WO 03/ 001748 PCT/ SG01/00181 1 METHOD AND APPARATUS FOR COMPRESSI ON AND
DECOVPRESSI ON  OF DATA 5 FIELD OF I NVENTION This invention relates to a

met hod arMoapfpen’ag us for conpression and deconpressi on ofPCEBIGAL/0018T e
particularly but not exclusively to such a nmethod and apparatus for use in
an Internet or other data network enviropment. 10 BACKGROUND OF THE

| NVENTI ON The proliferation of the Internet over the past few years and the
devel opnment of new and innovative Internet devices |like (wreless)

personal digital assistants 15 (PDAs), nobile cellular phones (GSM PCS,
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has brought about an "informati on ageOF BA@Awhere | arger and | arger anount
of data are being communi cated across the world every second using

di fferent communi cation protocols. However, despite 20 rapid progress in

| nt er nets acEgI P CFINVERTION (e. 9. from 28. 8kbps to 56kbps to broadband
over cable, ADSL and beyond) and conputer processing speeds, demand for
data bandw dth continues to outstrip the capabilities of avail abl e
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requi res considerable transm ssion bandw . The majority of successful
web sites tandappaigies fFiuse-inandntapeier @th@bdet@rﬂetwerk epyenmenthese

gr aphi cg) can consune nore than 50% of the data volune found within the web
site and htm pages. Digital audio and video files however require

mllions of BAQKGROUNDOBTHE INVENTION ssion are 30 transmitted in raw
unconpressed form. The recent growth of 'content-rich' nultinmedi a-based
web applications (e.g. video-on-demand, video conferencing,

The proliferation of the Internet over the past few years and the development of
new and innovative Internet devices like (wireless) personal digital assistants
15 (PDAs), mobile cellular phones (GSM, PCS, PHS, GPRS, 3G, CDMA, UMTS,
W-CDMA), cable modem, digital satellite receivers, wireless LAN (802.11),
Bluetooth and infrared protocol (IRDA) has brought about an ‘information age’
era where larger and larger amount of data are being communicated across the
world every second using different communication protocols. However, despite
20  rapid progress in Internet access technologies (e.g. from 28.8kbps to 56kbps to
broadband over cable, ADSL and beyond) and computer processing speeds,
demand for data béndwidth continues to outstrip the capabilities of available
technologies. The need for more bandwidth and speed of access is getting
more important for information delivery everyday. This is because most Internet
25  data which consists of text, images, audio and video data requires considerable
transmission bandwidth. The majority of successful web sites tend to use color-
rich graphic content for appeal. These graphics can consume more than 50% of
the data volume found within the web site and html pages. Digital audio and
video files however require millions of bytes per second for transmission are
30 transmitted in raw uncompressed form. The recent growth of ‘content-rich’
multimedia-based web applications (e.g. video-on—demand, video conferencing,
e-Education) have only further pushed the need for more efficient ways to



e- Educati on) have only further pushed the need for nore efficient ways to
WO 03/001748 PCT/ SG01/00181 2 transport this high bandw dth data across

t he vastlwyodBwergg¢ fied and |imted Internet bandw dt hs t@®@CTls€oendsuser .
The network "pipe" as it is known has been the primary focus of the

I nternet where the speed of access and bandwidth is as fast as the "pipe"
size. The bigger the "pipe" the nore the data can be 5 transported. All
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which is usable to alleviate the problemof the prior art and/or provides

the public iflateddo pedprmagespd througiRsy OF | NVENTI ON 20 According to the
invention in a first aspect, there is provided data conpression apparatus
arranged to conpress data according to at |east two data conpression

t echni ques Bropdisalsdi imas t beenlahsadent to pinctéases threlighpuityibyg raodifghgctagd sai d
t echni que to each ﬁ_%rtbi on in d,eggndence upon ’?t | east one tgroperty of the
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conpress Onth%'s@?r%?or{/@ments, limitations on data throughput are still a problem.

It is an object of the present invention to provide a novel data compression
15 method and apparatus which is usable to alleviate the problem of the prior art
and/or provides the public with a useful choice.

