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ABSTRACT

In the past few years we have seen a huge industvistment on
the development of content delivery networks (CDMg)ich
provide a large number of caches and storage dewicthe edge
of network to push content closer to the user #st find reliable
delivery. This development has triggered the begmrof a so-
called “edge computing” where applications and cotaponal
resources are also moving to the edge for inteltigmedia
services. To cope with the growing diversity antehegeneity of
the Internet, these edge servers offer a natuaakepio extend the
capability of network intermediaries for contentented services
such as automatic adaptation for small devicessopedization,
location-aware data insertion and virus scanning.

In this paper we present our investigation on usingetwork of
edge servers for delivering content-oriented webvises to
Internet media. Similar to CDNs, our design goaloisnake the
content-oriented services part of the Internet astfucture
services accessible to content providers and cor@msumers
via a subscription model. A prototype system calldtedia
Companion” which is built to evaluate our desigmngiples is
described in the paper, and the experimental esfiltieploying
this system in our corporate network are also dised.

Keywords
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1. INTRODUCTION
As the Internet is moving toward the service-centnodel, more
and more storages and computational resourcesearg put into
the network infrastructure and provided as servioesustomers.
In the content networking world, for instance, thiend can be
seen on the development of content delivery netsv@fEDNS)
[1][10][25] which make content distribution a netko
infrastructure service available to content proksdand network
access providers. Furthermore, the progress ordatdization
and development of Web services has marked thenhiegi of a
new era that every computational resource and ceren the
Internet can be connected to provide new user &pEs on
accessing, sharing, and using information anytieeywhere,
from any device. The Microsoft's .NET initiative fiaeen aiming
to realize this vision by providing the platformdafoundation
Web services. The .NET My Services [23], previousigenamed
Hailstorm, is being developed to provide a set sértcentric
XML Web services oriented around people. For examggrvices
such as mylnbox, myCalendar, myContacts,
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Figure 1. The userentric web services help users manage
information across all the devices while the contatented we
services process content and media objects tbleniverse
access and personal experience from any devices.

myProfile, myWallet, myLocation, and myNotificatierwill be
provided to people to help manage their informatiand
interactions across all the applications, deviees] services in
their lives. These foundation Web services use dst@h
communication interfaces and protocols based on XBOAP
[15], UDDI [34], and WSDL [9] so that other servipeoviders
could use them to compose and develop new Webcssrior
people.

While the user-centric Web services are being aaa there
still remains the problem of making sure that cohi@r media)
on the Internet can be adapted according to netewnviconment
for universal access. Also, other content-orieqteatessing such
as personalization, customization, local contenfection,
watermarking, data hiding, and virus scanning aeking more
and more important while the content flows from @mel to the
other end of the Internet. It would be extremelgfukif such
content-oriented processing could also be made ash W
infrastructure services to process the contenteajralb of people
and content providers. Figure 1 illustrates oummate goal of
using both user-centric and content-oriented Welvices to
provide users pervasive and personal media expesen

The content-oriented Web services will require aywdifferent
mechanism to deploy in comparison to traditionalbVgervices,
as they need to be injected into the current cardelivery path.

myAddress, A simple distinction is that these content-oriensedvices will be



enabled in network intermediaries such as proxyheacand
delegates while traditional Web services are emdbniserver
services. As of today, such a Web middleware itfuature for
content-oriented services is still in its infanapd there are many
open research issues need to be further investigate

Having realized the importance of content-oriensetdvices on
the Internet, the current CDN providers are indreglg looking
into upgrading their current delivery networks toable such
value-added services. In our previous work [21], Wave
proposed a system architecture and protocols fddibg such
intelligent CDNSs. In this paper, we describe otesaprogress on
further refining and developing such a system. antipular, we
focus on the mechanism of binding the subscribedices with
the content to instruct edge servers to perfornesegary actions.
Our goal is to make the content-oriented Web sesvian
infrastructure service accessible to customers twtld be
content providers, end users, ISPs, or traditi@{aN providers.
This service agreement is uploaded to the edgeerserand
instructs them to perform services while data @asvihg through
them across the Internet. To achieve this goalalse ensure that
the service model interacts with other existinguoek elements
collaboratively and seamlessly so as not to undezrtiie success
of end-to-end nature of Internet client/serverria¢gons.

Here we summarize the novel contributions of ourkwo

1. The idea of enabling a large scale of content-tein
processing on the
middleware services is first introduced in therktere.

