» Discrete Cosine Transform (Forward/Inverse) based compression

= Two methods for Quantization : H.263 and MPEG.
Simple Profile uses H.263 quantization ,Qniy Core Profile allows both.

o AC/DC Pred"sctmn for intra and inter biﬁckg

» Three modes of scanning (Zigzag, Hmmﬁtai and V@ftia:ai} d@pendmg on the

precémtmn direction

« Run-Length coding to transmit the VLCs in the bé»t'sstgeeam
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| Frame

e Bhestion Yector

P Frame

Successive Video frames normally have only
few regions that move. Even in presence of

motion, the movement is within bounds.

There :;e;xigtsémmp@rai redundancy between

two successive frames in video scene.

redundancy for h iri«hﬁf compression ratios.
Both P and B frame basﬁedf‘m@ti;on
compensation is used in MPEG-4.

et
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o Encoding of B-frames requires the
Display Order | coding order to be different from
' 8 8 B P B B B P icplay order.

" B%fra_mes,gse the next and previous

or P frames for motion prediction.

« Encoder requires to buffer the raw

t 3 4 5 2 7 8 9 6 video frames to support B-frame
Encading Order
coding.
i .
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« Repetitive padding algorithm. °

. }gijtefﬁ;ded padding algorithm. -

 Three step/Four step search for

majority ”V@t@ngp algo rithm.

« Motion vector prediction. =~

coding mode decision.

« Intra/Intere

+ Unrestricted motion vectors
» 4MV technique for better compression.

g:aﬁmmé
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» [n case of constrained
bandwidths, the viewer may

choose to lose context

'Enf@c;;; mation rather than have

5 (jggraﬂé -quality for region of
'éﬁt;e;rejsta N

» Shape coding enables encoding of
only region of interest by

efficient means.

matmi
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~Alpha plane imf@rmati@n in raw form consumes
lot of bandwidth.
- Context Based Arithmetic (CAE) algorithm is

used for effzcuentmding of shape mfermatmﬂ

CAE uses 'pr; _;:;;ﬂity%ait; bles to predict the a&pha

‘value of next pel from prev?’"‘,i

Cmtext and pmbabmt‘y tables used f@r Entra

and Inter frames are different;
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Tﬁﬁh niqu‘es} ike Data pam f‘émiﬁg

coding (RVLC) are employed for this

purpose.
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UcL

Buffer Docupancy (%)
Encoded
Bitstraam

Rate

Control

- Frame skip command g

antisation parameters

Transmitted
Bitstream

Different channels have different
bandwidth limitations. |

Rate control deais with maintaining the,,_.
wimt bfi?;ir&t@ produced by the |

encoder in presence of rate variations.

A (:@ntfji;f-{,_ﬁguffef ’E susedf@r

the autpu‘t' rat@ ) ; ‘
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MPEG-4 does not specify how images

should be segmented for shape coding.
Image Segmentation is still an active +
afga Qf’f-:grfgﬁsearch, »
Patm hasda‘veimped a motion based

segmentation scheme f r O

as migeies’s-ayidm9
The algorithm is suited for Video
Conferencing applications.

Patmi
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The following features are supported by MPEG-4 Video Encoder:

&

Full compliance to ISO/IEC 1449;6;{_—2;5tandard,

Supports Simple Profile @ Level 3 & Core Pmﬁie @ Level 2.
Support for QCIF/CIF enmdingr"’

Support for Error Resilience tool. e

Rate Control for bandwidth E‘Emétedxlv&a@@ﬁei& -

Provides a Segmentation module that caﬁ":e@pgg‘;‘sed for Video

Conferencing/CCTV based applications.

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1944
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



~ The following are future plans for MPEG-4 Video Encoder:

Implementation of MPEG-4 Encoder for Ti DSP processor.

Implementation of Core Sca&ga;b%.éé{gmﬁ le.

Using Joint Source Channel C@dﬁﬂgm h MPEG-4 Core Scalable:
Profile. e R |

Optimizing segmentation module f{oﬁr;z;dga;;ys;e;rse applications.
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Tunneling QuickTime RTSP and RTP over HTTP

QuickTime 4.1 adds HTTP to its’ Streaming Transport capabilities. The addition of
HTTP streaming allows QuickTime to utilize HTTP (RFC 1945 Hypertext Transfer
Protocol 1.0 and RFC 2068 1945 Hypertext Transfer Protocol 1.1} proxies so viewers
behind a firewall can access QuickTime presentations.

The HTTP transport is built from two separate HTITP GET and POST requests initiated
by the client. The server then binds the connections to form a virtual full-duplex
connection.

This paper documents the protocol used forming this type of connection, and notes
iroplementation details associated with its use.

Protocol Requiremenis

e It must support use of unmodified RTSP/RTP.

It must be acceptable to HTTP proxies.

It must identify the requests and replies as non-cacheable by a proxy.

All requests must originate from the client.

It must uniquely identify the request pairs so that they may be successfully bound by

the server.

#  All requests must be made in such a way that they connect to the same RTSP server.
This can be a challenge when the server is behind a BNS round robin for example.

e Any request must be identifiable as one that will eventually tunnel an RTSP
conversation and RTP data.

¢ & 8 8

Refationship to RTSF/RTP

Using standard RTSP/RTP it is possible to stream a presentation to a user via a single
TCP connection. {See RFC 2036 “Real Time Streaming Protocol (RTSP)”, section 10.12)
Untortunately, that is not sufficient to reach a significant population of Internet users.
These users are typically on private IP networks where the client machines have indirect
access to the public Internet via email and HTTP Proxies.

The QuickTime HTTP transport exploits the capability of HTTP GET and POST
methods to carry an indefinite amount of data in their reply, and message body
respectively. In the most simple case, the client makes a HTTP GET request to the
streaming server to open the server to client channel. Then the client makes a POST
request to the server to open the client to server channel.

Pagelof 6
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{HTTP GET)
|----<<cc data <<<<g -~ |
client ----- | |-~~~ server
f-= >35> data »>e>>3-wee-a-|
{HTTP POST)
The virtual connection makes it possible to use unmodified RTSP over the connection.

HTTP Reguirements

Version - All regquests are made using HTTP version 1.0.
Rinding the Channels - Each client HTTP reguest must
include a “x-sessiocncockle” header with a Glcbally Unigue
Identifier (GUID) ae it’s value. This makes it possible for
the server to unambiguoualy bind the 2 channels. This
protocol uses the value asgs a simple opague token passed to
the Clib ‘'strcmp' function.

Caching - Server replies include "Cache-Control: no-store",
and client reguests include the "Pragma: no-cache® as
directives in the headers. These are not reguired by the
protocol. It is recommended that implementations
x-gserver-ip-address Header - The server may optionally
include a "x-server-ip-address” followed by an IP address
in dotted guad format in it's reply te the client's initi
GET request. When this header is present, the client must
direct its’ POST reqguest to the stated IP address,

regardless of the IP address returned via DNES lcookup.

This insures that both requests will connect to the same

-

server among potentially several servers in a server farm.

Many times these server clusters will be allocated

Page2 of 6
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connections via a rcund robin DNS or other load balancing

algorithme.

Meaning of HTTP errors in replies - HTIP errors reflect the

-

unwillingness or inability of the server to form the

wn
R

virtual full duplex connection. They do not imply RT
errors. In general, the server will always reply with *20
OK”, and simply close the connection if problems occur. The
POST request is never veplied to by the server

Reguest Identification

QuickTime Streaming uses the 'application/x-rtsp-tunnelled!
MIME type in both the Content-Type and Accept headers. This
reflects the data type that is expected and delivered by

the client and server.

RTSP Request Encoding

The RTSP requests made by the client on the POST channel must be encoded using the
baset4 method. (See RFC 2045 “Internet Message Bodies”, section 6.8 Base64 Content-
Transfer-Encoding; and RFC 1421 “Privacy Enhancement for Electronic Mail,” section
4.3.2.4, Printable Encoding)

The base64 encoding prevents HETTP proxies from mistaking the embodied RTSP
requests as malformed HTTP requests. Our testing revealed that some HTTP proxies did
in fact fail to pass the raw RTSP data properly.

Eucoding a DESCRIBE request.
Original request:
DESCRIBE ritsp: //tuckru.apple.com/sw.movRISE/1.0

Accept: application/sdp
Bandwidth: 1500000

User-aAgent : QT8 {gtver=4.1;cpu=PPrC;os=Mac8.§)
) I 7 CE i

Page3 of 6
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Encoded format:
REVTQLITQk cUgenk ZC:TJO‘V’iJ.SR.lY?f”dSSth BSV%"%jb? OveRCubWoRIFIUULAVMSAw
CpDU2T VxOi AxXDQURY 2N1IcHQ6 IGFwoGxpY2FaWouL3!: NkcAOKOMFUZE ide’{Qo-’_)le

NTAWMDAWDQPEY2N1CHOE TEFUZ3VhE2T6 IGVULVVTDOpVe2 VY LUFRZWS 001 BRVFMY
KHFOJmMVyPTQUMTt § cHUSUFRDO2 92 PULhYyvA4 L YpDQoNCy ==

Sample HTTP Reguesis
Sample GET transaction.

Client = Server

i

GET /aw.movHTTRP/1.0

User-aAgent: QTS (gtver=4.1;cpu=PPC;0s=Macs .6}
x-gegsioncookie: tDShKgAATESARCECAAARAAW
Accept: application/x-rtsp-tunnelled

Pragma: no-cache

<o
Cache-Control: no-cache
Server I Client

HITP/1.0200 OK

Server: QTSS/2.0 {viC1l] MacCSX
Connection: close

Date: Thu, 19 Aug 1982 18:30:00 GMT

Cache-Control: no-stors

Pragma: no-cache
Content-Type: application/x-rtsp-tunnelled

Sample POST request

Client I Server

cpu=PPC;os=Mac8.6)
L)Dh&qZA/xf_BSAEC‘F CADADNDW
Content-Type: application/x-rtesp-tunnelled

Paged of 6
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Pragma : no-cache

Cache-Control :no-cache
Content-Length: 32767

Expires: Sun, 9 Jan 1972 00:00:00 GMT

Server I Client

There is no reponse from the server! The client will continue to send RTSP as
the message body of this POST request. The chosen Content-Length of 32767 is
an arbitrarily large value. All POST requests are required to have a content-
length header by HTTP. In practice the actual value seems to be ignored by
proxy servers, so it is possible to send more than this amount of data in the form
of RTSP requests. The QuickTime Server ignores the content-length header.

Connection Maintenance

The client may at its’ option close the POST connection at any given time. Doing
s0 frees socket and memory rescurces at the server that might otherwise be
unused for a long time. In QuickTime Streaming the best time for this usually
occurs after the PLAY request.

implementation Best Practices

This section covers detaiis that are not required by the protocol, but
commurnicate important information {o proxies so that they handie the streams
better.

Date Header — In QuickTime streaming, the GET reply includes a “Date” headers
with a value at an arbitrary point in the past. This keeps proxies from caching the
transaction.

Expires Header — Same as the Date header.
Pragma “No cache” - Tells many HTTP 1.0 proxies not to cache.

Cache-Control “no-cache” — Tells HTTP 1.1 proxies not to cache.

Page 5 of 6
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Unsupported HTTP

Support for HTTP features not documented here is not required for RTSP
tunneling. HTTP tunnel should mimic a normal TCP connection as closely as
possible without adding unnecessary features.
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When Is 54 Not Equal to 547 A Look at 802.115, b, and g Listen
Th?“ h Print
Q“g pu.k Discuss
by Matthew Gast, author of 302,11 Wireless Networks: The Definitive Guide Subscrics LO »}:x::iess
08/08/2003 (updated: 8/14/2003) Subscribe te
Newsletters
Now that the 802,11¢g standard has been finalized, comparisons with the other standards in the 802,11 family are
inevitable. One conclusion that is frequantly drawn is that 802.11g offers similar speeds to 802.11a. After i}, both
products are advertised as having a data rata of 54 Mbps.
This article develops a simple model for the maximum TCP throughput of 802,11 netwoerks so that a compariscn can
move beyend a simple comparison of nominal bit rates. Accc g to the model, 802.11g is significantly faster than
802.11b. In a network consisting only of 802.11g clients, it is aven slightly fester than 802.11a. However, "protection”
mechanisms added to 802.11g to ensure backwards compatibility with legacy 802,11b clients can cut the throughput by
50 percent or mora.
Technolo Transactions per |Mbps of TCP Transactional speed
9y second payload throughput | relative to 802.11b
11b, 11 Mbps 479 5.6 1.0
1ia, 54 Mbps 2,336 27.3 4.9
11ig, 54 Mbps/no
g, 54 Mbps/ 3,336 27.3 4.
protection
11 4 Mbps/CTS-to-
g, 54 Mbps/ 1,113 13.0 2.3
self protection
11g, 54 Mbps/RVS/CTS
g, 54 Mbps/RIS/CTS | 55 8.8 1.6
protection
The Transactional Model
The basic transactional medel assumed by this article is a maximum-iength frama containing a single TCP segment
followed by a TCP a"know’edgement To cope with the inherent unreliability of radio waves, the 802.11 MAL requires
D ve acknowledgement of every transmission, Each TCP packet must therefore be wrapped up in a frame ex ge.
The camplete transaction consists of the twe 802.11 data frames carrying TCP embedded in their respective exchanges:
The TCP data segment:
s Distributed Interframe Space (DIFS): this interframe space indicates that an exchange has completed, and it
is safe 10 access the madium again.
e The data frame containing the TCP segment.
s A Short Interframe Space {SIFS), which is a small gap betwean the data frame and its acknowladgement.
e The 802.11 ACK frame. .
The TCP ACK:
o DIFS
s The data framea containing the TCP ACK
o SIFS
» 802.11 ACK frame
For this model, I will assume that the host operating system {imits the cutgoing frame size to 1,500 bytes. 802.11
permits much larger frame sizes, but this flexibiiity has not traditionally been used by client products. Most access
points connect to existing networks with Ethernet, and therefore limit the payload size to the maximum Ethernet
payload size, {In fact, this simple precaution is required to obtain Wi-Fi certification.}
| i
hitp://www.oreillynet.com/pub/a/wireless/2003/08/08/wireless_throughput.himl 10/36/2008
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Encapsulation

Related Reading

In addition to the payload data, there are 36 additional bytes of data added In the
encapsulation process. The §02.11 MAC header adds 28 bytes of data for various
control and management functions, error detaction, and addressi A further
eight bvtes are added by the SNAP encapsulation header to iden the network
fayer prol . {For further encapsulation details, see Figures 3-9 and 3-13 of
802,11 Wireless Netwerks.) The total size of the MAC payload for the TCP data
segment is 1,536 bytes (12,288 bits). For the TCP ACK, the 40 bytes of TCP/IP
header information alse gets a further 35 bytes of SNAP header for a total of 76
bytes {608 bits).

Throughput

This article meastres the throughput of the network at the TCP payload layer.
Each transaction delivers one data frame. There are 1,500 bytes of Ethernat
payload, hut 40 hytes must be subtracted for headers. By adding up the total time
reguired for each component of the transaction, 3 transaction rate can be derived, P
For the throughput, simply muitiply by 1,460 bytes.

Networks: The
Definitive Guide

Weaknesses of the Model

The transactional mode! is quite simple, and neglects several important effects, * Creating and

First of all, it assumes a steady stream of well-ordered frames with no contention Administering

for the medium. 802.11 Implements collision avoidance and exponentiai backoff, Wireless Networks
s0 in reality, the time between frame exchanges will be longer than one DIFS. By Matthew Gast

Exponential backoff in the presence of contentinn will further decre
My initial back-of-the envelope estimate is that contention for the m
reduce the maximum throughput figures above by 25% to 50%, depe
exact assumptions made.

Read Online--Safar]
Furthermore, there is always the possibility of simultaneous transmission, 802.11 Search this ook on Safari:
will order layer two frames and prevent collisions, b ighaer-layer packets may be H i

transmitt=d simultanecusly, 802.11 treats TCP segments and acknowledgements o
as unrelated r-iayer frames, 50 a3 certain number of collisions are expected. £ -
(One sngineer has told me that up to 10% retransmissions should be expected for Only This Book =

TCP/IP on 802,11 due to this affect.} B Code Fragments anly

Furthermore, the model ignores the sophistication in the TCP acknowledgement

maodel. To avoid constraining throughput, TCP uses "silding windows"” and aliows multiple outstanding frames to be
wransmitted before acknowiedgement, In practice, TCP acknowledgements can apply to muitiple segments, so this
maodel overstates the impact of higher-layer protocol acknowledgements.,

The Baselines 802.11b at 11 Mbps
The baseline speed comes from 802.11b. It Is not as fast as the newer specifications, but it's what most of the 802.11

cards cut In the worid do. Uil do the calcuiation for 802.11b first, and then compare everything else to the result for
. 802.13b.

First off, the basic timing numbers for 802.11b:

« SIFS = 10 s
« Slot time = 20 us
& DIFS = 2 x Slot time + SIFS = 50 ps

802.11b requires that a preamble be prepended to every frame before it is transmitted to the air. That preamble may
be either the traditional “long” preamble, which requires 192 us for transmission, or it may be an optional "short”
preamble that requires only 96 ps. {For 3 disgram of the physical layer headers in 802.11b, see Figure 10-26 in 802.11
Wireless Networks.) Support of the long preamble is mandatary, and is the default setting on maost devices. In the
interest of reducing the number of calculations, this article will perform calculations using only the long preambie.

802.11b running at the max speed des data up into 8-bit symbais. There are 1,536 8-bit blocks in the TCP data
segment, and 76 &-bit blocks in the TCP acknowledgement. The ACK does not have SNAP hesders, and is only 14 bytes
iong.

Encoding the MAC frames is easy. 802.11b divides up the MAL frame into a series of 8-bit "symbols,” and then
transmits 1,375 miilion symbols per second. So add up the individual components of the transaction to get the total

duration:
TCP data TCP ACK
DIFS 50 us 50 us
192 ys + 1536/1.375 Msps| 182 us + 76/1.375 Msps
802.11 Data =182 ys + 1,118 uys = 192 us + 56 us
= 1,310 us = 248 us
SIFS i0 us 10 us
192 us + 14/1.375 Msps

http://www.oreillynet.com/pub/a/wireless/2003/08/08/wireless throughput.hitml 10/30/2008
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Search Wireless
=192 us + 11 us
802.11 ACK = 203 s = 203 ys Se
Frame exchange total| 1,573 us ' 511 us
Transaction Total {2,084 us Tagged Articles

Post to del.icio.us
Each transaction requires 2,084 ys. At that duration, 479 exchanges can complete per second, With a TCP pavicad of i
1,460 hytes per exchange, the throughput is 5.7 Mbps. Thig articie has been tagged:
wirefess

802.11a

Articles that share the tag
wireless:

802.11a is faster than 802.11b for two reasons: timing refationships between frames in the exchanges are tighter; and
tha enco used by 802.11a does not require such long preambles for synchronization.

Hare are the basic timing numbers for 802.11a:

e SIFS = 16 us m;ig (23 ?195)
» Siot time = 3 us
®» DIFS = 2 x Slot time + SIFS = 34 ys S_ecuxevou W:reiecs

Like 802.11b, 802.11a divides data up into a series of symbols for transmission. However, the encoding used by
802.11a uses much larger symbols. At 54 Mbps, each symbol encodas 216 bits. (For a full listing of encoding block

siz e Table 11-3 in 802.12 Wireless Networks.} The OFDM encoding used by 802.11a adds six bits for encoding
purposes to the end of the frame, so our maximum-length framea of 1,526 bytes becomes a series of 12,288 data bits
plus the six tail bits. The total bit string of 12,294 bits can be encoded in 57 symbols. The 608 bit TCP ACK pius tail bits
requires four symbaols, and the 802,11 ACK also raguires just one symbol.

Each frame is prepared for transmission in the air with a 20 us header to synchronize the receiver. Folicwing the 20 us
header is a series of symbaols, each requiring 4 ys for transmission.

TCP data TCP ACK Sponsored Resources
DIFS 34 us 34 us o Inside Lightroom
20 ps + 57 * 4 us/symbol| 20 us + 3 * 4 ys/symboi
802.11 Data = 20 us + 228 ps =20+ 12 ps Retated to this Article
= 248 us = 32 us ———
SIFS 16 ps 16 s | oo
- ] Ocioher 2007
20 ps + 1 * 4 pys/symbol $10.00 USD
802.11 ACK = 20 us + 4 ys = 24 us
= 24 us
Frame exchange total| 322 us 106 us

428 ps webh2 0w

Expg:coa'

San Francisco,

Transaction Total

At 428 us per transaction, it is possible to complete 2,336 exchanges per second. That corresponds te a threughput of A
27.3 Mhups.
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WHITE PAPER

E 802.110
The New Mainstream Wireless LAN Standard

BROADCOM.
Ry F

Today's popular IEEE 802,110 (802.11h) for wireless local area nebworks (WLANs) has changed the face
of networking, providing tremendous flexibility for mobile workers and hassle-free internet sharing for home
users. The next milesione in the svolution of WLANSs is the introduction of IEEE 802.11g (802.11g). This
new IEEE sitandard will dramatically improve the performance of WLANSs, while providing compatibility with
the existing installed base of 802.11b networks. The purpose of this white paper is to:

»  Provide an explanation of existing WLAN standards

- Describe 802.11g specification requiremenis

« Set expectations for 802.11g performance

= Discuss 54g™, the high performance implementation of the 802.11g standard

WLAN MARKET

The WLAN market has grown rapidly as wireless {echnology has evolved to meset fundamental needs of
businesses and technology consumers alike:

»  Corporate |T departments deploy WLANs to support roving employees, reduce the cost of cabling and
recabling the physical plant, and provide a rapid response to changas in demand.

¢ The mobile worker uses public access WLANSs in cafes, airports, trains, lobbies, and remote corporate
sitas to connect to the corporate network of Internst.

»  Small offices and enterprises use WLANS to share Infernet connections, printers and peripherals, and
create backup connectivily solutions while remaining highly scalable and flexible, without the cosis of
cabling.

= The home customer uses a WLAN 1o share a broadband Internet connection among muitiple family
PCs without drilling holes and installing cable throughout the home.

These customers have adopted WLAN solutions to achieve flexibility, connectivity, mobility, and low-cost
deployments not available through conventional wired solutions. The numbers speak for themselves—over
35 mitiion WLAN nodes have already shipped and the number of nodes is expected to grow to 100 million
in 2005.

