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ABSTRACT

Mediastreaming over the best-effort public Internet hasbeen
afocus of research for over a decade. Enterprise or corpo-

rate streaming is another area of media streaming that is
practicaly very important and has a different set of chal-

lenges and feasible solutions. For example, the quality and
reliability requirements for enterprise streaming are much
stricter than for typical Internet streaming. Furthermore, in
typical enterprise streaming scenarios, a single entity has
control over most elements of the system, including the end-
points and the infrastructure. This entity has the powerful

ability to monitor, adapt, and deploy new infrastructure as
necessary. The goal of this paper is to describe enterprise
streaming and identify the basic differences between typical

Internet streaming and enterprise streaming, and how these
differences alter the challenges that must be overcome for
enterprise streaming to be successful. Specifically, we ex-
amine enterprise streaming media content delivery network
design and operation, video conferencing, peer-to-peer net-

working (P2P), voice over IP (Vol P), and briefly touch upon
wireless and security issues.

1. INTRODUCTION

Media streaming over the Internet is both an important prac-
tical application and a challenging research area[1]. Media
streaming within a corporate infrastructure, referred to as
enterprise streaming [2], is also an important practical ap-
plication, but has a different set of challenges and tradeoffs.

The delivery of video and audio for corporate applica-
tions dates back to the video conferencing systems of the
1980s. In the 90s there was increased excitement about de-
livering audio, video and other forms of rich mediaover en-
terprise IP networks to employees desktops. However, the
costs of building the necessary network infrastructure and
the content creation, delivery, and consumption chain ini-
tially limited the deployment and use of enterprise stream-
ing. Since then, technology improvements and cost reduc-
tions have accelerated enterprise streaming. For example,
improved video and audio coders, such as H.264/M PEG-4
AVC, have significantly reduced the storage and transmis-
sion cost of video. Maturity of signaling protocols such as
Session Initiation Protocol (SIP) have enabled Voice over IP
(VolP) and other networked applications. The continuous

decline in cost and improvement in performance of wire-
line and wireless networks, personal and server computers,
cameras, displays and content creation tools, have made en-
terprise streaming both technically and financially feasible.

Thegoal of this paper isto describe enterprise streaming
and identify the basic differences between typical Internet
streaming and enterprise streaming and how these differ-
ences ater the challenges that must be overcome for enter-
prise streaming to be successful. This paper continues by
briefly identifying some of the similarities and differences
between Internet and enterprise streaming. The network in-
frastructurefor streaming isthen discussed, aswell as enter-
prise streaming media content delivery network (SM-CDN)
design and operation. Thisisfollowed by examining theim-
portant topics of video conferencing, peer-to-peer network-
ing, voice over IR, and briefly touching upon wireless and
security issues.

2. INTERNET & ENTERPRISE STREAMING

The goals of enterprise and Internet streaming are similar
yet there are many factors that cause streaming systems to
have sometimes drastically different designs in the enter-
prisethaninthelnternet. Broadly speaking, Internet stream-
ing involves adapting streaming for a given infrastructure
with no control, whereas enterprise streaming allows co-
adaptation of streaming and infrastructure. We identify in
more detail some of the key attributes that underlie design
differences between typical Internet and enterprise stream-
ing systemsin Table 1.

First and foremost is the level of control in the design
of the streaming system. For the Internet, media content is
typically created by one party, hosted by a second party, and
then delivered by athird party beforefinally consumed by a
fourth party. Even more parties may be involved: Internet-
wide routing is achieved by collaboration of many autono-
mous systems (AS) that are often owned by competing en-
tities. The existence of multiple parties with different inter-
estslimitsthe ability to realize end-to-end improvementsby
any single party. In contrast, enterprise streaming typically
involves a single entity that controls everything. Coordi-
nated upgradesto effect end-to-end streaming improvement
is therefore possible and can often be mandated over an en-
tire enterprise. In enterprise streaming, the content largely
stayswithinasingle AS, and thereis ability to monitor, con-



Internet Streaming

Enterprise Streaming

Limited control

Limited financial resources

Reliability important, but depends on cost
Quiality isimportant, but depends on cost

Firewalls

Focus on individual

Supporting fast mobility is difficult
High diversity of content

Limited network resources, must be shared

Control of end-points& infrastructure
Flexible financial allocations
Reliability iscritical

Quiality is very important
Overprovisioned

Generally within firewall

Focus on the “public good” for all users
Facilitates mobility

Limited diversity of content

Table 1. Key differencesin Internet and enterprise streaming.

trol, and change the infrastructure to improve streaming.