2. A framework which defines the required mechanismd a
system interactions between various network eastitte
accomplish the task is proposed.

3. A first working prototype called Media Companionshizeen
developed to demonstrate our vision and usefuloésthe
system. Five major content-oriented services haeenb
developed and are available for subscription aatiusage.

This paper is organized as follows: We discussfridmmework of
content services network and its two major paris, service
delivery overlay and service-enabled proxy in Sec. Section 3
talks about how to deliver content-oriented serificéhe network
intermediaries using a subscription model. Sedliaescribes our
prototype system and several developed contentcssrvThe
related works are discussed in Section 5. Secticurémarizes
our work and presents our future directions.

2. CONTENT SERVICESNETWORK

In content delivery networks (CDNSs), a large numbgcaching

proxies is deployed at the network edge and useddistribution

channel to push content closer to the end user.cbment is
replicated to a set of edge servers based on éstindemand and
a caching policy, and the DNS-based redirectiotrietogy is

used to ensure the network and server load arededa It also
ensures the availability of the content by makingtiple copies

within the distribution network. As the current CBNnly move

content and makes sure it is delivered reliably pramptly to

end-users, they do not modify the content by addaige to it.

To inject content-oriented services into the curreontent
delivery path, the caching proxies of content delvworks need
to include a certain new capabilities. A new netwiofrastructure
which constitutes of an overlay network of appliicatservers for

Internet as subscription-basedb We

Application
server

Client

-
Origin [E/E!ES
Wy _

Figure 2. The content services network (CSN) consists af tw
separate overlay networks. In the content delivéayer,
service-enabled proxies are needed in order toraictteand
collaborate with application edge servers in theise delivery
layer. SOAP and XML message are used in the conuation
protocols between these two layers to inject cdrieented
services in the content delivery path.

deploying and replicating the content-oriented isexv also need
to be in place. Our design principle is to sepathte roles of
storage (caching) and computation (processing earts¢oding)
in the network infrastructure. As traditional Weblches have
been specially designed to perform efficient hagtior finding if
the requested content is in local storage and gugckly respond
to the request, putting additional processing buiideveb caches
will compromise the caching performance. Therefare,propose
two layers of network infrastructures, which kedye toriginal
content distribution layer (i.e., CDNSs) as it ispnoviding web
caching service while another layer offers compore
resources to deliver value-added services in thmecd delivery
path (see Figure 2).

These two overlays together create the so-calledend services
network (CSN), which will provide intelligent comteoriented
services while moving the content on the Inter@te thing to
note is that there are mainly two types of edgeessrin the CSN
framework: one is the service-enabled proxy of tentent
delivery layer which extends the functions of aditianal web
cache for performing value-added services; the roikethe
application server of the service delivery layerichhacts as a
remote call-out server for the first.

The amount of new work need to be done in the ser@nhabled
proxy should be minimized to mostly checking if additional
processing or special handling is necessary foivengcontent.
The heavy-weight processing is conducted by an icain
server via a remote call-out protocol (e.g. SOARg. will discuss
the additional functionalities which need to be ipged in the
service-enabled proxy in Section 2.2. And servigeding and
service execution which make the two layers colfateotogether
will be discussed in Section 3.

2.1 Serviceddivery overlay
The service delivery overlay provides the distribautchannel to
push applications (media processing and transcpdinthe edge.



As shown in Figure 3, it consists of the followitlyyee major
elements:

Application servers: host the software of content-oriented

processing for content delivery. These applicatgmrvers
provide computational resources to process comertiiehalf
of content providers or content consumers.

Service delivery and management (SDM) servers. are
responsible for the following tasks: (a) they régisand
publish the content services provided by serviawigers. (b)
They distribute the application within the servidelivery
overlay by replicating the corresponding servicesatset of
edge servers based on the estimated demand. ) iAitial
service registration, publication and distributi®DM servers
continue to monitor the performance of each sendod
dynamically adapt the scale of distribution andldgment of

the service according to its demand. (d) SDM server

aggregate the information about usage of servicesthen
provide it back to the redirection servers. Theirestion
servers use this information to perform network aedver
load balancing. (e) SDM server also provides mamage,
accounting and billing functionalities to serviceyiders. (f)
Each SDM server is responsible for collecting infation
about its domain and periodically exchanges therinétion
with other cooperating SDM servers.

Redirection servers. Direct service request to an application

server according to a number of attributes and oreasents.
It receives information from SDM servers.