802.11g-WP104-R
v www, Bdg.org
16215 Alion Parkway o P.O. Box 57013 « lrvine, CA 62612-7013 » Phone: 948-450-8700 « Fax: 849-450-8710 (7/02/03
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WLAN STANDARDS

The foundation of mainstream WLAN products began with the original 802.11 standard developed in 1997 by
the Institute of Electrical and Electronics Engineers (IEEE). That base standard continues to be enhanced
through document additions that are designated by a letier following the 802.11 name, such as 802.11b,
802.11a, or 802.11g. The lettar suffix represents the task group that defines the extension to the standard.
These enhancements bring increases in data rate and functionality leading to rapid progression of the WLAN
markei. The following table briefly summarizes the enhancemeants related to dala rate (the WLAN physical
ayer). More information is available at hitp://grouper.ieee.org/groups/802/11.

Table 1: IEEE 802.11 Specifications

Standard approved  July 1999 July 1989 “June 2005

Maximum data rate 11 Mbps 54 Mbps 54 Mbps

Modulation CCK OFDM OFDM and CCK

Data rates ’ 1,2,5.5 11 Mops 6,9, 12,18, 24, 36, 48, 54 Mbps CCK: 1,2,5.5, 11
OFDM: 8, 8, 12, 18, 24, 36, 48,
54 Mbps

Frequencies 2.4-2.497 GHz 5.15-5.35 GHz 2.4-2.4897 GHz

5.425-5.675 GHz
5.725-5.875 GHz

iEEE 802.11b

Ratified by the IEEE in July 1999, 802.11b extends the original IEEE 802.11 direct sequence spread spectrum
(DS88) standard to operate up to 11 Mbps in the 2.4-GHz unlicensed spectrum using complementary code
keying (CCK) modulation. The four data rates of 1, 2, 5.5, and 11 Mbps are specified on up to three non-
overlapping channels, and the lowest two rales are also allowed on up to 13 overlapping channals.

IEEE 882.11a

Ratified by the IEEE at the same time as 802.11h, the {EEE 802.11a (802.11a) standard operates in the 5-GHz
spectrum. The 802.11a standard was designed for higher bandwidth applications than 802.11b, and includes
data raies of 6, 8, 12, 18, 24, 36, 48, 54 Mbps using orthogonal frequency division multiplexing {(OFDM)
modulation on up to 12 discrete channels.

IEEE 802.11g

in July 1999, the 802.11g subcommitiee was tasked lo extend the 2.4-GHz unlicensed specirum to data rates
faster than 20 Mbps. The resulting 802.11g standard was ratified in June 2003. The 802.11g standard provides
optional data rates of up to 54 Mbps, and requires backward compatibility with 802.11b devices to protect the
substantial investments in foday's WLAN installations,

The 802.11g standard includes mandatory and optional companents. H specifies OFDM (the same technology
usad in 802.11a) and CCK as the mandatory modulation schemes with 24 Mbps as the maximum mandatory
data rate, but it also provides for optional higher date rates of 36, 48, and 54 Mbps.

g/

Broadcom Corporation

Page 2 WLAN Standards Document  802.11g-WP104-R
www.54g.0rg
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MARKET ACCEPTANCE OF WLAN STANDARDS

802.11b

The indusiry standard for WLANSs has been 802.11b. Products based on
802.11b gained mainstream acceptance as the first wireless networking
products with acceptable speeds, affordable prices, and universal
compatibiiity as certified by the Wi-Fi Alllance. More than 85% of today’s
WLAN infrastructure includes 802.11b products,

802.11a

The first 802.11a based products became available iate 2001. These
products provide data rates of up to 54 Mbps in the 5-GHz frequency band.
Even though the technology dslivers greater data rates, it has had limited
market acceptance. This has been due primarily to its lack of backward
compatibility with 802.11b products, shorter connectivity range, and higher
daployment cosis.

8862.11g

The next mainstream wireless LAN standard is 802.11g. This technology
satisfies the bandwidih needs of the market giobally and economically,
while remaining compatible with the installed base of mainstream
products.

802.11g PERFORMANCE AND CHARACTERISTICS

802.11g Approvai and
Certification

The |EEE 802.11g standard was
approved in June 2003, The IEEE
standards body, however, does
ned validate interoperability or
compiliance with the standard; an
industry association (Wi-Fi
Alliance) performs these tasks.
The Wi-Fi Alliance is alrgady
building a testing program io
certify 802.11g interoparability
based on the 802.11g standard.
The Wi-Fi® certification for
802.11g products is expected in
the summer of 2003. The 802.11g
certification program follows the
Wi~Fi Alliance’s successful
802.11b and 802.11a certification
programs.

Products conforming to the draft
802.11g standard have been
available since late 2002.
Products shipped prior to June
may be upgraded via software
downioad o ensure standards
compliance.

Data rate, range, throughput, and compatibility vary among the three WLAN standards. These variations are
caused by differences in frequency, medulation schemes, and number of data rates.

802.11g DaTa RATES

The 802.11 standard {echnologies all support multiple data rates to aliow clienis to communicate at the best
possible speed. Data rate selection is a tradeoff between obtaining the highest possible data rate while trying
o minimize the number of communication errors. Whenever there is an error in the data, the systems must
spend time to retransmit the data uniit it is error free. Each 802.11 client performs a procedure to select the best
data rate. The 802.11g clients can select from the widest possible range of both OFDM data rates of 54, 48, 36,
24,18, 12, 9, and 6 Mbps, and the CCKrates of 11, 5.5, 2, and 1 Mbps.

L

Broadeom Corporation
802.11g Performance and Characteristics

Document  802.11g-WP104-R
www.54qg.0rg
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802.11g RANGE aND DATA RaTE

Ag distance from the access point increases, 802.11 based products provide reduced data rates to maintain
connectivity. The 802.11g standard has the same propagation characteristic as 802.11b, because it transmits
in the identical 2.4-GHz frequency band. Bacause 802.11b and 802.11g preducts share the same propagation
characteristics, implementations provide roughly the same maximum range at the same data rate. Because
5-GHz radio signals do not propagate as well as 2.4-GHz radio signals, the 802.11a product range is limited
compared to the 802.11b or 802.11g product range.

The following figure llustrates the expecied data rate of each technology at different ranges.

Data Rate (Mbps)

<

100 200 _ 300
: Range (feat}

Figure 2: Expected 802.11a, 802.11b, and 882.11g Data Rates at Varying Distance from Access Point

S

Broadcom Corporation
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Typically, 2.4-GHz 802.11g networks have the same coverage as 2.4-CHz 802.11b networks. The 802.11b
standard uses CCK modulation, whereas 802.11g uses both CCK modulation for backward compatibility and
OFDM modulation to achieve betier throughput at a given distance. The 802.11a standard also uses OFDM
modulation, but there is more signal loss as it travels through objects because it uses a higher frequency.,