SUMMARY OF INVENTION

20  According to the invention in a first aspect, there is provided data compression
apparatus arranged to compress data according to at least two data
compression techniques by dividing the data into portions and applying a
selected said technique to each portion in dependence upon at least one
property of the portion. |

25
The portions preferably each comprise at least one data object, a said property
preferably being object type and/or size.

The two data compression techniques may comprise respective different
30 compression algorithm such as a lossless compression algorithm and an
adaptive compression algorithm.



WO 03/001748 PCT/ S&01/00181 3 The data is preferably divided in dependence
upon content, for exanple a text portion and an image portion. The inmage
portion &9 oBeOfys t her sub-divided into at |east one i nd@XTESG0OM181 nage
portion and at | east one natural imge portion and separate techniques
applied to each sub-divided portion. The 5 separate techni ques may be
further chosen in dependence upon the size of the sub-divided portion.
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bei ng such is received fromthe Internet via the proxy
server, |ssggac§\gégﬁggﬂ®'appar atus for conpression and passed 20 back to

the proxy server for transmssion to a said client. The proxy server may
cache a cor%y of each data portion. In another preferred form the data

conpr essi ofra&PpeRTEPIESSEd th%g@@r@f@r@wy magsgd: with an slenitr tageidestifyingk or

virtual prigy, gassociated with a 25 server arranged to
conpr ess alrtldéseng%d%%% G'Q:rhnkf']urther server. A data deconpression apparatus

arrangdd to decorrpr ess data conpressed by the data conpression apparatus
of an’ I nt ertiEs MUSHISEITEn BB UEShicREl TS CAETPISRSien a6t dPeomerassian of -
recona bpfP SHRERIE o M BREAER, foplgee 1 o the Tvencion e
The data compression apparatus in a first preferred form is associated with an
15 Internet service provider and arranged to compress data to be sent from the
Internet service provider to a client of the Internet service provider and/or vice
versa. More preferably the apparatus is functionally integrated with a proxy
server, the arrangement being such that the data is received from the Internet
via the proxy server, is passed to the apparatus for compression and passed
20  back to the proxy server for transmission to a said client. The proxy server may
cache a copy of each data portion.

In another preferred form, the data compression apparatus is arranged to form
part of a corporate network or virtual private network or is associated with a
25  server arranged to compress and send data to a further server.

A data decompression apparatus arranged to decompress data compressed by

the data compression apparatus is also envisaged, which may be disposed at

the client and/or server side of an Internet connection or connected to the
30  corporate network or virtual private network, by way of example.

According to the invention in a second aspect, there is provided apparatus for
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conprising a data conpression neans arranged to conpress data according to
at | east waw3der7a8 conpressi on techniques by dividing thePdatS&or/m1s1
portions and applying a selected said technique to each portion in
dependence upon at | east one property ofg the 5 portion and a data
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conpregei on means arranged to conpress data according to at |east two data
conpression 25 techni gues by dividing the data into portions and applying a
sel ect ed sdMeFOrdiBgRiR glﬁ:'flv@né%H"p%ﬂ'ﬁlrd)@spﬁctdéb@@d&wl@@vdqﬁm agparaug fobne
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means arranged to compress data according to at least two data compression
techniques by dividing the data into portions and applying a selected said

15 technique to each portion in dependence upon at least one property of the
portion and a data de-compression means.for compressing data compressed by
the data compression means and wherein the data compression and de-
compression means are arranged to compress and de-compress data to be
transmitted over a data transmission link between a network data server and a

20 network client.

According to the invention in a fourth aspect, there is provided apparatus for
compression and de-compression of data comprising a data compression
means arranged to compress data according to at least two data compression

25 techniques by dividing the data into portions and applying a selected said
technique to each portion in dependence upon at least one property of the
portion and a data de-compression means for de-compressing data
compressed by the data compression means and wherein the data
compression and de-compression means are arranged to compress and de-

30 compress data to be transmitted over a data transmission link between a first
server or peer and a second server or peer.



conpressi on and de-conpression nmeans are arranged to conpress and de 30
conpress data to be transmtted over a data transm ssion |ink between a
first sewoas/oar74peer and a second server or peer. WO 03/ ®QT/RG81/00181

PCT/ SG01/ 00181 5 'According to the invention in a fifth aspect, there is
provi ded a nethod of data conpression cegnprising the steps of dividing the
data into portions and applying a selected one of at |east two data
conpressi on techniques to each 5 portion in dependence upon at |east one
property of the portion. The described enbodi mrent of the invention provides
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receives the conpressed data fromthe server and performs the task of
de- conpr essTGFe ient compression system that compresses the web data content

15 before transmission to the client machine (personal computer, PDA, mobile

phone, terminal etc.)