The application servers and SDM servers communiwite the
caching proxies in the CDN layer to complete thevise
subscription and rendering. We will discuss theaitied system
interactions in Section 3.

2.2 Service-enabled proxy

The service-enabled proxy is the key componenh&dbke content
delivery layer to interact with the service delivdayer in the
CSN framework. Figure 4 shows the framework of iserv
enabled proxy, which consists of six main part$:afl instruction
parser, (2) a message parser, (3) an instructionepsor, (4) a
service execution module, (5) an instruction caae (6) a result
cache. We build our proxy prototype using Microd&# Server
2000 [24]. The detail of our implementation will descussed in
Section 4.1.

Below we describe the basic operations performetthénservice-
enabled proxy:

Service provision:

(a) Instructions are transferred from the SDM sexte service-
enabled proxy. These instructions represent sestdescription
information from content providers or end users.

(b) The instruction parser compiles the instrudioeceived from
the SDM servers and stores it in a local instructache.

Operationsin therun time:

(1) A registered type of messages defined in tiserustion will
trigger the proxy to activate the message parséchvill then
parse current message (HTTP request or responsexttact
necessary information such as content type or ageu
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Figure 4. Framework of a service-enabled proxy

(2) The instruction processor loads related insioas from the
cache. It either calls a local service executiomu® or invokes a
remote service.

(3) If necessary, service execution module will dveployed to
invoke a remote service in the application sertbrsugh the
SOAP protocol.

(4) After processing, the results will be savea iresult cache for
future use. At the moment, we only consider sentimg saved
result to the original service subscriber due togmy issue.

Note that the local service execution module isyamkeant to
perform light-weight processing. For these localiises, there is
a need to define a standard runtime environmettiénproxy so
that a common platform can be used to develop mphications.
The IETF working group on OPES [27] has been formoedefine
such a standard. Once the behavior of future seemabled
proxy can be agreed upon, it will facilitate théegration of web
services and content networking worlds.



2.3 Using UDDI for Service Registration,

Publication, and Discovery

Universal Description and Discovery Integration @I [34] is
an open and global registry which allows busineseesegister
information about their Web services so that otheginesses can
find them. CSN uses UDDI to publish content-oriengervices
for public discovery and access. Service subsorifiin-
subscription, query and configuration interfaces @gistered in
UDDI so that end users or content providers wharaezested in
a particular service may send the requests to CG&Nrding to
service type specifications found in UDDI.

3. DELIVERING CONTENT-ORIENTED
SERVICESVIA A SUBSCRIPTION MODEL

Several steps are involved to deliver content-oe@rservices at
the edge of network. The first step is to regised deploy

content-oriented services in the edge servers, hwinclude

application servers in the service delivery layed @he service-
enabled proxy in the content delivery layer. Theosel step is for
service subscribers to specify what services nedaetbound to
their domains, media objects, or user identitidse Services are
invoked by edge servers during the run time acoordd the

service instructions.

3.1 Serviceregistration and deployment

As we have discussed previously, the content sesvietwork

provides the necessary network infrastructure siribute and

deploy content-oriented web services in a scalabld fault-

tolerant manner. Before the service becomes av@jlémeeds to
be registered in the UDDI registry first. CSN reesi components
such as service specifications and binaries frowicge providers

and stores them in the database. It then publigessice

information to the UDDI for public discovery andcass.

Along with the service registration and publicatiothe
corresponding application or executable moduledsided to the
SDM server of service delivery overlay, which thdynamically
selects a number of edge servers to deploy theceebased on
estimated demand and required geographical coverage

There are two types of edge servers in CSN to &pptications
and executable modules. The light-weight servicesm t®e
provided as executable modules uploaded to seeriebled
proxies and executed in the content delivery patie heavy-
weight services are installed in the applicationveses and
invoked by the service-enabled proxies through S®©AP
protocol as described in Section 2.2.

For each registered service, a service specificasibould be
provided to describe invocation interface and etienu
environment of the service, such as parameter tgpdgransport
protocols that the service operates on, and thecessd
conditions (such as content type, user prefererseyice
capability, location, and network bandwidth) toake the service
in the edge servers. Binaries include applicatiomsning on
application servers and executable modules runoimgervice-
enabled proxies. Figure 5(a) shows the systemactien between
different components in CSN. Figure 5(b) descrilhesprocess of
service registration of deployment.