Detailed knowledge about network conditions available
in enterprise streaming can be used, for example, to achieve
lower latency and to reduce bandwidth. If alink fails or be-
comes congested the network monitoring system can react
by rerouting over a clean link. In the Internet, protection
against congestion-induced packet |oss requires some form
of redundancy to “average over” random packet erasures.
Such coding typically increases latency and consumes extra
bandwidth. The higher the required reliability the greater
the bandwidth or latency increase. Typically, for Internet
streaming data link impairments must be handled end-to-
end while for enterprise streaming impairments can also be
mitigated through improved signaling, routing, and control.

Additional differences between enterprise and Internet
streaming include the following. Generally, there are lim-
ited financial resources available for Internet streaming, and
reliability and quality are achievedin abest-effort basisgiven
a limited budget. In contrast, since enterprise streaming is
used for business purposes, requirements on reliability and
quality are inelastic, and financia resources are allocated
as necessary. Internet streaming is often afflicted by lim-
ited network resources which must be shared; on the other
hand, enterprise networks are often overprovisioned. While
Internet streaming often requires traversing firewalls, enter-
prise streaming does not require firewall traversal since the
stream stays inside the enterprise. A great degree of mobil-
ity (ranging from less than a second to imperceptible) can
be supported in enterprise settings, while it is difficult to
support in Internet settings. Finally, an enterprise typically
offersalimited diversity of content, as opposed to an Inter-
net setting where a high diversity of content is supported,
and their typical workloads can also differ significantly [3].

Enterprise streaming is typically designed and operated
to achieve a business aim for the good of the enterprise as a
whole; thereis no need to finely distinguish which user pays
for which equipment. In the Internet, however, equipment
and services that generate “public good” are not generally
offered unless their cost can be recovered, e.g., by charging
individual users. Thisrelatesto the notion of perceived fair-

ness. Inthe Internet, perceived fairness isimportant, and an
important issue in P2P systems such as BitTorrent [4] isen-
forcing fairness constraints such as equality of upload and
download data volume. P2P systems that don’t have fair-
ness constraints generally decline, e.g., Kazaa [5]. For the
community of users in the same enterprise, the insistence
upon such anotion of fairnessis generally weaker, alowing
more degrees of freedom in system design.

Some important consequences of the differences men-
tioned above are asfollows. First, enterprise streaming sys-
tems generally have fewer constraints than Internet stream-
ing, but the supported services have more constraints on re-
liability and quality. Thus, in the Internet, services are com-
monly downgraded until they match the available network
performance, while in the enterprise the infrastructure can
be upgraded to meet the requirements of services. Second,
the knowledge and control of the network afforded by en-
terprise streaming allows better and global optimization of
infrastructure and end-points, as opposed to I nternet stream-
ing’'s limited knowledge and end-point only optimization.
This leads to a much larger space of possibilities and im-
proved performancefor enterprise streaming. In subsequent
sections, we study several important aspects of streaming,
and discuss how the differences between Internet and enter-
prise streaming manifest themselves.

3. NETWORK INFRASTRUCTURE AND
ENTERPRISE STREAMING MEDIA CDNS

In contrast to an Internet setting, in an enterprise setting a
single entity often owns and/or controls the source-end-host
or origin-server, first mile to corporate core network, corpo-
rate core or backbone, last mile to end hosts, and the end
hosts themselves!. This dramatically effects how theinfras-
tructure can be monitored, adapted, and changed. For exam-
ple the monitoring and management capability providesthe
ability to identify what content is viewed, for how long, by
which end hosts, how isit traversing the network, isit caus-

1For enterprise streaming we use “first” and “last” miles to denote the
LANs connecting the end-nodes and the enterprise high-speed networks.



ing problemsto the conventional data traffic, should rerout-
ing be performed, etc. Since the end hosts are controlled by
the enterprise, they can often be upgraded relatively easily,
often with minimal end-user involvement (e.g., for software
upgrades). In the enterprise setting changing the infrastruc-
tureisinvolved but doable, however this is often not an op-
tion in Internet streaming.