A client-server architecture and methodology is provided in the described
embodiment to reduce data transmission over a bandwidth limited area (e.g. the

20 ‘last mile’) of a data communications network such as the Internet. At the server
or higher bandwidth end of the bandwidth limited data communication network
resides an acceleration server which splits up the data at an individual object
(content type) level and applies an intelligent, content type based compression
algorithm to compress and optimize the data content (e.qg. text, picture etc) with

25 lossless and lossy (minimal perception loss) quality. At the other end of the
bandwidth limited network a client application is provided which receives the
compressed data from the server and performs the task of de-compression and
reassembles the data back to its original format. The client application is used in
conjunction with the client's data communication software such as web browser,

30 email software etc, to provide a seamless (i.e. transparent) connection in the
data communication link.



reassenbl es the data back to its original format. The client application is
used in conjunction with the client's data conmuni cati on software such as
web br owsw0,038017¢8ai | software etc, to provide a seanl essPCiI/S€01/00181
transparent) connection in the data conmunication |ink. W 03/001748

PCT/ SG01/ 00181 6 BRI EF DESCRI PTI ON OF TgE DRAW NGS An enbodi nent of the

I nvention will now be described by way of exanple with reference to the
acconpanyi ' ' I Cde LU Lkl ustrates an enbodi nent of the
I nvention %Bﬁ@yﬁﬁiﬁmgﬁﬁﬁﬁ?ﬂm{@ ink; Figure 2 is a bl ock
diagramillustrating the acceleration server of Figure 1; 10 Figure 3 is a

bl ock diagramillustrati n%t he client application of Figure 1; Figure 4

i | | ust r at esAN @enkodimest ob the invention awt novebe slasstibad by way 1of example mitdr net
Servi ce Pr oy . ffl.gure 5 illustrates

I mpl ement aﬁég%%g?ék??@edééﬁﬁ %’ﬁﬁéﬁﬁé@.’wﬁﬁﬁnw IAln a typical corporate

net wor k.5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT 20 The overall

data flow in a client-server based network typically has a bottleneck in
the form ofﬂSUTeoW'@éﬁ* $ER %ragagm@m %ﬁhﬁnaventw apRlies tona dew Handwidthe

client's edqulalink® Wth reference to Figure 1 an enbodi ment of the

invention is Illustrated which attenpts to increase the apparent bandw dth
of the "last mle' link by using an acceleration server 100 (denoted
VIPS_S) at the setver end to conpress the data hefore feeding the
conpr essed %gf"éegi'saatbﬁ%c didomm Sﬁ’@ﬁ”%é@%*’???\'ﬁ“ﬁ@@%@”" igdre 1

10

Figure 3 is a block diagram illustrating the client application of Figure 1;

Figure 4 illustrates implementation of the described embodiment within an
Internet Service Provider (ISP) access network; and

15 )
Figure 5 illustrates implementation of the described embodiment within a typical
corporate network.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

20 |
The overall data flow in a client-server based network typically has a bottleneck
in the form of a low bandwidth data link at the ‘last mile’ nearest to the client’s
end .