SDM Servers

Service
Service (1) Provider
@) r Database ()
/

Service Service (3)
Subscription Registration

ManageI(B)

Edge Servers

uDDI
Registry

I ”
(4) Deploy
/ End User

Application Service-enabled
Servers Proxies —_— :onii:lnt
SOAP rovider
I ©
(a)

Serviceregistration and deployment:

(1) The service provider provides its content-orierged/ice

(2) The corresponding service and the service spetitficare
stored in the service database

(3) The service is registered in UDDI registry for galdiscovery
and access

(4) The service is deployed and enabled in edge servers

(b)

Service subscription and binding:

(5) The subscriber finds the service from UDDI registry

(6) The subscriber sends the subscription requesetSHiM
server

(7) The subscription service stores the subscribeiesebindings
in the service database

(8) Service instructions representing subscriber-servindings
are transferred to service-enabled proxies

(©)
Figure 5. (a) The system interaction between various
components in the CSN framework. (b) The process of
service registration and deployment. (c) The preces
service subscription and binding.

3.2 Service subscription and binding

One fundamental requirement to enable content{aiewWeb
intermediary services is determining whether curoeamtent (e.g.
HTTP messages) should be serviced and how to intbke
service (service instruction). Because service recid are
between service providers and communication encls as origin
content servers and clients, there needs a wayat® rthe edge
servers aware of the binding between the contemiested or
delivered by the subscriber and the subscribedcsesv

There are several possible solutions to servicescigiion and
binding. A straightforward approach is to label gentent (e.g.
HTTP messages) to indicate that it needs speciadlimag.

Proxies that intercept the labeled content willetappropriate
actions according to the instruction. For contexteling, there
are two choices: 1) embed service instructions ctlireinto

content (e.g. HTTP headers), or 2) attach an ingli¢@RI) to the



content which refers to an external document thescdbes
service instructions. However, both methods reqgthe change
on origin content server (if the subscriber is ateat provider)

and user agent in client device (if the subscribem end user), a

significant obstacle for CSN deployment.

Another approach is to let the subscriber and émeice provider
determine on the service contract, and then let @8htlate that
contract into a service binding which describe #ssociation
between the subscribed services and the end udbeatomain
name/media objects (if the subscriber is a congotider).

Service bindings are maintained by CSN which kntvescurrent
status of subscription and constantly updates c=memabled
proxies with the latest service instructions (sektrsection). The
subscriber or the service provider only needs teract with CSN,
which allows the service delivered transparentlythia existing
infrastructure.

Content providers and content consumers find tirggrested
services in the UDDI registry first, and then felldhe access
point to CSN’s service subscription interface. Otiee subscriber
confirms the subscription of the service and relatenfiguration,
CSN will store the binding in the database. Thellnig enables
the future delivery of the subscribed servicehtodontent. It also
contains the conditions on which the service shdaddnvoked.
The following are examples of service binding. Feub(c)
illustrates the process of service subscriptionkzinding.
<binding type="end user">
<user id="R&$%GHJIU"/>
<service name="web page adaptation">
<condition>
<condition name="user-agent" matches="Pocket PC"/>
<operator name="and"/>
<condition name="MIME-type" matches="téwmnl"/>
</condition>
</service>
</binding>

<binding type="content provider">
<domain name="www.microsoft.com"/>
<service name="watermarking">
<condition>
<condition name="MIME-type" matches=éige/jpeg"/>
<operator name="and"/>
<condition name="request-path" matchgsdery/*"/>
</condition>
</service>
</binding>

3.3 Service enabling and execution

A service instruction represents a binding to alsirservice and
contains the actual service access point. Theuictsdns will be

transferred from SDM servers to the service-enapledies that
the subscriber is associated with so that it vatlaccording to the
instructions to execute services for the subscréieappropriate
moments. The transfer may be eager (SDM serverssémel
instructions to the proxy immediately after the stription) or

lazy (the proxy fetches the instructions from CSdr the

subscriber on a periodical or per-session basis. droxy has a
cache/replica to store service instructions reprtésg a subset of
service bindings for its domain and keeps themaugatte.

The proxy verifies whether the message needs adédltiservices
according to the instructions. If the message asdrelated
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(Z)T 1(3)
1) - (4)
Client Z::sf:& P Content
4 Proxy 4 Server
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(1) The client sends a request message

(2) The service-enabled proxy checks the message dectslé
needs additional service; it forwards the messageréemote
application server or invokes a local executableuf®

(3) The application server returns the result to thexypr

(4) The proxy forwards the modified request (assuntirg t
processing result allows so)

(5) The content server returns a response message

(6) The proxy forwards the response to the client.