One of the simplest ways to enhance the enterprise in-
frastructure to improve media streaming is through the use
of acontent delivery overlay network, where nodes are placed
on top of (overlayed on) the existing network in order to
provide new or improved services while leveraging the ex-
isting network infrastructure. A streaming media CDN cor-
responds to an overlay network designed for streaming me-
dia delivery. It is composed of a number of overlay nodes
placed at strategic locationsin the network, generally close
to the end users. Each overlay node consists of one or more
overlay servers, and a manager which may be part of the
server or may be a separate entity. Some of the key func-
tions provided by the streaming media CDN include [6]:
content distribution to the serversand caching at the servers,
server selection or re-direction, streaming from the selected
server to the end host, application-level multicast, media
transcoding to support diverse client capabilities and het-
erogeneous networks, mid-session handoff between stream-
ing servers or transcoding servers, resource monitoring and
management, and other media services.

There are many advantages in having a streaming me-
dia CDN. Theseincludeimproved reliability and scalability
to alarger number of users, improved performancein terms
of both faster startup time and higher delivered bandwidths
and associated media quality. SM-CDN can al so reduce de-
mand on the network infrastructure since the streaming oc-
curs over shorter network distances, and through support of
application-layer multicast that is suitable for popular live-
content such as quarterly reports or CEO announcementsto
the entire company.

An enterprise streaming media CDN provides signifi-
cant freedom in placing caching/streaming overlay nodes,
as compared to Internet streaming. This is because in the
enterprise setting a single entity often controlsthe entire in-
frastructure and therefore can place overlay nodes at any
desired location. Thisis not possible in Internet streaming
where different parties own different portion of the network.
This has animportant impact on many key SM-CDN design
and operation problems, including: how many servers to
use, where to place them (server placement problem), and
how to use them (server selection problem). By control-
ling the infrastructure, the enterprise setting allows a much
larger range of possible solutions which can result in signif-
icant improvements in resource usage, e.g., increased free-
dom in server placement may enable fewer servers to sup-
port the same number of requesting clients.

Both the overlay server nodes and underlying network
nodes (e.g., routers) can monitor what is happening in the

network. Their logs provide valuable insights on the oper-
ation at many layers, and they are collected, analyzed, and
used to adapt or redesign the infrastructure to improve per-
formance. In addition, real-time monitoring and analysisis
used to assess infrastructure operation, identify problems,
and dynamically adapt the infrastructure operation (routing,
server selection, etc.) to overcomethe problems.

The control of both the overlay network and the un-
derlying network provide significant monitoring and con-
trol possihilities, which may lead to improved performance,
faster convergence (e.g., of routing updates) and prevent os-
cillations between overlay network action and underlying
network re-action (which can hamper performance and pro-
duce system instahility in certain cases) [7]. Thisisnot pos-
siblein Internet streaming when the overlay network and the
underlay network(s) are independently controlled by differ-
ent entities with potentially different policies and goals.

4. VIDEO CONFERENCING

Video conferencing has long been an important application
for the enterprise. However, as of today it has achieved lim-
ited success. Despite significant time and financial over-
heads associated with travel, atrip followed by meeting with
another party in the same room is often preferred to remote
video conferencing. Current Internet conferencing systems
typically offer small video picture size with high delay and
occasional picture breakup or freezes. Such video quality
cannot support afeeling of working together to solveaprob-
lem, which is essential to video conferencing. Severa as-
pects of video conferencing need to be improved to support
asense of working together, including higher media quality,
and better “in-contact” with the other participants.