25 With reference to Figure 1 an embodiment of the invention is illustrated which
attempts to increase the apparent bandwidth of the ‘last mile’ link by using an
acceleration server 100 (denoted VIPS_S) at the server end to compress the
data before feeding the compressed data via the low bandwidth data link 110 to
the client 130 via a client application 120 for decompressing the compressed

30  data (denoted by VIPS_C). The net effect of the server 100 and application 120
is an apparent increase in data transfer rate for the user because more data can
be transferred in less time.



the client 130 via a client application 120 for deconpressing the
conpressed 30 data (denoted by VIPS C). The net effect of the server 100
and appl iwetBomn7i20 is an apparent increase in data tran®CescGoab@sfor the
user because nore data can be transferred in less tinme. WO 03/001748

PCT/ S®01/00181 7 The server 100 is showp in nore detail in Figure 2 and

I ncl udes an object parser 200 whi ch separat es the data into individual

bjects b d t t t xt and This . is then fed
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conpressi on al gori in Figure 2 handl es image
G F, bit napdentitiermwhigh idersifiesibe zoowression mejbed Iandéh@bbjgctaara:ol our

28 the- medi sonited JEERE Pelud RRAPEORoF BestbtarhRIHTER ok Aibfiietz), 15
or vari anceaddessmet@bii)no fdin omprasdaidctatstBlock®@3d for trhP8Mission aAR! oyed to
re- conpress the G F encoded i rrage wi t hout sacrificing inmage quality (since
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formats,Jike bitmaps and Jpegs, the adaptive conpression algorithm

attenpts to conpress the inage to a certain target quality factor

(visual ly | Dissladaptivendompresséss iatgorimr dlook QﬂDI ie Elguri;é bamdtllfs tlﬂmlege

original i e si tial and colour agtribut The natura oour
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conpressi o h t r r %%gg}ab é}) )
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such as the median cut algorithm (Heckbert P, Proc of SIG-Graph, ACM 1982),

15 or variance minimization (Wu X, Graphics Gems, vol II, 1991) is employed to re-
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compress the GIF encoded image without sacrificing image quality (since GIF is
a lossless compressed format). As for other natural colour image formats like
bitmaps and Jpegs, the adaptive compression algorithm attempts to compress
the image to a certain target quality factor (visually lossless) and compression
20 ratio (file size) base on the original image size, spatial and colour attributes.
The natural colour image compression algorithm (for Jpegs and Bitmap objects)
uses a wavelet compression algorithm such as a standard bi-orthogonal (9,7)
and (5,3) wavelet algorithm (Daubechies, Communications on Pure and Applied
Mathematics, Volume 41, 1988). The upcoming Jpeg 2000 standard, which is
25  also based on wavelet compression technology, may also be used.

A feature of the described embodiment is that the decision of the kind of
‘compression” that is used for images is not solely dependent on image type. In
this respect, the block 210, before compression/optimization, sorts images,
30 firstly into index or natural colour and then categorizes the images according to
size so that for larger images of whatever type, the wavelet compression
algorithm is chosen and for smaller images, the colour quantization method is



Mat hemati cs, Volume 41, 1988). The upcom ng Jpeg 2000 standard, which is
25 al so based on wavel et conpression technol ogy, may al so be used. A
feature oWwotlbeodescri bed enbodi nent is that the decision ®CTiSIGO1/Ki18T Of
"conpression” that is used for inages is not solely dependent on inmage
type. In this respect, the block 210, bgfore conpression/optim zation,
sorts images, 30 firstly into index or natural colour and then categorizes
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based on t hendsigens afddect i veness of the al gorithns and choosing the
al gorithmthat provides the snmaller estimate, this analysis being perforned
by the block 210 before conpression to determ ne the nost suitable

I it ; I I : t ' | f
the tinal 1S SaR B dofébed by Reshiteiig e Beoiiate Sze o il dithBfested,°
target i magebjgciabased onbliseokrowm ldfiegtieertssi sf the alyorithps essl theosihgehe. The

I nf ormati on_,of .t he ppr.oxj e size of the final c ressed obj ect y be
in the for rﬁlg?”ti{m mﬁ%lﬁs‘“d@gﬁ“s %?IFesri %sé'."%fﬁﬁ' ify.%@n@fygfq gingrP ‘%m%ggt i on
al gori thm cag BBck LD befdrk eidhapieksion: toS HERIidd e %ﬁﬁ/ EMP.%olé IH@@IIHHIS
such as those nentioned in the 20 precedi ng paragraph may be us to
deci de whi chhalbleek 2i® alsoepprfogras.a check that the estimated size of the final
15 compressed object is smaller than the original object (at a target image quality)
before making a decision to compress the object. The information of the
approximate size of the final compressed object may be in the form of a look-up
table for size and type of file or a calculation algorittm can be used.
Alternatively, simple file size/type thresholds such as those mentioned in the

20  preceding paragraph may be used to decide which algorithm is employed.