CCK Rates OFDM Rates

~~~~~ an s

802.11b Range B802.11g Range 802.11a Range
2.4 GHz 2.4 GHz 5 GHz

Figure 3: Relative Range of 802.11b, 802.11g, and 802.1%a Devices

NETWORK ENVIRONMENT CONSIDERATIONS

One of the major benefits of the 802.11g standard is the mandate for 802.11g and 802.11b devices to
communicate with each other. At ali 802.11b rates, 802.11b devices communicate with 802.11g products as if
they were 802.11b products. However, 8(02.11g products behave diffsrently when using OFDM data rates if
there are 802.11b devices in the network environment. Understanding this behavior is important in sefting
performance expectations (given the large instalied base of 802.11b clients) and the planning of network
capacity until 802.11b clients are replaced with 802.11g clients (the presence of an 802.11a 5-GHz network has
no effect on these scenarios). The following scenarios show how the type of network environment is determined
both by the network infrastructure and client devices.

802.11b-OnNLY LEGACY ENVIRONMENT

When the AP and all clients are 802.11b, communication occurs at 802.11b data rates. Overhead
communicaiion between the products effectively limits the maximum TCP throughput to 5.8 Mbps. When the
products are communicating at greater distances and lower data rates, the throughput is correspondingly
reduced.

S

Broadcom Corporation
Document  802.11g-WP104-R Network Environment Considerations Page 5
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802.11g THROUGHPUT

Throughput is not the same as data rate for networking systems,
because of overhead, environment, and network composition.
The throughput of 802.11g products can depend on whether
there are 802.11b products nsarby. Performance is best in
environments where an 802.11g access point (AP} is only
communicating with 802.11g clients in a homogensous WLAN,
in these environmenis, the data rate within 75 feet is 54 Mbps
and the throughput is 22—-24 Mbps when using Transmission
Control Protocol (TCP).

in the interest of maximizing performance in the presence of
802.11bh products, the 802.11g APs coordinate the use of the
transmission medium with protection mechanisms (see
sidebar}. Because the protaction mechanisms require overhead
communication, compatibility is provided at the sxpense of
throughput. The CTS-to-self protection mechanism lowers the
maximum TCP throughput (o approximately 15 Mbps, as shown
in the following table. :

Table 2: Expected Maximum Throughput for
$EEE 802.11 Envirommentis

50 5.8 19.8 247 14.7 11.8

100 5.8 12.4 18.8 127 10.8
150 5.8 4.8 12.4 .1 8.0
200 3.7 G 4.9 4.2 4.1
250 1.6 0 1.6 1.8 1.8
300 0.9 O 0.9 0.9 0.9

802.11g COMPATIBILITY

Because 802.11g uses the same radio signaling (CCK) as
802.11b at the lower four 802.11g data rates, itis fully backward
compatible with 802.11b. This enables nelworks to continue
supporting 802.11b enabled devices when migrating to the
higher performance standard.

|,

Protection Mechanism: Alr Traffic Controf

The 802.11g standard provides protaction
mechanisms for ranaging communication in
a mixed 802.11b/g environment. The 802.11b
radios do not hear when the airspace is busy
with 802.11g OFDM signals. Protection
mechanisms prevent 802.11b clients from
transmitting after improperly assessing that
the airspace is emply while 802.11g OFDM
signals are being transmitted. The 802.11g
products still communicate at the same
802.11g OFDM data rates when protection is
in use, but a short 802.11b rate message
signals to 802.11b products to not transmit for
a specified duration because an 802.11g
OF DM message is immediately following. The
802.11b protection messages cause signaling
overhead and result in reduced throughput to
the user.

The AP directs clients {o use protection
through a signaling mechanism specifiad
within the 802.11g standard. Enterprise-class
802.11g APs may allow users to tune the
protection mechanism algorithm to optimize
network system parformarnce (some 802.11g
APs may afiow the administrator to override
the use of the protection mechanism for a
performance improvement in light traffic
natworks).

The 802.11g standard allows 802.11g clients
to use one of several protection mechanisms
in a mixed §02.11b/g environment. The Wi-Fi
Alliance will test for one of two signalling
methods: RTS/CTS and CT8-to-self. Request
o send (RTS) is analogous to a pilot’s take off
reguest to an air traffic control tower—the pilot
wails 1o use the airspace until verifving with
the control tower that the airspace is clear.
The clear to send (CT3) message is like the
clearance from the tower.

The CTS-to-self protection mechanism
method sends a CTS message using an
802.11k rate to clear the air, and then
immediately follows with data using an
802.11g date rate. The CTS-to-seif protection
mechanism provides a maximum TCP
throughput of 14.7 Mbps.

With any of the protection mechanisms,

802.11g throughput is still greater than
802.11b throughput at the same distance.

Broadcom Corporation

Document  802.11g-WP104-R

www.54g.0rg
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802.11g-Onry

When the AP and ali clients are
802.11g, communication ccours
at the highest possible TCP
throughput. The 802.11g AP
detscts that all of the clients are
802.11g and instructs the network
not to use any protection method.
Without a protection mechanism
engaged, throughput of 24 Mbps
or greater is possible.

Figure 4: 802.11g-Only
Environment

802.11g AP, MptED CLIENTS

When the AP is 802.11g and there
is a mixture of 802.11g clients and
802.11b clients, the AP senses both
technologias on the network. The
802.11g AP instructs 802.11g
ciients {0 use a protection
mechanism. Effectivaly, 802.11g
clients function at reduced 802.11g
TCP throughput (up to 15 Mbps),
which is faster than the 802.11b
client that communicates at a
maximum throughput of up to
5.8 Mbps.

Figure 5: 802.11g AP, Mixed
Client Environment

802.11b AP, 802.11g CuenT

When the AP is 802.11b and the
client is 802.11g, the 802.11g
client is able to successiully
associate and communicate with
the 802.11b AP. Communication
betwean the AP and the 802.11¢g
client uses CCK modulation and
achieves typical 802.11b speeds.
An B0Z2.11g client can always
function as an 802.11b client.

i
asa

Figure 6: 802.11b AP, 802.11g
Client Environment

Uocumant  802.11g-WP104-R
www.54q.0rg
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MuLTipLE 802.11g APs, Mopep CLIENTS

When thers are multiple 802.11g APs and a single 802.11b clisnt on the same channel, all overlapping 802.11g
APs signal the use of the protection mechanism. Effectively, 802.11g clients function at a reduced 802.11g TCP
throughput {up to 15 Mbps), which is faster than the 802.11b client, which communicates at a typical 802.11b
TOP throughput {up to 5.8 Mbps). i

The APs can aiso be configured fo use different channels for their 802.11g clients so that the 802.11g-only
networks do not need to use a protection mechanism. This alfows 802.11g clients to have full TCP throughput
as if they were in an 802.11g-only network.

Figure 7: Multiple 882.11g APs, Mixad Clients

Broadcom Corporation

Page 8 Network Environment Considerations Document  S02.11g-WP104-R
www Bdg.org
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WHECH $TAN§I)ARD SHQULQ ! Planning Network Migration

BEPLGY? As network managers plan upgrades from existing
wireless 802.11b natworks, the two basic technoiogies

, &ote . ' to consider are 802.11g and 802.11a/g. An upgrade to
With any network technology, there are tradeofis 802.11g is a simple proposition. Users equipped with

between performance and cost. With wireless | g4a 11g.enabled notetooks will gain immediate access
technologies, other factors such as range and capacity | 1o the 802.11b network. These users will experience a
should alsc be considered. Table 3 summarizes fypical | throughput boost as APs are upgraded to 802.11g. As
user requirements and the characteristics of WLAN | budget allows, dual-band 802.11a/g products can be
technology. in most cases, 802.11g provides the ifgig‘t’;i;‘?e ?:a?r‘es:i;ii; s:c?:r;:fj L%in;;;;“;:etwom
correct mix of characteristics for the different | ' o

catagories of usar requirements. Upgrading t0 802.11g | The dual-band APs may need to be more closely
is the sasiest and least expensive choice, because it | spacad to ensure coverage for 802.11a clients.
can be done gradually, without sacrificing the current Transmit power control can be enabled in the 802.11g

i , - . network to optimize performance of closely spaced
WLAN infrastructure. The 802.11g APs automalically access points. Bacause 802.11¢ is forecast to rapidly

support existing 802.11b clients while providing | rapiace 802.11b, a duak-band a/b AP solution becomes
increased spead to 802.11g clients. immediately obsolete.

Table 3: WLAN User Reguirements and Technology Characterisfics in the U.8.

Erﬁerbrise' Higi’i ‘ Variable “Varizble “Yes High
Public Access Low Medium High Yes Mediurm
Small Business Medium Mediurn High Yes Low
Home . Medium Low High Yes Low

Wi

802.11b Medium Low Hig Yes Low
802.11a High High Low No Madium
802.11g High Medium High Yes Low
802.11a/g High High High Yes High

A

Broadcom Corparalion
Document  80Z.11g-WF104-R : Which Standard Should | Deploy?  Page @
www.54q.0rg

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 1967
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



IEEE 802.11g White Paper
07102/03

ENTERPRISE

Enterprise WLANS are typically an overlay to a wired infrastructure serving the needs of mobile workers for
e-mail, web browsing, and intranst access when they are away from thsir desks. Coverage is typicaily more
important than connection rate. Enterprises can benefit from the higher bandwidth and backward compatibility
of 802.11g networks today, and can outfit densely populated environments or plan for wired network
replacement with dual-band 802.11a/g networks. i is expacted that enterprise customers will future-proof their
networks by providing 802.11g connsctions on the client side, and upgrade infrastructure as budget permits.

PusLIC ACCESS—HOTSPOTS (Wi-Fi ZONE™)

Compatibiiity and range matter most to Hotspot operalors and public access WLAN customers. Public WLAN
Hotspots must be cerfain that their APs can communicate using mainstream standards that offer connectivity to
the widest possible range of subscribers. Today, nearly all Hotspot traffic is 802.11b. Public access operators
rernain in the 2.4-GHz band because it offers twice the range and four times the coverage area of the 5-GHz
alternative, and public access customers continue to use the 2.4-GHz spectrum to maximize connectivity. As
Hotspots upgrade, they will add 802.11g to their networks to add range and preserve interoperability.

SuaLl BUSINESS

A small business WLAN naeds to cover small to medium-sized areas and support a variety of applications, such
as e-mail, web browsing, and large file transfer. Because of good performance characteristics, costs, and range,
802.11g again makes the most sense: The 802.11g standard offers compelling value by minimizing the number
of APs, lowering deployment costs, while future proofing the installation with a mainstream standard. Many
small businesses may simply require a single 802.11g AP and no wired infrastructure at all.

HOME

Many horneowners today have multiple computers and want to share a common Internet connaction. For these
uses, low-cost 802.11g or 802.11b solutions suffice. As the number of home network devices expand and
bandwidth-hungry applications grow (such as gaming, homs-wide audic and video streaming, and home
security), an 802.11g WLAN provides up to five times the performance of an 802.11b WLAN. The 802.11g
solutions provide the bandwidth for added devices and new applications, with a range that covers most homes
with one or fwo APs.

N

Broadcom Corporation
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WHAT I1s 54g™7

84g™ is the maximum performance implementation of the IEEE 802.11g standard and is fully comnpliant. 54g™
technology provides data rates of up to 54-Mbps with the highest throughput allowed by the specification and
provides the industry’s best range and latest security. The 54g™ logo can be found only on products that
achieve this high level of performance (see Figure 8).

S4g™—MAXIMUM PERFORMANCE 802.11g

The 54g™ implementation is designed to exceed the requirements of the IEEE 802.11g standard, as shown in
Table 4. The 54 Mbps data rate and short slot turnaround time are optional in the standard but are included in
54g™ These features more than double the expectad throughput of a product that just meets the standard. The
receiver sensitivity of 84g™ products far exceeds the specification for maximum range, and fransmit power
control is included in 54g™ to enable optimized multiple AP deployments. Al 84g™ products are WPA Certlified
and embed hardware-accelerated AES securily, which future-proofs users in advance of the |1EEE 802.11i
{802.111) standard due 1o be adoptad next year.

Table 4: 54g™ Pushes the Performance Limits of 802.11g

02.11g Standard

Hikg;hést mandatory data rate

24 Mbps
Shortest mandatory siot time g us 20 us
Maximum receiver sensitivity ~82 dBm ~-80 48Bm
Transmit power control Included Not specified
Next generation AES security Included Mot specified

LOOK FOR THE 54g™ Logo

The 34g™ logo indicates that a product is a maximum-performance implementation of the 802.11g standard, is
fully backward compatible with 802.14b products, and is compalible at maximum performance with any other
product bearing the 54g™ logo.

It provides consumers with an easy way o find high-performance WLANs based on the 802.11g standard, and
protects them from investing in 802.11g solutions where the highest data rate is lass than 54 Mbps. Major
wireless networking and PC vendors are shipping 54g™ products, ensuring a broad selection of compatible,
high-performance products.

Figure 8: 54g™ Logo

/.

Broadecom Corporation

Document  802.11g-WP104-R What is 54g™?  Page 11
www,54g.0rg
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CONCLUSION

The IEEE 802.11g standard will drive tha naxt growth wave in wireless networking. Products built to the IEEE
802 11g standard are compelling because they:

*  Provide a five-fold increase in WLAN speed over current networks

°  Remain fully backward compatible with the popular IEEE 802.11b based products
«  Offer belter range and coverage than current networks

This new WLAN technology provides flexibility, connactivity, maobilily, and affordability that is not available
through conventional wired solutions.

54g™ is 802.11g implemented at the highest levels of the slandard, and available today. 54g™ is fully backward
compatible with 802.11b. 54g™ products used together provide the highest levels of spesd, reach, and security
for maximum performance.

Broadcom Corporation

16215 Alton Parkway
PO, Box 57013
irvine, CA 82619-7013
Phone: 849-450-870¢
Fax: 948-450-3710
© 2003. Al rights reserved
Printed in the U.S.A

Broadcom®, the puise inge, and G4g™ are trademarks of Broadeom Corporation and/or its subsidiaries in the United States and certsin other countiies,
Wi-Fi® ang Wi-Fi ZONE ™ are frademarks of the Wi-Fi Aliance. Al other frademarks are the property of their respective owners
Broadeom Corporation reseves the right tn make changss without further notics te any products or data herein to improve refiability, function, or design.
Information fumished by Sroadcom Corperation is believed i be accurate and reliable. However, Broadcom Corporation
does not assume any liability arising out of the application or use of this information, nor the application or use of any product o
circuit described herein, neither doas it convey any license under its patent rights nor the rights of others.
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Overview of Video Transrating and
Transcoding Technologies

Darek Blasiak, Ph.D.

Engineering Director of Video Techna!agsea
Ingenient Technologies

www.ingenient.com
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= Transrating and Transcoding

~ Definitions & Applications
— Recoding Generation Loss
— Types of Transcoding

— Design Issues

s Statistical Multip
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— Whatis it?

What is the technology used for?
What are the design issues?
What are the g@mti@ﬂ strategies?
What is Statistical Multiplexing?

""" mmable [ play a role?
bemfﬁs do ngmmmabie DSP’s offer?
— How are Tl DSP’s well suited for transcoding?
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lany applications work
— Video servers/streaming

Bit rate Bit rate Format
conversion conversion conversion
Format
conversion
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= [ransrating
- Reducing bit rate within single compression standard

= [ranscoding

— Changing between different compression formats
— Within a single compression standard, supports:
« Transrating functions
* Frame rate or resolution reduction
- Splicing and logo insertion

Recoding

— Special (simplified) type of tmmmding
— Full decode followed by full encode
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— Only need funﬁti@na§ encoder and decoder
Produces worst quality of all transcoding types
— Suffers from generation loss

mputational form of transcoding
— No mmmexaty shortcuts are taken
3 ptable results in some cases
- Whm converting from high bit rai@ compressed source
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—~ Chooses coding modes (INTRA, INTER, NOT CODED)
~ Selects type of motion compensation

-~ Selects type of INTRA prediction

— Chooses value of motion vectors

~ Chooses quantizer step size

e A franscod

inal video

- Coding decisions must be made on encoded video
- — Changing coding decisions introduces error
— Error builds up fast with certain changes
« When changing coding modes
« When changing motion vectors
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= Type 1

~ Handles small bit rate reduction (at good quaiity)

s [yp |
— Handles medium bit rate reduction (at good quality)
— Better quality than Type 1, but higher complexity

= Type 3

— Handles large bit rate reduction (at good quality)
— Supports resolution reduction

- Supports frame rate reduction

— Supports splicing and logo insertion
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Requantization + Error Drift Compensation
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=  Some bit rate changes can be difficult for Type 1 & 2
~ Converting between constant & variable bit rate: VBR to CBR
— Bitstreams with many scene changes or I-pictures
= Transrate more aggressively on B-pictures
- B-pictures do not contribute to feedback loop
- B-pictures are allocated less bits than | or P-pictures
~ Can get by with Type 1 if only B-pictures are transrated
~ What if bitstream contains only | and P-pictures?
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Must decide when to m
— Keep original coding decisions whenever possible
— Can change coding decisions per macroblock or frame
— Resizing makes reusing coding decisions difficult
May have to insert/remove l-pictures

mize complexity
—~ Reuse original motion vectors to aid motion estimation

Rate change (Type 1 or 2)

. Mode change (Type 3)

g . B (| No modelrate change
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— Maintain B-pictures and interlace coding tools
— Maintain frame rate and resolution (if possible)
= Converting across dif ding tools is hard
- Recoding may be a good (only) solution in some cases
= Achieve bit rate red etter coding
— Must choose when to use new coding tool

luction via b tools

input Standard Output Standard

MPEG-2 MP@ML | MPEG-4 Advanced Type 3 (preferred)
| Simple Profile |

Recoding
MPEG-2 MP@ML | MPEG-4 Simple Profile | Recoding
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= Transcode multiple streams into a sin
— Try to fit into a constant bit rate channel (usually)

e strea
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Multiplexed
Streams

Individual
Streams

Statistical Multiplexing
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p good joint rate control
~ Need to estama&e statsﬁtmﬁ across multiple streams
Different streams are (often) allotted different bit rates

— Stagger Group-Of-Picture (GOP) so Eupmmreﬁ do not
coincide across streams

Large bit rate
reduction

No bit rate
modification

Small bit rate
reduction
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= 11's Programmable DSP’s are highly optimized for video
- — Competitive performance with ASIC solutions

= Remotely configurable via network
— Update software with new compression standards
- Upgrade features (logo insertion, resolution support)
— Reconfigure transcoding types (e.g. Type 1 to Type 3)

s  Shorter development cycle than ASIC solutions
- — Faster support of emerging compression technologies
— Easily reuse software across compression standards

= Longer product life ey@é% than ASIC solutions
— Quicker support of new features & hardware platforms
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— Conditional execution of all instructions

— Bandwidth management peripherals: Cache and DMA

Contains many instructions beneficial for video
- Sum-of-Absolute-Difference (SAD)

— Bilinear average

— Addition/subtraction with saturation

— Byte-aligned multibyte loads and stores

- Dot product

Bit packing and extracting
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= Use of transcoding types depend
— Type 1: capable of high-speed bit rate reduction

— Type 2: capable of moderate-speed, better-quality bit
rate reduction (than Type 1)

— Type 3: capable of high-quality bit rate, resolution and
frame rate reduction, including format conversion

— Recoding: capable of all transcoding, but acceptable
only with high-quality input source

grammable DSP’s are ideal for transcodi
- R@mat@ mnﬁgumbaiéty is very desirable
— T1°C6000 family of DSP’s are optimized for video
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Digital video is becoming increasingly ubiquitous. However, HKEYWORDS

Digital video editing, multimedia authoring,

editing video remains difficult for several reasons: itis a metadats, Siiver, informedia,

time-based medium, it has dual tracks of audio and video,

INTRODUCTION

and current tools force users to work at the smaliest level of  pigis video is becoming increasingly ubig-
detail. Based on interviews with professional video editors,  viious. Digite! video equipment is mare

accessible then ever, and there is an

we developed a video editor, called Silver, that uses mela-  incressing amount of video materiat avail-
data to make digital video editing more accessibleto able on the World Wide Web and in digital

novices. To help users visualize video, Silver provides

fibraries. As zechno‘icsgy and content
become available, users will shift from

multiple views with different semantic content and at  passive spectators to active creators of

different tevels of abstraction, including storyboard,

video. Forrester Research pradicts that by
2005, 92% of online consumers will create

editable transcript, and timeline views. Silver offers smart personal multimedia content at least once 3

editing operations that help users resolve the inconsisten-

month {17], Howsver, aithough many
exciting research projects are investigating

cies that arise because of the different boundaries in audio  how o search. visualize, and summarize

and video. We conducted a preliminary user study to inves-

digital vitdeo, there is fittle work on new
ways 10 support the use of the video

tigate the effectiveness of the Silver smart editing. peyand just pleying it
Participants successfully edited video after only a short This is unfortunate, because video editing

tutorial,'both with and without smart editing assistance. Our

has several unigque challenges not found
with other media. One is that digital video is

research suggests several ways in which video editing tools & time-based medium. This property makes

could use metadata 1o assist users in the reuse and

composition.of video.

it difficult for users to browse and skim
video, Users often must tingarly search their -
source video 1o fnd the clip they desire,

Anptier challenge for editing video is that it
is a dual medium. Most “video" actually
consists not just of a video track but also
an audic track. These wacks must be kept

Permission (o make digital or harg
copias of ol or pant of this work for
porsenal or classroom use is granted
without fae provided that copies are
not mede or distributed for proft or
comemercisl advaniags, and that
copies Dear this natice and the full
citetion on the first page. Yo copy
otherwiss, 1o rapublish, to post an
servers O to edistribute 1o lists,
requires prior specific permission
angior a fea.

{1S2002. London. D Copyright 2002,
ACM-1-68113-515.7/02/0005...$5.00
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synchronized, but the user must aiso be
abie to overlay them when desired, for
exampie during wansitions from one shot to
another, Further, when a shot is cut from a
video for use elsewhere, the user must be
shle to disentangle overlald audio and
video.

A third problem is that the syniactic units
that users want 1o edit are shots of video
and words of sentences of audio, but
currant (oOlS require users 1o examine
video at the indhvidual frame level and
audio using & waveform. To perform most
editing operations, such as cutling a shot,
the user must manually pinpoint specific
frames, which miay involve zooming and
numerous repetitions of fast-forward and
rewing operations, Finding a specific word
or sentence using a wavelorm is similarly
tedious.

These problems make editing video a diffi-
cull, tedious, and error-prone activity,
Commerclally available tools, such as
Adobe Premiere {2] and Apple iMovie |1}
aitow creation of high-quality video, but
they do not adequately address the issues
raised ahove, which makes them harder (o
use, especially for novices.

1o better understand video editing, we
visited 8 video processing studio and inter-
“viewed professional video editors. We also
examined commercial and research vides
editing systems.

We created a system, called Sitver, 1o
expiore techniques o make video editing
easier. The key innovations in the Silver
editor include: providing an editable wwan-
script view: coordinating the selection
acress all views including partial selections
and different selections in audio and video:
and smarnt editing through smart snap,
srnart selection and smart cut and paste.
Sitver can work with video from any source,
although some of its features are especially
useful with previously edited video.
Presently it uses video and metadata from
the Informedia Digital Video Library {22

This paper is structured as follows. The
ricxt section discusses refated work on
video systems. Next, we discuss 8 specific
challenge for video editing: L-cuts. Then we
describe the Siver interface, followed by
the evolution of the Siiver interface. Next,
we discuss Issues in the interface and
implementation of Sitver. Then we describe

158 | DIS2002

2 pilot-user study and its resuls. Finally, we
discuss future work and conclude.

RELATED WORK

in this section, we describe different types
of refated work. We start with systems that
use metadsta for vided editing. Next, we
discuss systems that automats the process
of video editing 1o some degree. Then we
discuss work on vides visualizations that
address the issues of scale and time.
Lastly, we describe informedia, which is our
source of video and its coresponding
metadata,

METADATA AND VIDEQ EDITING

The notion of using metadata for editing
video is not new. For example, Mackay and
Davenport examined the role of digital
video in several interactive multimedia
applications and concluded that video is an
information stream that can be tagged,
edited, analyzed, and annotated [13]. Later,
Davenport et al. proposed using metadata
for home movie editing assistance {7},
However, they assumed this data would be
obtained through manual logging or with 3
“data camera” during filming.

Currently, there is a large body of work on
the exwraction and visualization of informa-
tion from digital video {e.q.. 18, 19]) that

make a data CaMEra UNNeCessary.

One example of 3 system that uses meta-
date is IMPACT §21). which uses automatic
cut detection and camera motion classifi-
cation to create a high levet description of
the gtructure of the video. The user can
organize the shots in 3 tree struciure and
then edit the composition by moving the
branches {20}, IMPACT supports this
process by recognizing objects across

muitinle shots.

AUTOMATION

Severst systems edit video with varying
degrees of automation. Fully automated
systems may be used fof news on demand
{3} or quick skimming {5}, but do not really
support authoring.

The Video Retrieval and Sequencing
System (VRSS) (5| semiautomaticatly
detects and annotates shots for later

retrieval. Then, a cinematic nule-based

editing tool sequences the retrieved shots
for presentation within a specified time
consyraint. Examples of cinematic rules
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include the paraliel rule, which alternates
(WO different sets of shots, and the rhythm
rule, which selects longer shots for a slow
rhythim and shorter shots for a fast ofte.

The Hitchcock system {8] automaticatly
determines the "suitability” of the different
segments in raw home video, based on
camera mation, brightness, and duration.
Similar clips are grouped into “piles.” To
create a cusiom video, the user drags