Figure 6. Service executed on client requests.

Application
Server
(5)l 1(4)
(6) - (3)
Client [«Qmemmmm Service- Content
’ enabled ’ Server
Proxy
1) 2)

(1) The client sends a request message

(2) The service-enabled proxy forwards the requestacontent
server

(3) The content server returns a response message

(4) The proxy checks if the message needs additiongtseif so
it forwards the message to a remote applicationeser
invokes a local executable module

(5) The application server returns the result to thoxypr

(6) The result is delivered to the client

Figure 7. Service executed on server responses.

context satisfy the condition specified in the iinstion to execute
a service, the proxy will provide the service ldgalr pass the
message and related parameters to the applicativers. The
processed result is returned to the proxy and tees to its
original destination.

A service may be executed on the client requestherserver
response of a session. Request filtering and sgcadiaptation
[14] belong to the former type, while many othervgses belong
to the latter type, such as Web page adaptatiotermarking,
virus scanning. Figure 6 and 7 depicts the sereiecution in
these two cases.



4. Media Companion: The Prototype System
We have built a prototype system called Media Carigra to
evaluate our system design. This system is cuyretgployed in
the corporate network of Microsoft Research Asighwiive
example services available for subscription. Weciles the
details of our implementation in the following.

4.1 Implementing a service-enabled proxy

As we have mentioned previously, the service-embpl®xy is
the key component of CSN. We build a prototype wfhsproxy
based on Microsoft Internet Security and Accelerat{ISA)
Server 2000 [24].

Microsoft ISA Server 2000 is an extensible firewald Web
cache server. It provides Internet Server AP| (I§Afeviously
available with Microsoft International InformatioBerver) that
can be used to develop users’ own extensions nakfed filters
which may provide functions like virus scanningmgession,
logging or data encryption. Web filters allow yauibhtervene in
the processing of HTTP requests. They are dynaimiclibraries
that are loaded when the ISA Server is startedstadin memory
until the service shuts down. Web filters can befigored to
receive special filter-event notifications that ovcowith each
HTTP request that the proxy receives and with eadponse
returned through proxy.

We use the HTTP port to deliver the service indtoms from

SDM servers to this service-enabled proxy. If thexp receives a
message whose first line is “CSN Instructions” ntliewill read

the following lines as an “instruction module” asdve it into a
local cache. In our prototype, an instruction medabntains
instructions for a single content provider or agncontent
consumer. A newly uploaded module will completedplace the
old one. An instruction module typically containeveral

instructions for service binding.

We developed a Web filter named content serviterf{CS filter)
using ISAPI which enables additional processing TP
messages. After installing the CS filter, the ISén®r is turned
into a service-enabled proxy. It will analyze HTTRessages
(either request or response) passing by and pesforacessary
processing according to predefined instructions. eseéh
instructions are received from the SDM servers aodtain
service-binding information. The content processimgy be
executed locally on the proxy server or by anothgplication
server through a remote callout interface. In qotqiype, we use
SOAP Toolkit 2.0 [31] to implement the remote catlinterface.

The identification of users is useful in many cantservices like
personalization. In our implementation, we use entication
mechanism of the ISA Server to identify differetiests, and
therefore each client is required to log on to pnexy before
using the personalization service. This method lesak more
precise way of identifying individual user than g from the
IP address.

4.2 Service subscription interface

The Media Companion uses Microsoft Visual StudidTNfor
developing service binding and enabling. The systensists of a
Web interface written in ASP.NET and a middle layeitten in
C# which parses Web requests from users and ascibgseervice
database which is built using Microsoft Access. Ta¢abase is

icrosoft Internet Explorer.
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Media Companion

Hello, FAREAST\i-cyuan!

The following services are available on Media Companion

+ Login ) Web Page Adaptation
Web page adaptation service makes web browsing on small devices an easy task, It
= | analyzes the layout structure of a web page and assists browsing using this structure.
When a user browses & web page, the intermediary service will analyze the page and
| | give out an abstract layout structure, which can help user to scroll quickly to the right
position. For less powerful devices, it can display the thumbnail structure of a web
page so that the user can select a block he/she is Interested in to view the detail
information.