For the text and character based objects these are compressed using a lossless

data compression algorithm such as the LZ77 (J. Ziv, A. Lempel, IEEE Trans.

Inform. Theory, 1977, vol. 23) which is a high speed and efficient data
25  compression algorithm.

The file name of each compressed object is marked at block 230 with an ID tag
identifying the type of compression (e.g. *.html.t for htm! text with “t” identifying
a lossless data compression algorithm, *jpg.z for JPG, *.bmp.z for bitmaps with -
30 “z" identifying an adaptive compression algorithm) so that the algorithm can be
readily identified for subsequent decompression. Objects which are not

compressed or are subject to a colour optimization algorithm, for example large
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t he user' saddtedst owser software, the web browser's proxy setting is set to
the designated I P address of the application 120. In this way all the
browser traffic (e.g. HITP request, download) is re-directed to the client
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application 120 is enabl ed t hi's’ wou connect to propriate éerver
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t he conpressed data, extracts
communication port. Once the application 120 is enabled, this would connect to
15 the appropriate server 100 forming a ‘virtual private connection’ on top of the

existing data communication link.

The client application 120 is illustrated in Figure 3 and includes object passer
300, de-compressor 310, control and admin 320 and network control 330

20 modules. The client application 120 intercepts the compressed data, extracts
its content, and performs decompression of the various object types before
feeding them to the client’s application software. All the compressed objects will
be converted back to their respective original formats so that the compression is
transparent to the end user.

25 |
The process of decoding the various compressed objects (e.g. himl text,
bitmaps, Jpegs) is first achieved by identifying the ID. Next, the decompression
of the various compressed objects takes place. All compressed objects are
decompressed back to their respective original format based on information on

30 the (original) file extension and ID tag. For GIF images, as they still remain in
GIF format after optimization (at the server 100) they do not require any
decompression. Therefore the final objects that appear at the user's web



its content, and perforns deconpression of the various object types before
feeding themto the client's application software. Al the conpressed
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(after the first request), any subsequent request of the same web object (e.g. a

15 second user which request a similar web page) can be delivered very quickly by

the proxy server software without going through' the compression process

again.

Anocther function of the server 100 is to serve as a main control centre for the
20 remote clients whereby the activities of the remote clients can be monitored
(e.g. the sites visited) and controlled (e.g. by enabling and disabling the remote
client application 120). All the control information between the server 100 and

client application 120 are encrypted.

25  For control and monitoring purposes, the client application 120 also performs
the task of user log-in and authentication in conjunction with the server 100.
Upon logging in the client application 120 begins to monitor the user’s on-line
usage time by communicating with the clock of the server 100. If the user
.exceeds the allowed usage time limit the client application 120 would alert the

30 user (for commercial purposes) or disconnect the user from the server 100 (i.e.

discontinue the service) by re-routing back to the original proxy setting.



Anot her function of the server 100 is to serve as a main control centre for
the 20 renote clients whereby the activities of the renote clients can be
noni t or edwo(08/0gL748 he sites visited) and controlled (e.g. PPgTSGADDIIRY and
disabling the renote client application 120). Al the control information
bet ween the server 100 and client applijcation 120 are encrypted. 25 For
control and nonitoring purposes, the client application 120 al so perforns
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nonitoring the wuser's surfing activity, acting like a front-1ine proxy
server. This has very useful application for exanple in nonitoring the

user's surfg r&at‘ﬁ({}é lthe Bt CaEPIBtioRt 20 d"@elrvﬁsggbpﬁfﬁhﬂgf;%gﬁeééth 1y

certain undesirable sites. The nonitored data an sites ing l1st are
updat ed i ncenfigyetietn feonunbert bt waysvéo ddhieyee the diesitddy effeth Phacmiost t he