For media quality, excellent video quality correspond-
ing to DVD quality and above depending on display size
and viewing distance, and excellent audio quality without
echo and other highly perceptible artifacts, are necessary.
In addition, the end-to-end delay (including delay jitter) for
the media streams should be | ess than roughly 100 msecsto
achieve interactiveness. These requirements mean that the
network infrastructure must support severa Mb/s of com-
pressed media, with no loss and low delay, and provide reli-
ability corresponding to less than, e.g., one glitch per hour.
Clearly such level of QoSis not attainable in the wide-area
Internet. For atypical enterprise network, where bandwidth
is generaly more plentiful, the task of provisioning such
QoS alongside other corporate data traffic may still prove
impossible. One possible approach for achieving such strin-
gent QoS, as afforded by the higher budget for enterprise
networks, is to strategically dedicate leased lines or virtual
private networks (VPNSs) for video conferencing between
different sites at different geographic locations. There are
two advantages of this approach. The use of leased lines or
VPNs provides superior QoS in terms of bandwidth, delay
and loss by shielding the effects of traffic outside the en-



terprise. The use of a dedicated video network eliminates
uncontrollable or unpredictable cross traffic such as corpo-
rate email inside the enterprise.

Improving a sense of being “in-contact” is another as-
pect of providing an experience of working together in the
sameroom. Thereare several examplesof such effortsmainly
with the enterprise environment as the target. For instance,
the use of multiple cameras and multiple large displays at
each end enable the distant viewers to be displayed at ap-
proximately the same size as the participantsin each room.
The real-size image greatly facilitates natural interaction.
Similarly, research in image-based rendering (IBR) has at-
tempted to solve a variety of important additional problems
such as eye-gaze correction [8, 9]. In addition, for video
conferencing to replace conventional meetings, individuals
at different sites need to collaborate by exchanging, view-
ing, and editing documents and other artifacts; effectively
providing such a collaboration environment is an important
area of current research.

In summary, technologies used in video conferencing
over the Internet attempts to minimize cost, where users
are complacent with the limitations of the existing network
and equipment. In contrast, video conferencing in the en-
terprise is a business need and has to effectively support
an experience of working together, or it will not be used.
Thelarger budget for enterprise video conferencing also en-
ables higher quality and more sophisticated video and audio
compression, high-bandwidth and low-delay delivery of the
streams, removal of audio artifacts and eye-gaze problems,
large displays to make the participants feel like everyoneis
in the same room, and collaboration capabilities on docu-
ments and other artifacts.

5. PEER-TO-PEER (P2P) NETWORKING

P2P systems have been used for many years (e.g., Internet
routing and Usenet), however Internet P2P systems have
recently received considerable attention. P2P systems are
architectures and applications where distributed resources
(computers and associated storage, computation, and band-
width) are used to perform atask in a decentralized manner.
Popular Internet P2P systems include the file sharing sys-
tems Napster, Gnutella, and Kazaa (which primarily differ
in how they locate which peer has the desired file), as well
as Voice over | P P2P system Skype (discussedin Sec. 6) and
GRID computing networks such as SETI [10].

Internet P2P systems typicaly have the following at-
tributes: (1) peers are self-organizing (they discover one
another), (2) peers are generally autonomous and the sys-
tem operatesin a decentralized manner, (3) peers may come
or go (churn) with no guarantees on availability or services
provided, and (4) peers generally have equa standing (peer
equality), though some P2P systems attempt to provide im-
proved performance by classifying some nodes as supern-
odes based on attributes such asreliability and network band-

width. These attributes provide a number of benefits that
are important in the context of the Internet, including im-
proved scalability and reliability (avoiding dependence on
centralized resources since peers directly interact with each
other), and of course reduced cost. However, many of these
attributes are not necessary and are even undesirable in an
enterprise setting. For example, in an enterprise setting it is
desirable to have centralized authentication and access con-
trol, centralized databases that provide increased reliability
and timely updates, etc. In addition, it is unlikely that en-
terprise peers will come and go, and it may be possible to
specify the availability and services provided by each node
(although their available resources may vary unpredictably
over time). Also, peer equality is of lesser importance, and
the server/client model can simplify various applications.
Furthermore, many of the issues that motivate P2P systems
in the Internet, such as limited budget, lack of mutual trust
between nodes, high churn rate, and only limited impor-
tance of the service, are aimost opposite in typical enter-
prise settings where the required reliability and importance
of the provided service(s) often outweighs the cost, nodes
are generally trustworthy, and churn can be limited. An ex-
cellent discussion on when a P2P system is appropriate is
givenin[11].