([ Unsubscibe [ Configure

Adaptive Video Delivery On Demand

This service considers the limitation of a handheld computer and wireless Internet by
automatically extracting the summery of video or dropping frames to improve the user
experiences

Subssribe

Real-time Adaptive Video Delivery

Users with thin clients can subscribe to this service in order to keep the track of a live
video which may come from a web camera. It extracts the key frames of the video
stream based on a perception-based algorithm developed by us.

Personalized Web Page
Insert additional content such as news, advertisements into a web page based on user
profiles such as location, interests as well as the content of the original web page.

[ Unsubscibe [ Canfigure ]

Language Translation

3 The translation service adds a new link at the top of the web page being visited, which
links to & translated version of the page. It can translate web pages between Chinese,
French, German, Italian, Japan, Korean, Portuguese, Spanish, Russian,

Subssiibe

& 3 Local tranet

Figure 8: The service subscription interface of Media
Companion. Five contemtriented services are available
subscription.

used to store binding relationships between subs@i and
services. It also contains service-related inforomatsuch as
execution conditions, parameters and location. fei@ushows the
main service subscription interface of Media Conigian

When a subscriber logons to Media Companion, it trfinst
identify itself as an end user or content providémce the
identification will determine the type of instrumti which will
affect the proxy behavior in message parsing amggsing for
subsequent service execution. If he/she is an sed the identity
should also be provided to Media Companion. Setgitabled
proxies will use this identity to execute serviéasdifferent user.
Our implementation uses Integrated Windows autbatitin to
obtain the identity of the end user automaticallhe same
identity will also be obtained by ISA proxy serwghen the user
requests content through it and the proxy willat the services
he/she has subscribed to.

If he/she is a content provider, it is requireddentify the domain
name where the content is provided and accessesl.d®main
name will be used by proxies to execute servicesdatent from
the corresponding domain. After the identificatioMedia
Companion queries the service database to getubscsber’s
subscription records and shows the list of avadlad@rvices for
subscription/unsubscription and current configarati

The subscriber may decide to subscribe to a newicseror
unsubscribe to a service he/she has subscribéd/ten Media
Companion receives a subscription request, it aithds new
subscriber-service binding record to the servictaluse. After
reading the bindings related to the subscriberthadnformation
about the services, it composes the service insrucand
transfers it to the service-enabled proxy where éhd user is
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Figure 9: Media Companion provides an interface for sulbgcs
to configure the services in a finer granularity.

associated. The proxy will update its cache witle thew
instruction for the subscriber. The unsubscripfioocess follows
similar steps.

The subscriber can also configure a service hdiakesubscribed
to. When Media Companion receives such a requeptesents
the interface showing his/her old configuratione(§égure 9). The
subscriber can modify the settings. After the miodtfon is
submitted, Media Companion refreshes the correspgnd
configuration stored in the service database asd e@dmposes a
new service instruction and transfers it to theviserenabled
proxy to change the service invocation accordingly.

For extensibility reasons, each service (if it reeednfiguration to
work) is required to provide a component implemantian
interface defined by our Media Companion system.e Th
component is responsible for generating the Webrfiate of
service configuration, restoring old settings amrhsforming user
submissions back to settings which are recognizagléMedia
Companion.

4.3 Developed services

We have developed five different content-orienteghvises
available in our corporate network. Each of thendascribed in
the following.

4.3.1 Webpage adaptation for Pocket PC

The explosive growth of small Internet devices sasthandheld
computers, personal digital assistants (PDAs) andrtsphones
have been used to leverage the capabilities ofirttegnet and
provide users ubiquitous access to information tevagr before.
Despite the proliferation of these devices, thesage for
accessing today's Internet is still largely constréy their small
form factors such as small screen and limited ingagabilities.
Particularly, most today’'s web content has beerigded with
desktop computers in mind, and often contains lavgb pages
which do not fit into the small screens of theseicks.

Although some web sites and portals have startegréwide
special version of content tailored for wirelessl ambile devices,
the mobile user often encountered the need to lerdweslitional
Web sites as they are still their primary inforroatisources.
Browsing a traditional web page in a small devike Pocket PC
is like seeing a mountain in a distance from astalpe. It requires
the user to manually scroll the small window honizdly and
vertically to find and position the view correctfpr reading

N

a— Page Analysis

Thumb nail

Page Split

(b)

Figure 10. (a) Web page analysis to extract representatioctste
(b) Efficient web browsing and navigation on PodRéL

information. This tedious and time-consuming braowsi
procedure has largely limited the usefulness cfeluevices.