client appli ign_12 nd server, 10 rchitecture can be configured in a
number  of \%‘%‘g}? QBRI?CQ% ntfﬂe fcelera Z‘?? e%%?rsTﬁ'gefﬂ?gt Su'%'l“@f ép‘?%‘g 5%
app! | cabi ofmpRndsiteles Sreniiddtures Rithin LIt Setideraviaer! (Isp) %cé?ss
i nplenent this architecture within a Internet Service Provider (I SP) access
net wor k, a®ebiknas gshewgup&igureidy Figure 4, the server 100 is connected to

a main | SP backbone which links a dial-up access server 410 to a proxy
server 420, firewalls 430 etc. More than 15 one server 100 can be

connect ed 4w Fidure fdh&senert100 is ¢ormeetdd tona treaih HSPNvadidonefwhighrlinkgse. The
server 410 j s connected to a Blurality of clients 130 each having the
client appldiaj'ét{pl acregsoserver 410 to a proxy server 420, firewalls 430 etc. More than
15 one server 100 can be connected to this backbone to in proportion to the
number of user base. The server 410 is connected to a plurality of clients 130,

each having the client application 120.

When a user is connected to the ISP and requests a Internet web page, the
20 web page would be fetched from the Internet 450 via an ISP gateway 440 and

compressed by the server 100 therefore effectively increases the apparent

surfing speed for the end user as less data are downloaded. Besides increasing

the last-mile connection bandwidth (for the end user), this system also

increases the capacity of the ISP dial-up network as more users can be served
25 for a given fixed bandwidth capacity.

The single ISP architecture concept can be potentially expanded to a large
scale, global implementation by putting the server(s) 100 in major nodes, ISPs
or gateways, for example in every country. The server 100 can then be
30 configured to function as an intelligent router/proxy to fetch the appropriate
compressed data (upon user request) from the server 100 located nearest to

the original source data. For example, if a user located in Asia requests a web
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illustrated in Figure 5. For exanp br oki ng house, hospital or
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15 or by means of dial- -up 640 or wireless access 650 from home or an outside
location via a remote access server 660.

The described embodiment is not to be construed as limitative. For example,
the data may be separated into portions other than objects if a property of the

20 portions is identifiable to allow selection of an appropriate compression
technique. Furthermore the property need nof be object type and/or size but
could be based on any suitable selection criterion. The objects themselves may
be split before compression for example into data packet-size portions. Other
forms/protocols of data communication may be used, such as (but not limited

25 to) email (smtp protocol), newsgroup (nntp protocol), File Transfer Protocol
(FTP), Short Message Service (SMS protocol) or Internet Relay Chat (RFC
1459 protocol).

The invention is not limited to server to client data transmission and as well as
30 - orinstead, compressed client to server data transmission may also be provided
with the client performing the compression and the server the decompression,
rather than vice versa as described. Server to server and peer to peer data
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03/001748 PCT/ SA01/00181 14



CLAIMS 1. Data conpression apparatus arranged to conpress data according to
at least two data conpression techniques by dividing the data into

porti ons WOWM3/0617appl yi ng a sel ected said techni que to eacRCH®GOL/00M8i N
dependence upon.at |east one property of the portion. 2. Apparatus as
claimed in claiml1 wherein the portions gach conprise at |east one data
object. 10 3. Apparatus as clained in claim2 wherein a said property is
obj ect typee é’ méppar atus as claimed in claim2 or claim3 wherein a said
property is Object size. 15 5. Apparatus as clained in any one of the
precedi ng clalns wherein the two data conpre55|on technlques conpri se
respective flff%rent conpy essi on gorithms. paratus as clained in

clai m5 whet-ei ?@@P"&é?ioﬂhﬁﬁp%@ﬁ'ﬂﬁ |a§‘7@“§eﬁo§3s P@@@re%&)ﬁiﬁtae%p@rﬁm doratt hm

and an adapti e one
of the pr ecedY%gsqc ai ns \Aﬁﬁp &@(E#e% iue |V|H6€H?esd§% %'ﬁ@gg%g
content.s 25 Sapptymg atsedected dadd techriique kaieach pdrtioeiim dependatee upon at