segments into a storyboard and specifies a
total desired duration and Hitcheock auto-
matically selects the start and end points of
each clip based on shot quality and totst
duration. CHps in the storyboard afe repre-
sented with frames that can be amanged in
different layouts, such.as & "comic book”
style layout {4},

The MovieShaker system automates video
editing almost completely {18]. The user
specifies multiple video clips and a "mood*
{e.g.. romantic, witd}, and the program
combines and edits the clips into a single
video,

“White automation makes editing faster. it

usuaily involves taking sway power fom
the user, which is not always desirable. in
fact, user studies led (o changes in
Hitcheock 1o give more information and
control 1o the user (10}

VISUALIZING TIME AND SCALE

Video ediing is difficull in part because it is
hard 1o visiialize time. Due o the semantic
and syntactic nature of the video, where
selecting s five-second piece involves
fididling with frames in 1730 of & second
incremments, it becomes impontant o
present the information at different scales.
No one scale is sufficient 1w efficiently
perform ail the operations neaded.

The Hierarchical Video Magnifier [14] aliows
users to work with a video source at fine
tevels of detail while maintaining an aware-
ness of the context. ’ provides a timeline to
represent the total duration of the video
source; a second timeline shows a detail of
the first one and {flusirates it with 8 frame
sampling. The user can select which
portion of the top timeline that is expanded
on the next one. There is 2iSo 38 mechanism
that can be used (o 3dd a new timaline with
@ higher level of detail. Successive time-
lines create an oxplicit spatiat hierarchical
swucture of the video source,



.

The Swim Hiersrchical Browser (23] signifi-
cantly improves on this idea by using meta-
data, Swim displays autamatﬁcaliy detacted
shots In the higher level layers instead of -
frame samples,

Higrarchical views in the Hierarchical Video
Magnifier and Swim are used for navigation
oty Silver extends hierarchical views 1o
allow editing as well.

INFORMEDIA .
Stver currently obtains video from the
informedia Digital Video Library {22, which
has over 2,000 hours of material and is
adding new material dally. OQur primary
motivation for using informedia is that it
generates severst types of metadata, which
Sitver uses to enhance its editing capsbili-
tgs.

A textual teanscript of the sudio track,
gengrated from closed-captioning informa-
tion and spesch recognition is one type of
metadata informedia provides (8. 11]. The
ranscript is time-aligned with the video
using the Sphing speech recognition
systern {16}, Silver is the only video editor
we know of that uses an audio transcript.

informedie uses image analysis (o detect
shot boundaries and extract representative
thumbnail images from cach shiot {5] snd
gutomaticaily creates titles and summaries
foe video segments.

informedis also provides search infrasyuc-
ture to allow users 1o find video clips based
on keywords and 1o browse the results,

L-CUTS

When working with vides that has been
professionally edited, i often happens that
the start and end times of 8 segment are
different for the audio and the video. Thisis
catled an "L-cut”. For example, in news-
casts, the camera often cuts from an
anchorperson o a field reporier while the

anchorperson is st talking. L-cuts give the.

video 8 continuous, seamiess feel, but
make extracting pieces much harder
because the video and audio portions must
be sdjusted separately. This requires much

ﬁné-lun'sng 10 remove exrancous video or
aydio portions.

We conducted an informal study 1o investi-
gste the prevalence of these cuts, and
found it to be significant, ot feast in
recorded news shows. in looking at 238
wansitions in 72 minutes of video clips
recorded from CNN by informedia. 61
{26%} were L-cuts, Of the 81 L-cuts, 44
{7296} were cases where the audio of the
speaker came in before the video but
ended at the sama time. Most of these
were interviews where the voice of the
person being interviewed would come in
first and then the video of the person after
a few seconds {see Figure 1, Shots A and
£}, Most of the other ways to overiap the
video and audio were also represented.
Sometimes, the audio and the video of the
speaker came in al the same tme, but the
audio continued past the video (Figure 1.
Shot B} or the video ended after the audio
{Shot D). When an interviewes was being
introduced while appearing on screen, the
video might come in before the audio, but
both end at the same time {Shot €}, To
copy or delete any of these would require

‘many steps in other editors.

SHVER

To address the problems of video editing
mentionad above, we developed Sitver, 3
digital video editor. Silver simplifies video
editing primarily by incorporating metadats
into the interface and by providing muitiple,
synchronized views of the video composi-
tion. Siiver alse includes support for

managing L-cuts.

We want 1o make video editing as easy as
text editing. To that end, we have examined
text editors and have adopied some of their
techiniques. Text editors have long had,
muitiple representations in order to suppont
different styfes of editing and different
tasks. For example, Microsoft Word
provides “outiing,” "normal,” "print layout,”
and "print preview” views. The multiple
views in Silver aliow the user 1o browse the
video by displaying it across space instead
of time, 1o view and manipuiate the audic

Vigno

Audio

Shot A

Shot C Shot O Shat £

Figures 1: Different kinds of L-cuta

ard video separately, and to examing the
video at muitiple levels of detail, An
overview of the Silver interface I shown in
Figure 2.

We envision several uses for Silver, such as
a high school student getting the latest
news footage and putting together & short
presentation on curtent events. Anczhef
scenarnio is processing semi-automatically
home video to extract the metadeta and
then using Siver for editing. Stiver could
even guide video pre-production, sterting
with a script, creating & storyboard, and
then replacing pieces with the actual video
_asftis shot, ’

The remainder of this section describes
these views and how each supports video:
aditing. The first subsection describes the
wo views for managing the video directly,
the storyboard and the timaline. The next
discusses a view for managing the audio
track using & Wanscript. Following 15 3 brief
description of ather views in the Silver
interface. The final subsection describes
the smart editing features in Silver.

STORYBOARD VIEW

The storyboard view aliows the user to
arrange and rearrange the video composi-
tion at & iarge scale. § displeys each clip! in.
the compasition as a separate icon
containing a title and a key frame. Initially,
we dynamically anaiyzed each clip to iden.
tify a representative key frame. Howaver,
early users were confused when the
displayed key frame changed as they
edited the clip and preferred using a static
frame close 10 the start of the cllp. The

clips are sorted chronologically, so moving
clips within the storyboard changes the
order in which they appear in the finat

video.

in addition to the composition, the story-
board also comtaing 8 “scratchpad,” of
staging area. Clips in this area are not pan
of the composition, but are casily available.
which Is convenient for pieces under
consideration or being edited. A vertical
line separates clips of video in the
scratchpad from clips currently in use.
Oragging a clip across this line adds or
removes it from the composition,

1 & clpis 8 continuous segment of video fram a
single source file,
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MIERARCHICAL TIMELINE VIEW

Sitver, like most video editors, provides a
timeline view as the primary view for
detsiled editing. Silver allows users (o
easily view and manipulate video at
different sesles by providing & three-level
view: cfip, shot, and frame levels {see
Figure 3} The timeling allows the user to
wark st & high level of detsli {L.e.. inthe
frame tevel) without losing the context
within the compaosition {i.e., in the shot ang
clip fevels).

The top line is the clip level which repre-
sents the entire video, At the top are two
colored bars, one for sudio and one for
video, that show gaps in the tracks and clip

boundaries. The central section of the clip
tevel shows a more detailed view of each
¢iip than is shown in the storyboard, in
ddition te & representative frame, it shows
a timetine end if space aliows it shows the
end frame, title, and duration.

Users control how much is displayed in the
ather two levels of the timeline using 8
sophisticated scrolibar at the bottom of the
clip level. in addition (o the usuat dra@ging
behavior, the scrolibar may also be resized
to xoom the shot level in or out. | also
cantains a miniature version of the shot
tevet scrolibar, which shows the position of
the frame level within the shat level and can
be dragged to scroll the frame level,

The shot level allows users to interact with
video at 3 higher level than individual
frames by displaying video as individual
shots?, Algorithms that detect significance
between-frame image changes identify the
shot boundaries [12]. Each shotls
displayed using the representative frame
for the shot as chosen by informedia, Shots
smafler than a centain threshold are
displayed with proportionally smalier
thumbnalls {for example, the third shot in
Figure 3). As in the ciip feved, there is an
augmented scrolibar at the bottom of the

2 A shotis g continuous segmen of vides from a
singie camera,

Source

Teanscript
Seleciion  ———
Clip fave] i

Shot fevgl st {1

Frami igve] emm=sx It

éxwrmm

e Quitling

Praview

Subject

Timeline

Figure 2: Overview of the Sitver interface

. Clig view

Shot viow

framo view

Scroitbars

Figura 3: Timeline window. The scrolibar in the clip view can be moved end resized to scroll and zoom the
shot view. The shot view scrolibar can be moved and resized to scroft 8nd zoom the frame view.
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shot ovel used o scroff and 2o0m the
frame level,

The frame lovel can display the individual

. frames of the vides, so the user can quickly
find particularcut points. The frame tovet
addresses the dual medium issue by
displaying the transcript, including the stant
and end tmss of every word. In other
editors, there is little information about the
audio, 50 users musi repeatedly play the
audic to find 8 desired part. The time-
allgned transcript Sliver provides afows the
user to focate the desired pan of the sudio
and viden more quickly and easily than is
possitle with conventional editors,

At all levels, boundaries between clips are
shown as blue lines, The user canresize a
chip by dragging the clip boundary.

A ey feature of the Silver timetine is that it
shows different representations together,
sliowing the user 10 see the Clip bound-

aries, the time, samples of frames, the cuts,

the transerpt, annotations, ef¢. In the
future, other reprosentations couid be
added, such as audip waveform or labels
for rocognized faces.

TRANSCRIFT VIEW

Unlike sny other editor of which we are
aware, Siiver shows a time-aligned textual
wanscript slongside the video, under i in
the frame favel of the timeline view (see
Figure 3}. This view is very useful for fing-
gralned audio and video synchronization,
but fittle text can be shown there simuita-

tings
Tsugplied by companies which * ivolier thelr 3arvices
s peicas Bk rion and fed with * * = doswnd,
raony a5 3hon, il fongednm thinking, Swhy * .
frvenst by & novw ©° piand” aneTgy enelysis 5 ey & :j

Figure 4: Transcript window. in the top ling, we can
$0¢ piue clip breaks ), enclosing & gap in sudio
{7 -1, The word injeiligence was cut in the middle,
The graen stars rep noise of recognition errors,
At tha 0Gges of the selection, haif snd dereguisted
are partially sslected.

neousty because it is mapped to imein a
singte ling.

So that the user can more sasily view and
edit the transcript, Silver offers a text-
editor-like window dedicated to the tran-
script (see Figure 4}, As in the timeline view,
the text in the ranscript window is tied to
the video, so the user can edit the wideo by
cutling and pasting the text in the
transcript. )

One challenge for displaying transeripts is
the need to display information in addition
to the spoken words. Qur solution is to
insen special characters into the text. For
example, the boundary between clips is
shiown as a blue double bar ("), and
sections without audio are represented with
dashes {"-"). This s shown near the top of
Figure 4,

Because speech recognition can contain
mistakes, Silver inserts a green star (™7}
where there appears 0 be 8 gap, misalign-
ment, or noise. Silver allows the user 1o
manually correct mistakes in timings or
recognition. Users can lype the comect
text and indicate what video is associated
with it

QTHER VIEWS

Silver provides the user with many other
views. The Qutling and Subject views
permit the classification of clips in a herar-
chical or flat taxonomy o help users orga-
mize their composition. The Source view
provides sccess (o all the source material in
one convenient place. The Selection view

shows the first and last frames of the
selected video. The Preview window is
used for video playback.

Sitver is built on top of the informedia cliert
interface, $0 the search, browse, and
surmmarization views provided by
informedia are svaitable to the user, For
example, the user can use the informedia
Search window to enter 3 keyword ang
then drag one of the clips displayed in the
Search Results to one of the Sitver
Winaows.

These views are described in more detail in
another paper [15)

SRAART EDITING o
Silver tries to reduce the tedium of editing
video by using metadaia to provide morg
intuitive interaction. One large source of
this tedium is L-Cuts, which are a common
feature of edited video. In this subsection,
we describe smart snap, selection, and cut
and paste.

Smart Selection

One reason that video editing is much more
tadious than texi editing is that with video
the user must sefect and operate on a
frame-by-frame basis. Simply moving a
section of video may require many minutes
while the beginning and end points are
faboriously located.

For selections in an audio-based view,
Siiver may snap the edge of video selection
1o & shot break. To avoid flashing 3 few
frames of angther shot, we use a threshold

Figure 5: Sman selection. Audis and video can be selected separately, snd video selection snaps 1o shot
boundaries.
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of one second when the shot break is
outside of the audio selection. For example,

. the right edge of the video selection in
Figure § is snapped 10 a shot boundary. As
shots become longer than a second, they
no ionger are objectionable. Weuse a
threshold of 0.3 seconds when the shot
break is inside the selected region. itis
preferable not to jump 1o the middié of a
shot.

For video-based views, if the selection cuts
& word in half then Silver extends or
reduces the audip selection to the nearest
word edge. This is shown in Figure 5 where
both edges of the audio selection are
snapped to 8 word. This might take the
audio selection across g shot break,

Selecting In a mixed media view causes the
selection 1o snap in both audio and video,
Howevey, the user is always in control: the |
smart selection can be disabled by
pressing 8 modifier key.

Silver eases selection by providing 8 mech-
anism to sofect 3 meaningful segment
based on the view. For example, In the shot
icvel of the imeline, 2 double click selects
the corresponding shot. in some cases, 3
larger segment is selected with a triple
click, such as in the transcript view (where
8 doubie click selects a word snd 8 tripie
click sefects 2 sentence).

Figure 8: Ciose gap disteg. This dislog would appear if the user deleted the selection in Figure §.
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When the user selects a region, Silver may
adjust the audio or video boundaries based
on editing rules of thumb and the available
metadata. This is especiatly useful when
the source contains L-cuts.

- Smart Snap

When moving the cursor atound in the
timeline view, the cursor snaps differently 1o
features of the composition depending on
which row the mouse is moving over. in
video-based rows, the cursor snaps to shot
breaks ¥ close by, or (o the nearest frame
otherwise. In the ranscript row, the cursor
snaps if close 1o a word boundary, inthe
case of silence, the cursor does not snap.
i addition, the cursor always snaps to clip
houndaries and the edges of the cuvemt
sefection,

Smart Cut and Paste

When & segment with non-aligned audio
and video edges is deleted or pasted, the
resutting ragged edges would typically
require the user 1o again go down to frame
ievel and adjust the edges or create 2
special effect1o avold gaps in the composi-
gion. For example, if 8 segment with shoner
viden than audio {such as Shots A, B, or €
in Figure 1} is insented, the user would need
to close the gap In video by either
extending the video or shrinking the sudio
on either end of the gap.
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Sitver makes this task much easier by
semi-automatically détefmining how i deal
with the uneven ends. it presents a dialog
box 10 the yser with different options to

_ close the gap. This dialog displays the

current gap and how the different options
would close it. For exampte, after deleting
the segment that is shown selected in
Figure §, a dizlog box fike the one in Figure
& would appear. This dialog is needed
because more audio than video IS selected |
in Figure §, s0 deleling the selection would
leave a gap in the audio. Deleting Shot E in
Figure 1 would have the same effect.

if there is a gap In audio {e.g., f Shots Cor
0 from Figure 1 are pasted), then Stiver
recommends ieaving it because slience is
generally not disruptive. However, R is not
acceptable to leave a gap in video, which
would show up as black or Blank video,
Silver recommends extending the edges of
involved video as tong as it does not take
them across a shot boundary.

in cases where the editing operation leaves
iwo gaps, such as when a clip with jagged
edges on both ends is insented, Sitver
presents a double version of the dialog box
where the user £3n ook at both ends
simultaneousty.

THE EYOLUTION OF SILVER

This section describes how the Silver inter-
face changed over time as a result of
informal usage we observed.

TIMELINE

The most complex parnt of the Silver inter-
face is the timeline. Much of the time we
sg:éem designing Silver focused on this view,

Our timeline started with a si:ﬁp!e scrofibar,
& video track, and an audio track. #t
showed the clips in the compaosition, repre-
senting them by stretching a representative
key frame. However, we wanted to epre-.
sent more detaited information in the time-
ling. Our simple timeline could not show
different tevels of granularity simultane-
ously. Qur approach was 1o show context
and detail in a multiple-levet hierarchical
timeline. ’

Other video systems also use multi-level
timelines, Some editors {like Premicre) have
& wo-evel timeline. A detalled timeline
represents @ short amount of time and is
used for most editing 1asks. it can display
different tracks, including muitipie video



"

and gudie channets, offects, s, The
second timeline Is a very abstract represen-
tation of the piece. This timeiine is only
used 1o determine what is being shown in
the detailed timetine.

TIMELINE SCROLLBARS

There are many interaction challenges
when designing a mutti-level view like our
timeline. in partisular, the correlations
between the scrolibars required several
fterations and fine-tuning. Many of our
initlal assumptions needed to be changed
i1 FeSPONSe 10 user testing. ’

Originaity, the sorolibar thumbs were
dosigned to represent 8 constant propor-
tion and position in refation 1o the whole
scroltbar. So, for example, the top scrofibar
thumb could cover the second half of the
scrolibar, meaning that the next fevel repre-
sents the second half of the composition.
When the window is resied of the compo-
sition Is edited, the scrolibar would stilt
cover the second half and the next level
would still show the second half of the
composition, although with a different
zoom esolution. This behavior was
exwémely annoying to users, especially
after they had carefully set the zoom fevel
10 show, say, shots at a particuler resolu-
tion.

in the same sense. the middie level's
serolibar thumb would represent a fixed
proportion and position In refation 1o the
1op scrofibar. Yo change the resolution of
the middie level the user needed to resize
the top 'scrolibar by dragging on one of its
edges, However, the middie scrolibar
remained the same, meaning that the
bottom levet's resolution and position
changed as well. So, changing the op
serofibar would often change what was
displayed in the botiom level and users
would need to readjust the middie scrolibar,

Since the middie scrofibar did not change
in response to changes in the top scrofibar,
displaying the iast frame of the composition
in the bottom fevel involved dragging the
top scrolibar to the right edge, and then
dragging the middie scrolibar to its right
edge.

We changed the interaction model so each
scrolibar kept its zoom-level constant. We
assumed users did not want the botiom
fevel to change when the top scralibar was
resized. 50, growing the top scrolibar

would also shrink the middie scrofibar so
that the bottom tevel would maintain its -
resciution, Furthermore, the resizing
needed to be centered on the thumb, so
that dragging one edge would similarly
change the other edge. Gtherwise, the
bottom level would move aven if it main.
tained its resolution. Pressing the aff key
while resizing disables the centering
feature, allowing the user 1o change just
ane side of the scrofibar thumb. This is
usefud when the user is interested in some-
thing that is not in the center.

" Users had problems recognizing the rela-

tionship between the different tevels. That
is, they did not understand that each level
was a Diowup of the previous one. We
added guiding lines fram the scrofibars to
the edges of the next level to help indicate
this, Also, we color-coded each thumb, and
showed a miniature version of the middie
thumb in the top-level thumb,

TIMELINE VIEWS
Each part of the timeline represents video
at different levels of detalt.

Frame View

initially, we showed a frame sample row in
every level. However, in the less-detalied
tevels {i.e., shot and clip), semples could
seem almost random since 3 single frame
sample represented a large amount of time.
Users were confused because they
expected the samples to be representative
of the time thoy cbvered on the timeline,
The confusion ended when we removed

frame samples fromthe other levels.

In our original presentation of the frame
viow, users would assume that the video
samples in the frame view represented indi-
vicual frames. However, the samplies only
showed individual frames if the level was at
the highest fevel of detall. To make the
difference between showing a sample and
all individua! frames, we added a double-

tine border to framas when shiown individu-

ally.

Clip view

We represented clips by streiching the
picwure of a repraesentative frame to fill its
coresponding space in the timeline. For
fong clips, this distortion made the frame
unrecognizable. Now we represernt the clip
with the first frame. if there is enough
space, we also show the last frame. When

severst clips were shown side By side, #
became hard to distinguish start frames
from end frames. S0 we now display the
last frame &t a reduced size. there s
enough space between the start and end
frames for 3 clip, we aiso show textual

‘information asbout the clip such as its name

and duration.

Since the composition length, window size,
and room level may change, an imporan
consideration for our views was that they
should always show something meaningful.
Clips and shols are displayed in more detail
if more space is avallable, but there s
always some indication of the presence of
each shot and clip. For example, i a clip
fias very fittle space, it only shows that 8
clip exists {with a thick blue line). With more
space, it shows the first frame. With more
space, the first and iast frames. Finally, &t
includes title and duration if there is a lot of
space. The timaline also shows varying
amounts of information depending on avail-
able space. A3 space increases, words go
from smali black dots to the word with
starting and end tmes, if some words do
not fit, we Uy 1o rearrange them in two

levels, With frames we sample (0 show a5

many frames as we can, until we can show
each individual frame,

INTERFACE AND IMPLEMENTATION
ISSUES

This section discusses issues we encoun-
tered in our design of the Silver interface
and in its implementation.

Many views, one model

All of Sitver's views sctually represent the
same composition. Any change (o the
composition is reflected immediately in
avery view. For example, when the user
drops a new clip into one of Silver's views,
all others are instantly updated. '

In addition, selection in one view is
mirrored across the others. This feature
brings up a number of interesting user
interface design chalienges.

First, the selection in video may begin and
end at different times from the selection in
audio. As is described in the smant aditing
section, this feature is critical to achieving
high quality when composing previously
edited content. Some views only show the
audio oF the vides track; these views only
show their corresponding selaction.
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We use color 1o show selections of differemt
media types: orange for video, green for
audio, and yellow for segments selected in
both (see Figure 5}, Usually, users want to
select audio and vides together, but some-
tirnes they need (0 separate the two.
Single-track selection is done with the right
mouse button instead of the left, which
setects both, For example, dragging the
right button across the frame view of the
timeling would select & plece of video
without sefecting audio.

The second problerm that arises from
synctronized selection is defining what the
"equivalent” portion is. The different views
‘show different levels of granularity, so it
may not be possibie 1o represent the selec-
tion accurately in some views. For example,
if 8 fow Irames are selected in the timeline
view, as shown in yeliow In Figure 5. itis
not obvicus what should be shown in the
storyboard view, since it shows only
complete clips. Siver uses a dark shade
highlight 8 fully-selected item, and a lighter
shade to highlight & partially-selected one.

Another example of this problem arises
between video and sudic views. individual
words in the transcript span multiple
frames. When a word is selected in the
wranscript, #t is straightforward (o select all
the corresponding frames. However,
selecting only one of those frames in.the
video wili correspond to only part of that
word. This partial selection is shown in the
wranscript by making the word Ralic, for
exgmple the words "hall” and "deregu-
tated” ot the edges of the selected text3 in
Figure 4. in this case, If the selected video
is moved, the word will be cut into two
picces. Silver represents this by repeating
the word iy both places, but showing them
in & faded color. For example, the word
“imetligence” in Figure 4 was split.

information Overload

Video is time-based, which makes it diffi-
cult 1o display well statically. and the maore
comprehensive the static display, the more
sereen real estate it requires. Also. the dusl
nature of video demands additional screen
space, Organizing the large amount of
information users need while editing video

3 We would prafor the salection hightight 1o be
green over fully selecied words and light green
* aver partially selucted words, te be consistent
with other views. Unforiunately, the Visuat Basic
text LOMponeEnt GoRSs Not SUPPDTt this.
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has been a significent chatienge in the
design of the Silver interface.

The prablem of information overload is
exacerbated by the inadequacy of auxifiary
media, such 85 paper, 10 supplement the
interface. In editing a large text document
or program, people often pring sections so
that they can refer 10 them while editing
without using up screen space. However,
this strategy is not effective for editing
videa because of its dynamic nature.

The primary mechanism we have used (o
address the information overload problem
is the scroflable, zoomabile timeline view.
With this timetine, the user need not view
the entire video at the highest level of
detall, but may see only the currently rele-
vant part in deisil, and still see the context
around 1t in the other, less-zoomed-in
views. This approach may be useful in
other information-intensive editing environ-
ments.

USER STUDY )

We conducted a pilot study to evaluate the
smart editing features of Silver. Pasticipants
were asked to use Silver 1o perform a
series of editing operations on one videa
with smart editing enabled. and another
series on a different video, this time with
snart editing disabled. Our participants
were seven paid subjects, graduate
students from the School of Computer
Science.

Basign

This study was & within-subjects design. All
participants did both experimental tasks.

‘Each performed one 1ask with smart editing

enabied and one with smart aditing
disabled. The order of the tasks and the
order of smart editing were counterbal-
