality of referenced
objects to a plurality of domains includes assigning the plurality of referenced objects to a

number of domains depending on the load at the server.

3. The method of claim 1, wherein the step of assigning the plurality of referenced
20  objects to a plurality of domains includes assigning the plurality of referenced objects to a

number of domains depending on available bandwidth in a network between the client and

the server.

12



objects to a plurality of domains includes assigning the plurality of
referenced objects to a nunber of donai ns dependi ng on avail abl e bandw dt h
in a net wokokwaizwagn the client and the server.4. The methag@bosisas m 1,
wherein the step of assigning the plurality of referenced objects to a
plurality of domains includes assigning the plurality of referenced objects
to a number of donmmins depending on avail able bandwidth at the client. 5.

The met hod of cl ?ge PSthag\gF{}gllg{l t‘x@%ﬁf&ggﬁtg? of i3S assi Cl"l& 51% é:)tlureel‘\h loi"xre%réx}cﬁd of

referenced 3bj ec AC ass

plurality of ref erence ect s to nunber en 0
priority of obisefs 9 3 Riptel lty60 d?ﬂ’émrsré‘tch’gas E&?flgﬂlpga}%p?ur%gfgegﬁg%cﬁ(go}%]? cetf)&)o
assigning the plurality of reference ect to . a rality of domains

i ncl udes aséli“@‘g?rrfﬁ Pﬁélnﬁﬁiﬁeé‘lhfl%W%‘fal %f!?g% ]da'btﬂ l%t“g to a predeterm ned
nunber of domains. 7. The method of claim 6, wherein the predeterm ned
nunber of domains is selected to inprove downl oad performance under typical
conditions. 8. The nethod of claim1, wherein at |east two qf the gl urality
of domai s & e cib@@?@oépfﬁé’ﬁhbV@é@m@éatebs?f%f'%mﬁ%iﬂ@%@P%Pf’feéerre% | east
two of the plurality of referenced objects. 9. The method of claim8,

wher ei n t he objengliea Blaraligr ofidomwing inchvPasyigring e Mgghity PAedferprogd phegRiaA ce

mul tiple donmains. 10. The nethod of claim8, wherein the single server is

i dentical t autdher f@oweins depeniling on hgriority of the client.

6. The method of claim 1, wherein the step of assigning the plurality of referenced
10 objects to a plurality of domains includes assigning the plurality of referenced objects to a

predetermined number of domains.

7. The method of claim 6, wherein the predetermined number of domains is selected to
improve download performance under typical conditions.

15
8. The method of claim 1, wherein at least two of the plurality of domains are capable of

being serviced by a single server for at least two of the plurality of referenced objects.

9. The method of claim 8, wherein the single server uses an HTTP virtual host facility to

20  service multiple domains.

10.  The method of claim 8, wherein the single server is identical to the server storing the

object.

25
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obj ect.11. A method for optim zing connections, conprising: establishing an
initial connection between a server and a client; receiving a request for
an obj ectwetoddus1mer ver, the object referencing a pluralpctryusedosnsises enced
obj ects, wherein at |east one of the plurality of referenced objects is
capabl e of being assigned to one or nore domains ; determ ning a desired
nrnbe{.of c?nne?tlons for the client to use in requesting and receiving the
plurality of referenced objects; determ ning.a domain assignnent for each
gf phedplugékityﬁﬂﬁt ﬂ%?@ﬁ@@an%ﬂfgﬁﬁgm%8o?$%?ﬁ%nce the client to use the
esired nunmber of connections; assigning each of the plurality of
ref erenced objec?@mpﬂ“%ﬁﬁfﬁﬂmhmﬁmﬂwgP%ﬁ@mﬂ?aﬁ%ﬁﬁ?ﬂgagg?grding to the domain
assignnent; nodi fying the object to include identifiers for the pluralit
of referenced objeBREYES PicRIET PcamBIEold! £ SPRES g@r?éieﬁ“ﬁé%‘fnémg@ﬁﬁlm 8ach 01}/
the plurality of referenced objects, producing nodi fied o 1ect; and .
sending the nodifi ed tefsyeseed ohieots whereingthfeast ppe offthe Phyglingef tEieTeRped (fl?ﬁef%ls
wherein the step of determning a domain assignnent for each of the
plurality of referencepadbplheing dspigneddeencdBmEHMHEs @ number of domai ns

depending on a |load at the server.
determining a desired number of connections for the client to use in requesting and

receiving the plurality of referenced objects;

determining a domain assignment for each of the plurality of referenced objects to
influence the client to use the desired number of connections;

10 assigning each of the plurality of referenced objects to one of a plurality of domains

according to the domain assignment,

modifying the object to include identifiers for the plurality of referenced objects in
accordance with the domain assignment of each of the plurality of referenced
objects, producing a modified object; and

15 sending the modified object to the client.

12.  The method of claim 11, wherein the step of determining a domain assignment for
each of the plurality of referenced objects includes determining a number of domains
depending on a load at the server.