general ly div into a portion and an inage portion. 9. Appar at us
as clai ned |n||e?ﬁ PH%”RH%‘F)éPﬁWF}HBge portion is further sub 30 divided

into at | east one index-colour imge portion and at |east one natural

i mage portion and separate techniques are applied to each sub-divided
portion. W2.03ppaigtus asclaisesilinogaisl 1 vilteren thepeortions eash cbaiprise dtheadtai m 9

wherein said %ﬁg%fa?é%b}ec%hm ques applied to
10

3. Apparatus as claimed in claim 2 wherein a said property is object type.

4. Apparatus as claimed in claim 2 or claim 3 wherein a said property is object
size.
15
5. Apparatus as claimed in any one of the preceding claims wherein the two
data compression techniques comprise respective different compression
algorithms.

20 6. Apparatus as claimed in claim 5 wherein the algorithms comprise a lossless

compression algorithm and an adaptive compression algorithm.

7. Apparatus as claimed in any one of the preceding claims wherein the data is
divided in dependence upon content.

25
8. Apparatus as claimed in claim 7 wherein the data is generally divided into a
text portion and an image portion.
9. Apparatus as claimed in claim 8 wherein the imagé portion is further sub
30 divided into at least one index-colour image portion and at least one natural

image portion and separate techniques are applied to each sub-divided
portion.



each sub-divided portion are further chosen in dependence upon the size of
the sub-divided portion. 5 11. Apparatus as clained in any one of the

pr ecedi ngwoloaiomms48 urt her conprising means for nmarking ea®hTSeopP@Essed
portion with an identity tag identifying the conpression technique. 10 12.
A data conpressi on apparatus as clai nmed iisn any one of the preceding clains
associated with an Internet service provider and arranged to conpress data
to be sent fromthe Internet service provider to a client of the Internet
service provider and/or vice versa. 15 13. An apparatus as clainmed in claim

12 wherein 1m@\p@apﬂuatasszlalme‘dm@amnawneremrﬁaﬁmBep@r@té\/tédhnmwwp‘pli%@lrtber
t he arrangenent Bg a a that the data is received fromthe Internet via
Si“ “qyde

t he proxy ser $8Ff Poreen pee %B@r"zﬁh%en ﬂ'bﬂeE@ﬂ?ﬁ'E‘&PB‘Pﬂ theisizggefed

back to the pqwgwgm&d Pgﬁ,ohransm ssion to a said client. 20 14.
Apparatus as clained in claim 13 wherein the proxy server caches a copy of
each datsa portion. 15. A data conpression apparatus as clained in any one of

| ai 1t 25 t ed t . dat
S0 be. sent “H-ARpRrIEE 28 ditde, Mady, Bra i {62 pBEiedtid SRS Audhe s Fonetsingn
apparat us as eheHr¥E@rinlarkify &46h ebriprédd&l BortiBn Mith Qhﬁé@ﬂﬁgttég i@t iﬂg” of

a corporate network or virtual private network. 30 a deconpréssi on
appar at us ar r gyeempressivvieehsisiiedat a conpressed by the data conpression
apparatus of any one of the preceding WO 03/001748 PCT/ SG01/00181 16

cl ai ns.

10 12. A data compression apparatus as claimed in any one of the preceding
claims associated with an Internet service provider and arranged to
compress data to be sent from the Internet service provider to a client of the
Internet service provider and/or vice versa.

15 13.An apparatus as claimed in claim 12 wherein the apparatus is functionally
integrated with a proxy server, the arrangement being such that the data is
received from the Internet via the proxy server, is passed to the apparatus
for compression and passed back to the proxy server for transmission to a
said client. |

20

14.Apparatus as claimed in claim 13 wherein the proxy server caches a copy of
each data portion.

15.A data compression apparatus as claimed in any one of claims 1 to 11
25 associated with a server and arranged to compress data to be sent from the

server to a further server.