anced across participants.

PROCEDURE

The experiment had three parts: tutorial,
experimental tasks, and post-expesiment
questionnaire.

in the first pan, participants read the Sliver
tutorial and performed training exercises in
it. They learned how o scroll and zoom the
timeting, select video, and play video. They
also learned how 1o delete segments of
video and clean up the cuts. They
performed a practice task in which they
manually cleansd ug a cut and a praciice
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task in which they used the smart cut and -
paste.

In the second par of the study, each partic-
ipant performed the two experimental
tasks. For each task; participants were
given one of two video compositions and 8
corresponding fist of edits to be performed.
One video composition was about the Mars
polar lander; the other was about forest
fires in Russia. The source videos for each
1ask were gbtained from CNN footage. The
videos and shots 1o cut for each of the two
tasks were selected 1o be equally difficult
and o be entenaining.

Participants were askad to cut specific
shots from the composition. After each cut,
they were instructed to play the wransition
and, if they judged it to be “rough”, (o edit
it 10 make it "smooth”— that is, with ng

‘gaps or abrupt transitions.

At the end, participants filled out a paper
quastionnaire about the study and demo-
graphic information. Users were asked
about the system in genersl, the smart
editing features. the twtorial, and each of
the two tasks.

Resulls and Ané!ysis

On average, both experimental tasks
together took participants 33 minuies.
There were no statistically significant differ-
ences in time to complete either task due
1o task, order, or smart editing.

We did find significant correlations between
wo gquestions on the questionaaire and the'
time to complete the task with smart
editing disabled. Participants who rated
“exploration of features by triat and error”
8% more "encouraging” than “discouraging”
f{on 8 scale of 1-8) took longer 10 compliete
the task {comelation 0.82, p < 0.048}. This
may be due to parnticipants who felt encour-
aged o explore the interface spending time
with parts of the interface that were not
directly related to the task,

Qualitatively, nearly all participants made a
positive comment about Silver, such as
describing it a5 “cool software, very intu-
ftive 1o use”. Two users believed they expe.
rgnced 3 learning effect: one said that one
task was “easier because it was the second
task”. Another user mentioned, “after |
could familiarize myseif§ with it, it became
easier 0 use and not as intimidating”,



However, the times recorded show 1o
significant learning effect.

We were very encouraged by the fact that|
ail of the swudy participants were able to
succeed in both of their editing tasks,
especially given the brevity of the tutorial,

The purpose of the timelines and what they

- displayed wers not immediately obvious to
any of the participants. Participants recog-
nized that one timeling represented the
video, but did not know what the other two
were, For all but 2 participants, the tutorial
cleared up this confusion.

The existence of L-cuts in video was also
not apparent to panticipants until they
encountered 8 task in the ttorial where
they deleted & shot that had an Le-cul. The
tutorist dig not specifically talk about L-
cuts, and it sSeemed that panticipants were
not as watchful for them during the experi-
mental task as they should have been. (n
retrospect, this is not surprising considering
they were novices in video editing.

We beligve that the timelines would have
been easier to understand and users would
have been more attentive o L-cuts if the
torial had expiained what clips, shaots,
ang frames were and what L-cuts were
conceptually before describing how the
interface worked.

Some users had difficulty with the scrofi-
bars at times because the thumbs werg
very smail. {§ was difficult to grab the
thumbs and move them and even more
difficuit to resize them. Other than that
probilem, we were pleased to see that users
undersiood how to scroll and zoom the
multiple levels,

‘We added a double border to individual
frames 1o make it more apparent when indi-
vidual frames were showing In the frame
fevel. However, some users did not seem (o
be sure when individual frames were being
shown and when they were not. The rame
view may need an even more gvert visuat
cue to make this distinction obvious.

Users felt disoriented after deleting a shot.
When a shot is deleted, timelines in other
systems typically shrink, whereas in Siver it
_ maintains its slze by readjusting its zoom
fevel. This sometimes ted 10 participants
having difficuity focating its former position,
A prief anlmation might make this explicit to
users. '

We expecied te find 8 greater effect of
using the smast editing options. The few
vigeo editing experts that have been
involvad with this project were enthusiastic
ahout incorparsting these features,
Apparently, our nalve users could not
distinguish between the effects of the
different options offered by the smart cut
and paste dislog. possibly because in many

" of the L-culs they encountered in the

experiment, the gap in the audio or video
rack that was created was very small,
which caused the different fixes 1o be only
very subtly different from one another.
Users did say that the schematic view of
the video was intelligible and helpful, This
suggests that we should automatically
carry out the recommended action when
the effectis small. Also, we should reeval-
uate the diazlog box using video where the
differences among fixes is cleatly percep-
titsle.

We suspect that panticipant motivation was
an important variabie in performance.
Some users seemed to try 1o finish as socon
as possibie, while others experimented with
the interface. Time to complete a task
might not be the best measurement of the
effectiveness of a creative authoring took,
since it penalizes exploring different
options and paying attention to detail. This
might explain the sigmificant comrelation
described in the previous section. in the
future, we hope 10 study the quality of the
produced video which might provide richer
information,

FUTURE WORK

There are many possible ditections for
future work with Silver, For example,
comgctions 1o the transcript by users could
guide the speech racognizer in the text
alignment, so users would not need to align
the texi manually. The transcript view could
also support the suthoring of new produc-
ticns from scripts, The user could type or
import a new script, and then later the
system would automatically match the
script 1o the video as & is shot.

We are exploring when these adjustments
<an be fully automated in 2 reliable way. We
are also looking at other metadata that
might be helpful in giving 8 recommenda-

© tion. For example, we are considering

mixing the audia of both edges when ane
audio track is music or other background
sounds. We also wam (o increase the

paiette of options for handiing gaps in the
composition. For example, 3 third piece of
video footage can be placed (o cover the
gap area, o a "special effect” ke a
dissolve can be used to smooth the transi-
tion over the gap.

Sitver couid also incorporate other meta-
data in the future, such as face detection
and recognition, and voice matching and

. fecogniton, With these data, Siiver could

aliow users (o easily perform aditing opers-
tions fike "Cut all video where person X is
taiking.”

Ancther type of analysis that would assist
editing is object recognition and tracking.
Siver could use this information to aliow
users 1o make moving objects hypertinks,
or cut and paste all video related to specific
chjects.

Tracking of people, {aces, or objects would
atso aflow interesting synthetic graphics o
be overlaid, for exampie to cxplain motion

in & video for physics instruction.

CONCLUSIONS
Sitver is 8 system designed to make high

-quality video editing easier. it demonstrates

several technigues to overcome some of
the main difficulties of authoring in this
domain, Namely, it uses multiple views that
display not only the raw audio and video
bul aiso higher-ievel metadsta. A single
selection is coordinated across ail views, |
even when the audio and video are
unaligned. A textus! transcript is linked to
the video, providing a view that affords
quick and accurate editing in the audio
domain. Silver provides a three-level time-
fine, presenting both context and detail,
which can be 3 usefut tood for video editing.

Sitver shows that video metadata can be
used to create an advanced interface for
aiding novice wsers in the parformance of |
otherwise difficult or wedious editing tasks.
It demonstrates three forms of smarnt
editing, with selection, snap, and cut and
paste. Currently the metadata used is only
ihe clip titles, the transcript, and shot
breaks. However, as more metadeta
becomes available, the smart editing
features can be improved. For example, we
could adjust the selection to match speaker
changes or to avoid culling in the middle of
@ panning or Zooming camera operation,
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The Silver project is investigating some
exclting ways 1o make high quality video
editing easter, and points the way o a
future in which averyone can be as
comforiable editing video as they are loday
editing tex.
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With the latest release of the IIS Transform Manager Beta, we added a new “task™ and Job Template to convert from standard MP4
files (non-fragmented) to Smooth Streaming format files (fragmented MP4). The benefit of this new task is that you can use a lot of
existing encoders on the marketplace that allow you to generate regular MP4 files and then easily convert those to Smooth Streaming
format for delivery m IIS Media services 4.0.

To use the new MP4 to Smooth Task you need to start out with a set of multi-bitrate encoded MP4 files that meet the requirements
for Smooth Streaming encoding:

RWRER SN

S

That means you can use your favorite encoder that can generate H264 and AAC MP4 files (there are a lot of those out there!) as
long as you make sure to set them up to create GOP aligned (or Coded Video Sequence aligned for you fellow video nerds) files.

To do that you need to stick to some advanced settings in your H264 encoding tools:

9 Make sure that if you switch framerates at lower resolutions, you only use EXACT half framerates of your upper resolutions
(for example 29.97 and 14.985)

¢ Set you KeyFrame Min and Max distinance to 2 Seconds per your framerate

© Disable any forced I-frames at Scene cuts. Usually this is referred to as scene detection or —no-scenecut in x264

© Ifyou are using X264, output your stats file from your first pass and feed it into your second pass.

For example, the following settings worked for me when I used X264 to generate MP4 files using an AVISynth script.

5 ey o

X264 .,exe -pass 1 ~bitrats 2%62-ssim -output NUL -profile hi

—preset

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2003
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



~keyint 48 -nmin-kevint 48 -no-scenecut

PANS -1l 2962 .mp4dY -profile

~keyint 48 -min-keyint 4¢

After you have your folder of .MP4 files you can then use the new Watch Folder called “MP4 Video Files files to H.264 Smooth
Streams™ that is available in the IIS Transform Manager Beta.

Just Enable and Start this new Watch Folder after modifymg the Folder Path that you want to use for it.

NN job Templates Ay
Jah";"en\;g{ig& ‘ - . §i§

Next click Explore Watch Folder in the Actions menu (or right click and select Explore Watch folder). This will open the Watch
folder up in Explorer view.

Before we drag our files into this view, we first need to create a “playlist” XML file m SMIL 2.0 format that will be used by
Transform Manager to bind the MP4 files that you drop into the folder into a single Smooth Streaming package.

>

To do this, open up your favorite XML editor and create a basic SMIL 2.0 file with a <body> and <seqg> element.

B o fahg W R L e
W - 1308 € VO O SIXYY 3 BN

& M € ; g. Inside the
<seq> clement you list the <vide 0> or <audio> tracks that you wish to use from your MP4 files.

i
LN

13

You simply point the Video element’s “sr¢™ attritbute to your multiple MP4 source files and the audio element to the specific MP4 file
that contains the audio track you want to use in the remux.

<?xml version="1.0" encoding="utt-8" 7>
<smil xmins="httpLsmm

<body>

<seq>

<video src="ElephantsDream_ 1427 mp4"/>
<video src="ElephantsDream 2056.mp4"/>
<video src="ElephantsDream 230.mp4"/>
<video src="ElephantsDream 2962 .mp4"/>
<video src="ElephantsDream 331.mp4"/>
<video src="ElephantsDream_477.mp4"/>
<video src="ElephantsDream 688 .mp4"/>
<video src="ElephantsDream 991.mp4"/>
<audio src="ElephantsDream_audio.mp4"/>
</seq>

</body>

</smil>

If you have multiple language audio files, you can also use the systemLanguage attribute on the <audio> element to set the language
tag that will be used in the Smooth Streaming manifest. For example, the playlist below uses the systemLanguage attribute to add a
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Spanish and English audio track.
This will generate two separate .isma audio tracks and the appropriate manifest entries in the Client and Server manifests.

<?xml version="1.0" encoding="ut{-8" 7>
<smil xmins="http;
<body>

<seq>

<video src="ElephantsDream 1427.mp4" />

<video src="ElephantsDream 2056.mp4" />

<video src="FElephantsDream_230.mp4” />

<video src=""ElephantsDream_2962.mp4" />

<video src=""ElephantsDream_331.mp4" />

<video src="ElephantsDream_477 mp4" />

<video src="ElephantsDream_688 mp4" />

<video src="FElephantsDream_991.mp4" />

<audio src=""ElephantsDream SPA.mp4" systemLanguage="spa” />
<audio src="ElephantsDream_audio-eng. mp4” systemLanguage="eng” />
</seq>

</body>

</smil>

Fmally, you drag all of your MP4 files and your new XML playlist into the Watch Folder to kick off the remux job.

X}
ORI I T e S et

After a short period of time the Job Monitor will show the progress of the conversion.
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You can select the Activity Log tab in the Job Details panel to see the detailed progress log.
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Atter the job has finished and you will be able to locate your job in the Finished folder in the Job Monitor view of Transform
Manager.

Just double click on the row for your Finished job and it will open up the location of the Finished Folder for your Job ID that will
contain your generated Smooth Streaming content. If you want to automate the copying of the output content to a final location on
disk, or to another server you can add the RoboCopy Task to the default MP4 To Smooth Job Template and supply the location
details on where you want your copy to go.

i\%§ iy Moriins
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The new MP4 to Smooth makes it very simple to use a lot of existing encoding software that supports standard MP4 files with H.264
and AAC to generate Smooth Streaming content quickly and easily. This can also be handy when you need to generate MP4 files for
HTML 5 progressive download playback in browsers, and also want to quickly and casily add Adaptive HTTP Streaming with
Silverlight.

March 15, 2011 in Smoath.-Sircamms ‘ Leoave acomment

Sam Zhang is the Dev lead on the IIS Media Services team, and i that role he has the most exposure to troubleshooting and fixing
issues with large scale deployments of IIS Media Services. His experience over the past few years of deploying numerous events,
including NBC Sunday Night Football and the Olympics, have given him a lot of experience i figuring out what is going right and
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wrong on the server.

I’m pleased to post a trackback to a collection of blogs that Sam just published that otfer guidance on how to troubleshoot all kinds
of issues on IIS Media Services! Erjoy.

Eaarg ; g ga \ii\.zu }
Part. 2 (Eublishmg Point Ui and States)
Bagi 3 {i‘l’q‘@ﬁ!' § i)%%’,g

Bart 4 {Performance Counles)

L Tea ra o e

November 1,2010 n 15 Media Senuces, 7\'?)“3:?1) Saoadth Sdroanaing | £ oomsonis

I’'m very excited to announce the release of IIS Media Service 4.0!

Some of the major features that we are anxious to share this week at the 3 a.4lgst conference include:

Encode once and stream to Silverlight, WP7, iPad, iPhone, Xbox.
Live Smooth Streaming updates:

® Stability: Improved stability and memory usage of Live Smooth Streaming under heavy server loads.

© Low Latency: Deliver near real-time broadcasts to Silverlight desktop clients. This feature is key for financial news customers,
surveillance, e-learning, and on-line gaming (gambling) sites.

New Publishing Point Details Ul: Real-time publishing point statistics now available in the IIS Manager UL
Manifest Compression: Compress live-streaming manifests down to only a few lines to improve delivery of live 24/7
television for over-the-top services.

Updated RSCA API: Real-time statistics available via RSCA API. (Blog post detailing this feature coming soon!)
Metadata delivery: Deliver RDF metadata from encoder to the client creating unique player experiences.

Caching and Disk Performance: Improved disk access and fragment caching,

Customer Focused Engineering: New design changes reflect direct customer feedback and two years of customer
experience with live broadcasting,

o ©°

o 0 0 ©o

Apple HTTP Live Streaming: Real-time IIS Server packaging and delivery to iPhone, iPod, and iPad with the same encoded
streams you use to reach Silverlight and Windows Phone 7 devices. New advanced capabilities for Apple mobile device deliver
including:

© Live DVR: Pause, rewind, and seek.

©  Archiving: Saves live content for DVR use or later on-demand playback.

© Archive Segmentation: Breaks a long broadcast up into smaller clips for easier storage and repurposing of on-demand
assets.

AES Encryption: Keeps your content safe while streaming by using a wire-level encryption. Note: This is not PlayReady for
108, it’s just a wire-line encryption of segments per the Apple Pantos spec.

© B-Frame support: Provides better picture quality when delivering to iPad.

© HE-AAC audio support: Higher quality audio for delivery to iPhone and iPad.

Smooth Streaming Client 1.5 — (Coming Soon!)
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© Low Latency client support.

© Manifest compression client support.
[+]

Read our official release announcement hgis.

® lnstall and try IIS Media Services 4.0 today

©  Stay tuned for other IIS Media releases in the weeks and months ahead. ..
° S Smooth Sweaming Clont
® (8 Transform Mapager (available in Alpha today and through our TAP program).
© IS Smooth Multicast

Also be sure to check out the new article Eist-Lockhdiceasaf S Madha.-Ssemces.4 on StreamingMedia.com.

Augjst 16, 2010 n Ssuooth St 'ﬂm'gj;;g’ Trausionn bMay ALEY | Eoave g covurent

I was really excited to see this sesnt-blogpastbanGeall ool SouthWasks, He has taken our IIS Transform Manager Task API
and created an custom Task for using the open source X264 cucader via the CLI (command line interface).

This is very cool, as there are essentially two very popular H.264 encoding libraries available in the marketplace. One of them is a
commercial product that is licensed via Maw-Loonespt, and the other is the X264 3ksary which was originally developed by Laurent
Aimar. If you check the Doom?9 forums, there is a lot of discussion on which is faster and better. I won’t comment there, and I would
note that some of the comparisons up there are old now.

There are also a number of other ones out there built by professional encoder ISV’s but the X264 one is very popular with open
source encoding applications like HandBrake and FFmpeg. X264 is released under the terms of the GNU General Public License (
so consider that a warning if you plan to use it — depending on your usage scenarios and legal requirements).

X264 is compatible with Smooth Streaming since it can generate closed GOP output by default. Only next step is to create multiple
GOP aligned output streams at different bitrates and then remux them mto fragmented MP4 format. We’ll have an answer to the
remux from MP4 to Smooth issue soon.

The exciting part about this post from Geoff is that it shows how simple it is to create a custom task for Transform Manager and
itegrate it into the workflow with IIS Media Services. Currently the task that he has could be extended to support FFMPEG also
with some minor tweaking. It could also be used to later generate Smooth Streaming content directly via FFmpeg or X264 once we
ship the new M P4 to Smooth conversion task that we are creating for the IIS Media Services 4.0 release m October.

Here’s the direct link to the blog article by Geoff with the source code for the custom task.

June 18’ 2010 n S_ﬂy'ﬁrﬁ:}n’ ol Eormat &:rﬂ" RNenaoth Streas ﬁiléé | Loauas g commmst

Today we released Beta 2 of the Microsoft IIS Smooth Streaming Format SDK 1.0.

The IIS Smooth Streaming Format SDK provides application developers the capability to mux encoded video and audio elementary
streams mto Smooth Streammg fragmented-MP4 format that is compliant with the Smooth Streaming Format and Erotecied

TORGTs at-{BiEE) specifications. The IIS Smooth Streammng Format SDK includes a native C++ static library that
can be linked into your applications to support the muxing of fragmented-MP4 into files or sent live via HTTP POST to a server
running Internet Information Services (IIS) 7.0 and IIS Media Services 3.0 and IIS Media Services 4.0 Beta 1. The SDK is available
for download hess.

Documentation for the SDK can be found online here — 1$-Ssmnoth-Streaming Eormat S DI MSIN. docwnentation and the release
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notes are available here — LS Suuooth Stroanome Forpat SDK Beta 7 Reolease Motes,

The primary purpose of the IIS Smooth Streaming Format SDK is to enable developers to create applications that can generate
PIFF compliant Smooth Streaming formatted fragmented-MP4 files for use in video-on-demand and live streaming scenarios. In
addition, the SDK can be used to encrypt content using standard AES encryption as required by the PIFF specification (this SDK
only supports the PlayReady specific protection headers).

It is expected that the video and audio encoding functionality is done externally from the SDK. Encoding for VC-1 can be
accomplished by using the Misroso#. ¥ =1 Encoder ST = Frolessional If you wish to do H.264 encoding, you will need to
acquire a 3rd party H.264 encoding SDK and AAC audio encoder. There are lots of encoding library choices available both free
and commercial.

The components of the SDK include:

1. A static-linked packaging library ssfsdk.lib, along with appropriate header files, that delivers -MP4 wrapping capability to an
application for use with the following video and audio codec combinations:
© Closed GOP encoded VC-1 with Elementary Stream Sequence Headers and WMA Pro, or WMA audio
© H.264 (AVCI closed-GOP streams only with IDR frames at the first sample of a GOP — must not be an Annex B
stream. PPS and SPS NAL units are not supported in the stream)
® AAC-LC audio

2. Sample source code for a basic on-demand muxing application that uses DirectShow to source from files.
3. Ladcioonboe MSDN docssneniation

Updates included in the Beta 2 release of the Smooth Streaming Format SDK are:

© H.264 PlayReady sub-sample encryption support.
@ PIFF 1.1 spec compliance.

© Multi-language audio muxing,.

® Text stream and TTML track muxing support.

This is in addition to the following supported features:

Support for Protected Interoperable File Format (PIFF) 1.1 compliant fragmented-MP4 file output.

Support for ISO Base Media (ISO/IEC 14496-12:2008) spec compliance.

Support for muxing live and on-demand content.

Support for appropriate header boxes and formatting required for live streaming using I1S Media Services.

Support for AES-CTR encryption of VC-1 and H.264 encoded content for use with PlayReady licensing servers and
Silverlight 4.0 or higher.

Support for writing out a compliant Smooth Streaming Transport Protocol server manifest files.

Support for writing out a compliant Smooth Streaming Transport Protocol client manifest files.

© 0 0 0 o°

o ©O

NOTE: Beta 2 ncludes a “Go-Live” license if you would like to use this SDK in production applications.

If you have questions on how to use this SDK in your applications, comments, or feedback on the SDK please send them to me
direcﬂy or to ‘Wz(\nﬁh’?i microsef oo,

Download the Smooth Streaming Format SDK Beta 2 hkexe:

Resources

© Download the Praicgiad Jutor ;’\"r:‘thm e Foral Y cification
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Download the 1S Sauoath St ‘f\anm}: 'Tr:\‘rg{‘mr'? Pratocol Qp'*riﬁ{‘qtirm
Download the Smaoath Streand g Client 1.0

A susatation for Smooth Streaming Client

More Information on Smxeaih.SEesning

More Information on Live. Ssuooth Sreaming

Supporting documentation on getting started with Smooth Streaming

o 0 0 0 o0 ¢

© Ssmoth Strogmamedor HS 706G SIS Staried
© 1ive Smooth Streanune Hue LS 70 . (v{‘t me Siarted
© Sinooth Sireasuing r)m[' Iovavent Cuide
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June 10) 2010 1n Smoath Eormat SDIK " Simoatt S:irpmvgggy Fraostorn Managse ) Uncatesonzed ‘ Leave aoopunent

Today begins the next wave of updates to IIS Media Services. We released our first beta of Media Services 4 which mcludes the
new support for live and on-demand streaming to Apple devices including the iPod, iPhone, and iPad using the same encoded
clementary streams that are targeted at your Silverlight clients. We have also added a number of improvements to IIS Live Smooth
Streaming to Silverlight. In this post, I'll quickly cover all of the new stuff we released today, pomt you to our new walkthroughs and
give you a preview of the upcoming features and more n-depth walkthroughs we are planning.

IIS Media Services 4 Beta 1- Now with iPhone and iPad streaming support!

IS Smooth Streaming has been the leading platform for broadcasting live events using adaptive HTTP streaming on the internet. It
was first used to deliver the 2008 Summer Olympics, and more recently was used for the 2010 Winter Olympics, March Madness,
and the 2010 French Open.

The new capabilities of Media Services 4 will extend the reach of these live events to even more devices using the same set of
encoded elementary streams. We can now encode a spectrum of bitrates in H.264 and AAC-LC in IIS Smooth Streaming format,
push them to the IIS Server and deliver out to Silverlight clients on Mac, PC and Linux, Windows Phone 7, iPhone, iPad, iPod
touch, Nokia s60, Broadcom and Intel set-top-boxes. That’s an incredibly wide range of screens to hit with a single set of multi-
bitrate streams! IIS Media Services will simply unwrap the incoming fragmented-MP4 containers, extract the encoded H.264 and
AAC-LC clementary streams, and re-packing them inside MPEG-2 Transport Stream containers for delivery to Apple devices. This
means that you only encode the content once, and IIS handles the “packaging’ of that content for distribution to multiple endpoints.
For you Semfeld fans out there, you can think of this process as “re-gifting” to your Apple friends, although this is definitely not a
“label maker™. I'll be posting guidance soon on how to broadcast to all of these screens using a range of encoding settings and
bitrates.

Exgrossion Encoderd Bro, which launched earlier this week and will be available for purchase at the Muroscdi culine siose, also
includes new templates for broadcasting live H.264 streams to IIS Media Services for delivery to multiple device profiles including
the iPPhone, iPad, and Nokia devices. For an introduction to Live Smooth Streaming with EE4, check out Sam-WWookes s blog post
R

New! Transform Manager

In addition we are launching a new feature of IIS Media Services called Transioumhdanages, which provides simple integrated video
encoding and batch conversion of video files to IIS Smooth Streaming format and the MPEG-2 Transport Stream adaptive streaming
format supported by Apple devices. Transform Manager also integrates directly with Expression Encoder 4 Pro to allow you to use
“watch folders™ to queue up multiple encoding jobs on your server and deliver them directly to IIS Media Services 4 web folders as
IS Smooth Streaming presentations, complete with Silverlight player templates.

Transform Manager can also convert your IIS Smooth Streaming presentations directly mto MPEG-2 Transport Streams and .m3u8
manifests for delivering content to Apple devices. We ship Transform Manager with several example Job Templates and Watch
Folder configurations that enable you to drag-and-drop WMV and MP4 files into watch folders (or seisspEEER or ¥cdhallay on your
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IIS server to upload content to your watch folders) and Transform Manager will automate the encoding to Smooth Streammng file
format using Expression Encoder 4 Pro, transmux the output from EE4 to MPEG-2 Transport stream and create .m3u8 playlists, and
then copy your generated media files to a uniquely named IIS web site for immediate playback.

We have also released a new SEXK.ssath. Lransioms.Manages so that you can write your own plug-in “tasks™ that can be used with
Transform Manager to support custom actions, third-party encoders, or your own encoding applications.