To resolve this problem, we have developed a ®Biexeb page
representation which allows a large web page tpasaa unit and
preserve its original looking but with new zoomabled auto-
positioning capabilities. This representation mattes browsing
of a large web page in a small device an easy Baged on this
page representation scheme, we also developedtamatic web
page analysis algorithm which analyzes the coraedt structure
of a given web page and then generate a corresppriuilevel
web page representation.

Figure 10(a) shows the process of our automati@ @agalysis.
The algorithm utilizes the content, HTML tags amdicture of a
web page and then partitions it into a number o€kd which best
fit into a targeted size of screen. The originabvpage is split
into two levels. The top level contains a thumbmefresentation
of the page and the bottom level consists of allsimall blocks as
individually viewable pages. Each block is coloded in the
thumbnail to indicate it is individually zoomab®o the result is a
two-step browsing process. When a user requestela page
using a small-screen device, the thumbnail is fnsisented to
him for quick overview and easy navigation. Thenche decide
to go to view a particular block of information lajicking the
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Figure 11. Adaptive video delivery to a variety of mobilevies.

corresponding region in the thumbnail. Figure 10ghpws an
example of browsing the MSN homepage on Pocket PC.

This webpage adaptation is made as a subscriptieaebservice
in our Media Companion prototype system. Though durrently
only available within our corporate network, outimbate goal is
make this service easily accessible to any comentiders and
end users to facilitate information delivery to thieeless Internet.

4.3.2 Adaptive video delivery

There has been much research work on deliveringleowvto the
wireless Internet. The technical challenges inclddaling with
the limitation of bandwidth, signal fading and peckoss in the
communication channel, and power consumption. In Madia

Companion system, we deploy a simple adaptive vididivery

scheme as a subscription-based service to the enobdr. Before
streaming the entire video, the user can decidiérgbview the

summary (a sequence of keyframes) of the videochwisi created
dynamically by our content services network at #uge of
network. This video summary causes very little lveidth to

transmit and offers a table of content to indeo ifidividual

video segment for nonlinear streaming [18]. In #ddi an

adaptive frame dropping [20] could be also usedhtprove the
user experiences. This service is available foh lstdred and live
video.

Figure 11 shows an example of our adaptive videlivety
service to a variety of mobile devices. As can bens a live
MPEG2 video stream of a meeting room recorded bgraera is
transmitted to a smart phone (Microsoft emulatianhandheld
computer (HP Jornada 720), and a Pocket PC (ConipaQ
3670). The video adaptation performs a modalitpdfarm to
convert the live video stream into a sequence gfremes which
summarize the video. As these devices are simplypowerful
enough to decode a live MPEG2 video, the video samym
provides the user an efficient way to access thet nmportant
information in the video. This service is valuatite a lot of
scenarios in the wireless and mobile space.

Our keyframe extraction algorithm is based onangle model of
perceived motion energy (PME) developed in our[l#j. In our
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Figure 12. Personalized content is inserted at the top &f page
according to the user specified context. In thianegle, the linl
to the lab$ internal homepage is provided to the clients f
Microsoft Research Asi

prototype system, the user can also set his peefedensity of
keyframes to achieve the best user experience.

4.3.3 Personalization Service

A personalized content insertion is also enabledun system.
When subscribing to this service, the user canifgphis interest
on receiving what types of content (e.g., newssliror images)
inserted on the top of his requested web page.

Figure 12 shows the personalized version of Miditdsomepage.
The service-enabled proxy detects that the curcbent comes
from Microsoft Research Asia, and therefore, a phaftthe lab
director and the link to the lab’s internal homepags
automatically added to the header.

We are currently exploring the best mechanism fontent
providers to leverage such personalization ser¥de would like
them to be able to subscribe to this service sb pghesonalized
advertisement can be added to their content igesitly. Our
ultimate goal is to hook up with the myProfile seevof .NET My
Services so that content providers could make figheouser’s
profile information to insert a more relevant AD.

4.3.4 Language translation

We integrate Altavista’s BabelFish translation g&\[2] into our
system. It supports language translation amongigmgChinese,
French, German, ltalian, Japanese, Korean, Porseguend
Spanish. Since it does not provide a standardfaterfor web
service, we only use its CGl interface for a demtppse.