16. A data compression apparatus as claimed in any one of claims 1 to 11
arranged to form part of a corporate network or virtual private network.
30
17. A data decompression apparatus arranged to decompress data

compressed by the data compression apparatus of any one of the preceding



18. A data deconpression apparatus arranged to deconpress data conpressed
by the data conpression apparatus of any one of clains 12 to 5 14 at the
client amOms/osEH&er side. 19. A data deconpressi on appar aPa3/S&ot/emnged t o
deconpress data conpressed in the data conpression apparatus of claim 15
and associated with the further server.;410 20. A data deconpression
apparatus arranged to deconpress data conpressed in the data conpression
appar at us of km%%116 and connected to the corporate network or virtual
private network. '1s. 21. Apparatus for conpression and de-conpression of
data conprising a data conpression neans arranged to conpress data
according to at least two data conpression techniques by dividing the data
into portiols afid 48id| Wesgmpiessiracappasatua tas@angesueta odes@npiesst i datai n

de” conpr easi 0§ RELR by HE g5 BAplabein R8RS P Anf Bhesf Sbifos 421t

conpr essi on nd4ret thedlisvitearwel/or sérier sidea conpressi on and de- conpr essi on
nmeans are arranged to conpress and de-conpress data to be transmitted over
a data transmission |link between an Internet service provider and a client

of the Int t rqd | Hdbs d
de-corrpresg‘lr%;A ﬁt@fﬁo&@gﬁ%@}é@%ﬁ ag%@g%rar@%%?essi (r)ﬂrp} %%%ﬁé%‘??@ gééégp o]
conpr ess dat aimdh®rdéitagedrpmssiopaappamatus ddtcaico MG esdi assdotatbdi wiile sthey

di vidi ng the ?ﬁ_&a into portions and applying a selected said technique to
each portion i rlfé&@ nce upon at | east one 30 property of the portion and
a data ge-conpression neans for conpressing data conpressed by the data
conpression neans and wherein the data conpression and de-conpression
neans are aQd-anfedlate cleeomuessian @ppactos/ GolangedPOn Sdedsropkss data

compressed in the data compression apparatus of claim 16 and connected
to the corporate network or virtual private network.

15 21. Apparatus for compression and de-compression of data comprising a data
compression means arranged to compress data according to at least two
data compression techniques by dividing the data into portions and applying
a selected said technique to each portion in dependence upon at least one
property of the portion and a data de-compression means for de-

20 compressing data compressed by the data compression means and wherein
the data compression and de-compression means are arranged to compress
and de-compress data to be transmitted over a data transmission link
between an Internet service provider and a client of the Internet service
provider.

25

22. Apparatus for compression and de-compression of data comprising a data
compression means arranged to compress data according to at least two
data compression techniques by dividing the data into portions and applying
a selected said technique to each portion in dependence upon at least one

30 property of the portion and a data de-compression means for compressing
‘data compressed by the data compression means and wherein the data
compression and de-compression means are arranged to compress and de-



17 conpress data to be transmtted over a data transm ssion |ink between a
network data server and a network client. 23. Apparatus for conpression and
de- conpr eweid010#8 dat a conprising a data s conpression mpaersGar/r@sged to
conpress data according to at |east two data conpression techni ques by
dividing the data into portions and applying a selected said technique to
each portion in dependence upon at |east one property of the portion and a

data de-conpression nmeans f C essi ng, dat.a conpressed by the data
conpressi on mEgAWresR dat rt%%‘? g@“?'ﬁ%?‘éercﬁrﬂﬁ%st@w signdinkcbatweaisaon
means are arrﬁgg,@&kt&tgggwé?saﬁd a@\ﬂgw{ﬁkqﬂgﬁ{ ess data to be transmitted over

a data transmission link between rst server or peer and a second
server or peer. 24. A nethod of data corrpre55| on conprising the steps of

AR Y R R R Rt RN
| east one propemipyesdion MReaMPbkiaP@ed to compress data according to at least two
data compression techniques by dividing the data into portions and applying
a selected said technique to each portion in dependence upon at least one
property of the portion and a data de-compression means for de-
compressing data compressed by the data compression means and wherein
10 the data compression and de-compression means are arranged to compress
and de-compress data to be transmitted over a data transmission link
between a first server or peer and a second server or peer.

24. A method of data compression comprising the steps of dividing the data
15 into portions and applying a selected one of at least two data compression
techniques to each portion in dependence upon at least one property of the

portion.