This alpha release of the Transform Manager feature currently only supports operating on a single IIS server and uses the local Task
Scheduler for job management. In our future releases, we will be expanding the capabilities of the scheduler to support scaling-out
Transform Manager.

IIS Smooth Streaming Client 1.0 RTW

Also released today is the IIS Smooth Streaming Client 1.0 RTW. This is the development kit that most of you already refer to as the
SSME (Smooth Streaming Media Element). It is the core component that enables Smooth Streaming support for Silverlight clients.
The Silverlight Media Framework 2.0 is built on top of this component. The new client development kit enables developers and
designers to custom Silverlight players from the ground-up. You can build custom players that support full DVR-style time shifting,
live ad insertion, multiple camera angles, closed captioning, and custom metadata tracks.

I you use the new Silverhghi-Medis Eranework Lsndcodeplex.cony you get all of theses great features built into an open source
player that you can extend upon. The new SMF 2.0 player has a more modular architecture, supports Timed Text Markup
Language text tracks, support for VAST and MAST, support for the MicresaitSduerlight Analutica Framewods and a plug-in APT .

IIS Smooth Streaming Format SDK 1.0 Beta 2

And there is more! The IIS Smooth Streaming Format SDK 1.0 Beta 2 will be released to the web next week. This SDK is
provided as a C++ static library for building in support to your own encoder applications for muxing IIS Smooth Streaming and PIFF
1.1 compliant streams, and also delivering to IIS Media Services. This update ncludes bug fixes to the Beta 1 features plus the
following additional features:

Muxing of properly-encoded VC-1 and H.264 video to PIFF 1.1 compliant output for live and On-demand.
Creation of PIFF 1.1 compliant manifest files

Support for PlayReady sub-sample encryption to support encrypted H.264

Multi-language audio muxing support

Text-streams to allow for creation of Timed Text Markup Language tracks

0 0 o0 0 o°

Coming soon...

Even with all of these great releases and new features, the team refuse to stop for breath (hey, there is no Summer in Seattle this year
anyways, so let’s just keep working on new features!). Coming later this year you will see the following additional features added to
IIS Media Services.

© The Apple HTTP streaming support will expand to include AES encryption, DVR “sliding window” support and segmented

archives similar to the standard Smooth Streaming support in Media Services to bring parity across both features. We will be

doing the work necessary to make sure that everyone can broadcast to all their devices 24/7 if desired.

Transform Manager scale-out will be supported through mtegration with a new scalable scheduler architecture. We will also be

expanding our API to support integration with the task editing user mterface to allow custom task developers to implement

their own task setup and editing user interfaces.

© More Walkthroughs! I'll be working on expanding our walkthroughs for both the iPhone/iPad broadcasting, Transform
Manager API usage, Transform Manager integration with 3rd party encoders, usmg TTML, multi-language audio support, and
new metadata support n Media Services.

Resources
Get the new IIS Media Services bits now using the Web Platform Installer link hexs!
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New Walkthroughs:

Travsforio Mavaser Waktheongh

Live BroadcastivetoaPhone and Padowah U5 Media Servces Walkthvough

For more details on this release of IIS Media Services, check out the following links:

° IS Medinhomepase
C Transform Mavager hfu'ﬂ(—\pcz o
: o o
% MMedinService h;!}p docunmentationandechiet
© Travsfoon Managecd 2l docunventationon fechiNeat
% De.Demand Suwoib Stregrome
o]

L] M N\ o s

S
©

R e R
SO

It was a great week at the Natonal-Assocatonol Broadeasters{NAR) convention in Las Vegas this year. It’s always fantastic to
run into the extended family of friends, partners, and customers from around the world. We had a lot of great new technology
announcements and demonstrations this year and too many partner announcements to cover in a quick blog post, but here is a recap
of the highlights.

HE Swoath Streavvng Clent and Siverkizbt Media Ersvework (SMF) — showcased demos with Multiple
audio languages and subtitles using SMF and the demos worked flawless. We demoed how you could build a
player with Jess than 10 lines of code using SMF. In addition the latest version of the SMF player now
supports Twed-Fesi MadsupJavguage {LIML) for displaying captions and subtitles. We now support
“textstream” tracks that work similar to the fragmented MP4 video and audio, but contain caption text in
TTML format. We also demonstrated multi-language audio support. You can now seamlessly switch ¢ ¢
between audio tracks i the player. We also announced several new encoding partners that are adopting the Smooth Streaming
Format SDK, and several partners who have integrated TTML caption conversion from 608/708 and Teletext, multi-language audio,
and ad-msertion using SCTE-35 signaling via sparse stream events.

The-Smooth-Swcansng Faomat 50K Beta 1 is available as of early March this year, and we will be shipping Beta 2 at the end of
May which mcludes additional support for multi-language audio, Text Streams, and H264 PlayReady sub-sample encryption (per the
PIFF 1.1 specification).

U Smootb Sireansngw.38 — this demo was a crowd puller. It may be the colored 3D glasses but people loved watching 3D
content in a browser and the same content was also demoed on a TV connected to a set top box running Silverlight. This demo was
done working very closely with Lexel3. Alex Zambelli, who put this demo together, has more details here.
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The Silverlight Eaug dtax tool — I've talked about this project i the past. This was origmally a
project that I started on the IMM team for use as a web part in SharePoint. Since the IMM project

was closed down, we have kept revising this tool and used it in many Live events including the Winter =
Olympics. Now the RCE code is available for you to download from the {-ade-GallamcsteonhdSDIN. You can create a new source

by combing portions of multiple individual sources (including live Smooth Streaming sources) in a matter of a few minutes. The tool is
really easy to use and super useful in creating highlights. It’s also easy to customize and extend since it is based on the PRISM
framework. You can integrate the tool easily mto your own MAM and DAM or custom database systems to create an end-to-end
workflow.

Microsail.Shelighi.Analuics Eramaswork (MSAF) and visualizations of data using Pivot / Azure (Sierhaics)
— SAF already integrates top analytics providers and enables easy analytics integration for Silverlight
applications including the ones that use IIS Smooth Streaming, The folks at Location 3 Media used MSAF
and Mierssedt-Bivet to create some super cool visualizations for real-time analytics data.

Silverlight Enhanced Movie Framework — this framework allows for rich Blu-ray like experiences with offline
Silverlight apps. The demos included the movie “The Hangover™ among others at the booth. This will be the
future of movie delivery for me. I don’t even own a Blu-ray player because I prefer not to collect plastic landfill
discs!

At the booth we demoed live IIS Smooth Streaming to an iPhone and iPad. The streams were
generated by Expression Encoder 4.0 that was sending 10 different bitrates to multiple clients. This
new feature allows you to enable on-the-fly transmuxing at the IIS Media Services publishing point.
Allyouneed to do is send the usual Smooth Streaming fragmented-MP4 streams to the publishing
point n H.264/AAC at the right profiles and we will re-wrap to MPEG2 Transport Stream and
segment the video on the fly. The same streams can also be consumed from the publishing pomnt in
their fragmented MP4 format using Silverlight on multiple clients, mcluding Mac, Windows, Linux,
Windows Phone 7, Nokia S60, and the Broadcom and Intel set-top boxes. This feature is going
to be included in IIS Media Services 4.0 Beta 1 in June.

IS Smooth Streaming for Windows Phone 7 — using the exact same streams that we are sending to
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the iPad we are able to deliver to Windows Phone 7, which is now running Silverlight and a version of the N Windows

Smooth Streaming Media Element. The Windows Phone 7 is capable of decoding H264 and AAC at even Phone
higher profile settings than Apple’s IPad recommendations, and we should see some even higher quality presets
coming soon for Expression Encoder 4.0.
\g\\\\ \\*i& &a\\ IIS Smooth Streaming for Nokia S60 devices
i Expression Encoder 4 (EE4) — we demoed encoding and delivering HD content Merosol

using IIS Smooth Streaming and EE4 running on the same machine. EE4 is going to be a great tool when
it ships. It now has support for Live Smooth Streaming! We had a 24 core Intel server streaming 10
bitrates of Live Smooth Streaming (from 6Mb down to 200kbps) along with a second instance of EE4 running with 3 streams
targeted at the [Pad profile settings. Fantastic!

f xpr&ssgmei

In addition to all of this great news, we announced that Silverlight adoption has reached 60% globally, on Tuesday just
down the street from the NAB convention we launched Visual Studio 2010, and on Thursday we launched Sabwesheht

Here is the full Miczosof-presssekase for more details.

I’'m looking forward to seeing everyone at IBC in Amsterdam at the end of the Summer with a lot more cool demos! We have some
fantastic stuff m the works.

New Coamnnsite Manifest sunmart for huibding Boanoh Ont Hliting (R OEN seenariag
MO RS- GABE SHRDOTT 3 GHIE-ROUE S S RS TR IN

January 22, 2010 in Siuerlight, Sasoath-Stresming | 3.comients

Beta 2 of the IIS Smooth Streaming Player Development Kit (SSPDK) contains a very important Silverlight control called the
SmoothStreamingM e diaEle ment. This control is the core client side component for making Smooth Streaming work i Silverlight.

In the latest release, Vishal Sood and team have added i support for a new manifest format called the Composite Manifest.
This new manifest can be used in scenarios where you want to do one of the following:

© Create a new video clip that is composed of many smaller sections of existing content.
© Create a single or series of highlight clips from a very long clip (which could be the archive of a live event).

I view this new Composite Manifest like a new Edit Decision List (EDL) format since I have a background i the broadcast and post
production world. This new manifest allows me to create a cuts only EDL file that can be used by the player to dynamically generate
new clips without going through the process of re-assembling, re-encoding, or trans-muxing assets.

This new manifest enables really cool scenarios where you can create Edit Decision Lists (EDLs) on the fly in a web based RCE tool
(more coming on this later...) and generate new assets from existing ones without touching the content.

Pay close attention to the fact that even though your Smooth Streaming files may have chunks that are 2 seconds in duration, the new
Composite Manifest lets you start and end your clips within the boundaries of that chunk. So you are not restricted to making edits
at the fragmented-MP4 chunk boundaries.

Read up on the new Composite Manifest format and how to define Clips here:

m@m&" activsoodiarchee/ 20100012 2 icos ekt sigeniifat. vt AR Yk Ut o BCCLATIOS « .S 5100 S
Q8. 2144 .

January 22, 2010 in Stherhadt, Scath Format SEK. Smoath Sircamng | Leavcaconment
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Vishal Sood posted a new blog entry on the latest release of the Smooth Streaming Player Development Kit Beta 2 last week.

Read all about the new features in the Player SDK, and download the bits here: hitpidbloss s netivsandioehing/ 20 L0 A igx
smootb.siroaraing »p?nvf*r.. Jovel AL Hebiotaedereloased 28pX

Key features mnclude:
© Basic Playback controls

© APIs such as Play, Pause, Stop, etc.
° Events for Playback and Diagnostics
© Properties to track position, etc.

Advanced Playback support
© DVR support for Live Smooth Streaming
Support for keeping track of Live event while in DVR (*new mn Beta 2*)
Trick Play: Slow Motion
Trick Play: Fast Forward / Rewind (*new in Beta 2*)

o © ©

© H.264 / AAC support (*new in Beta 2*)

© Monetization

Ad Playback mtegration — scheduling capabilities, tracking Ad progress

Live Ad Insertion with Live Smooth Streaming

Rich Analytics with IIS Advanced Loggng

Support for specifying markers/Ad ngestion point outside the main manifest (*new in Beta 2*)

o O ©

[+]

Content Protection — PlayReady mtegration for VC1 content

Composite Manifest Support for scenarios like Rough Cut Editing (*new in Beta 2*)

Selecting Tracks for playback (e.g., restrict the bit-rates available, support multiple camera angles in a single stream, etc.)
Support for progressive download Ads/content

SSME is used in Silverlight Media Framework(SMF) and the partnership helps facilitate faster player development

0O 0 0 o0 o©°

The Silverlight Media Framework has also been updated to version 1.1 which includes the latest
SmoothStre amingM ediaElement from Beta 2 of the Smooth Streaming Player SDK. This ncludes support for progressive
download content n addition to Smooth Streaming format support.

Get the latest drop of the Silverlight Media Framework 1.1 on Codeplex:

January 22,2010 n dMedia, Sdeslict, Somooth Streaunmug | Leave a commpent

Michael Scherotter just posted a great sample of creating Netflix style ‘zoetrope’ player thumbnails in Silverlight.

His sample uses the latest version of the Silverlight Media Framework that is posted at Ltipiismi.cadeplex.cam, and Expression
Encoder 3.0.

We are looking into adding in support for embedded "Zoetrope™ tracks to the Smooth Streaming Format SDK and Silverlight Media
Framework i a later release.

Article: ?it} '//hia’\2 s mady ;*nm:"t/fmrg,j;’r/q b 201 0/031/2 2 fscnbd iniu atb-thumbnaticaviththe. "mi..nhyrw ABEX
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Source Code: ht #}*\"/‘r’(\':!p musdnamicrosodt cony SME ThushnalSeruh
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The Lowdown on Apple’s HTTP Adaptive
Bitrate Streaming

By Liz GGannes Jun. 10,2009, 12:01am PDT 3 Comments

Like Be the first of your frisnds to ks this,

This week Apple embraced adaptive bitrate streaming over HTTE at its developer conference in San
Francisco. It will be available with the new iPhone OS 3.0 on June 17 and in September with the new
version of QuickTime for Mac OS X Snow Leopard.

& .__. \\\" @it A fter the Apple presentation Monday, we chatted with one

of only a couple developers who was given early access to Apple’s HTTP streaming. He gave us the
lowdown on how Apple will implement the technology.

First, a bit of a refresher. Adaptive bitrate streaming, brought to the fore by Move Networks and now being
pushed by Adobe, Microsoft and Apple, is one of the more interesting things going on in video today. I just
finished a research report for our paid GigaOM Pro service on the topic and I'd love for you to check it out
79 for unlimited access). Here’s a bit from my intro describing the concept:
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There’s no one-size-fits-all approach to clean up [problems with video quality and delivery],
especially because many of them result from complications and hang-ups on the video
watcher’s computer or Internet connection. That’s why many companies are turning toward
adaptive bitrate streaming, a technique of detecting a watcher’s bandwidth and CPU
capabilities in real time and then adjusting the quality of a video stream. That requires encoding
a single video at multiple bitrates and switching to the most appropriate one on a moment-by-
moment basis. The result: very little buffering, fast start time and a good experience for both
high-end and low-end connections.

One contextual note about Apple’s move to use HTTP for adaptive streaming is that it paints Adobe into a
corner. Adobe does have its own “dynamic streaming” for Flash Media Servers, but that requires buying
special servers and switching between streams within a single real-time session. HTTP delivery treats video
files like any other file and transfers them in chunks through individual sessions. Since no special servers are
required, HTTP streaming is seen as less expensive than traditional streaming, though in some cases it may
be less secure or reliable.

N

‘Apple invited two outside developers, {ulgi Techuologics and Envivig, to get
early access to its new streaming video plans. We spoke with John Bishop, SVP of strategy and business
development at Inlet (pictured), to get the lowdown on Apple’s new technology. Raleigh, NC-based Inlet’s
Spinnaker appliance enables live video delivery, and the company is taking part in most every sports
streaming deal out there right now. (Though Bishop wouldn’t comment, it’s all but expected that Major
League Baseball will update its iPhone application with live video when the new OS comes out; the
league’s subscription live streaming product is powered by Inlet and Swarmcast.)

While Bishop’s company isn’t attached to any one format, it’s clear he thinks HTTP streaming is the future.
“It’s the first time video works for the web as opposed to the web working for video,” he said. Bishop said
he thought Adobe would continue to succeed with video on demand but that others may gain ground for
live streaming.

Apple’s new HTTP streaming will also support live and on-demand H.264 video play directly within a
browser. That means companies will no longer have to make and sell branded applications, as MLLB and
TV .com do today. It also means a lessening of the impact of AT&T meddling with approval of applications
that try to stream over the 3G wireless network. Today i’hone apps from videg providers like Sling, Poptiq
and Joost are Wi-Fi only. Clearly, web pages loaded in browsers have no such gated approval process.
Provided that increased video consumption doesn’t cripple the network, 3G would make video experiences
on the iPhone far more interesting — when you’re limited to Wi-Fi only you might as well just open your
laptop.
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Then, after video publishers have encoded their content in multiple versions for adaptive bitrate streaming,
they’ll feed the files to Apple’s Segmenter, a new piece of Mac desktop software that cuts video into small
chunks. “It’s like a ginsu knife,” Bishop said.

Then, when a video is playing, Apple will check periodically to see which bitrate chunk it should serve to
the viewer. Bishop said other providers like Move, Swarmcast and Microsoft are a bit more diligent about
this than Apple will be. They check every 2 seconds to see how fast the last 2 seconds were received and
pump out the next chunk accordingly. Apple won’t be quite so optimized.

Bishop said Inlet has been bombarded with requests to get new live adaptive streaming products out for the
upcoming iPhone release — and after that, for the desktop release in September. Which can only mean
good things for those of us who like to watch video on our computers and on the go.

Photo of iPhone MLB app from 2008 by Flickr user griifishail.
Do you like this story?
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¢ Reply
Scott Wednesday, June 10 2008

This was very useful information. I am “just” an owner of the iPhone and a big video fan. I am not in
the video industry at all. But, I found this site though multiple links/hops. Over on the iPhone forums,
there is very little discussion going on about the HTTP video streaming capabilities. I am hoping for
considerably improved content delivery on the iPhone. If Netflix jumps on board, then life will be
very wonderful. ;) There is a rumor that Hulu is looking to get on the IPhone. Maybe this HTTP thing
will help push them over the edge?

Anyway — thanks again for an informative article.

Scott

: Reply
Morgan Sunday, August 16 2008

Folks,

You have to see this to believe it. Widevine was showing the HD Adaptive streaming at Cablelabs
last week.

It was amazing to see. The clip was 10801 it was encoded in H.264. It seamlessly adapted from 2.5
Mbps to 10Mbps ...I think there were 4 or 5 different bit rates. The quality was amazing. It was
playing back on Windows, Mac and a Blu-ray player.

What was even more amazing then the HD adaptive technology was that the 10801 Mbps H.264 clip
played back on the PC/MAC. They attempted to play back the low bit rate version using a Flash
player and silverlight and the CPU maxed out, stuterd and lost frames.

Sonic and Widevine really have something here.

o Morgan
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Reply
Vittorio Palmisane Tuesdav, March 16 2016

Hi all,
we are developing a similar solution in order to enable adaptive hitp streaming for flash players. Here
you can find a simple demo:

hitpy

. Phone Video, Finallv! Plus HUTE Syreaming and Over-the-Adr Movie Downdoads hane 10,
2008 Trmacked on

[...] The Lowdown on Apple’s HTTP Adaptive Bitrate Streaming on June 10th, 2009 at 12:02 am —
Permalink [...]

. Whet to read on the GieaOM network June 10, 2008 Tracked on

[...] Staff | Wednesday, June 10, 2009 | 10:50 AM PT | 0 comments The lowdown on Apple’s HTTP
adaptive bitrate streaming (NewTeeVee) Measuring success as a freelancer (WebWorkerDaily) On
desktop Linux, the Mac, and market [...]

. The Lowdown on Apple’s HTTE Adaptive Bitrate Streaming June 18, 2009 Tacked on

[...] The adaptive bitrate aspect of the streaming is at the forefront of what other players like Adobe
and Microsoft are doing in video. Through new Mac software called Segmenter, video publishers will
divide their content into tiny chunks of different qualities that are subbed in for each other when a
user’s bandwidth and CPU constraints improve or degrade. That means improved video start times,
no buffering, and streaming at the highest quality possible in any situation. Read the rest of this article
on NewTeeVee — [...]

. Would vou compromise on vour TV picture? « Curicusly Persistern lone 14, 2008 T racked on

[...] a technique called adaptive bit rate where the quality of a stream varies according to your
broadband speed (though this could resultin [...]

. Wimbledon on the Web: Smoeoth HD Comes to U8 Spoves - TDG Orindons June 22, 2008 Tracked on

[...] on with Smooth and examined the efforts behind the recent French Open, Indy 500 (non-
Smooth), and Apple’s adaptive bitrate streaming for the new iphone. When it comes to a high quality
web viewing experience, adaptive streaming is [...]

i Action June 30, 2009 Tracked on

[...] Technologies and Envivio, in on its plans so they could prepare solutions for content providers.
(Here’s an interview with an Inlet executive about how exactly Apple’s HTTP streaming works.) [...]

. Akamai 1o Make IPhone Video Strecining Smooth Jnlyv 2. 2009 Tcked on
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. Remembering Negl Poge - TG Grivdons July 8. 2008 Tracked on

[...] Stacey Higginbotham | Thursday, July 2, 2009 | 1:29 PM PT | 0 comments Akamai today said it
would provide adaptive bit-rate streaming to deliver video content from web sites to the Apple iPhone
3G and devices running the iPhone OS 3.0 operating system. Basically, using adaptive bit-rate
streaming means folks can watch streaming video on their iPhones or iPod Touches with fewer stops
and starts. Adaptive streaming adjusts the video content to a lower or higher bit rate, depending on
how robust the web connection is. Akamai offers a similar service for Microsoft’s Silverlight for
video on PCs. Adobe Flash and Move Networks also offer adaptive bit-rate streaming, although
Adobe uses a proprietary method that requires special servers. [...]

. Poad Arr {pragmat) s status on Saiurday, 040wl 88 172300 UTC - Mewwica Julv 4. 2008 Tracked

on

[...] hitpiffnewiseves com/A00006/1 Oihe-lowdown-on-apples-hitp-adaptive-bitrate-streaming/ [...]

[...] Through the efforts to stream the Indy 500, Tour de France, Wimbledon, and to bring video to
the iPhone, it seems whenever video moves forward Inlet is there and Neal has been their leader. The
company [...]

Cuma fnd - Watch Apple’s first-ever Live Concert on your iPhone Tondght gt 8 pm 8T August 7,
2009 racked on

[...] If you are interested in finding out more on how the HTTP Adaptive Bitrate Streaming works
then you can checkout this post by Gannes. [...]

Apvle Streams Firgt Ever Live Concertiothe iPhone Tonieht ar SPM EST | The iPhone Guri
August 7, 2009 Tracked on

[...] Live]via[iPhoneHacks]via[NewTeeVee] Share and [...]

Anple fransmitid en yvive sy primer conclerio pera ivhone f Teonete August 18, 2009 Tracked on

[...] y pareja en diferentes tipos de condiciones de la red. Puedes leer el como este protocolo trabaja
aqui y si quieres ver un video de demostracion lo encuentras [...]

Home Shopning Neswork Hits the iPhone Aupnst 17, 20089 Tracked on

[...] appliance. Spinnaker supports Apple’s HTTP adaptive streaming, a hot topic we’ve been
following closely. As Liz wrote earlier: HTTP streaming enables publishers to give users a better
video experience by [...]

Adaptive Bitvate Stregmung { Muwrar OFZ0ORAL Angust 17, 2009 Tracked on

[...] playerlar’m demolarmi gérdiik. Daha sonra Apple’da bu kervana katilacagini duyurdu ve [...]

Apple’s Snow Lecpard Will Bring Major Video Boosts August 24, 2009 vacked on

[...] new QuickTime X includes support for Apple’s HTTP live streaming protocol, which we’ve
covered extensively since it was announced and released first for iPhones in June. The technology
has [...]

Dispelling the FUD Silverlieht is NOT on the iPhone! | code zen November 26, 2009 racked on
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24.

[...] have all proprietary adaptive streaming formats. For a better understanding read this article on
Apple’s adaptive streaming on [...]

Envivie Adds $1M for Video Encoding Decomber 31 2009 racked on

[...] convertible note filed today with the SEC. The South San Francisco, Calif.-based company,
which was one of the first allowed onto Apple’s new HTTP streaming platform, had last raised
funding in 2008, when it [...]

Some (Phone Video Apps Wonlt Be Approved Undess They Can Adapt To AT& T s Lowsy Netwark
CanfaBlog com March 26. 2010 Tracked on

[...] is increasingly encouraging developers of video apps to include adaptive bitrates which vary
based on the user’s connection. Currently Apple requires all long-form video [...]

WWICT: Neifix With Adantive Bivgte Streaming Coming to the iPhone fune 7 2010 Tracked on

[...] hand. The free application arrives this summer and will support adaptive video playback — a
streaming technology that adapts to the connection speed of a device demonstrated last [...]

WWDRNC Netix Wish Adaptive Biate Streaming Coming o the iPhone v Apnle News Sailv hne 7,
010 Tracked on

[...] their hand. The free application arrives this summer and will support adaptive video playback —
a streaming technology that adapts to the connection speed of a device demonstrated last [...]

mBindoe Tackles HIMLE Video Security Jung 8, 2010 Tracked on

[...] new feature works by leveraging Apple’s HTTP adaptive bit rate streaming protocol to deliver
video to the iPad. The Apple implementation of HTTP adaptive streaming breaks video [...]

some (Phone Video Apps Won't 8e Approved Unless They Can Adapt To AT s Lousy Network «
Gadeet Fee hulv 1, 2010 Tmcked on

[...] is increasingly encouraging developers of video apps to include adaptive bitrates which vary
based on the user’s connection. Currently Apple requires all long-form video [...]

Apple’s HITE Adaptive Provocol - Castire September 8, 201 0T racked on

[...] Brian Walsh on Sep.08, 2010, under Clients, Development, Devices, Features, HTMLS5, Mobile
In June of 2009, Apple introduced a new video format that provides adaptive bitrate over http. If
those words [...]

Adobe Flash Pushes o the Enterprise With PEE. 1P Multicast Septeber 8, 2010 acked on

[...] updates to Adobe’s Flash Media Server — like FMS 3.5, which introduced HTTP streaming —
were focused mainly on making streaming server better suited for use by media companies. [...]
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An Experimental Study of Throughput for UDP
and VoIP Traffic in IEEE 802.11b Networks
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Abstract—1n this paper, we present experimental studies on the
throughput of IRER 832.11b wireless networks for UDF and VoIP
traffic. Gur experiments show that the maximum data throughput
of a single station sending out UDP traffic is 6.3 Mbps. The maxi-
mum number of VoIP calls in a single cell of an YEER 802.11b net-
work is six if the ¥TU G711a-Law codec is used with 18 millisec-
onds of audie data per RIP packet. The experiments also show
that the effective available bandwidth jn the wireless metwork is
reduced by ongoing VoIP conmections. Specifically, for the sbove
codec settings, each VoIP conmnection reduces the bandwidth avail-
able for data traffic by 908 Kbps.

I, INTRODUCTION

In the last few years, wireless networks based on the THEE
802.11b standard have pained popularity and have been widely
deployed in enterprises mostly to provide wireless data access
from Laptops, PDAs, etc. to the wired infrastructure of the en-
terprise. They have also been deployed in public hot-spots such
as airports, hotels, conference facilities etc., mainly for inter-
network connectivity.