The user can specify his preferred language tcshate the web
page. The requested web page is sent to AltaviBaelFish for
translation by our service-enabled proxy. After thanslation is
completed, it is then forwarded to the user. Thi®l procedure
can be made transparent to end users. Figure M@sshe result
of English-to-Chinese translation of the Microstifbmepage.
Content providers can also subscribe to this seracmake their
content readable to more people. The languagelatars service
demonstrates the usefulness of a common servicevedel
platform to compose and incorporate services peavidy third-
party service providers.

5. RELATED WORKS

The service-enabled proxy is related to the IETFkmg groups
on Open Pluggable Edge Services (OPES) [27], whikh
addressing the problem of extending the functioyali a caching
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p
roxy for providing additional services that medjateodify, and
monitor object requests and responses. In this ingrigroup,
other relevant components such as Intermediary RAdekup
Language (IRML) and the remote call-out protocalshsas the
use of SOAP or Internet Content Adaptation Prot¢ofP) [17]
are being discussed. Edge Side Include (ESI) [d 4] mechanism
allowing an embedded script in the HTML file totingt a proxy
server at the edge of network to assemble conteatrdingly.

Adaptive content delivery has also been studietegeitensively
in the past few years. Example works include SmgmIE82],
ProxiNet [28], Intel QuickWeb [16], IBM Transcodimqyoxy [30],
WBI [5], UC-Berkeley TranSend [12], Digestor [6], ddiware
[4], and Smart Client [36]. More recently, iMobil§29]

investigated the issues of building mobile servigsing a proxy.
The proxy maintains user and device profiles, am®sand
processes internet resources on behalf of the hysperforming
content transformations according to the device wsat profiles.
Compared to content services network, these woikls nit

address the service model and necessary mechatuigmake it a
web middleware service available to content prawidend end
users.

Other related works include BARWAN [7] which studighe
cluster-based computing for Internet services likentent
adaptation and caching. Active Cache [8] and Ge{g2iBj studied
the possibility of delivering some code from sergethe proxy in
order to have a better control over the cachedetdntActive
Names [35] provides a flexible resource locatiom aransport
solution taking advantage of DNS-like name resohuti
mechanism. Services can be associated with nangeseaaurces

and executed over them for customized location taadsport.
The problem with this work is that it is not traaspnt to existing
web applications.

Active Network [33] intends to improve the extenlfy of the
network by putting computations inside into routefstive
Service framework [3] restricts such computationstttose not
affecting packet routing semantics and provide aabde cluster
platform for hosting services/computations. Serwida both
approaches usually perform packet-level operatemd are not
suitable to handle application-level objects suskwvab pages.

CANS [13], ICEBERG [22] and Ninja [14] explore swmw
composition and achieve service portability by nseaf path
construction and adaptation from existing or disced
intermediary services. Services such as simpleecoribrmat and
transport protocol transformations were considered.

6. SUMMARY AND FUTURE WORK

In this paper we presented our work on deliverirantent-
oriented web services to Internet media. We deadribhe
framework of content services network which comssist a new
service delivery layer and the service-enabled ypioxthe CDN
layer. These two layers interact with each othdlaboratively to
provide content-oriented processing into the curreantent
delivery path. The services are enabled based subsacription
model which allows content providers and contentsconers to
easily leverage this resource at the edge of Iateim deliver or
access information more effectively.

To demonstrate the idea and evaluate our systeigndesnciples,
a system called Media Companion has been develgmet
deployed in our corporate network. We provided fdifferent

services for people to subscribe to, including titaascoding of
large web pages to facilitate web browsing on smndaVices,
adaptive delivery of stored and live video stredmased on video
summarization, personal content insertion, and Uagg

translation service. These services have showe tehby useful to
our users. Our next step is to further expand yped of services
by incorporating more media technologies into ogstesm. Our
goal is to eventually make advanced multimedia gseing,

analysis, and interactive delivery technologieg péthe Internet
infrastructure services that can be easily acceasedused like
commodity by anyone from any device.

Many research issues for realizing such a goal stinain
uninvestigated. For example, we need to furtherkwam the
problem of dynamic service distribution and managetrbased
on a set of metric (the estimated demand of sesyite history of
servers’ load, and demography). How to enable cervi
composition, federation, or service-peering is haptinteresting
and important research direction. Furthermore,issae of data
integrity also needs to be addressed as the coistgiing to be
modified by a third-party service provider. Theeed need to
develop a proper security mechanism and trust mtdeinsure
the content is modified in a desirable way. We wihtinue to
work on these issues in the future.
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