20

13.  The method of claim 11, wherein the step of determining a domain assignment for
each of the plurality of referenced objects includes determining a number of domains
depending on available bandwidth in a network between the client and the server.

25
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13. The nmethod of claim1l, wherein the step of determ ning a domain
assignment for each of the plurality of referenced objects includes

det er mi niwg 206n3maer of donmi ns dependi ng on avail abl e lpamadskelisniims a
network between the client and the server.14. The nethod of claim 11,
wherein the step of determining a domein assignnent for each of the
plurality of referenced objects includes determ ning a nunber of donains

dependi ng on_ avail abl andwi dth at the cli .15, Th t aim1l
m?ere:n theldtep ’nﬁg?g?ﬂﬁﬂVhﬂ*3ﬁﬂﬁwgwﬁ%3§§gﬁﬁHgﬁggféﬁngggggg?ﬂ%ﬁgh
plurality of referenced ohjects includes determ ning a nunb of __domai ns
\(;I\Ependi ng ofaehihebirality o erkirenasd Q?Jeﬁtﬁgcgg?ﬂfge.mf’g} Tt q)r?‘éf) ﬁ%o OF claim11
erein the step of determning a domajn assignment for each of the ’
plurality ofiepeafiseensedaplsibartadintirgdbddet ermining a nunber of domains
depending on a priority of the client. 17. The nmethod of claim 11, wherein
the donain assignment is predetermned. 18. The method of claim1l, wherein
t he donalp assignnent is Predeternined to i nprove. down| oad perforn?nce
under typi cdb. colibk mpbador dgm W, shereiihs Bep &pﬁle?eﬁﬁlilﬂqﬂ%g?‘ IR IEgREnt for
conprising: a server storing an object, the object referencing a plurality
of ref er enceacholfjtlectleralitxted rederncst objsels tnchides determizangy wrmber o dgraimsef er enced

obj ects is capable of being assigned to one or nore domains; and
depending on available bandwidth at the server.

16.  The method of claim 11, wherein the step of determining a domain assignment for
10 each of the plurality of referenced objects includes determining a number of domains

depending on a priority of the client.
17.  The method of claim 11, wherein the domain assignment is predetermined.

15 18.  The method of claim 11, wherein the domain assignment is predetermined to improve

download performance under typical conditions.

19. A system for optimizing connections, comprising:
a server storing an object, the object referencing a plurality of referenced objects,
20 wherein at least one of the plurality of referenced objects is capable of being
assigned to one or more domains; and
a domain assigner configured to determine a desired number of connections for a
client to use in requesting and receiving the plurality of referenced objects and
to assign each of the plurality of referenced objects to one of a plurality of

25 domains to influence the client to establish the desired number of connections.

15



a domai n assigner configured to determ ne a desired nunber of connections
for a client to use in requesting and receiving the plurality of referenced
obj ects amno 20e/@smsgn each of the plurality of referencedrasp@sios24i® one of
a plurality of domains to influence the client to establish the desired
nunber of connections.20. The system of claim 19, wherein the domain
assigner is configured to assign each of the plurality of referenced
objects to one of the plurality of domains depending on a | oad at the
server. 21. The system of claim 19, wherein the domain assigner is

configured to assign each_of the plurality of referenced objects to.one of
the pluralitd of %&gﬁﬁéﬁ%(’@%@rﬂgt Wgerﬁfﬁt aéfb‘fsélgﬂ‘?iﬁﬁ?/ﬂ“gitg e? P %?Slﬁ%f%rog
between the client. and the server. 22. The_system.of cl inH%Q, wherein the
domai n assi ghepluaitydspigred @bicsts &z Siegh ﬂa@a%w%%‘?/ Orfn H%mﬁ%&eml 10e g2 ﬁé‘? &renced
objects to one of the plurality of domains depending on avail abl e bandw dt h
at the clierfheseP®r. The system of claim 19, wherein the domain assigner is
configured to assign each of the plurality of referenced objects to one of
the plurd ity of domains depending on avail abl e bandwi dth at the server.

24. The system of claim 19, wherein the domain assigner is configured to
assi gn each Mf t Hie pystanadf daimolf9, whéreingheedaanaiibiseigney i epndigared fo aspign BAchod| i t y

of donmmi ns depending on a priority of the client. ) ) )
the plurality of referenced objects to one of the plurality of domains depending on available

bandwidth in a network between the client and the server.

10 22.  The system of claim 19, wherein the domain assigner is configured to assign each of
the plurality of referenced objects to one of the plurality of domains depending on available

bandwidth at the client.

23.  The system of claim 19, wherein the domain assigner is configured to assign each of
15  the plurality of referenced objects to one of the plurality of domains depending on available

bandwidth at the server.

24.  The system of claim 19, wherein the domain assigner is configured to assign each of
the plurality of referenced objects to one of the plurality of domains depending on a priority

20  of the client.

25.  The system of claim 19, wherein the domain assigner is configured to assign each of
the plurality of referenced objects to one of the plurality of domains according to a
predetermined domain assignment.