P2P systemsfor mediadelivery generally havetwo steps:
(2) discovery of thelocation(s) of the requested content and
(2) delivery or processing of the content. While the dis-
covery step may be centralized (e.g., centralized directory
such as used by Napster) the delivery or processing may be
decentralized. For example, computational resources may
be aggregated across distributed computers to solve large
computational problem, e.g., graphics rendering for Hol-
lywood films, or distributed storage across multiple nodes
to provide increased reliability for important content or to
increase storage capacity. These decentralized processing
steps can be controlled in an enterprise setting to achieve
a desired performance objective, however it is difficult to
achieve similar objectivesin an Internet setting. Finaly, as
mentioned in Sec. 2 perceived fairnessis very important for
Internet P2P systems, however it is not really a concern for
enterprise P2P systemswhich generally are designed to ben-
efit all.

6. VOICE OVERIP (VOIP)

Over the last few years there have been major economic
motivations to move to VoIP for speech communications.
By bypassing the established telecommunication infrastruc-
ture, Vol P providesthe consumer with dramatically reduced
costs for international and domestic calling. In the enter-
prise Vol P reduces costs, allows the convergence of the data
and phone networks to a single data network, and makes it
practical to unify voice, instant messaging, and email com-
munication. Both Internet and enterprise Vol P systems use
gateways to connect Vol P end hosts to conventional circuit-



switched telephones.

The required reliability for Internet Vol P and enterprise
VoIP are very different. In exchange for lower cost the
home consumer may accept sporadic quality degradations,
the need to retry a connection, or even rare service outages.
Enterprise users (and their customers and business partners)
have no such patience. The overarching need for high avail-
ability drives architectural choicesin the enterprise that are
not available on the Internet. For example, within an en-
terprise routers can be configured to prioritize voice traffic
ahead of data traffic, and to partition voice and data onto
separate virtual LANs (VLANS).

Enterprise users demand not only more quality but more
features than typically required for Internet VolP, includ-
ing for example sophisticated call transfer options, full in-
teroperability with legacy analog phone systems, and fine-
grained routing control to direct a call to the gateway that
minimizes long distance calling charges. Many of these
challenges are addressed at the signaling layer rather than
the datalink layer.

Firewalls and network address trandators (NATS) are a
problem for Internet Vol P that does not typically limit en-
terprise VolP. Overcoming NATs and firewalls is critical
for VolP over the Internet, where different hosts are con-
nected in different ways. For example, the popular Skype
Vol P P2P application allows usersto work behind NATs and
firewalls[12, 13] by first probing the network, then, if nec-
essary, employing an additional Skype peer as arelay. In
contrast, within the enterprise, hosts can usually communi-
cate directly. When direct connection is not possible, usu-
ally only a small number of NATs or firewalls—all owned
by the enterprise—need to be reconfigured for VoI P.

Security and privacy are a significant concern for both
enterprise and Internet VolP. The data path and signaling
traffic can both be protected using encryption but it can be
difficult to eliminate al vulnerabilitiesin the signaling path,
particularly when interoperating with legacy equipment. A
basic security measure is physical accessto the LAN. Para
doxically, however, the enterprise can be more vulnerable
than the Internet: atypical enterprise has unprotected eth-
ernet ports in every conference room, while the LAN of
a home Internet user is exposed only to houseguests. (A
poorly configured wireless home router reverses this situa-
tion.) Both enterprise and Internet Vol P are vulnerable to
viruses, worms, and spyware, though to the authors’ knowl-
edge no such Vol P-specific attacks have yet appeared. The
network management tools in an enterprise make it much
easier to detect misbehaving machines though not necessar-
ily to physically locate them.