The maximal data rate 802.11b currently supports is 1}
Mbps. Although task groups, in particular 802.11a and 802.11g
{10}, are working on allowing higher maximum data dates, it
is very likely that 802.11b deployments will continue 1o op-
erate in both enterprises as well as the residential market for
the next few years. As opposed to IEEE 802.3 (also known as
Ethernet), where the maximal data rate of the netwark is in-
deed close to the throughput observed, the maximal achievable
throughput for 802.11b networks is far lower than the data rate
due to the nature of 802.11’s CSMAJ/CA medium access proto-
col. Moreover, the bandwidth is shared among all participants
in the network whereas most of today’s Ethernet deployments
are “switched”,

As converged networking in the wired world is becoming
more and more popular, it s very likely that in the near fus-
ture wireless networks will also be increasingly used for voice
traffic. In this paper, we present our experimental studics on
the throughput for VoIP and UDP traffic in a single cel} of an
802.11b network.

We chose UDP as transport layer protocol due to its
connection-less nature. A UDP sender “flooding”™ the network
zives an accurate estimate of the actual bandwidth that is avail-
able in the network. Results obtained with UDP constitute an
upper bound for the throughput possible with TCP as transport
layer protocol in any of the scenarios we studied. Another rea-
son why we chose UDP is the 802.11 MAC. It was constructed

Martin Kappes
rokappes@avaya.com
Avaya Labs Research

Basking Ridge, NJ USA

1o such a way that higher frame loss and collision rates in the
wireless network as compared to a wired network are mitigated
by the MAC-layer itseif. In particular, the MAC protocol man-
dates acknowledgments of received frames by the receiver and
retransmissions of frames by the sender that are not acknowl-
edged within a time interval. The timer values are such that the
higher layer transport protocols, in particular TCP, do not get
affected by the loss of a frame once in a while. Hence, studying
phenomena related (o the connection-oriented nature of TCP
does not lead to hew insights into network probleras that axe
related to the specific use of an 802.11 network.

This paper is organized as follows. First, in Section I,
we outline the laboratory setup for all conducted experiments.
Each section from IH through VI consists of the description of
a single experiment, the results obtained from the experiment
and a detailed explanation. The first experiment, in Section
1, studies the payload throughput of an 802.11b network as a
function of the frame payload size. The second experiment, in
Section 1V, studies the throughput with muktiple senders, The
third experirnent, in Section V, is aimed to find the maximum
munber of simultaneous VoIP connections in a single cell. In
Section V1, we study the throughput of such a network in the
case of converged networking, i.e., simultaneous voice and data
traffic. Fionally, Section VII discusses the ramifications of the
experiments and Section VIII concludes the paper.

1. EXPERIMENTAL SETUP

Zight clients, all PCs (some Laptops, some Desktops) run-
ning Windows 2000, are associated with a single access point.
The access point is connected to an IEEE 802.3 (Ethernet)
LAN. On the wired side of the network, we are also using PCs
running Windows 2000 which serve as endpoints for VoIP or
UDP data connections. Al endpoints in the wireless network
are in onc subnet whereas the nodes in the wired network are
on another, Both subnets are connected through a single router
and are thus one hop apart from each other.

The IEEE 202.11b access point and all clients are situated
in the same reom with no physical obstacles between them.
Hence, the probability of frame loss due to weak signal strength
and/or presence of hidden stations is negligible. The expen-
ments were conducted with access points frora different ven-
dors, with no significant differences io the results, The radio
cards used in all clients were from the same vendor.
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Fig. 1. Throughput as 4 function of the packet size for Ethernet and 802.11b.
The drop in throughput for packet payloads larger than 1472 bytes is due o
fragmentation.

III. THROUGHFUT FOR A SINGLE UDP SENDER
A. Experiment and Resulss ’

We measured the available throughput in terms of sent pay-
ivad on Layer 4 with IP/UDP as bearer in the scepario of a
single client.

We used a prograra constantly sending out UDP data frames
to the wireless medium (and, hence, in some sense “flooding”
the wireless network). The stream was sent to an endpoint
in the wired network. Our results indicate that the maximal
achievable payload data rate in this scenario is approximately
6.1 Mbps which is achieved when the payload of each UDP
packet is chosen to be 1472 bytes. In this case, the maximal
payload of an Ethernet frame (1500 bytes minus 20+8 bytes for
the IP and the UDP header) is used. Payloads larger than 1472
bytes get fragrmented into more than one frame which reduces
the observed throughput significantly. When the 62 bytes of the
TEEE 802.11 frame body and the IP/UDP headers (344+20+8) in
cach sent frame are accounted for, the overall throughput of the
wireless network s approzimately 6.36 Mbps.
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Fig. 2. Transmitted packets per second as a function of the packet size in IEEE
8§02.11b.

Figure 1 shows our measurements of payload throughput as
2 function of the payload size in a single client scenario for
10 Mbps Ethernet and 802.11b. Figure 2 shows the number of
transmitted frames per second as a function of the packet size.
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Fig. 3. (EEE 802.11 CSMA/CA medium access scheme.
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Based on the number of frames sent per second and the fact
that in our setup the payload of each frame is transmitted at 11
Mbps, we can compute the fixed overhead for the transmission
of each frame. For our measurements, the overhead evaluates
to an average of around 840us per frame. It should be noted
that the transmission of a payload of 1472 bytes at 11 Mbps
takes about 1070us, hence even in this case the fixed overhead
time is guite comparable to the actual transmission tixe for the
payload.

B. Explanation

Clearly, the question arises why the fixed overhiead per frame
is 50 significant that it takes almost half of the total transmis-
sion time even when using the largest possible payload size of
1472 bytes. The overhead steras from the Carrier Sense Multi-
ple Access with Collision Avoidance (CSMA/CA) medium ac-
cess scheme according to the Distributed Coordination Fune-
tion (DCF) of the 802.11 standard [9] which we will briefly
describe here. A more detailed description can be found in [8].

As collisions in the wireless medium cannot be detected, the
MAC protocol is designed to prevest collisions from scourring.
FPurthersore, dus to the possibility of undetected collisions and
the higher number of transmission errors as compared to wired
networks (e.g., by interference), unicast frames are acknowl-
edged by the receiving station. The acknowledgment is sent
out after the transmission has finished and a certain duration of
tixae called short inter frame spacing (SIFS) has elapsed. If a
node wants to transmit.a frame and senses the medium idie for
a certain duration of time called distributed coordination func-
tion inter frame spacing (DIFS), it may start transmitting. As
DIES is longer than SIFS, it is made sure that a well received
frame can always be acknowledged for before the next frame is
transnutied.

iIf a node wants to start transmitting while the yeedium is
busy or if it wants to transmit another frame after just finish-
ing a transmission, it also waits for the medium to be idie for
the DIFS period. Then, the node does not begin to transmit im-
mediately but enters a contention phase for the medium. Con-
tention is done by choosing an integer random back-off between
0 and a parameter CW (CW stands for contention window size)
which is indtially set to a valve CWmin. The probability dis-
tribution among these values is uniform. The random back-off
determines the number of ime slots the client defexs its trans-
mission in addition to the DIFS time.

If the medium is sensed idle in such a “slot”, the back-off
timeris decreased by one. if the random back-off has decreased
to §, the node starts transmitting. If another node starts trans-
nitting before this happens, the node continues to count down
the back-off timer after the medium has been sensed idle for
the DIFS period. Thus, if muitiple clients want {0 transmit a
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Fig. 4. Throughput for multiple UDP senders sending packets of 1472 bytes.
Y-Axis shows throughput in bps.

frame, the one with the lowest random back-off time will win
the contention for the mediur. However, if more than one node
happens to choose the same back-off time, they will start 1o
transmit at the same time and a collision will cccur. The clients
assume that the frame was lost if an acknowledgment is not
received within SIFS. In case of an unsuccessful transmission,
the CW value doubles untid a CWimax value is reached. The
CW parameter is reset to the CWmin after each successful (l.e.
acknowledged) transmission.

The IEEE 802.11/802.11b standard defines SIFS to be 10us.
A slot time 1s 20ps and the value of DIFS is defined to be the
value of SIFS plus two slot times which is S0us. The size of
an acknowledgment frame is 14 bytes which take about 10us
to transmit at 11 Mbps. However, each transmitted frame also
needs some physical layer overhead (PLCP header of 48us and
a preamble of 144us) which is about 192us. Thus, the to-
tal time to transmit an acknowledgruent is 203us. The IBEE
802.11b standard [9] defines CWmin to be 31. Therefore, in
the scenario of a single chent constantly transmitting, the aver-
age randora back-off time is 15.5 slots which equals 310us. For
the actual data frame we have an overhead of 34 bytes for the
802.11 MAC header, 20 bytes of IP beader and 8 bytes of UDP
header totaling 62 bytes which take about 4545 to transmit at
11 Nibps. Together with the 192us physical layer overhead this
arpounts to 23745, Sunming up these values, the fixed over-
head per frame as illustrated in Figure 3 can be calculated as
104203 + 50 4 310 4 237 = 810us.

Indeed, this value matches well with the overhead measured
int the experiruent. The experimental vabues are a little bit higher
due to the fact that the overhead of periodic beacons sent out by
the access point is not included in the caleulated value. Such

- a beacon contains manageruent information about the network
and is sent out about every 100 ms. When the effect of the bea-~
cons is discounted, the measured value matches with the calcu-
lated value,

1V, THROUGHPUT FOR MULTIPLE UDP SENDERS
A, Experiment and Results

In this experiment, the program constantly sending out UDP
data frarues is run siranltaneously on multiple wireless stations
comnected to the same Access Point. All UDP streamns were
sent to endpoints in the wired network.

When running two datagram senders, the aggregated maxi-
mal achievable payload data rate increased from approximately
6.1 Mbps in a single sender scenario to approximately 6.4 Mbps
for a payload of 1472 bytes each UDP packet in both streams.
Moreover, both senders equally share the available bandwidth.
Each client is able to send around 3.2 Mbps.

For three senders, the maximal achievable payload data rate
further increases to 6.5 Mbps which is also faitly shared among
all clients. For four senders, the maximal achievable payload
data rate decreases to around 6.1 Mbps.

Assuming all senders transmit with 11Mbps, the fixed trans-
nrission overhead per frame can be calculated to be 750us,
T20us, and &30us for two, three and four senders, respectively.

B. Expianation

As mentioned in the explanation of the previous experiment,
the average back-off idle time between successive frames on
the channel is exactly equal to the average back-off between
successive frames of the station.

If more than one station is transmiiting, there are two main
factors, which determine the maximum channel throughput.
First is the average idle time on the channel due to inter-fraxe
back-offs performed by each station. Second is the probability
that a transmission on the chaunel results in a collision. Obvi-
ously, a lower average idle time increases the chanael through-
put while a higher probability of collision reduces the channel
throughput.

Let us first study the case of two senders always contending
for the medivm. In previous work on throughput analysis of
80G2.11 networks, the average actual back-off has been evalu-
ated both via analytical approximations as well as via simula-

) tions {11, [2], [3], [7]. From these, the average back-off window

size is determined 1o be 8.5 slots. Therefore, when calculating
the fixed overhead, we obtain a value of 670us.

However, there is a chance that transmissions of the two
senders collide and in turn the time of the transmission is
wasted. The collision probability has been shown to be 9.03.
These failed transmissions account for “wasted” air-time that
has to be taken into account when comparing the experimen-
tally observed value. It takes 1070us to transmit a 1472 byte
iong frame plus 2 fixed overhead of 670us, Thus, the total time
for such a frame transmission is 1740us. Crediting this time
to all successfully transmitted frames, we obtain a correction
factor of 0.03 - 1740 = 53us.

Hence, we would expect to observe a fixed overhead of
722us per frame. This value is very close to the experimen-
tally obtained overhiead of 730us. Again, the deviation between
calculated and observed value is due to the transmission of bea-
cons. Furthermore, the time accounted for 2 collided frame is
too optimistic since the MAC scheme requires a longer idle pe-
riod (Extended Interframe Spacing, EIFS) after a collision.

For three senders, the average back-off window size is deter-
mined to be 6.215 slots and the collision probability is 0.036.
Thus, the expected fixed overhead per transmission is 719us.
The actual value we measured s 741us.

In the case of four senders, the average back-off window
size is determined to be 5.061 slots and the collision proba-
bility is 0.0774. Thus, we would expect a fized overhead per

1750

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2031
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



teansmission of 730us and heunce an aggregated throughput of
6.54 Mbps. However, the measurements revealed a much lower
throughput. '

The reason was that the peak transmission rate of one or
more wireless stations was not 11Mbps, but dropped down oc-
casionally to 5.5Mbps. The stations misinterpret the unusually
high collision rate with four active stations as interference. In
turn, they decrease the transmission speed to enable better in-
terference robustuess, Since interference detection and adaptive
transnssion rate control is not part of the standard and is imple-
mented in a proprietary, undisclosed manaer, it is not possible
to calcunlate the fixed overhead.

V. MAXiMAL NUMBER OF VOIP CONNECTIONS USING
T G711 A-LAW CODEC

A, Experiment and Results

The same set-up was used to explore the maximal number of
VoIP connections possible in a single cell of an IEEE 802.11b
network. One end-point of each VoIP call is a wireless client,
while the other end-point is on the wired network. Given the
short range of an 802.11 access point, “wireless-to-wireless”
calls do not seerm to be a typical scenario.

For each call, we used the ITU G711 a-Law codec where
frames are sent out every 10ms. The codec output s sent over
the 1P, UDP and RTP protocols. It should be noted that it is pos-
sible to use this codec with varying audio data length per packet
sent. Bach millisecond of audio is encoded into eight bytes of
data. In addition to the IP/UDP overhead each packet contains
an additional fixed RTP layer overhead of twelve bytes. Hence,
when sending audio data packets every 10ms, the payload of
such a packet is 92 bytes. When making a VoIP phone call, two
such data streams are established, one in sach direction,

We tested the number of YolIP connections with acceptable
voice guality by successively establishing new calls in addition
to ongoing calls. The quality of the conuections was monitored
through measurernents of loss, jitter and round-trip time by a
commercially available tool. For the first five calls, the quality
of all connections was five. Loss ((%), round-trip time (around
Sms) and jitter (around 7ms) were all in ranges far below critical
although higher than experienced in a single-hop wired Ether-
net. When placing the sixth call, except for a sporadic increase
in the round-trip time for some of the connections as measured
by the commercial tool, the guality of the six simultaneous con-
nections was still fine, Placing the seventh connection lead to
unacceptable loss in all “wired to wireless” streams. Except for
the round-trip time, all “wireless to wired” streams still were
fine.

Thus, our experimenis indicate that the maximal number
of simultaneous VoIP counections in a single cell of an IEEE
802.11b network when using the G711 a-Law codec with 10ms
audio data packets s six.

B. Explanation

The aggregated bandwidth of seven VoIP connections as
specified above is approxixsately 1 Mbps. It can be argued that
the bandwidth available wheu the network is exclusively used
for VoIP traffic is equivalent to the bandwidth avaitable ia the

case of two UDP senders flooding the network [5]. As the band-
width in this scenario is lower than the bandwidth needed for
seven VoIP connections, the unacceptable call quality is caused
by overtoad.

When the seventh connection is started, two additional VoIP-
streams are created, pushing the load offered by the nodes to
the network beyond its throughput limit. Thus, some of the
andio data traffic cannot be sent through the wireless network.
Whereas cach wireless node ouly sends 2 single VoIP stream,
namely the one going from it to wired, the access point has to
send out all andic data traffic coming from wired in the wireless
network. Therefore, it Is actually sending 50% of the overall
load on the network before the network is saturated. As the
CSMA/CD protocol is designed to be faix, in a situation where
more load is offered than can be accommodated, the node using
the largest number of transmission slots will be curtailed first.
Thus, in our scenario the access point is the only node unable
to puf its load onto the network.

The paper {5] presents a detailed analysis on the number of
VoIP connections possible in an 802.11b network for various
codecs and audio data payload settings. Here, we would only
like to recall the results with respect to the maximal number of
connections possible when all stations transmit using a data rate
of 1 1Mbps.

["Audio (ms) ] G711 [ G729 | G723 |
10 [ 7
20 12 14
3G 17 21 21
40 21 28
S0 25 34
60 28 41 42
70 31 47
hail 34 54
90 36 60 61
100 39 &6 :

As this table shows, the analytical limit of six connection
raafches with our experimental findings.

VI. UDP THROUGHPUT IN THE PRESENCE OF VOIF
TRAFFIC

A. Experiment and Resulis

MNow we consider the case of converged networking, i.e. the
simudtaneous presence of voice and data traffic in the wireless
network. Again, our focus is on throughput. One station is
running the UDP datagram sender, whereas other stations con-
nected to the AP mn VoIP connections using the same param-
eters as in the previous experiment. Again, all connections ter-
minate in the wired network. The following table shows the
throughput of the UDP sender as a function of the number of
ongoing VoIP connections.

VoiP conn. | UDP Throughput
0 6.06 Mbps
1 5.15 Mbps
2 4.26 Mbps
3 3.2%8 Mbps

As these values show, each VoIP connection diminishes the
throughput of the UDP sender by approximately 900 Kbps even
though the VoIP connection only consists of two UDP streams
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Fig. 5. Throughput of datagramsender when one VoIF connection is active.

each of which has a bandwidth of 74 Kbps (64 Kbps voice data
plus 10 Kbps RTP overbead). Hence, the aggregated throughput
of the network reduces by 760 Kbps for each VoIP connection.

B. Audio Data Size Variation

In 2 successive experiment, we ran a single VoIP connection
using the 3711 codec and varying audio data size as well as a
datagram sender. We measured the payload thronghput of the
datagrar sender. The results are displayed in Figure 5.

The throughput of the UDP sender increases steeply with an
increase of the audio data payload size from 10ms (92 bytes
per packet) to 20ms (172 bytes per packet). Then, the retums
in terms of bandwidth for using larger andio data payload sizes
dirninish with increasing audio data payload size.

C. Explanations

When the wireless network is shared between voice and
data, the remaining bandwidth for data when running a VoIP-
Connection with a small payload size is lower than whet run-
nieg a data connection of the same bandwidih using full size
frames. '

Denote the maximal throughput possible for a packet payload
size of &k by R’;_f 57 For a YolP strearn with payload size k and
bandwidth b, the bandwidth equivalent big’"z is defined by
b

BT = e RITR
W Ry

Intuitively, bandwidth equivalent is the bandwidth that would
become available for data traffic f the VoIP streamn was shut
down. Figure 6 shows the bandwidth equivalent of a VoIP-
Connection for varying audio data packet payloads. The values
used for BE; . and RE{7 are taken from the results of the first
experiment. As this figure shows, a single G711 a-Law VoIP-
stream sending a packet every 10ms uses the network like a
data connection sending UDP packets with 1472 bytes with 560
Kbps. Thus, when running one VolP-Call with these parame-
ters, the remaining bandwidih for data traffic in the wireless
network is only 4.9 Mbps as each of the two VoIP data streams
consuines bandwidth equivalent to 560 Kbps of data traffic.
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1132 and 1472 bytes (packet sizes used by a (3711 a-Law codec with audio
dara length 10ms, 20rs, 30ms, 40wms, 60ms, 90ms, 140ms, respectively) of
psyload as a function of the effective throughput for 1472 bytes of payload.
The vertical lines mark the values for YEEE 802.11b and Ethernet,

VII. DIscussioN
A. Use of 802.11b for VoiP

VolP call quality in IEEE 802.11 networks, as determined
by the loss, delay and jitter characteristics of the call, is fine
as jong as the network throughput limit is not exceeded. . In
other words, the throughput of the wireless network is the key
to determining the number of VoIP connections which may be
run sirmoltanecusly in a single cell. In contrast with Ethernet,
the smaller packet size of VoIP traffic as opposed to data traffic
has a dramatic impact on the effective throughput in a wireless
network.

Figure 7 shows the effective throughput of 2 network for
varying payload packet sizes as a function of the effective
throughput for 1472 bytes of payload under the assumptions
that the overhead for all different packet payload sizes is fixed
and that the variable transmission time for the packet payload
is linear.

Let the effective throughput of a network at payloads of 1472
bytes be denoted by Ré‘%?. The overhead of the transmission,
denoted by Ty, measured in time units needed {0 transmit one
byte, is given by

1 _ par
Ton (R = 1472 ~epfll-
eff

752
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Consequently, the effective throughput available for packets
with a payload size of & bytes, H: g 88 function of the effective
throughput for packets with payload size 1472 is given by

k k

i (Rl‘}_'w\) — g —
eff eff /T Ton

ko 1472+ syl

As shown in the figure, the efficiency of Bthernet which is
around 93% for a payload packet size of 1472 bytes still allows
for an efficiency of around 55% when the paylead packet size
is only 92 bytes.

There are two ways of increasing the efficiency of such a net-
work for the YolP-streams we consider here, namely to either
to increase the overall efficiency of the network by reducing
the fixed overhead per sent payload or to switch to transmitting
larger payload packets.

Let us discuss the first of these alternatives. Whereas stan-
dard bodies and committees are In general tiving to make their
proposals as efficient as possible, fixed overhead per transmit-
ted frame is especially crucial for smaller packet sizes which
are common for real-time traffic. However, as the picture
shows, the lower the efficiency of the network for payloads of
1472 bytes, the less impact has an increased efficiency on the
throughput achievable for lower packet payload sizes. Adding

o that, a small packet payload size also decreases the im-

provement in efficiency for such measures. In fact, if the
fixed overhead of IEEE 802.11 could be cut from 840us io
420 psec, this would increase the network efficiency for packet
payloads of 1472 bytes from 55% to 72% but the efficiency
for packet payioads of 92 bytes would only increase from 7%
1o 14%. Hence, although decreasing the current overhead in
IEEE 802.11b in general would significantly help to increase
the available throughput for data traffic, it would not be as help-
ful for VoIP traffic.

5o, increasing the audio data length per transmitted packet
appears 1o be a better solution to the problem. Unfortunately,
there is a tradeoff between the subjective audio quality of the
call and the amount of audio data sent in a single packet. A
higher audio data length per packet increases the time gap be-
tween the recording of the audio data on one side of the siream
and its playback on the other side as the data has to be collected
before it is sent. Moreover, loosing a single audio packet witha
farge amount of audic data is an event that will likely be heard
by the receiving party. The right solution therefore might be one
that exploits different optimal payload sizes for the wireless and
the wired part of the network,

B. Capacity Assessment for Wireless Network

As our experiments show, the maximal aggregated band-
width available in an 802.11b network is highly dependent on
the teaffic In the setwork and can range anywhere from a few
hundred Kbps up to 6.1 Mbps even if only a data rate of 11
Mbps is used. Adding to that, stations ray also transmit at data
rates of 1, 2 or 5.5 Mbps. Hence, the simple questions “can
the network handle a flow with 2 Mbps bandwidth” or “can the
network accommodate 800 packets per second” canpot be an-
swered when only looking at bandwidth.

Thus, admission control for 802.11b networks canuot be
based on bandwidth. However, taking into account the low
nuriber of YoIP connections possible, the need for VoIP ad-
mission conirol in wireless networks is apparent. Placing an
additionat call or an additional data connection that exceeds the
capacity of the wireless network will result in unacceptable call
quality for all ongoing VoIP calls. Further, if the load offered to
the network is higher than its capacity, the DCF medium access
scheme of 802.11 curtails the client with the highest load first.
In most cases, the access point of the wireless cell puts more
traific on the air than the associated stations. Hence, it gets cur-
tatled first which leads to unacceptable packet loss for all VoIP
streams transmitted from the access point to a client resulting
in bad call quality for all connections.

Therefore, in (6], an admission coniro] metric was proposed
that is based on the definition of bandwidth equivalence as out-
lined here. This metric allows to accurately assess the capacity
of an 802.11b network by calculating the bandwidih equiva-
lence for all flows which allows for an accurate picture of the
current and future channel usage.

Vil CONCLUSIONS

Ju this paper, we studied the behavior of UDP and VoIP over
302,11 networks, from the perspective of number of connee-
tions that a single access point can support. An important con-
clusion is that given the choice of payload sizes in IP phones,
802.11b base-stations prove 1o be inadequate in handling large
number of YoIf calls. In fact, the inherent channel inefficiency
of 802.11b, at smaller frames sizes, limits the maxireur num-
ber of VoIP calls to a very low number, six in the case of G71}a-
taw codec with 10ms of audic data per packet. Furthermore,
our experiments revealed that the aggregated bandwidth of the
wireless network is dindnished by ongoing VoIP connections.
Bach such G711 VoIP conuection reduces the bandwidth avail-
able for data iraffic by approximately 900 Kbps. In turn, the
maximal bandwidth available for other traffic when three of
such connections are active is only 3.3 Mbps.
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Wallflower is itself the image
server. It has an internal
1.2GB hard drive that will
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JPEG files on this drive and
they're ready for display on the
LCD, JPEGs are the only
tmages currently supported.

"The Wallflower cycles
through pictures, but you can
set them up in any order, or
put them in random mode,"
savs Enamait. Images can also
be put into user-created
directories. Entire directories
can be turned on or off for display -- tumn on those vacation pictures ven you can't
stand when company comes over.

Wi-Fi / WiMAX / RFL

Interference Analysis

The unit can talk with your wireless router 1o go out on the Internet and pull images