25
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25. The system of claim 19, wherein the domain assigner is configured to
assign each of the plurality of referenced objects to one of the plurality
of donmai ngoaoem3eH48g to a predeterm ned domai n assi gnmepcTAB200508243y St em of
claim 25, wherein the predeterm ned domain assignment is selected to

i nprove downl oad performance nmmder typical conditions. 27. The system of
claim19, wherein the domain assi gner resides at the server. 28. The system
of claim 19, wherein the omsu ner gezldes t anlnterm%\ a]tgtgvice
between the i erifPe KT Akclamt e?” er? SrifededSrap s CGmaR asy A SARISFET B ¢ he
domai n assigner is configured to determ ne acli desired nunber of connections
bet ween t he @W‘é’ﬁ@oﬁﬁlﬁa‘%ﬁﬁfqrﬁ‘?’éﬁeﬁ’é‘ T4Ricay A ased on a | oad at the

i nternedi ate device. 30. The system of claim 28, wherein the domain
assigner is configured to determine a desired number of connections between
the client and the internediate device based on_avail able bandw dth at the
i nt er medi at e2%devilde system ofiplains P el the domam ossiengheridssiat the seefmai n
assigner is configured to determ ne a desired nunber of connections between
the client and the internedi ate device based on avail able bandwidth in a
network between the client and the internedi ate device. 32. The system of
clai m 28, whaf ei Whelpstchonfelainak v the ddmgin Asigneorsilegat ewintesmpdigler uct t he
internedi ate device to respond to a request fromthe client using HITP
versi on 1.0 dayice between the client and the server.

29.  The system of claim 28, wherein the domain assigner is configured to determine a
10  desired number of connections between the client and the intermediate device based on a load

at the intermediate device. -

30.  The system of claim 28, wherein the domain assigner is configured to determine a
desired number of connections between the client and the intermediate device based on

15  available bandwidth at the intermediate device.

31.  The system of claim 28, wherein the domain assigner is configured to determine a
desired number of connections between the client and the intermediate device based on

available bandwidth in a network between the client and the intermediate device.

20
32.  The system of claim 28, wherein the domain assigner is further configured to instruct
the intermediate device to respond to a request from the client using HTTP version 1.0 to
influence the client to increase the number of connection between the client and the
intermediate device.

25
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influence the client to increase the nunber of connection between the
client and the internedi ate device.33. The system of claim 19, wherein the
dormai n aswopao@yosismsf urther configured to instruct the setvarnsiososaspond to
a request fromthe client using HITP version 1.0 to influence the client to
i ncrease the nunber of connections between the client and the server. 34. A
system for optimzing connections, conprising: a server storing an object,
the object referepncing a plurality of referenced ob

Byl el

. [ects; apd a, damain
assi gner corlPi quIBES RS Rl R T e L
client to use in requesting and rgcei Vi t he yf,{u@alit.%/ ﬁ) referenced
obj ects, andh¥ FFeRiTeRGRE I mearrst 5o dreslEntyisios Ysrieml P £ ngpenga i ons of
the object to influence the client to establish the desjred nunber of
connect i ons Cligkde Brisaedbpnyrber REcqaneFtians psfwesm Weslientand ths srvfe obj ect
i ncl udes a uni que nunber of domains to which the plurality of referenced
objects is assigned. 35. The system of claim 34, wherein the domain
assigner is configured to select one of the plurality of versions of the
obj ect déperddi ngAdtystam| foneptimiziph eonneetipas, COBRUSIMEe syst em of cl ai m 34,
wherein the donmain assigner is configured to select one of the plurality of
versi ons of the objmetstamgandbiegt, tha obigelitefisineing antivaldy hf teferencadebieik and
between the client and the server. 37. The systemof claim 34, wherein the
domai n assi gner ksloneinfasgjgree dotfigusd lte dé¢terones adesired number of connections for a
client to use in requesting and receiving the plurality of referenced objects,
and further configured to select one of a plurality of versions of the object to
10 influence the client to establish the desired number of connections, wherein
each of the plurality of versions of the object includes a unique number of

domains to which the plurality of referenced objects is assigned.

35.  The system of claim 34, wherein the domain assigner is configured to select one of

15  the plurality of versions of the object depending on a load at the server.

36.  The system of claim 34, wherein the domain assigner is configured to select one of
the plurality of versions of the object depending on available bandwidth in a network between
the client and the server.

20
37.  The system of claim 34, wherein the domain assigner is configured to select one of

the plurality of versions of the object depending on available bandwidth at the client.

38. The system of claim 34, wherein the domain assigner is configured to select one of

25  the plurality of versions of the object depending on available bandwidth at the server.
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the plurality of versions of the object depending on avail abl e bandw dt h at
the client. 38. The system of claim 34, wherein the domain assigner is
conf i gur estot200638i a8t one of the plurality of versions ofcrhs:2@sjosoils
dependi ng on avail abl e bandwi dth at the server.39. The system of claim 34,
wherein the domain assigner is configured to select one of the plurality of
versi ons of the object depending on a priority of the client.

39.  The system of claim 34, wherein the domain assigner is configured to select one of

the plurality of versions of the object depending on a priority of the client.

19