7. WIRELESS

The wireless landscape is rapidly improving for both Inter-
net and enterprise streaming. Wireless Internet streaming
is most commonly provided over either a cellular network

or over awireless LAN based on |IEEE 802.11. Enterprise
wireless streaming is done almost exclusively using 802.11.
Wireless can be configured as a “last mile” access solution
or, aternatively, the entire network can be wireless, as for
examplein emerging mesh solutions.

ThelP dataservices offered by current cellular networks
have very high and variablelatency, making them marginally
suitablefor conversational communication. Asaresult, most
IP streaming targeted at cellular is one-way and has alarge
playout buffer. Next generation networks, based for ex-
ample on proprietary formats, on 802.16 (WiMax), or on
UMTS-HSDPA, have much better latency characteristics.

Until quite recently the deployment of 802.11 wireless
was hindered by limited bandwidth, random installation of
multiple access points (AP) to form anetwork, up to 1/2 sec-
ond congestion delays at the AP (preventing conversational
applications), and broken security. Fortunately these prob-
lems are being dramatically reduced or overcome via the
introduction of 802.11a/g and upcoming 802.11n for im-
proved bandwidth, 802.11e for QoS, 802.11i for security,
and anumber of standardization efforts and toolsfor 802.11
network monitoring, management, and control. These im-
provements may enabl e conversational video and audio over
wireless enterprise networks.

Enterprisewireless has problemsnot present in last-mile
Internet 802.11 streaming. Scalability is foremost among
them: enterprises must support alarge number of simultane-
ous users without service degradation. The spectrum avail-
able to 802.11 is large but not unlimited, and a dense enter-
prise deployment can exhaust it. To efficiently use available
spectrum is an exceptionally challenging problem, and typ-
ically requires joint optimization of the physical layer, the
multiple access layer, channel assignment, power control,
and packet scheduling. In Internet streaming this optimiza-
tion is performed within just one access point; in the enter-
priseit is done campus-wide, across dozens of access points
with overlapping regions of coverage. Although “switched
WLAN” systems that implement some of these centralized
mechanisms are now available commercially, many of the
basi c questions of how to optimize for latency-sensitive data
remain open.

New media-enabled and wirel ess-enabled end hosts are

changing how content is created, shared, accessed and searched.

For example, both emerging cell phones and handheld com-
puters, e.g., HP iPAQ, include integrated high-resolution
image and video cameras, video and audio real-time en-
coding, and wireless 802.11 for local connectivity and 2.5G
(and soon 3G) cellular for wide-area coverage. These capa-
bilities enable any user to create and upload content to the
infrastructure to be shared with others. This capability may
change the operation of many businesses, including medi-
cal, insurance, support and repair, emergency response, etc.,
and it has significant effects on how the large amount of end-
user created mediacontent isidentified, stored, indexed, and
searched for. Automated and accurate techniques to solve



these problems are necessary.

Thecentralized infrastructure of enterprise streaming of -
fersthe possibility of seamless mobility for wireless clients.
With suitably-designed wireless infrastructure, al jointly
controlled, the physical layer handover delay can be reduced
to milliseconds, and the | P address of a mobile client can be
preserved throughout the campus. Thus a streaming appli-
cation need not even be aware of mobility. Internet stream-
ing generally lacks such supporting infrastructure. Mobility
generally requires a streaming session to be torn down and
restarted after a user moves to a new area. Moreover, for
P2P networks, directory services will take several seconds
or minutesto “catch up” with the new location of the user.

Finally, an interesting assertion made by security ex-
perts is that because of the recent focus on the security vul-
nerability of wireless networks, the wireless portion of to-
day’s enterprise networks may be more secure than thewired
portion.