from personal Web sites you designate, as well.

The Wallflower control interface is accessed via a Web browser. Type in the IP address
for the product to bring up the interface like you would with a router. From there, you
can manage the Wi-Fi settings. The unit comes with DHCP @efine) on by default so it
will try to connect to your wireless LAN astomatically.

The next generation of Wallflower is already under construction by the company.,
Current plans are to build in speakers and audio-out jacks (including digital audio) and
support for file types from MP3 to MPEG 1o Flash. The screen will be two inches
bigger diagonally. The 2.0 product will also have better Internet connectivity, including
"the kind of peer-to-peer sharing the RIAA hates,” says Wallflower's president Mitch
Kahn. ‘

The current Wallflower's come in three styles (Cherry Blossom or White Plumeria for
$599 each; Black Cherry for $649) but every style is Jimited, according to their Web
site, since the frame part is hand-made. The prices are pretty steep compared to
products like Ceiva's Digital Photo Receiver, which sells at retail for $149.95. The
difference is, says Kahn, that Celva's product is subsidized by Ceiva service -- Ceiva
owner's pay $7.95 a month to have the company send their own images to the frame for
them. Wallflower instead hopes to build on the technology of Wi-Fi and broadband
access, hoping that the wireless easy and a high quality display will make up for the
high price.

"I'm tired of paying 10 bucks a month for [various] services,” says Kahn. "Plus, if you

line up products from digi-Frame, Ceiva, and Pacific Digital next to ours, our tinage
quality is immensely better, It's like a painting next to a child's drawing.”
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Delivering live video to the most popular mobile device
on the market just got easier. Spinnaker™-—nlet Tech-
nologies’ award-winning family of streaming appliances
for live audio and video delivery—eliminates the need
for additional hardware to reach the Apple® iPhone™

with video. e sont

“ !S;ﬂnna!'mr
Apple’s iPhone 3.0 OS release enables a new approach =

=N
to delivering video to handsets, and Inlet Technologies - L
is at the forefront of this wave. The iPhone now sup- i

ports adaptive delivery for live video, with or without an &\& LS <y
application on the iPhone. Remote Management it B W

( Wire 2
A

3 S WiFi

Ny
8

inlet Technologies is working directly with Apple on this
architecture and is the de facto solution for broadcast-
ers, media & entertainment enterprises and sports
leagues to deliver content to the iPhone. Inlet supports
adaptive bitrate (ABR) delivery technology, allowing
viewers to move seamlessly from one resolution and data rate to another without buffering, pausing, or missing a moment of their
video. This approach provides the best viewing experience possible, while offering exciting features we've come to expect in other
devices, like the ability to pause/rewind/fast forward through content, as we do on our DVRs. With its 4.1 software release, Inlet's
Spinnaker supports this effort out of the box and has removed the need for separate Mac hardware and the Stream Segmenter
many other solutions require.

Spinnaker takes the source video signal and produces H.264/AAC encoded content formatted for adaptive delivery to the iPhone.
Under the hood, Spinnaker creates MPEG-2 transport streams (.ts), then takes those streams and divides them into small files of
equal duration. The Spinnaker also creates an index file (m3u8) that contains references to these smaller files. This index is
continually updated as long as the stream is live. This index and media files can then be deployed using common web server

(HTTP) infrastructure - which is the protocol used to serve content to the iPhone.
Why HTTP? HTTF\D is known as a "
ing the data, but won't remember the client or its state. Each HTTP request is handled as a completely standalone one-time session.
By using adaptive delivery methodology, we eliminate the “forgetfulness” factor, because the files are delivered in bite sized chunks,
and the player is periodically monitoring bandwidth and switching between streams as needed.

HTTP is the ideal mechanism for ingesting segmented TS content to web servers and content delivery networks (CDNs).
«  HTTP is simple and supported by nearly all platforms

»  The mechanism is easy to implement and maintain

»  HTTP POST is a “push” from the encoder, and works from behind firewalls/NAT

«  There is very little protocol overhead, in terms of bytes or cycles

*  In many cases a persistent connection will be maintained

To anticipate changes in bandwidth on the iPhone, you should plan to offer at least two discrete bitrates, and, depending on the size
of your anticipated audience, as many as four total. This design will allow for the iPhone’s player to periodically check its connection
and ability to pull these files, switching up and down between them as bandwidth degrades or improves. This is the heart of ABR
delivery methodology.
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So—referencing the diagram on the previous page—{o enable this in your enterprise, you will need:
Spinnaker (S-5000 for SD, S-7000 for HD content)
Web server or CDN to serve the HTTP content

£ ennd in
Hodbivsay 3P
SRRUEERD B AR

Spinnaker is pre-configured with templatized settings needed to deliver the streams required. All you'll need to do is point the
Spinnaker to your CDN or web server, 50 that it can publish the files there. You can use many protocols, each with their own
benefit and risk.

Most CDNs and web servers will support several ways of ingesting content;
+  HTTP (POST/DELETE)

«  File Transfer Protocol (FTP)

¢ rsync

«  Secure Copy (SCP)

«  SSH File Transfer Protocol (SFTP)

Of all transfer mechanisms, HTTP is the preferred protocol for live ingest. FTP has more overhead, complexity, and is more likely to
cause issues with firewalls. Rsync has more overhead, particularly as the number of files increases. SCP and SFTP are much
more complex to implement and also have more overhead than HTTP, but may be desirable if your content requires higher levels of
security during transit. Keep in mind as well that the Apple Segmenter can encrypt the segments using AES-128 encryption.

Spinnaker is a tailor made choice for iPhone adaptive delivery. Spinnaker’s award-winning web-based interface gives you the flex-
ibility of controlling the encoder from any networked computer. You can use one of the pre-loaded presets optimized by the experts
at Inlet, or take advantage of Spinnaker’s almost unlimited—and unmatched—ability to customize encoding settings. Spinnaker will
also automatically detect your video source, and even let you preview your video source before starting the encoder. Additionally,
Spinnaker comes with built-in authentication to deliver content to the major CDNs. All Spinnakers are field upgradeable to the latest
software release, meaning you won't have to throw away your equipment when Inlet develops new software features.

Embrace the mobile streaming revolution and let Spinnaker make the transition fast and easy. In addition, take advantage of our
industry leading reach and partnerships. For iPhone live delivery, Inlet has partnered with Akamai to help our customers quickly
enable this solution. For more details on our partnership with Akamai and to see this groundbreaking technology in action, head to

iphone.akamai.com.

Want to learn more? Give us a call at 1-866-96-INLET or visit us at www.InletHD.com.

YINLET
D ¢
i(\\\\&\\i\\ETECHNOLOGlES

Inlet Technologies
1121 Situs Court, Suite 330
Raleigh, NC 27606

Specifications and product availability subject to change without notice. 1.866.966.INLET
© 2009 Inlet Technologies. All rights reserved. v1.1 0809 www. InletHD.com
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Like picking the color of your next car, even rich media delivery offers choice. Streaming has seen a lot of changes over the past
several years, and continues of late with varied solutions utilizing different transport protocols. Each transport offers its own benefits
and cost structure. How and why you integrate each will depend on your specific application and how each protocol applies to you.
In this brief, we'll explore HTTP and RTMP and attempt to identify the key data points, considerations and examples to help you
make decisions regarding your enterprise.

Wil i ol sbow
As is the case in the media delivery and streaming business, things are continuously evolving. New technologies from Apple,

Adobe and Microsoft have introduced new methods of delivery that improve user experience and startup time, and add features

and functionality. To cover all of these offerings, we use the term adaptive bitrate (ABR) to denote that the technology provides for
varying experiences, depending on the conditions on the user’s side. These primary changes in the present digital media delivery
landscape borrow from the old adage: what is old is new again. In the early days of web video delivery, we all had to rely on progres-
sive delivery (also referred to as PDL - progressive download) of video. What that meant is that the bits of video were delivered to
your player, one packet at a time “in the blind,” with no communication between the server and player. Once you had a resonable
percentage of the file downloaded to disk, the player would begin playing the file. But too often, the player caught up with the point
at which the file was being delivered and playback halted. So streaming was created: a mode through which the video would be
passed fo the player, with increased communication and monitoring in place, happening in real time between the player and server.
If bandwidth degraded on the player side, it would signal the server and “buffer” until it could obtain a suitable amount of packets

of video to resume playback. Today, more video technologies are leveraging HTTP again and reinventing your father's proges-

sive download mechanism. By building in monitoring and quality of service (QoS) measurements, HTTP can provide vibrant video
experiences, while helping with scale and access issues we'll touch on below. The user with plentiful broadband is rewarded with the
absolute best video offering available, while the user experiencing fluctuations in bandwidth or low grade connectivity will still receive
the same video, albeit at a lower quality experience.

RS e
S TG SO

HTTP (hypertext f‘ra fser protocol) refers to the protocol used to deliver web pages and images across the Internet worldwide. HTTP
is an adopted, open standard—the most ubuitous mode of delivery online. HTTP is a “stateless’ protocol; think of it as an airline
ticket to anywhere. HTTP can be delivered by a variety of web servers, both commercial and open source.

B
ERERR

Real Time Streaming Protocol (RTSP) is a network control protocol used in entertainment and communications systems to control
streaming media servers. RTSP is used to establish and control media sessions between two points, usually server and player
client. Clients of media servers issue VCR-like commands, such as PLAY and PAUSE, to facilitate real-time control of playback of
media files from the server. Microsoft's Smooth Streaming is a hybrid delivery method that acts like traditional RTSP streaming, but
is based on HTTP progressive download. Apple’'s HTTP adaptive streaming is another example of using HTTP to deliver video with
new tecnigues.

RTMP (real time messaging protocol) refers to the proprietary protocol developed by Adobe Systems for streaming audio, video and
data over the Internet, between a Flash player and a Flash Media Server. Like RTSP, this is an example of a traditional streaming
protacol, though only one of many versions of streaming protocols for the web. RTMP is defined as a stateful protocol, which means
that from the first time a client connects until the time it disconnects, the streaming server keeps track of the client’s actions. The
clisnt communicates its actions, or “states’ to the server by issuing commands such as PLAY or PAUSE. After a session between
the client and the server has been established, the server begins sending the media as a steady stream of small information
packets. This behavior continues and repeats until the session is closed by the server or player client. In June of 2009, Adobe
Systems published the RTMP specification. What this means is that content distribution networks (CDNs) and enterprises that use
Flash technology can now author their own implementation - which may result in Flash delivery, even the new Dynamic Streaming,
enabled natively in HTTP.
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Which technology and delivery mode will work best for you? The answer depends on many data points. Let's explore a few and
try to narrow down the keys. How large is your anticipated daily traffic or single event? Do you need to protect your content
from being downloaded locally and republished by the user? (Think of a YouTube scenario where your favorite television show is
available there, but probably shouldn't be.) What is the length of your content: many files with short duration, or fewer files with
very long length?

HTTP is less likely to be disallowed by routers, NAT, or firewall settings. No ports need to be opened that are commonly closed
by default. Content is therefore mare likely to get through to the client in more locations and without special settings. HTTP is also
supported by more CDNSs, which can affect cost in large distribution models. In general, more available hardware and software
works unmodified and as intended with HTTP than with RTSP/RTMP. Expertise in customizing HTTP content delivery using tools
such as PHP is also more widespread. Additionally, for large-scale events, HTTP natively and easily supports mirroring and edge
caching. This provides for massive scale expansion when needed for the largest events. RTSP/RTMP can also be cached, but
HTTP does so natively and without need for proprietary or custom configurations.

Access is another consideration. Can everyone view your content once you make it available? From a site visitor’s point of view,
one advantage of using HTTP is access. Many corporate networks use firewalls to block specific content. Popular methods of
blocking are protocol and port restrictions. Some firewall rules allow only HTTP content served over port 80. However, this luxury
isn't always shared with RTMP-delivered Flash Video. The default port for RTMP connections is 1935, which may not be allowed
on tight firewalls. If the Flash Player’s first attempt to play video over port 1935 fails, it will try to reconnect using a few different
methods. Bottom line: if you don’t want to deal with firewalls and proxies, you should consider HTTP. One benefit with RTMP to
point out here is its ability to provide muilticast support. If you run an enterprise and want to take one stream inside your corporate
network and deliver it to many without initiating a new connection for each user, RTMP is the way to go. HTTP does not provide
this functionality, nor do CDNSs,

Security is a big deal with a lot of content, and
if you're a distributor or aggregator, you know
the term digital rights management (DRM) all
too well. Can or will you allow your content to
be saved locally on the user's machine? RTMP
has broad DRM support and rights holders are
very familar with the ecosystem. For example -
in the RTMP camp is RTMPE - the ‘E’ standing
for encryption. This is a new method for
real-time cryptographic protection of content
offered by Adobe. Some HTTP approaches
like Smooth Streaming are rapidly moving
toward deployment of solutions for DRM as - S
well. However, securing your content may be a concern. Some ABR technologies will provide for secure transmission via HTTPS.
This is the secure way of transmitting HTTP video but isn't a commonly accepted form of digital rights management (DRM) and
may provide a contractual and legal hurdle with rights holders who stipulate that DRM be used to protect their content. As a mode
of transport, HTTP can be captured and saved locally. Chunked delivery can make this local capture more challenging, but the
ability still exists. Conversely, RTMP is much less susceptible to this, but there have been rare instances where streams have
been circumvented and saved locally using third party applications.

The availablility of plugins may be a concern to you as you consider these technologies. Flash is the most broadly deployed
plugin of the bunch, but there are caveats. Dynamic Streaming requires Flash Player 10, which is growing in adoption (and
pegged at nearly 80% as of July 2009), but has not reached full market penetration yet. Microsoft's Silverlight has broad support
on new PC builds, and is being used for some large scale sports events (March Madness, Wimbledon, 2010 Winter Olympics) but
hasn't yet achieved the reach that Flash currently enjoys. Additionally, technlogies from third party providers like Swarmcast and
Conviva that utilize HTTP are in use at organizations like MLB and Indy Racing. Bottom line: if your video is compelling and users
are required fo install one plugin or another, most will.

_
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Tracking your content and how many peogple view it is a “must have” for most, but how granular must your details be? Because of
the nature of RTMP we covered earlier—where the player and server are in constant communication—reporting within RTMP is
much more detailed and granular when compared to HTTP. The logs derived from RTMP servers provide very specific data about
what preceisely a user did within a videc. How long did they watch? At what point in the video did they disconnect? Did they grab
the “scroll bar” and advance through the video to a specific point? All these questions can be answered with an RTMP-based
solution today. Expect HTTP driven technologies to improve on this deficiency in the future, but reporting is more robust with RTMP
Now.

Lastly, and perhaps most importantly, what will it cost you to provide this content to your users? What will a CDN charge you to
provide your content in one mode versus the other? In years past, many CDNs charged a premium for RTMP streaming transit, due
to the specialzed skills needed to setup and manage those servers and the complexity in ensuring the content could get to the user.
Today, the “Flash Tax” is gone and the total cost to deliver content via RTMP has decreased. However, HTTP still represents the
lion’s share of web traffic. Consider that pushing video via those same protocols and methods enables CDNs and those who own
their infrastructure to realize economies of scale and the cost savings that accompany them. As a result, your total cost of ownership
{TCO) may be less with HTTP versus RTMP.
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So picking a delivery method may not be as easy as picking the color of that new car. All three major ABR technologies have their
benefits and risk. Adobe’s Flash is the ubuitous choice for video on demand (VoD) and has tremendous penetration on the desktop.
Microsoft's Smooth Streaming has had some early live event sucesses and will help provide video for the 2010 Winter Olympics.
Apple’'s HT TP adaptive streaming is available on 25 million handsets, but has limited desktop reach and longer latency and startup
because of the data network it operates on.

We hope we've helped answer some of those questions and assisted you in deciding what technology suits you best. The good
news is that no matter whether you choose HTTP, RTMP, or both, our family of products supports both technologies now: out of the
box, with ease of setup and use and a proven track record with marquee customers. We're ready to help you assemble your next
digital media solution at Inlet Technologies. Give us a call at the number below fo get rolling.

 INLET
i\\\\i\\\Q\ETECHNOLOGIES

Inlet Technologies
1121 Situs Court, Suite 330
Raleigh, NC 27606

Specifications and product availability subject to change without notice. phone: 1.866.966.INLET
© 2008 Inlet Technologies. All rights reserved. www.inlethd.com
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The French Open, organized by the French Tennis Federation, is one of the premier events in the professional fennis calendar,
showcasing the bast tennis talent in the world playing in the world renowned Roland Garros stadium. In 2008, the Open was

broadcast in 198 countries to a giobal audience of millions.

in 2008, France Télévisions wished to offer tennis fans in France an online high definition (HD} experience to complement the
extensive coverage on ifs three broadeast channels (France 2, France 3 and France 4).

France Télévisions chose to partner with Microscft, Inlet Technologies and Level 3 Communications io deliver the event onfing in
HD, using Smooth Streaming technology. This was the first live HD Smooth Streaming public event in the world,

Smooth Streaming is an advanced media delivery method that switches seamiessly batwesan multiple streams depending on the
end user’s available bandwidth and PC performancs at any givers moment. The best possible quality video stream is automatically
deliversd without stuttering, dropped frames or buffering. The process results in a much improved user experience, offering
programimers the ability to offer true HD (720p+) streams to customers who have sufficient bandwidth, without afisnating those who
have lower speed connections,

The advantages of this type of technology are significant. Since viewers have a more positive experience walching live video
online, they are more likely to watch for longer periods and more frequently. This in furn provides content owners greater
monetization opportunities,
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Vicrosoft, Infet and Level 3 rapidly brought togethar an end-to-end soluticn that combinad the latest encoding, delivery and player
iechnology.

The tennis action was first captured Event Pradisction Encoding Delivery Consumption
and edited on site at the French Tennis : ' o
Federation in a 108050 HD format.

The production broadoast signal was
then delivered to on-site Inlet Spinnaker v 2 e
encoders through standard HD-SDI ) Ll TEoN o Lo speed bioarbar
connections. The HD broadcast
feed was synchronized across wo
Spinnakers to deliver 7 fime-aligned
streams, ranging from 350 kilobits per
second io 3 megabits per second,

The video feeds were then pushed from the encoders {o Microsoft S mount Congsted broadband
points within the Level 3 Content Delivery Network (CDN). The IS servers received s
the multiple video feeds, stored them for DVR purposes, created the required client side

description files, and acled as an origin for the Level 3 CDN.

End user requests for content were directed to the most appropriate edge caching server on the
Level 3 CDN via a DNS-based rendezvous technology. This technology constantly monitors Internat
conditions 1o ensure end users are connecied fo the oplimal edge server. The Level 3 edge server
pulled the requested feed from regional parent caches which were in turn populated from the {IS servers.
The edge server then deliverad the requestad feed to the consumer over HTTP, taking advantags of the
massive scale of the Level 3 CON. The end to end delivery was monitored from the Level 3 Broadcast Opsrations Centre,
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Finally, the Microscit Silverlight player
dynamically detected and seamiessly
switched batween fesds from the Level

3 CDN based on local client conditions.
Consumers with high bandwidth connections
were abla o experience true 720p HD and
others with lower bandwidth spesds or lower
powerad machines received the appropriate
stream for their connactivity,

experignce trus HD quality over the internet,
Cf the approximately 140,000 unigue
viewers, more than half walched the action
in high definition. Viewers who watched the
live stream walched it for an average of 64
minutes (this is significant, as the average
time people spend watching a single video
onling is well under 10 minutes.} Eighty-five percent of users waiched live.
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Philippe Daguerre, Technicai | ger of France Télévisions Interactive, said, . iogy was demonstrated for me, |
was amazed by the overall quality of experience. | knew this was what we nsedad to deliver o our viewers. And now that we have
had such tremendous success with the French Open, we have been implementing Smooth Streaming for other major gporting
events in France.”

£

3
P

This event—as the world's first live public HD Smocth Streaming deployment—shows the tremendous potential of adaptive biirate
tachnology. The imprassive stalistics, espacially ime spent watching, show the impact of the dramatically improved quality of
user experience. Given the success of this event, France Télevisions and other major Eurcpean and American broadcasters are
implementing Smooth Streaming for live sporting events such as the Confederations Cup, the World Athletics and Swimming
Championghips, Wimbledon, and the Tour de France.
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www.leveld.com
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Specifications and product availability subject te change witheut notice.
® 2009 Inlet Technclogies. All rights reserved.
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IBM closes Crypiolopes unit - CNET News

December 17, 1997 5:40 PM PST

CNET News
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M s closing the operation

s highl}’ touted Cryptolopes software, a secure container technology that
sending content over the Internet and tracking intellectual property rights.
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said, referring to a Java-based version of the technology that has been in beta

testing for several months. "The beta told us that our customers would prefer to see
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"We will not bring Cryptolopes Live to market as planned,” IBM spokeswoman Trink

Elements of the technology may be moved into the Lotus Notes groupware product,

into IBM's net.Commerce merchant server, or both.
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4/25/2014 IBM closes Cryptolopes unit - CNET News

that technology incorporated in other applications.”

The unit's demise marks a retreat from a high-profile campaign on the technology

launched by IBM last year. The Cryptolopes Live beta announcement in September
was featured among several initiatives at a major e-commerce trade show, and the
company had showcased the effort at earlier events, too.

Decisions on the product’s future are expected in the first half of 1998, Guarino added,
and employees in the unit are likely to be offered transfers. IBM was unable to say how
many employees worked on the product, but it was believed to be no more than 50.

The Cryptolope Live product built a secure wrapper around digital content or software
applications so they could be sent safely over the Internet. It also included rules on
how the information inside could be used--pricing per usage, free under certain
conditions, and so on.

The setup also included software tools and a "license clearinghouse” server to handle
"rights management,” as the product category is called. IBM and competitors in the
area say the end of Cryptolopes does not mean that the category of protecting
intellectual property rights through software is dead.

"Customers don't want to worry themselves about what makes the best sense [in how
to use Cryptolopes],” Guarino noted. "They want the whole process in an application.
It's still a promising field.”

"I believe, as does IBM, that this has nothing to do with the viability of the market or
the need for this,” said Paul Bandmwski president of Sefthank Net Solutions

f
sl

httpyd SO wwwashnetsolutions.com 1, which is building a service to handle

rights management not orﬂy *f(sr application software but also for music, medical
records, documents, and other vertical industries.

"We have not seen Cryptolopes as a competitor to us in the electronic software

distribution space for quite a while,” said Kate Joseph, vice president of product

marketing for Portiang Software It dwwwonorisofteamdl,, which offers

a system to distribute software over the Internet.

IBM has taken several tacks with the Cryptolopes. The technology originated as part of
a development effort called Databolts,

Then Big Blue offered a service called InfoSage to handle content distribution for
publishers, but about a year ago it shuttered that operation, saying it competed with
IBM's publishing customers. InfoSage had been part of IBM's Infomarket operation, a
service that is likewise closing down.
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4/25/2014 IBM closes Cryptolopes unit - CNET News
In January, IBM began rewriting Cryptolopes in Java, a task that was finished by
September, at which point it went into beta.

Bandrowski thinks the Cryptolopes effort was not well suited to a company as large as
IBM. "People want a solution,” he said. "They don't want to buy technology to build
the infrastructure to do it. They want the system to have flexibility for their needs.”

But Bandrowski said he's sorry in some ways that IBM is dropping out. He noted,
"They are a good milestone of where things are in the market.”

i
L}

@CBS Interactive. All rights reserved.
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