8. SECURITY

Important concernsfor Internet streaming are piracy protec-
tion, confidentiality of end-user communication, secure but
easy consumption (rendering, copying, editing, etc.) and se-
curity against attacks. In the enterprise setting the primary
security goals are typically confidentiality of important in-
formation (or piracy protection from non-employees), se-
cure logging, access control and protection from attacks.
The first line of enterprise security typically involves
di stingui shing between empl oyees and non-employees (peo-
ple inside or outside the enterprise). The first step toward
this goal involves separating the enterprise network from
the outside networks, with proxies and firewalls carefully
designed to limit or completely prevent access in, and pos-
sibly limit access out. For nodes inside an enterprise net-
work there is often associated a sense of trust, and therefore
the average media within the enterprise (including email)
is generally not encrypted during transit but potentially as-
sociated with access rules. Controlled access of media is
evolving into an enterprise-specific digital rights manage-
ment (DRM) system. Whereas Internet DRM systems (or
better, consumer oriented DRM systems) are oriented to-
wards a hostile environment with very few allowed user in-
teractions (mostly rendering and storing), enterprise DRM
systems typicaly live in a less hostile environment (i.e.,
less emphasis is needed on secure implementations), but
the number of allowed interactionsis typically much larger
(e.g., editing, splicing, sampling, etc). As a matter of fact
we observethat enterprise DRM systemsand consumer DRM
systems constitute two separate worlds: an interesting area
of research is the creation of DRM systems that span both
worlds, allowing agradual transition from enterpriseto con-
sumer. In particular, in the area of professional content in-
tended for consumer use it would be useful to have a secu-
rity system available that would span the whole value chain,

from creation and aggregation to delivery and consumption.

9. SUMMARY

This paper provided an overview of enterprise streaming
with the goal of describing the basic differencesbetween en-
terprise streaming and I nternet streaming and how these dif-
ferences alter the challenges that must be overcome for me-
dia streaming in the enterprise. While it might at first seem
that enterprise streaming is easier than Internet streaming,
due for example to a system-wide control available in the
enterprise, the demands on quality, reliability, and scalabil-
ity can makeit harder. Moreover, the availability of control
does not answer the question of what should be controlled
or how the control should be carried out. Questions about
global optimization and control of streaming services, net-
works, and end-points within the enterprise provide arich
and active area of research.

10. REFERENCES

[1] J.G. Apostolopoulos, W. Tan, and S.J. Wee, “Video Stream-
ing: Concepts, Algorithms, and Systems” HP Labs Tech
Report 2002-260, Sept 2002.

[2] D. Turaga, M. Schaar, and K. Ratakonda, “Enterprise mul-
timedia streaming: Issues, background and new develop-
ments,” |EEE ICME, July 2005.

[3] L. Cherkasovaand M. Gupta, “Analysis of enterprise media
server workloads: Access patterns, locality, content evolu-
tion, and rates of change” ACM/IEEE Transactions on Net-
working, October 2004.

[4] http://mww.bittorrent.com.

[5] http://mww.kazaa.com.

[6] S. Wee, J. Apostolopoulos, W. Tan, and S. Roy, “Research
and design challenges for mobile streaming media content
delivery networks (MSM-CDNs),” |EEE ICME, July 2003.

[7] Y.Liu, H.Zhang, W. Gong, and D. Towdley, “On the interac-
tion between overlay routing and traffic engineering,” |EEE
Infocom, March 2005.

[8] C. Zzhang and T. Chen, “A survey of image-based
rendering—representation, sampling, compression,” Signal
Processing: Image Communications, January 2004.

[9] H.Baker, N. Bhatti, D. Tanguay, |. Sobel, D. Gelb, M. Goss,
J. MacCormick, B. Culbertson, and T. Malzbender, “Com-
putation and performance issues in coliseum, an immersive
videoconferencing system,” ACM Multimedia, November
2003.

[10] http://setiathome.ssl.berkeley.edu.

[11] M. Roussopoulos, M. Baker, D. Rosenthal, T. Giuli, P. Mani-
atis, and J. Mogul, “2 P2P or Not 2 P2P,” 3rd International
\Workshop on Peer-to-Peer Systems (IPTPS), February 2004.

[12] www.skype.com.

[13] S. Baset and H. Schulzrinne, “An analysis of the skype peer-
to-peer internet telephony protocol,” Columbia University
Technical Report CUCS-039-04, September 15, 2004.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


